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1. Introduction and Rationale 
 
The initial reduction in peripheral parasitemia following Artemisinin Combination Therapy (ACTs) 
is driven predominantly by the potency of the artemisinin component, whereas the overall 
parasite clearance and prevention of recrudescence is dependent upon the underlying of efficacy 
of the longer acting partner drug. Candidate molecular markers of resistance in the pfcrt and 
pfmdr1 genes of P. falciparum have been shown to be involved in amodiaquine and lumefantrine 
resistance. However the ability of these markers in predicting the therapeutic response to 
amodiaquine artesunate (ASAQ) and artemether-lumefantrine (AL) remain unclear. Correlation 
studies are confounded by the overall high cure rates associated with these combinations and by 
regional variation. Pooling data on clinical outcomes and candidate resistance markers from 
studies conducted in different parts of the world will increase sample size and facilitate the 
analysis of the role of known polymorphisms in conferring clinically relevant resistance.  

Aim of the study 

 
To investigate whether known molecular polymorphisms in P. falciparum can predict clinical 
outcome following treatment with AL and ASAQ, and to determine whether resistance genotypes 
are selected in recurrent parasites.  

Eligibility criteria for inclusion in the pooled analysis 

 
A study will be deemed eligible for the purpose of this project if they meet the following criteria: 

 Prospective clinical efficacy studies of P. falciparum. 

 Treatment with Artemether-Lumefantrine (6 dose regimen), Artesunate-Amodiaquine (3 
day regimen fixed dose or co-blistered) or  DHA-Piperaquine with a minimum of 28 days of 
follow up. 

 PCR correction to determine true Pf recrudescence.  

 Molecular data defining pfcrt and/or pfmdr1 polymorphisms (point mutations and copy 
number variation) in parasites isolated from patients on day 0, prior to treatment. See Annex 
I for list of markers. 

 Molecular resistance marker data from day of recurrent parasitemia is desirable but not 
required. 

 
The molecular and clinical data sets uploaded to the WWARN repository will be standardized using 
the WWARN Data Management and Statistical Analysis Plans (DMSAP v1.1) and pooled into a 
single database of quality-assured individual patient data. Data will remain the property of the 
individual donor(s) and publication will be in accordance with an agreed publication plan (see 
publication policy document). 
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2. Outline of Statistical Analysis 
 
Separate statistical analyses will be performed for three treatment regimens: 

 Artemether-Lumefantrine (6 dose regimen) 

 Amodiaquine plus Artesunate (3 day regimen) 

 DHA-piperaquine  

Baseline characteristics of studies included in the analysis 

 
Baseline characteristics of studies eligible for the purpose of this project will be presented 
including information on site, age, sex, weight, mixed species infections, baseline parasitaemia, 
mg/kg dose of each partner drug, vomiting of medication, and day 7 concentrations of partner 
drugs. For each study, details will be recorded on the degree of supervision of drug intake (full or 
partial), co-administration with fat, and transmission intensity, genotyping method, days 
genotyped. 
 
Study locations will be categorised into three strata according to known epidemiology:  low, 
moderate and high transmission. Sites will also be categorised according to region (E. Africa, W. 
Africa, Asia, Americas). 
 
Transmission settings will be defined based on the triangulation of information given in the 
publication(s) (location, type of malaria transmission, use of bed nets, and month of study), 
observed reinfection rate and expert opinion through the discussion within the study group.  
Transmission intensity will be classified as low, moderate or high. 

Resistance Markers 

Resistance alleles for point mutations and haplotypes will be analysed in a binary fashion 

(presence/absence) with and without including mixed resistance infections in samples taken prior 

to initiation of treatment (day 0) and on subsequent days after initiation of treatment. Pfmdr1 

copy number will be binned according to the Molecular Module DMSAP v1.1 (1 copy, 2 copies, > 2 

copies) and also as 1 copy and > 1 copy. See Annex I for a list of molecular markers and haplotypes 

to be investigated.  

Efficacy endpoints 

 

Primary: PCR adjusted risk of P. falciparum recrudescence 
 
Secondary: Risk of P. falciparum reinfection  

Unadjusted risk of P. falciparum recurrence 
Time to P. falciparum recrudescence, recurrence and reinfection 

Early parasite clearance  
Risk of P. vivax recurrence 

   
The cumulative risk of recurrence (Pf adjusted and Pf unadjusted) will be calculated by survival 
analysis and with Cox regression used to control for confounding factors (see 3.2 and 3.3 below).  
Definitions of status and censorship are detailed on page 14 of the Clinical Module DMSAP v1.1. 
Rules of status and censorship may be relaxed following a landscape analysis of the pooled data 
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set.  In addition, the median time to presentation with recurrent outcomes will be documented 
and compared among patients with day 0 sensitive and resistant alleles. 
 
Early parasite clearance will be assessed by the proportion of patients cleared at day 1, 2 and 3.   
 
Definitions are detailed on page 15 of the Clinical Module DMSAP v1.1.  Univariate risk factors will 
be assessed by Chi squared test or Fisher’s exact test or logistic regression and multivariable 
analysis will be assessed by logistic regression with study sites fitted as a random effect in order to 
account for the heterogeneous nature of the data. 

Other Endpoints 

 
For studies with resistance genotypes on the day of recurrent parasitemia, post-treatment 
selection will be assessed. If resistance genotypes are available on day 2 or day 3 samples, early 
parasite selection will also be assessed.   

Risk factors for Recurrent Parasitaemia 

 
Univariate analysis of confounding factors associated with primary and secondary endpoints will 
be conducted. The following confounding factors will be assessed: age, sex, baseline parasitaemia, 
mixed infections (with non falciparum Plasmodia), vomiting of drug within 1 hour, mg/kg dose of 
partner drug administered, day 7 concentration of partner drug, supervised dose, region, and site, 
and complexity/multiplicity of initial infection.  The list is not exhaustive and further variables 
could be added to the model. Site will include transmission intensity as a proxy of global immunity 
and age as a marker of host immunity. 
 
The correlation of day 0 resistance markers and risk of recurrent parasitaemia will be assessed. 
 
Cox regression analysis (AHR) of sensitive versus resistant genotypes (dichotomous) as a risk factor 
for the recurrence outcomes (PCR Adjusted Pf, Unadjusted Pf, Pf Reinfection), after controlling for 
known confounding factors identified in 2.3.1 will be carried out. 
 
Population Attributable Risk (PAR) of resistance markers on risk of recurrence i.e. what proportion 
of recurrences were attributable to molecular resistance will be investigated. 

Risk factors for other outcomes 

 
The effect of day 0 resistance markers on day 3 parasite positivity will be investigated. Adjustment 
will be made for the confounding factors and Adjusted Odds Ratio (AOR) will be calculated. 
Population Attributable Risk (PAR) of day 0 resistance markers on day 3 parasite positivity will be 
computed. 
 
The effect of day 0 resistance markers on median time to recurrence outcomes will be 
investigated by age group and region using the Kruskal-Wallis test.  

3. Statistical Methodology  
 
Descriptive statistics 
 
Day 0 prevalence will be presented for all markers, stratified by transmission intensity, region, and 
age group (≤1 year, >1-≤5 years, >5-≤12 years and >12 years). 
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Model Selection for determinants 
 
Model building will be carried out by first testing the covariates that are available for most 
patients (such as age, parasitaemia and transmission intensity) and then testing the effect of 
covariates not available for all patients by adding them to the model one by one. Covariates are 
listed in Annex II. The final model will include those that have a statistically significant effect, 
improve the model fit or change coefficient estimates for other covariates. Any known 
confounding factors will be forced into the model even if they are statistically non-significant.   
 
Model with known confounders will be fitted first (baseline model). Variables and covariates will 
then be added to the baseline model and the Likelihood Ratio Test (LRT) i.e. changes in log 

likelihood (          will be compared (for nested models) to identify the variables which results 

in a significant reduction in         .  Akaike’s Information Criterion (AIC) will be used to compare 
competing non-nested models; models with smaller AIC will be preferred.  
 
In the multivariable analysis, resistance status of each marker will be added last to the model 
containing the significant covariates. A LRT will be used to test if there is a significant effect of 
resistance marker. The final model will then be used to estimate the hazards ratio (HR) for patients 
with day 0 resistance markers compared to patients with sensitive markers at day 0. Martingale’s 
residuals will be examined to determine the appropriateness of model fit.  
 
Proportional hazards (PH) 
 
Schoenfeld residuals against transformed time will be used to determine if the assumptions of PH 
across different resistance genotype groups are reasonable. Any systematic departures from 
horizontal lines are indicative of non-proportional hazards (Schoenfeld, 1982). 
 
If the K-M profiles for different groups crosses over then the assumption of PH won’t be tested. 
Any further covariates will be categorised in order to test the assumptions of PH. 
 
Post-treatment selection 
 
The proportion of samples with resistant genotypes in pre- versus post- treatment samples will be 
compared using the Chi squared or Fisher’s exact test. Pre- and post-treatment matched pairs will 
be compared using McNemar’s test. All recurrence outcomes will be tested.  

4. Tools 
 
All statistical analyses will be carried out using Stata 11 or R 2.14.0 released on 2011-10-31 by The 
R Foundation for Statistical Computing. However, when equivalent statistical methods are applied, 
changing the use of statistical software does not require any amendments of this SAP. 

5. References 
 
Schoenfeld ,D (1982). “Partial residuals for the proportional hazards regression model”. 
Biometrika, Vol. 69, No. 1. (Apr., 1982), pp. 239-241.  
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6. Annex I 
 
List of resistance markers  

Locus Position 

pfcrt 76 

pfcrt 72-76 

pfmdr1 86 

pfmdr1 184 

pfmdr1 1034 

pfmdr1 1042 

pfmdr1 1246 

pfmdr1 86/184/1246 

pfmdr1 copy number 

pfcrt + pfmdr1 76 + 86 

 
Note: This list may be updated based on the frequency of various haplotypes in the pooled data 
set. 

 

 


