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Study Design 
· Cohort study (N = 941) 
· June 2009 – November 2013 
· Gaborone, Botswana  
· Inclusion: 1) HIV+, 2) black race, 3) >21 years  
· 4) 1st regimen: EFV 600 mg/day + two NRTIs. 
· Genotyping of 22 SNPs in CYP2B6, CYP2A6, CYP3A4, and CYP3A5.  
· Follow-up visits at month 1 and month 6, where midpoint plasma 
samples were collected at steady-state and the 35-item Subject 
Experience Questionnaire (SEQ) questionnaire was filled out.  
· Exclusion:  

·  no genotype data available (n = 127) 
·  no EFV plasma concentration (n = 72).  

· PK Exposure (Composite EFV Metabolizer Group): 
·  Extensive: CYP2B6 516 GG + extensive metabolizer CYP2B6 allele.  
·  Intermediate: CYP2B6 516 GG without extensive CYP2B6 

metabolizer alleles or CYP2B6 516 GT genotype + extensive 
metabolizer allele.  

·  Slow: CYP2B6 516 GT genotype or CYP2B6 516 TT genotype + 
extensive metabolizer allele.  

·  Very Slow: CYP2B6 516 TT without extensive metabolizer allele. 
· PK/PD Outcome 

·  CNS toxicity: 21 CNS-related items in SEQ.  
·  Classified into none, mild (1-3), moderate (4-7), and severe (>8). 

Population PK/PD Analysis 
· NONMEM - ADVAN2 subroutine. 
· Assumptions: volume of distribution (150L) and absorption rate 
constant (0.18 units). 
· Covariates: weight, visit number 
· SNPs were considered extensive or slow metabolizers if they increased 
or decreased CL/F by 20% with a statistically significant decrease in the 
minimum objective function value (MOFV) . 
· PK/PD analysis performed with ordinal logistic regression. 

 
ABSTRACT 
Background: Efavirenz causes central nervous system (CNS)  
symptoms including sleep disturbance, somnolence, vivid dreams  
and others. The relation between efavirenz (EFV) clearance and  
CNS symptoms has been unclear, particularly when stratified by race.  
The cytochrome P450 (CYP) isoenzyme 2B6 polymorphism G516T confers                                 
slower metabolism and is more common with African origin. We hypothesized that  
this allele and additional CYP polymorphisms affect EFV clearance and  
mediate CNS symptoms. 
Methods: We included 742 HIV infected adults initiating EFV + 2 nucleoside  
analog reverse transcriptase inhibitors in a cohort study in Botswana. DNA was  
genotyped for 22 variants in CYP 2B6, 2A6, 3A4, and 3A5 genes and mid-dose EFV  
plasma samples were collected at 1 and 6 months of therapy. CNS score was calculated 
using 21 CNS symptoms in the Subject Experience Questionnaire. We used a one- 
compartment population PK model with nonlinear mixed effect modelling in NONMEM 7 to  
estimate EFV clearance, including the fixed covariates of allometrically scaled weight, the G516T 
genotype, and visit. SNPs that resulted in the greatest statistically significant decrease in the 
minimum objective function value (MOFV) were regarded as either extensive or slow metabolizers. 
Associations between metabolizer groups and CNS symptoms were evaluated using an ordinal 
logistic regression model. 

Results: The initial covariate model showed a MOFV of 2075. Two SNPs showed a reduced 
apparent oral EFV clearance: rs28399499 (8.0, 4.7, and 1.4 L/hr/70kg for TT, CT, CC, respectively, 
MOFV=1768) and rs28399433 (7.6, 5.9, and 4.9 L/hr/70kg for TT, GT, GG, respectively, 
MOFV=2015). Four SNPs showed extensive apparent clearance: rs2279345 (6.5, 8.0, and 8.4 L/hr/
70kg for TT, CT, CC, respectively), MOFV=1995), rs4803417 (6.8, 8.3, and 9.4 L/hr/70kg for AA, AC, 
CC, respectively, MOFV=2015), rs4802101 (7.3 and, 8.6 L/hr/70kg for AA, AG, respectively, 
MOFV=2037), and rs61663607 (7.2, 7.2, and 8.7 L/hr/70kg for TT, CT, CC, respectively, 
MOFV=2021). Extensive efavirenz clearance was associated with greater reported CNS     
symptoms (p=0.031 for trend, see Figure). 
Conclusion: In a model including multiple extensive and slow clearance polymorphisms,  
extensive clearance was associated with more CNS symptoms. These findings implicate  
metabolites rather than parent drug as the cause of EFV-related CNS symptoms.  
Assays for extensive CYP polymorphisms may permit avoidance of EFV in HIV-  
    infected Africans at high risk of CNS symptoms. 

Conclusions 
· 4 novel CYP SNPs found to be associated with  

·  1) é EFV clearance and  
·  2ê EFV plasma concentrations.  

· Extensive SNPs in CYP450 appear to é CNS toxicity. 
· Hypothesis on mechanism: 8-OH EFV as causative agent of CNS AEs. 
· Lower EFV dose to reduce AEs may not be warranted in slow 
metabolizers. 
Limitations 
· No data on 8-OH EFV. 
· Dropouts before Month 1 excluded. 
· Not all participants provided samples. 

Background 
· Inter-individual variability in efavirenz (EFV) pharmacokinetics driven 
by the SNP in the cytochrome P450 (CYP) isoenzyme 2B6 516G>T 
· Other relevant SNPs in CYP 2A6, 3A4, and 3A5. 
· Super-therapeutic EFV(>4 µg/ml) associated with CNS symptoms (vivid 
dreams, headaches, dizziness, insomnia, and fatigue) 
· May cause therapy discontinuation.  
· Most studies in African populations without association of EFV 
concentration and toxicity. 
· Ethnic or regional differences (e.g., other genetic variants, diet, 
environmental stressors, etc.) may mediate of response to EFV. 
 
Hypothesis 
· CYP polymorphisms in African populations mediate the association 
between EFV metabolism and CNS toxicities. 

Figure: CNS Symptoms Score by EFV Metabolizer Group 

Table 1: General Characteristics 
Characteristic Study Cohort 
Included patients (n) 742 
Plasma EFV after 1 month (µg/ml) 2.17 (1.62 – 3.88) 
Age in years 37 (33 – 44) 
Male gender 399 (49.0%) 
Body Mass Index (kg/m2) 22.0 (19.8 – 25.1) 
CD4 count (cells/mm3) 196 (112 – 256) 
Plasma viral load (log10 copies/ml) 4.9 (4.2 – 5.4) 
History of tuberculosis 31 (3.8%) 

CYP	   SNP	   MAF	   Clearance (L/hr/70kg)	    	  

 	    	    	   Wt	   Het	   Hom	   MOFV	  

2A6	   rs28399433	   0.08	   7.598	   5.926	   4.939	   2016	  

 	   rs61663607	   0.14	   7.225	   7.172	   8.678	   2021	  

2B6 	   rs4802101	   0.04	   7.251	   8.640	   -	   2037	  

 	   rs4803417	   0.12	   6.819	   8.303	   9.377	   2016	  

 	   rs2279345	   0.19	   6.539	   8.005	   8.349	   1995	  

 	   rs28399499	   0.11	   7.984	   4.691	   1.440	   1862	  

Table 2: Apparent EFV Clearance for Genotyped SNPs  

* MAF-minor allele frequency, Wt-wild type, Het-heterozygote, Hom-homozygote variant	  

Poster 384 

  Extensive     Intermediate        Slow            Very Slow 

Results 
· 6 SNPs had a significant effect on EFV CL/F(Table 2). 
· Dose response relationship betweené metabolism and é CNS AEs. 
· ê toxicity despite é plasma EFV concentrations (p for trend = 0.031). 
(See Figure)  
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