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Pharmacogenetics plays a crucial role in personalized treatment. This field investigates
how genetic variations influence drug responses, focusing on how genes affect the body's
reaction to medications. This study explores the impact of genetic polymorphisms on the
metabolism of efavirenz, a drug used in the treatment of HIV. The objective is to compare
the effects of CYP450 polymorphisms on the metabolism of efavirenz using a network
meta-analysis approach. This research, conducted following PRISMA guidelines,
examines the pharmacogenetic effects on the efficacy and prevention of adverse drug
reactions (ADRs) of efavirenz. The search strategy included a review of observational
and interventional studies without language or publication date restrictions. Inclusion
criteria involved studies assessing drug concentration, AUC, ADRs, and genotype
comparisons. Two independent researchers selected studies and managed data. Data
analysis was performed using STATA software, employing a combination of methods to
assess heterogeneity and the overall impact of genetic polymorphisms. For continuous
and binary outcomes, SMDs and ORs or HRs were used, respectively. Egger’s test was
conducted to identify publication bias. In this systematic review and meta-analysis, a
comprehensive assessment of the relationship between genetic variants and efavirenz
metabolism was conducted. Out of 19,861 records, 96 studies were reviewed. These
studies, from various countries, had sample sizes ranging from 20 to 6,045 participants.
The results indicated that specific variants in genes such as CYP2B6 were significantly
associated with changes in plasma efavirenz concentrations. These findings underscore
the importance of genetic influences on drug metabolism in the treatment of HIV and the
management of its side effects. This extensive systematic review and network meta-
analysis evaluated the role of various genes in the metabolism of efavirenz and
rivaroxaban. The analyses revealed that specific polymorphisms in the CYP2B6 gene
significantly affect the plasma concentration of efavirenz, which is crucial for improving
HIV treatment and reducing drug-related side effects. These findings highlight the
significance of pharmacogenomic research and the consideration of genetic diversity in
therapeutic management.
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16 Christoph Wyen 2008 Cohort Germany 186
17 Claudia P. 2012 Cohort Chile 219
Cortes
18 Daniel F. Carr 2010 Cohort Chile 219
19 Daniela Poblete 2021 Retrospective Chile 67
20 David Burger 2005 Cohort Netherlands 225
21 David W. Haas 2004 Cohort USA 152
22 David W. Haas 2005 Retrospective Us, ltaly 340
23 David W. Haas 2009 Cohort US (African | 34
Americans)
24 David W. Haas 2014 Prospective us 84
25 David W. Haas 2004 Cohort USA 152
26 David W. Haas 2009 Cohort US (African 34
Americans)
27 David W. Haas 2005 Retrospective Us, ltaly 340
28 David W. Haas 2009 Cohort US (African 34
Americans)
29 Eliford Ngaimisi 2013 Prospective Ethiopia 285
30 Tanzania 209
31 Emily R. | 2012 | Cohort us 856 est 4th "
Holzinger
32 Emile Bienvenu 2013 | Cohort Rwanda 76 - e
33 Fred S. Sarfo 2013 Retrospective Ghana 800 —
Cohort
34 | G Yimer 2011 | Prospective Cohort | Ethiopia 285 odls (w)p Elgil (g, VY S
35 Hiroyuki 2007 Cohort Japan 456
Gatanaga ouls Jolds Wl sbd 5590 Joua
36 Jacques Fellay 2002 Cohort Switzerland 128 row Author name Year Study design Provenance Sample
37 Jenna Johnston 2019 | Cohort South Africa 135 size
1 Abiy Habtewold 2011 Clinical Trial Ethiopia 163
38 Jose J. G. Marin 2020 Cohort Spain 32
I § 2 Adeniyi 2014 | Cohort Serbia 93
39 Julia di lulio 2009 Cohort Switzerland 169 )
Olagunju
40 Jun Chen 2010 | Cohort China 120 3 Alan Winston 2014 | Randomized United 31
41 Katalin Mango 2022 Cohort Hungary 119 Controlled Trial Kingdom
4 Antonio  V.C. | 2018 Case-Control Brazil 176
42 Katalin Mango 2022 Cohort Hungary 119 Coelho
43 Kiyoto Tsuchiya 2004 Cohort Japan 23 5 Antonio  V.C. | 2013 Retrospective Brazil 187
_ . Coelho
44 Kin Wang To 2009 | Cohort China 79
6 Awewura Kwara | 2008 Cohort Ghana 65
45 Laura Dickinson 2015 Cohort UK 606
7 Awewura Kwara | 2009 | Cohort Ghana 94
8 Byungwook 2021 Cohort Korea 1012
47 M. Rotger 2007 | Cohort Switzerland 169 Kim
48 M. Rotger 2007 | Cohort Switzerland 169 9 C. Sukasem 2013 | Cohort Thailand 149
29 Manojranjenni 2018 | Cohort UK 30 10 C. Sukasem 2014 | Cohort Thailand 100
Chetty 11 Carine Nguefeu | 2019 | Cohort Cameroon 122
50 Maria Alice | 2016 Cohort Brazil 185 Nkenfou
Freitas Queiroz 12 Carolin  Bolton | 2017 | Prospective Zambia ¥V
51 Marelize Swart 2013 | Cohort South Africa 464 Moore
52 Margalida 2005 Cohort Switzerland 167 13 Chonlaphat 2012 Prospective Thailand 52
Rotger Sukasem
53 Melissa A | 2010 Prospective Us o1 14 Christopher 2007 Cohort Zimbabwe 74
Frasco Nyakutira
54 Monica Gandhi 2012 Cohort USA 111 15 Christoph Wyen 2011 Cohort Germany 373
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ABCBL c. 2677 ot significant 0.05; 95% CI 55 Monkgomotsi J 2021 Retrospective Botswana 227
G>T/A -1.38101.28
- Maseng Case-Control
ABCBL 3435 C>T ot significant 0.18; 95% Cl
i -1.12t0 1.48 56 Monpat 2021 Cohort Thailand 149
L 0.03; 95% ClI
ABCC2 c.-24C>T not significant 12110127 Chamnanphon
Associated 57 Musa Otieno 2022 Cross-sectional Kenya 312
with lower . oR0,
CAR c. 540C>T plasma 11%% t?)s_i"‘% Ngayo
efavirenz ’ ’ 58 Natélia Bordin | 2021 Cohort Papua New | 156
concentrations 0.09-95% Cl Andriguetti Guinea
CYP1AZ ¢ -163C>A not significant -1.36t0 1.18 59 | Philippe R, | 2012 | Cohort Rwanda 97
L 0.31; 95% CI
CYP1A2 c. -2159G>A not significant 1.02 to 1.64 Mutwa
- - 959 il ?
CYP1A2 €. -739T > G not significant 0.02; 95% ClI 60 Puthen  Veettil 2022 Cohort? Qatar 6,045
-1.25t0 1.21 Jithesh
I 0.14; 95% CI fthes
CYpP1A2 ¢ ~163C>A not significant 11910 1.47 61 | Rong Chen 2020 | Cohort China 184
Associated
with higher . oRo, 62 Sabina Mugusi 2018 Cohort Tanzania 458
CYP2A6 c. 1093G>A plasma 1(')053’ ?osfzcsl
efavirenz ' ' 63 Sahapat 2020 | Cohort Thailand 149
concentrations Barusiix
- -0.11; 95% CI
CYP2A6 c. 1436G>T not significant .
9 -1.44t01.22 64 Salvador 2010 Cohort Spain 32
I 0.29; 95% CI
CYP2A6 ¢.1093G>A not significant 0.99 to 1.57 Cabrera
T .
CYP2A6 c-48T>G not significant O o Figueroa
) i5' 950/' al 65 Sandra G. Heil 2012 Cohort Netherlands 54
CYP2A6 c. 1836G>T not significant 1 51‘ to 1021
Associated 66 Sonia 2005 Cohort Spain 104
with higher . oc0, Rodriguez-
CYP2B6 c. 21563C>T plasma l(')lgzé ?jfg%l N
efavirenz ’ ’ ovoa
concentrations 67 Sumonmal 2012 Cohort Thailand 124
Associated Uttayamakul
with higher 5 45: 959 ClI Y
CYP2B6 c. 516G>T plasma 2 05’ 02.86 68 Tanuja N | 2015 Prospective South Africa 54
efavirenz : : .
concentrations Gengiah
Associated 69 Tailah Bernardo | 2018 | Retrospective Brazil 225
with higher . oc0, .
CYP2B6 c. 64C>T plasma 1.57, 95% Cl de Almeida
° 1.32t0 1.82 _
efavirenz 70 TALISE E. 2017 Cohort Brazil 89
concentrations .
Associated MULLER
with higher . 950 71 Tracy R. Glass 2012 | Prospective Switzerland 37
CYP2B6 ¢. 785 A>G plasma 0641293 f’fg’e(;'
efavirenz ) } 72 | Tristan Lindfelt | 2010 | Cohort USA 20
concentrations
A§soc_|ated 73 Vanessa S 2016 Cohort Brazil 34
with higher 0.33: 95% CI
o Mattevi
CYP2B6 c. 983T>C e?a:?/?rrgﬁz 0.12 t0 0.54 Vi
N 74 Wondmagegn 2022 Case-Control Ethiopia 240
concentrations
Associated Tamiru Tadesse
with lower . o5, - - -
CYP2B6 ¢. 15582C>T plasma 1%)% 95/n§3| 75 Xianmin Meng 2015 Cohort China 322
efavirenz -1.00t0-1. - - -
concentrations 76 Yalle Elizabeth | 2022 | Prospective India 369
Associated Kurlan
with lower
-1.67, 95% CI
CYP2B6 c. 18492C>T pla§ma 14510 -1.88
efavirenz _ _
concentrations efavirenz lewsh chile p K5 gl 56 50Tk sl ¥ dyi
c. 1295- . 0.20; 95% CI
CyP2B6 913G>A ot significant -1.100 150 Effect on the Plasma
o -0.01; 95% CI NP pace of concm-:;jntrg_uag
CYP2B6 c. 1375A>G not significant 12810 1.26 Gene S efavirenz (star:n:;nlze
TR0 metabolism .
CYP2B6 c. 1459C>T not significant Uféé ?g /1° é:zl difference)
o - . 0.25; 95% CI
K -~ 959 ABCA1 c.4760A>G not significant ;
CYP2B6 l7l+4§35T>c not significant 01'0372‘ ?Sl/nl(;l 9 -0.92t0 142
S ggcy' o Associated
CYP2B6 c. 526 G>T not significant et with higher .
i -1.0510 159 ABCBL1 c. 1236C>T plasma 1.88; 95% Cl
CYP2B6 ¢.*1355A>G not significant 0.09; 95% Cl efavirenz 110-L76
-115t01.33 concentrations
- - 950, —
CYP2B6 c. 1172T>A not significant 0.12, 95% Cl Associated
-147t01.23 with lower 2.03: 95% Cl
P 0.24; 95% ClI ABCB1 c. 4046A>G plasma ey
CYP2B6 c. 136 A>G not significant 1.07t0 1.55 efavirenz -1.76 to -2.42
I -0.03; 95% CI concentrations
CYP2B6 c. 415G>A not significant
9 -129t01.23 Associated
. 0.17;95% ClI with lower
YP3A4 . 392A> fi - - 950
CYP3, c. 39 G not significant 11310 1.47 ABCBL CA036ASG plasma 0.82; 95% CI
CYP3A4 C.878T>C not significant -0.08; 95% C! efavirenz 08810097
) 9 -1.34t01.19 concentrations
L 0.26; 95% CI P 0.12; 95% CI
CYP3A5 c. 31611C>T not significant 10410 1.56 ABCB1 c. 193A>G not significant 1050 1.29
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(TITLE-ABS-KEY ( efavirenz) AND TITLE-ABS-KEY ( cyp2a6))
AND ( LIMIT-TO (DOCTYPE, "ar"))
(TITLE-ABS-KEY (efavirenz) AND TITLE-ABS-KEY (cyp2c9))
AND ( LIMIT-TO (DOCTYPE, “ar”))
( TITLE-ABS-KEY (efavirenz) AND TITLE-ABS-KEY (cyp2c19))
AND (LIMIT-TO (DOCTYPE, “ar”))
PubMed
(“efavirenz”[Supplementary Concept] OR “efavirenz’[All Fields]) AND
(“9ytochrome”[All Fields] OR “cytochromes”[MeSH Terms] OR
“cytochromes”[All Fields] OR “cytochrome”[All Fields] OR
“cytochromic”[All Fields]) OR (“efavirenz"[Supplementary Concept]
OR "efavirenz"[All Fields]) AND (“cytochrome p 450 cyp2b6"[MeSH
Terms] OR (“cytochrome"[All Fields] AND "p 450"[All Fields] AND
"cyp2b6"[All Fields]) OR “cytochrome p 450 cyp2b6"[All Fields] OR
"cyp2b6"[All Fields]) OR (“efavirenz"[Supplementary Concept] OR
“efavirenz"[All Fields]) AND (“"cytochrome p 450 cyp3a"[MeSH
Terms] OR (“cytochrome"[All Fields] AND "p 450"[All Fields] AND
"cyp3a"[All Fields]) OR "cytochrome p 450 cyp3a"[All Fields] OR
"cyp3ad"[All Fields]) OR (“efavirenz"[Supplementary Concept] OR
"efavirenz"[All Fields]) AND (“cytochrome p 450 cyp2a6"[MeSH
Terms] OR (“cytochrome"[All Fields] AND "p 450"[All Fields] AND
"cyp2a6"[All Fields]) OR "cytochrome p 450 cyp2a6"[All Fields] OR
"cyp2a6"[All Fields]) OR (“efavirenz"[Supplementary Concept] OR
"efavirenz"[All Fields]) AND ("cytochrome p 450 cyp2c9"[MeSH
Terms] OR (“cytochrome"[All Fields] AND "p 450"[All Fields] AND
"cyp2c9"[All Fields]) OR "cytochrome p 450 cyp2c9"[All Fields] OR
"cyp2c9"[All Fields]) OR (“efavirenz"[Supplementary Concept] OR
“efavirenz"[All Fields]) AND (“cytochrome p 450 cyp2c19"[MeSH
Terms] OR (“"cytochrome"[All Fields] AND "p 450"[All Fields] AND
"cyp2c19"[All Fields]) OR “cytochrome p 450 cyp2c19"[All Fields] OR
"cyp2c19"[All Fields])
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1. Kreitchmann R, Schalkwijk S, Best B, Wang J,
Colbers A, Stek A, et al. Efavirenz pharmacokinetics
during pregnancy and infant washout. Antivir Ther.
2019;24(2):95-103.

2. Lartey M, Kenu E, Lassey A, Ntumy M, Ganu V,
Sam M, et al. Pharmacokinetics of Efavirenz 600 mg
Once Daily During Pregnancy and Post Partum in
Ghanaian Women Living With HIV. Clin Ther.
2020;42(9):1818-25.

L 0.10; 95% CI
CYP3A5 c. 6986A>G not significant 11410 1.34
. -0.13; 95% ClI
CYP3AS5 c. 713G>A not significant 14910 1.23
L 0.23; 95% CI
CYP3A5 c. 14690G>A not significant 1.09t0 1.55
L -0.04; 95% CI
MDR1 C. 2677G>T not significant 13010122
. 0.16; 95% ClI
NR1I2 c. 7635A>G not significant 11410 1.46
L 0.20; 95% CI
NR1I3 c. 1089T>C not significant 09510 1.35
. -0.15; 95% ClI
NR1I3 c. 8784T>C not significant 11010 0.80
L 0.05; 95% CI
PXR c. 63396C>T not significant 0750 0.85
. -0.30; 95% ClI
SLCO1B1 €.388A>G not significant 12510 0.65
I 0.12; 95% ClI
SLCO1B1 ¢.521T>C not significant 08810 1.12
L -0.25; 95% CI
SULT1AL .638G>A not significant 12010 0.70
Associated
with lower
-1.22; 95% CI
UGT2B7 c. 735A>G plasma 1.05 to -1.40
efavirenz
concentrations
Associated
with lower
-0.92; 95% CI
uGT2B7 c. 802T>C plasma 0.76 t0 -1.08
efavirenz
concentrations
. 0.18; 95% CI
UGT2B7 c. -327G>A not significant 0.8210 .18
I -0.22; 95% ClI
UGT2B7 c.-161C>T not significant 11710 0.73
. 0.08; 95% CI
UGT2B7 c.211G>T not significant 0.8710 .03
L -0.10; 95% CI
UGT2B7 C.372A>G not significant 10510 0.85
g H il ) (aoSS Jguxr
aodls
#1 “Efavirenz”
#2 “cytochrome” OR “CYP2B6” OR "CYP3A4" OR “CYP2A6”
OR "CYP2C9" OR "CYP2A19"
#3 #1 AND #2
Filters: No language restrictions; No Time limitations;
WOS

# Web of Science Search Strategy (v0.1)

# Database: Web of Science Core Collection

# Entitlements:

- WOS.IC: 1993 to 2022

- WOS.CCR: 1985 to 2022

- WOS.SCI: 1900 to 2022

- WOS.AHCI: 1975 to 2022

- WOS.BHCI: 2005 to 2022

- WOS.BSCI: 2005 to 2022

- WOS.ESCI: 2015 to 2022

- WOS.ISTP: 1990 to 2022

- WOS.SSCI: 1956 to 2022

- WOS.ISSHP: 1990 to 2022

# Searches:

1: Efavirenz (All Fields) AND cytochrome (All Fields) Date Run: Tue
Dec 06 2022 12:04:07 GMT+0330 (Iran, Tehran)

2: Efavirenz (All Fields) AND CYP2B6 (All Fields) Date Run: Tue Dec
06 2022 12:05:17 GMT+0330 (Iran, Tehran)

3: Efavirenz (All Fields) AND CYP3A4 (All Fields) Date Run: Tue Dec
06 2022 12:07:51 GMT+0330 (Iran, Tehran)

4: Efavirenz (All Fields) AND CYP2A6 (All Fields) Date Run: Tue Dec
06 2022 12:08:49 GMT+0330 (Iran, Tehran)

5: Efavirenz (All Fields) AND CYP2C9 (All Fields) Date Run: Tue Dec
06 2022 12:11:17 GMT+0330 (Iran, Tehran)

6: Efavirenz (All Fields) AND CYP2A19 (All Fields) Date Run: Tue
Dec 06 2022 12:14:25 GMT+0330 (Iran, Tehran)

Scopus

(TITLE-ABS-KEY (efavirenz) AND TITLE-ABS-

KEY ( cytochrome )) AND ( LIMIT-TO ( DOCTYPE, "ar"))
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AND ( LIMIT-TO (DOCTYPE, "ar"))
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PHARMACOLOGY. 2011;72:41-.
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THERAPEUTICS. 2005;77(2):P24-P.
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2013;11(6):481-90.
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