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SAFETY REVIEW: STUDY A028
Title: A randomized, open-label trial (in comparison with MAS) confirming efficacy and safety
of the 6-dose regimen of Coartem (Coartem) using the final market image (FMI) in the treatment
of acute Plasmodium falciparum malaria in patients aged > 12 years in Thailand
Study period: 30 September 1998 to 8 January 1999.
Center: Bangkok Hospital for Tropical Diseases, Faculty of Tropical Medicine, Mahidol
University, Bangkok, Thailand
Design and objective: This was a randomized (ratio Coartem:MAS, 3:1), open-label,
comparative, parallel group multicenter 4-week trial to confirm the safety and efficacy of the 6dose regimen of Coartem using the FMI (F4) given over 3 days in comparison with MAS in the
treatment of acute, uncomplicated Plasmodium falciparum malaria in patients aged > 12 years in
Thailand
Rationale for open label design:
The two trial medications differ physically: Coartem is yellow, while mefloquine and artesunate
are both white. For a blinded trial, a double-dummy technique would have to be used whereby
each patient receives active drug plus placebo at each dosing point. This would require patients
to take an unreasonably large number of tablets, i.e., up to 24 placebo tablets in addition to
regular treatment, therefore the trial was open design.
Suitable patients who presented to the study center with symptoms of acute, uncomplicated P.
falciparum malaria were, after laboratory confirmation of the diagnosis and having given
informed consent to participate in the trial, randomly allocated to one of the two treatments in a
ratio of 3:1 (Coartem:MAS).
Population: Patients (> 12 years) with newly diagnosed acute, uncomplicated P. falciparum
infection. A total of 219 patients were enrolled (Coartem n=164, MAS n=55).
Inclusion criteria:
• Male and female patients 12 years of age and up
• Body weight ≥35 kg
• Microscopic confirmation of P. falciparum or mixed (including P. falciparum) infection
• Able to participate in the trial and comply with the clinical trial protocol
• Written informed consent to participate in trial; verbal consent in presence of literate
witness is required for illiterate patients, and written consent from parents/guardian for
children below age of consent
Exclusion criteria:
• Pregnancy or lactation
• Inability to tolerate oral treatment
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Signs/symptoms indicative of severe/complicated malaria requiring parenteral treatment
Administration of investigational (unlicensed) drugs within 30 days of trial start
Known hypersensitivity or allergy to arternisinin or mefloquine derivatives
Known psychiatric disorders, e.g. depression or epilepsy
Severe renal, hepatic or liver impairment (i.e. creatinine and/or SGPT (ALT) >2.5 x
upper limit of normal range)
Severe cardiac impairment (i.e. evidence of existing cardiac conduction defect or overt
symptoms of cardiac dysfunction)
Anti-arrhythmics or other drugs which are known to influence cardiac function

Recent treatment with other anti-malarials did not exclude the patient from the trial. A baseline
blood sample was taken to determine the presence of other anti-malarials (quinine, chloroquine,
mefloquine).
Sample size: A total of 200 patients were planned to be recruited between September 1998 and
end of January 1999 and randomly allocated to one of the two treatments (3: 1).
Dose, dose interval and administration: Doses of 4 tablets of Coartem (each tablet containing 20
mg artemether and 120 mg lumefantrine) were to be given at 0 and 8 hours and twice daily in the
following two days in the morning and late afternoon, i.e. about 8 hours apart.
The MAS regimen was artesunate 4 mg/kg/day once daily for 3 days plus mefloquine 25 mg/kg
given as a split dose 15 mg/kg and 10 mg/kg on the 2nd and 3rd day. For artesunate (tablets 50
mg) and mefloquine (tablets 250 mg) the exact dosage per kg body weight was to be determined
and calculated to the nearest quarter tablet.
Treatment allocation: Once a patient had a confirmed diagnosis of P. falciparum malaria,
fulfilled all the inclusion criteria, had none of the exclusion criteria and gave written informed
consent to participate, he/she was randomised in a ratio of 3:l to either Coartem or MAS.
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Study schedule

The main safety evaluation was based on the proportion of patients with AEs after baseline
but before reappearance of parasites, as malaria related symptoms at baseline were recorded in
the CRF as adverse experiences (AEs) and not as medical history. The day the patient was
first seen was also the day treatment started and therefore this date was mostly used as the
start date for any malaria symptoms. All AEs were obtained by questioning and/or examining
the patient. Any worsening of a medical condition that was present at the initial visit was
reported as a new AE.
Severity of an AE was defined by the qualitative assessment of the intensity as determined by
the investigator or reported by the patient. The severity was assessed irrespective of
drug relationship or seriousness of the experience and was evaluated according to the
following scale:
1 = Mild (=NM Grade 1)
2 = Moderate (=NM Grade 2)
3 = Severe (=NM Grade 3)
4 = Life Threatening (=NM Grade 4)
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A treatment emergent sign and symptom (TESS) was any undesirable sign, symptom or medical
condition occurring after starting trial drug, whether considered drug-related or not. Medical
conditions/diseases present before starting trial drug were only considered treatment emergent
signs and symptoms if they worsened after starting trial drug.
AEs were followed until they resolved. Abnormal laboratory values or test results were not
generally be considered AEs, unless they induced clinical signs or symptoms or required
therapeutic intervention.
Safety monitoring and tolerability evaluations included physical examinations, vital signs and
ECGs. Clinical laboratory evaluations included hematological, biochemical and urine
parameters.
Safety and tolerability were evaluated by:
• ECG changes in QTc from baseline;
• clinically significant laboratory changes (in terms of NIH/NCI Common Toxicity Criteria
grades and deviations from laboratory normal ranges);
• the incidence, severity, and relationship of new AEs
Safety and tolerability assessments were summarised for the ITT population, defined as all
patients allocated to randomised treatment who received at least one dose of trial medication.
Serious adverse events (SAEs)
A serious adverse event was defined in general as an event
which:
1. was fatal or life-threatening,
2. required or prolonged hospitalization,
3. was significantly or permanently disabling or incapacitating,
4. constituted cancer, a congenital anomaly or a birth defect,
5. encompassed any other clinically significant event
6. was a result of an overdose.
Deterioration of disease to severe malaria was to be recorded as SAE, whereas reappearance
of parasites during the follow-up did not have to be reported as SAE. Any SAE occurring until 4
weeks after stopping the trial drug was to be reported, in addition to follow-up information about
a previously reported SAE.
Statistical methodology
Adverse experiences are summarised by IMN preferred terms and COSTART body system. In
the pre-NDA meeting, the FDA requested that all datasets submitted use MEDDRA.
Results
Table 1 shows patient disposition according to treatment group.
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Table 1: Distribution of patients by treatment group

Acceptability of patients:
Seven patients (2 on Coartem, 5 on MAS) were 12 years old, but had a body weight ≥ 35 kg and
therefore qualified to be treated.
Overall, 81 (37%) patients with a parasite density < 500/kL were enrolled and treated. This is in
line with the fact that the lower acceptable limit for parasite density was not specified in the
protocol, i.e. all infected patients were to be included. This was also in part due to effective
screening (early detection of infection) in field hospitals for these patients. This low density was
addressed in the efficacy section and an analysis carried out by parasite density.
Extent of exposure:
None of the patients on Coartem or MAS discontinued treatment.
Patients on Coartem received a median of 9.5 mg/kg total dose of artemether per kg body
weight (25-75th percentiles [8.7-10.41]) and a median of 57.1 mg/kg [52.3-62.61]) total
lumefantrine dose.
Overall, the patients on MAS received a median of 4 mg/kg artesunate per day (total of 12
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mg/kg) and a total of 24 mg/kg mefloquine. The highest dose of mefloquine was 3 + 2 tablets
(1250 mg) and therefore less than 25 mg/kg in 30 patients who weighed more than 50 kg.
Table 2: Study A028 demographic and baseline data

Baseline characteristics of the patients in the two treatment groups were similar. 56 (25.6%) of
patients had anti-malarials detected in blood at baseline.
The parasite density at baseline was lower than seen in the previous trials which were
conducted in Bangkok, especially as 81 (37%) patients had a parasite density < 500/uL; 65
(39.6%) on Coartem and 16 (29.1%) on MAS. In the previous trials, the median parasite
density in this centre was about 15,000/uL, while it was 3,540/uL for this trial.
Reviewer’s comment: AE rates may be accordingly lower in this study compared to others due to
the difference in parasite density and its correlating clinical symptoms – NEED TO CHECK
Anti-pyretic medications
Overall, 99 (45.2%) of the patients had been receiving anti-pyretics to treat high fever prior to
trial start (Table 7.2-2). During the trial 179 (81.7%) patients received anti-pyretic
medications, 133 (81.1%) on Coartem and 46 (83.6%) on MAS (Table 7.2-3). The
medication was mostly paracetamol but in 8 cases on Coartem IM Novalgin
(metamizole sodium) was given for 2 to 3 days during treatment period. For those patients
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who started anti-pyretics within the first 2 days, these drugs were usually given for 2-3 days.
This was slightly longer for patients on Coartem who received anti-pyretics for more than
4 days in 16.3% of the cases (vs. MAS 8.9%) (Table 7.2-4).
Results: Safety and tolerability
The most common symptoms in patients in both treatment groups at presentation were
headache (> 92%), asthenia (> 75%), fatigue (> 67%), fever (> 67%), dizziness (> 65%),
nausea (> 60%), myalgia (> 59%) and anorexia (> 52%) (Table 9.1.-2). Other malaria
symptoms / signs such as rigors, arthralgia, vomiting, sleep disorders, hepato- and
splenomegaly, and abdominal pain were present in a percentage of patients varying between
17 and 47% in both treatment groups. Palpitation and diarrhea were reported in 5-10% of the
patients at baseline.
In an attempt to exclude symptoms occurring because of reappearance of P. falciparum/vivax, an
additional summary was compiled for the AEs which started after baseline but before
reappearance of P. falciparum/vivax; these are considered as treatment emergent symptoms and
signs (TESS) (Table . AEs starting or worsening during this time period may be a more reliable
indication of the AEs possibly related to trial treatment.
Overall, 104 (63.4%) patients in the Coartem treatment group and 34 (61.8%) patients in
the MAS group presented with AEs during this time period. However, the majority of AEs
recorded were symptoms typical of malaria though classified as TESS: symptoms belonging
to the digestive system (abdominal pain, dyspepsia, nausea, vomiting, diarrhea, anorexia,
constipation) were reported in 18.3% of the patients in the Coartem group and in 21.8% of
the patients in the MAS group; nervous system symptoms (headache, dizziness, sleep
disorder) were reported in 27.4% of the patients in the Coartem group and 16.4% in the
MAS group (see also Exhibits 9.1-1 and 9.1-2).
Skin reactions were only reported in a small percentage of patients in both treatment groups
(Table 9.1-4). On Coartem, pruritus was reported for 4 patients (one of them also had rash)
within the first week and in two cases on Days 11 and 20. Rash was seen in 3 patients, starting
on Days 2, 3 and 23 and urticaria in two patients starting on Days 9 and 11. On MAS one
patient had pruritus on Day 5, and another patient urticaria on Day 3. In all 12 patients
reporting skin reactions, the severity of the AE was mild. In 5 of the 10 patients on
Coartem, the AE did not occur in close temporal relationship to drug administration (on
Day 9 or later).
The following AEs were seen in isolated patients. On Coartem these were diarrhea, constipation,
tinnitus, face edema, chest pain, bronchospasm, dyspnea, pulmonary edema, epistaxis, weight
decrease, arthrosis and back pain. On MAS, these were diarrhea and epistaxis. About 25% of all
patients had viral / bacterial infections, abscesses or parasitic infestations detected after baseline.
For some patients the abnormal laboratory findings were reported as an AE, e.g. hypokalemia,
anemia, hyperlipemia, diabetes.
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The following two figures show all TESS (except concomitant infections) which occurred in
more than 2% of the patients andlor symptoms which were present in more than 10% of the
patients at baseline (except hepato- / splenomegaly).
Figure 1: Most frequent AEs with Coartem (Coartem)
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Figure 2: Most frequent AEs with MAS

There were no differences in the severity or incidence of AEs between the treatment groups,
except for fever and headache which were more commonly reported with Coartem. The
only AEs which had an increased frequency compared to baseline or appeared newly were
skin reactions, dyspepsia, cough and pharyngitis.
Most AEs which occurred during the trial were rated as of mild or moderate severity. In both
groups, the great majority of TESS was rated as mild, except some cases of
fever. In the Coartem treatment group 11 AEs (in 10 patients, 6.1%) were
rated as "severe"; these were 9 cases of fever and 1 case of dyspnea I pulmonary edema for
patient No. 292 (reported as SAE). In the MAS group 3 AEs (in 3 patients, 5.5%) were rated
as "severe". These were 2 cases of fever and one case of urinary tract infection.
Only one AE was assessed to be related to trial drug by the investigator: this was vomiting for
patient No. 11 1 (MAS) on Day 2
Serious adverse experiences and premature discontinuations
In one patient, SAEs were reported during the trial. This was patient No. 292 who had
dyspnea and pulmonary edema due to fluid overload on Day 2 and discontinued due to "Lost
to follow-up" later. The case narrative is provided below.
No other patients were discontinued from the trial due to adverse experiences or abnormal
laboratory values.
Patient narratives of serious adverse experiences and premature
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discontinuations
Center/Patient number: 1 I 292
Treatment group: Coartem, 4 tablets, each containing 20 mg artemether and 120 mg
lumefantrine, at hours 0, 8, and twice daily in the following 2 days (i.e. approximately 19, 35,
43 and 59 hours after starting treatment)
Age: 28 years Sex: Male Weight: 5 1.5 kg
Adverse experience/'laboratory abnormality: Pulmonary edema I dyspnea
Relationship to trial treatment: Not related
Prematurely discontinued: Yes (only later due to "Lost to follow-up")
Discussion:
This patient presented with the common malaria symptoms and received his first dose of trial
medication on 26-Nov-98. At baseline already the following laboratory abnormalities were
noted: hypokalemia, thrombocytopenia (grade 3), raised liver enzymes (NIH grade 3) and
marked hyperbilirubinemia (grade 4). He also required i.v. rehydration therapy (due to
vomiting). On (b) (6)
the patient was admitted to hospital with dyspnea, the
cause of which was determined to be pulmonary edema, possibly due to fluid overload.
Chest X-ray showed pulmonary congestion. The patient was treated with furosemide 20 mg
i.v. on 27-Nov-98 and 40 mg i.v. for the next four days. By Day 8 hypokalemia and
thrombocytopenia normalised, while the liver function tests improved significantly. This
patient was lost to follow-up after the first week.
Deaths
None of the patients died during the trial.
Safety monitoring and tolerability evaluations
Electrocardiographic monitoring was performed at baseline, Days 2, 3,4, 8 and 29 usually in
the morning. Thus, the ECGs on Day 2 were taken between 8 and 33 hours after start of
treatment (median = 13 hours), the ECG on Day 3 between 33 and 58 hours (median = 38
hours) and the ECG on Day 4 between 56 and 80 hours (median = 61 hours).
The electrocardiograph recorded the tracings and automatically performed measurements of
the main parameters. The machine interpretation (normal, otherwise normal, borderline,
abnormal) are surnmarised in Table 3. At baseline, 41 (18.7%) of the ECGs were assessed
as abnormal, but not clinically relevant in the investigator's opinion.
The heart rate was high at baseline due to pyrexia, but decreased after baseline, reflecting
resolution of the initial fever-induced tachycardia. Thus, the RR interval
in msec (=60000/heart rate) increased.
Overall, the QRS duration did not change during treatment for patients on Coartem, but on
MAS a slight increase in QRS by a median of about 3 to 4 msec was seen on Day 4, i.e., about
one day after they stopped MAS. The PR interval did not change significantly during the trial.
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At baseline, the median QTc was 408 msec, with a range between 340 and 496 msec and 25th to
75th percentiles of 392 and 425 msec respectively. After baseline, no clinically relevant overall
increase in QTc values was seen (Table 3).
Table 3: Percentage change in QTc after baseline (median and 25 to 75th percentiles)

No patient had a greater than 25% increase in QTc compared to baseline or QTc value above
500 msec during the first week and no clinical cardiac AEs were observed. The following
summary (Table 4) shows the proportion of patients with an increase of more than 60
msec or an increase of more than 30 msec which led to a value > 430/450 msec or > 450/470
msec (male/female, respectively).
Table 4: Increase in QTc within the first week after start of treatment

Clinical laboratory evaluations
The clinical laboratory values were summarized by NCI/NIH Common Toxicity Criteria. Several
laboratory parameters were affected by disease status at presentation, e.g., anemia. At baseline,
more than 60% of the patients in both groups had a hematocrit value below the normal range
(37% for females, 40% for males). On Day 4, there was a slight worsening of anemia in both
treatment groups and by Day 29, more than 50% of the patients had a normal hematocrit.
Seven patients in the Coartem group and two in the MAS group had severe (NIH grade 4)
thrombocytopenia at presentation, which improved rapidly. On Day 8, 85.9% and 89.1% of the
patients in the Coartem and MAS groups respectively had NM grade 0 values. However, on Day
29 a few patients still showed a minimal decrease in platelets count, presenting with NM grade 1
values (31.5% in the Coartem group 1 and 28.3% in the MAS group). These small shifts were of
no clinical significance.
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All the values concerning white blood cells over the course of the trial showed few changes, and
none of the hematological parameters showed significant individual shifts during the trial.
Liver function tests were only slightly abnormal at baseline and did not show any significant
changes, other than those related to the disease resolution. All parameters normalized over the
course of treatment. In three patients (Nos. 159, 166, 219), a clinical AE of jaundice was noted
after treatment with Coartem. In all these cases the serum bilirubin was elevated at baseline and
resolution occurred on follow-up. Kidney function, as measured by creatinine and BUN, was not
affected at baseline, and it did not show any change over the course of the trial.
The results of other laboratory tests performed (serum electrolytes, glucose, total serum protein,
serum albumin, urine tests), were very similar in the two groups and did not show any relevant
change after baseline.
Dose response analysis
The data available do not indicate an increase of either incidence or severity of any AEs with
the higher dose of Coartem or higher plasma level of lumefantrine. It should be noted, however,
that due to the dosing according to rather large weight ranges, 3 patients with weight less than
35.5 kg received a total dose of more than 80 mg/kg of lumefantrine, which is almost 50% more
than the median dose. QTc decreased in all these patients. All 3 patients had headache reported
but starting only in the first or second week.
Analysis of drug-drug interactions
Safety parameters (AEs and ECG) were analyzed separately for 56 patients who had either
mefloquine or quinine detected in the blood at baseline from those who did not have antimalarials detected. No major differences were seen in the incidence of AEs after baseline
between these 2 groups. None of the 9 patients with measurable mefloquine levels had abnormal
QTc values. The number of abnormal QTc’s was similar in the other two groups (2 with
measurable levels of quinine, 3 with non-detectable levels).
Discussion: Safety and tolerability
In this study, those AEs starting or worsening after baseline (treatment emergent signs and
symptoms (TESS), were primarily considered for assessing the tolerability/safety profile of
Coartem and MAS. Despite this attempt, there appeared to be a high degree of confounding,
with approximately 60% of patients reporting AEs in both treatment groups. Fever, headache and
viral/bacterial infections constituted the vast majority of TESS and were considered unlikely to
be related to drug intake in both treatment groups.
Four AEs clearly increased in frequency or appeared newly after baseline; they were skin
reactions, dyspepsia, cough and pharyngitis. Cough was likely related to concurrent pharyngitis
in many cases, while skin reactions and dyspepsia were more likely to be drug-related. In
addition, other gastro-intestinal and central nervous symptoms such as abdominal pain, anorexia,
nausea, vomiting, diarrhea, dizziness, headache, and sleep disorders cannot be excluded from
being drug-related in a smaller proportion of patients.
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With the exception of fever, most AEs were mild in intensity, including all skin reactions
(pruritus, rash, urticaria) and dyspepsia. Overall, Coartem did not differ from MAS in terms of
severity or incidence of AEs with the exception of fever and headache (more frequent in the
Coartem group). Since fever and headache are also the most common symptoms of malaria and
other infections, this observed difference could reflect a variable evolution of the underlying
disease in the two treatment groups, confounded additionally by various concomitant illnesses.
ECG monitoring showed that overall there were no significant alterations of the PR, QT intervals
or the QRS complex. Increases of QTc (730 msec and above the upper normal limit) were seen
in 5 (3.0%) patients in the Coartem group and 3 (5.5%) patients in the MAS group. None of
these patients had a greater than 25% increase in QTc from baseline (the increases ranged
between 10 and 15%) or an absolute value exceeding 500 msec. No clinical cardiac events
occurred; in particular, the few patients with QT prolongations were asymptomatic.
QTc prolongations with both Coartem and MAS were low in frequency and of moderate degree,
and in some cases, the observed changes may have been caused by malaria itself or
electrolyte disturbances. In addition, the dramatic decreases in heart rate occurring during
disease resolution could have resulted in inadequate QTc adjustments by the traditional
machine calculations. Mefloquine is not known to commonly or significantly affect cardiac
depolarization, and it is noted that Coartem behaved similarly to mefloquine in this study.
About a quarter of patients in this study had quinine or mefloquine detected in their blood
prior to receiving the trial medication. The median quinine (4050 nglmL) and mefloquine (1815
ng/mL) levels at baseline were not therapeutic but were sufficiently high to allow meaningful
evaluation of the potential for a drug-drug interaction. No difference in either the pattern or
severity of AEs or in the frequency of QTc prolongations was observed between the patients who
had quinine or mefloquine detected in their blood at baseline compared to those in whom no antimalarials were detected. This suggests that the potential for a quinine-Coartem interaction is
limited.
Overall, clinical, laboratory and EKG findings suggested a safe profile for Coartem.
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SAFETY REVIEW: STUDY 2401
Title: Open label, multi-center, non-comparative efficacy, safety and tolerability study of Riamet
in the treatment of acute uncomplicated Plasmodium falciparum malaria in non-immune patients
Study period: 21 May 2001 to 11 August 2005.
Study centers: Switzerland – 5 centers; Columbia – 1 center; Germany – 4 centers; France – 4
centers; Italy – 1 center; Netherlands – 1 center
Design and objective: This was an open label, uncontrolled, single arm, multicenter, noncomparative efficacy, safety and tolerability study of Coartem in non-immune patients with
acute, uncomplicated P. falciparum malaria or of mixed infections including P. falciparum.
Patients were treated using the 6-dose regimen of Coartem for 3 days.
Rationale for study design: The open uncontrolled design was originally selected because of the
relatively small number of available patients (travelers returning to Europe with malaria). A
non-comparative design was therefore chosen in order to minimize the number of patients
required.
Efficacy was assessed via the 28-day cure rate. Safety assessment included serial ECGs and
analysis of ECGs for changes in QTc interval. Additional objectives were to collect
pharmacokinetic data on lumefantrine and its metabolite desbutyl-lumefantrine in non-immune
malaria patients following treatment with Coartem (6-dose regimen over 3 days); to investigate
the relationship of lumefantrine exposure with patient body weight, with the QTc interval and
with pharmacodynamics; and to assess the pharmacodynamics of Coartem in terms of time to
clearance of gametocytes clearance of all parasite forms and resolution of fever
Following registration in the EU, the sponsor made a post-approval commitment to provide PK
data for lumefantrine and desbutyl lumefantrine in malaria patients of relatively high body
weight, since the majority of the studies in the clinical development program for Riamet were
conducted either in children or in adults of relatively low body weight compared to Europeans.
It was originally planned that a subset of 12 patients in the 2401 core study would provide this
PK data, but at the time of closure of recruitment of the core study, no patients had consented to
participate in the PK part of the study. A protocol amendment was instituted in order to initiate a
PK substudy planning to include 12 patients to be recruited after closure of recruitment to the
core study. In the end, 15 patients participated in the PK substudy.
Population: non-immune adult patients (aged 18 years or older, non-pregnant if female) with
microscopically confirmed acute uncomplicated Plasmodium falciparum malaria or mixed
infections including P. falciparum with parasitemia of less than or equal to 2% asexual P.
falciparum parasites confirmed by microscopy using Giemsa-stained thick film. Patients who
had received prior prophylaxis with antimalarials could enter the study only if clear progression
of malaria was documented. Patients who may have been semi-immune were allowed to
participate if according to the investigator’s criteria they had not been in an endemic country for
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a prolonged period of time. Non-immune was defined as those who have not spent the first 5
years of life nor spent the most recent 5 years of life in an endemic area and those who did not
have acute uncomplicated P. falciparum malaria diagnosed within the past 5 years. The planned
number of patients was 140 but 150 were recruited and analyzed for safety (147 for efficacy).
The safety population analyzed was all patients in the treated population (all patients who gave
informed consent and received at least one dose of study medication).
Exclusion criteria:
- signs/symptoms indicative of severe/complicated malaria
- known hypersensitivity to the study medication
- had received artemisinin derivatives within the previous 7 days
- concurrently using other treatment/prophylaxis for malaria
- taking medications with potential hemolytic effects
- talking any drug metabolized by cytochrome isoenzymes CYP3A4 or CYP2D6
- had severe cardiac impairment
- had received halofantrine or any other drug known to influence cardiac function
within 4 weeks prior to screening visit or were taking other drugs known to
prolong the QT interval
- history of splenectomy
- clinically significant abnormalities of laboratory parameters that were not due to
malaria
- women who were pregnant, lactating or of childbearing potential but not using
adequate contraception
Dose, dose interval and administration:
Study drug was supplied as tablets containing 20 mg artemether and 120 mg lumefantrine.
Patients with body weight ≥35 kg were administered 4 tablets at 0, 8, 24, 36, 48 and 60 hours.
Dose variation was not permitted. A maximum of two doses could be replaced throughout the
treatment schedule for vomiting. If the patient vomited the replacement dose, rescue medication
had to be immediately instituted and the patient discontinued from the study medication. Only
2% of patients received a replacement dose after the first dose.
This was an unblinded, non-comparative study where all patients received treatment with
Coartem.
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Study schedule and evaluations

Safety assessments
Safety assessments consisted of monitoring and recording all AEs, the monitoring of hematology
and blood chemistry values including liver function tests, regular measurement of vital signs and
the performance of physical and ECG examinations.
A standardized method of collecting adverse event information to allow pooling of safety
information between trials has been adopted across the development program and was also used
in this study (see Treatment Emergent Signs and Symptoms, TESS).
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An adverse event was any undesirable sign, symptom or medical condition occurring after
starting study drug . All medical conditions/diseases present before starting study treatment were
considered AEs if they worsened after starting study treatment. Abnormal laboratory values or
test results constituted AEs only if they induced clinical signs or symptoms, were considered
clinically significant or required therapy.
A serious adverse event (SAE) was defined as an undesirable sign, symptom or medical
condition which was: fatal or life-threatening; required or prolonged hospitalization; resulted in
persistent or significant disability/incapacity; constituted a congenital anomaly or a birth defect;
or was medically significant, in that it could have jeopardized the patient and might require
medical or surgical intervention to prevent one of the previous mentioned outcomes.
For the analysis of this study, categorization of SAEs was not performed according to the
sponsor’s usual methods, as no tick box to indicate a SAE was included on the CRF. Rather, the
following categories of events were identified separately: deaths; life threatening AEs; events
requiring (prolonged) hospitalization; malignancies. Together, these categories were defined as
‘significant adverse events’. Any ‘significant adverse event’ which occurred after the patient
provided informed consent until 4 weeks after the patient stopped study participation had to be
reported. SAEs which occurred more than 4 weeks after study discontinuation had to be reported
if a relationship to the study drug (or therapy) was suspected.
Laboratory evaluations
The following parameters were assessed:
• Hematology - hematocrit (PCV), hemoglobin, red blood cell count, white blood cell count,
platelet count. Differential WBC counts were to be performed if the WBC count was abnormal.
• Biochemistry – glucose, bilirubin, creatinine (serum), ALT (SGPT), and alkaline phosphatase.
Serum-γ -glutamyl transferase (γGT) was to be determined for any patient with abnormal ALT.
• PCR (Polymerase Chain Reaction) analysis to distinguish between recrudescense and new
infection was performed.
ECG evaluations: Special attention was given to the change in QTc from baseline, and to the
absolute QTc value.
Safety evaluation
The assessment of safety was based on AEs (including new or worsened signs and symptoms of
malaria), laboratory data, ECG data, and vital signs. Safety evaluation was performed on the
Safety population (all patients who gave informed consent and received at least one dose of
study medication). Safety data collected after Day 42 were not included in the analysis but were
flagged in the data listings.
Adverse events
Measuring the possibly treatment-related AEs during the course of acute malaria is especially
difficult because of the very high background of malaria-related signs and symptoms. Therefore,
clinical signs and symptoms of malaria were probed at baseline, before dosing, and on all follow193
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up visits, and recorded on the treatment emergent signs and symptoms (TESS) CRF. Any
symptom that worsened or started after baseline was recorded as a new adverse event on the
Adverse Event CRF page. The incidence of AEs, including worsened or newly occurring clinical
signs and symptoms of malaria, that started after baseline but before reappearance of parasites
(i.e., asexual forms of P. falciparum) was summarized by MedDRA primary system organ class
and preferred term, severity and relationship to study drug. Further, the same summaries were
generated for all AEs that started after baseline.
Since seriousness was not given on the CRFs, significant AEs were summarized. These were
defined as life-threatening AEs, AEs leading to hospitalization, prolonged hospitalization or to
death. Further, malignancies were defined as significant AEs.
Results
A total of 150 patients were treated. Approximately 80% completed the study. Premature
discontinuation from the study was most commonly due to loss to follow up or protocol
violation; two patients discontinued due to unsatisfactory therapeutic effect, one due to an
abnormal test result (the patient was enrolled in error due to an incorrect malaria blood film) and
one due to AEs (mild diarrhea and mild abdominal pain, both of which resolved without
intervention).
Table 1: Patient disposition (treated patients)

Protocol deviations
Protocol deviations are shown in Table 2. Minor protocol violations, defined as those that did
not lead to exclusion from the per protocol population, and would not be expected to have a
major impact on outcome, were very common, occurring in close to 60% of patients. By far the
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most common minor violations were having a body temperature of < 37.5°C on Day 0 and
missing at least one specific examination at a visit. Having a body temperature of < 37.5°C on
Day 0 was probably common because many patients were on antipyretics and fluctuations in
body temperature are typical in the presentation of malaria. Although not an exclusion criterion,
this was prospectively defined as a minor protocol violation.
Reviewer’s comments: Prior to starting study treatment, paracetamol was used by 33% of
patients. During the study, antipyretics were used by 21% of patients, with paracetamol as the
most common antipyretic used in 20% of patients.
Table 2: Protocol violations

Baseline demographics
Baseline demographic characteristics are shown in Table 3. The patients were predominantly
young to middle-aged adults, male and of Caucasian race. The ‘other’ race group mainly
included patients from the Colombian center, most of whom (28 patients) were described by the
investigator as ‘Latin complexion’. Most patients had a body weight of > 65 kg.
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Table 3: Demographic summary at baseline (treated patients)

Patient exposure
Over 90% of patients received all 6 doses of Coartem. Table 4 shows exposure to treatment in
terms of the numbers of doses received, together with total doses of artemether and lumefantrine.
Table 4: Overall exposure to study drug
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Safety results
The safety information collected included AEs, results of physical examinations, ECGs, vital
signs, and laboratory evaluations.
Overall experience of adverse events
The MedDRA system organ classes most frequently affected by AEs are shown in Table 5.
These included the gastrointestinal system, general disorders and administration site conditions,
nervous system, and psychiatric disorders. The majority of patients experienced at least one AE.
Table 5: Most frequently reported AEs overall and by system organ class

The most frequent AEs experienced after baseline but before reappearance of parasites are
shown in Table 6. The most frequent AE was headache. No other specific AE was reported in
more than 15% of patients. Insomnia, vertigo, diarrhea, malaise, anorexia and cough were the
only other AEs reported in more than 10% of patients. All of these AEs are common in patients
with malaria. Headache was the only AE affecting the nervous system that was reported by
more than 2% of patients.
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Table 6: Most frequently reported AEs experienced after baseline

a

MedDRA preferred term

Only six patients experienced severe AEs. Three of these AEs appeared to be related to
unsatisfactory therapeutic effect: one was reported as progression of disease (the patient took
quinine on Day 2 before continuing Coartem treatment), one as malaria, and one as P.
falciparum infection (the latter two cases were considered treatment failures). In one patient an
ECG abnormality (abnormal T-wave) was reported as severe. There were two cases of severe
headache, one case of severe somnolence and one of severe hyperhidrosis (which was reported
by one of the patients who also reported severe headache). The majority of the remaining AEs
were of mild intensity.
Ear and labyrinth disorders were reported by 14% of patients. There was one case of tinnitus,
which was of moderate severity, not suspected to be related to study medication, and resolved
without treatment. All other ear and labyrinth disorders were cases of vertigo. It is not clear
whether these cases were truly vertigo or misclassified cases of dizziness, since the CRF listed
vertigo rather than dizziness as a possible symptom of malaria. One patient reported mild
worsening of deafness that was present at baseline following the first dose of Coartem; this was
reported to have resolved by Day 3.
AEs affecting the cardiovascular system were reported by five patients, with a further six cases
of ECG abnormalities also reported as AEs. All but one of the cardiac AEs reported were
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arrhythmias or conduction disorders, the remaining case being atrial dilatation. Cardiac AEs
were suspected to be related to study medication in two patients: one case of mild right bundle
branch block that was first reported on Day 2 but had resolved on Day 3; and the case of
moderate atrial dilatation, that began on Day 2 and had an unknown outcome.
Nervous system AEs were reported in 29% of patients, but in almost all cases the AE was
headache (in 27.3% of patients). Headache was mild in most cases, but two patients reported
severe headache. Headache was suspected to be related to study medication in approximately
10% of those patients who reported this AE. Apart from headache, the only other nervous system
AEs reported were somnolence (in 2% of patients) and one case each of dizziness and mental
impairment.
Deaths and other serious adverse events
Table 7: Patients who died or had significant AEs

Few patients had serious or clinically significant AEs. Six patients had AEs that required or
prolonged hospitalization. No deaths were reported and no life threatening AEs occurred.
In three of the patients, the AEs were or were related to progression or recrudescence of malaria.
In the case of patient NLD/0061/00001, recrudescence of malaria led to hospitalization and the
patient was categorized as a treatment failure. The pattern of AEs in two of the remaining three
patients (anemia, thrombocytopenia, liver function test abnormalities, hematuria, malaise and
abdominal pain in one patient, CHE/0002/00011, and hepatocellular damage in the other,
DEU/0015/00003) also suggests an association with malaria, particularly with CHE/0002/00011
who received i.v. quinine as antimalarial rescue medication from Day 0 to Day 3 due to
complications of malaria. The endocarditis reported in one patient (DEU/0013/00022) appears to
have been a co-infection.
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Table 8: Listing of significant AEs

Other significant AEs
One patient discontinued treatment due to AEs. This patient discontinued after the first dose on
Day 0, after experiencing mild abdominal pain and mild diarrhea, which resolved without
intervention.
Laboratory values
Hematology
There were small mean changes from baseline to Day 28 for hematocrit, hemoglobin, platelet
counts and total white blood cell counts which were not clinically significant. Four patients had
anemia reported as an AE, one of whom also had microcytic anemia and thrombocytopenia
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reported. In all of these patients the hemoglobin level, hematocrit and platelet count were all
within NCI CTC grade 0 by Day 28.
Biochemistry
All liver function tests (LFTs)showed mean decreases from baseline, consistent with recovery
from malaria. Serum creatinine levels and blood glucose also showed small mean decreases from
baseline. No patients had shifts to Grade 3 or 4 for any parameter.
Nine patients had LFT abnormalities (elevated transaminases and/or bilirubin) reported as AEs.
In most cases, the AEs were reported between the two scheduled sampling times for laboratory
analysis. In all but three cases, all LFT values were within the normal range by Day 28. In the
remaining cases, SGPT was elevated outside the normal range, to NCI CTC Grade 1 (i.e. up to
2.5 x ULN); in one case this was a slight worsening from the baseline value.
Vital signs
The only vital sign performed was pulse rate. Mean pulse rate at baseline was approximately 91
b.p.m. Pulse rate showed a gradual decrease over the course of the study, with the mean at Day
28 being 73 b.p.m.
ECG evaluation
ECG evaluations were performed at baseline and Day 2 for patients who participated in the
study prior to Protocol Amendment 3, with additional evaluations at Days 1 and 3 after the
amendment was implemented.
QTcF shifted from the normal range at baseline to prolonged post-baseline in 0.9% of patients,
and 2.8% shifted from normal to borderline. There were no patients with an absolute QTc value
of >500 msec, with the majority of patients with QTcF increases of < 30 msec from baseline. A
total of 23.5% of patients had a QTcF increase of 30 – 60 msec, while one patient had a QTc
increase of >60 msec. One patient had an increase of 71 msec from baseline to Day 2 according
to Fridericia’s formula, although the QTc remained within the normal range despite the increase
(from 331 to 402 msec). The only AE reported by this patient was mild vertigo from Day 2 to
Day 3.
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Table 9: Patients with signal QTc values or signal QTc increases from baseline

In six patients, ECG abnormalities were reported as AEs, but these were deemed such by the
investigators and not by the specialist CRO. There were two cases each of ‘electrocardiogram
QT prolonged’; ‘electrocardiogram abnormal’; and ‘electrocardiogram change’.
Discussion
This study was developed as an investigator-led trial and was subsequently fully taken over by
Novartis in early 2003. It is the largest trial to date of imported malaria in a nonimmune,
primarily Caucasian, population.
The patient population recruited into the study was non-immune adult patients
with acute, uncomplicated falciparum malaria, or mixed infections including P. falciparum,
although only 5% of patients had other Plasmodium species present. The majority of patients
were recruited at the European centers rather than the Columbian center. The patient population
was generally of higher body weight (mean 73 kg, with a range of 41 to 119 kg) than the
populations of previous studies with the 6-dose regimen of Coartem in adults, which were
conducted in South-East Asia.
Although most patients completed the study as planned, there was a relatively high rate of
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premature discontinuation and protocol violations. This was unexpected from previous
experience with studies with Coartem in malaria-endemic countries. Most patients who
discontinued prematurely were lost to follow-up, or did so as a result of protocol violations. The
most common major protocol violation was incomplete documentation of parasite counts after
clearance. These findings suggest that a significant proportion of patients failed to return to the
centers once their malaria symptoms had resolved.
The 6-dose regimen of Coartem was well-tolerated in this study. There were no deaths or
life-threatening AEs, and AEs categorized as SAEs were designated as such because they led to
prolongation of hospitalization. The majority of these events were, or were related to,
progression of malaria (efficacy failure). The most frequently reported AEs were consistent with
acute, uncomplicated malaria and its resolution. Overall rates of AEs and specific AEs were
lower in this study than those reported in studies with the 6-dose regimen of Coartem in malariaendemic countries. This is likely due to the generally better health of the patients in this study as
compared to those in malaria-endemic countries, particularly with respect to improved nutritional
status and reduced likelihood of concomitant infections.
With respect to specific AEs of note, there were few nervous system events other than headache.
Ear and labyrinth disorders appeared to be relatively common, but this was due to a relatively
high incidence of vertigo which was probably related to “vertigo” being listed as a possible
sign/symptom of malaria rather than “dizziness” which has been used in other trials. In keeping
with this explanation was the lower rate of dizziness compared to previous studies. There was
one case of mild worsening of hearing impairment reported in a patient already suffering from
deafness after taking the first dose of study medication, but this apparently resolved by Day 3.
There were relatively few AEs affecting the cardiac system (cardiac disorders, mainly
tachycardia and bradycardia, were reported in 3% of patients and ECG abnormalities reported as
AEs in 4%). Laboratory evaluations showed hematology and serum biochemistry profiles
suggestive of recovery from malaria, and no evidence of clinically significant deleterious effects
on any parameter. Mean and median QTc changes from baseline at Day 2/3 and Day 7 were
small and not clinically significant. No patient had an absolute QTc value of more than 500
msec at any evaluation.
Conclusions
Overall, treatment with Coartem was well-tolerated, with an AE profile which suggested no
clinically significant effects on laboratory parameters, QTc interval, nervous system disorders or
ear and labyrinth effects.
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9.2

Line-by-Line Labeling Review

Not applicable to individual studies.
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1 EXECUTIVE SUMMARY
The antimalarial properties of artemisinin drugs were first discovered in China; the active constituent
of an extract from the wormwood plant Artemisia annua (qinghao) was identified and purified in the
1970s, and named qinghaosu, or artemisinin. A number of semi-synthetic derivatives such as
artemether have since been developed to improve the drug’s pharmacological properties and
antimalarial potency. Many different artemisinin-containing regimens combined with various partner
drugs have been studied in an effort to find effective, safe, and less expensive combination
artemisinin therapies. The WHO (WHO Malaria Treatment Guidelines, 2006) recommends
artemisinin based combination therapies (Coartem®) everywhere in the world irrespective of the
immune status of the patient and/or of the multi-drug resistance status in the country.1
Coartem® is an oral, fixed-dose combination, antimalarial product containing two drug substances,
artemisinin (20mg of artemether) and 120mg of lumefantrine. Coartem is the first artemisinin-based
combination treatment for malaria to be submitted as an NDA. The applicant is requesting approval
of a six-dose regimen of Coartem for the treatment of malaria in patients of 5 kg body weight and
above with acute, uncomplicated infections due to Plasmodium falciparum or mixed infections
including P. falciparum. Coartem should be administered over three days for a total of six doses: an
initial dose, second dose after 8 hours and then twice daily (morning and evening) for the following
two days. The number of tablets per dose (1 to 4 tablets) is dependent on the patient’s bodyweight.
Both artemether and lumefantrine are blood schizonticidal in the life-cycle of Plasmodium species.
Artemether has a short half-life (~ 2 hours) and a rapid onset of action and lumefantrine has a halflife of 3 to 6 days and a slow onset of action. The combination of drugs was developed to rapidly
reduce parasites in the blood (artemether) and reduce the potential for late recrudescence
(lumefantrine). There is, however, a concern that resistance could occur due to lingering subtherapeutic levels of lumefantrine after the disappearance of artemether in the blood post-treatment.
Coartem was granted a Priority review designation using the following criteria as specified in MaPP
6020.3: 1) Evidence of increased effectiveness in treatment of acute, uncomplicated malaria and 2)
evidence of safety and effectiveness in a new subpopulation – pediatrics. The applicant stated in
their request that children ≤ 12 years of age treated with a Coartem achieve an earlier reduction in
parasite burden and a more rapid fever clearance time than other approved comparators, including
quinine and sulfadoxine/pyrimethamine. Please refer to the review of the priority request and the
cross disciplinary team leader (CDTL) review by J. Meyer, Pharm.D for further detail.
In this submission, the efficacy and safety of Coartem was evaluated in male and female adult and
pediatric patients with uncomplicated P. falciparum infection in China, Europe, Columbia, Asia, and
sub-Saharan Africa. NDA 222-68 contained data from twenty studies sponsored by Novartis; 4911
patients with malaria and 3599 of these patients were treated with Coartem. Of these twenty studies,
1

www.who.int/malaria/docs/TreatmentGuidelines2006.pdf
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eight were identified as primary studies to support the NDA. These eight studies included complete
safety and efficacy information, including raw data and electronic data sets. In the eight primary
studies, a total of 2462 patients were enrolled, 1026 adult patients (> 16 years old) and 1436
pediatric patients ≤ 16 years old.
The eight primary studies are composed of two, 4-dose studies assessing the efficacy contribution of
each the components to the regimen (A023 and AB/MO2), a study comparing an earlier 4-dose
regimen to the proposed 6-dose regimen (A025), and five additional 6-dose regimen studies,
including non-immune adult travelers and pediatric patients as low as 5 kg of body weight (A026,
A028, A2401, A2403, and B2303). Less complete information was submitted on an additional 16
supportive studies. In most cases, only the study report without raw data was submitted. These
supportive studies include two non-comparative 4-dose studies (1993-1996), one dose response
study (1995), and 13 active controlled studies of which 10 included the 4-dose regimen (1993 –
2000) and three studied the 6-dose regimen (2000 – 2003). FDA-approved comparators (e.g.,
chloroquine, sulfadoxine/pyramethamine (Fansidar®), quinine, and mefloquine (Lariam®)) were
used as comparators in the 4-dose supportive studies, some of which were blinded.
The applicant’s primary endpoint in their studies was the 28-day cure, including clearance of asexual
parasites within 7 days without recrudescence by day 28. As noted above, clinical signs and
symptoms were not required for study entry, other than fever in small children. Fever was not an
inclusion criterion for the primary studies conducted in adults and adolescents. However, in the two
studies that enrolled infants and small children (A2403 and B2303) patients had to have a fever (≥
37.5°C axillary or ≥38°C rectal) present at baseline or a history of fever in the preceding 24 hours
(B2303 only). In addition, the applicant’s trials did not specify that patients should have other
clinical symptoms at baseline, but it is apparent from the manner in which adverse event data were
collected, that many patients had clinical symptoms of malaria present at baseline and improved with
treatment. Secondary endpoints include time to parasite clearance, and time to fever clearance.
In general, the reviewer agreed with the applicant’s endpoints and analyses. The inclusion/exclusion
criteria, endpoints, definitions of the analysis populations used by the applicant in theses studies
were similar to those in the draft Guidance to Industry, “Malaria: Developing Drug and Nonvaccine
Biological Products for Treatment and Prophylaxis.”2 The FDA’s ITT and Evaluable populations
are essentially the same as the applicant’s MITT and Evaluable populations. The ITT population
was used as the FDA’s primary analysis population since the evaluable population excludes subjects
after randomization for reasons that may be treatment related and may result in a biased analysis. In
the ITT population, patients with missing data for 28-day cure rate are included in the analysis as
failures; therefore the reviewer’s outcome rates are lower than rates for the evaluable population,
where patients missing the 28-day visit were excluded from analysis.
Some issues were noted with the applicant’s PCR-corrected cure rates, in that the PCR assays were
not found to be standardized or validated by the Microbiology reviewers. Therefore, all of the
reviewer’s analyses were performed using uncorrected 28-day parasitological cure rates.

2

http://www.fda.gov/cder/guidance/7631dft.pdf
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The two, four-dose studies AB/MO2 and A023 are considered essential studies in the NDA because
the efficacy of the fixed-combination drug, Coartem, is compared to each of its individual
components, artemether and lumefantrine. The 4-dose regimen of Coartem in the ITT population
was shown to be superior to each of the individual components: to artemether in terms of 28-day
cure rate and to lumefantrine in parasite clearance time (PCT) and fever clearance time (FCT) in
Studies ABMO2 and A023. The 28-day cure rate was approximately 95% in these two studies
conducted in China.
In Study A025, a double blind, randomized, comparative study, conducted in Thailand the 28-day
cure rate of 4 doses of Coartem was only 71% and 6-doses of Coartem given over 60 hours resulted
in a numerically higher cure rate (81%). The six-dose regimen was therefore used in all subsequent
studies.
In the comparative studies A026 and A028, also conducted in Thailand, 6 doses of Coartem
consistently demonstrated similar 28-day cure rates (87% and 90%, respectively). While some
children were enrolled in these studies, additional studies conducted in young African children
(A2403 and B2303) demonstrated similar cure rates to the Thailand studies (86% and 85%,
respectively). In Study A2401, the cure rate in European travelers was somewhat lower (74%) than
that seen in other studies, but may have been due to a relatively large number of patients who were
lost to follow-up and counted as failures. In the evaluable population, the 28-day cure rate was over
90%.
The results for PCT and FCT across the 6-dose studies were also similar with a median PCT ranging
between 24 to 44 hours and a median FCT between 22 to 37 hours, with the exception of the African
pediatric studies. In Studies A2403 and B2303 the median FCT was only 8 hours, but the majority
of these children also received anti-pyretic medications.
In the comparative studies A026 and A028, also conducted in Thailand, 6 doses of Coartem
consistently demonstrated similar 28-day cure rates (87% and 90%, respectively). While some
children were enrolled in these studies, additional studies conducted in young African children
(A2403 and B2303) demonstrated similar cure rates to the Thailand studies (86% and 85%,
respectively). In, Study A2401,the cure rate in European travelers was lower (74%) than that seen in
other studies, but was probably due to a relatively large number of patients who were lost to followup and counted as failures. In the evaluable population, the 28-day cure rate was over 90% in the
eight studies.
The results for PCT and FCT across the 6-dose studies were also similar with a median PCT ranging
between 24 to 44 hours and a median FCT between 22 to 37 hours, with the exception of the African
pediatric studies. In Studies A2403 and B2303 the median FCT was eight hours. The majority (over
70%) of the patients in both studies received anti-pyretic medication, mostly acetaminophen. When
the median FCT was evaluated in patients who received antipyretics and those who did not, there
was no difference in median FCT between the groups in study 2403 and in study B2303, the median
FCT was longer in the patients who received antipyretics for unclear reasons. The use of antipyretics
did not appear to reduce the FCT.
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The applicant is also requesting an indication for treatment of mixed infections including P.
falciparum. According to the 2006 WHO Guidelines for the Treatment of Malaria1, mixed malaria
infections are common and are underestimated by routine microscopy. In five of the applicant’s sixdose studies, patients were enrolled with mixed infections at baseline, primarily P. falciparum and P.
vivax. Coartem was shown to clear circulating P. vivax along with P. falciparum from the blood.
However, relapses occurred in about a third of patients, which is not unexpected since Coartem does
not have activity against the liver hypnozoites and therefore does not provide a radical cure.
There are a number of limitations with the studies, mainly related to the types of populations that
were studied. There was insufficient number of patients older than 65 years to evaluate the efficacy
of Coartem in the elderly. Patients with HIV infection were not included in the studies under review
and drug-drug interactions with Coartem and drugs that prolong the QT interval are a potential
problem. The studies did not include studies in children from non-endemic regions who contract
malaria while traveling. Children represent an important subgroup of patients with imported malaria,
accounting for around 15-20% of cases (UK, Ireland), though cases are rare in infants less than one
year of age.3 However, children from non-endemic areas would not be expected to respond
differently to Coartem. Infants < 5kg were not studied, however, in endemic areas of the world,
infants < 5kg body weight would retain maternal immunity. Few patients of high body weight were
included in the clinical studies, but based on the small database available for review it does not
appear that dosing needs to be adjusted in such patients.
There are no major issues of disagreement with the applicant on the analyses of the data and
interpretation of outcomes in the NDA. The FDA clinical reviewers’ conclusions essentially agree
with the applicant’s assessment of the efficacy of Coartem. Discussion with the clinical safety
reviewers revealed that there is no major safety issue that would preclude approval of the Coartem
An oral fixed dose artemisinin combination drug would be a useful addition to the current
armamentarium of antimalarial drugs available in the USA for the treatment uncomplicated P.
falciparum infection. Untreated P. falciparum infection can lead to severe malaria and death. Most
malaria-associated deaths are due to Plasmodium falciparum; children under the age of five years
and non-immune travelers are especially vulnerable to severe infection.4 When the risks of untreated
malaria are compared to the benefit associated with Coartem therapy, the benefit of the therapy
greatly outweighs the risks associated with the disease.
In summary, the overall results of the 28-day cure rates (primary endpoint) from the eight key
studies provide substantial evidence to support the efficacy of Coartem (six-dose regimen) in the
treatment of uncomplicated P. falciparum infection in adults and children weighing 5kg and above.

3

Ladhani S et al. Imported malaria in children: a review of clinical studies. The Lancet – Infectious Disease 2007:
7:349-357
4
Filler S et al., Malaria surveillance--United States, 2001. MMWR Surveill Summ 2003 Jul 18;52(5):1-14.

7

Clinical Review
Division: DSPTP
NDA #: NDA 22-268
Drug: Coartem, Artemether/lumefantrine

1.1 Recommendation on Regulatory Action
Coartem administered as a six-dose treatment regimen over three days has been shown to be
effective for the treatment of malaria in patients of 5 kg body weight and above with acute
uncomplicated P. falciparum infection. Approval is recommended for the following Coartem dosing
regimen:
5 kg to less than 15 kg bodyweight: One tablet as an initial dose, 1 tablet again after 8 hours and
then 1 tablet twice daily (morning and evening) for the following two days (total course of 6 tablets).
15 kg to less than 25 kg bodyweight: Two tablets as an initial dose, 2 tablets again after 8 hours and
then 2 tablets twice daily (morning and evening) for the following two days (total course of 12
tablets).
25 kg to less than 35 kg bodyweight: Three tablets as an initial dose, 3 tablets again after 8 hours
and then 3 tablets twice daily (morning and evening) for the following two days (total course of 18
tablets).
35 kg bodyweight and above: Four tablets as a single initial dose, 4 tablets again after 8 hours and
then 4 tablets twice daily (morning and evening) for the following two days (total course of 24
tablets).
A recommendation regarding approval of Coartem for the treatment of acute uncomplicated malaria
in patients with mixed infections including P. falciparum is pending discussion at the Anti-Infectives
Advisory Committee Meeting on December 3, 2008.
1.2 Recommendation on Postmarketing Actions
There are no recommendations for risk management activity or Phase 4 requirements/commitments
at this time.
A study to evaluate the concentrations of artemether and lumefantrine in breast milk is
recommended by the maternal health section of the PMHS and their recommendation is under
discussion in DSPTP.
1.2.1 Risk Management Activity
No risk management activity is proposed.
1.2.2 Required Phase 4 Commitments
No required Phase IV commitments are proposed.
1.2.3 Other Phase 4 Requests
No other Phase IV commitments are proposed.
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1.3 Summary of Clinical Findings
1.3.1 Brief Overview of Clinical Program
Coartem® is a combination antimalarial product containing two drug substances in combination,
20mg of artemether and 120mg of lumefantrine. The efficacy and safety/tolerability profile of
Coartem was evaluated in patients with uncomplicated P. falciparum infection and in patients with
mixed infection including P. falciparum. All studies in the NDA were conducted outside the United
States and not under IND.
The clinical development program for artemether/lumefantrine is summarized in the following figure
adapted from the Novartis briefing package, October 2008.

The efficacy and safety of Coartem was evaluated in male and female adult and pediatric patients
with uncomplicated malaria infection in China, Europe, Columbia, Asia, and sub-Saharan Africa.
The NDA contained data from twenty studies sponsored by Novartis; 4911 patients with malaria and
3599 of these patients were treated with Coartem. Of these twenty studies, eight were identified as
key studies to support the new drug application for registration. In the eight key studies that were
9

Clinical Review
Division: DSPTP
NDA #: NDA 22-268
Drug: Coartem, Artemether/lumefantrine

reviewed for efficacy, a total of 2462 patients were enrolled, 1026 adult patients (> 16 years old) and
1436 pediatric patients ≤ 16 years old.
The eight primary studies are composed of two 4-dose studies assessing the efficacy of the
components of the regimen (1994-1996), a study comparing 4-dose versus 6-dose regimens (1996),
and five additional 6-dose regimen studies (1997-2007). Less complete information was submitted
on an additional 16 supportive studies. In most cases, only the study report without raw data was
submitted. These supportive studies include two non-comparative 4-dose studies (1993-1996), one
dose response study (1995), and 13 active controlled studies of which 10 included the 4-dose
regimen (1993 – 2000) and three studied the 6-dose regimen (2000 – 2003). FDA-approved
comparators (e.g., chloroquine, sulfadoxine/pyramethamine (Fansidar®), quinine, and mefloquine)
were used as comparators in the 4-dose supportive studies, some of which were blinded.
During the review period, the applicant also submitted reports from two post-market safety studies
in pregnant women in Africa.
More details of the eight primary studies and 13 active controlled supportive studies are given
below.
Eight primary studies:
• Two factorial designed 4-dose studies
o ABM02: A double-blind, comparative trial of Coartem versus Artemether and
Lumefantrine tablets conducted in China
o A023: A partially blinded, comparative trial of Coartem versus Lumefantrine tablets
and capsules conducted in China
• One comparative study of the 4-dose vs. 6-dose regimen
o A025: A double-blind, comparative trial of Coartem 4-dose versus Coartem 6-dose
over 60-hours and Coartem 6-dose over 96-hours conducted in Thailand
• Two descriptively comparative 6-dose studies, using a non FDA-approved comparator of
mefloquine and artsesunate (MAS)
o A026: An open-label, comparative trial of Coartem versus MAS (2:1) conducted in
Thailand
o A028: An open-label, comparative trial of Coartem versus MAS (2:1) conducted in
Thailand
• One non-comparative 6-dose study in non-immune travelers
o A2401: An open-label, non-comparative trial of Coartem conducted in non-immune
patients living in Europe who contracted malaria while traveling in endemic regions
• Two non-comparative 6-dose studies in children
o A2403: An open-label, non-comparative trial of Coartem in African infants and
children weighing 5 to 25 kg conducted in Kenya, Nigeria and Tanzania
o B2303: A partially blinded trial of Coartem crushed tablets versus dispersible tablets
in children weighing 5 to <35 kg conducted sub-Saharan Africa
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Thirteen Supportive Active Controlled Studies:
•
•

Supportive 4-dose active controlled studies
o A003, A004, A005, A007, A008, A010, A011, A014, AIC04 (Senegal) and AIC04
(Cameroon) (See Tables 7 and 8 for details of these studies)
Supportive 6-dose studies
o ABD01: Randomized, double-blind comparison of efficacy of Coartem and quininesulfadoxine/pyramethamine in the treatment of uncomplicated malaria in a multidrug
resistant falciparum area in Bangladesh, in adult male patients >12 years.
o A030: Randomized, open label trial comparing Coartem with artesunate-mefloquine
(MAS) in adults in Vietnam
o ABR01: Randomized, open label, comparative study of Coartem and
quinine/doxycycline in adults in Brazil

1.3.2 Efficacy
Coartem is a combination product of two drugs: artemether and lumefantrine. Under 21 CFR
300.50, data are required to demonstrate that each component of a fixed-combination drug makes a
measurable contribution to the claimed effects of the product and the combination is safe and
effective.
The three most important studies in assessing efficacy were the two studies which compared
Coartem to its components (Studies A023 and ABM02) and A025 which compared the 4-dose
regimen to the 6-dose regimen. ABMO2 and A025 were double blind studies. A023 contained three
arms, Coartem, lumefantrine tablets and lumefantrine capsules. The Coartem and the lumefantrine
tablet arms were blinded.
The remaining five studies (A026, A028, A2401, A2403, B2303) were open label and essentially
uncontrolled. The reason the studies were essentially uncontrolled, the applicant states, is either
because no suitable comparator was available at the time the studies were initiated or because
inclusion of a control arm would have increased the time to complete the study due to the need to
recruit additional patients. The open-label design was employed in the comparative studies (A026
and A028) because the applicant stated that using a double-blind, double-dummy methods would
have been difficult in ensuring acutely-ill patients take a large number of tablets with adequate
amounts of food.
Studies A026 and A028 were randomized, open-label, six-dose studies using the unapproved
comparator of mefloquine plus artesunate (MAS); randomization was 2:1 (Coartem:MAS). Although
these studies included a comparator arm, no formal statistical comparisons with the control was
planned. Mefloquine was given as 25 mg/kg total dose, split 15 mg/kg on the 2nd day of treatment
and 10 mg/kg on the 3rd day of treatment. Artesunate was dosed 4 mg/kg/day on days 1 through 3.
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Although not approved in the US, MAS is considered to be a standard-of-care in many parts of the
world.
Study 2401 was an open label, multi-center, non-comparative efficacy, safety and tolerability study
of Riamet® in the treatment of acute uncomplicated Plasmodium falciparum malaria in non-immune
patients. Subjects received a six-dose regimen of Coartem, i.e. four tablets b.i.d. for three days. The
study population included non-immune European travelers and thus mostly closely resembles a nonimmune US population. There were no children in the trial
Studies 2403 and 2303 were open label studies in children ≥ 5kg to < 35kg body weight. These
studies were conducted in African children at high risk of malaria infection. Children were dosed
according to body weight.
The primary and secondary endpoints included:
Primary Endpoint:
• The 28-day cure rate defined as the proportion of patients with clearance of asexual
parasitemia within seven days of initiation of trial treatment, without subsequent
recrudescence.
Secondary Endpoints:
• Time to parasite clearance (PCT) = time from first dose until first total and continued
disappearance of asexual parasite forms which remains for at least a further 48 hours.
• Time to fever clearance (FCT) = time from first dose until the first time body temperature fell
below 37.5°C and remained below 37.5°C for at least a further 48 hours (only for patients
with temperature >37.5°C at baseline).
• Parasite reduction at 24 hours after initiation of trial treatment (% parasites per µl at 24 hours
compared to parasite density before the first dose of treatment).
1.3.3.1 Efficacy Findings
The ITT population (all randomized subjects who received at least one dose of study drug) was used
as the primary analysis population, unless otherwise noted. In the ITT population, patients with
missing data for 28-day cure rate are included in the analysis as failures. The 28-day parasitological
cure rates and parasite clearance times for adult and pediatric patients ≤ 16 years old in the ITT
population are summarized in Table 1and Table 2.
The 28-day cure rates were higher (> 90%) in the evaluable populations in all studies.

Table 1: 28-Day Parasitological Cure Rate* and Parasite Clearance Time in Adult and
Pediatric Patients, ITT Population
Study No.

28-Day Cure Rate, n/N%

A023

Adults
50/52 (96.2%)

Pediatrics
10/10 (100%)

Parasite Clearance Time,
median hours [95% CI]
Adults
Pediatrics
30 [24, 30 ]
30 [ 24,36]
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AB/MO2
A025†
A026
A028
A2401
A2403
B2303‡

38/41 (92.7%)
71/88 (80.7%)
94/109 (86.2%)
134/149 (89.9%)
120/162 (74.1%)
NA
NA

12/12 (100%)
25/30 (83.3%)
36/41 (87.8%)
14/15 (93.3%)
NA
268/310 (86.5%)
374/444 (84.2%)

30 [30, 36 ]
36[22,44]
30[26, 32]
42 [40.3,43.8]
NA
NA

36 [NE, NE]
43[22,45]
24[24, 40]
NA
24[24, 35]
35[25,36]

*Non-PCR corrected cure rates; ‡ co-artemether crushed tablet; NE: not estimable; NA: not applicable
†Study A025 compared a four-dose regimen to two six-dose regimens of co-artemether; results are presented for the sixdose regimen given over a 60 hour period.

Table 2: Clinical Efficacy by Weight - Pediatric Studies
Coartem six-dose regimen
28-day cure rate
Median PCT2
n/N (%) patients
[25th,75th percentile]
1

Study No.
Age category
Study A24033
5 - < 10 kg
133/154 (86.4)
10 - < 15 kg
94/110 (85.5)
15 - < 25 kg
41/46 (89.1)
3
Study B2303
5 - < 10 kg
61/83 (73.5)
10 - < 15 kg
160/190 (84.2)
15 - < 25 kg
123/145 (84.8)
25 - < 35 kg
30/34 (88.2)
1
all enrolled patients, PCR uncorrected cure rates
2
all enrolled patients
3
Coartem administered as crushed tablet

24 [24, 36]
35 [24, 36]
24 [24, 36]
36 [24, 36]
35 [24, 36]
35 [24, 36]
26 [24, 36]

In the clinical studies, the range of Fever Clearance Time (FCT) ranged from approximately 24 to 44
hours and was comparable among all the studies except that FCT was shorter i.e. 8 hours in the two
pediatric studies, A2403 and B2303.
Limitations of these studies were that Studies A023 and AB/MO2 were conducted at a single center
and some of the studies were unblinded or partially blinded. Nevertheless, the results for the primary
and secondary endpoints for the drug combination against its component drugs (A023 and AB/MO2)
and the superiority of the six-dose over the four-dose regimen (A025) in addition to the supportive
results from the other six dose studies would constitute substantial evidence that Coartem is effective
for the treatment of uncomplicated malaria.
In the clinical studies, patients with mixed infections cleared their parasitemia within 48 hours which
demonstrates that Coartem has activity against Plasmodium species other than P. falciparum. The
patients with P. vivax infection were not treated with primaquine and they relapsed with P. vivax
(b) (4)
which would be expected because the hypnozoite stage of P. vivax infection is not treated.
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The indication requested by applicant for “mixed infections including P. falciparum” is
pending discussion at the Anti-Infectives Advisory Committee Meeting on December 3, 2008.
1.3.3 Safety
See clinical safety reviews by Sue Lim, M.D. and Ozlem Belen, M.D.
1.3.4 Dosing Regimen and Administration
No formal dose finding studies were performed with Coartem as part of the development plan.
However, early studies were performed which determined the optimal ratio of artemether to
lumefantrine in Study AMMS1, number of doses and days of treatment (4 doses for 3 days
compared to 3 doses for 3 days compared to 4 doses over 2 days) in adults in Study AMMS3, and
the efficacy of the 4 dose, 3 day regimen was confirmed in children aged 5 to 14 years in Study
AMMS4. Based on these studies, the 4-dose regimen of four doses of four tablets (each dose 80 mg
artemether/480 mg lumefantrine) given at 0, 8, 24, and 48 hours was selected for further study.
Although Studies A023 and AB/MO2 demonstrated the efficacy of 4-doses of Coartem in China, a
low transmission area, the 4-dose regimen did not perform as well in Thailand in studies conducted
between 1995 and 1996 (i.e., A004, A008, and A012), therefore the applicant decided to pursue a 6dose regimen.
The rationale for the proposed 6-dose regimen in adults and children has been addressed with the
comparison for efficacy and safety between the 4- and 6-dose regimens in Study A025. There is
substantial evidence to support the proposed six-dose treatment regimen.
Administration
Coartem Tablets should be taken with food. Patients with acute malaria are frequently averse to
food. Patients should be encouraged to resume normal eating as soon as food can be tolerated since
this improves absorption of artemether and lumefantrine.
For patients, especially infants and children who are unable to swallow the tablets, they may be
crushed and mixed with a small amount of water (one to two teaspoons) in a clean container for
administration immediately prior to use. The container can be rinsed with more water and the
contents swallowed by the patient. The crushed tablet preparation should be followed whenever
possible by food/drink (e.g., milk, formula, pudding, broth and porridge).
In the event of vomiting that occurs within 1 hour of administration, a repeat dose should be taken.
If the repeat does is vomited, the patient should be given an alternative antimalarial for treatment.
Dosage in Adult Patients (> 16 years of age)
A 3-day treatment schedule with a total of 6 doses is recommended:
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Four tablets as a single initial dose, 4 tablets again after 8 hours and then 4 tablets twice daily
(morning and evening) for the following two days (total course of 24 tablets).
Dosage in Pediatric Patients
A 3-day treatment schedule with a total of 6 doses is recommended.
5 kg to less than 15 kg bodyweight: One tablet as an initial dose, 1 tablet again after 8 hours and
then 1 tablet twice daily (morning and evening) for the following two days (total course of 6 tablets).
15 kg to less than 25 kg bodyweight: Two tablets as an initial dose, 2 tablets again after 8 hours and
then 2 tablets twice daily (morning and evening) for the following two days (total course of 12
tablets).
25 kg to less than 35 kg bodyweight: Three tablets as an initial dose, 3 tablets again after 8 hours
and then 3 tablets twice daily (morning and evening) for the following two days (total course of 18
tablets).
35 kg bodyweight and above: Four tablets as a single initial dose, 4 tablets again after 8 hours and
then 4 tablets twice daily (morning and evening) for the following two days (total course of 24
tablets).
Dosage in Patients with Renal or Hepatic Impairment
No specific studies have been carried out in patients with renal or hepatic impairment. Most patients
with acute malaria present with some degree of related hepatic impairment.
No specific studies have been carried out in patients with renal or hepatic impairment. Most patients
with acute malaria present with some degree of related hepatic impairment. On Nov 19th, 2008 the
applicant submitted an analysis of efficacy and safety in patients with renal and hepatic impairment
at baseline. These data are under review and results from the review will be included as an
addendum.
1.3.5 Drug-Drug Interactions
Artemether induces CYP3A4 and both artemether and lumefantrine are metabolized by CYP3A4.
Lumefantrine inhibits CYP2D6. Coartem Tablets should be used with caution when administered
with agents that induce, inhibit, or are metabolized by CYP3A4 and those that are metabolized by
CYP2D6 because of the potential for QT prolongation, or altered concentrations of the interacting
drug (i.e., increased concentrations with the potential to increase the risk of an adverse reaction or
decreased concentrations resulting in loss of efficacy).
Halofantrine, an antimalarial related to lumefantrine, is associated with prolongation of the QT
interval on the electrocardiogram and rare cases of torsade de pointes. Lumefantrine has also been
shown to prolong the QT interval. Therefore, Coartem is not recommended in patients:
•

receiving other medications that prolong the QT interval, such as class IA (quinidine,
procainamide), or class III (amiodarone, sotalol) antiarrhythmic agents; antipsychotics
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(pimozide, ziprasidone); antidepressants; certain antibiotics (macrolides, fluoroquinolones,
imidazole, and triazole antifungal agents); certain non-sedating antihistaminics (terfenadine,
astemizole), or cisapride.
•

receiving medications that are metabolized by the cytochrome enzyme CYP2D6 which also have
cardiac effects (e.g., flecainide, imipramine, amitriptyline, clomipramine).

In patients previously treated with halofantrine, Coartem Tablets should not be administered earlier
than one month after the last halofantrine dose, also due to the potential additive effects on the QT
interval.
In patients previously treated with quinine, ECG monitoring should be performed due to the
potential additive effects of quinine and Coartem Tablets on the QT interval.
Patients previously treated with mefloquine may have a decreased exposure to lumefantrine upon
administration of Coartem Tablets. Patients should be monitored for lack of efficacy and food
consumption should be encouraged.
Data on safety and efficacy of use of Coartem with other antimalarials are limited. Concurrent
administration of Coartem with other antimalarial drugs is not recommended. The long elimination
half-life (3-6 days) of lumefantrine must be taken into account when administering quinine in
patients previously treated with Coartem. Artemether concentrations in humans were shown to
decrease with administration of a single dose of IV quinine. Monitoring of the electrocardiogram
ECG is recommended.
Caution is recommended when combining Coartem Tablets with substrates, inhibitors, or inducers of
CYP3A4, especially anti-retroviral drugs and those that have an effect on the QT interval due to the
potential to increase lumefantrine concentrations and potentiate QT prolongation or result in
decreased concentrations and loss of efficacy of the concomitant drug.
Lumefantrine inhibits the activity of the cytochrome enzyme CYP2D6 in vitro. Administration of
Coartem Tablets with drugs that are metabolized by CYP2D6 may significantly increase plasma
concentrations of the co-administered drug and increase the risk of adverse effects. Many of the
drugs metabolized by CYP2D6 can prolong the QT interval and should not be administered with
Coartem Tablets due to the potential additive effect on the QT interval (e.g., flecainide, imipramine,
amitriptyline, clomipramine).
1.3.6 Special Populations
Nursing Mothers
It is not known whether artemether or lumefantrine is excreted in human milk. Because many drugs
are excreted in human milk, caution should be exercised when Coartem is administered to a nursing
woman. Animal data suggest both artemether and lumefantrine are excreted into breast milk. The
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benefits of breastfeeding to mother and infant should be weighed against potential risk from infant
exposure to artemether and lumefantrine through breast milk.
Pediatric studies performed to date indicate that Coartem appears to be safe in infants ≥ 5kg, body
weight.
Pediatric Population
The use of Coartem was evaluated in over 1,000 children in the eight key studies under review in
this NDA. The 28-day cure rates, parasite clearance time and fever clearance times were similar to
the results observed in adult patients in the ITT and evaluable populations. From the data provided in
the NDA, there is adequate efficacy information in pediatric patients ≥ 5kg body weight.
Geriatric Population
Clinical studies of Coartem did not include sufficient numbers of subjects aged 65years and to assess
efficacy in elderly patients.
Patients with Renal or Hepatic Impairment
No specific studies have been carried out in patients with renal or hepatic impairment. Most patients
with acute malaria present with some degree of related hepatic impairment. On Nov 19th, 2008 the
applicant submitted an analysis of efficacy and safety in patients with renal and hepatic impairment
at baseline.
Comment: These data are under review and results from the review will be included as an
addendum.

2 INTRODUCTION AND BACKGROUND
2.1 Product Information
Artemisinin drugs were discovered in China. The active constituent of an extract from the
wormwood plant Artemisia annua (qinghao) was identified and purified in the 1970s, and named
qinghaosu, or artemisinin. A number of semi-synthetic derivatives such as artemether were
developed to improve the drug’s pharmacological properties and antimalarial potency. Many
different artemisinin-containing regimens combined with various partner drugs have also been
studied in an effort to find effective, safe, and less expensive combination artemisinin therapies.
Coartem is an oral fixed-dose combination, antimalarial drug containing artemether 20mg and
lumefantrine 120mg; both compounds are blood schizonticidal in the life-cycle of Plasmodium
species and have complementary pharmacokinetics which may reduce the emergence of resistance.
Artemether has a short half-life (~ 2 hours) and a rapid onset of action and lumefantrine has a halflife of 3 to 6 days and a slow onset of action with. Coartem has shown efficacy against drugsensitive and drug- resistant P. falciparum malaria. Combination products should limit the
development of resistance and the potential for late recrudescence. No clinical resistance to
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artemisinin-combination products has been reported. There is, however, a concern that resistance
could occur due to lingering sub-therapeutic levels of lumefantrine in the blood post-treatment.
The WHO (WHO Malaria Treatment Guidelines, 2006) recommends artemisinin based combination
therapies (Coartem®) everywhere in the world irrespective of the immune status of the patient
and/or of the multi-drug resistance status in the country.5 The current six-dose regimen
(administered over three days) of Coartem is approved in approximately 85 countries. Since 2005,
the CDC recommends that immigrants from Africa are treated with Coartem® prior to arrival in the
USA.
The fixed-dose combination is marketed under the name Riamet® in Europe and as Coartem in the
rest of the world and is approved in approximately 80 countries. Since initial licensure in Europe in
1998, 100 million courses have been dispensed according to Novartis.

2.2 Currently Available Treatment for Indications
It is estimated that there are between 300 million and 500 million cases of malaria every year and
between 1 million and 3 million deaths attributable to malaria, mainly in young African children.6
Antimalarial combinations, not all approved by FDA, but recommended by the WHO (?), that were
available prior to the development of ACT, included quinine–tetracycline (or quinine–doxycycline),
sulfadoxine–pyrimethamine and, most recently, atovaquone–proguanil. These combinations are
effective but many are associated with clinically significant side-effects. Quinine–tetracycline is
associated with frequent side effects and it has to be given over a long period (7–10 days) which can
affect compliance, and its efficacy is failing in some tropical countries. Tetracyclines are not
recommended in children. For sulfadoxine–pyrimethamine, high-grade resistance is increasingly
encountered. Atovaquone–proguanil is given as a short-course (3-dose) regimen and is one of the
more expensive antimalarial therapies. Despite its relatively recent introduction, cases of P.
falciparum infection resistant to atovaquone–proguanil have been reported.
The antimalarial drugs (oral) currently approved for treatment and marketed in the U.S. are
• chloroquine (Aralen®)
• sulfadoxine-pyrimethamine (Fansidar®)
• mefloquine (Lariam®)
• atovoquone/proguanil, (Malarone®)
• primaquine phosphate
• quinine sulfate (Qualaquin®)
• Halofantrine (Halfan®)

5
6

Guidelines for the Treatment of Malaria. World Health Organization, 2006
Sachs J, Malaney P. The economic and social burden of malaria Nature 2002; 415: 680–85.
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Halofantrine is FDA-approved, but not currently available in the U.S. The use of halofantrine in this
country has been limited by its known cardiac effects related to QT interval prolongation, and
reports of death in young people without a cardiac history.
The use of chloroquine for treatment of P. falciparum malaria is limited to areas of the world where
the parasite is susceptible, namely Central America west of the Panama Canal, the Dominican
Republic, Haiti, Mexico, and some areas in the Middle East.
The use of sulfadoxine-pyrimethamine (Fansidar®) has been used for malaria self-treatment, but its
use is limited to malaria acquired in areas where the parasite is sensitive.
Mefloquine (single dose regimen) can still be used in most geographical regions for treatment of
uncomplicated P. falciparum malaria, except in certain areas of Thailand, particularly the ThaiMyanmar and Thai-Cambodia border, and some local areas in South America. Mefloquine, is
indicated for the treatment of mild to moderate acute malaria caused by P. falciparum, and is not
available as an intravenous preparation for severe P. falciparum malaria in the U.S.
Neuropsychiatric adverse events are associated with the use of mefloquine and can contribute to
non-completion of a full course of therapy.
Quinine sulfate oral tablets or capsules have been available in the United States since prior to the
Food, Drug, and Cosmetic Act of 1938. To preserve the availability of quinine for the treatment of
malaria while proceeding to regulate the unsafe over the counter use of quinine for nocturnal leg
cramps, FDA approved Quinine sulfate, 324 mg capsules for the treatment of uncomplicated P.
falciparum malaria in December, 2006. Parenteral quinine sulfate for treatment of severe P.
falciparum malaria is not available in the U.S.; however, IV quinidine, the diastereomer of quinine is
approved for treatment of severe malaria caused by P. falciparum. Quinine sulfate must be combined
with another anti-malarial drug to ensure eradication of parasites. Common side effects associated
with quinine include cinchonism, headache, dizziness and nausea and vomiting. Rare but serious
AEs include DIC, thrombocytopenia, hypoglycemia, blindness, deafness, hepatitis, renal failure, QT
interval prolongation, hypotension and adverse drug-drug interactions with CYP3A4 inhibitors.
Cross-resistance between mefloquine, halofantrine, and quinine can occur.
Malarone (a 3-day regimen) is indicated for the treatment of acute uncomplicated P. falciparum
malaria in adults and pediatric patients down to 11 kg and has been shown to be effective where
chloroquine, halofantrine, mefloquine and amiodaquine have high failure rates. Vomiting is
associated with malarone and mefloquine especially in children.
The Centers for Disease Control and Prevention (CDC) guidelines for treatment of malaria
recommend the use of oral quinine sulfate in combination with doxycycline, tetracycline, or
clindamycin for P. falciparum malaria acquired in areas of chloroquine resistance or unknown
resistance (CDC 2004 Guidelines for Treatment of Malaria in the U.S.). The only intravenous
products available for the treatment of severe malaria are IV quinidine and IV artesunate which is
available for compassionate use (under IND) from the CDC.
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Patients on malaria prophylaxis should receive a different medication for treatment if they develop
the infection.
2.3 Availability of Proposed Active Ingredient in the United States
Neither artemether nor lumefantrine is approved for use in the US. Coartem
(artemether/lumefantrine) is the first artemisinin-containing product to be submitted for registration
with the FDA and is considered a new molecular entity (NME) under FDA regulations.
2.4 Important Issues with Pharmacologically Related Products
In animal models, artemisinin derivatives such as artemether have been associated with
neurotoxicity, particularly with pathways involved in hearing and balance. AEs related to the
nervous system and ear/labyrinth were selected out for further analysis given these previously
observed toxicities.
As lumefantrine is chemically related to halofantrine, an antimalarial associated with prolongation of
the QTc interval, particular attention was also paid to AEs affecting the cardiovascular system, and
ECG evaluations were made in most studies in malaria patients with the 6-dose regimen and some
studies with the 4-dose regimen. A definitive QTc study, (Study A2101) was conducted in healthy
adult volunteers.
For a discussion of the complete clinical safety of Coartem see review by Sue Lim, M.D.
2.5 Presubmission Regulatory Activity
The clinical studies in the current NDA submission were conducted outside the United States and
were not conducted under IND applications.
On October 30, 2006, Novartis first met with the Division of Special Pathogens and Transplant
Products to discuss the documents and data available for an NDA filing seeking approval for
Coartem (artemether/lumefantrine) Tablets for use in the treatment of malaria. The discussion center
around the large amount of worldwide clinical data that was used to support regulatory approval in >
80 countries (first approval 1998) and the applicability of the data to the US population as well as the
quality of the data and if it met Agency standards to support a regulatory submission in the US.
During a teleconference dated June 27, 2007, Novartis and DSPTP discussed various regulatory
issues and noted that some of the Modules in the Coartem/Riamet NDA would contain large
amounts of data. Therefore, DSPTP asked Novartis if they had considered requesting fast track
designation and submitting a step-wise NDA. This would provide the Agency with the opportunity
to begin review of the large amount of data in the submission.
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On August 31, 2007 the applicant obtained Orphan Drug designation through the Office of Orphan
Drug Development The applicant received Fast Track designation in January 14, 2008.
At the second preNDA meeting on the Nov 9, 2007, an agreement was reached with the applicant on
the list of eight key studies that would be submitted to support the NDA. FDA accepted the
following list of key studies (i.e., studies A023, A025, A026, A028, ABM02, A2401, A2403, and
B2303). These include two studies with the 4-dose regimen comparing the combination product,
artemether/lumefantrine, with its components, studies ABMO2 and A023, and six studies providing
substantial evidence of the efficacy and safety of the six-dose regimen.
The Division and applicant agreed that the clinical section of the NDA submission (safety and
efficacy) would include complete information on these eight primary studies, including raw data and
electronic data sets.
2.6 Other Relevant Background Information
At this time, artemether/lumefantrine is approved in 85 countries worldwide including 14 European
countries and countries in Africa, Asia, and Latin America. The drug is marketed under the trade
name, Coartem® in developing countries and under the trade name Riamet® in developed countries
Approved labels in the English language were submitted in the NDA. The labels from Australia, the
United Kingdom, and Switzerland (translated) were reviewed. Artemether/lumefantrine is marketed
as Riamet® in these countries. The indications differ slightly between labels:
The Swiss label (2007) has an indication for P. falciparum infections or mixed infections including
P. falciparum. The Australian label (2007) has an indication for P. falciparum infection in patients’
(b) (4)
age ≥12 years and weighing ≥ 35kg
The UK label (2007) states that Riamet is indicated for the treatment of P. falciparum infection in
(b) (4)
adults, infants, and children ≥ 5kg body weight.
In addition to being sold commercially, through pharmacies in malaria-endemic countries, Coartem
is made available by Novartis through procurement agents such as UNICEF, WHO, Crown Agents,
Missionpharma, IDA Foundation etc acting on behalf of the public sector. By the end of March
2008, 172 million Coartem treatments had been provided to endemic countries. Based on historical
data covering both private sector and public distribution, it is estimated that approximately (b)
(4)
patients have been treated with Coartem®/Riamet® since the first approval for clinical use
in 1998.
3 SIGNIFICANT FINDINGS FROM OTHER REVIEW DISCIPLINES
Reviews from other review disciplines are not complete and the information included below is based
on preliminary discussions with the corresponding reviewers.
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3.1 CMC (and Product Microbiology, if Applicable)
The chemical name of artemether is (3R,5aS,6R,8aS,9R,10S,12R,12aR)-decahydro-10-methoxy3,6,9-trimethyl-3,12-epoxy-12H-pyrano[4,3-j]-1,2-benzodioxepin. Artemether is a white, crystalline
powder that is freely soluble in acetone, soluble in methanol and ethanol, and practically insoluble in
water. The empirical formula is C16H26O5 with a molecular weight of 298.4.
The chemical name of lumefantrine is (±)-2-dibutylamino-1-[2,7-dichloro-9-(4-chlorobenzylidene)9H-fluoren-4-yl]ethanol. Lumefantrine is a yellow, crystalline powder that is freely soluble in N,Ndimethylformamide, chloroform and ethyl acetate, soluble in dichloromethane, slightly soluble in
ethanol and methanol, and insoluble in water. The empirical formula is C30H32Cll3NO with a
molecular weight of 528.9.
Coartem Tablets are for oral administration. Each Coartem tablet contains 20 mg of artemether and
120 mg lumefantrine. The tablets are scored and are colored yellow/orange. The inactive ingredients
are colloidal silicon dioxide, croscarmellose sodium, hypromellose, magnesium stearate,
microcrystalline cellulose, and polysorbate 80.
Inspections of manufacturing facilities that make the drug product are in the process of being
conducted by the FDA. Preliminary reports, available at this time, do not suggest any major
deficiencies.
3.2 Animal Pharmacology/Toxicology
The nonclinical toxicology program for artemether/lumefantrine (in a ratio of approximately 1:6)
was comprehensive and included safety pharmacology studies, genetic toxicology studies,
reproductive toxicology studies, phototoxicity studies as well as single dose, one-month and threemonth toxicity studies in rats and dogs. Several studies were conducted to characterize effects of
artemether in juvenile animals, including neurotoxicity. The adverse effects of special interest are
reproductive and neurological toxicity, which are both attributed primarily to artemether.
Carcinogenesis
Carcinogenicity studies were not conducted.
Mutagenesis
No evidence of mutagenicity was detected. The artemether: lumefantrine combination was evaluated
using the Salmonella and Escherichia/mammalian-microsome mutagenicity test, the gene mutation
test with Chinese hamster cells V79, the cytogenetic test on Chinese hamster cells in vitro, and the
rat micronucleus test, in vivo.
Impairment of Fertility
Pregnancy rates were reduced by about one half in female rats dosed for 2-4 weeks with the
artemether: lumefantrine combination at 1000 mg/kg (about 9 times the clinical dose based on body
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surface area comparisons). Male rats dosed for 70 days showed increases in abnormal sperm (87 %
abnormal) and increased testes weights at 30 mg/kg doses (about one third of the clinical dose).
Higher doses (about 9 times the clinical dose) resulted in decreased sperm motility and 100 %
abnormal sperm cells.
Neurotoxicity
Excerpt from Toxicology review by O. Mc Master, Ph.D.
Studies in dogs and rats have shown that intramuscular injections of artemether resulted in brain
lesions. Changes included degenerative changes of the axons and neurons (chromatolysis,
eosinophilic cytoplasmic granulation, speroids, apoptosis and dark neurons) and were located mainly
in brainstem nuclei. Lesions were observed in dogs dosed at 20 mg/kg for 8 days or longer, but were
not observed after shorter courses of drug or after oral dosing. Brain lesions were also observed in an
exploratory rats study. The reason for the difference in susceptibility between oral and intramuscular
dosing is unclear but may relate to the pharmacokinetics of the neurotoxic component (artemether).
With oral dosing, artemether exposure is reduced upon repeated exposure, perhaps due to auto
induction of metabolism. This auto induction is not seen after intramuscular dosing and so these
animals achieve consistently high exposures of artemether. Dogs dosed orally with 143 mg/kg
artemether showed a statistically measurable effect on the hearing threshold at 20 dB. This dose is
equivalent to a 1000 mg/kg dose of artemether/ benflumetol, or about 29 times the clinical dose
based on body surface area comparisons.
Clinical Reviewer’s Comment
The neurotoxicity observed in animals when given large parenteral doses of some artemisinin
derivatives is focused on lesions in specific brain nuclei involving the auditory and vestibular
pathways. Clinical and pathological studies (Price, 2000; Ribeiro and Olliaro 1998; Kissinger, et
al 2000; Hien, et al 2003) have found no evidence to date of similar lesions in human patients with
malaria. (See safety review by Sue Lim, M.D.)
Cardiovascular Pharmacology
In dogs, evidence of QTc prolongation was detected at doses ≥600mg/kg/day, equivalent to about 17
times the clinical dose based on body surface area comparisons. In an in vitro assay of HERG
channels stably expressed in HEK293 cells, lumefantrine and the main metabolite desbutyllumefantrine showed potential to inhibit cardiac repolarization.
Clinical Reviewer’s Comment
Approximately 7% (55/830) of adults and adolescents, defined as those > 12 years of age, had a
QTcF increase of > 60 msec from baseline in the clinical trials. An absolute increase in QTcF >500
msec was reported in 3 (0.3%) patients. In children, defined as those ≤ 12 years of age,
approximately 5% (65/1226) of children had an increase in QTcF of over 60 msec and no child had
an absolute QTcF measurement >500 msec. There were no reports of adverse events related to QT
prolongation, such as syncope, sudden cardiac death, seizure, or significant ventricular arrhythmias
in the clinical trials. (Source: Clinical Safety Review, Sue Lim, M.D.)
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3.3 Microbiology
Mechanism of Action
Coartem is an oral fixed-dose tablet containing artemether (20 mg) and lumefantrine (120 mg) in a
1:6 ratio. Artemether is rapidly metabolized into an active metabolite dihydroartemisinin (DHA).
Both artemether and DHA are sesquiterpenes with an endoperoxide moiety. The anti-malarial
activity of artemether and DHA has been attributed to the endoperoxide moiety through the
generation of free carbon-radicals. The exact mechanism by which lumefantrine exerts its antimalarial effect is not well defined. Available data suggest lumefantrine inhibits the formation of βhematin by forming a complex with hemin. Both artemether and lumefantrine have been shown to
inhibit nucleic acid and protein synthesis.
Activity in Vitro
The activity of artemether, DHA, and lumefantrine was measured against several laboratory strains
and clinical isolates from Thailand, Africa, China, Philippines, and French Guiana as measured by
incorporation of 3H–hypoxanthine or by microscopic method. The results, expressed as 50% and
90% inhibitory concentration (IC50 and IC90, respectively) values, show that artemether, DHA, and
lumefantrine are active against the erythrocytic stages of P. falciparum, Table 3. Artemether IC50
values were similar to DHA.
Table 3: In vitro activity of artemether, DHA, and lumefantrine against erythrocytic stages of Plasmodium
falciparum

Lumefantrine

Artemether

Dihydroartemisinin

1.01 - 361.93 (n = 8)

0.05- 1.82 (n = 8)

0.1 - 6.54 (n = 7)

ND

0.40 - 6.77 (n = 6)

0.25 - 1.48 (n = 3)

50.57 - 240.8 (n = 3)

0.35 -10.6 (n = 4)

ND

3.30 – 12.69 (n = 384)

0.06 - 18.91 (n = 31)

ND

ND

0.07 - 22.69 (n = 1052)

0.15 - 6.6 ( n = 128)

2.0 – 126.9 (n = 137)

8.74 (n = 31)

ND

Against laboratory strains
IC50 ng/mL [range, (n)]
Microscopic method
Hypoxanthine incorporation
IC90 ng/mL [range, (n)]
Microscopic method
Against clinical isolates
IC50 ng/mL [range, (n)]
Microscopic method
Hypoxanthine incorporation
IC90 ng/mL [range, (n)]
Microscopic method

Note: IC50 = 50% Inhibitory Concentration; IC90 = 90% Inhibitory Concentration;
n = number of laboratory or clinical strains tested; ND = not determined;
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Combination of artemether with lumefantrine in ratios of 10:1 and 1:100 were tested against 3
strains of P. falciparum (K1, T-996, and LS-21). Results, expressed as IC50 and IC90 values, show
that the combination of artemether with lumefantrine is 3 – 100 fold more active than either drug
alone.
Polymerase Chain Reaction Assays
In the study report, the results for recrudescence rates of P. falciparum were corrected if PCR
analysis revealed that a new species of P. falciparum was present post treatment. P. falciparum
parasites are highly diverse. PCR amplification (MSP 1, MSP 2 and GLURP genes) and genotyping
was performed on blood samples taken at admission and at the time of reappearance of parasites and
the two genotypes were compared to determine recrudescence or reinfection. However, the FDA
Microbiology reviewers recommend that all recrudescence rates should be reported uncorrected by
PCR analysis because current PCR assays including those performed in the studies do not provide
conclusive evidence in favor of recrudescence versus re-infection. Problems related to the PCR
assays include sensitivity of detection of alleleic variants. No assays were performed which allowed
determination of the lower limit of detection in infections with mixed strains.
For complete information on the PCR assay, see Microbiology review by A. Ruhland, Ph.D.)

Clinical Reviewer’s Comment
Only uncorrected recrudescence rates are presented in the clinical efficacy analyses. PCR
corrected rates were not used by the clinical reviewer due to the limitations discussed above.

4 DATA SOURCES, REVIEW STRATEGY, AND DATA INTEGRITY
4.1 Sources of Clinical Data
NDA 22-268 is an electronic submission. Clinical efficacy and safety reports, as well as case report
forms (CRFs), and other supporting data for the NDA, such as SAS data files with raw data, nonclinical data, proposed labeling, financial disclosure statements were included in the electronic file.
Study A2023: \\FDSWA150\NONECTD\N22268\R_016\2008-05-29
Study AB/MO2: \\FDSWA150\NONECTD\N22268\R 019\2008-06-05
Study A025: \\FDSWA150\NONECTD\N22268\R 002\2008-02-11
Study A026: \\FDSWA150\NONECTD\N22268\R_003\2008-02-27
Study A028: \\FDSWA150\NONECTD\N22268\R_006\2008-03-19
Study A2401: \\FDSWA150\NONECTD\N22268\R_011\2008-05-09
Study A2403: \\FDSWA150\NONECTD\N22268\R 014\2008-05-22
Study B2303: \\FDSWA150\NONECTD\N22268\R 016\2008-05-29
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4.2 Tables of Clinical Studies
Clinical studies (four-dose and six-dose regimens) in NDA 22-268 are listed below.
The eight key clinical studies that were reviewed for efficacy are: #1 Study A023, #2 Study
ABMO2, #3 Study A025, #4 Study A026, #5 Study A028, #6 Study A2401, #7 Study A2403, and #8
Study B2303.
Table 4: Completed
Study
No.

Clinical Studies

Region/year/study design/
Coartem Regimen

Population

Patients (n)
Coartem

Comparator

4-dose Key Studies
China/1996/DB/4-dose
A023

Adults

52

Lumefantrine

China/1994/OL/4-dose

Adults

53

Artemether (52);
Lumefantrine (52)

AB/MO2

4-dose Supportive Studies
A003
Thailand/1995-6/OL, MC/4-dose

Children (5-12 years)

111

Quinine (108)

A004

Thailand/1995-96/DB/4-dose

Adults

126

Mefloquine (126)

A005

UK/1996-97/OL,MC/4-dose

Adults

12

A007

India/1996-97/DB/4-dose

Adults

89

Quinine/Fansidar®
(11)
Chloroquine (90)

A008

Thailand/1995-6/OL, MC/4-dose

Children (> 5 years) &
adults

309

MAS (308)

A010

Gambia/1996-7/DB, MC/4-dose

Children (6-25 kg)

144

A011

Tanzania/1996/OL/4-dose

Children (≥ 5 kg)

130

Fansidar® (143)
Chloroquine (130)

A014

Europe/1996-97/DB, MC/4-dose

Adults

51

Halofantrine (52)

AIC04

Senegal/2000/OL/4-dose

Adults

36

Chloroquine (36)

AIC04

Cameroon/2000/OL/4-dose

Adults

30

Fansidar® (30)

4 dose vs. 6-dose Key Study
Thailand/1996-97/DB/4- & 6-dose
A025*

Adults

108 & 208

None

6-dose Key Studies
Thailand/1997-98/OL,MC/6-dose
A026

Adults

125

MAS (41)

A028

Thailand/1998-99/OL,MC/6-dose

Adults

162

MAS (50)

A2401

Europe, Colombia/6-dose

Adults

165

None

A2403

Kenya,Nigeria,Tanzania/
2002-2003/OL/MC/6-dose

Children (5-25 kg)

310

None

B 2303

Kenya, Mali, Tanzania, Zanzibar,
Benin, Mozambique/MC/6 dose

Children (5-35 kgs)

447

Coartem dispersible
(434)

6-dose Supportive Studies
A030
Vietnam/2001/OL/6-dose

Adults

45

MAS (38)

ABD01

Adults

103

Quinine/Fansidar®
(103)

Bangladesh/2002-03/OL/6-dose
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ABR01

Brazil/2000-02/OL/6-dose

Adults

28

Quinine/doxycycline
(31)
AL = Artemether-lumefantrine; DB = double-blind, MC = multicenter, OL = open-label, MAS = mefloquine/artesunate.
*In study 025, two 6-dose regimens were used, with doses administered over 60hours or 96hours.
Source: Adapted from Applicant’s Clinical Overview Section of NDA

Early studies were performed which determined the optimal ratio of artemether to lumefantrine in
Study AMMS1, number of doses and days of treatment (4 doses for 3 days compared to 3 doses for
3 days compared to 4 doses over 2 days) in adults in Study AMMS3, and the efficacy of the 4 dose,
3 day regimen was confirmed in children aged 5 to 14 years in Study AMMS4. Based on these
studies, the 4-dose regimen of four doses of four tablets (each dose 80 mg artemether/480 mg
lumefantrine) given at 0, 8, 24, and 48 hours was selected for further study.
Table 5: Other Studies in the Development Program.

Study
No.

Region/year/study design/regimen

Number of Patients

AMMS1

China/1997
Determination of optimal artemether: lumefantrine (A:L) ratio (1:5
vs. 1:6) for 4-dose regimen
China/1988
Safety & efficacy vs. individual components
for 4-dose regimen
China/1988
Dose finding (comparison of 3 different
regimens: 4 doses/3 days – 0, 8, 24, 48
hours; 3 doses/3 days - 0, 24, 48 hours; 4
doses/2 days – 0, 8, 24, 32 hours)

A:L 1:5: 20
A:L 1:6: 20

AMMS4

China/1989
Review of 100 cases of malaria in children treated with coartemether 4-dose, 3-day regimen

Coartem: 100

A012

Thailand/1995/DB,MC/4-dose
Safety & efficacy 4-dose regimen in adults vs. lower dose (4 doses
of half drug quantity) and shorter treatment (3 doses over 24 hours)

Coartem
Full 4-dose: 87
Half-dose: 87
3-dose: 86

AB/MO1

China/1993/OL/4-dose
China/1993/Open-label, non-comparative
confirmatory efficacy/safety trial/Adults Males and
females

Coartem
4-dose regimen
over 2 days: 102

A009

Gambia/1995-6/OL/28 days
Children (5-25 kg)

Coartem: 60
Pediatric tablet (each tablet had
half the content of each component
compared to a standard tablet

AMMS2

AMMS3

Coartem: 20
Lumefantrine: 20
Artemether: 20
Coartem
4 doses/3 days: 24
3 doses/3 days: 22
4 doses/2 days: 20
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4.3 Review Strategy
Each of the eight key studies was reviewed individually (see Appendix, section 10). Efficacy data
was not pooled across studies to compare the 4-dose regimen with the 6-dose regimen, since the
studies of four doses versus six doses were performed at different times, in different countries, using
different entry criteria, and definitions of outcome. Therefore, comparing a pooled six-dose regimen
with a pooled four-dose regimen is essentially making cross-study comparisons which may not be
valid. Instead, comparison on the 4-dose regimen with the 6-dose regimen is made only with study
A025, the only study that contained both a 4-dose and a 6-dose regimen.
Results for the two four-dose studies, A023 and AB/MO2 and the two comparative six-dose studies
(A026 and A028) and the two pediatric (A2403 and b2303) were compared as the study designs
were similar.
4.4 Data Quality and Integrity
The division consulted the Division of Scientific Integrity (DSI) to request routine inspections at
study sites in China, Thailand, and Africa. The Chinese sites were chosen for inspection because the
two of the factorial design studies (A023 and AB/MO2) that are key components to the
determination of the contribution of the individual component drugs to the efficacy of the
combination product were conducted in China. Sites in Thailand were chosen because they enrolled
large numbers of patients in the three six dose studies, A025 (four dose regimen versus the six-dose
regimen of Coartem), A026, and A028 and it is a region of high resistance of P.falciparum. Data
from these studies were used to ultimately support the use of the proposed labeled dose and duration
of Coartem®. Sites in Kenya and Tanzania were chosen because they enrolled a large number of
young children and infants with P. falciparum infection.
Inspections of the African and Thailand sites are complete. The Chinese sites are in the process of
being conducted by the FDA. Preliminary reports, available at this time, do not suggest any major
deficiencies or that the data is fraudulent or inconsistent. These findings are based on preliminary
communications between Susan Thompson, M.D., in DSI and the FDA field inspectors and data
from the Form FDA 483s. (See preliminary DSI review, Susan Thompson M.D., dated 11.3.2008).
Additionally, a 10% random sample of subjects from each of the 8 key clinical trials was generated
by the FDA Statistical Reviewer. The applicant was requested to submit the Case Report Forms
(CRFs) for these subjects for review. The FDA Clinical Reviewer examined the CRFs for
inclusion/exclusion criteria, dates of visits, clinical signs and symptoms, concomitant medications
and indications, microbiology findings, and evaluability determinations. The data in the CRFs was
compared to the electronic datasets generated by the applicant. The Reviewer found agreement
between the random sample of CRFs and the electronic datasets in all instances.
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4.5 Compliance with Good Clinical Practices
The applicant’s statement was submitted and reviewed and appears to be in compliance with GCP.
4.6 Financial Disclosures
OMB Form 0910-0396 was submitted and reviewed. The applicant obtained certification from each
investigator and sub-investigator who enrolled subjects in the 8 key clinical studies. No investigator
had any disclosable information to reveal.
5 CLINICAL PHARMACOLOGY
For complete information, see Clinical Pharmacology review by Dakshina Chilukuri, Ph.D.
Excerpt from clinical pharmacology review by D. Chilukuri is below.
5.1 Pharmacokinetics
Absorption
Following administration of Coartem Tablets to healthy volunteers and patients with malaria,
artemether is absorbed with peak plasma concentrations reached about 2 hours after dosing.
Absorption of lumefantrine, a highly lipophilic compound, starts after a lag-time of up to 2 hours,
with peak plasma concentration about 6 to 8 hours after administration. The PK estimates of
artemether, dihydroartemisinin (DHA), a metabolite of artemether, and lumefantrine in adult malaria
patients are given in Table 5.
Summary of PK estimates of lumefantrine in adult malaria patients (mean plus minus SD, median for tmax)
following administration of a 6-dose regimen
Location

Analyte

Thailand

Lumefantrine

Europe + Columbia

Lumefantrine

Cmax
(µg/mL)
10.5 ± 8.39
(n=18)
5.72 ± 2.91
(n=15)

AUClast
(µg·h/mL)
758 ± 651
(n=18)
272 ± 159
(n=15)

Summary of PK parameters of Artemether and DHA in adult malaria patients (mean plus minus SD, median for
tmax) following administration of a 6-dose regimen
Location

Analyte

Cmax
(ng/mL)

AUClast
(ng·h/mL)

Tmax
(h)

T1/2
(h)_

Thailand

Artemether
Day 1

186 ± 125

535 ± 272

2.0

1.6 ± 0.3

Day 3

66.2 ± 54.3

211 ± 109

2.0

2.2 ± 1.0

DHA

320 ± 159

3.0

1.5 ± 0.5
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Day 1
Day 3

101 ± 58.0
205 ± 102

604 ± 259

2.0

1.6 ± 0.4

Food enhances the absorption of both artemether and lumefantrine: in healthy volunteers the relative
bioavailability of artemether was increased more than two-fold and that of lumefantrine sixteen-fold
compared with fasted conditions when Coartem Tablets were taken after a high-fat meal. Patients
should be encouraged to take the medication with a meal as soon as food can be tolerated.
Distribution
Artemether and lumefantrine are both highly bound to human serum proteins in vitro (95.4% and
99.7%, respectively). Dihydroartemisinin is also bound to human serum proteins (47% to 76%).
Protein binding to human plasma proteins is linear.
Biotransformation
In human liver microsomes and recombinant CYP450 enzymes, the metabolism of artemether was
catalyzed predominantly by CYP3A4/5. Dihydroartemisinin (DHA) is one of the active metabolites
of artemether. The metabolism of artemether was also catalyzed to a lesser extent by CYP2B6,
CYP2C9 and CYP2C19. In vitro studies with artemether at therapeutic concentrations revealed no
significant inhibition of the metabolic activities of CYP1A2, CYP2A6, CYP2C9, CYP2C19,
CYP2D6, CYP2E1, CYP3A4/5, CYP4A9/11.
During repeated administration of Coartem Tablets, systemic exposure of artemether decreased
significantly, while concentrations of DHA increased, although not to a statistically significant
degree. The artemether/DHA AUC ratio is 1.2 after a single dose and 0.3 after 6 doses given over 3
days. This suggests that there was induction of the enzyme responsible for the metabolism of
artemether.
In human liver microsomes and in recombinant CYP450 enzymes, lumefantrine was metabolized
mainly by CYP3A4 to desbutyl-lumefantrine. The systemic exposure to the metabolite desbutyllumefantrine was less than 1% of the exposure to the parent compound. In vitro lumefantrine
significantly inhibits the activity of CYP2D6 at therapeutic plasma concentrations
Caution is recommended when combining Coartem Tablets with substrates, inhibitors, or inducers of
CYP3A4, especially anti-retroviral drugs and those that prolong the QT interval (e.g., macrolides,
pimozide, terfenadine, astemizole, cisapride).
Coadministration of Coartem Tablets with CYP2D6 substrates may result in increased plasma
concentrations of the CYP2D6 substrate and increase the risk of adverse reactions. In addition, many
of the drugs metabolized by CYP2D6 can prolong the QT interval and should not be administered
with Coartem Tablets due to the potential additive effect on the QT interval (e.g., flecainide,
imipramine, amitriptyline, clomipramine).
Elimination
Artemether and dihydroartemisinin are rapidly cleared from plasma with an elimination half-life of
about 2 hours. Lumefantrine is eliminated very slowly with a terminal half-life of 3-6 days in healthy
volunteers and in patients with falciparum malaria. Demographic characteristics such as sex and
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weight appear to have no clinically relevant effects on the pharmacokinetics of artemether and
lumefantrine.
No urinary excretion data are available for humans.
Hepatic and Renal Impairment
No specific pharmacokinetic studies have been performed in patients with either hepatic or renal
insufficiency.
Pediatric Patients
The PK of artemether, DHA and lumefantrine were obtained in two pediatric studies by sparse
sampling using a population based approach. PK estimates derived from a composite plasma
concentration profile for artemether, DHA and lumefantrine are provided in Table 6.
Systemic exposure to artemether, DHA, and lumefantrine, when dosed on a mg/kg body weight
basis in pediatric patients (≥5 to <35 kg body weight), is comparable to that of the recommended
dosing regimen in adult patients.
Summary of PK estimates of lumefantrine and artemether in pediatric malaria patients (mean plus minus SD,
median for tmax) following administration of a 6-dose regimen
Location
Africa

Africa

Location

Africa

Analyte
Body weight
Lumefantrine

Cmax
(µg/mL)

AUClast
(µg·h/mL)

Tmax
(h)

5 to <15 kg (n=156)
15 to <25 kg (n=25)
Lumefantrine
5 to <15 kg (n=194)
15 to <25 kg (n=102)
25 to <35 kg (n=19)

4.71
12.6

372
655

6.0
6.0

6.13
9.37
21.9

6.0
6.0
6.0

Analyte
Body Weight

Cmax
(ng/mL)

577
699
1150
(N=1)
AUClast
(ng·h/mL)

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

Tmax
(h)

Artemether
5 to <15 kg (n=156)
15 to <25 kg (n=25)
15 to <25 kg (n=25)

DHA
5 to <15 kg (n=156)
15 to <25 kg (n=25)
15 to <25 kg (n=25)

223 ± 309
(n=55)
198 ± 179
(n=29)
174 ± 145
(n=8)
54.7 ± 58.9
(n=56)
79.8 ± 80.5
(n=29)
65.3 ± 23.6
(n=8)

NA: Not Available
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Geriatric Patients
No specific pharmacokinetic studies have been performed in elderly patients.
5.2 Pharmacodynamics
Not applicable.
5.3 Exposure-Response Relationships
No relationship was found to exist between plasma concentrations of artemether and lumefantrine
and efficacy results in the NDA.

6 INTEGRATED REVIEW OF EFFICACY

6.1 Indication: Uncomplicated Plasmodium falciparum Infection
The proposed indication is the treatment of malaria in patients of 5kg body weight and above with
acute, uncomplicated infection due to Plasmodium falciparum or mixed infections including P.
falciparum.
6.1.1 Methods
For each of the subsequent sections, the Medical officer reviewed the Clinical Overview (which
contains an Integrated Summary of Efficacy), complete study reports for each of the 8 key studies,
pertinent patient narratives and CRFs, as well as SAS datasets supplied by the applicant. The
iReview Program was used to perform analyses on raw/primary data submitted in the NDA.
Note that this review does not pool efficacy data across studies to compare the 4-dose regimen with
the 6-dose regimen, since the studies of 4 doses versus 6 doses were performed at different times, in
different countries, using different entry criteria and definitions of outcome. Therefore, comparing a
pooled 6-dose regimen with a pooled 4-dose regimen is essentially making cross-study comparisons
which may not be valid. Instead, comparison on the 4-dose regimen with the 6-dose regimen is
made only in study A025, because this is the only study that directly compared a 4-dose and a 6-dose
regimen.
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The draft Guidance to Industry on Malaria recommends two analysis populations for evaluating
efficacy: the Modified intent-to-treat (MITT) and the Per Protocol (or Evaluable) populations.
•

Modified intent-to-treat (MITT) — All randomized patients with parasitologically
confirmed malaria who receive at least one dose of study drug. Depending on the specific
study design, the intent-to-treat (ITT) population of all subjects enrolled can include subjects
enrolled before complete parasitological confirmation but for whom malaria is not
subsequently confirmed. These subjects should not be included in the MITT and per-protocol
efficacy analyses.

•

Per Protocol — All patients included in the MITT population who have received at least 80
percent of the protocol-defined therapy and are clinically and microbiologically evaluable
after 28 days.

The definitions of these analysis populations used by the applicant were similar to those in the
guidance.
The FDA’s ITT and Evaluable populations are essentially the same as the applicant’s ITT and
Evaluable populations, unless otherwise noted. The ITT population was used by the reviewer as the
primary analysis population, unless otherwise noted. In the ITT population, patients with missing
data for 28-day cure rate are included in the analysis as failures, therefore outcome rates will be
lower than rates for the evaluable population, where patients missing the 28-day visit are excluded
from analysis. The resulting analysis population may be a biased subset of subject since the
Evaluable population excludes subjects after randomization for reasons that could be treatment
related.

6.1.2 General Discussion of Endpoints
The applicant’s primary and secondary efficacy endpoints included in the studies are listed below.
Primary Endpoint:
The 28-day cure rate defined as the proportion of patients with clearance of asexual parasitemia
within seven days of initiation of trial treatment, without subsequent recrudescence.
Secondary Endpoints included:
• Time to parasite clearance (PCT) = time from first dose until first total and continued
disappearance of asexual parasite forms which remains for at least a further 48 hours.
• Time to fever clearance (FCT) = time from first dose until the first time body temperature fell
below 37.5°C and remained below 37.5°C for at least a further 48 hours (only for patients
with temperature >37.5°C at baseline).
• Parasite reduction at 24 hours after initiation of trial treatment (% parasites per µl at 24 hours
compared to parasite density before the first dose of treatment).
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Time to gametocyte clearance and the 24-hour reduction of parasite count from baseline were also
included as secondary endpoints. Clinical signs and symptoms other than fever were not generally
required for study entry. The presence of P. falciparum on blood smear was confirmed for each
patient.
Treatment Failures were defined in three categories:
R-I treatment failure: clearance of asexual parasitemia within 7 days, followed by
recrudescence.
R-II treatment failure: marked reduction of asexual parasitemia but no clearance (asexual parasite
counts < 25% of baseline within 48 hours after initiation of treatment but no, or only temporary
clearance of asexual parasitemia within 7 days).
R-III treatment failure: no marked reduction of asexual parasitemia (asexual parasite counts remain
> 25% of baseline at 48 hours, or actually rise above baseline levels at 48 hours, without clearance of
asexual parasitemia within 7 days).
Comparison of Study Design to FDA Draft Malaria Guidance
According to the draft Guidance to Industry on Malaria, the following are recommended entry
inclusion and exclusion criteria for studies of acute, uncomplicated malaria. The applicant’s studies
fulfilled these criteria, unless otherwise noted:
• Adult and pediatric males and females
• Fever present at entry, or documented within 24 hours of entry
• Entry parasitemia should be limited to values between 1000 and 200,000 µL (0.25 to 4
percent)
• Patients with severe or complicated disease should be excluded
• Patients treated with prior antimalarials for the current episode should be excluded.
• In general, patient symptoms should include shivering, chills, malaise, headache, and loss of
appetite in adults, and also include irritability, lethargy, and anorexia in children.
Fever was not an inclusion criterion for the primary studies conducted in adults and adolescents.
However, in the two studies that enrolled infants and small children (A2403 and B2303) patients had
to have a fever (≥ 37.5°C axillary or ≥38°C rectal) present at baseline or a history of fever in the
preceding 24 hours (B2303 only). In addition, the applicant’s trials did not specify that patients
should have other clinical symptoms at baseline, but it is apparent from the manner in which adverse
event data were collected, that many of the symptoms listed in the Guidance were present at baseline
and improved with treatment.
The draft Guidance to Industry on Malaria recommends the primary endpoint in treatment studies be
28-day cure defined as follows:
The definitions of primary and secondary endpoints in the studies are similar to endpoints defined in
the FDA Draft Malaria Guidance 2007. In the FDA Draft Malaria Guidance 2007 the 28-day cure
rate is defined as, “The complete resolution of clinical signs and symptoms, malaria-related
laboratory abnormalities, and elimination of asexual parasites by day 7, with no recurrence up to
day 28 ± 2. This definition also includes that a study assessment 48 hours after initiation of therapy
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demonstrate a decrease in the level of parasitemia to less than 25% of baseline with no clinical
deterioration.”
Recommended secondary endpoints include time to parasite clearance, and time to fever clearance.
Treatment failures, defined as early or late treatment failures are also defined in the draft Guidance.
Treatment failures are classified as early treatment failure, late treatment failure, or late
parasitological failure, and defined as follows:
• Early Treatment Failure
− Development of severe malaria on day 1, 2, or 3 of treatment in the presence of parasitemia
− Parasitemia on day 2 greater than day 0 irrespective of axillary temperature
− Parasitemia on day 3 with axillary temperature greater than or equal to 37.5 degrees
Celsius
− Parasitemia on day 3 greater than or equal to 25 percent of count on day 0
• Late Treatment Failure
− Development of severe malaria after day 3 in the presence of parasitemia without
previously meeting any of the factors of early treatment failure
− Parasitemia any day from day 4 to 14 (intense transmission areas) or day 4 to 28 (low to
moderate transmission areas) with axillary temperature greater than or equal to 37.5
degrees Celsius without previously meeting any of the factors of early treatment failure
− Any patients receiving additional antimalarial therapy not specified in the study protocol
The following endpoints are considered to be the important endpoints used in this review:
28-day parasitological cure rate (%) [95% CI] (ITT population)
Parasite Clearance Time (median) [95% CI] (ITT population)
Fever Clearance Time (median) (population of patients with fever at baseline)
Percent parasite reduction @ 24 hrs (populations of patients with repeat parasite
counts)
Proportion of patients with parasite reduction of < 75% at 48 hours (i.e., patients
not achieving a reduction to < 25% of baseline) in the ITT population
Early Treatment Failure (no. of patients with parasitemia @ 48 hours > baseline)
in the ITT population
Proportion of patients with recrudescence of P. falciparum during the study in the
ITT population
Proportion of patients with negative malaria slides at day 2, 3, and 4 in the ITT
population
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6.1.3 Study Design
Factorial Design Studies
Studies ABMO2 and A023 are considered essential studies in the NDA because the efficacy of the
fixed-combination drug, Coartem, is compared to each of its individual components, artemether and
lumefantrine. These were randomized, comparative, single center, four dose trials conducted over
four weeks. Both studies were conducted in the same single center in Hainan Province, China.
Study ABMO2 was double-blinded and in Study A023 the Coartem arm and the lumefantrine tablet
arm were blinded. The study design for both studies is summarized in Table 6.
Table 6:

Summary of Design of Studies, ABMO2 and A023

Study ABMO2
hours 0, 8, 24, 48
DOSING Coartem Regimen
(80 mg Artemether + 480 mg Lumefantrin
DOSING Comparators Regimen
Artemether 80 mg
Lumefantrine tablet 480 mg
Lumefantrine capsule*
Dosage Adjusted by Weight
Study Timeline
Number of Patients Enrolled
Number of Study Centers
Countries

Study A023
hours 0, 8, 24, 48

hours 0, 8, 24, 48
hours 0, 8, 24, 48
-

hours 0, 8, 24, 48
800 mg at hour 0
400 mg at hours 24, 48, 72
Yes
No
6/2/1994 to 10/6/1994
6/21/1996 to 11/5/1996
157
153
1 (Navy Military Hospital 1 (Navy Military Hospital
in Sanya, Hainan Province) in Sanya, Hainan Province)
China
China

*In Study A023, lumefantrine capsules were dosed according to the dosing regimen in use at the time in China.

Four-Dose Study
A comparison for efficacy and safety between the 4-dose and 6-dose regimens was performed in
Study A025. Study A025 was a randomized, double-blind, two-center study conducted in Thailand
comparing the 4-dose, 48-hour regimen of Coartem to a 6-dose, 60-hour regimen, and a 6-dose, 96hour regimen. The three treatment arms were identical for the first three doses (up to 36 hours),
starting with the fourth dose the regimens started to differ in the dosing and timing of administration.
In Bangkok (Center 1) patients were ≥12 years of age and treated as inpatients during the 28-day
trial period. Patients in MaeLa (Center 2) were ≥2 years of age and treated as outpatients, seen daily
for the first week and weekly thereafter until Day 28 with a long-term follow-up visit on Day 63.
Six-Dose Studies
The design of the six-dose studies, including Study A025 comparing 4-doses to 6-doses, is
summarized in Table 7. All five studies that evaluated the 6-dose regimen (not including Study
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A025) had an open-label design. All studies used the formulation (F4) of Coartem to-be-

marketed in the US.
Table 7: Summary of Study Design, Six-Dose Studies
Study #
Location

Treatment Arms

Study Design

No. of Patients
Enrolled per
Arm
4 dose :
120
6-dose-60h: 118
6-dose-96h: 121

Dose Coartem

A025
Thailand

Coartem 4-dose
regimen vs.
6-dose (60h) and 6dose (96h)

Randomized ,
double blind

A026
Thailand

Coartem 6- dose vs.
Open-label
mefloquine/artesunate

Coartem (150)
MAS (50)

4 tablets bid x 3
days; wgt, ≥35kg

A028
Thailand

Coartem 6-dose vs.
Open-label
mefloquine/artesunate

Coartem: 164
MAS: 55

4 tablets bid x 3
days; wgt, ≥35kg

162

4 tablets bid x 3
days; wgt ≥35kg

310

≥5 kg to <15 kg = 1
tablet;
≥15 kg to <25 kg = 2
tablets

A2401
Coartem 6-dose
Open-label
Europe/Columbia non-comparative in
non-immune adults
A2403
Coartem 6-dose tablet Open-label
Africa
in children

B2303
Africa

Coartem crushed
Tablet vs. dispersible
tablet in infants and
children

Open-label
899

4 tablets bid x 3
days, wgt ≥35kg

5 kg to <15 kg = 1
tablet
≥15 kg to <25 kg = 2
tablets
≥25 kg to <35 kg = 3
tablets

Study 025 was a randomized, double-blind, parallel group trial comparing efficacy, safety, and
pharmacokinetics of the standard four-dose schedule (4x4 tablets over 48 hours) with two six-dose
schedules (over 60 hours and 90 hours, respectively) of co-artemether (Coartem) in the treatment of
acute Plasmodium falciparum malaria in adults and children at two sites in Thailand. Male and
female patients ≥12 years (Bangkok); ≥2 years (MaeLa) were enrolled.
Studies A026 and A028 were randomized, open-label studies designed to evaluate the six-dose
Coartem regimen compared to a combination of mefloquine plus artesunate (MAS). Neither was
designed as a non-inferiority study and no formal statistical comparisons with MAS were planned by
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the applicant. MAS was the standard of care for treatment of uncomplicated P. falciparum malaria in
Thailand at the time the studies were conducted.
Study A026 was conducted in the same two sites in Thailand as Study A025. Study A028 was
conducted only at the Bangkok site. Study A026 enrolled subjects aged ≥2 years and A028 enrolled
subjects >12 years. Pediatric subjects represented 20% (84/419) of subjects from these combined
studies.
The open-label design was employed in the comparative studies (A026 and A028) because the
applicant stated that using a double-blind, double-dummy methods would have been difficult in
ensuring acutely-ill patients take a large number of tablets with adequate amounts of food.
Although not approved in the US, MAS is considered to be a standard-of-care in many parts of the
world. In the US, mefloquine is approved as a single agent for the treatment of uncomplicated
malaria, the recommended regimen in adults is five tablets (1250 mg total) given as a single oral
dose; it should be taken with food and 8 ounces of water.
Table 8:

Study Design Study – Studies 026 and 028

Randomized, open-label, comparative, parallel
group, 4-week
Number of Centers
Age in years
Mefloquine and artesunate (MAS) group was
included for comparison with historical data
rather than for a formal statistical comparison.
Efficacy criterion, lower limit (LL) of CI for 28day cure rate

026

028

Yes

Yes

2
2+
Yes

1
12+
Yes

LL of 90% CI> 90%*
Analysis population was
not specified.

LL of 90% CI
>85% Evaluable
population

Source: Statistical review, Xianbin Li, Ph.D.

Study 2401 is an open-label, multi-center, non-comparative, single-arm, study of Coartem in nonimmune adult patients conducted in Europe (Switzerland, Germany, France, Netherlands, Italy) and
Columbia. The definition of a non-immune patient was: individuals who have not spent the first 5
years of life nor the most recent five years in endemic areas and who have not had a diagnosis of
acute uncomplicated P. falciparum malaria in the past five years.
The study was designed as a non comparative study because of difficulty with recruitment due to the
low numbers of travelers with malaria returning to Europe. Subsequently an additional study (n=15
patients) was done to get more PK data (“rich” PK study) and results for are also included for the
primary endpoints.
Two pediatric trials were conducted in five countries in sub-Saharan Africa. Study A2403 was an
open-label, single arm, multicenter study conducted in Kenya, Nigeria, and Tanzania to obtain
information on the use of Coartem in young children with body weights as low as 5 kg. Study
B2303 was a partially blinded, randomized, multicenter trial of Coartem tablets (crushed for
administration) compared to Coartem dispersible tablets in children weighing 5 to < 35 kg.
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Study 2403: There were 310 patients (male and female infants and children ≤12 years of age)
enrolled in the study. Subjects are categorized by body weight, 5- <10kg, 10 to <15kg, and 15 to
25kg. Approximately 50% of the patients were in the 5 - < 10 kg body weight group, representing a
non-immune population at high risk of malaria and of death due to malaria. Patients received a
crushed tablet as necessary.
Study B2303: A total of 899 patients were enrolled in B2303. The study population included male
and female infants and children ≤12 years of age, with body weight of ≥5 kg and <35 kg. Over 50%
of patients were aged 2 to < 6 years of age. Patients were admitted to hospital for the first 3 days and
all treatments were given under hospital supervision.
Patients were dosed with Coartem based on body weight in both studies as shown:
≥5 kg to <15 kg = 1 tablet per dose
≥15 kg to <25 kg = 2 tablets per dose
≥25 kg to <35 kg = 3 tablets (only used in Study B2403) per dose
Preparation of tablet for administration to children was as follows;
Study A2403
For infants and children who are not able to swallow an entire tablet, the tablet can be diluted
with water.
• The Coartem® tablet should be diluted in proximately 5 ml sterile water, which will
disintegrates within approximately 2 minutes.
• The preparation should always be prepared immediately before the Coartem® dose is
given to the patient.
From B2303 protocol:
“The content of one dispersible tablet is to be dissolved in 10 mL of water in the small cup
provided, and subsequently administered orally under hospital supervision; thereafter the
cup/beaker will be rinsed with an additional 10 mL of water and the content is to be
swallowed again. This procedure will be repeated as necessary in order to administer the
amount of doses indicated.
All conventional tablets are to be always crushed and dissolved in 10 mL water and
subsequently administered orally under hospital supervision; thereafter the cup/beaker will be
rinsed with an additional 10 mL of water and the content is to be swallowed again. This
procedure will be repeated as necessary in order to administer the amount of doses indicated.”
In both studies, the protocols state that study medication should be followed whenever possible by food/drink
(mother’s milk, broth, sweetened condensed milk, etc.) as appropriate.

Analysis Populations
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The draft Guidance to Industry on Malaria recommends two analysis populations for evaluating
efficacy: the Modified intent-to-treat (MITT) and the Per Protocol (or Evaluable) populations.
•

Modified intent-to-treat (mITT) — all randomized patients with parasitologically
confirmed malaria who receive at least one dose of study drug. Depending on the specific
study design, the intent-to-treat (ITT) population of all subjects enrolled can include subjects
enrolled before complete parasitological confirmation but for whom malaria is not
subsequently confirmed. These subjects should not be included in the MITT and per-protocol
efficacy analyses.

•

Per protocol — All patients included in the mITT population who have received at least 80
percent of the protocol-defined therapy and are clinically and microbiologically evaluable
after 28 days.

Clinical Reviewer’s Comment
The definitions of the analysis populations used by the applicant were similar to those in the FDA
Draft Malaria Guidance. The ITT and Evaluable populations defined in this review are essentially
the same as the applicant’s mITT and per protocol populations, respectively. The ITT population is
used as the primary analysis population, unless otherwise noted. In the ITT population, patients
with missing data for 28-day cure rate are included in the analysis as failures; therefore outcome
rates will be lower than rates for the evaluable population because patients who missed the 28-day
visit are excluded from analysis.

6.1.4 Efficacy Findings
Two Four-Dose Studies: A023, AB/MO2
The primary efficacy endpoint was the 28-day cure rate in the ITT population. The results of the 28day cure rate and other important efficacy endpoints in study ABMO2 and A023 are presented in
Table 10. The time to fever clearance was only analyzed for patients who were evaluable for this
analysis, i.e. those who had a temperature >37.5°C at baseline.
Table 9:

Efficacy Results in 4-dose Studies (ABMO2 and A023)

Coartem
28-day parasite.
Cure
ITT Population, N
Cure
P-value*
Evaluable, N

53
50 (94.3%)
50

Study ABMO2
N=157
Artemether Lumefantrine

52
24 (46.2%)
<0.001
44‡

52
47 (90.4%)
n.s.
51

Coartem

52
50 (96.2%)
51

A023
N=153
Lumefantrine
Tablets

Lumefantrine
Capsules

51
45 (88.2%)
n.s.
49

50
47 (94.0%)
n.s.
49
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Cure
P-value*

50 (100%)
-

24 (54.5%)
<0.001

47 (92.2%)
n.s.

50 (98%)
-

45 (91.8%)
n.s.

47 (95.9%)
n.s.

Parasite
Reduction (PR) at
24 hours
Evaluable, N
51
52
52
52
51
49
Median
99.3%
99.9%
78.2%
99.9%
78.7%
86.7%
P-value*
0.0291
<0.001
<0.001
<0.001
Time to parasite
clearance (PCT)
ITT Population, N
53
52
52
52
51
50
Median
30 hours
30 hours
54 hours
30 hours
48 hours
54 hours
P-value *
0.0275
<0.001
<0.001
<0.001
Time to fever
clearance (FCT)
Evaluable, N
38
30
38
24
31
35
Median
24 hours
21 hours
60 hours
21 hours
36 hours
36 hours
P-value*
n.s.
<0.001
0.0297
0.0992
*P-value compares either artemether or lumefantrine with Coartem in Study ABMO2 and either lumefantrine tablet or
capsule with Coartem in Study A023; n.s. = no statistical significance
P-values to test treatment effect on the 28-day cure rates were calculated using Fisher’s Exact test. The treatment
effect on parasite reduction at 24 hours was tested using a non-parametric Wilcoxon rank-sum test. Time to parasite
clearance (PCT) and time to fever clearance (FCT) were analyzed by the Kaplan-Meier method and the treatment
effect was tested using the Wilcoxon test.
‡ 6 patients were excluded due to receipt of rescue medication for P. vivax infection

In Study AB/MO2, the 28-day cure rate in the ITT population was significantly higher for Coartem
(94.3%) compared to artemether (46.2%), while the median PCT was significantly shorter for
Coartem (30 hours) compared to lumefantrine tablets (54 hours). Coartem had an advantage over
lumefantrine with a median FCT of 24 hours versus 60-hours, respectively. Note that the artemether
evaluable population contained only 44 subjects; 6 of the 8 subjects excluded from the evaluable
population discontinued the study due to unsatisfactory therapeutic effect but were excluded from
the evaluable population due to receipt of rescue medication for P. vivax infection.
In Study A023, there was no statistically significant difference between the 28-day cure rates for the
three treatment arms in the ITT and evaluable populations, as would be expected given the fact that
all arms contained lumefantrine. The median PCT was significantly longer for both lumefantrine
formulations than for Coartem, i.e. 54 and 48 hours compared to 30 hours. The median FCT was
numerically shorter in the Coartem arm compared to the two lumefantrine arms. Dexamethasone
was administered to the patients who presented with high fever (73% patients) which confounds the
result for FCT. Compared to either lumefantrine formulation, Coartem treatment was associated
with greater parasite reduction, as well as quicker parasite and fever clearance. Overall 28-day cure
rate remained similar across the three arms. In study A023, there was an imbalance in the baseline
parasite densities for the Coartem and lumefantrine (tablets and capsules) arms. Overall, the results
with respect to different baseline parasite density showed similar pattern among treatment arms.
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Efficacy at 24 and 48 hours of Treatment with Coartem: In both studies, more than 96% of patients
with parasites at baseline treated with Coartem or artemether achieved a ≥ 75% reduction in parasite
density at 24 hours and 100% of patients achieved a ≥ 75% reduction in parasite density at 48 hours.
Efficacy in Adults vs. Children: Pediatric patients, age 12 to 16 years were enrolled in these two
studies. The efficacy rates were analyzed for adults (> 16 years of age) and children (≤ 16 years old).
The 28-day cure for Coartem was ≥ 93% for adults and children in both studies. Results were
similar to the overall 28 day-cure rates for the entire study population.
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Table 10: Efficacy Results in 4-dose Studies (ABMO2 and A023) in Adults and Children
Study ABMO2
N=157
Coartem

Lumefantrin
e

Coartem

4/8 (50.0%)

11/12
(91.7%)
36/40
(90.0%)

10/10 (100%)

8/9 (88.9%)

11/12 (91.7%)

40/42
(95.2%)

37/42
(88.1%)

36/38 (94.7%)

10/10 (100%)

8/9 (88.9%)

11/12 (91.7%)

20/37
(54.1%)

11/12
(91.7%)
36/39
(92.3%)

40/41
(97.6%)

37/40
(92.5%)

36/37 (97.3%)

94.2 (n=12)
99.4 (n=39)

98.8 (n=8)
100 (n=44)

80.0 (n=12)
71.1 (n=40)

99.9 (n=10)
99.8 (n=42)

75.0 (n=9)
80.8 (n=42)

90.7 (n=12)
84.7 (n=37)

36.0 (n=12)
30.0 (n=41)

30.0 (n=8)
24.0 (n=44)

54.0 (n=12)
60.0 (n=40)

29.9 (n=10)
30.0 (n=42)

48.0 (n=9)
53.9 (n=42)

48.0 (n=12)
54.0 (n=38)

12.0 (n=9)
24.0 (n=29)

12.0 (n=6)
24.0 (n=24)

66.0 (n=9)
54.0 (n=29)

24.0 (n=9)
17.9 (n=15)

30.1 (n=8)
42.0 (n=23)

42.0 (n=12)
30.0 (n=23)

38/41
(92.7%)

Evaluable
patients
Children 12/12 (100%)
Adults 38/38 (100%)
Median PR (%)
at 24 hours
(Evaluable
patients)
Children
Adults
Median PCT
(hours)
(ITT
population)
Children
Adults
Median FCT
(hours)
(Evaluable
patients)
Children
Adults

Lumefantrine
Capsule

Artemether

28-day
parasitological
cure rate, n/N
(%)
ITT population
Children (12-16) 12/12 (100%)
Adults (>16)

Study A023
N=153
Lumefantrin
e
Tablet

20/44
(45.5%)
4/7 (57.1%)

Efficacy in Patients with High Baseline Parasite Counts: There were 13 patients in Study ABMO2
and 3 patients in Study A023 whose baseline parasite density was ≥ 100,000/µL. Efficacy results for
these patients were similar to the overall efficacy results, for 28-day cure rate, parasite reduction at
24 hours, PCT, and FCT.
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Late Treatment Failure (Recrudescence of P. falciparum parasitemia): In the study ABMO2, there
was no recrudescence of P. falciparum in the Coartem arm. Twenty of 44 (45.5%) patients in the
artemether arm had recrudescence of parasitemia and four (7.8%) patients had recrudescence in the
lumefantrine arm. In Study A023, there were seven (14%) recrudescences: one patient in the
Coartem arm, four in the lumefantrine tablet arm, and two in the lumefantrine capsule arm. All
recrudescences were considered to be R-I treatment failures, i.e., initial clearance of parasitemia
within seven days, followed by recrudescence
Conclusions
The efficacy results from Studies ABMO2 and A023 support that the combination of Coartem was
superior to artemether in terms of the 28-day cure rate. Coartem also demonstrated a shorter time to
parasite and fever clearance and a greater parasite reduction at 24 hours compared to lumefantrine.
Additional analyses performed for Study A023 to account for the lower baseline parasite counts in
the Coartem arm, resulted in similar conclusions to the applicant’s. The interpretation of results of
these studies is limited by the fact that they were single center studies, both performed at the same
site in China, and only Study ABMO2 included an arm of artemether alone.
Additional Four-Dose Supportive Studies
For a summary of the additional four dose studies see Appendix 10. These additional studies were
not considered to be key studies in the support of the NDA. As agreed with the applicant, these
studies were submitted as study reports without efficacy data sets.
For more information see Section 8.8 (Other Relevant Materials).

Four-Dose Regimen Compared to Six-Dose Regimen, Study A025
The primary efficacy endpoint is 28-day cure rate, as shown in Table 11. The 6-dose-60-hour
regimen (the applicant’s proposed regimen) had numerically higher cure rates than the 4-dose
regimen, significantly so in the evaluable population. The 6-dose-96-hour regimen was significantly
superior to the 4-dose regimen in the ITT and evaluable populations.
The 28-day parasitological cure rates and parasite clearance times are summarized in the following two
tables.
Table 11:

28-day cure rate [CI] in ITT and Evaluable Populations - Study A025

ITT
95%CI
Diff [97.5%CI]
p-value
Evaluable
95%CI
Diff [95%CI]
Diff [97.5%CI]
p-value

4 doses
(48 hours)
85/120 (70.8%)
[61.8%, 78.8%]
84/104 (80.8%)
[71.9%, 87.8%]

6 doses
(60 hours)
96/118 (81.4%)
[73.1%, 87.9%]
10.5% [-1.9%,22.8%]
0.069
93/96 (96.9%)
[91.1%, 99.4%]
16.1% [7.8%, 24.4%]
16.1% [6.0%, 26.7%]
< 0.001

6 doses
(96 hours)

104/121 (86.0%)
[78.5%, 91.6%]
15.1% [2.8%, 27.3%]
0.0048
104/106 (98.1%)
[93.4%, 99.8%]
17.3%[9.3%, 25.3%]
17.3% [7.6%, 27.7%]
< 0.001
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four- dose regimens

There was a center effect in cure rates in that the Bangkok site had higher parasite count at baseline
and lower 28-day cure rate than the MaeLa site, as shown in Table 12. Additionally, in a logistic
regression model after controlling for baseline parasite count, center remained a significant predictor
of 28-day cure rate. Given the differences in patient populations between the two sites (based on age
and inpatients vs. outpatients), this effect is not surprising. Note that the interaction terms between
center and treatment were not significant, i.e., treatment effects did not vary significantly between
centers.
Table 12: 28-day cure rate by study center in the ITT population - Study A025

Center 1 (Bangkok)
Center 3 (MaeLa)

Coartem
4-dose (48 hours)
20/34 (58.8%)
65/86 (75.6%)

Coartem
6-dose (60 hours)
27/32 (84.4%)
69/86 (80.2%)

Coartem
6-dose (96 hours)
30/34(88.2%)
74/87(85.1%)

Time to Parasite Clearance and Time to Fever Clearance
There were no significant differences in median PCT or FCT among the treatment arms, as would be
expected given that the dose of artemether/lumefantrine did not differ in the three treatment arms
during the first 36 hours of the study.
Table 13: Time to Parasite Clearance (in hours) in ITT Population - Study A025
Parasite Clearance Time
P.falciparum

Median* [95%CI]
25-75 percentile
Range**
* Kaplan-Meier method
** Not including censored times

Coartem
4-dose
(48 hours)

Coartem
6-dose
(60 hrs)

Coartem
6-dose
(96 hrs)

N=120
44 [43,44]
34 – 51
18 - 72

N=118
44 [43, 45]
22 - 47
17 - 166

N=121
44 [43,44]
40 - 47
17 - 90

Coartem
6-dose
(60 hrs)

Coartem
6-dose
(96 hrs)

Table 14: Fever Clearance Time (in hours) in Study 025
Fever Clearance Time

Median* [95%CI†]
25-75 percentile*

Coartem
4-dose
(48 hours)
N=61
23 [21, 36]
20 - 44

N=59
35 [22, 43]
20 - 46

N=77
22 [21, 34]
20 - 44
45
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Range **
19 - 95
9 - 160
9 - 164
* Kaplan-Meier method.
** Not including censored times; †Based on the sign test (Brookmeyer and Crowley, 1982).
Efficacy in Adult vs. Pediatric Patients (ITT): Results for the 28-day cure rate, PCT and FCT were
similar for children (≤ 16y) compared to adults and treated with 6-doses of Coartem. The 28-day
cure rate rates in pediatric patients were 86%, 83%, and 90% in the 4 dose, 6-dose-60 hour, and the
6-dose-96 hour regimens, respectively, as shown in Table 15.
Table 15: Comparison of 28-day cure rate, PCT, and FCT in Adults and Children

Adults
28 day cure rate
PCT (hrs)
Median * [95%CI†]
25-75 percentile*
Range**

FCT (hrs)
Median* [95%CI†]
25-75 percentile*
Range**

Children
28 day cure rate
PCT (hrs)
Median * [95%CI†]
25-75 percentile*
Range**

FCT (hrs)
Median* [95%CI†]
25-75 percentile*
Range**

(Study A025)

Coartem
4-dose (48 hours)

Coartem
6-dose (60 hours)

Coartem
6-dose (96 hours)

67/99 (67.7%)

71/88 (80.7%)

78/92 (84.8%)

44 [43,44.4]
40-52
18-72

44 [43,45]
40-53
17-166§

44 [43,44.1]
37-50
18-90

34 [21-41]
20-44
18-95

36 [22-44]
21-45
9-160

21 [20.9, 34]
20-43
9-142

18/21 (85.7%)

25/30 (83.3%)

26/29 (89.7%)

44 [22,45]
22-45
19-72

43 [22,45]
22-45
18-68

44 [42,44]
42-45
19-67

22 [19,43]
19-43
12-70

27 [20,45]
20-46
18-70

22 [20,44]
20-44
18-164

* Kaplan-Meier method ** Not including censored times. †Based on the sign test (Brookmeyer and
Crowley, 1982). § in one subject no slide was available between Days 2 and 8, thus PCT was calculated as
166 hours.

Efficacy at 24 and 48 hours of Treatment with Coartem (ITT): Approximately 23%, 77%, and 94%
of subjects had a negative slide after one, two, and three days of treatment, respectively, across all
three treatment arms. There were no obvious differences between the arms. More than 90% of
patients in all treatment arms achieved a ≥ 75% reduction by 24 hours.
Late Treatment Failure (Recrudescence of P. falciparum) - ITT: During the 28-day study period,
20/120 (17%) patients experienced recrudescence of P. falciparum in the 4-dose arm, 3/118 (3%)
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patients recrudesced in the 6-dose-60-hour arm, and 2/121(2%) patients recrudesced in the 6-dose96-hour arm.
Conclusion
The 28-day cure rates of the 6-dose, 60-hour and 96-hour regimens were numerically higher than the
4-dose regimen, significantly so in the evaluable population. There was little difference in terms of
parasite clearance between the study arms, which was expected given that the treatment arms did not
differ from one another until after 36 hours. As discussed in the review of clinical safety (Section
5.5), the safety profile of the two 6-dose regimens was similar to the 4-dose regimen. The 6-dose,
60-hour regimen was chosen by the applicant for use in future trials for ease of administration and
compliance. The limitation of this study is that there were two centers, so the results of the efficacy
analysis may not be extrapolated to a wider population.
Studies with Comparator Arms, Studies A026 and A028
The 28-day cure rates in the ITT population and evaluable population are summarized in the
following table. The cure rates in the ITT and evaluable populations were 86.7% and 97%,
respectively. The applicant’s reported 90% confidence intervals and the statistical reviewer’s
calculated 95% confidence interval are also reported.
Table 16: Efficacy in ITT and Evaluable Populations – Study A026 and A028

ITT
Diff in %
Evaluable
Diff in %

Study 026
Coartem
MAS
130/150 (86.7%)
47/50 (94.0%)
[80.2%, 91.7%]
[83.5%, 98.7%]
-7.3[-15.6, 3.6]
130/134 (97.0%)
47/47 (100%)
[92.5%, 99.2%]
[92.5%, 100%]
-3.0[-7.9, 4.4]

Study 028
Coartem
MAS
148/164 (90.2%)
53/55 (96.4%)
[84.6%, 94.3%]
[87.5%, 99.6%]
-6.1[-12.8 ,3.0]
148/155 (95.5%)
53/53 (100%)
[90.9%, 98.2%]
[93.3%, 100%]
-4.5[-9.3, 2.1]

The median FCT times were high and similar in both treatment arms in both studies (22 hours and
29 hours, respectively). PCT was not defined in the protocol for Study A026, and in Study A028 the
median PCT was about 30 hours in both treatment arms.
All evaluable patients in both studies achieved a >75% reduction in their baseline parasite count at
48 hours. Four patients in Study A026 and one patient in Study A028 in the Coartem arm had an
increase in parasite counts from baseline at 24 hours but subsequently cleared.
Efficacy in Adult vs. Pediatric Patients (ITT):
Efficacy was evaluated in adult and pediatric patients separately as shown in Table 17. Results
were similar between adults and children treated with Coartem, with the exception of a longer FCT
in children.
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Table 17: Comparison of 28-day cure rate, PCT, and FCT in Adults and Children
(Studies A026 and A028)

Endpoint

Population

28-day cure
rate

Adults
Children

PCT (hrs)

FCT (hrs)

Adults
Median*[95%CI†]
25-75 percentile*
Range**
Children
Median*[95%CI†]
25-75 percentile*
Range**
Adults
Median*[95%CI†]
25-75 percentile*
Range**
Children
Median*[95%CI†]
25-75 percentile*
Range**

Study A026
Coartem
MAS
94/109
31/34
(86.2%)
(91.2%)
36/41
16/16
(87.8%)
(100%)
ND
ND

Study A028
Coartem
MAS
134/149
41/43
(89.9%)
(95.4%)
14/15
12/12
(93.3%)
(100%)
30[26,32]
18-40
7-64

32[26-32]
25-40
7-57

24[24,40]
22-40
16-48

24[16-32]
16-32
8-42

21[20,24] 22[20,26]
19-44
20-42
1-68
18-142

29[22,32]
8-48
3-163

28[15,31]
15-35
6-155

44[22,45] 41[21,66]
21-45
21-66
18-163
18-164

38[25,54]
25-54
7-55

21[6,28]
15-23
6-28

ND

ND

ND = not done. * Kaplan-Meier method. ** Not including censored times. †Based on the sign test (Brookmeyer and
Crowley, 1982).

Late treatment failures
In Study A026, four patients (ITT) in the Coartem arm and no patients in the MAS arm had
recrudescence of malaria parasites during the study period through day 29. Three of the patients with
recrudescence were found to have low lumefantrine levels.
In Study A028, seven patients (ITT) in the Coartem arm and no patients in the MAS arm had
recrudescence of malaria parasites during the study period. Three of the patients with recrudescence
were found to have low lumefantrine levels. Efficacy results in Studies A026 and A028 were similar
to the 6-dose Coartem arms in Study A025. All three studies were conducted at the same sites in
Thailand.
Conclusions
Efficacy results in Studies A026 and A028 were similar to the 6-dose Coartem arms in Study A025.
All three studies were conducted at the same sites in Thailand.
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Non Immune Travelers
Results for the 28-day cure rate (primary efficacy endpoint), PCT, and FCT in the ITT and evaluable
populations are summarized in Table 18.
Table 18: Coartem 28-Day Cure Rate, PCT, and FCT in ITT population (Study A2403)
28 day cure rate (ITT)
[95% CI§]
28 day cure rate
(evaluable) [95% CI§]
PCT (hrs, ITT)
Median * [95% CI†]
FCT (hrs, evaluable)
Median* [95% CI †]

Core Study
109/147 (74.1%)
[66.3, 81.0]
108/113 (95.6%)
[90.0, 98.5]

Core plus PK study
120/162 (74.1%)
[66.6, 80.6]
119/124 (96%)
[90.8, 98.7]

41.8 [40.5, 44]

41.8[40.3, 43.8]

36.8[24.0, 40.0]

36.8[24.5, 40.0]

§ Exact method. * Kaplan-Meier Method. †Based on the sign test (Brookmeyer and Crowley, 1982).
Source: FDA Statistics review, Xianbin Li, Ph.D.

In the evaluable population, the 28-day cure rate was > 95% in the core study and including the rich
PK population. The low cure rates (74%) observed in the ITT population are most likely due to the
large number of patients (n=29, 19%) in the core study who were lost to follow-up. Two of these
patients had an unsatisfactory response to treatment but all were counted as treatment failures in the
efficacy analysis.
The parasite clearance time and the fever clearance time were similar to those observed in other
studies.
Five patients were considered treatment failures: one was withdrawn due to unsatisfactory
therapeutic effect before receiving the full treatment course of Coartem; one patient did not achieve
parasite clearance within 7 days, but cleared by day 10 and no other treatment was given; and three
patients had recrudescence of parasites on days 22, 24 and 28 after initial clearance.
Conclusions
Study 2401 was conducted in a nonimmune, primarily Caucasian, population. The demographics of
the population most closely resemble a US population. The 28-day parasitological cure rate in the
ITT population was lower than seen in other six-dose studies and was due to the relatively high
number (n=29) of patients who were lost to follow-up and were counted as treatment failures.

Studies in Pediatric Patients, Studies A2403 and B2303
Study A2403
The 28-Day cure rates, PCT, and FCT in the ITT population by body weight for both pediatric
studies are summarized in Table 19. In study B2303, results are presented for the crushed Coartem
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tablet and not for the comparator i.e., dispersible Coartem tablet as the applicant has not requested
approval of the dispersible tablet in this NDA.
In study 2403, the overall 28-day cure rate was 86% (268/310) in the ITT population. Cure rates
were similar across all weight categories. Among the 42 patients classified as failures, there were 32
patients with recrudescence of P. falciparum. In 26 of the cases of recrudescence, parasitemia was
detected at the Day 28 visit (day 29 of study). The 28-day cure rate was 89.3% (133/149) evaluable
population.
The median PCT was 24 hours in all body weight groups. Although the median PCT was longer in
the 10 to < 15 kg group (35 hours), the range was similar to the other groups. Fever clearance time
was approximately 8 hours in all groups. It should be noted that a large proportion of patients (over
75%) received paracetamol (acetaminophen) as a concomitant medication during the study, which
may have accounted for the more rapid FCT compared to other studies.
Table 19: Coartem 28-day cure rate, PCT, FCT by body weight in Study A2403
5 - < 10kg

10 - < 15kg

15 - 25kg

Total

28 day cure rate (ITT)
n/N (%)
133/154 (86.4)
94/110 (85.5)
41/46 (89.1)
268/310 (86.5)
[95% CI§]
[79.9, 91.4]
[77.5, 91.5]
[76.4, 96.4]
[82.1,90.1]
28 day cure rate
(evaluable)
133/149 (86.4)
94/107 (85.5%)
40/44 (89.1)
267/300 (86.5)
n/N (%)
[83.1, 93.7]
[80.1, 93.4]
[78.3, 97.5]
[84.9, 92.3]
[95% CI§]
PCT
Median* [95%CI†]
24[24, 35.4]
35.5[24, 35.8]
24[23.8-24.2]
24[24.0,35.4]
25-75 percentile*
23.8 – 36.0
23.8 – 36.0
23.7 – 35.9
23.8 – 36.0
Range**
(5.3 to 68.0)
(7.7 to 59.9)
(7.2 to 71.1)
(5.3 to 71.1)
FCT
Median* [95%CI†]
7.8[7.8,7.9]
7.9 [7.8,8.0]
7.8 [7.8,8.0]
7.8[7.8,7.9]
25-75 percentile*
7.8 – 23.8
7.8 - 23.6
7.8 – 8.4
7.8 – 23.7
Range**
(5.9 to 170.8)
(4.1 to 332.4)
(7.2 to 308.7)
(4.1 to 332.4)
§ Exact method. * Kaplan-Meier Method. ** Not including censored times. †Based on the sign test
(Brookmeyer and Crowley, 1982).

At 48 hours after start of treatment, approximately 95% of patients were negative for malaria
parasites; 100% of patients were negative for malaria at 72 hours post-first dose.
Study B2303
The overall 28-day cure rate, PCT, and FCT in the ITT population, are shown in Table 20. Cure
rates were similar between the two treatment arms and similar to Study A2403.
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Table 20: Coartem 28-day cure rate, PCT, FCT in Study B2303
Dispersible Tablet
28 day cure rate (ITT)
n/N (%)
[95% CI§]
28 day cure rate (evaluable)
n/N (%)
[95% CI§]
PCT (hrs, ITT)
Median* [95%CI†]
25th-75th percentile*
Range**
FCT (hrs, evaluable)
Median* [95%CI†]
25th-75th percentile*
Range**

Crushed Tablet

374/441 (84.8)
[81.1,88.0]

374/444 (84.2)
[80.5,87.5]

368/398 (92.5)
[89.4,94.9]

367/406 (90.4)
[87.1,93.1]

34.3[24.6, 35.5]
23.9-36.1
6.5-169.0

34.9[25.2,35.6]
23.9-36.0
6.6-165.6

7.8[7.8,7.9]
7.6-23.6
3.8-695.4

7.8[7.8,7.9]
7.5-23.2
4.7-355.4

§ Exact method. * Kaplan-Meier Method. ** Not including censored times. †Based on the sign test (Brookmeyer and
Crowley, 1982).

The median PCT was 35 hours for both treatment groups. Median FCT was less than 8 hours and
was comparable between body weight groups within and between treatment groups. It should be
noted that almost all patients (over 95%) received an antipyretic, primarily panadol/paracetamol
(acetaminophen), as a concomitant medication during the study, which may have accounted for the
more rapid FCT compared to other studies.
At 24 hours after start of treatment, parasitemia was cleared in more than 39% of the patients. By 48
hours after start of treatment, approximately 94% of patients in both treatment groups were negative
for malaria parasites.
Two patients developed severe malaria during the first 3 days of the study. During the study period
(day 1 to 29) a further five patients (crushed group, n=4; dispersible group, n=1) developed severe
malaria. Late parasitological failure occurred in 47 (10.4%) in the crushed tablet group and 39
(8.7%) patients in the dispersible tablet group. After day 29, a further 55 (12.2%) in the crushed
tablet and 48 (10.7%) of patients in the dispersible tablet group had recrudescence of parasites in the
ITT population.
In this study the two six-dose studies of Coartem demonstrated good efficacy in infants and children,
with cure rates similar to earlier studies in children and adults. Cure rates were similar across all
body weight groups, including infants. Parasitological and clinical responses to treatment were rapid,
with a median PCT of 24 hours and a FCT of 8 hours. The median PCT was slightly longer than in
Study A2403, while FCT was similar between the two studies, but most patients received
antipyretics.
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Analysis of Efficacy by Body Weight in Six Dose Studies
An analysis of the 28-day cure rates in patients with body weight < and ≥ 70kg is summarized in the
following table. There cure rates for patients over 70kg in all the six- dose studies are similar to the
results for the overall study population. Study 2401 in Europeans travelers had the largest number of
patients with higher body weights and also a large number of lost to follow-ups. See review of
individual study report 2401 in section 10.6.
Table 21: Coartem 28-Day Cure Rate by Body Weight – ITT Population
Study A025
28-Day
Cure
rate
n/N%

4-dose

6-dose
over 60
hr.

> or =
70kg

1/1
(100%)
95% CI
[2.5%,
100%]

2/3
(66.7%)
95% CI
[9.4%,
99.2%]

Study
A026

Study
A028

Study
A2401

Total

4/4
(100%)
95% CI
[39.8%,
100%]

66/98
(67.4%)
95% CI
[57.1%,
76.5%]

73/107
(68.2%)
95% CI
[58.5,
76.9%]

144/160
(90%)
95% CI
[84.3%,
94.2%]

54/64
(84.4%)
95% CI
[73.1%,
92.2%]

506/607
(83.4%)
95% CI
[80.2%,
86.2%]

6-dose

0/1
(0)
95% CI
[0, 97.5%]

130/149
94/115
84/119
(87.2%)
(81.7%)
(70.6%)
95% CI
95% CI
95% CI
[80.8%,
[73.5%,
[61.5%,
92.1%]
88.3%]
78.6%]
Source: Adapted from analysis by Xianbin Li, Ph.D.
< 70 kg

Mixed Infection with P. falciparum and other Plasmodium Species
Patients with mixed infection with P. falciparum and another Plasmodium species were observed in
five studies. The outcomes for these patients are summarized in the following table. There were 55
patients who had mixed malaria infections. The second Plasmodium species, P. vivax (43), P. ovale
(3), P. malariae (8) was identified in all but one patient. All patients cleared their parasitemia within
48 hours. The patients with P. vivax were not treated with primaquine and therefore a high
percentage 14/43 (33%) relapsed during follow up.
Table 22: Mixed Infections with P. falciparum and other Plasmodium species
Study #

Design

A025

Coartem 6-dose vs.
4-dose regimen

Type of Infection
Mixed with P.
falciparum in
Coartem arm / No.
P. vivax (n=20)
(8 patients ≤ 12
years of age)

Outcome of patients
(pts.)
All cleared within 48
hours; 9/20 patients had
reappearance of P. vivax
(6 pts. on or before Day
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A026

Coartem 6 dose vs.
P. vivax (n=5) (all >
mefloquine/artesunate 12 years of age)

A028

Coartem 6 dose vs.
mefloquine/artesunate

P. vivax (n=16)

B2303

Coartem Tablet vs.
dispersible tablet in
infants and children

A2401

Coartem 6 dose
non-comparative in
non-immune

Mixed (n=6)
(age: 5-9 yrs ):
P. ovale (3),
P. malariae (2),
Unidentified (1)
Mixed (n=8)
P. malariae(6);
P. vivax (2)
Total:
P. vivax (43)
P. ovale (3)
P. malariae (8)
Unidentified (1)

28 and 3 pts. between
Days 28 and Day 42)
All cleared by 24 hrs; 2/5
had reappearance of P.
vivax (Day 29 and Day
49)
All cleared within 48
hours; 3/16 had
reappearance of P. vivax
All cleared by Day 2; 0/6
had reappearance

All cleared by 48h; 1/6
with P. malariae had had
reappearance on Day 28;
0/2 with P. vivax had
recurrence
Total Recurrences:
P. vivax: 14/43 (33%)
P. ovale: 0/3 (0%)
P. malariae: 1/8 (13%)

Clinical Reviewer’s Comment
The indication requested by applicant for “mixed infections including P. falciparum” will be further
(b) (4)
discussed at the advisory committee.

6.1.5 Clinical Microbiology
See section 3.3 and complete Microbiology review by Aaron Ruhland, Ph.D.
6.1.6 Efficacy Conclusions
The eight studies were conducted on four continents in diverse racial populations in areas of high
and low transmission of P. falciparum and in a population of non-immune travelers. Two adequate
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and well controlled studies (A023, AB/MO2) provided information on the superiority of Coartem
over its component drugs based on early and late therapeutic time points, i.e., parasite clearance time
and 28-day parasitological cure rates, respectively. A third adequate and well controlled study
demonstrated the efficacy of a six-dose regimen of Coartem compared to a four dose regimen. The
remaining studies provided supportive evidence of the clinical efficacy in pediatric and adult patients
in areas of high resistance and high transmission of P. falciparum malaria. There was insufficient
number of patients older than 65 years to evaluate the efficacy of Coartem in the elderly.
The four-dose regimen of Coartem in the ITT population has been shown to be superior to each of
the individual components: to artemether in terms of 28-day cure rate and to lumefantrine in PCT
and FCT in Studies ABMO2 and A023. The 28-day cure rate was approximately 95% in these two
studies conducted in China. In Study A025 conducted in Thailand the 28-day cure rate of 4 doses of
Coartem was only 71% and 6-doses of Coartem given over 60 hours resulted in a numerically higher
cure rate (81%). In the comparative studies A026 and A028, also conducted in Thailand, 6 doses of
Coartem consistently demonstrated similar 28-day cure rates (87% and 90%, respectively). While
some children were enrolled in these studies, additional studies conducted in young African children
(A2403 and B2303) demonstrated similar cure rates to the Thailand studies (86% and 85%,
respectively). In European travelers, the cure rate was somewhat lower (74%) than that seen in other
studies, but may have been due to a relatively large number of patients who were lost to follow-up
and counted as failures.
The results for PCT and FCT across the 6-dose studies were also similar with a median PCT ranging
between 24 to 44 hours and a median FCT between 22 to 37 hours, with the exception of the African
pediatric studies. In Studies A2403 and B2303 the median FCT was only 8 hours, but the majority
of these children also received anti-pyretic medications.
The overall results of the 28-day cure rates (primary endpoint) from the eight studies provide
substantial evidence to support the efficacy of Coartem (six-dose regimen) in the treatment of
infants, children, adolescents, and adults ≤ 65years old with uncomplicated P. falciparum infection.
7 INTEGRATED REVIEW OF SAFETY
The safety data in this NDA are reviewed separately. See clinical reviews of safety in adult and
pediatric patients by Sue Lim, M.D. and Ozlem Belen, M.D, respectively. Discussion with the
clinical safety reviewers revealed that there is no major safety issue associated with Coartem that
would preclude approval of the drug.
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8 ADDITIONAL CLINICAL ISSUES
8.1 Dosing Regimen and Administration
Administration
Coartem Tablets should be taken with food. Patients with acute malaria are frequently averse to
food. Patients should be encouraged to resume normal eating as soon as food can be tolerated since
this improves absorption of artemether and lumefantrine.
For patients, especially infants and children who are unable to swallow the tablets, they may be
crushed and mixed with a small amount of water (one to two teaspoons) in a clean container for
administration immediately prior to use. The container can be rinsed with more water and the
contents swallowed by the patient. The crushed tablet preparation should be followed whenever
possible by food/drink (e.g., milk, formula, pudding, broth and porridge).
In the event of vomiting that occurs within 1 hour of administration, a repeat dose should be taken.
If the repeat does is vomited, the patient should be given an alternative antimalarial for treatment.
Dosage in Adult Patients (> 16 years of age)
A 3-day treatment schedule with a total of 6 doses is recommended:
Four tablets as a single initial dose, 4 tablets again after 8 hours and then 4 tablets twice daily
(morning and evening) for the following two days (total course of 24 tablets).
Dosage in Pediatric Patients
A 3-day treatment schedule with a total of 6 doses is recommended.
5 kg to less than 15 kg bodyweight: One tablet as an initial dose, 1 tablet again after 8 hours and
then 1 tablet twice daily (morning and evening) for the following two days (total course of 6 tablets).
15 kg to less than 25 kg bodyweight: Two tablets as an initial dose, 2 tablets again after 8 hours and
then 2 tablets twice daily (morning and evening) for the following two days (total course of 12
tablets).
25 kg to less than 35 kg bodyweight: Three tablets as an initial dose, 3 tablets again after 8 hours
and then 3 tablets twice daily (morning and evening) for the following two days (total course of 18
tablets).
35 kg bodyweight and above: Four tablets as a single initial dose, 4 tablets again after 8 hours and
then 4 tablets twice daily (morning and evening) for the following two days (total course of 24
tablets).
Dosage in Patients with Renal or Hepatic Impairment
No specific studies have been carried out in patients with renal or hepatic impairment. Most patients
with acute malaria present with some degree of related hepatic impairment. In clinical studies, (b)
(4)
patients with mild or moderate hepatic(b) (4)
.
(b) (4)
No specific dose
adjustments were made for patients with mild to moderate renal impairment.
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Clinical Reviewer’s Comment: Safety and efficacy data from patients with hepatic and renal
impairment were submitted by the applicant on 11.19.08 and is under review. Results of the review
will be included in an addendum.
8.2 Drug-Drug Interactions
(b) (4)

Artemether induces CYP3A4 and both artemether and lumefantrine are metabolized by CYP3A4.
(b) (4)

(e.g., flecainide, imipramine, amitriptyline, clomipramine).
(b) (4)

The long elimination
half-life (3-6 days) of lumefantrine must be taken into account when administering quinine in
patients previously treated with Coartem. Artemether concentrations in humans were shown to
decrease with administration of a single dose of IV quinine.
(b) (4)

(b) (4)
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8.3 Special Populations
Nursing Mothers
(b) (4)

Geriatric Population
(b) (4)

8.4 Pediatrics
Pediatric Population
(b) (4)

8.5 Advisory Committee Meeting
Coartem is a new molecular entity and as such, under the new regulations, FDAAA, an Advisory
Committee meeting is mandated. An FDA Advisory Committee meeting is scheduled for 12/3/2008.
There are no major issues of disagreement with the applicant on the analyses of the data and
interpretation of outcomes in the NDA.
8.6 Literature Review
Literature related to the application is referenced throughout the review.
In the published literature, the six-dose regimen is associated with high cure rates (based on the 28day PCR-corrected parasitological cure) of 96 -100%. In a pooled analysis of eleven randomized
clinical trials, the six-dose regimen of Coartem was reported to be more efficacious compared to
regimens without an artemisinin derivative (mefloquine, chloroquine, quinine/SP, halofantrine), and
showed similar 28-day parasitological cure rates to that of the most effective comparator, mefloquine
plus artesunate, with 28-day parasitological cure rates of 87% to 99%. (Mueller et al, 2005).
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A WHO report (2000) on the safety of artesunate and other artemisinin derivates from 169 studies
(15,567 patients) showed that artesunate had a favorable tolerability profile. Gastrointestinal side
effects are the most common reported adverse events. Reduction in reticulocyte counts, anemia,
neutropenia, and elevated transaminases were mild and transient. Neuropsychiatric adverse events
were reported in a few patients and resolved without intervention; these adverse effects require
further study because some of the studies lack information on neurological evaluations. Headache
and dizziness were reported to be common neurological side-effects but may also be related to
underlying malaria (Taylor and White, 2004). Due to the chemical similarity of lumefantrine to
halofantrine, there was a concern for potential QT interval prolongation, however, in a pooled
analysis of eleven randomized clinical trials (n=1368), and there was no significant increases in QTc
prolongation (mean change from baseline) for artemether/lumefantrine compared to mefloquine or
mefloquine/artesunate (Mueller et al., 2005).
The applicant performed a through literature review and summarized a number of published studies
performed using Coartem but by bodies other than the applicant. The studies were performed in a
wide range of geographical areas, and in populations of both adults and children. The design and
location of these studies are shown below in two tables from the applicant’s Clinical Overview
document.
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These studies demonstrate efficacy of the 6-dose regimen of Coartem compared to other artemisininbased combination therapies and other antimalarials and combinations of antimalarials, across a
wide range of geographical areas and patient populations, irrespective of immune status.
The applicant also discussed the results of three meta-analyses:
A recent meta-analysis (Jansen et al 2007) of the efficacy of ACTs, using a Bayesian random
effects approach, included data from 32 published randomized studies (most performed in
Africa but including some studies from South America and Asia). The analysis showed that
co-artemether was the most effective ACT tested, with the highest rate of PCR-corrected
adequate clinical and parasitological response at 28 days (97.4%, as compared with 96.9% for
MAS and 88.5% for ASAQ, the next most effective combinations).
Obonyo et al 2007 analyzed data from seven randomized studies in Africa that compared AQSP with
ACTs (co-artemether, ASAQ, and/or ASSP). Only one study had a co-artemether group
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(Mutabingwa et al 2005, described above), and in this study co-artemether was associated with a
significantly lower risk of treatment failure than AQSP.
An earlier review of the efficacy of co-artemether (Omari et al 2004) suggested that there was no
evidence that the 4-dose regimen was more effective than other antimalarials used as comparators in
trials, but insufficient data were available on the 6-dose regimen at the time the review was
performed to allow conclusions to be drawn about its efficacy relative to other antimalarials.
8.7 Postmarketing Risk Management Plan
There are no recommendations for risk management activity or Phase 4 requirements/commitments
at this time.
8.8 Other Relevant Materials
Additional supportive studies of Coartem, include several 4-dose studies and three six-dose studies
which included limited information, in some cases only the study reports, were submitted for an
additional 16 studies that tested primarily the 4-dose regimen.
Please refer to the CDTL memo for information on the consults (DSI, QT-IRT, Maternal health,
Neuro-Pharmacology /toxicology, DMEPA, OSE/DRISK, SEALD) that were requested from other
divisions during this review.
Four-dose Supportive Studies
Studies of Coartem administered as a 4-dose regimen administered over 48 hours (hours 0, 8, 24,
48), were performed between 1993 and 2000, including two (Study ABMO1 and A009) open-label,
non-comparative studies to confirm efficacy and tolerability, one (Study A012) was a double-blind,
parallel-group, dose optimization study to compare 4-dose with two lower doses, and ten activecontrolled studies which compared the 4-dose regimen of Coartem with other antimalarials. These
studies were submitted as study reports only without efficacy data sets. Table 23 summarizes the
study design and Table 24summarizes the efficacy results of the 10 active-controlled studies. The
first section of Table 24 reports the 4 studies where Coartem lead to higher 28 day cure rates
compared to the comparator. Parasite reduction at 24 hours was also higher. The next section shows
the studies where Coartem had similar results as the comparator. In the last section Coartem had
lower 28 day cure rates compared to the comparator. Note that parasite reduction at 24 hours was
high in these studies. While the safety of 4-doses of Coartem was further supported by these studies,
its superiority to various comparators in 28-day cure rate could not be established. These studies
were conducted in areas of high transmission, as compared to Studies ABMO2 and A023, which
were conducted in China.
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Table 23: Summary of Supportive Active-Controlled Studies with 4-Dose Coartem Regimen
Study
No.
A003

Study Design / Objective

Open, randomized, parallel group
efficacy/safety
Coartem vs quinine
A004
Double-blind, randomized, parallel
group efficacy/safety
Coartem vs mefloquine
A005
Open, randomized, parallel group
efficacy/safety
Coartem vs quinine/Fansidar
A007
Double-blind, randomized, parallel
group efficacy/safety
Coartem vs chloroquine
A008
Open, randomized, parallel group
efficacy/safety
Coartem vs MAS
A010
Double-blind, randomized, parallel
group efficacy/safety
Coartem vs Fansidar
A011
Open, randomized, parallel group
efficacy/safety
Coartem vs chloroquine
A014
Double-blind, randomized, parallel
group efficacy/safety
Coartem vs halofantrine
AIC04 Open, randomized, parallel group
efficacy/safety
Coartem vs chloroquine
AIC04 Open, randomized, parallel group
efficacy/safety
Coartem vs Fansidar
Fansidar = sulfadoxine/pyramethamine

No. of patients
Coartem
Comparator

Population

Year/
Study
Location

111

Quinine: 108

Children
(2-12 yr)

1995-96
Thailand

126

Mefloquine: 126

1995-96
Thailand

12

Quinine/
Fansidar: 11

Adults
Children
(≥13 yr)
Adults

89

Chloroquine: 90

Adults

1995-96
India

309

MAS: 308

1995-96
Thailand

144

Fansidar: 143

Adults
Children
(≥5 yr)
Children
(≤5 yr)

130

Chloroquine: 130

Children
(≤5 yr)

1996
Tanzania

51

Halofantrine: 52

Adults
(≥17 yr)

1996-97
Europe

36

Chloroquine: 36

Adults

2000
Senegal

30

Fansidar: 30

Adults

2000
Cameron

1996-97
UK

1996-97
Gambia
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Table 24: Efficacy of Supportive Active-Controlled Studies with 4-Dose Coartem Regimen
Study
No.

Cure Rate
Group

N

Time to
Parasite
Clearance
(Median)

Parasite
Reduction
at 24 hours
(Median)

Time to
Fever
Clearance
(Median)

7-day

14-day

28-day

Coartem
89
Chloroquine
90
A011
Coartem
130
92.4%
Chloroquine
130
29.6%
AIC04
Coartem
36
Senegal
Chloroquine
36
AIC04
Coartem
30
Cameroon
Fansidar
30
Coartem
12
A005
Quinine/
11
Fansidar
A010
Coartem
144
Fansidar
143
Coartem
111
Quinine
108
A003
A004
Coartem
126
Mefloquine
126
A008
Coartem
309
MAS
308
A014
Coartem
51
Halofantrine
52
Fansidar = sulfadoxine/pyramethamine

84.1%
8.6%
100%
63.9%
93.3%
53.3%
-

95.4%
19.7%
100%
100%

36 hr
60 hr
1 day
2 days
2 days
7 days
36 hr
69 hr

98.8%
70.7%
97.8%
59%
94.3%
54.7%
76.8%
49.2%
99.2%
87.6%

18 hr
27 hr
-

93.3%
97.7%
-

60.8%
71.8%
69.3%
82.4%
82.1%
97.3%
82.2%
100%

40 hr
77 hr
43 hr
66 hr
32 hr
48 hr

99.2%
92.5%
98.6%
67.3%
98.6%
76.1%
100%
100%
99.7%
89.6%

52 hr
88 hr
32 hr
54 hr
24 hr
32 hr

A007

Supportive Six-Dose Studies
o ABD01: Randomized, double-blind comparison of efficacy of Coartem and quininesulfadoxine/pyramethamine in the treatment of uncomplicated malaria in a multidrug
resistant falciparum area in Bangladesh, in adult male patients >12 years.
o A030: Randomized, open label trial comparing Coartem with artesunate-mefloquine
(MAS) in adults in Vietnam
o ABR01: Randomized, open label, comparative study of Coartem and
quinine/doxycycline in adults in Brazil
A030 was a randomized, open-label, controlled trial comparing Coartem with artesunate-mefloquine
(b) (4)
(MAS) for uncomplicated falciparum malaria in Vietnam. It was conducted at
Forty-five subjects were randomized to
Coartem and 38 to MAS. There were 9 Coartem subjects and 4 MAS subjects who were lost to
follow-up. Mean time to parasite clearance was reported to be 1.8 (SD=0.7) days for Coartem and
1.7 (SD=0.7) days for MAS. The number of subjects cured at 28 days was 36 (77.7% in an ITT
analysis, 97.2% in an evaluable analysis) on the Coartem arm and 34 (89.5% in an ITT analysis,
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100% in an evaluable analysis) on the MAS arm. MAS is not a U.S. approved regimen for the
treatment of malaria.
ABD01 was a randomized, partially blinded (site personnel were blind to treatment assignment),
controlled trial comparing Coartem with Quinine-Fansidar (3 days of oral quinine 10 mg/kg, 8
hourly, followed by a single dose of Fansidar) in the treatment of uncomplicated malaria in a
(b) (4)
multidrug resistant falciparum area in Bangladesh. It was conducted at
Parasitological and clinical cure rate was the primary
efficacy endpoint. The number of randomized subjects was 103 per arm. The number of subjects
cured at 28 days was 93 (90.3% in an ITT analysis, 95.9% in an evaluable analysis) on the Coartem
arm and 90 (87.4% in an ITT analysis, 88.2% in an evaluable analysis) on the control arm. Results
of parasite clearance time were not clearly reported in the study report.
ABR01 was a randomized, open-label study of the efficacy of Coartem versus quinine/doxycycline
for the treatment of uncomplicated malaria falciparum in Western Amazon. This study was
(b) (4)
conducted at
sites in Brazil from 2000-2002. Twenty-eight subjects were randomized to
Coartem and 31 to Quinine/doxycycline. It does not appear that 28 day cure rate was measured in
this study. Time to parasite clearance appears significantly shorter in the Coartem group compared
to quinine/doxycycline. Median parasite clearance time for Coartem was 2 days and for
quinine/doxycycline was 3 days.
9 OVERALL ASSESSMENT
9.1 Conclusions
The eight studies considered key for the purposes of the NDA efficacy review were conducted on
four continents in children and adults in diverse racial populations in areas of high and low
transmission and where multidrug-resistant P. falciparum is common. Two adequate and well
controlled studies (A023, AB/MO2) provided information on the superiority of Coartem over its
component drugs based on early and late therapeutic time points, i.e., parasite clearance time and 28day parasitological cure rates, respectively. A third adequate and well controlled study, A025,
demonstrated the superior efficacy of a six-dose regimen of Coartem over a four dose regimen. The
remaining five studies provided supportive evidence of clinical efficacy in pediatric and adult
patients including non-immune travelers, a population similar to the US population, and children
down to 5kg body weight.
There are a number of limitations with the studies, mainly related to the types of populations that
were studied. There was insufficient number of patients older than 65 years to evaluate the efficacy
of Coartem in the elderly. Patients with HIV infection were not included in the studies under review
and drug-drug interactions with Coartem and drugs that prolong the QT interval are a potential
problem. The studies did not include studies in children from non-endemic regions who contract
65

Clinical Review
Division: DSPTP
NDA #: NDA 22-268
Drug: Coartem, Artemether/lumefantrine

malaria while traveling. Children represent an important subgroup of patients with imported malaria,
accounting for around 15-20% of cases (UK, Ireland), though cases are rare in infants less than one
year of age.7 However, children from non-endemic areas would not be expected to respond
differently to Coartem. Infants < 5kg were not studied, however, in endemic areas of the world,
infants < 5kg body weight would retain maternal immunity. Few patients of high body weight were
included in the clinical studies, but based on the small database available for review it does not
appear that dosing needs to be adjusted in such patients.
There are no major issues of disagreement with the applicant on the analyses of the data and
interpretation of outcomes in the NDA. The FDA clinical reviewers’ conclusions essentially agree
with the applicant’s assessment of the efficacy of Coartem. An oral fixed dose artemisinin
combination drug would be a useful current armamentarium of antimalarial drugs available in the
USA for the treatment uncomplicated malaria.
Plasmodium falciparum malaria if untreated or treated ineffectively can rapidly progress to severe
malaria, coma, and death. When compared with the risks of untreated malaria compared to the risks
associated with Coartem the benefit of the therapy greatly outweighs the risks associated with the
disease.
In summary, the overall results of the 28-day cure rates (primary endpoint) from the eight key
studies from the eight key studies in the NDA support that Coartem is an effective oral treatment for
uncomplicated P. falciparum malaria in adults and children ≥ 5kg body weight. Discussions with
the clinical safety reviewers reveal that there is no major safety issue that would preclude approval
of the Coartem for safety reasons.

9.2 Recommendation on Regulatory Action
Coartem administered as a six-dose treatment regimen over three days has been shown to be
effective for the treatment of malaria in patients of 5 kg body weight and above with acute
uncomplicated P. falciparum infection. Approval is recommended for the following Coartem dosing
regimen:
5 kg to less than 15 kg bodyweight: One tablet as an initial dose, 1 tablet again after 8 hours and
then 1 tablet twice daily (morning and evening) for the following two days (total course of 6 tablets).
15 kg to less than 25 kg bodyweight: Two tablets as an initial dose, 2 tablets again after 8 hours and
then 2 tablets twice daily (morning and evening) for the following two days (total course of 12
tablets).

7

Ladhani S et al. Imported malaria in children: a review of clinical studies. The Lancet – Infectious
Disease 2007: 7:349-357
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25 kg to less than 35 kg bodyweight: Three tablets as an initial dose, 3 tablets again after 8 hours
and then 3 tablets twice daily (morning and evening) for the following two days (total course of 18
tablets).
35 kg bodyweight and above: Four tablets as a single initial dose, 4 tablets again after 8 hours and
then 4 tablets twice daily (morning and evening) for the following two days (total course of 24
tablets).
A recommendation regarding approval of Coartem for the treatment of acute uncomplicated malaria
in patients with mixed infections including P. falciparum is pending discussion at the Anti-Infectives
Advisory Committee Meeting on December 3, 2008.

9.3 Recommendation on Postmarketing Actions
There are no recommendations for postmarketing activity
9.3.1 Risk Management Activity
There are no recommendations for risk management activity
9.3.2 Required Phase 4 Commitments
There are no required Phase IV commitments.
9.3.3 Other Phase 4 Requests
There are no recommendations for risk management activity or Phase 4 requirements/commitments
at this time.
A study to evaluate the concentrations of artemether and lumefantrine in breast milk is
recommended by the maternal health section of the PMHS and their recommendation is under
discussion in DSPTP.
Clinical Reviewer’s Comment: Animal data suggest both artemether and lumefantrine are excreted
into breast milk based on radio-labeled drug studies (see pharmacology toxicology review). These
data suggest that artemether and lumefantrine may be excreted in human breast milk. Of note, there
were no major safety issues reported in children and infants ≥ 5kg body weight with uncomplicated
malaria who received a six-dose regimen of Coartem over a three day period. Extrapolating from
these findings, it is unlikely the amounts of Coartem excreted in breast milk would cause significant
adverse effects in nursing infants over 5kg body weight.
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9.4 Labeling Review
Revision to the label is ongoing at the time of writing of this review. The following groups were
consulted and their recommendations will be incorporated into the label:
• QT-IRT
• SEALD
• MHT
• OSE/DRISK
• OSE/DMEPA
• Division of Neurology
9.5 Comments to Applicant
Comments to the applicant will be made pending recommendations from the Advisory Committee
meeting scheduled for 12/3/08.
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10 APPENDICES

10.1 Individual Study Report: Protocol 5669701 2023
Review of Individual Study Report (Protocol 5669701 023): A phase II, randomized, parallel group,
comparative trial of an oral anti-malarial drug combination, Coartem (COARTEM), and one of its
components, benflumetol (2 formulations), in patients with Plasmodium falciparum infection.
10.1.1.1 Study Administrative Information
Study dates: June 21, 1996 to November 5th, 1996
Study Sites: China (Navy Military Hospital in Sanya, Hainan Province)
Study Report date: February 24th, 1997
Source: Module 1, Study Report
Principal investigator: Jiao Xiu-Qing, M.D., Institute of Microbiology and Epidemiology, AMMS,
Bejiing, China.
10.1.1.2 Objectives/Rationale
This is one of two factorial design studies in the clinical development program. The objectives were:
1) To obtain more clinical data on the contribution of benflumetol (i.e. lumefantrine) to the efficacy
of COARTEM i.e. an oral fixed dose of artemether plus benflumetol.
2) To compare two formulations of benflumetol; benflumetol powder in tablet form as used in the
combination tablet (COARTEM) against benflumetol in linoleic acid, liquid formulation in gelatin
capsule as registered in China.
3) To obtain clinical data on the final market formulation of COARTEM, i.e. to assess if it has
similar clinical efficacy to the formulation used in the clinical trial program.
Drug Formulation
The combination of artemether plus benflumetol was first registered in China in 1992 for the
treatment of P. falciparum malaria. Benflumetol is also known as lumefantrine. The formulation of
Coartem used in this study (F4 formulation) of artemether/lumefantrine is a tablet formulation
approved for use in several countries outside of the USA and is the to-be-marketed formulation in
the US. Benflumetol was studied as a powder tablet formulation and a liquid capsule formulation.
The rationale for the drug combination was to combine the benefits of the fast onset of action
associated with artemether with the high cure rate associated with benflumetol in a single oral
formulation, in a short course.
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Clinical Reviewer’s Comment
Under 21 CFR 300.50, studies of combination drugs are required to demonstrate that each
component of a fixed-combination drug makes a measurable contribution to the claimed effects of
the product and that the combination is safe and effective.
Study A023 is considered a key study in the NDA because Coartem is compared to one of its
components i.e. lumefantrine.
10.1.1.3 Study Design Overview
This was a randomized, controlled, partially blinded, pharmacokinetic study in adults and
adolescents ≥ 13 years of age to evaluate the contribution of two formulations of benflumetol (i.e.
lumefantrine) to the efficacy of Coartem (combination of artemether/lumefantrine) for the treatment
of P. falciparum malaria. The study was conducted in 1996 at a single center in China. Eligible male
and female patients who presented with acute malaria to the Navy Military Hospital in Sanya,
Hainan Province, were enrolled. Patients were randomized to one of the three trial treatments after
laboratory confirmation of the diagnosis and informed consent to participate in the trial.

Table 25: Study Design A023
DOSING Coartem Regimen
(80 mg Artemether + 480 mg Lumefantrine/dose)
DOSING Comparators Regimen
Artemether 80 mg per dose
Benflumetol tablet 480 mg per dose
Benflumetol capsule*
Dosage Adjusted by Weight for patients <35 kg
Study Timeline
Number of Patients Recruited
Number of Study Centers
Countries Where Studies Were Conducted

Study A023
hours 0, 8, 24, 48

hours 0, 8, 24, 48
800 mg at hour 0
400 mg at hours 24, 48, 72
No
6/21/1996 to 11/5/1996
153
1 (Navy Military Hospital
in Sanya, Hainan Province)
China

* In Study A023, benflumetol capsules were dosed according to the dosing regimen in use at the time in China.

Medical Officer’s Comment:
The following section describes the study protocol as originally written.
10.1.1.4 Study Population
Inclusion Criteria
• Male and female patients aged ≥ 13 years
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•
•
•

Patients with microscopic confirmation of P. falciparum or mixed (including P. falciparum)
infection with parasitemia more than 1,000 per µl
Able to participate in the trial and comply with the clinical trial protocol
Written informed consent to participate in trial

Exclusion Criteria
• Pregnancy or lactation
• Body weight less than 35 kg
• P. falciparum asexual parasitemia < 1,000/µl or more than 150,000 per µl
• Inability to tolerate oral treatment
• Symptoms/signs indicative of severe/complicated malaria requiring parenteral treatment
• Investigational (unlicensed) drugs within 30 days of trial start
• Known hypersensitivity or allergy to artemisinin derivatives or benflumetol/lumefantrine
• Severe renal, hepatic or liver dysfunction i.e. SGPT (ALT) > 2.5x upper limit of normal
range
• Cardiac impairment, i.e. evidence of pre-existing cardiac conduction defect
Clinical Reviewer’s Comment
The inclusion and exclusion criteria appear appropriate to ensure the safety of patients entering the
trial (i.e., excluded patients with severe malaria).
10.1.1.5 Study Treatments
Patients were randomized in equal numbers to the following treatment groups:
• Coartem tablets (4 doses of 4 tablets, each tablet containing 20 mg artemether and 120 mg
benflumetol)
• Benflumetol/lumefantrine tablets (4 doses of 4 tablets, each tablet containing 120 mg
benflumetol)
• Benflumetol capsules (one dose of 8 capsules followed by 3 doses of 4 capsules, (note: each
capsule containing 100 mg benflumetol). The linoleic acid containing capsule was the
formulation registered in China with a recommended dose schedule of 800 mg at the start on
Day 1 and 400 mg daily 24h, 48h, and 72h (total dose 2,000 mg).
Comment: The total dose of benflumetol in the benflumetol tablet and Coartem arms was slightly
lower (1920mg) than in the capsule arm.
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Table 26: Dosing Schedule for Study Treatments

Source: Study report (Novartis protocol 5669701 023).

Dosing was given between meals on an empty stomach where possible. There was no dose
adjustment for the weight of the patient.
Clinical Reviewer’s Comment: Food enhances the absorption of Coartem so the exposure to study
drug was likely to be suboptimal in some patients.
10.1.1.5.1 Randomization
Patients were randomized in equal numbers to receive either of the three trial treatments using the
lowest patient number available. A computer-generated randomization scheme was used to provide
balanced blocks of patient numbers for each treatment. A block size of six was used.
10.1.1.5.2 Blinding
The two tablet arms were blinded. The benflumetol capsule arm was unable to be blinded. A double
dummy was not adopted because the applicant stated that a linoleic acid containing capsule could
interfere with the absorption of the benflumetol tablet.
10.1.1.6 Concomitant Medications
At trial start, any anti-malarial medication taken in the previous 3 months was documented in the
case report form, CRF. Any medication taken in the 30 days before trial entry, for conditions other
than malaria, e.g. hypertension, was also documented. Patients were allowed to continue to take the
medication as usual. Any new or additional medications taken for any reason during the 28 day trial
period were recorded in the CRF.
10.1.1.7 Study Procedures
The study procedures during the 28 day study are summarized in Table 27. Day 1 is the start of
treatment and Day 29 is the last measurement of the 28 day study period.
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Table 27: Schedule of Study Procedures* Study A023

*Source: Study report (Novartis protocol 5669701 023).
During the first week of study, blood microscopy was done four times daily for three days then daily
for four days. After the first week, blood microscopy was performed weekly (Days 8, 15, 22, and 29)
and temperature measured daily. If the patient's medical condition indicated reappearance of P.
falciparum or P. vivax, blood film slides were taken daily until resolution.
10.1.1.7.1 Assessment of Malaria Parasite Counts
During the study, Giemsa thick films were examined. Thin films were only required to identify
species other than P. falciparum.
Blood examination during screening: At screening, 20 thick film slides were examined. If there were
no parasites seen the patient was not eligible for enrollment. If asexual forms of the parasite were
seen then 200 thick film fields were screened for Plasmodium species.
• If P. falciparum was confirmed, a count was made of the asexual forms against leucocytes,
using a tally counter. Counting was based on 200 leucocytes in accordance with WHO
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standards. If insufficient parasites were detected, counting was extended to 500 leucocytes.
The parasite density was calculated according to the equation:
Parasite density per µl = No. of parasites x actual WBC / no. of leucocytes counted (200)
• If gametocytes of P. falciparum were present, a gametocyte count was made by counting
gametocytes per 1000 leucocytes. If less than five gametocytes were counted this was
repeated against 2000 leucocytes.
Note: A baseline WBC was used to calculate parasite density for reasons of practicality.
Blood Examination for Malaria during the 28 day Trial Period
Blood was examined four times per day for the first three days of the study, daily until day 8 and
then day 15, 22, 29.
• A total of 200 thick film fields were examined (tally counter) before a slide was confirmed
negative.
• If asexual forms of P. falciparum were present, a parasite count was required
• If Plasmodium species other than P. falciparum were found, species and count were
recorded.
• If P. falciparum gametocytes were found, a gametocyte count was performed.
Peer Review of Blood films:
Slides from all patients were archived for possible Peer Review by an accredited institution. The
applicant stated that “Given the low failure rate and the excellent agreement of slides reviewed from
a previous trial in China, no review was considered necessary for this trial.”
10.1.1.7.2 Blood Sampling for Pharmacokinetics
Thirty-six patients provided pharmacokinetic data over an eight day period. Each patient gave
sixteen blood samples (7 ml each, in total 112ml blood), collected into heparinized tubes at 0, 4, 8,
12, 24, 28, 32, 48, 52, 56, 64, 80, 120, 144, 192, and 360 hours.
10.1.1.7.3 Other Clinical Evaluations
•
•
•
•

Electrocardiograms: A 12-lead ECG (resting) was performed at Day 1, 4, 8, and 29 using a
(b) (4)
machine from
.
Temperature: Oral temperature was taken using a standard clinical thermometer retained in
the mouth for two minutes before reading. Rectal temperature was measured if it was not
possible to take oral temperature.
Physical Examination: Full physical examination was carried out at baseline (pre-treatment)
and details were recorded in the CRF under "Significant medical history/concomitant
diseases".
Vital Signs: Blood pressure (mmHg) and pulse rate (bpm) were measured with the patient in
the supine position.

(b) (4)

74

Clinical Review
Division: DSPTP
NDA #: NDA 22-268
Drug: Coartem, Artemether/lumefantrine

•

Clinical Laboratory Evaluations: Blood was taken for standard hematological parameters:
hemoglobin, hematocrit, RBC, WBC total, differential count, platelets, reticulocytes and
blood chemistry: total bilirubin, alkaline phosphatase, SGOT, SGPT, sodium, potassium,
glucose, creatinine, urea, total protein, albumin. Urine was tested using the dipstick (albumin,
glucose, bilirubin, blood).

All patients with clinically significant abnormal laboratory values were followed until the values
returned to normal or until a valid reason for the abnormality was identified.
Medical Officer’s Comment: There was a lack of recorded clinical data in the study report and
results of physical examinations other than the baseline examination were not reported during the
trial period. Body temperature was the only clinical parameter that was consistently measured
during the study. The FDA Draft Malaria Guidance states that in treatment studies, parasitological
and clinical endpoints generally should be combined into a composite study endpoint, recognizing
that fatal complications of malaria may occur after parasites have been effectively eliminated or that
asymptomatic parasitemia may exist. This study was performed several years before the guidance
was issued.
10.1.1.8 Compliance
Removal of Patients from the Trial
The following events were considered sufficient reason for a patient to discontinue the trial:
• whenever the patient decided that it was in his /her best interest
• whenever the investigator considered it advisable or in the patient's best interest intolerable
adverse experiences
• lack of therapeutic response resulting in intolerable symptoms
• major violation of the clinical trial protocol, non-compliance of the patient or development of
any exclusion criteria
It was agreed that, for reasonable cause, either the investigator or the sponsor, Novartis, could
terminate this trial.
For patients who had to be removed from trial treatment for one of the above reasons, the reason for
and the date of discontinuation were recorded in the CRF.
10.1.1.9 Ethics and Quality Assurance
10.1.1.9.1 Ethical Issues
The sponsor states that the trial was conducted in accordance with the Declaration of Helsinki and its
Hong-Kong amendment, and according to the principles of Good Clinical Practice (GCP), as defined
by the EC Guidelines and Recommendations 11113976188-EN. Written approval to perform the
trial was obtained from the local Ethical Committee. Written informed consent was obtained for all
patients. A statement was obtained from each patient participating in the trial permitting the release
of his/her medical records as necessary for inspection by authorized Novartis personnel or national
or foreign regulatory authorities.
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10.1.1.9.2 Quality Assurance
The applicant states that a Clinical Research Quality Assurance (QA) program operates within
Novartis and that monitoring visits were performed regularly by the Novartis. All data recorded in
the CRFs were subject to 100% source data verification and all data in the database were checked in
full against the CRFs.
The Novartis monitors were responsible for providing a signed declaration that the investigator had
adequate clinical and analytical facilities to perform the clinical trial. All trial related documents
were filed and were retained according to the EC Guidelines.
Medical Officer’s Comment: There was no Data Safety Monitoring Board (DSMB) specified in the
protocol.
10.1.1.10 Efficacy Endpoints
The applicant’s efficacy assessment for A023 was based on the analyses of 28-day non-PCR
corrected cure rate, parasite reduction (PR) at 24 hours, as well as time to parasite clearance (PCT)
and time to fever clearance (FCT).
Primary Endpoints:
• The 28 day cure rate, which was the proportion of patients with clearance of asexual
parasitemia within 7 days of initiation of trial treatment, without subsequent recrudescence.
• Time to parasite clearance (PCT) = time from first dose until first total and continued
disappearance of asexual parasite forms which remains for at least a further 48 hours.
• Parasite reduction at 24 hours after initiation of trial treatment (% parasites per µl at 24 hours
compared to parasite density before the first dose of treatment).
Secondary Endpoint:
• Time to fever clearance (FCT) = time from first dose until the first time body temperature fell
below 37.5°C and remained below 37.5°C for at least a further 48 hours (only for patients
with temperature >37.5°C at baseline).
Note: Day 1 was defined as the first day of treatment, Day 8, was the last measurement of the first
week and Day 29 the last measurement of the 28 day observation period.
Clinical Reviewer’s Comment
The definitions of primary and secondary endpoints are in general agreement with endpoints defined
in the FDA Draft Malaria Guidance 2007.
10.1.1.10.1 Criteria for Efficacy
In Study A023, Coartem was considered more effective if there was a clinically and statistically
significant difference between Coartem and benflumetol (lumefantrine) in the PCT or PR at 24 hours
(P<0.05). Assuming PCT was 30 hours for Coartem and 54 hours for benflumetol tablets, the
calculated sample size using the Kaplan-Meier method was 50 patients per group to achieve 80%
power at α=0.05. The 28-day parasitological cure rates were assumed to be 90% or higher, and
were also to be considered for the interpretation of clinical efficacy.
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10.1.1.10.2 Treatment Failures
Treatment Failures were defined in three categories:
R-I treatment failure: clearance of asexual parasitemia within 7 days, followed by recrudescence.
R-II treatment failure: marked reduction of asexual parasitemia but no clearance (asexual parasite
counts < 25% of baseline within 48 hours after initiation of treatment but no, or only temporary
clearance of asexual parasitemia within 7 days).
R-III treatment failure: no marked reduction of asexual parasitemia (asexual parasite counts remain
> 25% of baseline at 48 hours, or actually rise above baseline levels at 48 hours, without clearance of
asexual parasitemia within 7 days).
Analysis Populations
In this review, the ITT population includes all randomized patients. The mITT population includes
all randomized patients who received at least one dose of trial medication. Almost all patients
received one dose of study drug so results for the mITT and ITT are interchangeable. The ITT
analysis also included patients who discontinued before Day 29. The latter patients were counted in
the ITT analysis as treatment failures.
Patients were evaluable for the analysis of the 28 day cure rate if parasite counts were recorded up to
Day 29 or the patient discontinued due to "Unsatisfactory therapeutic effect" because of
recrudescence of P. falciparum.
10.1.1.11 Analysis of Data Sets
The analysis of the 28 day cure rate was performed both for the ITT patient population and the
evaluable patient population.
Patients were evaluable for the analysis of the 28 day cure rate if parasite counts were recorded up to
Day 29 or the patient discontinued due to "Unsatisfactory therapeutic effect" because of
recrudescence of P. falciparum.
The ITT analysis also included patients who discontinued before Day 29. The latter patients were
counted in the ITT analysis as treatment failures.
The time to parasite clearance (PCT) was analyzed for the ITT population.
The percent parasite reduction at 24 hours was evaluated in the ITT population.
The time to fever clearance (FCT) was analyzed for those patients who had a body temperature
>37.5°C at baseline (evaluable patient population for the analysis of FCT, n=90). This time was
censored at the last temperature measurement, if no normalization of temperature (<37.S°C) had
been maintained for 48 hours.
10.1.1.12 Statistical Methodology
The median, and the 95% confidence interval for the median was calculated for the time to parasite
clearance (PCT) and time to fever clearance (FCT) by the Kaplan-Meier method. The treatment
effect, 28day cure rate, (between COARTEM and benflumetol tablets or capsules) was tested using
the Wilcoxon test. No interim analysis was performed.
10.1.1.13 Safety and Tolerability
Please refer to the clinical safety review by Sue Lim, M.D.
10.1.1.14 Pharmacokinetics
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See PK data reviewed by Clinical Pharmacology Reviewer, by Dakshina Chilukuri, Ph.D.
10.1.1.15 Amendments to the Protocol and Post Hoc Changes
No amendments were listed.
10.1.2 RESULTS
10.1.2.1 Patient Demographics
Patients were enrolled from June 21st, 1996 to November 1996 at one study site, the Navy Military
Hospital in Sanya, Hainan Province, China. The patient demographics and baseline disease
characteristics are summarized in Table 28 and Table 29 respectively. The majority of patients were
males in their early twenties. The baseline characteristics were comparable across the treatment
arms. Seven patients had previous episodes of malaria. Three patients (2%) had mixed infections
with P. falciparum and P. vivax at baseline or within the first 72 hours of the start of the study.
Table 28: Patients Demographics and Disease characteristics at Baseline

Source: Study report (Novartis protocol 5669701 023).
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Patients receiving the combination drug, Coartem, had a lower median malaria parasite count at
baseline than the patients who were treated with the benflumetol/lumefantrine tablets and capsules
(11,778 vs. 25,508 vs. 23781/µl, respectively). Patients receiving the combination drug, Coartem,
also had fewer patients with fever at baseline.
Medical Officer’s Comment
The draft guidance states that all age ranges should be studied in malaria treatment studies,
including pediatric and geriatric subjects. It is also particularly important to study pregnant women
and children during drug development as these populations are at greatest risk of morbidity from
malaria. There is a paucity of study subjects in the age group over 65years in Study A023. The
efficacy of Coartem in different age groups will be addressed later in a pooled analysis for the eight
key studies. Pregnant women (¬500) were studied in two post-market pregnancy studies
(observational studies)- see safety review by Sue Lim, M.D.
Table 29. Temperature and Parasite Density at Baseline

Source: Study report (Novartis protocol 5669701 023).

The Coartem (CGP56697) arm had less fever and a lower median parasite density at baseline than
the benflumetol arms. This difference was statistically significant for temperature (P<0.05) but not
for parasite density (P = 0.0697 for Coartem vs. benflumetol tablets, P = 0.1763 for Coartem vs.
benflumetol capsules). See statistics review by Lan Zeng, Ph.D.
10.1.2.3 Disposition of Patients
The disposition of the patients is summarized in Table 30.
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Table 30. Disposition of Patients in Study A023*

* Source: Table is reproduced from the applicant’s study report. Module 1, 6.1

A total of 153 patients were enrolled and 149 patients were evaluable for assessment of the 28-day
cure rate. A total of 90 patients had a fever at baseline and were evaluable for time to fever clearance
(FCT). Twelve patients in each group had testing for pharmacokinetics as per the protocol.
10.1.2.4 Protocol Violations
There were three protocol violations and including one patient was discontinued from the trial. One
patient was 12 years old and the other weighed 34kg at study entry; these two violations were
considered to be minor and the patients were allowed to continue in the study. A third patient
(#00028) had received treatment with artesunate for P. vivax infection starting on day 21 until day
25 and was discontinued under the criterion, “does not meet protocol criteria”.
Clinical Reviewer’s Comment: The action taken to address the three protocol violations was
appropriate.

80

Clinical Review
Division: DSPTP
NDA #: NDA 22-268
Drug: Coartem, Artemether/lumefantrine

10.1.2.5 Previous Treatment for Malaria
Seven patients had a malaria infection within the prior three months but the actual treatments were
unknown.
10.1.2.6 Other Medications
Thirty (19.6%) patients were recorded as having received medications other than anti-malarials in
the 30 days preceding the start of the trial. The most common previous medications were analgesic
and anti-pyretics for fever or the common cold.
10.1.2.7 Discontinuation from Study
Seven patients (one in the Coartem group) discontinued due to an unsatisfactory therapeutic effect.
No patient was discontinued for an adverse event.
Table 31: Discontinuations from Study A023
Discontinued reason (Decode)
Coartem 4 dose Benflumetol capsules
50 (96.15%)
47 (94.00%)
(no discontinuations)
1 ( 1.92%)
0 ( 0.00%)
Non-compliance
0
(
0.00%)
0 ( 0.00%)
Protocol violation
0 ( 0.00%)
1 ( 2.00%)
Subject withdrew consent
1 ( 1.92%)
2 ( 4.00%)
Unsatisfactory therapeutic effect
52 (100.00%)
50 (100.00%)
Subjects

Benflumetol tablets
45 (88.24%)
0 ( 0.00%)
1 ( 1.96%)
1 ( 1.96%)
4 ( 7.84%)
51 (100.00%)

10.1.2.8 Exposure to Study Drugs
Three patients did not receive a full treatment course.
10.1.2.9 Concomitant Treatment for Malaria and other Treatments
Nine patients (adults) received additional anti-malarials during the trial. Seven patients had reappearance of P. falciparum and each received artesunate (600 mg over 5 days), the other two
patients received artesunate because of appearance of P. vivax on Day 22 and 28 respectively. The
patient who received this treatment on Day 22 was not evaluable for the 28-day cure rate as
artesunate is known to have an effect on P. falciparum. A majority (72%) of patients in the trial
received dexamethasone for fever. Approximately 40% of patients received vitamins.
Table 32: Concomitant Medications – A023
WHO_DRL Preferred Term Text
ACETYLSALICYLIC ACID
ADENOSINE TRIPHOSPHATE

Coartem 4 dose
1 ( 1.9%)
1 ( 1.9%)

Benflumetol capsules
0 ( 0.0%)
3 ( 6.0%)

Benflumetol tablets
0 ( 0.0%)
3 ( 5.9%)
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AMINOPHENAZONE
ANALGESICS
ANTIMALARIALS
ARTESUNATE
ASCORBIC ACID
ATROPINE
BERBERINE HYDROCHLORIDE
CHLORAMPHENICOL
COENZYME A
COUGH AND COLD PREPARATIONS
DEXAMETHASONE
DRUG THERAPY NOS
FURAZOLIDONE
GENTAMICIN SULFATE
GLUCOSE
METAMIZOLE SODIUM
METRONIDAZOLE
NITROFURANTOIN
NORFLOXACIN
OTHER ANALGESICS AND ANTIPYRETICS
PENICILLIN NOS
POTASSIUM CHLORIDE
PYRIDOXINE HYDROCHLORIDE
STREPTOMYCIN
THIAMAZOLE
THIAMINE HYDROCHLORIDE
VITAMIN B
Subjects

0 ( 0.0%)
1 ( 1.9%)
1 ( 1.9%)
2 ( 3.9%)
21 (40.4%)
0 ( 0.0%)
0 ( 0.0%)
1 ( 1.9%)
1 ( 1.9%)
5 ( 9.6%)
33 (63.5%)
0 ( 0.00%)
0 ( 0.00%)
0 ( 0.00%)
19 (36.5%)
1 ( 1.9%)
0 ( 0.0%)
1 ( 1.9%)
0 ( 0.0%)
5 ( 9.6%)
0 ( 0.0%)
1 ( 1.9%)
6 (11.5%)
0 ( 0.0%)
0 ( 0.0%)
19 (36.5%)
0 ( 0.0%)
52 (100%)

1 ( 2.0%)
2 ( 4.0%)
2 ( 4.0%)
2 ( 4.0%)
22 (44.0%)
0 ( 0.0%)
0 ( 0.0%)
0 ( 0.0%)
3 ( 6.0%)
2 ( 4.0%)
39 (78.0%)
1 ( 2.0%)
0 ( 0.0%)
0 ( 0.0%)
21 (42.0%)
1 ( 2.0%)
0 ( 0.0%)
0 ( 0.0%)
1 ( 2.0%)
4 ( 8.0%)
1 ( 2.0%)
0 ( 0.0%)
8 (16.0%)
0 ( 0.0%)
1 ( 2.0%)
15 (30.0%)
0 ( 0.0%)
50 (100%)

0 ( 0.0%)
2 ( 3.9%)
1 ( 2.0%)
5 ( 9.8%)
21 (41.2%)
1 ( 2.0%)
2 ( 3.9%)
0 ( 0.00%)
3 ( 5.9%)
1 ( 2.0%)
39 (76.5%)
2 ( 3.9%)
1 ( 2.0%)
1 ( 2.0%)
19 (37.3%)
2 ( 3.9%)
1 ( 2.0%)
0 ( 0.00%)
1 ( 2.0%)
4 ( 7.8%)
1 ( 2.0%)
0 ( 0.0%)
2 ( 3.9%)
1 ( 2.0%)
0 ( 0.00%)
18 (35.3%)
2 ( 3.9%)
51 (100%)

10.1.2.10 Other Medications administered during the Trial
Table 33: Antipyretics during the study period (all ITT)
WHO_DRL Preferred Term Text
ACETYLSALICYLIC ACID
ANALGESICS
ANTIMALARIALS
ARTESUNATE
OTHER ANALGESICS AND ANTIPYRETICS
Patients
Total Subjects per arm

Coartem 4 dose
1 (1.92%)
1 (1.92%)
1 (1.92%)
2 (3.85%)
5 (9.62%)
10(19.2%)
52 (100.00%)

Benflumetol capsules
0 (0.00%)
2 (4.00%)
2 (4.00%)
2 (4.00%)
4 (8.00%)
10(20.0%)
50 (100.00%)

Benflumetol tablets
0 (0.00%)
2 (3.92%)
1 (1.96%)
5 (9.80%)
4 (7.84%)
12 (23.5%)
51 (100.00%)
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Medical Officer’s Comment
Dexamethasone was administered to 72.5% of the patients at presentation. The actual dose and
timing of administration of IV dexamethasone to patients is not discussed in the protocol for Study
A023. High fever was the main criterion for giving dexamethasone. The administration of a
systemic steroid is not standard of care for the treatment of uncomplicated malaria, and is not
recommended treatment for high fever in this setting. The administration of steroids could lead to
adverse events and worse outcome in patients with uncomplicated malaria. The administration of
steroids could also affect primary outcome and the time to clearance of fever in patients with
uncomplicated malaria.
Studies of antipyretics, anticonvulsants (phenobarbital), anticytokine/anti-inflammatory agents (e.g.
anti-tumor necrosis factor [TNF] antibodies, dexamethasone, pentoxifylline), iron chelators, and
hyperimmune sera have all been disappointing for the treatment of severe malaria. Antibodies
against TNF-alpha have been tried but had no effect on morbidity or mortality. Steroids have been
used in cerebral malaria but have been associated with a worse outcome than quinine alone [Warrel
DA, 1999].

Adverse Events in Patients with and without Steroid Treatment
An analysis of the possible effect of dexamethasone on the adverse events profile is summarized in
the following table.
Table 34: Adverse Events in Patients with and without Steroid Treatment - ITT
Dexamethasone

No. patients with AE at baseline

Dexamethasone -Yes
Dexamethasone - No

108
38

No. patients with AE post
baseline
22
3

It was observed that a higher percentage of patients presented with AEs at baseline however, this
does not seem to be the case for AEs that started after baseline. Thus, the differences at presentation
are possibly due to a poorer status of the patients at entry, as high fever was the main criterion for
giving dexamethasone.
10.1.2.11 Efficacy Endpoints
10.1.3.11.1 Primary Efficacy Endpoint
Results for the key efficacy endpoints, the 28 day cure rate, PCT, and FCT in the ITT and evaluable
populations are presented in
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Table 35. Four patients were not evaluable for the 28-day cure rate. These four patients are
considered failures in the ITT analysis.

Table 35. 28 Day Cure Rate (ITT and Evaluable population)
Coartem
N=52

Benflumetol
Tablet
N=51

Benflumetol
Capsule
N=50

N
Cure
95% CI
P-value
N
Failure
Cure
95% CI
P-value

52
50(96.2%)
[86.8, 99.5]%
51
1(2.0%)
50(98%)
[89.6, 100]%
-

51
45(88.2%)
[76.1, 95.6]%
0.160
49
4(8.2%)
45(91.8%)
[80.4, 97.1]%
0.2

50
47(94.0%)
[83.5, 98.7]%
0.675
49
2(4.1%)
47(95.9%)
[86, 99.5]%
0.614

N
PR range
PR median
25th – 75th percentile
P-value
Time to parasite clearance (PCT)
ITT population
N
PCT ≤ 24 hours
PCT > 24 but ≤ 48 hours
PCT > 48 hours
PCT not achieved

52
63.1 – 100%
99.9%
99 – 100%
-

51
Increase- 100%
78.7%
53.9 – 95.9%
<0.001

49
Increase – 100%
86.7%
60.6 – 95.3%
<0.001

52
21(40.4%)
28 (53.8%)
2 (3.8%)
1 (1.9%)

51
1 (2.0%)
25 (49.0%)
24 (47.1%)
1 (2.0%)

50
2 (4.0%)
20 (40.0%)
27 (54.0%)
1 (2.0%)

12 – 66 hours
30 hours
[24, 30] hours
-

24 – 84 hours
48 hours
[42, 60] hours
<0.001

24 – 108 hours
54 hours
[48, 60] hours
<0.001

24
15(62%)
4(17%)
5(21%)
-

31
9(29%)
8(26%)
12(39%)
2(6%)

35
13(37%)
8(23%)
13(37%)
1(3%)

0 – 90 hours
21 hours
[12, 24] hours

0 – 120 hours
36 hours
[30, 54] hours

0 – 168 hours
36 hours
[18, 54] hours

28-day parasitological cure rate
ITT population

Evaluable patients

Parasite reduction (PR) at 24 hours
Evaluable patients

PCT range
PCT median
95% CI
P-value
Time to fever clearance(FCT)
Evaluable patients

N
FCT ≤ 24 hours*
FCT > 24 but ≤ 48 hours*
FCT > 48 hours*
FCT not achieved*
FCT range
FCT median
95% CI
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P-value

-

0.0297

0.0992

Source: Statistical Review, Lan Zeng, Ph.D.

The 28-day parasitological cure rate (96.2%) was slightly higher in the Coartem group than
formulation of benflumetol, 88.2 and 94%, respectively. However, there was no statistically
significant difference between the 28-day cure rates for the three treatment groups in the evaluable
population.

10.1.3.11.2 Secondary Efficacy Variables
Time to Parasite Clearance
The median Time to Parasite Clearance (PCT) was longer for both benflumetol formulations than for
Coartem, i.e. 48 and 54 hours, respectively, compared to 30 hours for Coartem,
Table 35. The time to parasite clearance was censored at the last parasite measurement for the three
patients (Nos. 1, 2, and 106) who discontinued during the first three days of treatment.
Time to Fever Clearance
A total of 90 of the 153 patients were evaluated for time to fever clearance (FCT); 63 patients had
normal temperature ≤ 37.5C at baseline. FCT was significantly lower for patients on Coartem (21
hours) than for patients on benflumetol tablets (p=0.03), but was not statistically significant for B
capsules (p=0.09).
Clinical Reviewer’s Comment: The assessment of fever was confounded by the administration of IV
dexamethasone to 72.5% of patients.
Table 36. Time to Fever Clearance (evaluable patients)

Source: Table 8.1-5 applicant’s study report for Study 023

Comparison of Efficacy Endpoints based on Baseline Parasite Densities
In study A023, there was an imbalance in the baseline parasite densities for the Coartem and
benflumetol (tablets and capsules) arms. The lower baseline count for Coartem compared to the
other two treatment arms (median values of 11,778/µL versus 25,508 and 23,781/µL) may have
introduced a bias which led to improved results in this treatment arm. In order to assess the affect of
this imbalance, an analysis by baseline parasite count was conducted.

85

Clinical Review
Division: DSPTP
NDA #: NDA 22-268
Drug: Coartem, Artemether/lumefantrine

This was evaluated by the statistical reviewer, and an excerpt from Dr. Lan Zeng’s review is
presented:
“After adjusting for baseline characteristics such as age, gender, weight, body temperature, and
parasite level (0 for <5,000 per µL, 1 for ≥ 5,000 but < 15,000 per µL, 2 for ≥15,000 but < 50,000
per µL, and 3 for ≥ 50,000 per µL), the treatment effect on PCT between Coartem and benflumetol
formulations remained highly significant (p<0.001). Likewise, after adjusting for baseline
characteristics, Coartem was significantly better in FCT than benflumetol tablets or capsules
(p<0.05).” The 28-day cure rates remained similar across the three treatment arms.
10.1.3.11.2 Treatment Failures
Early Treatment Failures - ITT Population
Nine patients had a higher count at 24 hours than at baseline, however all nine were cleared of
parasites within 4 days. None of these patients were in the Coartem treatment group. The lack of the
second dose on Day 1 at hour 8 for B capsules (
Table 25) appeared to have an effect in delaying parasite clearance. A total of 100% of patients in
the Coartem arm and 98% of patients in the two benflumetol arms achieved a ≥ 75% reduction in
parasite clearance at 48 hours.
At 24 hours after the initial dose, 3/51 patients treated with lumefantrine tablets and 6/49 patients
treated with lumefantrine capsules had a higher parasite count compared to baseline. One patient
also had parasitemia at 48 hours greater than the baseline count, but all nine were cleared of parasites
within 4 days. In these analyses, parasite count at 48 hours was assumed to be zero for patients
whose records were missing at 48 hours and who were cleared within 30 hours without
recrudescence (15 patients on Coartem, 2 patients on lumefantrine tablets, and 2 patients on
lumefantrine capsules). Note that the analyses did not include two patients, one lumefantrine
capsule subject who had no parasite record past 18 hours at which point subject had only a 1%
reduction from baseline and one lumefantrine tablet subject who had no parasite record past 24 hours
at which time subject had an 84% reduction from baseline.
Table 37. Assessment of Parasitemia at 24h and 48h of dosing in Study A023
Time since
first dose

Study A023
N=153
Benflumetol Tablet

Benflumetol Capsule

Coartem
52
0
52
1(1.9%)
51(98.1%)

51
3
48
19(39.6%)
29(60.4%)

49
6
43
9(20.9%)
34(79.1%)

52
0
52*

50
0
50*

49
1
48*

Parasite Count
compared to
baseline

24 hours

N†
Increase
Reduction
<75%
>= 75%

48 hours

N‡
Increase
Reduction
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<75%
>= 75%

0(-)
52(100%)

1(2%)
49(98%)

1(2.1%)
47(97.9%)

† Excluding 1 patient on benflumetol capsule (#1) who had no parasite record at 24 hours in Study A023
‡Excluding, 1 patient on benflumetol capsule (#1) and 1 patient on benflumetol tablet (#2) who had no parasite record at
48 hours in Study A023
* Including 15 patients on Coartem (#5, #9, #14, #19, #33, #36, #37, #41, #43, #44, #57, #76, #95, #99, #127), 2 patients
on benflumetol tablets (#29, #38), and 2 patients on benflumetol capsules (#21, #130) whose records were missing but
assumed to be 0 at 48 hours. These patients missed measurements at 24h or 48h but showed evidence of clearance
without relapse.

There were 11 treatment failures in the three treatment groups in the ITT population. The
benflumetol tablets had the largest no. of treatment failures (n=6). Three patients who withdrew
from the study were counted as treatment failures.
Table 38. Treatment Failures at day 28 (ITT population )
Treatment Group (n=153)
COARTEM (52)

Treatment Failures (n)
2 (1.3%)

Benflumetol tablets (51)

6 (3.9%)

Benflumetol capsules (50)

3 (2%)

Comment
P. falciparum (1),
noncompliance (1)
P. falciparum (4)
P.vivax (1)
Withdrew (1)
P. falciparum (2)
Withdrew (1)

Treatment Failures – Evaluable Population
Among 149 evaluable patients, there were seven (5%) recrudescences between days 15 and 29: one
patient in the Coartem arm on day 26, four in the lumefantrine tablet arm (days 15, 25, 28, and 29),
and two in the lumefantrine capsule arm (days 22 and 25). All failures were R1 failures, i.e. patients
had clearance of asexual parasitemia within 7 days, followed by recrudescence of P. falciparum.
Gametocytes
Anti-gametocyte activity was not a planned efficacy outcome in Study A023 however, it was
reported that a total of 21 patients had gametocytes detected, 8 patients (Coartem (4), benflumetol
tablets (3), and benflumetol capsules (1)) had gametocytes at baseline and 13 patients (2 in Coartem
arm, 5 in benflumetol tablet arm, and 6 in benflumetol capsule arm) had the first occurrence within
72 hours of the initial dose.
Additional Analyses
Evaluation of Key Efficacy Endpoint by Baseline Parasite Count
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The key efficacy outcomes were analyzed according to baseline parasite level (<5,000 per µL, ≥
5,000 and < 15,000 per µL, ≥15,000 and < 50,000 per µL, and ≥ 50,000 per µL).
Table 39 contains the 28-day parasitological cure rates evaluated by baseline parasite density.
Among evaluable patients, cure rates were generally higher for Coartem (100%) than for either
benflumetol arm except for those with baseline parasite density between 15,000 and 50,000 per µL
(94.7% in Coartem, 95.8% in benflumetol tablet, and 100% in benflumetol capsule).
Table 39. 28-day Cure Rate by Baseline Parasite Density in Study A023
Number of Cured/Total Subjects, n/N (%)
Baseline Parasite
Density (/µL)
Coartem
ITT population
N=52
<5,000
13/13(100%)
≥ 5,000 but < 15,000 15/15(100%)
≥15,000 but < 50,000 18/19(94.7%)
≥ 50,000
4/5(80%)
Evaluable
N=51
patients
<5,000
13/13(100%)
≥ 5,000 but < 15,000 15/15(100%)
≥15,000 but < 50,000 18/19(94.7%)
≥ 50,000
4/4(100%)

Benflumetol
Tablet
N=51
7/10(70%)
5/6(83.3%)
23/24(95.8%)
10/11(90.9%)
N=49
7/8(87.5%)
5/6(83.3%)
23/24(95.8%)
10/11(90.9%)

Benflumetol
Capsule
N=50
7/9(77.8%)
8/9(88.9%)
26/26(100%)
6/6(100%)
N=49
7/8(87.5%)
8/9(88.9%)
26/26(100%)
6/6(100%)

Evaluation of Key Efficacy Endpoint in Adult and Pediatric Patients
There were 31 pediatric patients aged 12 to 16years old enrolled. There were no children under 12
years old in the study. The 28-day cure rate was higher in the Coartem arm than the benflumetol
arms for both pediatric (age ≤ 16 years) and adult patients (age >16 years). The cure rate for
Coartem was similar (100%) in children and adults (95.2%). The 28-Day cure rates for adults and
children were comparable to the overall results for the entire study population.
Table 40. 28 Day Cure Rate, age > 16y (ITT population)
Non-PCR corr. cure status, D 28 (coded) Coartem 4 dose Benflumetol tablets Benflumetol
capsules
Yes
40 (95%)
37 (88%)
36 (95%)
No
2 ( 5%)
5 (12%)
2 ( 5%)
Subjects
42 (100%)
42 (100%)
38 (100%)

Table 41. 28 Day Cure Rate, age ≤ 16y (ITT population)
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Non-PCR corr. cure status, D 28 (coded) Coartem 4 dose Benflumetol tablets Benflumetol
capsules
Yes
10 (100%)
8 (89%)
11 (92%)
No
0 (0%)
1 (11%)
1 (8%)
Subjects
10 (100%)
9 (100%)
12 (100%)
Evaluation of Key Efficacy Endpoint by Gender- ITT and Evaluable Populations
Female patients accounted for 18% of the study population. The 28-day cure rates were higher in the
Coartem for male and female patients compared to benflumetol alone.
Table 42. 28-day Cure Rate by Gender and Age in Study A023
Number of Cured/Total Subjects, n/N (%)

ITT Population
Gender

Study A023
N=153
Benflumetol Tablet

Benflumetol Capsule

Coartem
52

51

50

Male
Female

43/45(95.6)
7/7(100)

36/41(87.8)
9/10(90.0)

38/39(97.4)
9/11(81.8)

12-16
>16
N

10/10(100)
40/42(95.2)
51

8/9(88.9)
37/42(88.1)
49

11/12(91.7)
36/38(94.7)
49

Male
Female

43/44(97.7)
7/7(100)

36/40(90.0)
9/9(100)

38/38(100)
9/11(81.8)

12-16
>16

10/10(100)
40/41(97.6)

8/9(88.9)
37/40(92.5)

11/12(91.7)
36/37(97.3)

N

Age(Years)
Evaluable Patients
Gender
Age(Years)

Evaluation of Key Efficacy Endpoint in Patients with High Parasite Counts
Three patients in the benflumetol arms and no patient in the Coartem arm had a parasite count ≥
100,000/µl. All three patients were cured at Day 28.
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Table 43. Efficacy Results for Patients with Baseline Parasite Count ≥100,000 per µL

28-day parasitological
cure rate
ITT population
Evaluable patients
Parasite reduction (PR)
at 24 hours
Evaluable patients
Time to parasite clearance (PCT)
ITT population
Time to fever clearance (FCT)
Evaluable patients

Coartem

Study A023
N=3
Benflumetol
Tablet

Benflumetol
Capsule

N
Cure
N
Failure
Cure

0
0
-

2
2(100%)
2
0(-)
2(100%)

1
1(100%)
1
0(-)
1(100%)

N
Median

0
-

2
94.1%

1
96.9%

N
Median

0
-

2
66 hours

1
66 hours

N
Median

0
-

1
96 hours

0
-

Source: Analysis using iReview

Clinical Reviewer’s Comment
Though the numbers of patients is low, these results demonstrate that benflumetol has efficacy in
patients with higher parasite density and potentially more severe disease.
10.1.3.11.3 Gametocytes
Eight patients had gametocytes detected at baseline and an additional 13 patients had gametocytes
detected in the first three days of the study.
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Table 44: No. of Patients with Gametocytes Detected During the Trial

Source: Table 8.1-6. Applicant’s study report for Study 023

Gametocytes were cleared in the majority of patients within the first three days of treatment. None of
the patients who were gametocyte-free during the first 72 hours had gametocytes detected
subsequently. Four patients had gametocytes recorded after Day 14 (Patients #83, #90 on
benflumetol tablets; Patient #129 on benflumetol capsules and Patient 154 on Coartem).
Clinical Reviewer’s Comment
Newly developed drugs, such as combination therapy with artemisinin derivatives, have as their
main purpose the efficient removal of asexual stages. Artemether-lumefantrine appears to have antigametocyte activity. Clearance of gametocytes is important because it breaks the cycle of
transmission between the human host and the mosquito vector. The sensitivity of the test for
gametocytes is not well defined therefore a valid assessment the anti- gametocyte activity of Coartem
is problematic.
10.1.3.11.4 Mixed Plasmodium Species Infection
Three patients (2%) had mixed infections with P. falciparum and P. vivax at baseline or within the
first 72 hours. All three patients (patient nos. 71, 87 and 90) cleared P. vivax rapidly and none had
reappearance of P. vivax later during the trial itself. Patients did not receive primaquine and two
patients had appearance of P. vivax during the four week follow-up period: patient No. 28
(benflumetol) had P. vivax on Day 22 and patient No. 30 (Coartem) on Day 28.
Evaluation of a Random Sample of Case Report Forms (CRFs)
The applicant provided a 10% random sample (n=15) of CRF forms. The FDA Clinical Reviewer
examined the CRFs for inclusion/exclusion criteria, dates of visits, clinical signs and symptoms,
concomitant medications and indications, microbiology findings, and evaluability determinations.
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The data in the CRFs was compared to the electronic datasets generated by the applicant. The
Reviewer found agreement between the random sample of CRFs and the electronic datasets in all
instances.
The demographics of these patients and results for the 28-Day cure rate 14/15(93%) were
comparable with the 28-day cure rates observed in the evaluable population.
Table 45: 10% Random Sample of CRFs (Site 0001); n=15 patients
Subject No.

Met incl./excl.
criteria

Treatment

Parasite ct. on
adm./28day cure

Concomitant Rx

Comment

0007
Male 19y

yes

B caps

40,010/µl
Neg from day 4 to
day29
Cure+

Hx malaria + x 1
T=39C pre Rx.
Afebrile day 1, 2.
T= 38.6 on day 3

0011
Male 22y

yes

CGP or B tabs

30,944/µl
Neg from day 4 to
day29
Cure+

0027
Female 32y

yes

B caps

74,435 / µl
Neg from day 3 to
day29
Cure+

0063
Male 33y

yes

CGP or B tabs

6,930/ µl
Neg from day 3 to
day29
Cure+

Dexamethasone
IV 10mg x 2
doses
Vit B 10mg
Vit C PO and
IV
Dexamethasone
IV 10mg x 1
dose
Vit B1, B6
Vit C PO/IV
Dexamethasone
IV 10mg x 2
doses
Vit B1, B6
Vit C PO/IV
Vit B1
Vit C

yes

CGP or B tabs

none

Hx malaria + x 1

0088
Male 25y

yes

CGP or B tabs

Dexamethasone
X 2doses

Hx malaria +

0093
Male 30y

yes

B caps

none

Hx malaria neg

0096
Male 25y

yes

CGP or B tabs

none

Hx malaria neg

0101
Male 19y

yes

CGP or B tabs

9,212/ µl;
Neg from day 2
Cure+
7,072 → 19,110 /µl
on day 2;
Neg day 4-29
Cure+
34,694/ µl → 80,750
on day 2;
Neg day 4 -29
Cure+
21,672/ µl.
Neg day 3- 29
Cure+
42,952/µl
Neg day 3-29. Cure+

none

0129
Male 33y

yes

B caps

Hx malaria neg;
Hepato-splenomegaly
+(screen)
Hx malaria x 4
episodes

0087
Male 34y

127,281/µl
→747→10001→166
Neg day 4 -29. Cure+

Dexamethasone
X 1 dose

Hx malaria neg.
T=38 pre rx.
T=39.2 day 2
T-38.9 day 3
Hx malaria + x 1
T=39.8 pre rx.
T=39.5 day 2.G150
Hx malaria + x 2
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0132
Female 26y

yes

CGP or B tabs

0147 40y
Female
0153
Male 23y

yes

B caps

yes

CGP or B tabs

0154
Male 13y

yes

CGP or B tabs

0157
Female 38y

Yes

CGP or B tabs

15,189/µl. No
samples for day 3.
Neg day 4-29.Cure+
74,732/ µl.
Neg day 4-29. Cure+
85,428/ µl →
168,939→54.
Neg day 4-29. Cure+
33,836/µl day 1→
34/µl on day 29.
Failure+
3,256/µl
Neg day 2-29.
Cure+.

Dexamethasone
X 1 dose

Hx malaria neg

none

Hx malaria neg

Dexamethasone
X 3 doses?

Hx malaria neg

Dexamethasone
X 1 dose

Hx malaria neg

None

Hx malaria +

* Several patients received IV glucose solution
CGP= COARTEM, Co-artemether; B tabs = Benflumetol tablets; B caps = Benflumetol capsules

Efficacy Summary
The 28-day cure rate for evaluable patients with P. falciparum malaria in this trial was 98% for
Coartem and 91.3% and 95.9% for benflumetol tablets and capsules respectively, but these
differences were not statistically different. There was an advantage of the Coartem over benflumetol
tablets and benflumetol capsules in parasite clearance time (PCT), i.e. 30 versus 48 and 54 hours
respectively. Fever clearance time (FCT) was confounded by the administration of dexamethasone to
patients for fever.
The efficacy results from this study supports that the combination of artemether and benflumetol
(Coartem) was superior to benflumetol alone in terms of 28-day cure rate. Coartem also
demonstrated a shorter time to parasite and fever clearance and a greater parasite reduction at 24
hours compared to benflumetol. Additional analyses performed for Study A023 to account for the
lower baseline parasite counts in the Coartem arm, resulted in similar conclusions to the applicant’s.
The interpretation of results of this study is limited by the fact that is a single center study and did
not include an arm of artemether alone.
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10.2 Review of Individual Study Reports: AB/MO2
A phase II, single center, double-blind, randomized, parallel group, comparative trial of an oral antimalarial drug combination, Co-artemether (COARTEM), and its respective individual components,
artemether and benflumetol, given to patients with naturally occurring Plasmodium falciparum
infection; a combined pharmacokinetic and efficacy trial in China.
10.2.1 Protocol
10.2.1.1 Study Administrative Information
Study dates: June 6th - October 6th, 1994
Study Site: Navy Military Hospital, Sanya, Hainan Province, China
Study Report date: April 28th, 1995
Source: Clinical Trial Report.
Principal Investigator: Jiao Xiu-Qing, M.D., Institute of Microbiology and Epidemiology, AMMS,
Bejiing, PRC.
10.2.1.2 Objectives Rationale
1. Comparison of the efficacy and tolerability of co-artemether with the individual components,
artemether and benflumetol, in order to demonstrate the contribution of each component to the
efficacy of the combination drug
2. Assessment of a pharmacokinetic profile for all 3 drugs
Clinical Reviewer’s Comment:
The following section describes the study protocol as originally written. Changes affected by
protocol amendments are discussed separately.
10.2.1.3 Study Design Overview
Study ABMO2 was single center, double-blind, randomized, parallel group, comparative trial of an
oral anti-malarial drug combination, co-artemether, and its respective individual components,
artemether and benflumetol, given in 48 hours to adult and adolescent patients ≥13 years of age with
naturally occurring Plasmodium falciparum infection. The trial was conducted over a four week
period at the Navy Military Hospital, Sanya.
All patients remained in the hospital for 28 days in order to prevent re-infection. The trial site
hospital was located in a zone free from malaria transmission. Enrollment was planned for 144
patients between the ages of 12 and 60 years. Pharmacokinetic (PK) information was provided by
the first 36 patients who had agreed to have additional blood samples taken.
The formulation of Coartem used in study AB/MO2 (F.5, clinical trial formulation) was different to
that used in A023 and the other key studies in the NDA (F.4, US to-be-marketed formulation). The
94

Clinical Review
Division: DSPTP
NDA #: NDA 22-268
Drug: Coartem, Artemether/lumefantrine

dose of artemether and benflumetol in the F.5 formulation used was the same as the F4 formulation
but there was a difference in the number and type of excipients.
Clinical Reviewer’s Comment: The formulation in this study (F.5) differs from the

formulations used in the other key studies in this NDA (F.4). However, as shown in this
review, the cure rates associated with this formulation of Coartem did not differ from the
cure rates observed in the other seven studies.
See a comparison of the PK parameters between formulations in the Clinical Pharmacology review
by Dakshina Chilukuri, Ph.D.
Under 21 CFR 300.50, studies of combination drugs are required to demonstrate that each
component of a fixed-combination drug makes a measurable contribution to the claimed effects of
the product and that the combination is safe and effective. Study AB/MO2 is considered a key study
in the NDA because it is one of two studies that compare Coartem to its components drugs.
Table 46. Summary of Design of Studies ABMO2
DOSING Coartem Regimen
(80 mg Artemether + 480 mg Lumefantrine/dose)
DOSING Comparators Regimen

Study ABMO2
hours 0, 8, 24, 48

Artemether 80 mg per dose
Lumefantrine tablet 480 mg per dose
Lumefantrine capsule*

hours 0, 8, 24, 48
hours 0, 8, 24, 48
-

Dosage Adjusted by Weight for patients <35 kg
Study Timeline
Number of Patients Recruited
Number of Study Centers

Yes
6/2/1994 to 10/6/1994
157
1 (Navy Military Hospital
in Sanya, Hainan Province)
China

Countries Where Studies Were Conducted

10.2.1.4 Study Population - ABMO2
Patients with newly diagnosed acute, uncomplicated P. falciparum infection aged between 13 and 60
years were enrolled.
Inclusion Criteria
• Male or female, freely consenting, Chinese patients aged between 13 and 60 years of age,
with symptomatic, previously untreated, uncomplicated P. falciparum infection.
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Exclusion Criteria
• Female patients who are breast-feeding or pregnant, as demonstrated by a positive urine spottest for β-human chorionic gonadotrophins (β-HCG).
• Weight below 25 kg or over 75 kg for non-pharmacokinetic patients. For pharmacokinetic
patients weight below 45 kg and over 75 kg.
• Infection with other Plasmodium species (after examination of at least 100 high power fields
(HPF) in the peripheral blood thick film).
• P. falciparum asexual parasitemia < 1,000 or > 100,000 per µL.
• Presence of signs of severe or P. falciparum malaria such as:
- Serious CNS symptomatology considered by the physician as likely to be caused by the
infection.
- Major hepatic or renal dysfunction.
- Hyperthermia (oral temperature > 40.5' C).
- Clinical or radiological evidence of pulmonary edema.
-Hypoglycemia < 2.2mmol/L
-Hematocrit < 20%
• Clinically evident hemorrhagic diathesis (e.g. bleeding in skin, mucous membranes).
• Presence of clinical serious gastrointestinal disorders.
• Heavy smoking (> 20 cigarettes/day), addiction to alcohol or other drug.
• Presence of clinically serious acute or chronic infections other than P. falciparum malaria.
• Clinically significant abnormalities in ECG, especially arrhythmia.
• Known hypersensitivity to co-artemether or related drugs (e.g. Qinghaosu) or rescue
medication (oral artesunate).
• Treatment with anti-malarial drugs during the preceding 4 weeks, either prophylactic or
therapeutic.

10.2.1.5 Study Treatments
The trial medications were manufactured by the Academy of Military Medical Sciences (AMMS),
Beijing, PRC.
Patients were randomized to one of three treatment arms. For an individual patient of ≥ 45 kg and
above these were:
A+B (Coartem): oral tablets each of 120 mg benflumetol and 20 mg artemether.
or A (artemether):
oral tablets each of 20 mg artemether.
or B (benflumetol): oral tablets each of 120 mg benflumetol.
Dosing Schedule:
4 tablets at start of treatment
(Day 1, Hour 0)
4 tablets 8 hours after first dose (Day 1, Hour 8)
4 tablets 24 hours after first dose (Day 2, Hour 0)
4 tablets 48 hours after first dose (Day 3, Hour 0)
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This dosage regimen corresponds to 480 mg benflumetol and 80 mg artemether per dose and a total
of 1,920 mg benflumetol and 320 mg artemether per treatment course.
The number of tablets per dose was determined by body weight:
Patients weighing 35 to 44 kg: 3 tablets per dose.
Patients weighing 25 to 34 kg: 2 tablets per dose.
10.2.1.5.1 Randomization
Patients were randomized to one of the three treatment arms, stratified by their inclusion in the
pharmacokinetic part (PK or non-PK) based on computer generated random lists with a block-size of
six.
10.2.1.5.2 Blinding
The trial was double-blind. The medication was labeled by the Ciba personnel in Beijing according
to the randomization list provided by Ciba, Basel. The investigator site personnel as well as the Ciba
on-site monitor were blind to the trial drug codes.
10.2.1.5.3 Concomitant Medications
No concomitant medications were recorded during the AB/MO2 trial.
Rescue Treatment for Malaria
Artesunate was used as rescue medication in an open-labeled form for patients with
recrudescence according the following dosage schedule.
Day 1: 100 mg (2x50 mg tablets) b.i.d. orally
Day 2-5: 50 mg b.i.d. orally
Other Treatments for Malaria
Urinalysis was performed during the trial to detect whether other anti-malarial drugs
(chloroquine and sulfonamides) were taken. Patients who received any other anti-malarial drug
during the 28 day trial period were discontinued from the trial.
No drug-drug interaction was expected to influence the trial treatment effect, therefore no specific
rules or procedures were defined in the protocol.
Clinical Reviewer’s Comment: Patients who discontinued from the trial were counted as failures in
the FDA analyses of efficacy.
10.2.1.6 Study Procedures
Study procedures for the 28 day treatment period Table are summarized in Table 47. Day 1 is the
start of treatment and Day 29 is the last day of study.
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Table 47. Schedule of Study Procedures

Source: Applicant’s study report for Study AM/MO2
Patient visits occurred on each of the first four days and then once in the next three days. From the
second week until the end of the fourth week, the patients were visited once per week. On the last
day (Day 29), the investigators made a final assessment on efficacy and tolerability of Coartem for
each patient.
Assessment of Asexual Parasite Counts
The parasite slides were taken at baseline and every 6 hours during the first 72 hours (some patients
also had 6-hourly or 12-hourly measurements on Day 4), and once every day until the end of the
fourth week. Parasite identification was done on 100 Giemsa-stained thick film fields, where
counting against leukocytes (using a tally counter) was stopped whenever the count for parasites or
leukocytes reached 500. The parasite density was calculated using the actual white blood cell count.
Thin films were only used in case of confirmation of species other than P.falciparum.
Measurement of Body Temperature
The patient's oral temperature was measured at baseline and thereafter every 6 hours during the 72
hours (most patients also had six-hourly measurements until the end of Day 4).Thereafter, until Day
29, the oral body temperature was measured twice daily (mostly at 8:00 and 14:00) to detect
recrudescence of P. falciparum.
10.2.1.6.1 Measurement of Malaria Parasite Counts
See Section 10.1.1.7.1 of Study A023 for methodology for measurement of parasite counts.
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10.2.1.6.2 Blood Sampling for Pharmacokinetics
In total 28 blood samples (7mls blood each) were taken from the 36 patients designated to have extra
PK sampling and five samples from rest of the patients for population kinetics.
10.2.1.7 Compliance
Patients showing poor compliance during the trial and those who did not cooperate were withdrawn
and replaced. Patients with recrudescence of P. falciparum or discontinuation due to adverse events
or laboratory abnormalities were not replaced. All treatment failures which were recorded as
discontinuations due to "unsatisfactory therapeutic effect" were followed up until Day 29, even
though they received rescue medication.
Populations for Analyses
The Intention-to-treat (ITT) population includes all randomized patients. The mITT included patients
who received at least one dose of study drug. The 24 patients with R-I treatment failure artemether
(20), benflumetol /lumefantrine (4), and the 12 non-evaluable patients who did not complete the
whole 28-day trial period were counted as treatment failures. The 12 non-evaluable patients
included six patients who discontinued before Day 29 due to "non-compliance" or "withdrew
consent", i.e. [Coartem (3), artemether (2), benflumetol (1)] and the other six patients (artemether
arm) had occurrence of P. vivax which required rescue medication.
Removal of Patients from Analysis
All patients were included in the ITT analysis of safety and efficacy. The six patients who withdrew
consent or discontinued from the trial prematurely due to "patient's non-compliance" and the six
patients who received rescue medication because of the appearance of P. vivax were excluded from
the analysis of the 28-day cure rate for the evaluable patient population. The time to fever clearance
was only analyzed for patients who were evaluable for this analysis, i.e. those who had a temperature
>37.5°C at baseline.
10.2.1.8 Ethics and Quality Assurance
The trial was performed in accordance with the Declaration of Helsinki and CIBA's guidelines for
Good Clinical Practice. Written informed consent for participation in the trial was obtained from all
patients.
The Independent Ethical Review Committee of the Institute of Microbiology and
Epidemiology, Academy of Military Medical Sciences (AMMS) gave approval on 23-May-94.
For quality control purposes, a selection of 40 baseline parasite slides, 40 parasite clearance slides
(b) (4)
and 55 follow-up slides were evaluated by the
See
Microbiology review by Aaron Ruhland, Ph.D.
10.2.1.9 Efficacy
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10.2.1.9.1 Endpoints
Primary Endpoints were defined as:
• The 28-day cure rate, which was the proportion of patients with clearance of asexual
parasitemia within 7 days of initiation of trial treatment, without subsequent recrudescence.
• Time to parasite clearance (PCT) = time from first dose until first total and continued
disappearance of asexual parasite forms which remains for at least a further 48 hours.
• Time to fever clearance = time from first dose until the first time body temperature falls
below 375°C and remains below 37.5°C for at least a further 48 hours (only for patients with
temperature >37.5°C at baseline).
Medical Officer Comment: These endpoints are standard endpoints used in malaria trials as outlined
in the FDA Malaria Draft Guidance 2007.
Secondary Endpoints were defined as:
• Anti-gametocyte activity: Clearance of existing gametocytes without the need for further
anti-malarial therapy.
The following additional efficacy variable, which was not defined in the protocol, was also analyzed:
• Parasite reduction at 24 hours after initiation of trial treatment (percentage of parasites at 24
hours compared to parasite density before the first dose of treatment)
Criteria for Efficacy
The trial was designed to show a significantly higher cure rate for Coartem (A+B) than for
artemether (A) (p < 0.05), with a power of 90% for detecting this difference (assuming A+B has a
cure rate of at least 90% and A not more than 60%).
This trial was also designed to show a significantly lower PCT and FCT for Coartem (A+B) than for
benflumetol alone (B) (p < 0.05) (assuming a difference of 10 hours and the standard deviation of 15
hours).
10.2.1.9.2 Treatment Failures
Definitions of Treatment Failures (RI, RII, and RIII) are identical to Study 023. See section
10.1.1.9.2. As lumefantrine is known to have a long half-life, patients with parasitemia >25% of
baseline at 48 hours but clearance within 7 days were counted as responders and not as treatment
failures in the study.
10.1.1.10 Analyses of Datasets
The analysis of the cure rate was performed both for the Intention-to-treat population (all
randomized patients) and the evaluable patient population (n=145). Note that two subjects treated
with Coartem in Study ABMO2 did not have any parasite counts recorded at baseline or during the
study and were included in the ITT population.
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Patients were evaluable for the analysis of the cure rate if parasite counts were recorded up to Day
29 or if they discontinued due to "Unsatisfactory therapeutic effect" because of recrudescence of P.
falciparum. In the Intention-to-treat analysis all other patients who discontinued earlier than Day 29
(n=6) and the six patients who received rescue medication because of appearance of P. vivax were
counted as treatment failures, regardless of their reason for discontinuation.
PCT was analyzed in the ITT population; Patients #71 and #230 had no parasite
measurements recorded, their PCT was censored by the applicant at hour = 0.
FCT was analyzed in the evaluable population who had a temperature > 37.5C at baseline.
10.2.1.11 Statistical Methods
See review by Lan Zeng, Ph.D.
10.2.1.12 Safety
See review by Sue Lim, M.D.
10.2.1.13 Pharmacokinetics
See review by Dakshina Chilukuri, Ph.D.
10.2.1.14 Amendments to Protocol and Post Hoc Changes
One largely administrative amendment was written after discussion with the principal
investigator and the AMMS Ethics Committee. The reasons were changes in trial number and
personnel and corrections for the dosage of rescue medication and minor typographical errors
(Amendment No. 1, dated 23-Jun-94).
10.2.2 RESULTS
10.2.2.1 Patient Demographics and Disease Characteristics at Baseline
The disease characteristics of the populations in Study AB/MO2 are summarized in the following
tables. The majority of patients were males in their early twenties. The baseline characteristics were
comparable across the treatment arms.
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Table 48.

Patient Demographics and Disease Characteristics at Baseline
Study ABMO2
N=157
Coartem
N=53

Artemether
N=52

Lumefantrine
N=52

Male
Female

43(81%)
10(19%)

45(87%)
7(13%)

44(85%)
8(15%)

Median
Range
12-16
>16

23
13 - 57
12(23%)
41(77%)

21.5
13 - 54
8(15%)
44(85%)

22
13-53
12(23%)
40(77%)

Median
Range

50
25 – 62

50
27 – 62

50
26 - 79

Median
Range

90
72 – 120

90
64 – 120

92
58 - 120

Median
Range

65
45 – 110

60
40 – 100

60
45 - 90

Median
Range

105
80 – 140

105
75 – 140

105
80 - 135

Gender (N, %)
Age (year)

Weight (kg)
Pulse rate (bpm)
Diastolic blood pressure
(/mmHg)
Systolic blood pressure
(/mmHg)

Table 49. Fever and Parasite Count at Baseline in Study AB/MO2
Study ABMO2
N=157
Coartem
N=53

Artemether
N=52

Lumefantrine
N=52

Median

38.2

38

38.3

≤ 37.5
37.5 - 39
≥ 39

15(28%)
25(47%)
13(25%)

22(42%)
19(37%)
11(21%)

14(27%)
22(42%)
16(31%)

Median

23,479

19,602

26,697

2(4%)
6(11%)
13(25%)

8(15%)
12(23%)

8(15%)
10(19%)

Temperature (oC)

Parasite Density (/µL)
missing
<5,000
≥ 5,000 but < 15,000
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≥15,000 but < 50,000
≥ 50,000

21(39%)
11(21%)

19(37%)
13(25%)

18(35%)
16(31%)

Selected demographic characteristics and baseline covariates were compared among treatment
groups. Body weight, pulse rate, diastolic blood pressure, and systolic blood pressure were
comparable among the comparator arms. Differences among the treatment arms were minimal for
median temperature and median parasite counts.
10.2.2.3 Disposition of Patients
Table 50. Disposition of Patients by Treatment Group for Study ABMO2 and A023
Study ABMO2
N=157
Coartem
53
51*
50

Artemether
52
52
24

Lumefantrine
52
52
47

Discontinued prematurely Total
For unsatisfactory effect
For non-compliance
For withdraw consent
For protocol violation

3
3
-

28
26
1
1
-

5
4
1
-

Number of Patients in Efficacy
Analyses
ITT (28-day cure rate, PCT)
Evaluable for PR at 24 hours
Evaluable for 28-day cure rate
Evaluable for FCT

53
51
50
38

52
52
44
30

52
52
51
38

Enrolled/ Randomized
Complete treatment
Complete until Day 29

*The applicant reported that only one patient (Patient #71) did not receive the full 48 hours
treatment. According to dataset provided, Patient #71 and #230 in the Coartem group completed 2
and 3 doses, respectively.
In Study AB/MO2, the evaluable patient population for 28-day cure rate included 145 patients,
excluding one patient who withdrew consent, five patients who were non-compliant, and six patients
(#64, #74, #133, #147, #203, and #211) in the artemether arm of AB/MO2 who had occurrence of P.
vivax and received rescue medication.
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10.2.2.4 Protocol Violations
There were 17 patients with one protocol violation each; all violations were minor, for example, ten
patients had a baseline parasite density > 100,000/µl, and one had a baseline density > 200,000/µl.
All patients were included in the analysis of efficacy.
10.2.2.5 Previous Treatment for Malaria
All urine tests for chloroquine and sulfonamides were negative. Patients who received any other
anti-malarial drug during the 28 day trial period were discontinued from the trial. No drug-drug
interaction was expected to influence the trial treatment effect, therefore no specific rules or
procedures were therefore defined in the protocol.
10.2.2.6 Other Medications prior to the Trial
No medications were listed.
Discontinuation from Study
Thirty patients in the ITT population discontinued before Day 29 due to lack of therapeutic response
and required rescue therapy.
Table 51. Discontinuations from the Trial (ITT population)
Discontinued reason (Decode)
(missing)
Non-compliance
Subject withdrew consent
Unsatisfactory therapeutic effect
Subjects

Artemether
24 (46.2%)
1 (1.9%)
1 (1.9%)
26 (50.0%)
52 (100.0%)

Coartem 4 dose
50 (94.3%)
3 (5.7%)
0 (0%)
0 (0%)
53 (100.0%)

Lumefantrine tablets
47 (90.4%)
1 (1.9%)
0 (0.0%)
4 (7.7%)
52 (100.0%)

There were 26 patients in the artemether group and four in the lumefantrine group who failed
therapy. These patients were followed until Day 29 and most were available for analysis of the 28day cure rate except for six (artemether arm) of the 26 patients who had reappearance of P. vivax.
Clinical Reviewer’s Comment: The high number of patients who had an unsatisfactory response to
artemether alone is expected due to the short serum half-life of artemether.
Other Reasons for Discontinuations:
Six patients (Patient nos. 71, 138, 159, 169, 223, 230) discontinued form the study. Patient #223 self
discharged because his brother died and the other patients did not want to stay in hospital for four
weeks (“non-compliance”); all of these patients except patient #71 got the full course of treatment.
Patient #71 and #230 had not parasite measurements recorded during the study. Other laboratory
results were missing for these patients.

104

Clinical Review
Division: DSPTP
NDA #: NDA 22-268
Drug: Coartem, Artemether/lumefantrine

10.2.2.8 Exposure to Study Drug
A total of 157 patients were enrolled in the study and 156/157 patients received four doses within 48
hours. One patient (#71) received two doses of Coartem. A total 36 (23%) patients were fasting
before the first two doses which might have led to lower exposures in these patients. It is known that
consumption of food with Coartem increases the absorption by up to 16-fold.
Clinical Reviewer’s Comment: The formulation in this study differs from the formulations used in
the other key studies in this NDA. However, the cure rates associated with this formulation of
Coartem did not differ from the cure rates observed in the other seven studies.
10.2.2.9 Concomitant Treatment for Malaria
Artesunate was used as rescue medication for the 24 patients with recrudescence of P. falciparum
which occurred between Days 12 and 28. The parasites were cleared at the latest after two days of
rescue medication.
Six patients treated with artemether had occurrence of P. vivax between Day 13 and 23 (median =
Day 19). All received rescue treatment with artesunate.
10.2.2.10 Other Medications Administered during the Trial
Concomitant medications were not recorded in the concomitant medications section of the CRF
during the trial. There were however, thirty patients who were recorded as having a cold; 11 patients
in the Coartem group, 9 in the artemether group, and 10 in the benflumetol group. Medications
administered included Contac® for 18 patients and two patients received penicillin or cephaloridine
for tonsillitis. These data were extracted from the Remarks sections of the CRFs by the applicant.

10.2.2.11 Efficacy
Results of the ABMO2 and A023 based on key efficacy endpoints are summarized side by side and
compared in the following tables. Efficacy results for key endpoints in the ITT population are
presented in the following table.
Table 52: Efficacy Results in Four-dose Studies AB/MO2 and A023
(Gray- Shaded columns represent non-primary comparisons)
Coartem

Study ABMO2
N=157
Artemether Lumefantrine
Tablets

Coartem

A023
N=153
Lumefantrine
Tablets

Lumefantrine
Capsules

28-day
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parasite.
Cure
ITT
Population, N
Cure
P-value*
Evaluable, N
Cure
P-value*
Parasite
Reduction
(PR) at 24
hours
Evaluable, N
Median
P-value*
Time to
parasite
clearance
(PCT)
ITT
Population, N
Median
P-value *
Time to fever
clearance
(FCT)
Evaluable, N
Median
P-value*

53

52

52

52

51

50

50
(94.3%)
50
50
(100%)
-

24 (46.2%)

47 (90.4%)

45 (88.2%)

47 (94.0%)

<0.001
44
24 (54.5%)

n.s.
51
47 (92.2%)

50
(96.2%)
51
50 (98%)

n.s.
49
45 (91.8%)

n.s.
49
47 (95.9%)

<0.001

n.s.

-

n.s.

n.s.

51
99.3%
-

52
99.9%
0.0291

52
78.2%
<0.001

52
99.9%
-

51
78.7%
<0.001

49
86.7%
<0.001

53

52

52

52

51

50

30 hours
-

30 hours
0.0275

54 hours
<0.001

30 hours
-

48 hours
<0.001

54 hours
<0.001

38
24 hours
-

30
21 hours
n.s.

38
60 hours
<0.001

24
21 hours
-

31
36 hours
0.0297

35
36 hours
0.0992

*P-value compares either artemether or lumefantrine with Coartem in Study ABMO2 and either lumefantrine tablet or
capsule with Coartem in Study A023; n.s. = no statistical significance
P-values to test treatment effect on the 28-day cure rates were calculated using Fisher’s Exact test. The treatment effect on
parasite reduction at 24 hours was tested using a non-parametric Wilcoxon rank-sum test. Time to parasite clearance (PCT)
and time to fever clearance (FCT) were analyzed by the Kaplan-Meier method and the treatment effect was tested using the
Wilcoxon test.
* Calculation based on datasets as follows:
\\Fdswa150\nonectd\N22268\R 019\2008-06-05\crt\datasets\ABM02\Customized data\derived\a pc.xpt
\\Fdswa150\nonectd\N22268\R 019\2008-06-05\crt\datasets\ABM02\Customized data\derived\a eff.xpt
Source: Statistical Review by Lan Zeng, Ph.D.

In Study AB/MO2, the 28-day cure rate in the ITT population was significantly higher for Coartem
(94.3%) compared to artemether (46.2%), while the median PCT was significantly shorter for
Coartem (30 hours) compared to lumefantrine tablets (54 hours). A total of 106 patients who had a
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baseline temperature >37.5°C were evaluable for the analysis of time to fever clearance. Coartem
had an advantage over lumefantrine with a median FCT of 24 hours versus 60 hours, respectively.
Note that the artemether evaluable population contained only 44 subjects; 6 of the 8 subjects
excluded from the evaluable population discontinued the study due to unsatisfactory therapeutic
effect but were excluded from the evaluable population due to receipt of rescue medication because
of appearance of P. vivax.
The 28-Day cure rate was evaluated in the mITT Population (n =155), in which the two patients who
did not have parasites at baseline were removed from the analysis. Non-PCR corrected cure rates are
presented in Table 53. The results were similar to the ITT population (n= 157).
Table 53. 28 Day Cure Rate, mITT Population
Non-PCR corr. cure status, D 28 (coded)
Yes
No
Subjects

Artemether
24 (46.15%)
28 (53.85%)
52 (100.00%)

Coartem 4 dose
50 (98.04%)
1 (1.96%)
51 (100.00%)

Lumefantrine tablets
47 (90.38%)
5 (9.62%)
52 (100.00%)

Efficacy at 24 and 48 hours of Treatment
The early treatment effect of Coartem in reducing parasite density was analyzed by assessing
parasite reduction in the first 48 hours of treatment compared to baseline parasite density. Subjects
who achieved a ≥ 75% reduction in their baseline parasite counts at 24hours and 48 hours were
evaluated. More than 96% of patients treated with Coartem or artemether achieved a ≥ 75% in
parasite densities at 24 hours and 100% of patients achieved a ≥ 75% reduction in parasite densities
at 48 hours.
In the lumefantrine arm, 7/52 patients had an increase in parasite count compared to baseline within
the first 48 hours, but all reached clearance within 7 days. One patient had reappearance of P.
falciparum by Day 29. Three patients on lumefantrine had a reduction of <75% of baseline at 48
hours and two patients on lumefantrine had an increase from baseline at 48 hours. The results are
consistent with the fact that lumefantrine doesn’t have a rapid onset of action like artemether.
Table 54. Assessment of Parasitemia at 24h and 48h of dosing - Study AB/MO2
Time
since first
dose
24 hours

Parasite Count
compared to baseline
N*
Increase
Reduction
<75%
>= 75%

48 hours

N†

Study ABMO2
N=157
Coartem
51
0
51
2(3.9%)
49(96.1%)

Artemether
52
0
52
0(-)
52(100%)

Lumefantrine
52
5
47
20(42.6%)
27(57.4%)

51

52

52
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Increase
Reduction
<75%
>= 75%

0
51
0(-)
51(100%)

0
52
0(-)
52(100%)

2
50
3(6.0%)
47(94.0%)

* Excluding 2 patients on Coartem (#71 and #230) who had no parasite records in Study AB/MO2
† Excluding 2 patients on Coartem (#71 and #230) who had no parasite records in Study AB/MO2,

Analysis of Primary Endpoints in Adult and Pediatric Patients
Pediatric patients, age 12 to 16 years were enrolled. The efficacy rates in pediatric patients (≤ 16
years old) are compared to results in adults in Table 55.
Table 55. Efficacy Results in 4-dose Study (ABMO2) in Adult and Pediatric Patients
Study ABMO2
N=157
28-day parasitological
cure rate, n/N (%)
ITT population
Children (12-16)
Adults (>16)
Evaluable patients
Children
Adults
Median PR (%)
at 24 hours
(Evaluable patients)
Children
Adults
Median PCT (hours)
(ITT population)
Children
Adults
Median FCT (hours)
(Evaluable patients)
Children
Adults

Coartem

Artemether

Lumefantrine

12/12 (100%)
38/41 (92.7%)

4/8 (50.0%)
20/44 (45.5%)

11/12 (91.7%)
36/40 (90.0%)

12/12 (100%)
38/38 (100%)

4/7 (57.1%)
20/37 (54.1%)

11/12 (91.7%)
36/39 (92.3%)

94.2 (n=12)
99.4 (n=39)

98.8 (n=8)
100 (n=44)

80.0 (n=12)
71.1 (n=40)

36.0 (n=12)
30.0 (n=41)

30.0 (n=8)
24.0 (n=44)

54.0 (n=12)
60.0 (n=40)

12.0 (n=9)
24.0 (n=29)

12.0 (n=6)
24.0 (n=24)

66.0 (n=9)
54.0 (n=29)

In the ITT population, the 28-day cure for Coartem was ≥ 93% and was > 100% in the evaluable population
for adults and children. All children treated with Coartem in the ITT and evaluable populations were cured
at 28days. Results in adults and pediatric patients were similar to the overall 28 day-cure rates for the entire
ITT and evaluable populations.
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Treatment Failures
Early treatment failures (e.g. increase in parasite density at 48h of treatment) and late treatment
failures (recrudescence rates) were evaluated in the ITT population.
Early Treatment Failure
Two patients in the lumefantrine arm had an increase in parasite counts during the first 48 hours of
therapy.
Late Treatment Failures
Among the 157 patients, 24 had a recrudescence of malaria parasitemia, mostly in the artemethertreated group. There wasno recrudescence of P. falciparum in the Coartem arm. Twenty (38%)
patients in the artemether had recrudescence of parasitemia between Study Day 12 to 28. Four
patients had recrudescence in the lumefantrine arm between Study Day 25 to 28. There was one
missing result, and one unclear result. Six patients had recrudescence following the end of the trial.
An additional six patients had occurrence of P. vivax between Days 13 and 23. The recrudescence
rates were the same in the ITT and evaluable populations.
Table 56. Recrudescence of Malaria Parasites during the Trial - ITT population
Reappearance of Parasites (day)
none
12
13
14
16
18
19
21
22
23
25
26
28
Subjects
Total

Artemether
32 (61.5%)
1 ( 1.9%)
3 ( 5.8%)
1 ( 1.9%)
3 ( 5.8%)
1 ( 1.9%)
3 ( 5.8%)
2 ( 3.9%)
1 ( 1.9%)
1 ( 1.9%)
1 ( 1.9%)
2 ( 3.9%)
1 ( 1.9%)
20 (38.5%)
52 (100.0%)

Coartem 4-dose
53 (100.0%)
0 ( 0.0%)
0 ( 0.0%)
0 ( 0.0%)
0 ( 0.0%)
0 ( 0.0%)
0 ( 0.0%)
0 ( 0.0%)
0 ( 0.0%)
0 ( 0.0%)
0 ( 0.0%)
0 ( 0.0%)
0 ( 0.0%)
0 (0%)
53 (100.0%)

Lumefantrine tablets
48 (92.3%)
0 ( 0.0%)
0 ( 0.0%)
0 ( 0.0%)
0 ( 0.0%)
0 ( 0.0%)
0 ( 0.0%)
0 ( 0.0%)
0 ( 0.0%)
0 ( 0.0%)
1 ( 1.9%)
1 ( 1.9%)
2 ( 3.9%)
4 (7.7%)
52 (100.0%)
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Additional Analyses in Study AB/MO2
Evaluation of Key Efficacy Endpoint by Gender and Age - ITT and Evaluable Populations
The 28-day parasitological cure rate according to gender and age categories in each treatment group
is summarized in Table 57.
Though the proportion of females was small (16%), female patients showed similarly higher cure
rates as males in response to Coartem than artemether. Among evaluable patients, there was no
difference between males and females in the Coartem arm. Female patients treated with artemether
had higher cure rate (71.4%) than males (51.4%) and for unclear reasons.
There were 32 pediatric patients aged 12 to 16years old enrolled in the trial. There were no children
under 12 years old. Results are similar between adults and children across and within treatment
arms.
Table 57. 28-day Cure Rate by Gender and Age in Study ABMO2
Number of Cured/Total Subjects, n/N (%)
Study ABMO2
N=157
ITT Population
Gender

Coartem
53

Artemether
52

Lumefantrine
52

Male
Female

42/43(97.7)
8/10(80)

19/45(42.2)
5/7(71.4)

40/44(90.9)
7/8(87.5)

12-16
>16
N

12/12(100)
38/41(92.7)
50

4/8(50.0)
20/44(45.5)
44

11/12(91.7)
36/40(90.0)
51

Male
Female

42/42(100)
8/8(100)

19/37(51.4)
5/7(71.4)

40/43(93.0)
7/8(87.5)

12-16
>16

12/12(100)
38/38(100)

4/7(57.1)
20/37(54.1)

11/12(91.7)
36/39(92.3)

N

Age(Years)
Evaluable Patients
Gender
Age(Years)

Evaluation of Key Efficacy Endpoint in Patients with High Parasite Counts
A subgroup analysis of patients with high parasite counts was performed to assess the efficacy of the
drugs in patients with high parasite counts and potentially more severe disease.
In an attempt to evaluate efficacy in patients with more severe disease, an outlier analysis was
performed. Limiting the analysis of key endpoints in patients with a baseline parasite density ≥
100,000/ul (parasitemia ≥ 2%) gave the following results.
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Table 58. Parasite Count ≥100,000 per µL - Study ABMO2
Study ABMO2
N=13
28-day parasitological
cure rate
ITT population
Evaluable patients
Parasite reduction (PR)
at 24 hours
Evaluable patients
Time to parasite clearance (PCT)
ITT population
Time to fever clearance (FCT)
Evaluable patients

Coartem

Artemether

Lumefantrine

N
Cure

4
3(75%)

4
1 (25%)

5
4(80%)

N
Failure
Cure

3
0(-)
3(100%)

4
3(75%)
1(25%)

5
1(20%)
4(80%)

N
Median

4
99.8%

4
99.7%

5
72.5%

N
Median

4
36 hours

4
33 hours

5
72 hours

N
Median

3
36 hours

1
54 hours

4
66 hours

There were 13 (11 male and two females) patients in Study ABMO2 who met this criterion. Though
the sample size was small, results were similar to the overall efficacy results, for 28-day cure rate,
parasite reduction at 24 hours, PCT, and FCT.
Limiting analysis to the subset of patients (n=17) with high temperature (≥ 40°C) or high parasite
count (≥250,000/µl) gave the following results:
Table 59. 28-day Cure rate high temperature (≥ 40°C) or high parasite count (≥250,000/µl)
Treatment

n (gender)

Parasite Clearance Times
(hours)

Artemether

n=5
(all males)
n=6
(one female)
n=6
(all males)

24, 30, 30, 36, 66
(median = 30)
30, 36, 36, 36, 36, 36
(median = 36)
42, 54, 54, 60, 60, 72
(median = 57)

Coartem 4-dose
Lumefantrine

28 day non-PCR
corrected cure
(n/N%)
0/5 (0%)
5/6(83%)
5/6(83%)

Subject numbers included in above analysis: 59, 75, 76, 77, 79, 97, 100, 102, 121, 132, 136, 138, 159, 160,
169, 216, 224
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There was only one patient in the artemether arm with a parasite count ≥ 250,000/ml. and this patient
was cured. Overall, the 28-day cure rate and the PCT in Coartem-treated patients with high parasite
counts were comparable to the efficacy rates in the ITT population.
Summary and Conclusions
The efficacy results from StudyAB/MO2 support that the combination of Coartem was superior to
artemether (94% vs. 46%) in terms of 28-day cure rate. Coartem also demonstrated a shorter time to
parasite and fever clearance and a greater parasite reduction at 24 hours compared to lumefantrine.
The interpretation of results is limited by the fact that the study was conducted at a single center.

10.3 Additional Four Dose Studies
Additional studies of Coartem, administered as a 4-dose regimen administered over 48 hours (hours
0, 8, 24, 48), were performed between 1993 and 2000, including two (Study ABMO1 and A009)
open-label, non-comparative studies to confirm efficacy and tolerability, one (Study A012) was a
double-blind, parallel-group, dose optimization study to compare 4-dose with two lower doses, and
ten active-controlled studies which compared the 4-dose regimen of Coartem with other
antimalarials. These studies were submitted as study reports only without efficacy data sets. Table
51 summarizes the study design and Table 52 summarizes the efficacy results of the 10 activecontrolled studies. The first section of Table 52 reports the 4 studies where Coartem lead to higher
28 day cure rates compared to the comparator. Parasite reduction at 24 hours was also higher. The
next section shows the studies where Coartem had similar results as the comparator. In the last
section Coartem had lower 28 day cure rates compared to the comparator. Note that parasite
reduction at 24 hours was high in these studies. While the safety of 4-doses of Coartem was further
supported by these studies, its superiority to various comparators in 28-day cure rate could not be
established. These studies were conducted in areas of high transmission, as compared to Studies
ABMO2 and A023, which were conducted in China.
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Table 60: Summary of Supportive Active-Controlled Studies with 4-Dose Coartem Regimen
Study
No.
A003

Study Design / Objective

Open, randomized, parallel group
efficacy/safety
Coartem vs. quinine
A004
Double-blind, randomized, parallel
group efficacy/safety
Coartem vs. mefloquine
A005
Open, randomized, parallel group
efficacy/safety
Coartem vs. quinine/Fansidar
A007
Double-blind, randomized, parallel
group efficacy/safety
Coartem vs. chloroquine
A008
Open, randomized, parallel group
efficacy/safety
Coartem vs. MAS
A010
Double-blind, randomized, parallel
group efficacy/safety
Coartem vs. Fansidar
A011
Open, randomized, parallel group
efficacy/safety
Coartem vs. chloroquine
A014
Double-blind, randomized, parallel
group efficacy/safety
Coartem vs. halofantrine
AIC04 Open, randomized, parallel group
efficacy/safety
Coartem vs. chloroquine
AIC04 Open, randomized, parallel group
efficacy/safety
Coartem vs. Fansidar
Fansidar = sulfadoxine/pyramethamine

No. of patients
Coartem
Comparator

Population

Year/
Study
Location

111

Quinine: 108

Children
(2-12 yr)

1995-96
Thailand

126

Mefloquine: 126

1995-96
Thailand

12

Quinine/
Fansidar: 11

Adults
Children
(≥13 yr)
Adults

89

Chloroquine: 90

Adults

1995-96
India

309

MAS: 308

1995-96
Thailand

144

Fansidar: 143

Adults
Children
(≥5 yr)
Children
(≤5 yr)

130

Chloroquine: 130

Children
(≤5 yr)

1996
Tanzania

51

Halofantrine: 52

Adults
(≥17 yr)

1996-97
Europe

36

Chloroquine: 36

Adults

2000
Senegal

30

Fansidar: 30

Adults

2000
Cameron

1996-97
UK

1996-97
Gambia
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Table 61: Efficacy of Supportive Active-Controlled Studies with 4-Dose Coartem Regimen
Study
No.

Cure Rate
Group

N

Time to
Parasite
Clearance
(Median)

Parasite
Reduction
at 24 hours
(Median)

Time to
Fever
Clearance
(Median)

7-day

14-day

28-day

Coartem
89
Chloroquine
90
A011
Coartem
130
92.4%
Chloroquine
130
29.6%
AIC04
Coartem
36
Senegal
Chloroquine
36
AIC04
Coartem
30
Cameroon
Fansidar
30
Coartem
12
A005
Quinine/
11
Fansidar
A010
Coartem
144
Fansidar
143
Coartem
111
Quinine
108
A003
A004
Coartem
126
Mefloquine
126
A008
Coartem
309
MAS
308
A014
Coartem
51
Halofantrine
52
Fansidar = sulfadoxine/pyramethamine

84.1%
8.6%
100%
63.9%
93.3%
53.3%
-

95.4%
19.7%
100%
100%

36 hr
60 hr
1 day
2 days
2 days
7 days
36 hr
69 hr

98.8%
70.7%
97.8%
59%
94.3%
54.7%
76.8%
49.2%
99.2%
87.6%

18 hr
27 hr
-

93.3%
97.7%
-

60.8%
71.8%
69.3%
82.4%
82.1%
97.3%
82.2%
100%

40 hr
77 hr
43 hr
66 hr
32 hr
48 hr

99.2%
92.5%
98.6%
67.3%
98.6%
76.1%
100%
100%
99.7%
89.6%

52 hr
88 hr
32 hr
54 hr
24 hr
32 hr

A007
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10.4 Individual Study Report: Protocol 5669701025
10.3.1 Protocol: A randomized, double-blind, parallel group trial comparing efficacy, safety, and
pharmacokinetics of the standard four-dose schedule (4x4 tablets over 48 hours) with two six-dose
schedules (over 60 hours and 90 hours, respectively) of co-artemether (Coartem) in the treatment of
acute Plasmodium falciparum malaria in adults and children in Thailand.

10.3.1.1 Study Administrative Information
Study dates: September 24th, 1996 to March 10th, 1997
Study Sites:
1) Hospital for Tropical Diseases, Faculty of Tropical Diseases, Mahidol University, Bangkok,
Thailand.
2) MaeLa Camp, SMRU, Mae Sot, Thailand
Study Report date: July 14th, 1997
Duration of Study: 28 days.
Source: Study Report, Section M1
Principal investigator: Professor S. Looareesuwan, Dr. Francois Nosten, Dr. Michele vanVugt

10.3.1.2 Objectives of the Clinical Trial
The aim of the trial was to compare the safety, efficacy and pharmacokinetics of two higher dose
regimens of Coartem with the standard four-dose regimen, and to evaluate whether higher doses
could improve the 28 day cure rate.
Endpoints: Efficacy was assessed by the 28-day cure rate, parasite reduction at 24 hours, time to
parasite clearance (PCT), time to fever clearance (FCT), the need for anti-pyretics to control high
fever, and anti-gametocyte activity.
Safety: Safety and tolerability were assessed by regular examination of the patients, hematological
and biochemical parameters, the ECG's performed in Bangkok, neurological examinations in
MaeLa, and adverse experiences (AEs) reported spontaneously by the patients or obtained from
direct questioning of the patient. Reviewer’s Comment: See Clinical Safety Review by Sue

Lim, MD.
10.3.1.3 Study Design Overview
The study was a randomized, double-blind, parallel group, two centre, four- week trial to compare
the efficacy, safety and pharmacokinetics of the standard four- dose regimen over 48 hours to two
other dose regimens of Coartem, given in six doses over 60 hours and six doses over 96 hours, in
adults and children > 2 years old with acute, uncomplicated P. falciparum malaria.
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Three prior four-studies (#004, #008, #012) in Thailand had shown low 28-day cure rates (≤ 82%)
and these findings prompted a study of higher doses of Coartem. The current study compared the
efficacy and safety of the four-dose regimen against two six-dose regimens.
The study was conducted at two centers in Thailand. The study population included adults and
children ≥ two years old with acute uncomplicated malaria with P. falciparum or mixed infection
including P. falciparum. Patients were randomly assigned in equal numbers to each treatment arm;
the four- dose regimen over 48 hours or to six-dose regimen over 60 hours or six-dose over 96 hours.
In MaeLa, the dose was adjusted according to body weight. Patients received placebo tablets to
maintain the double blind. Patients at the Mahidol University, Bangkok remained in the hospital for
the duration of the, 28-day study. The patients at the MaeLa Camp, Maesot were treated as
outpatients.
At the Bangkok site, patients were monitored during the first 72 hours for parasites (blood
microscopy) and temperature at 12 hourly intervals. If patients did not achieve parasite clearance
(PCT) within this time, daily measurements continued until PCT was confirmed. Thereafter, body
temperature was measured and blood microscopy performed once daily until Day 8. After the first
week, parasite counts and temperature measurements were done once weekly.
At MaeLa, adults and children were monitored daily for parasites (blood microscopy) and fever (oral
temperature) until parasite clearance (PCT). Thereafter, temperature measurements and blood
microscopies were performed weekly until Day 29 with a follow-up visit on Day 64.
Patients with reappearance of parasites during the trial period had a blood sample taken for
Polymerase Chain Reaction (PCR) analysis to distinguish between recrudescence and new infection.
10.3.1.4 Study Population
Adult and pediatric patients were enrolled based on the following inclusion and exclusion criteria.
Inclusion Criteria:
• Male and female patients ≥12 years (Bangkok); ≥2 years (MaeLa)
• Microscopic confirmation of P. falciparum or mixed (including P. falciparum) infection
• P. falciparum parasitemia above 500 parasites/µl at baseline, upper limit according to
hospital practice and investigator's judgment
• Able to participate in the trial and comply with the clinical trial protocol
• Written informed consent to participate in trial; verbal consent if illiterate
• Witness required for illiterate patients, and written consent from parents/guardian for
children below age of consent
Exclusion Criteria:
• Pregnancy or lactation
• Inability to tolerate oral treatment
• Signs/symptoms indicative of severe/complicated malaria requiring parenteral treatment
• Administration of investigational (unlicensed) drugs within 30 days of trial start
• Known hypersensitivity or allergy to artemisinin derivatives
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• Severe renal, hepatic or liver impairment (i.e. creatinine and/or SGPT (ALT) >2.5 x upper limit of
normal range)
• Severe cardiac impairment
10.3.1.5 Study Treatments
The formulation of Coartem used was the formulation to-be-marketed, F4.
All patients received four tablets (active or placebo) per dose at each of the eight dosing time points.
Table 62. Study Treatments and Time of Administration
Dosing Time Points
Time (hours)
4-dose / 48h
6-dose / 60h
6-dose / 96h

1
0
c
c
c

2
8
c
c
c

3
24
c
c
c

4
36
p
c
p

5
48
c
c
c

6
60
p
c
p

7
72
p
p
c

8
96
p
p
c

p = placebo tablets; Source: Table adapted from Study report M1, section 3.4.1.
c = Coartem (dosage adjusted for body weight)

Clinical Reviewer’s Comment: In this review, Day 1 was the day of initiation of treatment, and the
test-of-cure visit was on the 28th day i.e. Day 29, (“28-Day test of cure” visit).
In MaeLa, the number of tablets per dose was adjusted according to patient body weight:
• >35 kg : 4 tablets per dose
• 25-35 kg: 3 tablets per dose
• 15-25 kg : 2 tablets per dose
• <15 kg : 1 tablet per dose
Patients were re-dosed if a dose was vomited within an hour. Food intake during the dosing days (8
hours before first dose and between each of the following doses) was recorded. The treatment was
administered under the direct supervision.
Medical Officers Comment:
The dosing in the three arms was identical for the first three doses (up to 36 hours). Therefore, there
should be no expected differences in parasite reduction at 24 hours. PCT and FCT should also be
similar for the first 36 hours.
10.3.1.5.1 Randomization
Patients who met the entry criteria were randomly allocated in equal numbers to one of three
treatment groups. A computer-generated randomization scheme was used to provide balanced blocks
of patient numbers for each treatment, and each trial centre. A block size of six was used. Patients
who discontinued during the trial for any reason were not replaced.
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10.3.1.5.2 Blinding
The investigators were blinded to the treatment until after completion of the study and the final data
review.
10.3.1.6 Concomitant Medications
Patients were allowed to continue medications for asthma, hypertension, and other medical
conditions, as usual.
10.3.17 Study Procedures
The schedule of study procedures is summarized in the following tables: Table 63 (Bangkok) and
Table 64 (MaeLa). The two centers had different procedures and the schedules for the two sites are
listed separately. For example the frequency of monitoring of parasite counts and fever length of
follow up was different for the two sites.
Table 63. Flow Chart- Bangkok Site

* = on day of reappearance of parasites (if appropriate)
(*) =daily, if needed, x =once daily; xx or x2 = twice daily
(1) = 14 samples were taken from 52 PK patients; Source: Section 3.6 Study report.
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Table 64. Flow Chart (MaeLa)

* = on day of reappearance of parasites (if appropriate); (x) = patients without clearance, x = once daily; xx = twice
daily; Source: Section 3.6 Study report

10.3.1.7.1 Assessment of Parasite Counts
Giemsa-stained thick films (or Wright stains) were examined. Thin films were required only for
confirmation of the presence of species other than P. falciparum.
Examinations were done with binocular microscope with oil immersion lens.
At screening examination (before inclusion in the trial):
• Twenty thick film fields were examined. If there was no P. falciparum the patient was not
suitable for inclusion in the trial.
• If asexual forms of P. falciparum were found, a total of 200 thick film fields were screened
for Plasmodium species• If P. falciparum was confirmed, a count was made of the asexual forms against leucocytes,
using a tally counter. Counting was based on 200 leucocytes (WHO standards). If insufficient
parasites were detected, counting was extended to 500 leucocytes.
• The parasite density was calculated according to the following equation:
• Parasite Density per µl = No. of parasites x actual WBC / No. leukocytes (200).
At MaeLa, counts were based on 500 leukocytes or thin films (expressed as number of infected
erythrocytes per 1000 red blood cells), i.e. Parasite density per µl = No. of parasites x haematocrit x
factor 125.6.
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If gametocytes of P. falciparum were present, a gametocyte count was made by counting
gametocytes per 1000 leucocytes. If less than 5 gametocytes were counted, the count was repeated
against 2000 leukocytes.
Blood Examination during the 28 (63) day trial period:
• A total of 200 thick film fields were examined (tally counter) before a slide was
• confirmed negative.
• If asexual forms of P. falciparum were present, a parasite count was required (see point 3c,
above).
• If Plasmodium species other than P. falciparum were found, species and count were recorded.
• If P. falciparum gametocytes were found, a gametocyte count was performed.
Polymerase Chain Reaction (PCR)
Blood samples for PCR were obtained from patients at baseline and wherever possible at the day of
reappearance of parasite. Three blood spots (30 ml) from a finger prick were spotted onto
chromatography paper, labeled by patient code and date, air dried at room temperature and stored
until DNA extraction and PCR analysis (published by Navaratnam et al., 1995).
Blood Samples for Susceptibility Testing
Blood samples from 50 patients were taken for anti-malarial drug susceptibility testing at baseline
and at reappearance of parasites. A microdilution radioisotope method was used to assess antimalarial susceptibility in P. falciparum isolates.
Pharmacokinetics
Fifty-two patients in Bangkok provided a total of 14 blood samples for the PK analysis during the
first ten days of the trial. At each time point 7 mL of blood (total volume of 98 ml) was collected and
the plasma was divided into two aliquots for artemether, dihydro-artemisinin, and lumefantrine
analysis. In MaeLa, four capillary blood samples were taken for population kinetics (lumefantrine
assay only) on Days 4 and 5, Day 6 or 7, and on Day 8. Capillary and venous blood samples were
taken from a subset of 27 patients to check for correlation between the values.
Other Study Measurements
ECG: In Bangkok only, a 12-lead ECG. Lead V2 was used to calculate QTc intervals. All ECGs
were evaluated by a cardiologist.
Vital Signs: Body temperature was measured using a standard clinical thermometer retained in the
mouth for two minutes before reading.
Blood pressure (mmHg) and pulse rate (bpm) were measured with the patient in the supine position.
Physical Examination: Full physical examination was performed at baseline (pre-treatment). In
MaeLa only, a brief neurological examination was performed at baseline and on Days 5, 8, and 29
(63), according to hospital practice. The examination included: Romberg's test, tests for
coordination, gait, fine finger dexterity, hearing (using a tuning fork), visual acuity, nystagmus as
well as an assessment for behavior abnormality.
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Clinical Laboratory Evaluations: In Bangkok, blood was taken for complete blood count (CBC) with
differential WBC count, chemistry and liver function tests, and urine dipstick was performed. In
MaeLa, standard hematology tests were performed.
10.3.1.8 Compliance
The following events were considered sufficient reason for a patient to discontinue the trial:
• whenever the patient decided that it was in his/her best interest;
• whenever the investigator considered it advisable or in the patient's best interest;
• intolerable adverse experiences
• lack of therapeutic response
• major protocol violation
• non-compliance of the patient
• development of any exclusion criteria
10.3.1.9 Ethical and Quality Assurance
The sponsor states that the trial was performed in accordance with the Declaration of Helsinki and its
Hong-Kong amendment, and according to the principles of Good Clinical Practice (GCP), as defined
by the EC Guidelines and Recommendations III/3976/88-EN. The trial was not audited. Monitoring
visits were performed regularly by the Novartis monitors. All data recorded in the CRFs were
subject to 100% source data verification.
10.3.1.10 Statistical Methodology
Casagrande's method was used for the calculation of the sample size needed for comparing the 28
day cure rates. No interim analysis was planned or performed.
Reviewer’s Comment: Please refer to the statistical review by Dr Xianbin Li for commentary on the
methodology used.
10.3.1.12 Endpoints
Primary Endpoint
The 28-day cure rate was the primary endpoint of therapeutic efficacy. It is defined as the proportion
of patients with clearance of asexual parasitemia within 7 days of initiation of trial treatment,
without subsequent recrudescence.
Secondary Endpoint
The secondary endpoints were:
• Time to parasite clearance (PCT) i.e., time from first dose until first total and continued
disappearance of asexual parasite forms which remains for at least a further 48 hours.
• Parasite reduction at 24 hours after initiation of trial treatment (percentage of
Parasites/ µL at 24 hours compared to parasite density before the first dose of treatment).
• Time to fever clearance (FCT) i.e., time from first dose until the first time body
temperature falls below 37.5°C and remains below 37.5°C for at least a further 48 hours (only for
patients with temperature >37.5°C at baseline).
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• Time to gametocyte clearance was defined as time from first dose until first total and continued
disappearance of gametocytes which remains for at least a further 48 hours and calculated only for
patients with presence of gametocytes at any time during the first 72 hours.
Clinical Reviewer’s Comment:
The evaluation of gametocyte clearance time is problematic as the sensitivity of the tests for
gametocytes are not well defined.
Criteria for Efficacy: The protocol specified that either of the two higher doses of Coartem would be
considered superior if there was a clinical and statistically significant difference between the sixdose regimen and the standard four-dose regimen in the 28-Day cure rate for the evaluable patients
with a significance level of 0.025.
The secondary variables PCT, parasite reduction at 24 hours, and FCT were also considered for the
evaluation of clinical efficacy.
Clinical Reviewer’s Comment: In the study report, the applicant used the evaluable population as
the primary analysis population. Study A025 is a superiority study and in this review, the ITT
population (all patients who received at least one dose of study drug) is considered the primary
analysis population.
Treatment Failures
R-I treatment failure: clearance of asexual parasitemia within 7 days, followed by
recrudescence of parasites.
R-II treatment failure: marked reduction of asexual parasitemia but no clearance (asexual parasite
counts <25% of baseline within 48 hours after initiation of treatment but no, or only temporary,
clearance of asexual parasitemia within 7 days).
R-III treatment failure: no marked reduction of asexual parasitemia (asexual parasite counts remain
>25% of baseline at 48 hours, or even rise above baseline levels at 48 hours, without clearance of
asexual parasitemia within 7 days).
10.3.1.13 Data Sets Analyzed
The analysis of the 28-day cure rate was performed for both the ITT patient population and the per
protocol or evaluable patient population.
Patients were evaluable for the 28-day cure rate, if no other drugs with anti-malarial effect were
taken (e.g. Bactrim) and the parasite counts were recorded up to Day 29 or the patient discontinued
due to "Unsatisfactory therapeutic effect" because of reappearance of P. falciparum.
The ITT analysis also included patients who discontinued before Day 29 due to "lost to follow-up",
"administrative problems", "does not meet protocol criteria" or "non-compliance" or who died due to
reasons not related to malaria. These patients were counted in the ITT analysis as treatment failures
regardless of their reason for discontinuation.
Patients who received medications with an anti-malarial effect (e.g. Bactrim) were counted in the
ITT analysis as if they would have received no anti-malarials (one patient failed, and four were
cured).
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Clinical Reviewer’s Comment: Even though not all patients who received Bactrim counted as
failures in ITT, the results are unlikely to change the overall conclusions from the study, as only five
patients were involved.
Time to Parasite Clearance, PCT
The time to parasite clearance was analyzed for the ITT population. PCT was censored at the last
parasite measurement if no clearance was reached by that time or if other anti-malarials had been
given. The time was censored for four patients who were lost to follow-up within the first three days,
and one patient received rescue medication before PCT was reached.
Parasite reduction at 24 hours was evaluated for all patients with the relevant data; one patient
discontinued by that time, the other 4 patients could not attend the visit in MaeLa.
Time to Fever Clearance
The time to parasite clearance was analyzed for patients with a body temperature >37.5 °c at
baseline (evaluable patient population. FCT was censored at the last temperature measurement, if no
normalization of temperature < 37.5°C) had been maintained for 48 hours; two patients were lost to
follow-up before they reached clearance, and a third patient developed typhoid fever and thus did not
have a temperature below 37.5°C for more than 48 hours.
Time to Gametocyte Clearance
The time to gametocyte clearance was calculated for the patients who had gametocytes within the
first 72 hours after start of treatment. The time was censored for six patients; five of them
discontinued and one did not achieve gametocyte clearance during the trial period.

10.3.1.14 Safety and Tolerability
Please see reviews of safety in adults and children by Sue Lim, M.D.
10.3.1.15 Pharmacokinetics
Fourteen blood samples from 52 patients in Bangkok were assayed for artemether,
dihydroartemisinin and benflumetol. Patients had eight samples drawn (total volume of 98 ml) at
Hours 0, 8, 24,48, 72, 120, 168 and 240 with a further 6 samples randomly allocated from the
following time points: 4,28,32, 36, 44, 52,60,64, 80, 96 or 108 hours.
10.3.1.16 Polymerase Chain Reaction
Parasite genotyping by PCR technique was employed to distinguish recrudescence from newly
acquired P.falciparum infections.
The allele frequencies of P. falciparum were compared in blood samples taken at baseline and at the
day of reappearance of parasites. P. falciparum DNA (b) (4)
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(b) (4)

Clinical Reviewer’s Comment
See review by Aaron Ruhland, Ph. D. for commentary on the PCR assays used in the trial.
10.3.1.17 Amendments to the Protocol and Post Hoc Changes
An amendment was issued in Oct 22, 1996 to make minor modifications to the timing and sampling
of blood for pharmacokinetics. Additionally, dosing of study drugs at hour 36 and 60 was changed to
hour 32 and 56, respectively, due to logistics at the MaeLa site.
10.3.2 RESULTS
10.3.2.1 Disposition of Patients
The disposition of patients (n=359) is summarized in Table 65. The MaeLa site enrolled 259 patients
and the Bangkok site enrolled 100 patients.
Table 65. Distribution of Patients by Treatment Group
4 doses
Enrolled/Randomized
Study Center 1 (Bangkok) / Study Center 3
(MaeLa)
Premature discontinuation
Unsatisfactory therapeutic response
Lost to follow-up
Death
Administrative problems: quinine treatment
Failure to meet protocol criteria*
Non-compliance
Concomitant use of co-trimoxazole
Sample size in efficacy analyses
ITT population
Evaluable patient population

120
34/86

6 doses
60 hours
118
32/86

35(29.2%) 23(19.5%)
20(16.7%) 4(3.4%)
11(9.2%) 19(16.1%)
2
0
0
0
1
0
1
0
1
3
120
104
(86.7%)

118
96
(81.4%)

6 doses
96 hours
121
34/87
18(14.9%)
2(1.7%)
15(12.4%)
0
1
0
0
0
121
106
(87.6%)

Adapted from applicant’s Exhibit 6.1-1, study report (page 29).
*Major protocol violator, due to renal impairment with abnormal lab values.

Clinical Reviewer’s Comment
A small number of patients in this trial had previously participated in study 008 and had received
Coartem or mefloquine /artesunate more than 3 months before the trial. The lag time between the
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two studies was adequate to allow metabolism of antimalarials with long half lives such as
mefloquine and lumefantrine.
Discontinuations from the Trial
A total of 76(21%) patients discontinued prematurely from the trial, 26 of whom had a poor
therapeutic response. Of the remaining 50 (13.9%) patients, 45 patients were lost to follow-up (9%
of patients in Bangkok and 13.9% in MaeLa). Therefore, 309/359=86.1% patients completed the 28
day trial period (90% in Bangkok, 84.6% in MaeLa). Two patients died in the 4-dose arm – one was
shot by a military group and one died after stepping on a landmine.
A higher proportion of subjects in the 4-dose arm discontinued due to an “unsatisfactory therapeutic
response” compared to the six-dose (60h) and six-dose (96h) arms i.e. 16.7% versus 3.4% and 1.7%,
respectively.
The patient (no.371) listed under administrative problems discontinued because of a protocol
violation, i.e. self-treatment with quinine. One patient was enrolled with abnormal renal function and
was considered a protocol violation. One patient was non-compliant.
Prior Treatment for Malaria
Twenty- four (6.7%) patients had taken anti-malarials in the three months prior to trial entry (9 at
Bangkok, and 15 at MaeLa). The majority of the patients 22/24 had received chloroquine. An
additional 12 patients had treatment with chloroquine and/or quinine within 10 days prior to the start
of the study. Chloroquine and quinine were available at the local market.
Other Medications
One-hundred and nineteen (33.1%) patients received medications other than anti-malarials in the 30
days preceding the trial. In both centers, the most common prior medications were paracetamol
(21.4%) and an unknown self-medication (7.2%) for fever and headache. In Bangkok, 14 (14.0%)
patients received glucose with sodium chloride solution before start of treatment.
Exposure to Coartem
Sixteen patients did not receive all eight doses of Coartem; two on the 48 hours regimen, one on the
60 hours regimen, and seven patients on the 96 hours regimen.
Six patients missed placebo doses. Three patients were lost to follow-up. A total of 311 (86.6%)
who weighed more than 35 kg received four tablets per dose. The remainder of the patients received
lower doses per protocol based on their weight.
10.3.2.2 Demographics
Study Population
There were 359 adult and pediatric patients enrolled in the trial.
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Table 66. Demographics of Patients and Baseline Disease Characteristics
4 doses
Sex (males (%))
Age (median[range] in years)
Weight (median[range] in kg)
Height (median[range] in cm)
Haematocrit (median [range] in %)‡
Haematocrit<25%†
Previous malaria infection within 3
months
Hepatomegaly
Splenomegaly
Temperature (°C)
Median(mean)
Range
≤ 37.5
37.5-39
≥ 39
Parasite density (/uL)
Median (geometric mean)
Range
Number (%) by density
<5,000
5,000-<15,000
15,000-<50,000
≥50,000

N=120
83(69%)
24 [3-75]
49.5 [12.5-92]
158 [92-180]
37.7[19.8-56.0]
7(6%)
11(9%)

6 doses
60 hours
N=118
86(73%)
23 [3-62]
49.3 [10-90]
158[84-177]
37.4[18.8-51.0]
4(3%)
5(4%)

6 doses
96 hours
N=121
81(67%)
21[5-60]
48[12-76]
158[90-182]
37.5[18.0-50.8]
5(4%)
8(7%)

21(18%)
28 (23%)

22(19%)
24(20%)

23(19%)
24(20%)

37.6 (37.8)
36-40.8
59(49.2%)
38 (31.7%)
23 (19.2%)

37.6 (38.0)
36-40.8
59(50.0%)
34 (28.8%)
25 (21.2%)

38.0 (38.1)
36-41.5
41(33.9%)
52 (43.0%)
28 (23.1%)

11,891 (10,273)
381 - 199,980

6,276 (9,260)
415 - 195,735

7,480(10,153)
290 - 464,880

44 (36.7%)
19 (15.8%)
34 (28.3%)
23 (19.2%)

55 (46.6%)
12 (10.2%)
22 (18.6%)
29 (24.6%)

52 (43.0%)
13 (10.7%)
27 (22.3%)
29 (24.0%)

Adapted from applicant’s Exhibit 7.1.-1 and 7.1.-3, study report (page 32 and 33).
†
14(11.7%), 7(5.9%), and 6(5.0%) were in each arm, respectively, based on the reviewer’s analysis.
‡
Patients did not have a baseline Hct done.

The majority of patients were male. Patients’ ages ranged from 3 years to 75 years old. The applicant
used an age cut-off ≤ 12years to define the pediatric population, however, in this review an age cutoff ≤ 16 years was used. Thus, 80 pediatric patients aged 3 years to 16 years of age were enrolled; 21
in the four dose group and 59 patients in the two six-dose arms combined.
Patients in the six-dose (96 hour) arm had a higher proportion (66%) of subjects with a fever ≥
37.5°C compared to the other two arms. Approximately, 20% of the study population in each
treatment arm presented with hepatomegaly and/or splenomegaly which is consistent with signs of P.
falciparum infection.
Baseline Parasite Counts
There was no significant different in median parasite counts at baseline between the three treatment
groups within each site. However, there were differences in baseline parasite densities between sites.
Baseline parasite densities at the two sites are presented in Table 67 and Table 68.
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Table 67. Parasite Density at Baseline -Bangkok

Table 68. Parasite Density at Baseline - MaeLa

Patients in Bangkok had approximately three times higher median parasite counts than patients at
MaeLa.

Antipyretic Treatment during the Trial
A total of 289 patients received antipyretic medication, mostly paracetamol, given for two to three
days during the trial.
Table 69:Antipyretic Treatment During the Trial

Site/ no. patients
Bangkok / 100
MaeLa / 259

# Patients treated with antipyretics*
89 (89%)
200 (77.2%)

*(usually paracetamol)

127

Clinical Review
Division: DSPTP
NDA #: NDA 22-268
Drug: Coartem, Artemether/lumefantrine

Overall, 79 (22.0%) patients received paracetamol or aspirin to treat high fever prior to trial start;
30.0% in Bangkok and 18.9% in MaeLa.
Antimalarial Treatment during the Trial
A total of 26 patients required rescue with other antimalarial treatment during the trial; Bangkok (13)
and MaeLa (13). The majority of the patients received artesunate plus another antimalarial drug.
Table 70: Antimalarial Treatment during the Trial

Malaria Treatment
Artesunate +mefloquine
Quinine + tetracycline
Artesunate +doxycycline
Artesunate

Site
Bangkok
MaeLa

No. of Patients (n=26)
10
3
12
1

Source: NDA Electronic datasets; concomitant medication dataset (iReview analysis by reviewer)

During the 63 day long-term follow-up in MaeLa, six additional patients had reappearance of P.
falciparum: patient nos. 187, 203, 206, 382, 391 received artesunate/doxycycline and patient no. 249
first received chloroquine for P. vivax and then artesunate/mefloquine when he had reappearance of
P. falciparum one week later on Day 50.
Treatment for Plasmodium Vivax
In total, 54 patients had (re-)appearance of P. vivax, and for 50 (13.9%) patients the following antimalarials were recorded to treat (re-)appearance of P. vivax (22 cases occurred after the main 28 day
trial period and Day 64 in MaeLa): chloroquine and primaquine for seven patients in Bangkok,
chloroquine for 42 patients in MaeLa, and one patient in Bangkok.
Other Concomitant Medications with Antimalarial Properties
Six (2.3%) patients from MaeLa received co-trimoxazole, Bactrim®, (which has antimalarial
activity) for pneumonia, or urinary tract infection (UTI). Five of the six patients were excluded from
the efficacy analysis of evaluable patients because of the anti-malarial effect of this drug (patient
Nos. 235, 243, 261, 283 and 306). Patient No. 427 was evaluable as he was treated on Day 29 only.
Previous Treatment for Malaria within the Past Three Months (n=36 patients)
Previous malaria infection (within 3 months of trial entry) was documented for 24 patients (6.7%).
For 21/24 patients, the anti-malarial treatment was reported and most had received chloroquine.
An additional, 12 patients reported previous medications within the ten days before treatment start,
mainly with chloroquine and/or quinine which are readily available from the local market and had
been used as self-treatment. No patient received artesunate or mefloquine in the six weeks before the
trial.
Previous Other Medications (not anti-malarial)
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One-hundred and nineteen (33.1%) patients received medications other than anti-malarials in the 30
days preceding the start of the trial. The most common previous medications in both centers were
paracetamol (21.4%) and unknown self medication (7.2%) for fever and headache. In Bangkok, 14
(14.0%) patients received glucose /sodium chloride solution before start of treatment.

10.3.2.3 EFFICACY RESULTS
As shown in Table 71, dosing of Coartem in the three arms were identical for the first three doses
(up to 36 hours), therefore, there should be no difference in efficacy would be expected between the
three arms for the first 36 hours.
Primary Endpoint
The primary endpoint is the 28-day cure rate (non-PCR corrected) in the ITT population. The 28-day
non-PCR corrected cure rates by treatment and analysis population are shown in the following table.
Results were the same for the mITT population.
Non-PCR Corrected 28-day Cure Rates
For the primary endpoint, 28-day cure rate, overall 285/359 patients were cured and 74 patients
failed treatment. The non-PCR corrected cure rates were highest (97.5%) in the six-dose arm in the
evaluable population.

Table 71. Non-PCR Corrected 28-day Cure Rates – ITT Population
Non-PCR corr. cure status, D 28 (coded)
No
Yes
Subjects

Coartem 4 dose
35 (29.2%)
85 (70.8%)
120 (100%)

Coartem 6 dose (tablet)*
39 (16.3%)
200 (83.7%)
239 (100%)

*The two six-dose (60h and 96h) regimens were combined for these analyses.
Source: iReview analysis by reviewer

Table 72. Non-PCR Corrected 28-day Cure Rates – Evaluable Population
Non-PCR corr. cure status, D 28 (coded)
No
Yes
Subjects

Coartem 4 dose
20 (19.2%)
84 (80.8%)
104 (100%)

Coartem 6 dose (tablet)
5 (2.5%)
197 (97.5%)
202 (100%)

*The two six-dose (60h and 96h) regimens were combined for these analyses.
Source: iReview analysis by reviewer

The 28-Day parasitological cure rate by treatment arm and analysis populations are summarized in
the following tables.
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Table 73. 28-Day Parasitological Cure Rate (%) [95% CI] (ITT and Evaluable population)

ITT Population

Drug Regimen

n

Coartem 4 dose (48 hours)

120

Coartem 6 dose (60 hours)

118

Coartem 6 dose (96 hours)

121

Evaluable Population Coartem 4 dose over 48hours
Coartem 6 dose over 60 hours

104
96

Coartem 6 dose over 96 hours 106

28 Day Cure Rate
(non PCR corrected)
85/120 (70.8%)
[61.8%, 78.8%]
96/118 (81.4%)
[73.1%, 87.9%]
104/121 (85.9%)
[78.5%, 91.6%]
84/104 (70.8%)
[71.9%, 87.8%]
93/96 (96.9%)
[91.1%, 99.4%]
104/106 (98.1%)
[93.4%, 99.8%]

Adapted from applicant’s Exhibit study report 8.1.-1 and 8.1.-2, page 37.

Clinical Reviewer’s Comment: There was one patient each in the four-dose and six-dose-96-hour
arms who was cured based on a PCR- corrected result but not cured based on a non-PCR corrected
result.
Differences in Cure Rates between Dose Groups
The differences in cure rates and their CIs in the ITT population were not reported in the study
report. An additional analysis was performed by the FDA statistical reviewer, because the applicant
used Bonferroni method to adjust for multiple testing in the sample size calculation. Therefore,
97.5% CIs for the differences in cure rates should be reported. The following table is from the
statistical review by Xianbin Li, Ph.D.
Table 74. 28-day cure rate and CI in ITT and evaluable Populations - Study 025

ITT
95%CI
Diff [97.5%CI]
p-value
Evaluable
95%CI
Diff [95%CI]
Diff [97.5%CI]
p-value

4 doses
(48 hours)
85/120 (70.8%)
[61.8%, 78.8%]
84/104 (80.8%)
[71.9%, 87.8%]

6 doses
(60 hours)
96/118 (81.4%)
[73.1%, 87.9%]
10.5% [-1.9%,22.8%]
0.069
93/96 (96.9%)
[91.1%, 99.4%]
16.1% [7.8%, 24.4%]
16.1% [6.0%, 26.7%]
< 0.001

6 doses
(96 hours)
104/121 (86.0%)
[78.5%, 91.6%]
15.1% [2.8%, 27.3%]
0.0048
104/106 (98.1%)
[93.4%, 99.8%]
17.3%[9.3%, 25.3%]
17.3% [7.6%, 27.7%]
< 0.001
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Adapted from applicant’s Exhibit 8.1.-1 and 8.1.-2, study report (page 37). Fisher’s exact test p-values and 97.5% exact
CI for differences in cure rates between six dose (60-hour or 96-hours) and four- dose regimens . (Statistical review by
Xianbin Li, Ph.D.)

The differences in cure rates between both higher dose groups and 4-dose group were statistically
significant at the level of 0.025(see table).
The 6-dose, 60-hour regimen (the applicant’s proposed regimen) had numerically higher cure rates
than the 4-dose regimen, significantly so in the evaluable population. The 6-dose, 96-hour regimen
was significantly superior to the 4-dose regimen for both the ITT and the evaluable populations.
There were no statistically significant differences in cure rates between the six-dose (60h) arm and
six-dose (96h) group in the evaluable population.

Difference in 28-Day Cure Rates among Study Sites
There was a center effect in cure rates in that the Bangkok site had higher parasite count at baseline
and lower 28-day cure rate than the MaeLa site, as shown in Table 75. Additionally, in a logistic
regression model after controlling for baseline parasite count, the center remained a significant
predictor of 28-day cure rate. Given the differences in patient populations between the two sites
(based on age and inpatients vs. outpatients), this effect would be anticipated. Note that the
interaction terms between center and treatment were not significant, i.e., treatment effects did not
vary significantly between centers.
Table 75: 28-Day Cure Rate by Study Center in the ITT Population
Coartem
Coartem
4 doses
6 doses 60-hours
Center 1 (Bangkok)
20/34 (58.8%)
27/32 (84.4%)
Center 3 (MaeLa)
65/86 (75.6%)
69/86 (80.2%)
Source: Statistical review by Xianbin Li, Ph.D.

Coartem
6 doses 96-hours
30/34(88.2%)
74/87(85.1%)

Parasite Clearance Time
The median time to parasite clearance in the ITT and evaluable populations was 44 hours in the three
treatment arms. There were no statistically significant differences in PCT among the treatment arms,
as would be expected given that the treatment arms did not differ until 36 hours. All but two patients
(ITT) cleared their parasites within 81 hours after start of treatment.
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Table 76. Mean Parasite Clearance Time (hours)[95% CI] in ITT Population
Coartem
4-dose
(48 hours)

Coartem
6-dose
(60 hrs)

Coartem
6-dose
(96 hrs)

N=120
44 [43,44]
34 – 51

N=118
44 [43, 45]
22 - 47

N=121
44 [43,44]
40 - 47

Median* [95%CI]
25-75 percentile

Range**
18 - 72
* Kaplan-Meier method
** Not including censored times
Source: Statistical review by Xianbin Li, Ph.D.

17 - 166

17 - 90

One patient, no. 436 (baseline parasite count 5,780/µl) on the 60 hours regimen, had no slide
available between Days 2 and 8, thus PCT was assigned as 166 hours. Patient No. 081 on the 96
hours regimen was assigned a PCT of 90 hours based on the first available negative slide post
treatment. Patient 081 had a relatively high baseline parasite count of 236,500 /µl so a slower
parasite clearance time would be expected.
There were differences in the frequency of testing at the two sites. Parasite counts were done once
daily at the MaeLa site and twice daily at the Bangkok site. The parasite clearance time was longer
at the Bangkok site (52, 53, 50 hours) versus 44, 43, and 43 hours at the MaeLa site for the fourdose, six-dose (60h), and six-dose (96 h), respectively. The is most likely explained by the fact that
the baseline parasites counts observed in patients at the Bangkok site were three times higher than at
MaeLa.
Table 77. Time to Parasite Clearance by Study Site in ITT population
4-dose
N=160
Overall
PCT(median)
44
95% CI
43, 44
N=34
Bangkok
PCT(median)
52
95% CI
46, 56
N=86
MaeLa
PCT(median)
44
95% CI
53, 65
Source: Statistical review by Xianbin Li, Ph.D.

6-dose
(60 hrs)

6-dose
(96 hrs)

N=118
44
43, 45
N=32
53
45, 60
N=84
43
42, 44

N=121
44
43, 44
N=34
50
43, 59
N=85
43
42.7, 43.8
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Timing of Parasite Clearance
To assess timing of clearance of parasites from the bloodstream, the proportion of patients who had
negative slides for malaria on day 2, 3, 4, and 7 were analyzed for each of the treatment arms.
Approximately 23%, 77%, and 94% of subjects had a negative slide after one, two, and three days of
treatment, respectively, across the three treatment arms. There were no obvious differences between
the three arms.
Table 78. Patients with Negative Malaria Slides at Day 2, 3, 4, 7 in ITT population
Parasite clearance
@ day 2 (i.e. 24
hours)
27/120 (22.5%)

Parasite clearance
@ day 3 (i.e. 48hrs)

Parasite clearance
@ day 4 ( i.e. 72h)

Parasite clearance
@ day 7*

4 dose group
94/120 (78.3%)
116/120 (96.7%)
32/32 (100%)
N=120
93/118 (78.8%)
109/118 (92.4%)
31/31 (100%)
6 dose group over 60 31/118 (26.3%)
hrs
N=118
6 dose group over 90 27/121 (22.3%)
93/121 (76.9%)
114/121 (94.2%)
34/34 (100%)
hours
N=121
* Only patients at the Bangkok site had parasite counts done per protocol at day 7. A total of 88 (4-dose), 87(6dose/60h), and 87 (6-dose/96h) patients did not have a parasite count measured on day 7.
Source: Adapted from applicant’s study report.

Efficacy at 24 hours and 48 hours of Treatment
The early treatment effect of Coartem in reducing parasite density was analyzed by assessing
parasite reduction in the first 48 hours of treatment compared to baseline parasite density. Subjects
who achieved a ≥ 75% reduction in their baseline parasite counts at 24 hours and 48 hours were
evaluated. More than 90% of patients in all treatment arms achieved a ≥ 75% reduction by 24 hours.
Eight patients had a higher count at 24 hours post-treatment than at baseline (2, 4, and 2 patients in
the four-dose(48h), six-dose (60h), and six dose (96h) regimens respectively, respectively. These
patients were subsequently cured.
Fever Clearance Time (FCT)
There were no statistically significant differences in fever clearance time among the three treatment
arms overall as would be expected given that the treatment arms did not differ prior to 36 hours, see
Table 79.

Table 79. Fever Clearance Time for ITT population and the Evaluable Population
Fever clearance time (hours)
FCT median hours*
[95% CI]†

4 dose
group
N = 61
23
[21, 36]

6 dose group over 60
hrs
N = 59
35
[22, 43]

6 dose group over 90
hours
N = 80
22
[21 , 34]
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FCT ( 25th -75th percentile)**
FCT range

20-44
19-95

20-46
9-160

20-44
9-164

* Kaplan-Meier method. ** Not including censored times. †Based on the sign test (Brookmeyer and Crowley, 1982).
From Exhibit 8.1.-9 in applicant’s study report (page 41). Source: Statistical Review by Xianbin Li, Ph.D.

Efficacy in Adults and Pediatric Patients
Efficacy based on PCT and FCT was evaluated separately in adult and pediatric patients by
treatment regimen in the ITT population. Results were similar between adults and children treated
with six doses of Coartem. Children had a slightly shorter median FCT than adults.
Table 80. 28-Day Cure Rate, PCT, and FCT in Adult and Pediatric Patients

Adult Patients
28 day cure rate
PCT (hrs)
Median * [95%CI†]
25-75 percentile*
Range**
FCT (hrs)
Median* [95%CI†]
25-75 percentile*
Range**
Pediatric Patients
28 day cure rate
PCT (hrs)
Median * [95%CI†]
25-75 percentile*
Range**
FCT (hrs)
Median* [95%CI†]
25-75 percentile*
Range**

Coartem
4-dose (48 hours)

Coartem
6-dose (60 hours)

Coartem
6-dose (96 hours)

67/99 (67.7%)

71/88 (80.7%)

78/92 (84.8%)

44 [43,44.4]
40-52
18-72

44 [43,45]
40-53
17-166§

44 [43,44.1]
37-50
18-90

34 [21-41]
20-44
18-95

36 [22-44]
21-45
9-160

21 [20.9, 34]
20-43
9-142

18/21 (85.7%)

25/30 (83.3%)

26/29 (89.7%)

44 [22,45]
22-45
19-72

43 [22,45]
22-45
18-68

44 [42,44]
42-45
19-67

22 [19,43]
19-43
12-70

27 [20,45]
20-46
18-70

22 [20,44]
20-44
18-164

* Kaplan-Meier method
** Not including censored times.
†Based on the sign test (Brookmeyer and Crowley, 1982).
§ in one subject no slide was available between Days 2 and 8, thus PCT was calculated as 166 hours.
Source: Statistical review by Xianbin Li, Ph.D.
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Treatment Failures
Early Parasitological Failure:
Early parasitological failure was defined as failure to achieve a ≥ 75% reduction in parasite density
at 48 hours of treatment. All patients except eight who had missing data achieved a 75% reduction in
their baseline parasite counts.
At 48 hours, the mean changes and 75% reduction rates were all comparable between treatment arms
in the ITT and Evaluable populations.
Table 81. Change in Parasite Count from Baseline at 48hours of Treatment
ITT population
Mean Change %
([min, max]%)
75% reduction
Evaluable population†
Mean Change %
([min, max]%)
75% reduction

4-dose
N=117*
-100.0
[-100.0,-99.7]
100% (117/117)
N=101
-100.0
[-100, -99.8]
100% (101/101)

6-dose (60 hours)
N=116*
-100.0
[-100.0, 97.3]
100% (116/116)
N=94
-100.0
[-100, 98.7]
100% (94/94)

6-dose (96 hours)
N=119*
-99.8
[-100, 85.0]
100% (119/119)
N=104
-99.8
[-100, -85.0]
100% (104/104)

*3, 2, and 3 subjects in three arms, respectively, in the ITT population had missing data.
†3, 2, and 2 subjects in three arms, respectively, in the evaluable population had missing data.
Source: Statistical review by Xianbin Li, Ph.D.

Late Parasitological Failure:
During the specified study period (day 1 to 29), 20/120 patients experienced recrudescence of P.
falciparum in the 4-dose arm between days 15 to 29, in the 6-dose, 60-hour arm 3/118 patients
recrudesced (days 14, 15, and 21), and in the 6-dose, 96-hour arm 2/121 patients recrudesced (days
15 and 29), as shown in Table 82. Results were the similar in the ITT and the evaluable populations.

Table 82. Recrudescence of P. falciparum [97.5% CI] in ITT and Evaluable Populations
ITT
n/N (%)
95% CI
Diff [97.5% CI]
Evaluable
n/N (%)
95% CI
Diff [95% CI]

4-dose

6-dose (60 hours)

6-dose (96 hours)

20/120 (16.7%)
[10.5%, 24.6%]

4/118(3.4%)
[0.9%, 8.4%]
-13.3%[-22.8%,-4.6%]

2/121 (1.7%)
[0.2%, 5.8%]
-15.0%[-24.3%,-6.5%]

20/104 (19.2%)
[12.2%, 28.3%]

3/96 (3.1%)
[0.6%, 8.9%]
-16.1%[-26.7%, -6.0%]

2/106 (1.9%)
[0.3%, 6.3%]
-17.3%[-26.3%, -9.1%]

Source: Statistical review by Xianbin Li, Ph.D.
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The recrudescence rates in the 4-dose group, 6-dose-over-60-hour, and 6-dose-over-96-hour
regimens were 16.7%, 3.4% and 1.7%, respectively, in the ITT population; 19.2%, 3.1%, and 1.9%
in the evaluable population. Compared with the 4-dose group, both 6-dose groups had significantly
lower late parasitological failure rates both in the ITT and evaluable populations.
During the specified study period (day 1 to 29), 20/120 patients experienced recrudescence of P.
falciparum in the 4-dose arm between days 15 to 29; in the 6-dose-over-60-hour arm, 3/118 patients
recrudesced (between days 14 and 21), and in the six-dose -over-96hr arm, 2/121 patients
recrudesced (between days 15 and 29). Results were the similar in the ITT and the evaluable
populations.

Table 83: Recrudescence of Malaria Parasites – ITT (all randomized) population
Reappearance of parasites (day)
none
14
15
16
17
18
19
21
22
23
25
27
29
37
42
43
50
62
Total No. of Recrudescences
Subjects total : n=359

Coartem 4 dose
98 (81.7%)
0 (0%)
2 (1.7%)
1 (0.8%)
1 (0.8%)
2 (1.7%)
1 (0.8%)
2 (1.7%)
7 (5.8%)
2 (1.7%)
1 (0.8%)
0 (0%)
1 (0.8%)
1 (0.8%)
1 (0.8%)
0 (0%)
0 (0%)
0 (0%)
22 (18%)
120 (100%)

Coartem 6 dose (tablet)
60h and 96h
229 (95.8%)
1 (0.4%)
2 (0.8%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
1 (0.4%)
0 (0%)
0 (0%)
0 (0%)
1 (0.4%)
1 (0.4%)
0 (0%)
1 (0.4%)
1 (0.4%)
1 (0.4%)
1 (0.4%)
10(4.2%)
239 (100%)

Source: iReview analysis by reviewer

During follow-up period (day 30 to 62) at MaeLa, there were an additional two patients recrudesced
in the four-dose arm and four patients in the two six-dose arms.
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Additional Analyses
Patients with Malaria Parasitemia ≥ 2%
A subset of patients with a baseline parasitemia ≥ 2% (≥ 100,000 parasites/µl) were analyzed for the
28-Day cure rate (non-PCR corrected).
Table 84. 28-Day Cure Rate [95% CI] in Patients with BPC ≥ 100,000/ µl

ITT
Evaluable

4 doses
(48 hours)
7/10 (70.0%)
[34.8%, 93.3%]
7/9(77.8%)
[40.0%, 97.2%]

6 doses
(60 hours)
13/16 (81.3%)
[54.4%, 96.0%]
12/12(100.0%)
[73.5%, 100.0%]*

6 doses
(96 hours)
9/9(100.0%)
[66.4%, 100.0%]*
Same as ITT

*one-sided 97.5% CI; BPC: Baseline Parasite Count
Source: Statistical review by Xianbin Li and iReview analysis by clinical reviewer

The 28-day cure rates for patients with parasitemia ≥ 2% were comparable to the overall results.
Patients who received the 4-dose regimen had similar cure rates for both the ITT and evaluable
populations. Patients who received the six-dose regimens had higher 28-day cure rates than those
who received the four-dose regimen. In patients with a parasitemia ≥ 2%, the cure rates was higher
with the six-dose regimen administered over 96 hours compared to the six-dose regimen
administered over 60 hours but this was not statistically significant.
Patients with Malaria Parasitemia > 5%
One patient had a baseline parasite count > 300,000//µl was inadvertently enrolled. The patient was
cured on a six-dose-over-96hour regimen.
Table 85. 28-day Cure Rate [95% CI] for those with BPC>=300,000 - ITT and evaluable
populations

ITT
Evaluable

4 doses
(48 hours)
N/A

6 doses
(60 hours)
N/A

N/A

N/A

6 doses
(96 hours)
1/1(100%)
[2.5%, 100.0%]*
Same as ITT

*one-sided 97.5% CI; Source: Statistical review by Xianbin Li and iReview analysis by clinical reviewer

Patients with Malaria Parasitemia > 5% and/or High Fever
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The 28-day cure rates were also analyzed for patients with a parasitemia greater than 5% or very
high fever ≥ 40◦C. The calculations are based on non-PCR corrected cure rates. The data are
summarized in Table 86.
Table 86. 28-day cure rate [95% CI] for those with BPC>=300,000 or BBTP>=40◦C in ITT and
evaluable populations

ITT
Evaluable

4 doses
(48 hours)
3/5 (60.0%)
[14.7%, 94.7%]
Same as ITT

6 doses
(60 hours)
9/11 (81.8%)
[48.2%, 97.7%]
Same as ITT

6 doses
(96 hours)
9/10(90.0%)
[55.5%, 99.7%]
Same as ITT

Source: Statistical review by Xianbin Li and iReview analysis by clinical reviewer

Overall, the six dose regimens had higher cure rates in patients with high parasitemia ≥ 100,000
parasites/µl and high fever ≥ 40◦C in both analysis populations.
Conclusions
The 28-day cure rates of the 6-dose-over- 60-hour and the 96-hour regimens were numerically
higher than the 4-dose regimen, and were statistically significantly in the evaluable population.
There was no statistically significant difference between the two six-dose arms for the 28-day cure
rates. There was little difference in terms of parasite clearance between the study arms, which was
expected given that the treatment arms did not differ from one another up to 36 hours. As discussed
in the review of clinical safety (see review by Sue Lim, M.D.), the safety profile of the two six- dose
regimens was similar to the four-dose regimen. The six-dose, 60-hour regimen was chosen by the
applicant for use in future trials for ease of administration and for greater compliance with a shorter
treatment time.
The limitation of this study is that there were only two centers, so generalizing this result to a wider
population may be a concern. Also the studies were conducted in a Thai population and results
might not be applicable to European/USA, or African populations so further studies in different
populations were undertaken.
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10.5 Individual Study Report: Protocol 5669701026
10.5.1 Protocol
This was a randomized, open-label study designed to evaluate the pharmacokinetics, efficacy and
safety of the six-dose Coartem regimen compared to a combination of mefloquine plus artesunate,
(MAS). For comparison with historical data, a control treatment arm, MAS was included. MAS
was the standard of care for the treatment of uncomplicated P. falciparum malaria in Thailand at the
time this study was conducted.
10.5.1.1 Study Administrative Information
Protocol issue date: 23.10.1997
Study Dates: 11.12.1997- 03.9.1998
Study Sites (2):
Site 1: Hospital for Tropical Diseases, Faculty of Tropical Medicine,
Mahidol University, Bangkok, Thailand;
Site 2: MaeLa Camp, SMRU, Mae Sot, Thailand
Study Report Date: 18.6.1998
Source: Study Report, Module I.
PI: Professor S. Looaressuwan, Dr. Francois Nosten, Dr. Michele Van Vugt
10.5.1.2 Objectives
The objective of the trial was to confirm the safety and efficacy of the six-dose regimen of
COARTEM (Coartem), given over 3 days.
Efficacy was assessed by the 28 day cure rate, parasite reduction and proportion of patients with
negative slide on Days 2, 3 and 4, and anti-gametocyte activity.
A secondary objective was to explore if there was a correlation between changes in QTc interval
measurements and plasma concentrations of lumefantrine.
10.5.1.3 Study Design Overview
This was a randomized, open-label, comparative, parallel group, two centre, four- week trial to
confirm the efficacy and safety of COARTEM, given in six doses over three days in adults and
children ≥ 2 years with acute, uncomplicated P. falciparum malaria. For comparison with historical
data, a control arm mefloquine plus artesunate (MAS) was included in this trial. Since MAS could
not be blinded, the study was designed as an open-label study. The planned sample size was 200
patients.
Suitable patients, who presented to the participating hospitals with symptoms of acute
uncomplicated P. falciparum malaria, after laboratory confirmation of the diagnosis and gave
informed consent, were randomly allocated to treatment with Coartem or MAS. Patients in Centre 1
were admitted for in-patient observation for the 28 day trial period, whereas patients in Center 2
were treated as the out-patients and seen daily for the first week, thereafter weekly until Day 29.
Some patients in Center 2 also attended a long-term follow-up on Days 36 and 43, according to the
hospital's practice. The primary endpoint, the 28-day cure rate, was defined as the proportion of
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patients with clearance of asexual parasitemia within seven days of initiation of trial treatment,
without subsequent recrudescence within a 28 day period.

Study Population
Inclusion Criteria
• Male and female patients
• Age ≥ 12 years or more (Centre 1)
• Age ≥ 2 years or more (Centre 2)
• Microscopic confirmation of P. falciparum or mixed (including P. falciparum) infection
• P. falciparum parasitemia above 500 per µL at baseline, upper limit according to hospital
practice and investigator's judgment
• Able to participate in the trial and comply with the clinical trial protocol
• Written informed consent to participate in trial; verbal consent in presence of literate witness
was required for illiterate patients, and written consent from parents/guardian for children
below age of consent
Exclusion Criteria
• Pregnancy or lactation
• Inability to tolerate oral treatment
• Signs/symptoms indicative of severe/complicated malaria requiring parenteral treatment
• Administration of investigational (unlicensed) drugs within 30 days of trial start
• Known hypersensitivity or allergy to artemisinin derivatives
• Severe renal, hepatic or liver impairment (i.e. creatinine and/or SOPT (ALT) >2.5 x upper
limit of normal range)
• Severe cardiac impairment (i.e. evidence of existing cardiac conduction defect or overt
symptoms of cardiac dysfunction, e.g. fainting)
• Use of anti-arrhythmics or other drugs which are known to influence cardiac function
10.5.1.5 Study Treatments
Coartem was dosed by body weight. Patients allocated to MAS received artesunate, 4 mg/kg/day
once daily for 3 days, plus mefloquine 25 mg/kg given as a split dose of 15 mg/kg plus 10 mg/kg on
Days 2 and 3, respectively.
Table 87. Dosage of Coartem –StudyA026
Body Weight
≥ 35 kg
≥ 25 and < 35 kg

Coartem Dose
4 tablets per dose
3 tablets per dose

≥ 15 and < 25 kg

2 tablets per dose
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< 15 kg

1 tablet per dose

Table 88. Dosage of Trial Medications and Time of Administration

Coartem
artesunate
mefloquine

Day 1
0hours
1 dose
1 dose
-

Day 1
8hours
1 dose
-

Day 2
AM
1 dose
1 dose
1 dose

Day 2
PM
1 dose
-

Day 3
AM
1 dose
1 dose
1 dose

Day 3
PM
1 dose
-

Clinical Reviewer’s Comment: MAS is not a FDA approved regimen for malaria. Therefore, a typical non-inferiority
analysis comparing the two treatment regimens would be difficult to justify. Based on the FDA Malaria Draft Guidance
2007, unapproved comparators may be appropriate if they represent the local standard of care. However in this study,
no formal statistical comparisons with MAS were planned by the applicant.

10.5.1.5.1 Randomization
Patients were randomly allocated to treatment with Coartem (COARTEM) or MAS, in a 3:1
(Coartem: MAS) ratio.
10.5.1.5.2 Blinding
MAS could not be blinded therefore the study was designed as an open-label study.
10.5.1.6 Concomitant Treatments
Any anti-malarial medication taken within the three months prior to the trial was
documented in the CRF. Any medication taken in the 30 days before trial entry for conditions other
than malaria, e.g. asthma or hypertension was documented in the CRF. All new medications taken
during the trial period were documented. Patients who took trimethoprim-sulfamethoxazole
(Bactrim) were excluded. All medications taken to control high fever were documented under 'Antipyretic medication' on the CRF.
10.5.1.7 Study Procedures
Study procedures during the 28-day study period are summarized in Table 89.
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Table 89. Schedule of Study Procedures

Source: Exhibit 3.6.-1, Module I of Study Report.
*Two different PK sampling schemes to be used alternately (see Section 5.4)
(x) = patients without clearance, x = once daily; xx = twice daily;

ECG tracings from 41 patients with a prolongation of QTc by more than 30 msec which yielded to
an abnormal value, i.e. QTc > 430 msec for males, > 450 msec for females, within the first week
after start of treatment were evaluated by an independent cardiologist who was blinded to the
treatment code.
Body temperature was taken using a standard clinical thermometer retained in the mouth for two
minutes before reading. Rectal temperature was to be used if it was not possible to take the oral
temperature.
Full physical examination was carried out at baseline (pre-treatment) and any abnormality was
recorded. Details of abnormalities were documented in the CRF under 'Significant medical
history/concomitant diseases'.
An additional neurological examination was performed at centre 2. The following problems might be
recorded as adverse experiences in the CRF: ataxia (abnormality indicated by
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Romberg score), gait abnormal (if patient cannot walk along a straight line heel to toe), fine motor
coordination abnormal (checked using tablet picking), hearing decreased or any other hearing
problem (checked using a tuning fork), nystagmus and/or any other vision abnormality, and behavior
abnormality.
All patients with clinically significant abnormal laboratory values were followed regularly
until the values returned to normal or until a valid reason for the abnormality was identified.
10.5.1.7.1 Assessment of Malaria Parasite Counts
The methodology is the same as for Study 025. Please see section 10.3.1.7.1 above.
10.5.1.7.2 Blood Sampling for Pharmacokinetic (PK) Tests
Five venous blood samples were to drawn for PK analysis from all patients receiving
Coartem. At each time point 4 ml of blood (total volume of 20 ml) was collected.
The schedule is summarized in the following tables.

Source: Module I of Applicant’s Study Report

10.5.1.8 Compliance
Removal of Patients from Trial
The reason(s) why a patient discontinued from the trial was recorded on the appropriate Case Report
Forms and on the termination sheet.
The following events were considered sufficient reason for a patient to discontinue the trial:
• whenever the patient decided that it was in his/her best interest
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• whenever the investigator considered it advisable or in the patient's best interest
• intolerable adverse experiences
• lack of therapeutic response resulting in intolerable symptoms
• major violation of the clinical trial protocol
• non-compliance of the patient
• development of any exclusion criteria (see section 3.2.2. Exclusion criteria)
For reasonable cause, either the investigator or the sponsor, Novartis, could terminate this trial,
provided advance written notice was submitted.
The reason for and the date of discontinuation were recorded in the CRF. The patients who
discontinued were not planned to be replaced as the sample size accounted for a drop-out rate of
20% during the 28 day trial period.
Removal of Patients from Analysis
The 28-day cure rate was calculated both for the intention-to-treat (ITT) and the evaluable patient
populations. The patient was considered evaluable for the analysis of the 28-day cure rate if parasite
counts were recorded up to Day 29 or the patient discontinued due to 'unsatisfactory therapeutic
effect' because of reappearance of P. falciparum.
10.4.1.9 Ethics and Quality Assurance
The sponsor states that the trial was performed in accordance with the Declaration of Helsinki and its
Hong-Kong amendment, and according to the principles of Good Clinical Practice (GCP), as defined
by the EC Guidelines and Recommendations III/3976/88-EN. This trial was not audited. Monitoring
visits were performed regularly by the Novartis monitors. All data recorded in the CRFs were
subject to 100% source data verification.
Due to the nature of the trial site MaeLa, Novartis undertook to keep all trial documentation, after
the completion of the trial, on behalf of the investigator. The files were retained at Novartis HQ,
Basel, Switzerland.
10.5.1.10 Endpoints
Primary Endpoint
• The 28-day cure rate is defined as the proportion of patients with clearance of asexual
parasitemia within 7 days of initiation of trial treatment, without subsequent recrudescence
Secondary Endpoints
• The percent parasite reduction from baseline at 24, 48, and 72 hours after initiation of
treatment
• The clearance of existing gametocytes without the need for further antimalarials, with
presenting the number of patients with gametocytes detected at baseline, and Days 2, 3, 4, 8,
15, 22 and 29.
• The number of patients with temperature > 37.5°C and ≤ 37.5°C was summarized on Days 2,
3, and 4 in comparison to baseline.
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Criteria for Efficacy
The six-dose regimen of Coartem would be considered effective if the lower limit of the 90%
confidence interval for the 28-day cure rate exceeds 90%. For the combination of mefloquine and
artesunate, a cure rate of at least 95% was assumed (based on results from trial 5669701 008 which
gave a cure-rate of 97.3%).
Clinical Reviewer’s Comment
The applicant did not specify the analysis population(s) for the primary endpoint analysis.
10.5.1.10 Data Sets Analyzed
Two analysis populations were defined. The intent-to-treat (ITT) population included all randomized
patients. The evaluable patient population included patients with parasite counts recorded up to day
28 or patients discontinued due to “unsatisfactory therapeutic effect” because of reappearance of P.
falciparum.
The analysis of the 28-day cure rate was performed both for the intention-to-treat (ITT) population
(all randomized patients, n=200) and the evaluable population (n=181) for adults and children. The
parasite reduction at 24 hours was calculated using all available measurements. The time to parasite
clearance was analyzed for the ITT population and per protocol populations. The time to fever
clearance was calculated for all patients who were febrile (T > 37.5◦C) at baseline.
Anti-gametocyte activity was calculated for the population with gametocytes detected within the first
72 hours of treatment.
10.5.1.11 Statistical Methodology
The 95% confidence interval (CI) for the 28-day cure rate was calculated for each treatment group in
both ITT and evaluable populations. See statistics review by Xianbin Li, Ph.D. for a detailed
analysis of statistical methodologies used in the trial.
Clinical Reviewer’s Comment: See statistics review by Xianbin Li, Ph.D. for a detailed analysis of
statistical methodologies used in the trial.
10.4.1.12 Safety and Tolerability
Clinical Reviewer’s Comment: See reviews by Sue Lim, M.D. and Ozlem Belen, M.D.
10.5.1.13 Pharmacokinetics
Five venous blood samples were to drawn for PK analysis from the patients receiving Coartem.
Clinical Reviewer’s Comment: See Clinical Pharmacology review by Dakshina Chilukuri, Ph.D. for
further comment on PK analyses.
10.5.1.14 Polymerase Chain Reaction (PCR)
PCR analysis was not planned in the protocol. Nevertheless, in MaeLa, parasite genotyping by PCR
technique was employed to distinguish recrudescence from newly acquired P. falciparum infections
for the three patients on Coartem who had reappearance of parasites within the 28-day trial period.
Clinical Reviewer’s Comment: See Microbiology review by Aaron Ruhland, Ph.D. for further
comment on PCR analysis.
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10.5.2

RESULTS - EFFICACY

10.5.2.1 Patient Demographics and Disease Characteristics at Baseline
A total of 200 (adults and children ≥ 2 yrs) were enrolled in the trial.
Table 90. Demographics and Disease Characteristics at Baseline (ITT)
Parameters

Value

Coartem
n= 150

MAS
n = 50

Total
n = 200

Females (age
range 2y- 61y)
Males (age
range 2y - 63y)
Age
Weight kg
Pulse rate (bpm)

no. (%)

40 (26.6)

13 (6)

53 (26.5)

no. (%)

110 (73)

37 (74)

147 (73.5)

Median (range)
Median (range)
Median (range)
Median (range)
Median (range)
no. (%)

22 (2-63)
50 (8-81)
88
(60-150)
110 (70-140)
60 (30-110)
6(4)

25(3-61)
50 (11-66)
91
(54-133)
110 (80-130)
70 (50-80)
-

22 (2-63y)
50 (8-81)
88
(54-150)
110 (70-140)
60 (30-110)
6 (3)

Median (range)
no. (%)
no. (%)

37 (18-51)
51(34)
40(27)

38.8 (25-61)
9(18)
13(26)

37.1 (18-61)
60(30)
53(27)

SBP
DBP
Previous malaria
within 3 mths
Hematocrit (Hct)
Hepatomegaly
Splenomegaly

Source: Module I of Applicant’s Study Report

The majority of the patients were male (~70%) and the median age of the patient population was 23
years old. A total of 6(4%) in the Coartem group had malaria in the prior three month period before
the start of the study. Approximately 30% of the patients in the Coartem-treated group and up to
26% in the MAS-treated group presented with hepatomegaly and /or splenomegaly which can be
consistent with clinical signs of malaria. Three patients (2%) had moderate to severe anemia with a
hematocrit < 25%.
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Table 91. Parasite Density and Baseline Body Temperature (ITT)

Adapted from Exhibits 7.1-1 and 7.1-3, study report (page 29 and 30).

Overall, the median parasite density at baseline was higher in patients treated with Coartem arm
(9,374/µl) compared to patients treated with MAS (5,285/µl). Patients at the Bangkok site had higher
median baseline parasite counts (17,940/µl) than the patients at the MaeLa site (6,210/µl).
More than 60% of the patients had a temperature > 37.5°C at presentation. Up to 36% of patients
had a baseline fever defined as body temp ≥ 38.3◦C or 101◦F, the number of patients with body
temp ≥ 38.3◦C was n = 49 (32.6%) in the Coartem arm and n=18(36%) in the MAS arm, and
67(33.5%) in the total study population.
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Table 92: Parasite Density and Baseline Body Temperature (children ≤ 12 years)

Source: Module I of Applicant’s Study Report

The median parasite density at baseline was lower in patients treated with Coartem arm (12,434/µl)
compared to patients treated with MAS (22,909/µl).
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10.5.2.2 Disposition of Patients
The baseline characteristics of the two treatment groups were similar. The majority of the patients
(99%) completed the three day treatment course.
Table 93. Distribution of Patients

Adapted from Exhibit 6.1-1, study report (page 26).
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Among 28 subjects (23 and 5 subjects in the Coartem group and MAS group, respectively) who
were discontinued prematurely, those with unsatisfactory therapeutic response and six (Coartem (4)
and MAS (2)) patients who were lost to follow-up during the 28 days were included in the evaluable
population. The 6 subjects who were lost to follow-up were included because of negative counts
after Day 28. Therefore, 18 (15 and 3, respectively) patients due to lost to follow-up, noncompliance
and failure to meet protocol criteria were not evaluable. In addition, one in the Coartem group was
not evaluable due to IV quinine use on Day 14 when having febrile coma of unknown origin. Thus,
the evaluable population included 181 (134 and 47, respectively) patients.
10.5.2.3 Protocol Violations
Four patients had protocol violations.
Patient no. 38 started treatment with Coartem while the second confirmatory slide was evaluated. As
this slide was negative, i.e. no P. falciparum was found at baseline, this patient discontinued due to
this major protocol violation on Day 1 after the first dose.
Patient No. 259 who had febrile coma of unknown origin on Day 14 received IV quinine and
therefore was excluded from the evaluable patients for the 28 day cure.
Patient no. 64 had a parasite density of 15,411/µL at 11: 15 and started treatment at 14:55. The
second baseline slide which was taken at 13:50 only showed 64/µl.
Patient no. 225 had a density of 4,887/µl at 10:15 before he started treatment with COARTEM at
17:05. The confirmatory baseline slide which was always taken within 1 hour before start of
treatment showed a density of 410/µL. Both patients are considered to have minor protocol
violations and were included in the analysis of the 28-day cure rate.
Clinical Reviewer’s Comment: There is wide variation in the parasitemia levels within a day, as
demonstrated in patient nos. 64 and 225. For example, patient #64 had parasite counts ranging from
15,411 to 64/µl within a three hour period. It is appropriate to include them in the evaluable
population.
Table 94.Parasite Density at Baseline (Bangkok)
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Table 95. Parasite Density at Baseline (MaeLa)

Source: Module I of Applicant’s Study Report

Patients at the Bangkok site had higher median parasite counts (17,940/µl) than the patients at the
MaeLa site (6,210/µl).
10.5.2.4 Previous Treatment of Malaria
Six patients got prior anti-malarials in the prior three months. Five patients in the current study selftreated with a single dose of an anti-malarial within two days of the start of the study.
Table 96. Prior Treatment with Antimalarial Drug
Anti-malarial drug

No. of patients

Mefloquine Artesunate
Quinine
Mefloquine ( 3 doses)
Chloroquine *(single
dose)
Quinine* (single dose)
Mefloquine and
Fansidar* (single doses
of each)

2
1
3
2

No. of Days prior to
study start
~70 days
~70 days
?
2 days

2
1

2 days
1 day

* Treatment for current malaria infection. Source: Module I of Applicant’s Study Report10.4.2.5 Previous
Treatment with Other Drugs
The most common previous medication in both centers was paracetamol (18.0%).
10.5.2.6 Discontinuation from Study
See section 10.5.2.2
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10.5.2.7 Exposure to Study Drugs
Six patients did not receive appropriate doses of Coartem. None of the patients on Coartem had to
stop treatment because of an adverse event or any other safety reason. Two patients did not receive
the full treatment of 6 doses: patient No. 38 received one dose of Coartem as malaria infection with
P. falciparum was not confirmed, and patient No. 233 did not receive the second dose by mistake.
Four patients received suboptimal dosing and did not receive the number of tablets as planned in the
protocol: for example, patient No. 8 with 20 kg who should have received 2 tablets per dose only
received 6x1 tablets. All four patients were cured despite suboptimal dosing.
Food Intake
Nine patients on Coartem did not have any normal meal within the three-day dosing period. Many
patients had not eaten within 8 hours of the start of treatment, a quarter of the patients had either
taken nothing or had taken liquids only (60.7% in Bangkok, 20.3% in MaeLa), but food intake
normalized after the first 2 doses per the applicant’s report.
Clinical Reviewer’s Comment: It appears that the majority of patients were eating normally for most
of their doses of Coartem which is important as food enhances the absorption of Coartem. The
absorption of artemether is increased two fold and the absorption of lumefantrine is increased by
approximately 16 fold when administered with food.

10.5.2.8 Treatment for Malaria
Patients who received treatment with other antimalarial during the study period, day 1 through Day
29 are summarized in Table 97.
Table 97. Patients on other anti-malarials during study period (ITT)

Quinine
Chloroquine
Doxycycline/Tetracycline
Artesunate

Coartem
N=150
1
10
1
3
15

MAS
N=50
0
0
0
0
0

Total
1
10
1
3
15

Source: iReview Analysis by reviewer

Table 98. Pediatric patients (≤ 16yrs) on other anti-malarials during study period - (ITT)

Quinine
Chloroquine

Coartem
N=34
1
8

MAS
N=16
0
0

Total
1
8
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Mefloquine
Artesunate
Doxycycline

1
3
1
14

0
0
0
0

1
3
1
14

Source: iReview Analysis by reviewer

Note: These patients overlap with the patients listed in Table 97.
None of the patients on MAS had reappearance of parasites, whereas four patients on Coartem
received anti-malarials for reappearance of P. falciparum during the trial.
P. falciparum Infection
In centre no.1, patient No. 141 received quinine (3 x 200 mg per day) and tetracycline (4 x 250 mg
per day) for six days starting on Day 28.
In centre no.2, patient #79, 186, and 250 received artesunate (12 mg/kg per day) for 7 days starting
on Day 21 (patient No. 250 also received a 100 mg daily dose of doxycycline for 7 days).
Patient # 21 was the only patient with late reappearance of parasites after Day 29 in MaeLa. When P.
falciparum was detected on Day 35, artesunate and doxycycline were given. Patient # 259 on
Coartem received IV quinine on Day 15, as febrile coma was reported on Day 14.
P. Vivax Infection: Thirty patients had appearance of P. vivax during the trial. For 27 of these,
chloroquine was reported to be given. Three patients had no chloroquine reported (patient # 234,
243, 260). In 18(60%) of these 30 cases, appearance of P. vivax was seen after Day 29.
10.5.2.9 Other Medications Administered during the Trial
Paracetamol and aspirin were most commonly used antipyretics in adults and children.
Table 99: Antipyretics during the study period (all ITT)

Paracetamol
Acetylsalicylic acid
Indomethacin
Total

Coartem
N=150
65
58
1
124

MAS
N=50
20
25
0
45

Source: iReview Analysis by reviewer
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Table 100: Antipyretics during the study period (children, ITT)

Coartem
N=150
20
12
34 (22.6%)

Paracetamol
Acetylsalicylic acid
Total

MAS
N=50
8
8
16 (32%)

Source: iReview Analysis by reviewer

10.5.2.10 Efficacy Results
10.5.2.10.1 Primary Endpoint
The 28-Day Cure Rate - ITT Population
There were 200 patients in the ITT population. Eighteen patients could not be evaluated for the 28
day cure rate as they had no follow-up slide at least 4 weeks after start of treatment and one was
excluded because the patient received quinine on Day 15. A total of 181 patients were evaluable for
the 28 day cure rate, 26 from centre no.1 (Bangkok) and 155 from centre no.2 (MaeLa).
Non-PCR corrected cure rates are presented in the following table.

Table 101. 28-Day Cure Rate in ITT and Evaluable Populations

ITT
Evaluable

Coartem

MAS

130/150 (86.7%)
[80.2%, 91.7%]
130/134 (97.0%)
[92.5%, 99.2%]

47/50 (94.0%)
[83.5%, 98.7%]
47/47 (100%)
[92.5%, 100%]

Difference in percentage
[95%CI]
-7.3
[-15.6, 3.6]
-3.0
[-7.9, 4.4]*

*Exact method.
Source: Adapted from Statistics Review by Xianbin Li, Ph.D.

The applicant’s proposed efficacy criterion was that the 90% confidence interval would exceed 90%
for the primary endpoint, 28 day-cure rate. In this study, the results from evaluable population but
not the ITT population met the efficacy criterion.
Reviewer’s Comment: In the FDA analysis, the ITT population is considered the primary analysis
population. No minimum cure rate for efficacy is specified in the draft Guidance on Malaria.
The 28 Day Cure Rate by Site - Evaluable Population
The 28-day cure rates were similar at the two sites, 93.1% (Bangkok) and 98.5% (MaeLa) for the 6dose regimen using the 60-hour schedule over 3 days.
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Table 102. 28-Day Cure Rate by Site - Evaluable Population
28-Day Cure Rate,
n/N (%)
[95% CI]

Study Site
Bangkok
MaeLa

Coartem
19/20 (95%)
[75.1, 99.9]
111/114 (97.4%)
[92.5, 99.5]

MAS
6/6 (100%)
[54.1, 100]
41/41(100%)
[91.4, 100]

Source: Adapted from Statistics Review by Xianbin Li, Ph.D.

10.5.2.10.3 Secondary Endpoints
Patients with Negative Malaria Slides by Day of Treatment
During the first 3 days, all patients could be evaluated for parasite reduction, except one patient who
discontinued after the first dose as no P. falciparum was detected at baseline. Malaria slides were
tested daily and the proportion of patients in the ITT population with parasite clearance at 24, 48,
and 72 hours is summarized in the following table.
Table 103. Patients with a Negative Malaria Slide on Days 2, 3, or 4. (ITT)
Malaria Slide result
Day 2 (24h)
Day 3 (48h)
Day 4 (72h)

neg
pos
missing
neg
pos
missing
neg
Missing (negative slide before)
pos

Coartem
N = 150
32 (21.3%)
117 (78.0%)
1
(0.7%)
134 (89.3%)
13 (8.7%)
3
(2.0%)
127 (84.7%)
19 (12.7%)
3 (2.0%)

MAS
N = 50
13 (26%)
37 (74%)
0
44 (88%)
5 (10.0%)
1 (2.0%)
38 (76.0%)
12 (24.0%)
0

Missing = not done / patient discontinued (patient No. 38)
Source: Applicant’s study report, Module 1.

At 48 hours, almost 90% of patients in both treatment groups had negative malaria slides. On study
day 4(72h), three patients (Bangkok) in the Coartem arm had positive malaria slides. By Day 5(96h),
100 % of patients had negative slides.
Adult patients cleared parasites faster than the children. No difference in the percentage parasite
reduction was seen between the two trial centers or the two treatment groups on Days 24h, 48h, or
72h.
In Study A026, on Day 2, about 24 hours after start of treatment with Coartem, parasitemia was
cleared in more than 21% of the patients in both treatment arms. By Day 3, about 48 hours after
start of treatment approximately 89% of patients were negative for malaria parasites; 97% of patients
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in both treatment arms were negative at 72 hours after the start of treatment. By Day 5(96h), 100 %
of patients had negative slides.
Change in Parasite Count from Baseline
The change in parasite count from baseline and the proportion of patients with 75% reduction at 48
hours are summarized in the following table. A 100% of the patients in the Coartem and MAS arms
achieved a 75% reduction in their baseline parasite count at 48 hours.
Table 104. Parasite Count, change from baseline at 48h - ITT and Evaluable populations

ITT population*
Mean Change %
([min, max] %)
75% reduction
Evaluable
population†
Mean Change %
([min, max])
75% reduction

Coartem

MAS

N=147
-99.93
[-100.0, -97.0]
100% (147/147)
N=133

N=49
-99.99
[-100,0, -99.6]
100% (49/49)
N=46

-99.93
[-100.0, -97.0]
100% (133/133)

-99.99
[-100,0, -99.6]
100% (46/46)

Difference in percentage
[95% CI] , p-value
0.06[-0.00, 0.17], 0.09
0[-2.9,7.3], 1
0.06[-0.00, 0.18], 0.11
0.0 [ -3.2,7.7], 1

*3 and 1 patient in the Coartem and MAS groups, respectively, did not have parasite count data at 48h.
† 1 and 1 patient in the Coartem and MAS groups, respectively, did not have parasite count data at 48h.
Source: Statistics Review by Xianbin Li, Ph.D.

Clinical Reviewer’s Comment
Time to parasite clearance (PCT) was not specified as an endpoint in Study 026 as in other studies
in the NDA.
Fever Clearance Time
The median fever clearance time (FCT) was 22 hours in the two treatment arms. Antipyretic
administration was similar between the two treatment arms.
Table 105. Time to Fever Clearance, FCT (hours) – Evaluable Population
Study 026
FCT (median)†
95% CI
25-75 percentiles
Range

Coartem
N=85
22
[21, 42]
19 –44
1 –66

MAS
N=32
22
[21, 41]
20 –44
18 – 164

Source: Adapted from Statistics Review by Xianbin Li, Ph.D.
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Temperature Clearance by Day of Treatment
The mean baseline temperature was 37.9◦C for all patients and the mean baseline temperature was
37.9◦C (Bangkok) and 38◦C (MaeLa). Fever resolution occurred earlier for a greater number of
patients earlier in the Coartem arm but there was no statistically significant difference between the
treatment arms.

Table 106. Temperature Clearance on Day 2, 3, and 4

Coartem
MAS

No. subjects
Baseline Temp >
37.5C
N = 36
N = 15

Day 2 (24h)

Day 3(48h)

Day 4(72 h)

8/12 (66%)
4/ 5(80%)

12/12(100%)
3/5 (60%)

12/12(100%)
4/5 (80%)

Source: Applicant’s study report, Module 1.

Treatment Failures
Early and late treatment failures are defined, as described based in the FDA Malaria Draft Guidance
Early Treatment Failure
The proportion of patients who had a reduction in parasite density of < 75% at 48 hours on treatment (i.e.,
patients achieving a reduction to < 25% of baseline) is shown in the following table. Four patients in the
Coartem arm had an increase in parasite counts from baseline at 24hours but subsequently cleared.
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Table 107. Patients with Parasite Reduction (< or ≥ 75%) at 48 h on Treatment
Time since first
dose

Parasite Count compared
to baseline

24 hours

N
Increase
Reduction
<75%
>= 75%

48 hours

N
Increase
Reduction
<75%
>= 75%

Study 026
N=199
Coartem
149
4
145
5(3.4%)
140(96.6%)

MAS

147
0
147
0(-)
147(100%)

50
0
50
1 (2.0%)
49(98.0%)
49
0
49
0(-)
49(100%)

Source: Adapted from Statistics Review by Xianbin Li, Ph.D.

Increase in Parasite Counts Post-Baseline: On Day 1, parasite count percentage reduction in the
Coartem group appeared to be less than that in the MAS group, due to four subjects with increased
parasite count; however, the difference was not statistically significant.
Four patients had a higher count at 24 hours (day 2) than at baseline. Three of these patients had a
negative slide on day 3 (48h), and the remaining patient had a negative slide on day 4(72h).
Late Parasitological Failure
The late parasitological failure was defined as reappearance of P. falciparum during the study period
(up to Day 28) for those who had parasite clearance on Day 7.
The late parasitological failure rates in the Coartem and MAS groups were 10.5% and 8.7%,
respectively, in the ITT population; 3.0% and 0% in the evaluable population.

Table 108. Recrudescence of P. falciparum [exact 95% CI] - ITT and evaluable populations
ITT*
Evaluable†

Coartem
15/143(10.5%) [6.0%, 16.7%]
4/132 (3.0%) [0.8%, 7.6%]

MAS
2/48 (4.2%) [0.5%, 14.3%]
0/46 (0) [0, 7.7%]

*7 and 2 patients in the in the Coartem and MAS groups, respectively, did not have day 7 parasite count.
†2 and 1 patients in the Coartem and MAS groups, respectively, did not have day 7 parasite counts.
Source: Adapted from Statistics Review by Xianbin Li, Ph.D.
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Recrudescence of P. falciparum in Coartem Arm
Four patients had recrudescence of P. falciparum malaria during the study and one patient
recrudesced on day 36, seven days after the end of the study.
Table 109. Recrudescence of Malaria Parasites
Recrudescence of parasites
(day)
22
29
36*
Total no. recrudescences study
period, day 1- 29

Coartem
n = 150
3
1
1
4 (2%)

MAS
n = 50
0 (0%)

Source: iReview Analysis by reviewer

The individual patient data is described in Table 110.
Table 110. Recrudescence of P. falciparum in Coartem arm
Patient No.

Gender/ Age/Wgt
F / 12y / 33kg

Baseline
Parasite Count
per µl
19,719

Study Day/
Parasite Count
per µl
22 / 54,529

#250

#186

F / 2y / 12kg

3,474

22 / 235

#141

M / 23y / 81kg

18,600

29 / 5,100

#79

M/ 2y / 12kg

9,269

22 / 53,882

Comment
Vomited
doses. Low
level
benflumetol
Low level
benflumetol
Low level
benflumetol
New
infection.
Benflumetol
levels were
within range.

Source: Applicant’s study report, Module I

Four patients had a recrudescence of P. falciparum that was classified by PCR in three cases. Three
of the subjects were ≤ 16years old. Three of the patients were found to have low benflumetol levels.
Patient no. 250 vomited the first second and third doses and only first dose was re-dosed. Patient no.
141 did not have recrudescence of the same species confirmed by PCR but it was assumed to be a
recrudescence of the same species because the patient had low levels of benflumetol. Patient no. 79
was a new P. falciparum infection confirmed by PCR and his benflumetol levels were in range.
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Additional Analyses Conducted by the Reviewer
The 28-day cure rate was compared between children and adults. The 28-day cure rate was similar in
adults and children ≤ 16 years.
Table 111. Patients age ≤ 16, ITT
28-Day Cure Rate
PCT
FCT
Median* [95%CI†]
25-75 percentile*
Range**

Coartem 6 dose
36/41 (87.8%)
ND
44 [22,45]
21-45
18-163

MAS
16/16 (100%)
ND
41 [21,66]
21-66
18-164

ND = not done. * Kaplan-Meier method. ** Not including censored times. †Based on the sign test (Brookmeyer and
Crowley, 1982).
Source: Adapted from Statistics Review by Xianbin Li, Ph.D.

Table 112. Patients age >16, ITT
28-Day Cure Rate
PCT
FCT (median) hours

Coartem 6 dose
94/109 (86.2%)
ND
21[20,24]
19-44
1-68

MAS
31/34 (91.2%)
ND
22 [20,26]
20-42
18-142

ND = not done. * Kaplan-Meier method. ** Not including censored times. †Based on the sign test (Brookmeyer and
Crowley, 1982).
Source: Adapted from Statistics Review by Xianbin Li, Ph.D.

Patients with Malaria Parasitemia > 2%
Patients with a baseline parasitemia > 100,000 parasites/µl were analyzed for the 28-Day cure rate
(non-PCR corrected). There were 11 patients in the Coartem arm with a baseline parasite count
>100,000 parasites/µl and 10/11(91%) were cured.
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Table 113. 28-Day Cure Rate in Patients with Baseline Parasite Counts, >100,000/µl.
Non-PCR corr. cure status, Baseline Parasite Count Coartem 6-dose MAS
Day 28
(tablet)
No
≤100,000 /µl
18 (12.1%)
2 ( 4.0%)
>100,000 /µl
1 (0.7%)
1 (2.0%)
Yes
≤100,000 /µl
120 (80.5%)
45 (90.0%)
>100,000 /µl
10 (6.7%)
2 (4.0%)
Subjects
149 (100%)
50 (100%)
Source: iReview Analysis by reviewer

Gametocytes
There were 22 patients who had gametocytes detected during the four-week study. One of the
patients had negative blood smears for gametocytes at baseline and gametocytes were detected on
the last day of study, day 29. In their baseline slide, for 14 (7.0%) patients gametocytes were
detected; 6(21.4%) in Bangkok and 8(4.7%) in MaeLa. More children than adults had gametocytes
detected at baseline, i.e. 6 (17.6%) children versus 15 (9.0%) adults.
Table 114. Patients with Gametocytes during the Study

*percentage of patients with available slides. Source: Study report, exhibit 8.1.-11, Module I.

Time to Gametocyte Clearance
During the first 72 hours, 21(10.5%) of patients had gametocytes detected at any of their slides;
17(11.3% for Coartem and 4(8.0%) for MAS. The time to gametocyte clearance was calculated for
these 21 patients who had gametocytes detected within the first 72 hours of treatment start. All four
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patients on MAS cleared gametocytes within four days after start of treatment, but only 8(47.1%) of
the 17 patients in the Coartem cleared gametocytes. Four patients on Coartem had their first negative
slide only on Day 8, another patient on Day 15. The remaining four patients on Coartem did not
reach confirmed gametocyte clearance. All patients who were negative at baseline remained
gametocyte-negative during the entire trial period, except one patient on Coartem who had
appearance of gametocytes at the four week follow-up visit.
Case Report Forms
A 10% random sample of subjects was generated by the FDA Statistical Reviewer. The applicant
was requested to submit the CRFs for these subjects for review. The FDA Clinical Reviewer
examined the CRFs for inclusion/exclusion criteria, dates of visits, clinical signs and symptoms,
concomitant medications and indications, microbiology findings, and evaluability determinations.
The data in the CRFs was compared to the electronic datasets generated by the applicant. The
Reviewer found agreement between the random sample of CRFs and the electronic datasets.
Conclusion
The primary efficacy endpoint, 28-day cure rate (ITT population) was 87% in the Coartem arm. In
the evaluable population, 28-day cure rate was 97% in the Coartem and 100% in the MAS arm. The
two treatment groups were not significantly different. All evaluable patients in both studies achieved
a >75% reduction in their baseline parasite count at 48 hours. Four patients in the Coartem arm had
an increase in parasite counts from baseline at 24 hours but subsequently cleared. At 48 hours after
start of treatment approximately 88% of patients had negative slides for malaria parasites; over 97%
of patients in both treatment arms were negative at 72 hours after the start of treatment and 100% of
patients had cleared parasites by 96 hours.
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10.6 Individual Study Report: Protocol 5669701 028
10.6.1 Protocol
STUDY 028: A phase IIIb, randomized, open-label trial (in comparison with mefloquine plus
artesunate, MAS) to confirm the efficacy and safety of the six-dose regimen of Coartem in the
treatment of acute Plasmodium falciparum malaria in patients aged > 12 years in Thailand.
10.5.1.1 Study Administrative Information
Study Dates: 30.09.1998 - 01.08.1999
Study Site: Faculty of Tropical Medicine, Mahidol University, Bangkok, Thailand
Study Report Date: 04.22.1999
Source: Study Report, Module I.
PI: Professor S. Looareesuwan.
10.6.1.2 Objectives
Primary Objective
The primary objective of the trial was to confirm the safety and efficacy of the 6-dose regimen of
COARTEM (Coartem) with the F4 formulation (to-be-marketed formulation) using the final
manufacturing process.
Efficacy was assessed by the 28 day cure rate, parasite clearance time at 24 hours, and fever
clearance time.
Safety and tolerability were assessed and adverse experiences (AEs) by standard hematological and
biochemical parameters, ECG /QTc measurements.
Secondary Objective
A secondary objective was to evaluate artemether and dihydroartemisinin pharmacokinetics (PK)
following intake of COARTEM.
10.6.1.3 Study Design Overview
This was an open-label, randomized, parallel group, and multicenter four-week trial to confirm the
safety and efficacy of the six-dose regimen of Coartem in patients aged > 12 years old. The
applicant’s rationale for not blinding the study was that a double-dummy placebo would have
involved up to 24 tablets for a single patient in addition to other ancillary treatments.
Male and female patients with a laboratory-confirmed diagnosis of acute uncomplicated P.
falciparum malaria who consented to participate in the study were randomly allocated (3:1,
Coartem:MAS) to treatment with COARTEM or MAS. Administration of study drugs was
supervised. Patients were hospitalized and monitored as in-patients until parasite clearance and were
then monitored on a weekly basis until day 29. The primary endpoint was the 28-day cure rate
defined as the proportion of patients with clearance of asexual parasitemia within 7 days of initiation
of trial treatment, without subsequent recrudescence within a 28 day period. A Polymerase Chain
Reaction (PCR) assay was used to distinguish between recrudescence and re-infection for any
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patients with reappearance of parasites during the 28 day trial period. (See Microbiology review for
commentary on PCR assays)
10.6.1.4 Study Population
Inclusion Criteria
Male and female patients
Age > 12 years
• Body weight ≥ 35kg
• Microscopic confirmation of P. falciparum or mixed (including P. falciparum) infection
• Able to participate in the trial and comply with the clinical trial protocol
• Written informed consent to participate in trial; verbal consent in presence of literate witness
was required for illiterate patients, and written consent from parents/guardian for children
below age of consent
Exclusion Criteria
• Pregnancy or lactation
• Inability to tolerate oral treatment
• Signs/symptoms indicative of severe/complicated malaria requiring parenteral treatment
• Administration of investigational (unlicensed) drugs within 30 days of trial start
• Known hypersensitivity or allergy to artemisinin or mefloquine derivatives
• Known Psychiatric disorders
• Severe renal, hepatic, or liver impairment (i.e. creatinine and/or SGPT (ALT) > 2.5 x upper
limit of normal range)
• Severe cardiac impairment (i.e. evidence of existing cardiac conduction defect or overt
symptoms of cardiac dysfunction)
• Use of anti-arrhythmics or other drugs known to influence cardiac function
10.6.1.5 Study Treatments
Six doses of four tablets of Coartem (each tablet containing 20 mg artemether and 120 mg
lumefantrine) were to be given at 0 and 8 hours and twice daily in the following two days in the
morning and late afternoon, i.e. about 8 hours apart.
The MAS regimen was artesunate, 4 mg/kg/day once daily for 3 days plus mefloquine 25 mg/kg
given as a split dose 15 mg/kg and 10 mg/kg on the 2nd and third day. Patients were encouraged to
eat normally as soon as they could tolerate food.
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Table 115: Dosage of Trial Medications and Time of Administration
Day 1
1 dose
Coartem
artesunate 1 dose
mefloquine -

Day 1
1 dose
-

Day 2
1 dose
1 dose
1 dose

Day 2
1 dose
-

Day 3
1 dose
1 dose
1 dose

Day 3
1 dose
-

Source: Adapted from applicant’s Study report, Module I, 3.4.1
10.6.1.5.1 Randomization
Both treatments were allocated according to the randomization list by an independent nurse to
eliminate investigator bias in allocating medication.
10.5.1.5.2 Blinding
The study was not blinded because if a double-dummy technique were used, each patient would have
to take up to 24 placebo tablets in addition to the active treatment.
10.6.1.6 Concomitant Medications
Any anti-malarial medication taken within the three months prior to the trial was
documented in the CRF. Any medication taken in the 30 days before trial entry for conditions other
than malaria, e.g. asthma or hypertension was documented in the CRF. All new medications taken
during the trial period were documented. Patients who took trimethoprim-sulfamethoxazole
(Bactrim) were excluded. All medications taken to control high fever were documented under 'Antipyretic medication' on the CRF.
10.6.1.7 Study Procedures
A schedule of study procedures is summarized in the following table.
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Table 116: Schedule of Study Procedures

(x) = patients without clearance; x =once daily; x2 = twice daily; x3 = thrice daily etc.
Source: Adapted from applicant’s Study report, Module I, 3.6.1

10.6.1.7.1. Assessment of Malaria Parasite Counts
The methodology for assessment of parasite counts is the same as for Study 025 (see section
10.3.1.7.1). All patients were to have a blood sample (finger prick) taken for PCR at baseline. For
those patients with reappearance of parasites during the follow-up period of 28 days, another sample
was taken. The paired samples were analyzed at (b) (4)
, Thailand.
10.5.1.8 Compliance
The criteria for removal of patients from the trial and the removal of patients from analysis are the
same as for Study 026 (see section 10.4.1.8)
10.6.1.9 Ethics and Quality Assurance
The trial was performed in accordance with the Declaration of Helsinki and its Hong-Kong
amendment, and according to the principles of Good Clinical Practice (GCP), as defined by the EC
Guidelines and Recommendations III/3976/88-EN. Written approval to perform the trial was
obtained from the Ethical Clearance Committee on Human Rights, Mahidol University, Bangkok,
Thailand. (Source: Study Report, Module I, sections 4.1)
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The trial was not audited. Monitoring visits were performed regularly by the trial monitor. All data
recorded in the CRFs were subject to 100% source data verification. The data contained in the CRFs
were entered into the Novartis database. Specially designed computer checks and data quality reports
were used to identify data errors. When necessary, clarification or corrections were obtained from
the investigator using Data Clarification Forms. Data in the database were checked in full against the
CRFs. (Source: Study Report, Module I, sections 4.2)
10.6.1.10 Endpoints
Primary Endpoint
The primary efficacy variables are defined as:
• 28 day cure rate which is defined as the proportion of patients with clearance of asexual
parasitemia within 7 days of initiation of trial treatment, without subsequent recrudescence within 28
days after start of trial treatment
• Parasite reduction at 24 hours after initiation of trial treatment (percentage reduction of
parasites/µL at 24 hours compared to parasite density before the first dose of treatment).
• Time to parasite clearance (PCT) = time from first dose until first total and continued
disappearance of asexual parasite forms which remains for at least a further 48 hours.
Secondary Endpoints
The secondary endpoints are defined as:
• Time to fever clearance (FCT) = time from first dose until the first time body
temperature falls below 37.5°C and remains below 37.5°C for at least a further 48 hours (only for
patients with temperature >37.5°C at baseline).
• Anti-gametocyte activity: Clearance of existing gametocytes without the need for further antimalarials. Time to gametocyte clearance is defined as time from first dose until first total and
continued disappearance of gametocytes which remains for at least a further 48 hours.
Treatment failures are classified into three groups:
R-I treatment failure: clearance of asexual parasitemia within 7 days, followed by
recrudescence.
R-II treatment failure: marked reduction of asexual parasitemia but no clearance (asexual parasite
counts < 25% of baseline within 48 hours after initiation of treatment but no, or only temporary
clearance of asexual parasitemia within 7 days).
R-III treatment failure: no marked reduction of asexual parasitemia (asexual parasite counts remain
>25% of baseline at 48 hours, or actually rise above baseline levels at 48 hours, without clearance of
asexual parasitemia within 7 days).
Criteria for Efficacy
The six-dose regimen of Coartem would be considered effective by the applicant if the lower limit of
the 90% confidence interval for the 28-day cure rate exceeds 85% in the evaluable population. For
the combination of mefloquine and artesunate, a cure rate of at least 95% was assumed (based on
results from trial 5669701 008 which gave a cure rate of 97.3%).
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Clinical Reviewer’s Comment: Note that the efficacy criterion was 85%, compared with 90% in
Study 026. The applicant did not specify the analysis population(s) for the primary endpoint analysis
In the FDA analysis, the ITT population is considered the primary analysis population. No
minimum cure rate for efficacy is specified in the draft Guidance on Malaria.
10.6.1.10 Data Sets Analyzed
The analysis of the 28-day cure rate was performed both for the intention-to-treat (ITT) patient
population (all randomized patients) and the per protocol patient population for adults and children.
The parasite reduction at 24 hours was calculated using all available measurements. The time to
parasite clearance was analyzed for the ITT population and per protocol populations. The time to
fever clearance was calculated for all patients who were febrile (T > 37.5◦C) at baseline,
Anti-gametocyte activity was calculated for the population with gametocytes detected within the first
72 hours of treatment.
10.6.1.11 Statistical Methodology
The 95% confidence interval (CI) for the 28-day cure rate was calculated for each treatment group in
both ITT and evaluable populations. No formal statistical comparisons with MAS were planned.
Reviewer’s Comment: See statistics review by Xianbin Li, Ph.D. for a detailed analysis of statistical
methodologies used in the trial.
10.6.1.12 Safety and Tolerability
Clinical Reviewer’s Comment: See clinical safety review by Sue Lim, M.D.
10.6.1.13 Pharmacokinetics
Blood samples were drawn for PK analysis from the patients receiving Coartem.
Reviewer’s Comment: See Clinical Pharmacology review by Dakshina Chilukuri, Ph.D. for further
comment on PK analyses
10.6.1.14 Polymerase Chain Reaction (PCR)
Blood samples were taken at baseline and on day of reappearance of parasites for evaluation by PCR
genotyping, to identify new infection.
Clinical Reviewer’s Comment: See Microbiology review by Aaron Ruhland, Ph.D., for commentary
on PCR assays
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10.6.2 RESULTS – Efficacy
10.6.2.1 Patient Demographics
For the purpose of this review, patients ≤ 16 years of age were included in the pediatric population.
Table 117: Demographics and Disease Characteristics (ITT)
Parameters

Value

Coartem

MAS

Total

Patients
Pediatric patients
≤ 16years
Age
Weight kg
Pulse rate (bpm)
SBP
DBP
Previous malaria
within 3 months:
Hematocrit (Hct)
Hepatomegaly
Splenomegaly

No. (%)
No. (%)

164 (74.9)
N= 15 (9.1%)

55 (25.1)
N=12 (21.8%)

219 (100%)
N=27(12.3%)

Median (range)
Median (range)
Median (range)
Median (range)
Median (range)
no. (%)

25 (12-71)
50 (35-81)
84(60-120)
110 (70-140)
70 (50-110)
23(14)

24(12-60)
52 (35-77)
84(64-110)
110 (80-130)
70 (40-80)
11(20)

25 (12-71y)
50 (8-81)
84(60-120)
110 (70-140)
70 (40-100)
6 (3)

Median (range)
no. (%)
no. (%)

35.5 (15-50)
54(33)
53(32)

36(17-54)
20(36)
21(38)

36 (15-54)
74(34)
74(34)

Source: Adapted from Applicant’s Study report, Module I , 7.1-1
Table 118: Baseline Parasite Density and Body Temperature (ITT)

Baseline Body
Temperature ◦C
Temperature ≥
38.3◦C
Parasite Density
/µl

Median (Range)

Coartem
MAS
Total
N=164
N = 55
N = 219
37.5 (36.0 - 40.3) 37.6 (36.5 - 40.5) 37.5 (36-40.5)

No. patients (%)

28 (17%)

18 (33%)

46 (21%)

Median
(Range)/µl
< 5000
≥5000 - <15000
≥15000 - <50000
≥50000

1608
(13 - 436050)
93 (56.7%)
24
23
24

5130
(21 - 207,840)
27 (49%)
10
9
9

3540
(13 - 436,050)
120 (54.8%)
34
32
33

Source: Adapted from Applicant’s Study report, Module I, 7.1-2

The majority of patients had baseline parasite counts < 5000/µl. Overall, patients in the Coartem arm
had higher baseline counts.

169

Clinical Review
Division: DSPTP
NDA #: NDA 22-268
Drug: Coartem, Artemether/lumefantrine

Baseline Disease Characteristics in Pediatric Patients
Using an age cut-off of ≤ 16 years, there were 27 pediatric patients in the Study 028. A total of 15
(56%) of patients had parasite counts less than 5,000/ µl and 6 (22%) of patients had counts >
50,000/ µl.
Table 119: Baseline Parasite Density and Body temperature (pediatric ≤ 16 years)

Temperature

Median (Range)

Coartem
N=15
(36.3-39)

Temperature ≥
38.3◦C
Parasite Density
/µl

No. patients (%)

3(20%)

Median
1608
(Range)/µl
(188-97,980)
< 5000
9
≥5000 - <15000
1
≥15000 - <50000
1
≥50000
4

MAS
N = 12
(36.6 -38.2)

Total
N = 27
37.5 (36-40.5)

0(0%)

3 (11%)

5130
(40-207,840)
6
3
1
2

3540
(13-207,840)
15(56%)
4 (15%)
2 (7%)
6 (22%)

Source: iReview analysis by reviewer

10.6.2.2 Disposition of Patients
A total of 219 patients were enrolled in the trial, 164 in the Coartem arm and 55 in the MAS arm.
All patients received a complete course of study medications.
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Table 120:

Disposition of Patients

Source: Adapted from Applicant’s Study report, Module I, 6.1-1

10.6.2.3 Protocol Violations
There were no major protocol violations. Seven patients (Coartem (2) and MAS (5)) were 12 years
old, but had a body weight > 35 kg and therefore qualified to be treated.
Overall, 81 (37%) patients with a parasite density < 500/µl were enrolled and treated. This is in line
with the fact that the lower acceptable limit for parasite density was not specified in the protocol, i.e.
all infected patients were to be included. This was also in part due to effective screening (early
detection of infection) in field hospitals for these patients. An analysis of efficacy by baseline
parasite density was carried out.
10.6.2.4 Previous Treatment for Malaria and for Fever
A total of 34 patients reported previous infection within the last 3 months. All, except one patient,
reported previous use of anti-malarials. Overall, 42 (19.2%) patients had positive blood levels for
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quinine and 14 (6.4%) for mefloquine. A total of 99 (45.2%) patients took medications to treat fever
before the start of the study.
10.6.2.5 Other Medications
The following table summarizes the concomitant medications taken during the study period. The
most frequently used medication was paracetamol (acetaminophen) 153(93.3%) in the Coartem arm
and 52(94.5%) in the MAS arm. Dimenhydrinate was administered to 101(61.6%) and 32(58%) in
the Coartem and MAS arms, respectively. Dimenhydrinate, an antihistamine is generally used to
prevent and treat nausea, vomiting, dizziness, and vertigo associated with motion sickness. Of
interest, two patients were on anti-tuberculous therapy with rifampin, isoniazid and ethambutol. One
patient received epinephrine for an epistaxis.
The following table summarized the no. of patients on antipyretics during the study period. Over
90% of the patients in both arms received paracetamol (acetaminophen).
Table 121: Patients on Antipyretics during the Study 028 (ITT)

Paracetamol n (%)
Ibuprofen n (%)
Diclofenac n (%)

Coartem
N=164 (100%)
153 (93)
1
1

MAS
N=55 (100%)
52 (94)
0
0

Source: iReview analysis by reviewer
Table 122: Patients on Antipyretics during Study 028 (Pediatric ≤ 16y, ITT)

Paracetamol n (%)

Coartem
N= 18 (100%)
13 (72)

MAS
N= 12 (100%)
10 (83)

Source: iReview analysis by reviewer

10.6.2.6 Discontinuation from Study
A total of 18 patients (16 in the Coartem arm) discontinued from the study; 11patients were lost to
follow-up and seven patients had an unsatisfactory therapeutic effect. There were no deaths or
discontinuations due to serious adverse drug reactions.

172

Clinical Review
Division: DSPTP
NDA #: NDA 22-268
Drug: Coartem, Artemether/lumefantrine
Table 123: Discontinuations from the Study 028 (ITT)

Discontinued reason (Decode)
Lost to follow-up
Unsatisfactory therapeutic effect
Total Subjects

Coartem 6 dose (tablet)
9 (5.5%)
7 (4.7%)
164 (100%)

Mefloquine Artesunate
2 (3.6%)
0 (0%)
55 (100%)

Source: iReview analysis by reviewer

10.6.2.7 Exposure to Study Drugs
None of the patients discontinued treatment with Coartem or MAS.
The degree of exposure to Coartem depends on whether food is taken with each dose. More than
90% of the patients had eaten light or normal meal within 8 hours of start of treatment, as well as
during the course of treatment.
Comment: Absorption of Coartem is highly dependent upon food. Although most patients were
consuming food, it is not clear how many patients ate food within 1-2 hours of taking Coartem.
Three patients on Coartem did not eat before doses 1 and 2 (patient nos. 150, 230 and 296). Patient
nos. 150 and 230 (baseline count of 36,470/µl and 151,670/µl respectively) were cured. Patient no.
296 (baseline count 16650/µl) had a recrudescence of P. falciparum parasitemia during the study and
required treatment with quinine and tetracycline starting on study day 18 through day 24.
Two patients on Coartem vomited the first dose which was replaced and these two patients (nos. 257
and 307) were cured.
Emesis a well known symptom associated with malaria was common at baseline; 63 (38.4%) of the
patients on Coartem and 23 (41.8%) of the patients in MAS reported vomiting which lasted for about
2 days. Over 60% of patients were prescribed anti-emetics.
10.6.2.8 Treatment for Malaria during the Study Period
Patients who received treatment with other antimalarial drugs during the study period, day 1 through
day 29 are summarized in the tables below. Seven patients (6 adult, 1 pediatric) in the Coartem
group received anti-malarials for reappearance of P. falciparum during the trial. These patients
received quinine (3 x 200 mg per day) and tetracycline (4 x 250 mg per day) for one week.
Table 124: No. of Subjects on other Anti-Malarials during Study (ITT)

Quinine plus Tetracycline
Chloroquine and/or Primaquine

Coartem (N= 164),
n/N (%)
7 (4.3)
6 (3.7)

MAS (N = 55),
n/N(%)
0
0

Source: iReview analysis by reviewer
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Treatment of P. vivax with Chloroquine and Primaquine
The following table summarizes the total number of patients with P. vivax infection including
patients with a prior history of P. vivax infection and those who had appearance of P. vivax during
the 28-day study period.

Table 125: Patients with P. vivax Infection - Study 028

P. vivax - present (Decode)
(missing information)
Not present
Present
Subjects

Coartem 6 dose (tablet)
8 (4.9%)
164 (100%)
19 (11.6%)
164 (100%)

Mefloquine Artesunate
0 (0%)
55 (100%)
7 (12.7%)
55 (100%)

Source: iReview analysis by reviewer

Table 126: Treatment for P. vivax Infection
Patient No.

Age (years)

102
161
214
216
270
315

15
43
19
20
26
25

Chloroquine dosing start study day - end
study day
24 - to end of study
24 - to end of study
25 - 26
20 - 21
24 - 25
20 - 23

Primaquine dosingstart study day to
beyond end of study
24
24
28
29
27
23

Source: Adapted from Applicant’s Study report, Module I and iReview analysis by reviewer

Six patients (5 adult and 1 pediatric) in the Coartem arm received chloroquine and/or primaquine for
P. vivax infection during the final week of the trial. If P. vivax was detected before the 4-week
follow-up visit, the patients received chloroquine for two or three days followed by two weeks of
primaquine. Patient no. 216, who had P. vivax only detected on Day 29, had only primaquine
reported.
Two pediatric patients received other antimalarials. Patient no. 145 in the Coartem received quinine
plus tetracycline for recrudescence of P. falciparum. Patient no. 102 received chloroquine plus
primaquine for P. vivax infection (included in Table 107).
EFFICACY
10.6.2.10.1 Primary Efficacy Endpoint
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The primary efficacy endpoint was the 28-day cure in the ITT population. In study 028, the
applicant’s proposed efficacy criterion was that the 90% confidence interval would exceed 85% in
the evaluable population. A total of 11 (Coartem 9, MAS 2) of 219 patients could not be evaluated
for the 28-day cure rate because they did not have a follow-up slide at four weeks after the start of
treatment. Non-PCR corrected cure rates are presented in the following table.

Table 127. 28-day cure rate [95%CI] in ITT and Evaluable Populations – study 028
ITT
Evaluable

6-dose Coartem
148/164 (90.2%)
[84.6%, 94.3%]
148/155 (95.5%)
[90.9%, 98.2%]

MAS
53/55 (96.4%)
[87.5%, 99.6%]
53/53 (100%)
[93.3%, 100%]*

Difference
-6.1%
[ -12.8%, 0.6%]
-4.5%
[-9.3%, 2.1%]

*one sided 97.5% CI;
Source: Adapted from Statistics Review by Xianbin Li, Ph.D.

The lower limit of the 95% CI for the cure rate in the Coartem group was 84.6%, which did not meet
the applicant’s efficacy criteria in the ITT population. The difference in cure rates between the two
groups was -6.1% [95% CI: -12.8%, 0.6%] in the ITT population; -4.5% [95% CI: -9.3%, 2.1%].
The applicant’s efficacy criteria were met for the evaluable population.
Change In Parasite Density from Baseline at 24h Post Treatment
A total of 100% of patients achieved a 75% reduction in parasite density at 48hours from the start of
treatment.
Table 128: Parasite change from baseline at 24h in the ITT and evaluable populations - Study 028

ITT population*
Mean Change %
([min, max] %)
75% reduction
Evaluable population†
Mean Change %
([min, max] %)
75% reduction

Coartem

MAS

N=141
-100.0
[-100.0, -99.7]
100%(141/141)
N=134
-100.0
[-100.0, -99.7]
100.0% (134/134)

N=51
-100.0
[-100,0, -99.9]
100% (51/51)
N=49
-100.0
[-100,0, -99.95]
100.0% (49/49)

*23 and 4 subjects in the two treatment groups in the ITT population and †21 and 4 subjects in the two treatment groups
in the evaluable population had missing parasite count at 24h post treatment.

The 28-day cure rate of 90.2% was similar to the results from previous studies conducted in this
center in Bangkok. The 28-day cure rate was 93.1% in Study 025 and 95.0% in Study 026 (not
corrected for PCR results).
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10.6.2.10.2 Secondary Endpoints
Parasite Clearance Time (PCT) is summarized in the following table.
The median PCT time was 29 and 31 hours for the Coartem and MAS group, respectively. A
statistical analysis determined that there was no significant difference in survival curves (log-rank
test, p-value 0.59) between treatment arms. All patients cleared their parasites within 64 hours after
start of treatment. One patient in the Coartem group was negative at 62 hrs and was censored at 62
hours because he was lost to follow-up.
Table 129: Parasite Clearance Time (PCT) in ITT population
Parasite Clearance Time

Coartem
N= 164
29h

Median PCT (hours)

MAS
N=55
31h

95% CI
[26 – 32]
[26- 32]
25-75 percentiles
18- 40
24 - 35
Range
7- 64
7- 57
* Not including censored times, PCT was rounded †using Kaplan-Meier method, PCT was rounded.
From Exhibit 8.1.-3 in applicant’s study report (page 33).

The median parasite clearance time was similar between both treatment groups. All patients cleared
their parasites within 64 hours after start of treatment. One patient in the Coartem group was
negative at 62 hrs and was censored at 62 hours because he was lost to follow-up.
Fever Clearance Time (FCT)
A total of 105 of 219 patients had fever at baseline and were evaluable for FCT, the remaining 114
patients had a baseline body temperature ≤ 37.5◦C. Over 90% of the patients received anti-pyretic
medications.
Table 130: Fever Clearance Time (FCT) in Evaluable Population

FCT (median)†
95% CI
Range

Coartem
N=76
29
[23, 37]
3 –163

MAS
N=29
23
[15, 30]
6 – 155

The median FCT was numerically shorter in MAS group than in the Coartem arm. However, the
study was not designed for comparative analysis between the two arms.
Comparison of Efficacy Results for Adult vs. Pediatric Patients
The three primary endpoints were evaluated in the pediatric and adult patients in the ITT population.
The 28-day cure rate was higher in pediatric than in adults in patients treated with Coartem, (93% vs.
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89.9%), respectively. The median fever clearance time was numerically longer (38h vs. 21h) in the
Coartem group than in the MAS group.
Table 131: Study 028, Age <=16, ITT

28 day cure rate
PCT (median)* hrs [95% CI]†
25-75 percentile
Range
FCT (median)* hrs [95% CI]†
25-75 percentile*
Range**

6 dose Coartem
14/15 (93.3%)
24[24,40]
22-40
16-48
38[25,54]
25-54
7-55

MAS
12/12(100%)
24[16-32]
16-32
8-42

6 dose Coartem
134/149 (89.9%)
30[26,32]
18-40
7-64
29[22,32]
8-48
3-163

MAS
41/43(95.4%)
32[26-32]
25-40
7-57
28[15,31]
15-35
6-155

21[6,28]
15-23
6-28

Table 132: Study 028, Age >16, ITT

28 day cure rate
PCT (median)* hrs [95% CI]†
25-75 percentile
Range
FCT (median)* hrs [95% CI]†
25-75 percentile*
Range**

ND = not done. * Kaplan-Meier method. ** Not including censored times. †Based on the sign test (Brookmeyer and
Crowley, 1982).

Source: Adapted from Statistics Review by Xianbin Li, Ph.D.
Patients with a Negative Malaria Slides during Treatment
Parasite clearance during treatment was evaluated by assessing the proportion of patients with negative
malaria slides on each day of treatment.
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Table 133: Patients with a Negative Malaria Slide on Days 2, 3, or 4. (ITT)

Malaria Slide result

Coartem
N = 164
Day 2 (24h) neg
76 (46.3%)
pos
87 (53.0%)
Missing*
1
(0.6%)
Day 3 (48h) neg
154 (93.9%)
pos
10 (6.1%)
missing
0
Day 4 (72h) neg
104 (84.7%)
pos
0
missing (neg slide before) 60 (12.7%)

MAS
N = 55
24 (43.6%)
31 (56.4%)
0
52 (94.5%)
3 (5.5%)
0
32 (76.0%)
0
23 (24.0%)

* missing = not done / patient discontinued. Adapted from applicant’s study report.

On Day 2, about 24 hours after start of treatment, parasitemia was cleared in more than 43% of the patients.
By Day 3, about 48 hours after start of treatment, approximately 94% of patients in both treatment groups
were negative for malaria parasites; 100% of patients in both treatment groups were negative on day 4.
Treatment Failures
Early Parasitological Failure
The no. of patients who achieved a reduction in parasite density of ≥ 75% at 24 and 48 hours on treatment is
shown in the following tables. At 24 hours, 98% of patients in both treatment groups achieved a ≥ 75%
reduction in their counts when compared to baseline. At 48hours 100% of patients reached achieved a ≥
75% reduction in parasite count. One patient had an increase in parasite counts at 24 hours and was
subsequently cured.
Table 134: Reduction in parasite counts at 48 hours of treatment

ITT population*
Mean Change %
([min, max] %)
Proportion of reaching
a 75% reduction
Evaluable population†
Mean Change %
([min, max] %)
Proportion reaching a
75% reduction

Coartem

MAS

Difference in percentage
[95% CI] p-value

N=141
-83.2
[-100.0, 1868.6]
97.9% (138/141)

N=51
-99.0
[-100.0, -73.3]
98.0% (50/51)

15.8
[-30.2, 61.7] 0.26
-0.17 [-4.7, 4.3] 0.94

N=134
-83.2
[-100.0, 1868.6]
98.5% (132/134)

N=49
-99.0
[-100.0, -73.3]
98.0% (48/49)

15.8
[-32.2, 63.9] 0.28
0.5 [-3.9, 5.0] 0.79
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Table 135: Reduction in parasite counts at 48 hours of treatment
Coartem
ITT population*
Mean Change %
([min, max] %)
75% reduction
Evaluable population†
Mean Change %
([min, max] %)
75% reduction

MAS

N=141
-100.0
[-100.0, -99.7]
100%(141/141)
N=134
-100.0
[-100.0, -99.7]
100.0% (134/134)

N=51
-100.0
[-100,0, -99.9]
100% (51/51)
N=49
-100.0
[-100,0, -99.95]
100.0% (49/49)
* 23 and 4 subjects in the two treatment groups in the ITT population and †21 and 4 subjects in the two
treatment groups in the evaluable population had missing parasite count on Day 2.

Late Parasitological Failure - Recrudescence of P. falciparum
In Study 028, the late parasitological failure rates in the Coartem and MAS groups were 9.3% and
3.6%, respectively, in the ITT population; 4.6% and 0% in the evaluable population.
Table 136.

ITT
Evaluable

Late Parasitological Failure [95% CI] in ITT and evaluable populations - Study 028
Coartem
7/164(4.3%) [1.7%, 8.6%]
7/155 (4.5%) [1.8%, 9.1%]

MAS
0/55 (0%) [0, 6.5%]
0/53 (0%) [0, 6.7%]

Recrudescence of P. falciparum during the study period
In study 028, seven patients in the Coartem arm and zero patients in the MAS arm had recrudescence of
malaria parasites during the study period, day 1 through day 29.
Table: Recrudescence of P. falciparum – Study 028
Coartem 6 dose (tablet)
Reappearance of parasites (day)
none
157 (95.7%)
17
1 (0.6%)
18
3 (1.8%)
20
1 (0.6%)
22
1 (0.6%)
29
1 (0.6%)
Subjects
164 (100%)

Mefloquine /Artesunate
55 (100%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
55 (100%)

Source: Table made by clinical reviewer using iReview
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There were seven (4.3%) patients who were treatment failures in the Coartem group due to
recrudescence of P. falciparum. The patients had low lumefantrine levels using a cut-off 5,000ng/µl
per the protocol. All seven patients were treated with quinine plus tetracycline. Quinine was detected
in the blood of four of the patients (nos. 145, 146, 166, 277) at baseline. Also see section 10.5.2.8.
There were no treatment failures in the MAS group. One patient (no.166) had low baseline parasite
densities but still recrudesced mostly likely due to low lumefantrine levels.
Table 137: Recrudescence of P. falciparum in Coartem arm
Patient No.

Age/sex

145
146
159
166
266
277
296

15/M
22/M
26/M
23/M
22/M
25/M
19/M

Baseline
parasite
count per µl
81,650
8,080
422,400
273
25,600
24,440
16,650

Study day
cleared
day 2 (< 48h)
day 2 (40h)
day 4 (54h)
day 2 (32h)
day 4 (52h)
day 3 (44h)
day 4 (54h)

Recrudescence
of parasites
(day)
day 18
day 17
day 20
day 29
day 18
day 22
day 18*

Reason for
recrudescence
Low
benflumetol/lumefantrine
levels

New infection by PCR

Conclusion Study 028
The cure rate of 95.5% was similar to the results from previous trials conducted in the centre in
Bangkok; 93.1% in trial 025 and 95.0% in trial 026 (not corrected for PCR results).
In Study A028, on Day 2, about 24 hours after start of treatment, parasitemia was cleared in more
than 43% of the patients in both treatment arms. By Day 3, about 48 hours after start of treatment
approximately 94% of patients were negative for malaria parasites; 100% of patients in both
treatment arms were negative on day 4
Overall Conclusions - Studies 026 and 028
• Coartem appears to have lower efficacy than MAS (unapproved by the FDA). However,
study 026 and 028 were not powered to be comparative studies so a direct comparison is not
valid. All Coartem arms in 026 and 028 met the applicant’s efficacy criteria in evaluable
population, but not all Coartem arms in the ITT populations met the same efficacy criteria.
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10.7 Individual Study Report: Protocol 5669701 2401
10.7.1 Protocol
STUDY 2401: An open-label, multi-center, non-comparative, single-arm, efficacy, safety and
tolerability study of Riamet® in the treatment of acute uncomplicated Plasmodium falciparum
malaria in non-immune patients.
Note: Study 2401 is the only study conducted in non-immune adults, mostly Caucasian, in this NDA
22-268.
10.7.1.1 Study Administrative Information
Study Dates: 05.21.2001 – 08.11.2005
Study Sites: Switzerland: 5 centers; Colombia: 1 center; Germany: 4 centers; France: 4 centers; Italy
1 center; Netherlands: 1 center.
Study Report Date: 11.01.2005
Source: Study Report, Module I and Appendix 1.
PI: J. Boshel, M.D.
10.7.1.2 Objectives
Primary: To assess the efficacy of Riamet in non-immune patients with acute uncomplicated P.
falciparum malaria or mixed infections including P. falciparum
Secondary
To assess the safety and tolerability of Coartem in the treatment of nonimmune
patients with acute, uncomplicated P. falciparum malaria (or mixed
infections including P. falciparum)
• To monitor cardiac safety with serial ECGs, and analysis of ECGs for changes in
QTc interval.
• To collect pharmacokinetic data on lumefantrine and its active metabolite
desbutyl-lumefantrine in a subgroup of the study population.
• To investigate the relationship of lumefantrine concentration with body weight,
with the QTc interval and with pharmacodynamics.
• To assess the pharmacodynamics of Coartem in terms of time to clearance of
gametocytes clearance of all parasite forms and resolution of fever.
10.7.1.3 Study Design Overview
This was a phase IV, multi-center, open-label trial conducted in Europe (Switzerland, Germany,
France, Netherlands, Italy) and in South America Columbia. Non-immune patients were enrolled
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with uncomplicated P. falciparum or a mixed infection including P. falciparum infection. The
definition of non-immune was: individuals who have not spent the first 5 years of life nor the most
recent 5 years in endemic areas and who have not had a diagnosis of acute uncomplicated P.
falciparum malaria in the past 5 years.
The study was designed as a non comparative study because of difficulty with recruitment due to the
low numbers of travelers with malaria returning to Europe. Subsequently an additional study (n=15
patients) was done in Columbia to get more PK data (“rich” PK study) and results from this group
are also included in the analysis of efficacy.
The study protocol was amended four times. The previous sections in this review reflect the protocol
as amended; key modifications introduced by each amendment are described here. There were four
amendments from 2001 to 2005. These amendments included but were not limited to the following
changes.
Amendment 1, issued June 13, 2001, introduced the following changes:
• raising of the lower age limit for participation from 2 to 18 years at centers in Germany (other
centers included patients ≥ 18 years also.
Amendment 2, issued July 2002, introduced the following changes:
• A change in drug supply in Germany, so that the foil blister strips received by each patient had 4
blisters containing 8 tablets of study drug.
Amendment 3, issued August 20, 2003, was a major amendment made to expand the study into
other European countries, so as to increase the slow recruitment rate in Switzerland and Germany.
The following changes were made in response to Health Authority requests:
• The primary objective of the study was changed from ‘To assess the efficacy of Riamet® in nonimmune patients with acute, uncomplicated P. falciparum malaria’ to ‘To assess the efficacy of
Riamet® with respect to the 28-day cure rate in non-immune patients with acute, uncomplicated P.
falciparum malaria (or mixed infections including Plasmodium falciparum)’.
• Secondary objectives were changed from ‘To assess the safety and tolerability of Riamet in the
treatment of non-immune patients with acute, uncomplicated P. falciparum malaria’ to the
following: ‘To assess the safety and tolerability of Riamet in the treatment of non-immune patients
with acute, uncomplicated P. falciparum malaria (or mixed infections including Plasmodium
falciparum).’
To investigate the relationship of lumefantrine concentration with body weight, with the QTc
interval, and with pharmacodynamics.
To assess the pharmacodynamics of Riamet® in terms of time to clearance of gametocytes,
clearance of all parasite forms and resolution of fever.’
Patients with mixed infections including Plasmodium falciparum could enter the study.
In all countries, only adults, aged 18 years or older, were recruited.
.
• An interim analysis planned after 1 year of recruitment was no longer to be performed (although
this amendment was made after the planned interim analysis should have been performed).
Amendment 4 was implemented in May 2005. This amendment allowed for the recruitment of an
additional 12 patients after the end of recruitment for the main (core) part of the study.
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Other Changes to the Study Protocol: Columbian patients were recruited to the study because of
slow recruitment in Europe. Patients who were residents of non-malarial areas of Columbia and had
infrequent travel to malarial areas were enrolled.
An unplanned analysis of preliminary data from the study was performed in July 2004 in order to
provide information to the UK MHRA as part of the renewal of marketing authorization for
Riamet® in the EU.
The proportion of patients with gametocytes by time point was assessed rather than time to
gametocyte clearance because previous studies with the 6-dose regimen of artemether/lumefantrine
have shown that after treatment too few patients have gametocytes present to permit calculation of
time to clearance.
10.7.1.4 Study Population
This study was to recruit 140 non-immune patients aged 18 years or older (prior to
Amendment 1: more than 2 years old) with imported microscopically confirmed acute,
uncomplicated P. falciparum malaria or a mixed infection including P. falciparum. Patients
(Caucasian or of other race) who may have been semi-immune (e.g. born in, or after recent and long
stays in, endemic countries) were allowed to participate if according to the investigator's criteria they
had not been in an endemic country for a prolonged period of time.

Inclusion Criteria
• Male or female aged 18 or older (prior to Amendment 1: more than 2 years old).
• Non-immune patients suffering from acute uncomplicated P. falciparum malaria, or mixed
infection including P. falciparum, with parasitemia of less than or equal to 2% asexual P.
falciparum parasites, confirmed by microscopy using Giemsa-stained thick-film.
• Non-immune patients were regarded as those who had not spent the first five years of their
life, nor the last five years in a malaria endemic area, and did not have acute P.falciparum
malaria diagnosed during those past five years.
• Non-immune patients who had received prophylaxis with antimalarials (excluding
halofantrine) were included only if clear progression of acute P. falciparum infection was
documented.
• Female patients were eligible to participate in the study if they were of non-childbearing
potential or had a negative pregnancy test (urine or serum) at screening, and were using an
acceptable contraceptive method.
• Patients, who had been informed of the study procedures and medication, and had given
written informed consent and were willing to comply with the study protocol.
Clinical Reviewer’s Comment: The definition of non-immune is a strict definition and is appropriate
in order to include only non-immune individuals in the trial.
Exclusion Criteria
• Patients were to be excluded from participation if they met any of the following criteria:
• Less than < 18 years old (following amendment 1)
• Known hypersensitivity to artemether or lumefantrine.
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•
•
•
•
•
•
•

•

•
•
•
•
•
•

Signs/symptoms indicative of severe/complicated malaria according to the WHO
Classification.
Treatment with artemisinin derivatives within the previous 7 days.
Concurrent administration of other treatment/prophylaxis for malaria.
Concurrent administration of medications with potential hemolytic effects.
Patients taking any drug metabolized by cytochrome isoenzymes CYP3A4 or CYP2D6.
Received any other investigational drugs in the last 4 weeks before entry into the study.
Severe cardiac impairment (i.e. evidence of existing cardiac conduction defect or overt
symptoms of cardiac dysfunction or abnormalities of baseline ECG not associated with acute
malaria); clinically relevant bradycardia or congestive cardiac failure with reduced left
ventricular ejection fraction; pre-existing prolongation of the QT interval; history of
symptomatic cardiac arrhythmias.
Having received halofantrine or any other drug known to influence cardiac function within 4
weeks prior to Screening visit or taking other drugs that are known to prolong the QTinterval,
including class IA and III antiarrhythmics, neuroleptics, antidepressive agents, certain
antibiotics (including some macrolides, fluoroquinolones, imidazole, and triazole antifungal
agents), certain non-sedating antihistaminics (terfenadine, astemizole) and cisapride.
History of splenectomy.
Clinically significant abnormal baseline hematology (not associated with acute malaria) or
clinical chemistry parameters, including evidence of hepatic or renal impairment, known
disturbances of electrolyte balance e.g. hypokalemia or hypomagnesaemia.
Serious, uncontrolled disease (including serious psychological disorders) likely to interfere
with the study or a concomitant disease which could mask the response to treatment.
Unlikely, in the opinion of the investigator, to complete the dosing or follow-up periods, or
with evidence of alcohol, drug or solvent abuse.
Women who are pregnant, lactating or of childbearing potential and not using an acceptable
contraceptive method were also excluded.
Received other investigational drug within four weeks prior to study entry.

Study Treatments
The study was non comparative. The dosing regimen is summarized in the following table.

Table: Dosage of Riamet and Time of Administration
Day 0
Day 1
0h
8h
24h
36h
1 dose
1 dose
1 dose
1 dose
Coartem
1 dose = 4 tablets.

Day 2
48h
1 dose

60h
1 dose

The first dose was always given under medical supervision, with subsequent doses taken at home as
prescribed by the investigator. Additional medication was provided for replacement in case of
vomiting. To increase absorption, study drug was to be taken with fat-containing food or drink (e.g.
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milk) as appropriate. If patients were unable to tolerate food, the study drug was administered, but it
was anticipated that systemic exposure might be reduced.
10.7.1.5.1 Randomization
The study was not randomized.
10.7.1.5.2 Blinding
The study was not blinded.
10.7.1.6 Concomitant Treatments
If a drug with known antimalarial activity needed to be prescribed, then that patient was to be
withdrawn and followed for safety until Day 28. The use of paracetamol to control high fever (>
38°C axillary) was encouraged but had to be carefully documented on the concomitant medication
CRF.
Rescue treatment for malaria was given according to the following WHO Guidelines:
Development of danger signs or signs of severe malaria in the presence of parasitemia on days 1, 2,
or 3
Axillary temperature ≥37.5oC on Day 2 with parasitemia > than Day 0 count (WHO definition).
Axillary temperature ≥37.5oC on Day 3 in the presence of parasitemia (WHO definition).
Parasitemia on Day 3 ≥ 25% of count on Day 0 (WHO definition).
Withdrawal during treatment phase with persistent parasitemia.
Vomiting the replacement dose within 1 hour of intake (Note: If a dose was vomited within 1 hour of
intake it could be replaced once. For each patient a maximum of two doses could be replaced
throughout the treatment schedule).
Parasitemia on a day subsequent to day 7 confirmed on a second blood sample within 24 hours.
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10.7.1.7 Study Procedures
Study Procedures are summarized in the following table.
Table 138: Schedule of Events

1

or at time of withdrawal, or at any time malaria is suspected
also at time of withdrawal, or at any time malaria is suspected
2A
optional – patients without parasite clearance on Day 2
3
or at time of withdrawal
4
in the case of treatment failures, analysis for molecular diagnostic purposes were performed on
blood retained from samples collected at the time of withdrawal
5
ECG at baseline, Day 1, 2 and Day 3 e.g. 6 – 10 hrs after last dose of study medication; Prior to
Protocol amendment 3, ECG was performed at baseline and Day 2 only
6
each patient in the core study (Population kinetics) on Day 3, e.g. 4 – 10 hrs after last dose of study medication
7
in 12 patients a total of 9 samples were to be obtained for rich PK at: 0 (pre-dose), 2-4 hours after study medication
doses 2, 3, 4, 5, and on Day 3 (72 hours post first dose), Day 4 (96 hours post first dose), and Day 7 (168 hours post first
dose). This was originally planned to be a total of 14 samples, but was changed in Protocol amendment 4, before any
patients had provided samples for rich PK evaluations.
Source: Applicant’s Study Report, Module I.
2
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10.7.1.7.1 Assessment of Malaria Parasite Counts
Giemsa thick and thin smears were performed. The methodology for calculating parasite density is
the same as for Study 025. Please see section10.3.1.7.1 above.
If reappearance of parasites was detected during the trial period, a conservative approach was taken
and reappearance was regarded as recrudescence in the main analysis although reappearance of
parasites might have been due to a new infection with P. falciparum. Polymerase Chain Reaction
(PCR) analysis was planned to be used to distinguish recrudescence from a new infection.
10.7.1.7.2 Blood Sampling for Pharmacokinetics
It was planned for sparse lumefantrine plasma levels to be determined whenever possible for all
patients (one sample per patient) with the aim of investigating any potential correlation between
body weight and lumefantrine exposure.
Rich PK Substudy
It was originally planned to have 12 patients who would have 14 blood samples each for PK analysis
in the main study however no patient consented for this PK study.
Protocol Amendment 4 was then instituted in order to initiate a rich PK sub-study including 12
patients, to be recruited after closure of recruitment to the main study.
10.7.1.8 Compliance
Records of study medication used, dosages administered, and intervals between visits were kept
during the study.
10.7.1.9 Ethics and Quality Assurance
The sponsor states that the clinical study was initiated by an investigator independent of the sponsor
(b) (4)
but was subsequently handed over
to Novartis. The study was designed, implemented and reported in accordance with the ICH
Harmonized Tripartite Guidelines for Good Clinical Practice, with applicable local regulations
(including European Directive 2001/83/EC and US Code of Federal Regulations Part 21), and with
the ethical principles laid down in the Declaration of Helsinki.
10.7.1.10 Endpoints
Primary Endpoint
The 28-day cure rate is defined as the proportion of patients with clearance of asexual parasitemia
within 7 days of initiation of trial treatment, without subsequent recrudescence
Secondary Endpoint
The incidence of adverse events associated with Riamet®
Criteria for Efficacy
The six-dose regimen of Coartem would be considered effective if the lower limit of the 90%
confidence interval for the 28-day cure rate exceeds 90%.
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10.7.1.10 Data Sets Analyzed
Efficacy datasets were analyzed by the FDA reviewer using the iReview program.
10.7.1.11 Statistical Methodology
Data from all participating centers have been combined to provide an adequate number of patients
for analysis. Data were summarized with respect to demographic and baseline characteristics, use of
study medication and concomitant medication, and efficacy and safety parameters. Continuous
variables were summarized presenting the number of non-missing observations, mean, standard
deviation, median, quartiles, minimum and maximum. Discrete variables were summarized by
frequencies and percentages; all categorical variables have a category labeled as “missing”, if
applicable. All summaries were generated for the appropriate analysis populations.
10.7.1.12 Safety and Tolerability
See clinical safety review by Sue Lim, MD
10.6.1.13 Pharmacokinetics
See section 10.6.1.7.2. See clinical pharmacology review by D. Chilukuri, Ph.D.
10.7.1.14 Polymerase Chain Reaction (PCR)
Although the use of PCR was specified in the original protocol, it was not done, except in one case it
was not actually performed for patients recruited prior to Protocol Amendment 3. It was assumed
that all failures were due recrudescence because the patients were returning to Europe to a
nonmalarial area (Europe) and would not be at risk for infection with a new strain of P. falciparum.
10.7.2 RESULTS – EFFICACY
10.7.2.1 Patient Demographics and Disease Characteristics at Baseline
Demographics and Baseline Disease Characteristics
Patient demographics and disease characteristics at baseline are summarized for the core study
(minus “rich PK study”) in the following table.
Table 139. Demographics and Baseline Disease Characteristics – Study 2401
Variable
Population
N = 150
Median (range)
39.5 (17- 66)
Age (yrs)
M
101 (67.3%)
Sex n(%)
F
49 (32.7%)
P. falciparum
147 (98%)
Parasitological Diagnosis
P. vivax
2 (1.3%)
P. ovale
0
P. malariae
6 (4.0%)
Other
8 (5.3%)
Parasite density/(/µL)
none
3
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< 1,000
1,000 - < 5,000
5,000 - <15,000
15,000 - < 5,0000
≥50,000
Missing/other unit
Body temperature (°C)
median
< 37.5°C
37.5 - < 39°C
≥ 39°C
Source: Adapted from applicant’s Study report, Module I

28 (18.7%)
36 (24.0%)
33 (22.0%)
13 (8.7%)
1 (0.7%)
36 (24.0%)
38.2 (35.1 – 40.7)
52 (34.7%)
51(34%)
47 (31.3%)

Adults age 16 to 66years were enrolled. A total of 67% of the patients were males with a median age
of 40 years. The patient population included non-immune adult patients with acute, uncomplicated
P. falciparum malaria, or mixed infections including P. falciparum. Approximately, 5% of patients
had other Plasmodium species present. The majority of patients were recruited at the European
centers. The patient population was generally of higher body weight (mean 73 kg, range: 41 to 119
kg) than the populations studied in South-East Asia. A total of 64(42%) had parasite counts <
5,000/µl and 103(69%) patients presented with fever≥37.5°C, of which 31% had fever ≥39°C.
10.7.2.2 Disposition of Patients
A majority of the patients (n=139, 92.7%) completed the full six -dose course of study drug. Two
patients discontinued due to an unsatisfactory therapeutic response. Seventeen patients were lost to
follow up mainly due to the fact that they did not attend the final Day 28 clinic visit. A significant
proportion of patients failed to return to the centers once their malaria symptoms had resolved. It is
perhaps notable that such discontinuations and protocol violations were uncommon in the
Colombian patients as compared with their European counterparts.
Table 140: Patient Disposition (Study 2401)
Core Study
Enrolled/Randomized (N)
150
mITT population (treated population)
147
Per protocol population
115
Discontinuation n/N%
29(19.3%)
Unsatisfactory therapeutic response
2
Lost to follow-up n/N%
16(10.7%)
Death
0
Administrative problems: quinine treatment 0
Protocol validation
6
Withdrew consent
2
Abnormal test procedure
1
Adverse Event
1
Subject’s condition no longer requires therapy 1

Core plus rich PK study
165
162
126
30(18.2%0
2
17(10.3%)
0
0
6
2
1
1
1
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In the ITT population, patients who discontinued (irrespective of the reason for discontinuation,
which included patients who were lost to follow-up) or who had incomplete parasite counts after
clearance or who used anti-malarial rescue medication were counted as treatment failures (as
stipulated in the protocol) in the calculation of the cure rate for the ITT population. Of the 38
patients counted as treatment failures in the ITT population, 26 were patients who discontinued
prematurely, two of whom discontinued due to unsatisfactory therapeutic effect.
10.7.2.3 Protocol Violations
There were 94 protocol violations including 37 major violations in the core study (n=150). The most
common major violation (in 20% of patients) was incomplete documentation of parasite counts after
parasite clearance. Six (3.64%) with protocol violations were discontinued from the study. All
patients were missing a baseline slide.
Table 141: Patients who discontinued from the Trial due to Protocol Violations - Study2401
Patient no. / center no. Sex/ Age yrs Violation
007 / 2
F / 37y
Missing baseline slide.
011/ 13
M / 20y
027/ 13
M / 24y
029/ 13
M / 45y
003/ 16
F / 21y
005/ 16
F/ 51y
Source: Table made by clinical reviewer using iReview

10.7.2.4 Previous Treatment of Malaria
A total of eight patients used antimalarial medications in the four weeks prior to the study The
compounds used were most commonly chloroquine (4) and Fansidar (2), doxycycline (1),
halofantrine(1) and proguanil(1) each being used by one patient.
Prophylactic antimalarials - a wide variety of compounds, but most commonly chloroquine plus
proguanil (Savarine), proguanil and mefloquine - had been used by a total of 24 (16.0%) of patients.
Twelve patients (8.0%) used antimalarial rescue medication after starting study drug. The most
frequently used compounds were Malarone, primaquine and quinine.
10.7.2.6 Discontinuation from Study
There was a large number of patients, 17(10%) lost to follow up in the study. Approximately 80% of
patients completed the study. Premature discontinuation from the study was most commonly due to
loss to follow up or protocol violation; two patients discontinued due to unsatisfactory therapeutic
effect, one due to an abnormal test result (the patient was enrolled in error due to an incorrect
malaria blood film) and one due to adverse event(s).
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Table 142: Reasons for Discontinuation from Study
Discontinued reason (Decode)
(missing)
Abnormal test procedure result(s)
Adverse Event(s)
Lost to follow-up
Protocol violation
Subject withdrew consent
Subject's condition no longer requires study drug
Unsatisfactory therapeutic effect
Subjects

Coartem 6 dose (tablet)
135 (81.8%)
1 (0.6%)
1 (0.6%)
17 (10.3%)
6 (3.6%)
2 (1.2%)
1 (0.6%)
2 (1.2%)
165 (100%)

Source: Analysis performed using iReview

10.7.2.7 Exposure to Study Drugs
Over 90% of patients received all 6 doses of Coartem.
10.7.2.9 Other Medications Administered during the Trial
As in the other studies in the NDA, the most frequently administered medications were antipyretics,
paracetamol n=75(45%), ibuprofen n=17(10.3%) and acetylsalicylic acid 15(9%).
10.7.2.10 Efficacy Results
Results for the 28-day cure rate (primary efficacy endpoint), parasite clearance time, and fever
clearance time in the ITT and evaluable populations are summarized in the following table.
10.7.2.10.1 28-Day Cure Rate
Results for the 28-day cure rate (primary efficacy endpoint), PCT, and FCT in the ITT and evaluable
populations are summarized in Table 133. .
Table 143. 28 Day Cure Rate in the ITT population (all randomized)
Non-PCR corr. cure status, D 28 (coded)
Coartem 6 dose (tablet)
Yes
120 (72.73%)
No
42 (25.45%)
missing
3 (1.82%)
Total no. Subjects
165 (100.00%)
Source: Analysis using iReview
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Table 144: 28-day Cure Rate, Parasite Clearance Time, Fever Clearance Time - Study 2401
Core Study
Core plus PK study
28-day cure rate (ITT) [95%
109/147 (74.1%)
120/162 (74.1%)
CI]§
[66.3, 81.0%]
[66.6, 80.6]
28 day cure rate (evaluable
108/113 (95.6%)
119/124 (96%)
protocol) [95% CI]§
[90.0, 98.5]
[90.8, 98.7]
PCT (median)* hours (ITT)
41.8h
41.8h
[95% CI]†
[40.5, 44.0]
[40.3, 43.8]
FCT (evaluable) median*
36.8
36.8
[95% CI]†
[24.0, 44.0]
[24.5, 44]
§ Exact method. * Kaplan-Meier Method. †Based on the sign test (Brookmeyer and Crowley, 1982).
Source: Table from Statistical Review by Xianbin Li, Ph.D.

In the evaluable population, the 28-day cure rate was > 95% in the core study and including the rich
PK population. The low cure rates (74%) observed in the ITT population are most likely due to the
large number of patients (n=29, 19.3%) in the core study who were lost to follow. Two of these
patients had an unsatisfactory response to treatment but all were counted as treatment failures in the
efficacy analysis. PCR-corrected and Non-PCR corrected cure rates were identical for the mITT
population
.

Recrudescence of P. falciparum
Two patients (M, 54y and M, 21y) in the evaluable population had recrudescence of P. falciparum
during the study period.
Table 145: Recrudescence of P. falciparum Parasitemia
Coartem 6 dose (tablet)
Reappearance of parasites (day)
.
162 (3.30%)
22
1 (0.02%)
25
1 (0.02%)
29
1 (0.02%)
Subjects
165 (3.36%)

Subjects
162 (3.30%)
1 (0.02%)
1 (0.02%)
1 (0.02%)
4911 (100.00%)
(All patients)

10.7.2.10.3 Secondary Endpoints
Parasite Clearance Time and Fever Clearance Time
The parasite clearance time and the fever clearance time were similar for the ITT and evaluable
populations. The median time to parasite clearance was approximately 42 hours for both populations
and the median FCT was 37 hours.
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The no. of patients with negative slides by day of study is presented in the following table.
79% of patients had cleared within 72 hours of start of treatment.
Table 146: Patients - Negative for Malaria on Days 2, 3, or 4. (ITT, all randomized)
Parasite Clearance Range Table
Coartem 6 dose (tablet)
a. less than 24 hours
40 (24.24%)
b. 24 to 48 hours
81 (49.09%)
c. 48 to 72 hours
9 (5.45%)
f. greater than 120 hours
30 (18.18%)
missing
3 (1.82%)
(out of range day)
2 (1.21%)
Subjects
165 (100.00%)

10.7.2.10.2 Additional Analyses
28-Day Cure rate and Body Weight
The cure rate for patients ≥ 75kg is summarized in the following table.
Table 147 :28-day Cure rate in Patients with Baseline Weight > 75Kg.
Non-PCR corr. cure status, D 28
(coded) ITT
No
Yes
Subjects

Coartem 6 dose
(tablet)
20 (29.4%)
48 (70.6%)
61 (100.00%)

Source: Table made by clinical reviewer using iReview

With respect to any possible relationship between body weight and parasitological cure, it should be
noted that even among patients with body weight > 65 kg, the 28-day parasitological cure rate in the
PP population was 93% (95% CI 84%, 98%), and that patients with body weights in excess of 100
kg (the heaviest being 119kg) achieved parasitological cure at 28 days.
Conclusion
Study 2401 is the largest trial to date in imported malaria in a nonimmune, primarily Caucasian,
population. The 28-day parasitological cure rate in the evaluable population was more than 98%,
consistent with the cure rate observed in the other six dose studies of Coartem conducted in
Thailand.
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10.8 Individual Study Report: Protocol 5669701 2403
10.8.1 Protocol
STUDY 2403: Open label, single-arm, multicenter study for the evaluation of safety and
efficacy of Coartem® (artemether-lumefantrine) tablets (6-dose regimen) in African infants
and children in the treatment of acute uncomplicated P. falciparum malaria.
The primary objective of this study was to evaluate the safety of Coartem® 6-dose treatment in the
target population of African children. Assessment of efficacy was a secondary objective of the study.
Demographic and Baseline Characteristics
There were 310 patients enrolled in the study. Subjects are categorized by body weight group.

Table 148: Table. Baseline Parasite Count - Study 2403

No. of patients
Age (years)
Median (range)
Age Distribution – number (%)
0 to 6 months
> 6 to 12 months
> 12 to 24 months
> 2 to 4 years
> 4 to 6 years
> 6 years
Median parasite density /µl
Range
Distribution Number (%)
patients by parasite density
0
1,000 - < 5,000
5,000 - < 15,000
15,000-< 50,000
50,000 - < 100,000
≥ 100,000

5 - <10kg
154
1.1
0.2 - 3.1

10 - < 15kg
110
2.8
0.8 - 6.8

15 - ≤ 25kg
46
6.1
2.9 - 9.9

Total
310
2.0
0.2-9.9

26 (17)
49 (32)
65 (42)
14 (9)
0
0
17,581
1,080 –
100,000

0
2 (2)
14 (13)
77 (70)
15 (13)
2 (2)
20,929
1,373 –
137,760

0
0
0
6 (13)
17 (37)
23 (50)
14,726
1,000 –
104,919

26 (8)
51 (17)
79 (26)
97 (31)
32 (10)
25 (8)
18,488
1,000 –
137,760

0
23(14.9)
45 (29.2)
52 (8.7)
32(0.7)

0
18(16.4)
25(22.7)
36 (7.9)
28(0.6)

0
6(13.0)
17(37.0)
14(30.4)
8(17.4)

0
47(15.2)
87(28.1)
102(32.9)
68(21.9)

2(1.3)

28(2.7)

8(2.2)

6(1.9)

Source: Adapted from applicant’s study report, Module I
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Approximately 50% of the patients were in the 5 - < 10 kg body weight group (age range
approximately 2 months to 3 years), representing a non-immune population at high risk of malaria
and of death due to malaria. The median parasite density was slightly lower in the highest weight
group (15 - ≤ 25kg). Over 40% of the study population as a whole had had a previous malaria
infection within the 3 months prior to the study (including 20% in the previous month)
Disposition of Patients
The following table shows the patient disposition for each body weight group.
A total of four patients discontinued treatment prematurely, one due to an adverse event, two
withdrew consent, and one was withdrawn due to a protocol violation. Three of these patients
completed the 28-day follow-up. Three further patients discontinued during the follow-up period
although they had completed the treatment period: two were lost to follow-up and one died
Table 149: Disposition for each body weight group in ITT (study 2403)

Total no. patients n (%)

5 - <10kg

Enrolled/Randomized
Treated population ( ITT population)

154
154
(100%)
151
(98.1%)
151
(98.7%)
3 (1.9%)
0
1
0
1
2
0

Completed treatment period a
Completed follow-up periodb
Discontinuation
Unsatisfactory therapeutic response
Lost to follow-up
Death
Protocol violation
Withdrew consent
Adverse Event
a

10 - <
15kg
110
110
(100%)
109
(99.1%)
108
(98.2%)
1(0.9%)
0
1
1
0
0
1

15 - ≤
25kg
46
46
(100%)
46
(100%)
46
(100%)
0(0%)
0
0
0
0
0
0

Total
310
310
(100%)
306
(98.7%)
306
(98.7%)
4(1.3%)
0
2
1
1
2
1

Completed all six doses of Coartem
including 3 patients who did not complete treatment but completed follow-up.
Source: Adapted from applicant’s study report, Module I
b

A total of four patients discontinued treatment prematurely, one due to an adverse event, two
withdrew consent, and one was withdrawn due to a protocol violation. Three of these patients
completed the 28-day follow-up. Three further patients discontinued during the follow-up period
although they had completed the treatment period: two were lost to follow-up and one died.

Study Treatments
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Tablets were given, whenever possible, with food/drink (broth, milk etc) as appropriate. In case the
infant/child was unable to swallow tablets, the tablets were dissolved and given to the child
according to the procedure described in the study protocol.
Preparation of tablet for administration to children, according to the protocol, was as follows;
For infants and children who are not able to swallow an entire tablet, the tablet can be diluted
with water.
• The Coartem® tablet should be diluted in proximately 5 ml sterile water, which will
disintegrates within approximately 2 minutes.
• The preparation should always be prepared immediately before the Coartem® dose is
given to the patient.

Table 150. Dosing per Body Weight Group

Body
Weight
Group,
BWG

Body
Wgt (kg)

Day 0

Day 1

0h
8h
24h
BWG 1
5 - < 10
1 tab
1 tab
1 tab
BWG 2
10 - < 15 1 tab
1 tab
1 tab
BWG 3
15 - ≤ 25 2 tab
2 tab
2 tab
Source: Source: Adapted from applicant’s study report, Module I

Day 2

36h
1 tab
1 tab
2 tab

48h
1 tab
1 tab
2 tab

60h
1 tab
1 tab
2 tab

Efficacy Results
The primary objective of this study was to evaluate the safety of Coartem® 6-dose treatment in the
target population of young African children. Assessment of efficacy was a secondary objective of
the study.
28-day cure rate, ITT population.
PCR uncorrected and PCR corrected cure rates in ITT population are shown in the
following two tables.
Table 151: 28-day cure rate n (%) in ITT population- PCR uncorrected

Non-PCR corr. cure status, at Day 28
Yes
No
Subjects

Coartem six- dose (tablet)
268 (86.5%)
42 (13.6%)
310 (100%)

Source: Table made using iReview by the reviewer
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Among the 42 patients classified as “not cured”, were 34 patients with reappearance of P.
falciparum, three patients where a parasite count was not done on Day 28, one patient who received
rescue medication, and four patients who were censored prior to Day 28.
Table 152: 28-day cure rate

n (%) in ITT population - PCR corrected

PCR corrected cure status, Day 28 (coded)
Yes
No
Missing data
Subjects

Coartem 6 dose (tablet)
290 (93.6%)
19 ( 6.1%)
1 ( 0.3%)
310 (100%)

Source: Table made by the reviewer using iReview

The 28-day cure rate in the ITT and evaluable populations were similar for all body weight
categories. The six-dose regimen demonstrated good efficacy, with a high 28-day cure rate (the
latter when corrected (by PCR results) for re-infection was 94%, with 95% CI [93.6%, 94.1%].
Efficacy Results by Body Weight
The efficacy results by body weight groups for the 28-day cure rate, parasite clearance time (PCT), and
fever clearance time (FCT) are summarized in the following table.
Table 153: 28-day cure rate n (%) in ITT population; Parasite Clearance Time, Fever Clearance Time (ITT
population) - Study 2403

28 day cure rate
(ITT) [95% CI]
28 day cure rate
(evaluable)
[95% CI]
PCT median hours
(evaluable)
FCT median hours
(evaluable)

5 - < 10kg

10 - < 15kg

15 - < 25kg

Total

133/154(86.4)
[79.9, 91.4]
133/149(86.4)
[83.1, 93.7]

94/110(85.5)
[77.5, 91.5]
94/107(85.5%)
[80.1, 93.4]

41/46(89.1)
[76.4, 96.4]
40/44(89.1)
[78.3, 97.5]

268/310(86.5)
[82.1,90.1]
267/300(86.5)
[84.9, 92.3]

24[24.0, 35.4]

35.5[24.0, 35.8]

24[23.8,24.2]

24[24.0, 35.4]

7.8 [7.8, 7.9]

7.9 [7.8, 8.0]

7.8 [7.8, 8.0]

7.9 [7.8, 7.9]

Source: Statistical Reviewer, Xianbin Li, Ph.D.

The 28-day cure rate in the ITT and evaluable populations were similar for all body weight
categories. The six-dose regimen demonstrated good efficacy, with a high 28-day cure rate (the
latter when corrected (by PCR results) for re-infection was 94%, with 95% CI [93.6%, 94.1%].
The median time to parasite clearance was longer in the 10 to < 15 kg weight group than in the other
weight groups and remains unexplained. Median time to fever clearance was less than 8 hours for
the total population and in all body weight groups. The FCT was the same in the ITT and evaluable
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populations. It should be noted that a high proportion of patients (over 75%) took paracetamol as a
concomitant medication.
Timing of Clearance of Asexual Parasites from the Bloodstream
On Day 2, about 24 hours after start of treatment, parasitemia was cleared in more than 50% of the
patients. By Day 3, about 48 hours after start of treatment, approximately 96% of patients were
negative for malaria parasites; 100% of patients were negative for malaria at 72 hours post first dose.
Table 154: Patients with clearance of parasites on study at 24h, 48, and 72h – Study 2403

Parasite Clearance Range Table
a. less than 24 hours
b. 24 to 48 hours
c. 48 to 72 hours
d. greater than 72 hours
Subjects

Coartem 6 dose (tablet)
157 (50.7%)
140 (45.2%)
13 (4.2%)
0(0%)
310 (100%)

Source: Table made using iReview by the reviewer
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Recrudescence of P. falciparum Malaria during the Trial - ITT
The proportion of patients with reappearance of P. falciparum during the course of the study is
summarized in the following table.
Table 155: Recrudescence of P. falciparum

Recrudescence of parasites (day of study)
none
26
27
28
29
30
Subjects

Coartem 6 dose (tablet)
276 (89.0%)
1 (0.3%)
1 (0.3%)
4 (1.3%)
26 (8.4%)
2 (0.7%)
310 (100%)

Source: Table made using iReview by the reviewer

A total of 34 (11%) patients had reappearance of malaria during the course of the study. In 26 of the
cases, recrudescence was detected at the Day 28 visit (day 29 of study).
Conclusion
The efficacy of the six-dose regimen of Coartem® was a secondary objective in this study. The sixdose regimen demonstrated good efficacy, with a high 28-day PCR corrected cure rate in the ITT
population of 94%, with 95% CI [93.6%, 94.1%]. The uncorrected cure rate was 86%, similar to
other earlier studies in adults and older children.
Cure rates were similar across all body weight groups, with a good response to treatment even in
young infants. Cure rates were high when corrected for re-infection based on PCR/genotyping.
Response to treatment was rapid, with a median time to fever clearance of less than 8 hours, and
time to parasite clearance of 24 to 35 hours.
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10.9 Individual Study Report: Protocol 5669701 2303
10.9.1 Protocol
STUDY 2303:A randomized, investigator-blinded, multicenter, parallel-group study to
compare efficacy, safety and tolerability of Coartem® dispersible tablet formulation vs.
Coartem® 6-dose crushed tablet in the treatment of acute uncomplicated Plasmodium
falciparum malaria in infants and children.
Location: Sub-Saharan Africa (Benin, Kenya, Mali, Mozambique, Tanzania).
Study Objectives
The primary objective was to confirm the efficacy of the Coartem® dispersible tablet in infants and
children with a body weight of ≥5 kg and <35 kg and ≤12 years of age suffering from P. falciparum
malaria by testing the hypothesis that Coartem® 6-dose dispersible tablet is non-inferior to the
presently used Coartem® 6-dose regimen of crushed tablet on the 28-day PCR-corrected
parasitological cure rate.
Overview of Study Design
The study population consisted of a representative group of male and female infants and children
≤12 years of age, with body weight of ≥5 kg and <35 kg, and microscopically confirmed acute,
uncomplicated P. falciparum malaria. Patients were admitted to hospital for the first 3 days and all
treatments were given under hospital supervision. All randomized patients remained under medical
surveillance (if possible within hospital grounds) for the following 4 days (until Day 7) until the
results of the interim analysis were known. These patients were then followed until Day 42 and
accounted for the primary and secondary assessment of the study.
Study Treatments
Patients were assigned to one of the following 2 treatment arms and received active treatment based
on body weight group (BWG) as follows:
BWG 1: ≥5 kg – <15 kg = 6 doses of 1 tablet
BWG 2: ≥15 kg – <25 kg = 6 doses of 2 tablets
BWG 3: ≥25 kg – <35 kg = 6 doses of 3 tablets
Patients were not replaced if treatment was not well tolerated during the first 3 days of dosing.
Study medication should have been followed whenever possible by food/drink (e.g. broth, milk
[preferably condensed milk]) as appropriate
From B2303 protocol:
The content of one dispersible tablet is to be dissolved in 10 mL of water in the small cup
provided, and subsequently administered orally under hospital supervision; thereafter the
cup/beaker will be rinsed with an additional 10 mL of water and the content is to be
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swallowed again. This procedure will be repeated as necessary in order to administer the
amount of doses indicated.
All conventional tablets are to be always crushed and dissolved in 10 mL water and
subsequently administered orally under hospital supervision; thereafter the cup/beaker will be
rinsed with an additional 10 mL of water and the content is to be swallowed again. This
procedure will be repeated as necessary in order to administer the amount of doses indicated.

RESULTS
Demographic and Baseline Characteristics
A total of 899 patients were enrolled. Over 50% of patients were aged 2 to < 6 years of age. A total
of 60.8% of patients were in the 5-<15 kg body weight group, compared to 32.1% in the 15-<25 kg
group and 7.0% in the 25-<35 kg group.
Table 156: Malaria Parasite Density at Baseline – Study 2303
Coartem
Dispersible
N=447

Coartem
Crushed
N=452

Total
N= 899

3(0-12)
13

3(0-12)
13.1

3(0-12)
13

1 (<1%)
6 (1)
23 (5)
81 (18)
145 (32)
92 (21)
445(99.6)

1 (<1%)
7 (1)
28 (6)
73 (16)
149 (33)
89 (20)
452(100)

2 (<1%)
13 (1)
51 (6)
154 (17)
294 (33)
181 (20)
897(99.8)

3(0.6)
26,364
0-196,840

3(0.6)
32,288
1581-628,571

6(0.6)
29,241
0-628,571

3(0.7%)
53(11.9%)
80(17.9%)
177(39.6%)
76(17%)

1(0.2%)
58(12.8%)
93(20.6%)
139(30.8%)
89 (19.7%)

4(0.4%)
111(12.3%)
173(19.2%)
316(35.2%)
165(18.4%)

100,000 - < 200,000

56 (12.5%)

70(15.5%)

126(14%)

≥ 200,000

0

2

2

Age (years) median
Weight (kg) ( median)
Age Distribution – number (%)
0 to 3 months
3 to < 6 months
6 to < 12 months
12 to < 24 months
2 to < 4 years
4 to < 6 years
P. falciparum asexual forms
Patients (n%)
Other Plasmodium species
Median parasite density /µl
Range
Distribution Number (%) patients by
parasite density/ µl
< 2,000
2,000 -< 5,000
5,000-< 15,000
15,000-< 50,000
50,000 - < 100,000
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None
1
Missing
1
Source: Adapted from applicant’s study report, Module I.

0
0

1
1

All but two patients had P. falciparum asexual forms, except in the dispersible tablet group, (one
patient did not have parasites and one patient had a baseline parasite count performed after the first
dose of study drug).
The median parasite density was slightly lower in the dispersible tablet group compared to the
crushed tablet group although they were comparable for densities below 100,000/µL (87.1%
dispersible tablet group vs. 84.1% crushed tablet group). A total of 126(14%) of patients had a high
parasite density of 100,000 to 200,000/µL.
Patient Disposition
All patients who were randomized were treated with at least one dose of study medication. Over
85% of patients in each treatment group completed the study. The main reason for patients
discontinuing treatment early in both groups was adverse events. According to the protocol, patients
were to be discontinued if they vomited after a dose of study drug.
Table 157: Patient Disposition - Study 2303
Total no. patients n (%)
Enrolled/Randomized
Treated population ( at least one full dose)a
Completed treatment period
Completed study
Discontinuation
Unsatisfactory therapeutic response
Lost to follow-up
Death
Withdrew consent
Adverse Event
a

Coartem
Dispersible

Coartem
Crushed

Total

447 (100%)
444 (99.3%)
431 (96.4%)
394(88.1%)
53 (11.9%)
0
15
2
6
30

452 (100%)
446(98.7%)
435(96.2%)
388(85.8%)
64(14.2%)
0
12
1
11
40

899 (100%)
890 (99%)
866(96.3%)
782(87%)
117(13%)
0
27
3
17
70

A dose that was not vomited, or a dose that was vomited and replaced and the replacement was not vomited, was
considered a full dose.
Source: Adapted from applicant’s study report, Module I.

Concomitant Medications
The most frequently administered concomitant medications were antipyretics/analgesics.
779/899 (86.7)% of patients received acetaminophen (paracetamol, Panadol) for fever.
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Table 158: Concomitant Antipyretics – Pediatric Patients – Study A2303
WHO DRL Included Term Text
ACETYLSALICYLIC ACID
ACETYLSALICYLIC ACID/PARACETAMOL
ASPIRINE
DICLOFENAC
IBUPROFEN
OTHER ANALGESICS AND ANTIPYRETICS
PANADOL
PARACETAMOL
SALICYLIC ACID
Total Subjects
Source: Table made by the reviewer using iReview

Coartem - Study 2303 ( ITT, n=899)
4 (0.5%)
16 (1.9%)
55 (6.7%)
2 (0.2%)
15 (1.8%)
1 (0.1%)
226 (27.6%)
553 (67.5%)
1 (0.1%)
819

Endpoints
The primary efficacy variable was the proportion of patients who were clinically free of parasitemia
(PCR corrected if P. falciparum asexual forms present) at 28 days as measured by a 28- day PCRcorrected parasitological cure rate.
Additional efficacy variables included, time to parasite clearance (PCT), time to fever clearance
(FCT), early treatment failure (ETF), late clinical failure (LCF), late parasitological failure (LPF),
and development of danger signs or severe malaria.
Reviewer’s Comment: As discussed previously, the reviewer’s analysis will report only PCR
uncorrected cure rates
Efficacy Analyses
28-day Cure Rate
Non PCR corrected 28-day cure rates for the ITT and per protocol population are presented in the
following table. There were 14 subjects in each group with "not done" result in 28-day cure rate and
they were counted as failures. The overall 28-day cure rate, PCT, and FCT in the ITT population, are
shown in Table 159.
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Table 159: Coartem 28-day Cure Rate, PCT, FCT in Study B2303
28-day Cure Rate
28 day cure rate (ITT)
n/N (%)
[95% CI§]
28 day cure rate (evaluable)
n/N (%)
[95% CI§]
PCT (hrs, ITT)
Median* [95%CI†]
25th-75th percentile*
Range**
FCT (hrs, evaluable)
Median* [95%CI†]
25th-75th percentile*
Range**

Dispersible Tablet

Crushed Tablet

374/441 (84.8)
[81.1,88.0]

374/444 (84.2)
[80.5,87.5]

368/398 (92.5)
[89.4,94.9]

367/406 (90.4)
[87.1,93.1]

34.3[24.6, 35.5]
23.9-36.1
6.5-169.0

34.9[25.2,35.6]
23.9-36.0
6.6-165.6

7.8[7.8,7.9]
7.6-23.6
3.8-695.4

7.8[7.8,7.9]
7.5-23.2
4.7-355.4

§ Exact method. * Kaplan-Meier Method. ** Not including censored times. †Based on the sign test (Brookmeyer
and Crowley, 1982).’
Source: Statistical Reviewer, Xianbin Li, Ph.D.

The 28-day cure rate was > 90% in the per protocol population for the crushed and dispersible tablet
groups.
Cure rates were similar between the two treatment arms and similar to Study A2403. The median
PCT was 35 hours for both treatment groups. Median FCT was less than 8 hours and was
comparable between body weight groups within and between treatment groups. Of those patients
with fever (body temperature ≥37.5°C) at baseline, the majority achieved fever clearance by 24
hours, with the proportion being lower in the dispersible tablet group (55%) compared to the crushed
tablet group (59%). It should be noted that almost all patients (over 95%) took an antipyretic,
primarily panadol/paracetamol (acetaminophen), as a concomitant medication during the study.
Timing of Clearance of P. falciparum from the Bloodstream
To assess timing of clearance of asexual parasites from the bloodstream, the proportion of patients
who had negative slides for malaria were analyzed daily for both treatment groups.
Table 160: Patients with Clearance of Parasites at 24h, 48h, and 72h
Parasite Clearance Range Table Coartem 6 dose (crushed tablet) Coartem 6 dose (dispersible tablet)
less than 24 hours
178 (39.4%)
182 (40.7%)
24 to 48 hours
234 (51.8%)
225 (50.3%)
48 to 72 hours
37 (8.2%)
37 (8.3%)
72 to 96 hours
0 (0.0%)
2 (0.5%)
greater than 120 hours
3 (0.7%)
1 (0.2%)
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Subjects
452 100%)
Source: Table made using iReview by the reviewer

447 (100%)

On study Day 2, about 24 hours after start of treatment, parasitemia was cleared in more than 39% of
the patients. By Day 3, about 48 hours after start of treatment, approximately 94% of patients in
both treatment groups were negative for malaria parasites. Three patients (0.7%) in each treatment
group had parasite present at > 72 hours.
Treatment Failures
Early Treatment Failure
There were two patients (0.5%) in the dispersible tablet group and no patients in the crushed tablet
group with early treatment failure. Both patients developed severe malaria during the first 3 days of
the study.
Late Clinical Failure and Late Parasitological Failure
Late clinical (LCF) and parasitological failure (LPF) was calculated in the ITT population, all
randomized patients. During the study period (day 1 to 29) a further five patients (crushed group,
n=4; dispersible group, n=1) developed severe malaria following initial response. Late
parasitological failure occurred in 47(10.4%) in the crushed tablet group and 39(8.7%) patients in the
dispersible tablet group.
After day 29, a further 55(12.2%) in the crushed tablet and 48(10.7%) of patients in the dispersible
tablet group had recrudescence of parasites.
Table 161: Recrudescence of P. falciparum Parasitemia – ITT (all randomized)
Recrudescence of parasites
Coartem 6 dose
Coartem 6 dose
(day)
(crushed tablet)
(dispersible tablet)
none
350 (77.4%)
360 (80.5%)
8
0 (0.0%)
2 (0.5%)
15
2 (0.4%)
0 (0.0%)
19
0 (0.0%)
1 (0.2%)
21
0 (0.0%)
1 (0.2%)
22
3 (0.7%)
1 (0.2%)
23
1 (0.2%)
1 (0.2%)
24
1 (0.2%)
1 (0.2%)
25
1 (0.2%)
1 (0.2%)
26
1 (0.2%)
5 (1.1%)
27
4 (0.9%)
1 (0.2%)
28
2 (0.4%)
1 (0.2%)
29
32 (7.1%)
24 (5.4%)
30
2 (0.4%)
2 (0.5%)
32
0 (0.0%)
3 (0.7%)
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33
34
35
36
37
38
39
40
41
42
43
44
Subjects

1 (0.2%)
2 (0.4%)
1 (0.2%)
6 (1.3%)
2 (0.4%)
1 (0.2%)
5 (1.1%)
1 ( 0.2%)
1 ( 0.2%)
5 ( 1.1%)
27 ( 6.0%)
1 ( 0.2%)
452 (100%)

0 (0.0%)
0 (0.0%)
2 (0.5%)
1 (0.2%)
5 (1.1%)
1 (0.2%)
2 ( 0.5%)
6 ( 1.3%)
0 ( 0.0%)
3 ( 0.7%)
22 ( 5.0%)
1 ( 0.2%)
447 (100%)

Source: Table made by the reviewer using iReview

Conclusions
The 28-day cure rates were generally comparable between treatment groups. The 28-day cure rate is
slightly higher compared to the results for children (≤16 years) in study 025, 026 and 028. The
median parasite clearance time (PCT) and median fever clearance (FCT was similar between the two
treatment groups. Cure rates were similar across all body weight groups. The median PCT was
slightly longer than in Study A2403, while FCT was similar between the two studies, but most
patients received antipyretics.

10.10 Additional Six-Dose Studies
From review by J. Meyer Pharm D., Cross Discipline Team Leader, (CDTL
Study 1030 (also referred to as 030)
A Randomized, Controlled Trial Comparing Artemether-lumefantrine with ArtesunateMefloquine for Uncomplicated Falciparum Malaria in Vietnam
Abstract:
This was an open-label, randomized clinical trail compiling artemether-lumefantrine (six doses regimen)
and artesunate -mefloquine in 83 Vietnamese patients with uncomplicated falciparum malaria. Both
treatment regimens were highly effective in the degree of parasite clearance at 24 hours (almost 100% in
both groups). The mean time to parasite clearance was 1.8 days in the artemether-lumefantrine group and
1.66 days in the artesunate-mefloquine group (P=0.13). There was one case of recrudescence in the
artemether-lumefantrine group at Day 28. Both regimens were well tolerated and there were no adverse
cardiac findings.
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METHODS

This randomized, open-label study was conducted in the (b) (4)
Vietnam. The study was carried out during the months of April through June,
2001, and was performed according to the procedures outlined by WHO (WHO/MAL/96.1077).
Patients
Men and women between the ages of 15 and 55 years were eligible for the study if they
were infected with uncomplicated P. falciparum malaria as evidenced by a parasite
density of ≥ 1000/mm3. Patients with severe or complicated malaria were excluded, as
were patients with liver disease, kidney disease or any other chronic disease. Pregnant
and lactating women were not allowed to participate.
Study Procedures
Patients were randomly assigned to treatment with tablets containing artemether 20 mg and lumefantrine
120 mg (Coartem®/Novartis) or a combination of artesunate 50 mg tablets plus mefloquine 250 mg
tablets (both manufactured by (b) (4)
). Patients receiving
artemether-lumefantrine took 4 tablets twice daily on Days 1, 2 and 3 for a total of 24 tablets. Artesunate
was given at a dose of 2 mg/kg twice daily on Days 1 and 2 and once on Day 3. Mefloquine was
administered as one 15 mg/kg dose on Day 3. All medication doses were taken in the hospital under the
supervision of study personnel.

All patients were hospitalized for at least the first week of the study. Parasite count and temperature were
monitored daily until fever normalization and parasite clearance were achieved. Vital signs including
electrocardiogram (ECG) and blood tests for chemistry (bilirubin, SGOT, SGPT, glucose, urea, protein)
and hematology (hemoglobin, hematocrit, WBC) were assessed on days 0 and 7. After discharge, followup was continued on a weekly basis until day 28, including blood microscopy for parasites, temperature,
and adverse experience recording.
Blood sampling for parasite counts was performed on Day 1, prior to taking any medication, and on
study days 2, 3, 7, 14, 21 and 28. Blood samples were obtained through finger pricks for thick films, thin
films and Giemsa stain for blood microscopy.
Thick film readings were concluded to be negative after 100 fields had been reviewed. Asexual parasite
density was calculated after identifying 200 or 500 leukocytes using the following formula: parasite
density per ml = (number of parasites X 8000)/number of leukocytes counted.
Assessments
The primary efficacy variable was the 28-day cure rate, defined as the proportion of patients with
clearance of asexual parasitemia within 7 days of treatment initiation, without subsequent recrudescence.
Other endpoints included:
• parasite reduction at 24 hours
• time to parasite clearance
• time to fever clearance
• anti-gametocyte activity
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Treatment failures were classified as early or late failure.
Early failure: Depending on patient compliance regarding return visits, early treatment failure was
defined as parasitemia not cleared within the first 7 days or after 48 treatment hours, or parasitemia not
reduced > 75% from baseline level.
Late failure: Late failure was characterized by clearance of asexual parasitemia within 7 days of
treatment initiation followed by recrudescence during the following 3 weeks.
RESULTS
A total of 83 patients were enrolled in the study, 45 of whom received artemether-lumefantrine and 38 of
whom were treated with artesunate-mefloquine. As shown in
Table 1, the two study groups were similar with regard to gender distribution, weight and baseline
parasite density and body temperature. The average age of patients in the artemether-lumefantrine group
was lower than that of patients in the artesunate-mefloquine
group (26.6 vs. 31.2 years). This difference was statistically significant (p=0.03).

All 83 patients were followed for at least 7 days. Nine patients in the artemether-lumefantrine group
(20%) and 4 patients in the artesunate-mefloquine group (11 %) were absent at one or more study visits
and not followed-up for the complete 28-day study interval.
Efficacy
Table 2 summarizes the overall efficacy findings for each treatment group. There were no cases of early
failure in either group. One patient in the artemether-lumefantrine group had recrudescence of P.
falciparum on Day 28 (late failure) confirmed by PCR testing. Among patients followed for the entire
28 days, there was a high cure rate observed with both treatment regimens (artemether-lumefantrine
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35/36 patients, 97%; artesunate-mefloquine 34/34 patients, 100%). Average times to achieve parasite
clearance and fever resolution were statistically similar between the two groups.

Parasite Reduction
There was a rapid reduction in mean malaria parasite load in each treatment group, as shown in Table 3.
Mean parasite concentrations decreased dramatically by Day 2 and were close to elimination by Day 3.
In both groups, there were no parasites detected from Day 7 on. One patient in the artemetherlumefantrine group experienced recrudescence on Day 28 with a count of 537 parasites/mm3. This patient
was a 42-year old female who had moved from a non-endemic area to an endemic area 10 months prior.
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Fever Clearance
Mean baseline temperatures were similar between the groups (Table 1). All study subjects experienced
resolution of fever by Day 2 of the study and there was no difference noted between the groups for this
variable (Figure 1).
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Gametocyte Clearance
Two of the 45 patients treated with artemether-lumefantrine had evidence of gametocytes at Treatment
Day 1. Upon discharge from the hospital on Day 7, these patients still had gametocyte-positive slides and
were given primaquine 30 mg. At follow-up on Day 14, no gametocytes were detected.
Safety
Four (8.9%) patients receiving artemether-lumefantrine reported adverse events which were considered
to be related to treatment. All events in this group were described as mild stomach upset and all resolved
without intervention. Adverse events noted in the artesunate-mefloquine group included headache (18%),
dizziness (16%), tiredness (11 %), insomnia (8%), nausea (8%), and upset stomach (3%). Patients
experiencing headache and insomnia received treatment for their complaints; other events resolved
without intervention. There were no clinically significant laboratory or ECG changes noted in either
treatment group.

Reviewer’s Comment: Study report did not contain any listing of adverse events – considered to be
drug-related or otherwise.
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Study BD01 (also referred to as ABD01)
The following review was done by J. Meyer Pharm D., CDTL
Comparison of Artemether-Lumefantrine (Coartem) and Quinine-Fansidar in the Treatment of
Uncomplicated Malaria in a Multidrug Resistant falciparum area in Bangladesh
OBJECTIVES
General:
To compare efficacy and safety of Coartem vs. quinine-fansidar in a zone of Bangladesh with multidrug resistant P. falciparum.
Specific:
1. To evaluate the therapeutic efficacy (Clinical and parasitological) of Coartem and quininefansidar by day 28.
2. To evaluate side effects of the two regimens.
The primary objective was to quantify the benefit of an artemisinin based combination antimalarials.
This was assessed by:
•
•
•
•
•

cure rate (elimination of parasitemia without recrudescence assessed at a minimum of 14
days, and at 28 days)
rate and time of parasite clearance
rate of resolution of fever
proportion of gametocyte carriers
tolerability

STUDY DESIGN
Study population:
The trial population consisted of males 12 years of age and older with acute uncomplicated P.
falciparum malaria. There were 100 patients in each of the two treatment arms.
Materials and Methods:
Patients:
(b) (4)
The trial was conducted in adult patients of
Bangladesh. The study was approved by Ethical Committee of Chittagong
Medical College.
Clinical procedures:
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(b) (4)

Patients who attended outpatient department of the
with symptomatic microscopically
confirmed falciparum malaria (parasite count ≥500/µL blood) were enrolled in the study. The
patients were provided written information translated in the local language. After taking written
informed consent they were allocated randomly to receive either oral quinine sulfate followed by a
single dose of sulfadoxine/
pyrimethamine (Q3SP) or of a combination of artemether plus lumefantrine (Coartem).
Pregnant or lactating women, children under 12 and patients with severe or complicated malaria
requiring parenteral treatment were excluded from the trial.
At enrollment a medical history, a full physical examination, including a neurological examination
was performed, and blood was taken for quantitative parasite count. For all patients temperature was
recorded every 6 hours until the patient was afebrile and remained so for 24 hours. Blood films were
examined for malarial parasites – every 12 hours until negative, then daily for 7 days, then weekly
until day 28. A blood smear was taken from any patient complaining of fever on symptoms
compatible with malaria at any time during this period. Parasite counts were determined by Geimsa
stained thick and thin blood films.
Drug regimens:
• oral quinine sulfate 10mg/kg every 8 hours for 3 days, followed by a single dose of
sulfadoxine/pyrimethamine (25 mg/kg based on sulfadoxine component – protocol contains a
dosing table for number of tablets to be administered based on patient’s weight. Tablets
contained 500 mg sulfadoxine and 25 mg pyrimethamine).
•

Artemether + lumefantrine – Coartem tablets containing 20 mg artemether and 120 mg
lumefantrine given orally according to body weight for 3 days (6 doses):
< 15 kg = 1 tablet/dose
15 to 25 kg = 2 tablets/dose
25 to 35 kg = 3 tablets per dose
> 35 kg = 4 tablets per dose

Treatment was administered under direct supervision by nurse under supervision of research
assistant. The correct number of study drug/placebo was determined using the weight-dosing chart.
After drug administration at every dose, patients were observed for one hour in the clinic. On day 0
only, if vomiting occurs within one hour of drug administration, the same dose was to be taken from
the replacement drug sachet and given to the patient.
If a patient was unable to tolerate medication because of repeated vomiting or if the patient's medical
condition deteriorated, then parenteral treatment with quinine dihydrochloride was given and the
patient was excluded from the trial.
Enrolled patients were admitted and remained in the ward for 8 days (days 1-7).
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Inclusion criteria
• adults or children (age > 12 yrs of age).
• weight >15 kg
• monoinfection with P. falciparum with parasitemia (between 500/mm3 and
• 150,000/mm3)
• a history of fever in the preceding 48 hours
• consent from patient or guardian/parent
Exclusion criteria
• Danger signs
1. vomiting more than twice within preceding 24 hours
2. one convulsion within preceding 24 hours
3. unconscious state
4. unable to sit or stand
•

Signs of severe malaria:
1. Cerebral malaria (unrousable coma)
2. Severe anemia, clinical
3. Acute renal failure, clinical
4. Pulmonary edema
5. Hypoglycemia (glucose < 40mg/dL)
6. Shock (systolic BP < 70 mmHg in adults, 50 in children)
7. Spontaneous bleeding/DIC
8. Repeat generalized convulsions
9. Deep breathing
10. Macroscopic hemoglobinuria
11. Jaundice, clinical

•
•
•
•

Other underlying diseases (cardiac, renal, hepatic diseases, gross malnutrition)
History of allergy to study drugs
Pregnancy
a clear history of adequate treatment with drugs expected to be effective in the study area in
the preceding 72 hours, chloroquine, fansidar, quinine.

Discontinuation of treatment:
Objective criteria for discontinuation from study medication, study withdrawal, and/or institution of
rescue treatment were:
•Signs of severe malaria, as per the WHO definition, or a clinical requirement for parenteral
treatment
• Parasitemia at 48 hours ≥ parasite count day 0
• Day 3 parasite count ≥ 25% day 0 count and patient unwell
• Day 4 parasite count ≥ 25% day 0 count
• Parasitemia present on day 7
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• Recurrent parasitemia at any time
• Any severe adverse event requiring treatment withdrawal in the treating physician's opinion or at
the patient's or parent/guardian's request
• Patient's or parent/guardian's decision
• Consumption of a drug with antimalarial activity

EFFICACY ENDPOINTS
Primary endpoints:
• parasitological and clinical cure on day 28
• parasitological and clinical cure on day 14: conversion from a positive slide on admission for
P.falciparum to a negative slide in the absence of clinical signs/symptoms attributable to malaria
• Tolerability and safety: incidence of adverse events; changes in laboratory values
Secondary endpoints:
• time to parasite clearance
• proportion aparasitemic at 24, 48 and 72 hours
• time to fever clearance
• proportion afebrile at 24, 48 and 72 hours
• presence of gametocytes and density on day 7 and 14
• a measure of anemia: Hb by day 28
• evidence of resistance to Q3SP

215

Clinical Review
Division: DSPTP
NDA #: NDA 22-268
Drug: Coartem, Artemether/lumefantrine

Efficacy definitions:
Classification of therapeutic response
Early therapeutic failure (ETF):
i) Development of danger signs or severe malaria on days 1-3 in the presence of parasitemia
ii) Day 2 (48 hours): axillary temperature ≥ 37.5°C and a parasitemia > pre-treatment level (day 0)
iii) Day 3 (72 hours): axillary temperature ≥ 37.5°C and parasitemia
iv) Day 3: parasitemia ≥ 25% of the day 0 parasitemia
Late therapeutic failure (LTF)
i) Development of danger sings or severe malaria from day 4 - 14 in the presence of parasitemia
without previously meeting the criteria of ETF
ii) axillary temperature ≥ 37.5°C and parasitemia from day 4 - 14 without previously meeting the
criteria of ETF
Adequate clinical response (ACR)
i) absence of parasitemia on day 14 irrespective of axillary temperature, without previously meeting
the criteria of ETF
ii) axillary temperature ≤ 37.5°C irrespective of the presence of parasitemia, without previously
meeting the criteria of ETF
Safety assessments
Safety assessments consisted of monitoring and recording all adverse events. An adverse event was
any undesirable sign, symptom or medical condition occurring after starting study drug (or therapy).
Medical conditions/diseases present before starting study treatment were only considered adverse
events if they worsen after starting study treatment.
A serious adverse event is an undesirable sign, symptom or medical condition which:
1. is fatal or life-threatening,
2. requires or prolongs hospitalization
3. results in persistent or significant disability/incapacity
4. constitutes a congenital anomaly or a birth defect
5. is medically significant, in that it may jeopardize the subject and may require medical or surgical
intervention to prevent one of the outcomes listed above.
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RESULTS
During the study period, from December 2002 to September 2003, a total of 206 patients with
uncomplicated malaria were enrolled in the study with 103 in each group of Coartem (CA) and
quinine plus sulfadoxine/pyrimethamine (Q3SP).
The baseline characteristics of the study patients in either group were comparable between the two
treatment groups (Table 1). The patients included in the Q3SP group were slightly younger.

A total of 4/206 patients did not complete the total follow up; one patient in the Q3SP group left the
hospital on Day 8, three patients in the Coartem group did not complete the full follow-up (two left
the hospital on their own on Day 8; and one did not return for follow up on Day 21). Three patients
in the Coartem group were found to have vivax infection on blood film (one on Day 21 and two on
Day 28). No patient in the Q3SP group was found to have vivax infection during follow up. The
remaining patients were followed up for the entire 28 day period or until treatment failure.
Efficacy of the two regimens:
Efficacy results on days 14, 21 and 28 are shown in Table 2. The combination of Q3SP resulted in
more treatment failures. There were 12 treatment failures with Q3SP (one in Day 7, one on Day 14,
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five each on Day 21, and 28). There were also early treatment failures with Q3SP. Treatment with
Coartem resulted in four failures (one on Day 21 and 3 on Day 28). There were no early treatment
failures with Coartem.

Treatment with Q3SP resulted in a much higher proportion of patients with gametocytes in their
peripheral blood films during follow up in comparison with Coartem group (Figure 1). The
proportion of patients with gametocytes rose to about 12 % in the Q3SP group on Day 7, whereas it
did not exceed 5% in the patients treated with Coartem.
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Q3SP = squares
Coartem = diamonds
Fever clearance times (Figure 2) and parasite clearance times (Figure 3) were similar between the
treatment groups.
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Q3SP = squares
Coartem = diamonds
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Q3SP = squares
Coartem = diamonds
Safety:
Symptoms of the patients at baseline did not differ between the two treatment groups (Table 3).
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Although the symptoms following treatment do not differ between the groups, headache and
vomiting were reported less frequently in the treatment group with Coartem (Table 4). No serious
adverse reactions were reported in any patient in the study.
10.11 Gametocyte Clearance
The following methodology was generally used to detect the presence of gametocytes.
Blood Examination during Screening
In general the method use to evaluate blood smears was as follows. At screening, 20 thick film slides
for malaria parasites were examined. If there were no parasites seen the patient was not eligible for
enrollment. If asexual forms of the parasite were seen then 200 thick film fields were screened for
Plasmodium species.
If P. falciparum was confirmed, a count was made of the asexual forms against leucocytes, using a
tally counter. Counting was based on 200 leucocytes which is in accordance with WHO standards. If
insufficient parasites were detected, counting was extended to 500 leucocytes. The parasite density
was calculated according to the equation:
Parasite density per µl = No. of parasites x actual WBC / Number of leucocytes counted (200)
If gametocytes of P. falciparum were present, a gametocyte count was made by counting
gametocytes per 1000 leucocytes. If less than five gametocytes were counted, this was repeated
against 2000 leucocytes.
Blood Examination for Malaria during the 28 day Trial Period
Blood was examined four times per day for the first three days of the study, daily until day 8 and
then day 15, 22, 29.
• A total of 200 thick film fields were examined (tally counter) before a slide was confirmed
negative.
• If asexual forms of P. falciparum were present, a parasite count was required
• If Plasmodium species other than P. falciparum were found, species and count were
recorded.
• If P. falciparum gametocytes were found, a gametocyte count was performed.
The following tables details the number of patients in each study with gametocytes at baseline and
the number of patients who were cleared. Results are presented for A025 and the other the six dose
studies.
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Gametocyte Clearance Time
Gametocytes were detected in patients throughout the study period.
For the purposes of this review, gametocyte clearance time (GCT) is calculated only for the patients
who had gametocytes present at baseline. GCT is the time to the earliest clearance timepoint.
Overall, most patients who had gametocytes detected at baseline cleared their blood within seven
days.
Table 162: Gametocyte Clearance Time in Patients with Baseline Gametocytemia
Six Dose Studies

No. Patients with
gametocytes at
baseline

Baseline Gametocyte
Count /µl
Mean (range)

A025 Coartem *
9
542 (13-1366)
6-doses over 60 hours
A026
10
6942 (12-67870)
A028
14
A2401
19
Not reported
A2403
11
124 (16 -254)
B2303
21
51 (8-200)
(crushed tablets)
Source: Adapted from analyses by statistical reviewer, Xianbin Li, Ph. D.

Gametocyte
Clearance Time
(hours)
Median (range)
162 (44-672)
142 (43-668)
72 (34-163 )
289 (18-670)
23(8-67)
61 (?)

The applicant calculated the gametocyte clearance times were calculated for patients with presence
of gametocytes at any time during the first 72 hours and most patients cleared their blood within
seven days.
Clinical Reviewer’s Comment
Gametocytemia is more relevant to malaria transmission than to primary treatment. The number of
gametocytes reflects infectivity, or ability to transmit the parasite to the mosquito host where the life
cycle can begin again, but does not reflect severity of disease at baseline.
Summary
The sponsor claims that Coartem has anti-gametocyte activity. Clearance of gametocytes is
important because it breaks the cycle of transmission between the human host and the mosquito
vector. The sponsor defines gametocyte clearance time as time from first dose until the first total and
continued disappearance of gametocytes which remains at least a further 48 hours. Overall, most
patients who had gametocytes cleared their blood within 7 days. The evaluation of gametocyte
clearance can be problematic as the sensitivity of the tests for detection of gametocytes is not well
defined.
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10.12 Mixed Malaria Infection
Malaria with mixed infection with P. falciparum and another Plasmodium species were observed in
five studies. The outcomes for these patients are summarized in Table 152. There were 55 patients
who had mixed malaria infections. The second Plasmodium species, P. vivax (43), P. ovale (3), P.
malariae (8) was identified in all but one patient. All patients cleared their parasitemia within 48
hours. The patients with P. vivax were not treated with primaquine and therefore a high percentage
14/43(33%) relapsed during the study or follow up.
Table 163: Mixed Infections with P. falciparum and other Plasmodium species
Study #

Design

Type of Infection Mixed
with P. falciparum in
Coartem arm / No.
P. vivax (n=20)
(8 patients ≤ 12 years of
age)

A025

Coartem 6-dose vs.
4-dose regimen

A026

Coartem 6 dose vs.
mefloquine/artesunate

P. vivax (n=5) (all > 12
years of age)

A028

Coartem 6 dose vs.
mefloquine/artesunate

P. vivax (n=16)

B2303

Coartem Tablet vs.
dispersible tablet in
infants and children

A2401

Coartem 6 dose
non-comparative in nonimmune

Mixed (n=6)
(age: 5-9 yrs ):
P. ovale (3),
P. malariae (2),
Unidentified (1)
Mixed (n=8)
P. malariae(6);
P. vivax (2)
Total:
P. vivax (43)
P. ovale (3)
P. malariae (8)
Unidentified (1)

Outcome of patients (pts.)
All cleared within 48 hours;
9/20 patients had reappearance
of P. vivax
(6 pts. on or before Day 28 and
3 pts. between Days 28 and Day
42)
All cleared by 24 hrs; 2/5 had
reappearance of P. vivax (Day
29 and Day 49)
All cleared within 48 hours;
3/16 had reappearance of P.
vivax
All cleared by Day 2; 0/6 had
reappearance

All cleared by 48h; 1/6 with P.
malariae had had reappearance
on Day 28; 0/2 with P. vivax
had recurrence
Recurrence:
P. vivax: 14/43 (33%)
P. ovale: 0/3 (0%)
P. malariae: 1/8 (13%)

Clinical Reviewer’s Comment
The indication requested by applicant for “mixed infections including P. falciparum” will be further
(b) (4)
discussed at the advisory committee.
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.
Summary
In the proposed label, the sponsor requests an indication for “treatment of acute uncomplicated
malaria due to infection with P. falciparum or mixed infections including P. falciparum.”
The 55 patients with mixed infections cleared their parasitemia within 48 hours which demonstrates
that Coartem has activity against Plasmodium species other than P. falciparum. The patients with P.
vivax infection were not treated with primaquine and they relapsed with P. vivax which would be
(b) (4)
expected because the hypnozoite stage of P. vivax infection is not treated.
The indication
requested by applicant for “mixed infections including P. falciparum” will be further discussed at
the advisory committee.

10.13 Line-by-Line Labeling Review
Revisions to the proposed label and patient package insert are on going at the time of this review.
Draft labeling has been sent to SEALD for their comments.
Clinical Reviewer’s Comment
I recommend that information from the evaluable populations as well as the ITT is included in the
clinical studies section of the label. The results from the ITT population alone do not give the
prescriber an overall perspective on the efficacy of the Coartem. Efficacy rates are generally lower
in the ITT than the evaluable populations mainly due to large numbers of lost to follow-up, as in
European travelers in Study 2401.
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