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CÊÄã�øã

• Previous works have shown the need to increase the sample size of pharmacogeneƟc studies¹
– combinaƟon of geneƟc and pharmacokineƟc data from several sources e.g. phase I,II and III studies

• Simultaneous esƟmaƟon of pharmacokineƟc parameters and geneƟc effect sizes using penalized regression
can outperform the standard stepwise procedure²
– implementaƟon in amaximum likelihood framework (saemix³), not yet handling ODEs and inter-occasion
variability

• Bayesian approaches are growing in importance in high-throughput geneƟc associaƟon studies
– natural interpretaƟon of penalized regression through prior distribuƟon on effect sizes
– can manage both complex data structure and missing geneƟc data
– fast, robust and cross-plaƞorm programs now available such as JAGS ⁴ and Stan ⁵

O�¹��ã®ò�Ý

• SimulaƟon study evaluaƟng the selecƟon performance and compuƟng Ɵmes of several Bayesian ap-
proaches

• MoƟvaƟng real case study
– PECAN ANRS 12154 study of steady-state nevirapine clearance among HIV-infected Cambodians ⁶
– substudy on addiƟonal polymorphisms contribuƟon to variable nevirapine clearance in this cohort ⁷

S®Ãç½�ã®ÊÄ Ýãç�ù

• SimulaƟon seƫngs
– phase-II like study design with 300 subjects
* 6 sampling Ɵmes (1,2,4,6 and 12 h)
* 1200 single nucleoƟde polymorphisms (SNP) from the DMET chip⁸

– pharmacogeneƟc model
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* normally distributed inter-individual random
effects (η) on all parameters but Vp

* combined residual error model

* effect of 6 unobserved causal variants on logCl
explaining 30% of its variability
log Cli = log Cl +

∑6
s=1 βClsSNPsi + ηCli

with SNPsi = 0, 1, 2 the number of causal alleles

• Methods to select geneƟc markers
– stepwise procedure (SP) using saemix
i) screening of SNPs on empirical Bayes esƟmates of individual parameters ϕ̂i using a Sidak correcƟon
ii) forward model inclusion of significant SNPs on likelihood raƟo test
iii) return to i), unƟl no more significant SNP found
– SAEM with penalized regression (SAEMpr) using saemix

̂µk+1, βsk+1 = argminµ,βs
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+ Pλ(βs)

Pλ(βs) ≈ double exponenƟal prior on βs with λ set using an asymptoƟc approximaƟon
– Indicator Model selecƟon (IMs)⁹using JAGS

P (Is, βs) = P (Is)P (βs)

P (βs) = N(0, σβs) with a large σβs
P (Is) = Bernoulli(pIs) an indicator variable with pIs set empirically

Note: for SAEMpr and IMs the SNPs are centered and standardized

• EvaluaƟon
– explore associaƟon on 3 parameters: Cl, Vc and Q on 200 simulated data sets
– true posiƟve (TP) = any significant SNP which is correlated with a causal variant with an r2 ≥ 0.05

• Results

–mean [range] compuƟng Ɵmes in hours

Stepwise procedure 0.24 [0.06 - 1.09]

SAEMpr 1.14[0.83 - 1.61]

IMs 19.58 [11.51 - 23.12]

MÊã®ò�ã®Ä¦ Ù��½ ��Ý� Ýãç�ù
• PharmacogeneƟc data

– 129 paƟents on up to 3 occasions with 196 markers
Chromosome 3 7 19
Gene NR1I2 (PXR) ABCB1 (P-gp) CYP3A5 CYP3A4 CYP2A6 CYP2B6
Number of markers 49 63 1 36 1 47

– 218 missing polymorphisms with a maximum of 7 per subject)

• Analyses
– one compartment model with 1st-order absorpƟon and eliminaƟon

– inter-individual and inter-occasion variability on clearance

– adjustment for rs3745274 polymorphism on CYP2B6

–methods to select geneƟc markers and handle missing data:

* stepwise procedure on empirical Bayes esƟmates with missing data removed ⁷
* Indicator Model selecƟon with missing data imputed in JAGS from Binomial with empirical allele fre-
quency

• Results
– stepwise procedure – Indicator Model selecƟon

rs number βs esƟmate p-value

rs2279343 0.835 1.66e-5

rs7251950 0.404 1.09e-4

CÊÄ�½çÝ®ÊÄÝ

• IMs iniƟal simulaƟon study results not yet compeƟƟve
↪→ Future works: other indicator-based model selecƟon and shrinkage prior on geneƟc effect sizes
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