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Overview
 Dawn of pharmacogenetics in Africa

 Addressing Burden of ADRs to ARVs 

 Pharmacogenetics of Efavirenz

 Gene-Dose Correlations

 Drug-Drug-Gene Interations

 Is a pharmacogenetics driven precision public health solution 
feasible in Africa
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1993-2017:  
how far from lab bench to patient bedside? 

First studies on
Genetic Polymorphism
in African populations

Exploring drug development 
& clinical applications of 

Pharmacogenetics in Africa



Late but Promising Entry of Africa into 
Genomics Research – being part of global science
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2003 1st Draft of the complete Human genome

December, 2003 (Accra, Ghana)
The African Society for

Human Genetics (AFSHG)
http://afshg.org/

August 2003 (Nairobi, Kenya)
African Pharmacogenomics Consortium

www.aibst.com

AiBST InitiativeDiasporan Africans Initiative

2003 The African Pharmacogenomics Consortium (APC) formed



Establishment of the AiBST Biobank for Genomics Studies

Comprehensive BioBank of African populations in terms of number of: 
Countries (5), 
Ethnic groups (9)
Samples (2000)

Matimba et al., 2008



Genomic Diversity of African Populations

2009

AiBST 2014
1000 Genomes 2015

 185 world populations
 1327 markers

 10 African populations
 650 000 SNPs

Nature, 2015
African 
Populations 

 2,504 individuals 
 26 populations

Riding the genomic wave!



Genomic Diversity of African populations study
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 Distinct clustering of Caucasians, Orientals and African populations

 Clustering of Orientals and Caucasians more dense than that of African populations
Confirms the heterogeneity of African populations shown using other markers

African populations more genetically different compared to Caucasian or Asian populations
(bottle-neck effect)

 Studying genomics of African populations should give more insight into human variation

Oriental
populations

Caucasian
populations

Diversity of
African populations

African 
Populations
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Pharmacogenetic Diversity of African populations study

Matimba et al., 2008

(n = 2000 samples from the AiBST-APC Biobank)

Genotyping for 15 SNPs in 5 genes of drug metabolizing enzymes important in drug metabolism & pharmacokinetics



Does variation in Pharmacogenes 
Predict likely population differences

in Drug Response?

 CYP450s (drug metabolizing enzymes) 
responsible for  differences exposure in
individuals

 Affects 90% of drugs on the market

 Population data highlights major
Population differences

 Predicts possible population difference
in drug response!

Masimirembwa et al., unpublished



HIV

Burden of HIV/AIDS disease & ART Rollout 

• Globally, 36.9 million people were 
living with HIV

• Sub-Saharan Africa most severely 
affected

• 70% of people with HIV

• >71 million people have died of 
HIV/AIDS

• 17 million patients on ART (2015)

If UNAIDS 90-90-90 target is achieved by 2020, 30 million people will be on ART!

http://www.worldmapper.org/images/largepng/227.png
http://www.worldmapper.org/images/largepng/227.png


Burden of ART associated ADRs –The clinical problem

East African Medical Journal Vol. 86. No. 12 December 
2009
PREVALENCE OF ADVERSE DRUG REACTIONS IN ADULT 
PATIENTS ON ANTI-RETROVIRALS AT KENYATTA 
NATIONAL HOSPITAL-COMPREHENSIVE CARE CENTRE

L.E.M. Mwangangi, MPharm, Tutorial Fellow, Department of 
Pharmaceutics and Pharmacy Practice, College of Health
Sciences, University of Nairobi,

Results: Systematic random sampling was used to pick 350 patients’ 
files. There were 219 recorded adverse drug reactions in 170 
(48.6%) patients (some patients had more than one adverse drug 
reaction). 
Peripheral neuropathy:  28.9%
lipid abnormalities:  14.3%.

In Kenya, an analysis of 1490 suspected 
ADRs reports received at the National 
Pharmacovigilance Centre in Kenya revealed 
that majority (79%) ADRs were related to 
antiretroviral medicines. The most common 
ARV-related adverse drug reactions observed 
in this study were lipoatrophy, nausea and 
vomiting, peripheral neuropathy, pruritis rash, 
anemia, erythema multiforme, and 
maculopapular rash.  

(before introduction of efavirenz in the public ART programs)

The Lifesaver. 2011. Kenya National Medicine 
Information and Pharmacovigilance Centre 
Newsletter. 1st Edition 1-12.



A cross sectional, case-control, study of HIV/ AIDS    
and/or TB-infected patients on treatment (n=430)

 83% of the 430 patients on HIV/ AIDS, HIV+TB and 
TB treatment exhibit at least one of the four (ADRs):

 Incidences  of ADRs were:
PN (63%)> LD (38%) >CNS (29%) > SH (21%). 



Data are from VigiBase¨ (June 2016). VigiBase is theWorld Health 
Organization Global Individual Case Safety Reports database, 

containing reports of adverse reactions received from 33 countries in 
Africa

With reduced use of nevirapine 
since WHO Recommednation s to 
use EFV instead since  2014, EFV 
has likely overtaken Nevirapine 
in this list of most common drugs 
reported in all ADRs in Africa



Biomarkers of ADRs associated with EFV

• Major ADRs associated with EFV
– Neuropsychiatric side effects
– Drug induced liver injury

29 March 2017 Collen Masimirembwa. DPhil, Ph.D.



N
H

O

F3C

O

Cl

Efavirenz

N
H

O

F3C

O

Cl

M6

Glu-O

N
H

O

F3C

O

Cl

M7

HO3SON
H

O

F3C

O

OH

Cl

M8

HO

N
H

O

F3C

O

O-Glu

Cl

M1

N
H

O

F3C

O

O-Glu

Cl

M14

HO

N

O

F3C

O

Cl

M2
Glu

N
H

O

F3C

O

OH

Cl

M4

N
H

O

F3C

O

Cl

M5

HO

Main metabolite 

CYP2B6
(CYP3A4/5) 

CYP2A6

CYP2B6 

UGT 
UGT

UGT 

UGT 



• Gene-Dose Effect

• Females higher drug conc.

• All above 1.0 ug/L

• 50% > 4.0 ug/L
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n=197

• Incidence  73.%
• Predictors 

 EFV plasma conc 
 CYP2B6 genotype

• No association with rifampicin, 
CYP3A5, CYP2A6, ABCB1,  NR113 
rs3003596 T/C, 
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The Pharmacogenomics Journal (2012) 12, 499–506

Incidence of DILI: 15.7%
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PLoS One. 2013 Jul 5;8(7):e67946.
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•Cohort of 
HIV/AIDS

•At least 12 months 
on EFV

•Range of EFV 
plasma conc, 0.04-
34.4

– 860-fold 
variability



Number of patients likely to carry CYP2B6 c.516T/T 
genotype among South African patients 

• CYP2B6 c.516T/T frequency: 0.14 – 0.20

• Nearly 3.5 million (5.5 mil) HIV/AIDS are on HAART
– at least 80% are on EFV-based regimens

• Translating into 2.8 million (4.4 mil) patients
– patients with CYP2B6 c.516T/T genotype account would account for 

400K - 600K (620K - 880K)

• CYP2B6 c.516T/T  PPV of 78%
– Thus, 300K- 450K (480K-690K), are likely to present with EFV > 4 

ug/ml



Drug-Drug-Gene Interactions in clinical settings 
co-infections & co-treatment are common
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• Two Diseases

• One Patient
HIV

TB

HIV & TB



Rifampin Effects on HIV Drugs

 Protease inhibitors
Saquinavir 80 % decrease
Ritonavir 35 % decrease
 Indinavir 92 % decrease
Nelfinavir 82 % decrease
Amprenavir 81 % decrease

 Nonnucleoside reverse transcriptase inhibitors (NNRTI)
Nevirapine 37 % decrease
Efavirenz 26 % decrease

 Reverse transcriptase inhibitors
No effect



ART/ anti-TB/ anti-malarial 
drug interactions

3/29/2017

Induction
• Treatment 

failure
• Resistance

Inhibition
• Drug toxicity
• No PD 

effects

No 
effects

• Treatment  
response
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PLoS ONE 2011:  6(12): e27810. 

DILI: 30.0%,
Severe DILI: 18.4%

 DILI predictors
 EFV plasma conc
 CYP2B6*6 genotype,
 NAT2 slow metabolizers
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Ethiopia
DILI among patients receiving ART only =15.7%,
DILI among patients receiving anti-TB and ART =30.0%,   p<0.005    

Tanzania
DILI among patients receiving ART only = 5.9%, 
DILI among patients receiving anti-TB and ART = 10.0%            p>0.05

PLoS One. 2012;7(7):e40180.
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Clin Pharmacol Ther 2011:90;406-13 
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Effect of rifampicin and CYP2B6 genotype on long-term efavirenz autoinduction and plasma exposure in HIV 
patients with and without tuberculosis

 the first report of the CYP2B6 genotype-dependent effect of RIF on long-term EFV autoinduction.

CYP2B6 genotype
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CYP2B6 genotype but not rifampicin-based antituberculosis
co-treatment explains variability  in long term efavirenz plasma exposure 

Jackson KM, Nanzigu S,, Waako P, Ogwal –Okeng J, Gustafson LL,, Aklillu E.

Pharmacogenomics 2014;15:1423-35
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EFV-arm 
(82.5%)

Control-arm
(94.5%)

NVP-arm 
(ACPR 
97.6%) 

Pharmacogenomics J, 2016: Feb;16(1):88-95.



Can CYP2B6 genotype be used to 
guide the dose of efavirenz?

Case studies of dose reduction or treatment 
discontinuation based on CYP2B6 gneotype

PK Modeling and Simulation based dose 
adjustment prediction

29 March 2017 Collen Masimirembwa. DPhil, Ph.D.



3/29/2017



29 March 2017 Collen Masimirembwa. DPhil, Ph.D.



 20% of Zimbabwean patients are TT and would require only 200 mg 
instead of the given 600mg efavirenz

 Results in less CNS ADRs, greater compliance, & cheaper treatment

Nemaura et al., 2012, Dhoro et al., 2014

Multivariate Partial least Squares  (PLS) modelling 
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CYP2B6 genotype based efavirenz dose recommendations during rifampicin 
based anti-tuberculosis co-treatment for a Sub-Saharan Africa population
Mukonzo JK, Bisaso RK, Ogwal-Okeng J, Gustafsson LL, Owen S, Aklillu E.

Pharmacogenomics 2016:Apr 5. [Epub ahead of print] 

Recommended daily EFV dose

 450 mg for CYP2B6 extensive 
metabolizers

 250 mg for homozygous for 
CYP2B6*6

Lack of correlation between vrological decay and trough concentrations indicating  that trough 
EFV concentrations achieved in the study population might be far greater than the threshold 
required Ctrough
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PLoS One. 2014;9(1):e86919

Recommended daily EFV dose
 450 mg for CYP2B6 
extensive metabolizers

 300 mg for homozygous for 
CYP2B6*6



Initial study from 2008 on PGX based Dose
Optimization in Zimbabwe  reproduced in:

Uganda
Tanzania
South Africa

Its time to do a Non-inferiority study with
Respect to efficacy and a Superiority study
With respect to Adverse drug reactions!!



Patients with same
Diagnosis – ‘one 
Treatment fits ALL’

600 mg EFV/day

Current Practice

GeneDose® -EFV

600 mg/day
(38%)

400 mg/day
(42%)            

200 mg/day 
(20%)

Genotype guided dosing of EFV

Our Solution: Personalized Efavirenz Dosing



Innovation wins 1st Prize GAP Award
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Its possible & we are close…..
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