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Abstract
Background and objectives: Genetic polymorphisms of the N-acetyltransferase 2 (NAT-2 gene) gene play

a crucial role in the metabolism of isoniazid and are associated with adverse drug reactions, particularly
hepatotoxicity in patients with tuberculosis. This study aimed to investigate the incidence and distribution of
NAT2 genotypes, as well as their association with hepatotoxicity among tuberculosis patients.

Methods: A retrospective study was conducted using medical records of tuberculosis patients who underwent
NAT-2 gene at Roi Et Hospital between October 2021 and December 2023. A total of 343 patients were
included. Descriptive statistics and Chi-square test.

Results: Among the 343 patients, the distribution of acetylator phenotypes was as follows: intermediate
acetylators 43.1%, ultra-slow acetylators 34.49%, rapid acetylators 13.7%, and slow acetylators 8.7%. The
incidence of hepatotoxicity was lower in rapid and intermediate acetylators 11.9% and 15.5%, respectively,
whereas it was markedly higher in slow and ultra-slow acetylators 51.9% and 50.4%, respectively. In terms of
treatment outcomes, most patients in the rapid and intermediate acetylator groups were able to tolerate
standard dosing regimens. In contrast, patients in the slow and ultra-slow acetylator groups were more likely
to require dose adjustments, particularly dose reduction of isoniazid or modification of treatment regimens,
due to hepatotoxicity.

Conclusions: This study demonstrates that genetic polymorphisms of the NAT2 gene are strongly associated
with the development of hepatotoxicity in patients with tuberculosis receiving isoniazid. The incidence of
hepatotoxicity varies significantly across acetylator phenotypes. Specifically, the slow and ultra-slow acetylator
groups showed markedly higher incidence rates (51.9% and 50.4%, respectively), whereas the rapid and
intermediate acetylator groups had substantially lower incidence rates (11.9% and 15.5%, respectively). In
addition, the distribution of acetylator phenotypes in this population was predominantly intermediate and

ultra-slow, highlighting the importance of close monitoring for hepatotoxicity in these patient groups.

Keywords: NAT-2 gene, tuberculosis, isoniazid, hepatotoxicity, pharmacogenomics
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Enrollment

Assessed for eligibility

Patients with pulmonary tuberculosis who received
isoniazid-containing regimens and underwent
NAT2 genotyping at Roi Et Hospital
October 2021 — December 2023

(n = 401)

v

Excluded (n = 58)

»| * Incomplete medical records (n = 34)
+ No follow-up data (n = 15)

* Less than 2 weeks of anti-TB treatment (n = 9)

Eligible patients
(n = 343)

[ Allocation by NAT2 acetylator status 1

l

'

'

!

Rapid acetylator
(n=47)

Included in analysis
(n=42)*

Intermediate acetylator
(n=148)

Included in analysis
(n=142)*

Slow acetylator
(n=30)

Included in analysis
(n=27)*

Ultra-slow acetylator
(n=118)

Included in analysis
(n=111)*

—

Follow-up for hepatotoxicity and treatment outcomes

(From initiation of anti-TB treatment until 12 months or treatment completion)

Analysis ]
\

Follow-up } ————————————————————————

Included in final analysis
(n=322)**

*  Excluded from analysis due to incomplete follow-up and/or outcome data within 12 months or until treatment completion.
** Exclusions after allocation (n = 63): 25 loss to follow-up, 12 died during treatment, and 26 with incomplete outcome data.

Figure 1. Study flow diagram of patient enrollment and analysis.
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acetylator Seay 34.4 (118 518) rapid acetylator
Soway 13.7 (47 519) uay slow acetylator Soway 8.7
(30 578) dlefimnsanmsiinnmedudniaulalieudio
F¥NINNAY rapid/intermediate fungy slow/ultra-slow
acetylator WU dnaruvaamaiinangdudnaulungu
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HaN133nWEUIY NAT-2 gene ¥iin rapid acetylator

n3¥nwgUaediiing NAT-2 gene wiln rapid
acetylator 97U 42 519 NI 47 578
(Ineftae 5 s1egndneenilesaindeyalinsudiug
VIN1TAAAIUNG) WugUglinaEdusnlay 5 51y
e 1 919la5un1susupuInen INH au1e 7.5 mg/kg/day
e 4 518161"%’U6uu'mmmm§'m (Standard dose: 5 mg/
kg/day) feura 4 ﬁaﬁmsm?augmmﬁaqmﬂ ADR
Taeiu rifampicin 2 518 (gms 31ZEL/9IEL (3IZEL/9IEL =
Isoniazid + Pyrazinamide + Ethambutol + Levofloxacin
(3 1Apw) Ao Isoniazid + Ethambutol + Levofloxacin
(9 Wiow) uaz pyrazinamide 2 578 (gns 2IRE/7IR
(2IRE/7IR = lIsoniazid + Rifampicin + Ethambutol
(2 \flou) Aose Isoniazid + Rifampicin (7 Hew)) lungu
Flinunmesusniau 37 518 nud 13 seldsunisusu
wu1neT INH 18w 7.5 me/ke/day veuedl 24 18lé¥uruna
g13195510 wazdlUieidedin 1 91eainnelendniay
(37971 3)

HaN135n¥IgUIe NAT-2 gene il Intermediate
acetylator

WA 33MERNeTTHE NAT-2 gene #lia intermediate
acetylator S1uauiavan 148 918 wuhiifthededin
fouthiunsinw 6 918 Aundostheiiiriunisinm
wagthuiinsgisan 142 518 Tunguitaedilasy
ns¥nwnil wuiddaeiiinnedudniay (hepatitis)
F1urn 22 318 FeremualdFunisinudisruine
WM5g 1YY INH 2118 5 mg/kg/day vassdigfihedtlainy
AMEAUSIEUTINIL 120 518 AlAsunissneseuuie
gRTTIUTUABIAY efiansannanIsinwaievas
wuithodnmidedian 8 samnsadifunisinm
BgAIIIAIIIY (standard regimen) IfogssaLilos
og1slsfinu s 14 MeRdududosuasy
anse1 (regimen change)

Tnegnsenfiinisiuasuudas 1éud 2IRE/7IR
37U 2 578 (2 months of Isoniazid + Rifampicin +
Ethambutol followed by 7 months of Isoniazid +
Rifampicin) 2RZE/7RE 91uu 1 578 (2 months of
Rifampicin + Pyrazinamide + Ethambutol followed by
7 months of Rifampicin + Ethambutol) 3IZEL/9IEL
71U 7 578 (3 months of Isoniazid + Pyrazinamide +

Ethambutol + Levofloxacin followed by 9 months of
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Isoniazid + Ethambutol + Levofloxacin) 18-24EL 37U 1 978 (12 months of Isoniazid + Pyrazinamide
$1UI 1 378 (18-24 months of Ethambutol +  + Ethambutol) uanani fanugurguinnisinaiu
Levofloxacin) 9RZL 91u3u 1 578 (9 months of N33 (loss to follow-up) 31U 1 718 wazilUae
Rifampicin + Pyrazinamide + Levofloxacin) 12IZE BeTinfinduseninanssne $1uan 2 918 (519l 4)

A31efl 2 HansUSufisunay Rapid/intermediate vs Slow/Ultra-slow

_ fudnLEu Lifinudniau p-value
nadt U (3uaz) 3 (Gevaz) (Chi-square test)
Rapid + Intermediate 27 (14.7) 157 (85.3) <0.001
Slow + Ultra-slow 70 (50.7) 68 (49.3)

A151991 3 HanN53INwE U NAT-2 gene ¥ila Rapid acetylator (n = 42)

sunuuNINEn uazBaiuiu
Hepatitis (5 51%)
Dose adjustment 1 918 105U INH 7.5 mg/kg/day
Standard dose 4 31y
Regimen change 4 578 9711 ADR
ADR: R 2 518 —* 3IZEL/9IEL
ADR: Z 2 57 > 2IRE/7IR

Without Hepatitis (37 $18)

Dose adjustment 13 579 103U INH 7.5 mg/kg/day
Standard dose 24 518
Outcome 1@eT3n 1 578 (pneumonia)

nUELA: INH = isoniazid , ADR = adverse drug reaction , R = rifampicin, Z = pyrazinamide 3IZEL/9IEL = Isoniazid
+ Pyrazinamide + Ethambutol + Levofloxacin (3 1fiou) Aase Isoniazid + Ethambutol + Levofloxacin (9 tiia),

2IRE/TIR = Isoniazid + Rifampicin + Ethambutol (2 1Aau) Aagie Isoniazid + Rifampicin (7 1haw)

A5197 4 a3Unan33nw15Uae NAT-2 gene viin Intermediate acetylator (n = 142)

19015 U (519)
anwuzgUae
FUDNLEU 22
Laifinngsudniau 120

sUnuUN153nE (INH vun 5 me/ke/day)

IasugImuIUIALIRTEIY 142
NANIIINEN

WUV BINIATIIY 8

ASUSUUABLLLINIINSS N 14

2IRE/7IR 2
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A519di 4 aunan135nwEUae NAT-2 gene ¥ila Intermediate acetylator (n = 142) (si9)

318113 U (318)
2RZE/TRE 1
3IZEL/9IEL 7
18-24EL 1
9RZL 1
12I1ZE 1
YIANITANAINNITING 1
\ETINTENINAITINE 2
wuEuA: INH = isoniazid (Wu1ALI93§I1U 5 me/kg/day) , | = isoniazid, R = rifampicin, E = ethambutol, Z =

pyrazinamide, L = levofloxacin, 2IRE/7IR = 2 months of Isoniazid + Rifampicin + Ethambutol followed by

7 months of Isoniazid + Rifampicin, 2RZE/7TRE =2 months of Rifampicin + Pyrazinamide + Ethambutol followed

by 7 months of Rifampicin + Ethambutol, 3IZEL/9IEL = 3 months of Isoniazid + Pyrazinamide + Ethambutol +

Levofloxacin followed by 9 months of Isoniazid + Ethambutol + Levofloxacin, 18-24EL= 18-24 months of

Ethambutol + Levofloxacin, 9RZL = 9 months of Rifampicin + Pyrazinamide + Levofloxacin, 12IZE = 12 months

of Isoniazid + Pyrazinamide + Ethambutol

Han133nwEUIY NAT-2 gene ¥iln Slow acetylator

wuMsEnwtheiiing NAT-2 gene @il slow
acetylator 97UU 27 519 PNTIUTIILA 30 578
(HUrededinneudniun1ssne 3 $18) wuindglae
fiinn1zdusniay (hepatitis) S1uau 14 51 Taglunay
ififn 8 91eldFunsUsurLIAeT (dose adjustment)
el INH 2uin 2.5 me/kg/day vaueiisn 6 s18lédu
N135N¥1ALVUINEININTFIN (standard dose) dmTU
Fuheiilinuamedusniaudiuo 13 18 Tiunsinwm
dhomunganasgIuiun WeiTsaniuamansing
Tugthefiinnnzdudniay 14 18 wuirdnisnduan
Iﬁmgmmmgmaﬂﬂ% (rechallenge to standard
regimen) 91U 11 919

Taglusaud 3 selddurmeennasgiu ua
8 596150 INH vw1a 2.5 me/ke/day wenvnil wud
fiffthe 3 efdndudeaudsugnsen (regimen change)
31IZEL/9IEL d7uu 1 518 (3 months of Isoniazid +
Pyrazinamide + Ethambutol + Levofloxacin followed
by 9 months of Isoniazid + Ethambutol + Levofloxacin)
waz 2IRE/3IR/7IE 971U 1 518 (2 months of Isoniazid
+ Rifampicin + Ethambutol followed by 3 months of
Isoniazid + Rifampicin and 7 months of Isoniazid +
Ethambutol) uagilgUhevinn1sinaanissne (loss to
follow-up) $1W3U 1 578 (151971 5)
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M54 5 HAaN53NwIEUIe NAT-2 gene %ila Slow acetylator (n=27)

Joya U 88BN
anwauzgUae
FUDNLEY 14 Taid]
laifinmgaudniau 13
msSnendosdu
n1sUSUIUINEN 8 INH 2.5 mg/kg/day
YUINYUIATFIU 6 (lunausiudniau)
YUINLIUINTFIU 13 (unqulaifinnzdudnia)
NAN133NYY NUAUBNLEY (n=14)
Sullsignsnisinuanasgiusisnads 11 gl
YUINLIUINTFIY 3
INH 2.5 mg/kg/day 8
MMSUTUUABLLLINIINIT N 3
3IZEL/9IEL 1 Taigd
2IRE/3IR/TIE 1
Loss to follow-up 1
NUBWA: INH = isoniazid, miﬂ%fusummEJ’fLup:Jﬁﬁmﬁﬁ’ﬁTmJWLLUU%’]= 2.5 mg/kg/day, | = isoniazid, R = rifampicin,

E = ethambutol, Z = pyrazinamide, L = levofloxacin, 3IZEL/9IEL= 3 months of Isoniazid + Pyrazinamide +

Ethambutol + Levofloxacin followed by 9 months of Isoniazid + Ethambutol + Levofloxacin, 2IRE/3IR/7IE =

2 months of Isoniazid + Rifampicin + Ethambutol followed by 3 months of Isoniazid + Rifampicin and 7 months

of Isoniazid + Ethambutol

ns¥nwifUaeiifinaiu NAT-2 gene vlin Ultra-slow
acetylator

foyatiugiu fuaeiomn 118 9 Fedinreu
MRS 7 518 Aavdellaefiias1edt 111 510 U
wan1s3nwifaeiidna NAT-2 gene wiln ultra-slow
acetylator uwiaunguitiinnziudniau 56 :1e wae
Linuangdudniau 55 119 Tunguildnnzdudniay
WU 21 578le5U INH vuau1nsgu (5 meske/day)
loedl 4 5’1&Jmmsaﬂé’umisﬁgm5mm§miﬁ§ﬂﬂ%u’a

(rechallenge) waugdl 17 iﬂaﬁ@&ﬂ%ﬂLUﬁauqmsaw
uaﬂmﬂﬁwwmmiﬁmmm 3579 LLawqmmﬁ%’ﬂm 1379
E%’W%’Uﬂzjuﬁlﬂwumwﬁué“mau 55 518 Mevunlasy
N133NWIPLIUINYNINTZIU Log 48 S18a1NTATNY)
ﬁwqmmmgﬂulﬁsimﬁm way 7 efinsusuiasuns
W s'auﬁ'uwué’ﬂm??amwa’lmmu (Multidrug Resistant;
MDR) 1 578 vgAnN155nw1 1 578 desio 1 578 Uawldedin
SEIIMs$nY 2 578 (157971 6)
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AN9197 6 Han3InwIEIediiing NAT-2 gene wiln
Ultra-slow acetylator (n=111)

Joya 1Y
anwuzgUae
fiusniey 56
Lifinedudniay 55

NFUAUDNLEU (n=56)

UNYWINTZIU (INH 5 mg/kg/day) 21
nsnaudgnsnsiny gl .
F1NATY

nsUfuABuLLIMINSE 17
2IRE/10IE 1
2IRE/10IR 1
2IRE/7IR 1
2REL/TRE 2
3IZEL/9IEL 6
6RZE 1
18EL 1
YINNSAARIUNITINY 3
NYANITINE 1

naulsifinnazaudniay (n=55)

WUINNATTNYNTFIY 48
nsUfuABULLIMINSE 7
2IRE/7IR 1
2REL/TRE 1
MDR 1
NYANTIN® 1
deelusunsinuniiau 1
FHer3n 2

w86 INH = isoniazid (5 mg/kg/day), | = isoniazid,
R = rifampicin, E = ethambutol, Z = pyrazinamide, L
= levofloxacin, 2IRE/10IE = 2 months of Isoniazid +
Rifampicin + Ethambutol followed by 10 months of
Isoniazid + Ethambutol, 2IRE/10IR =2 months of
Isoniazid + Rifampicin + Ethambutol followed by 10
months of Isoniazid + Rifampicin, 2IRE/7IR = 2 months

of Isoniazid + Rifampicin + Ethambutol followed by

7 months of Isoniazid + Rifampicin, 2REL/7RE= 2
months of Rifampicin + Ethambutol + Levofloxacin
followed by 7 months of Rifampicin + Ethambutol,
3IZEL/9IEL= 3 months of Isoniazid + Pyrazinamide +
Ethambutol + Levofloxacin followed by 9 months of
Isoniazid + Ethambutol + Levofloxacin 6RZE = 6
months of Rifampicin + Pyrazinamide + Ethambutol,

18EL=18 months of Ethambutol + Levofloxacin

3150l

nsnwinud gifinisalvesnnefusniaulu
FUreYalsadilésuen isoniazid dAnuunnsisiu
pgeTAIUALYTinYeY NAT2 acetylator laungu slow
g ultra-slow acetylator ﬁqﬁﬁmsaﬁqq (§ovaz 51.9
Wag 50.4 AAU) YzTingy rapid wag intermediate
acetylator figtiAin1salinitegiiiduddny (Fovay 11.9
waz 15.5 MINAINU) NaansaInadennassiunaln
manduiiugmanivessn isoniazid FelugUaefiing
wenveladin wwfansarauvesanswueladiidufiv
Relwadiu dwaliifiunnudewienainaniesusnia
AsAnwEnuUssiuddyienisnsrarsvesslulng
NAT2 Tugthedalsaiinnuunnsiegnstaau lnenungy
intermediate acetylator Wag ultra-slow acetylator
\JudndiumdnvesUszving uagiiddgAenguiifing
wanueladendn (slow wag ultra-slow acetylator) i8R
nsiinazdusnlaugsninguiuausladenleisa
2819t

uananil wams¥nwdauandfidiuingiaengy
Fsnaniuualiiufosfurunemielasugnsnisinu
11NN31 agviauieaduadIAyveIiugnIsusiandIy
UaenfouarUszaninavesnssnuntalsn nansdnui
d40nAaINUNISANYINBUNINAIENITANYY Tnany
wultiufindoadetuluduauduiussening NAT-2
gene AUMIIANNTMEAUSIEUINGT AT NSANEY
U4 Huang wagany [17] wm"mzjm slow acetylator

fA11uidgsie hepatotoxicity geniinguduagnail

v
o o

TJod Ay Feaenndostunanisfinuiliinudnsnisiin
sudniaugalungy slow uag ultra-slow acetylator 1w
Weafunsfinwives Cheng uazagy [18] A51897U30
N13nNa18MUUes NAT-2 gene fimauduiusiunis
Winssiueulediuserinemssnvtalsn Sneniide
¥99 Roy wazAmy [19] lulszyinsiowdes wuiingu
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intermediate acetylator Li’]umjuﬁwumﬂﬁqm
Feaenndoaiulnssadrssvnslunsinui

NMSANYIVY Azuma WazAndy [11] WUl NUSU
YuIAE1 INH 10 NAT-2 gene @1u15aangufinisal
hepatotoxicity I vaugfiauves Singla wavmmy [13]
Wudwﬁﬂqa slow acetylator Hlenaiin adverse drug
reactions g4y ituAE I UNANY RS Leiro-Fernandez
warmnz [20] Tuandlifiuanuduiussening NAT-2
gene LAZNNTNBUAUDINDYI INH TIU89N15AN 1904 Lee
wazAy [21] $951891031NM991539 NAT-2 gene @1nse
Frevhueanudedunisiadusnauld waznisAnw
999 Chen wazamg [22] Aaduayuunuinves
pharmacogenomics Tun1ssnwialsa

athalsfiniy wan1sAnwaiiinanuuansieain
vreuideiiniuunlunateyssiiiu Taenisfnwives
Gupta waAny [23] 51899 ldnuanuduiusesl
TodRysenine NAT-2 gene AU hepatotoxicity &4
LANANSIINNENNSANET Tinuauduiusediedaiou
WueafuauLes Sharma wazanse [9] inudnsnnisiia
hepatotoxicity lnatAesiuluynngu acetylator uenan
i msfnvves Cho uazAmy [24] 18audndIuves
rapid acetylator 4191 auanAnanUszwnslunis
Anwil nnsAnwves Heinrich wavamy [25] Sanudn
Hadedudunndouiiunuminnniademaiugnssy
Yufin1sFnwves Wang wasaaie [15] wuii Jadesu
WU 018uarl3ATI HNasie hepatotoxicity 1MNN31 NAT2
Wieseeafie [Wuieafunuves Post uazane [26] 7
wuhnsreellladuiusiu NAT2 egreiioddy wax
A1sAnwIeY Ly wavamey [27] fildnuaauuandi
YBINAGNTNTFNYITENINNGY acetylator

paudsvesnisAnwiddenisiauindaodied
Aouthann uazidudeyaninaniuneiuiasss Jsazviou
Uunvesmssnuluituildedretaeu saudimsinsz
ﬁy’aﬁmﬁuqmsmLLaxmaﬁwémmaﬁn pg19lsAnu
AsAnwiiidesiie leud nsdunsnudounds
(retrospective study) denailfoyagamevielaiasudu
AMUKUIUTINYRIN1TUUiindayan1eaddn sauds
nsliannsaeueudaduniudug 1wu lsas woAngsu
fthhe viensldensan 16 venanil msdnwilifutoya
PNlsngIuIaiiBsiaien onadianistinalieneds
Tuszauusemne

GRL

nsfnwiluandiifiuin aruusiumaetugnss
Y833U NAT2 Hanuduiusegnedaauiunisiinn1ieg
dusniaulugine Sailsa fild3uen isoniazid Taemuin
gUAn1salvsnMzdudniauLans1eiunIuriingas

o w '

acetylator agailifudAy naAe nau slow way

Y

ultra-slow acetylator mquamitﬁgﬂ (Sovaz 51.9 uay
50.4 ANUAINV) %mzﬁﬂ&jm rapid Wag intermediate
acetylator figiAnsalinitegdaau (Fesay 11.9
uay 15.5 Mudsu) uenani Smuinsnsvatevesiln
acetylator Iuﬂiz%ﬁﬂiﬁjﬂw@ﬂumju intermediate
way ultra-slow acetylator Fadzvioudenudrdares
naihszannedusnavlugtaendui wanisdnui
atuayunisditeyaniavugnssuunldlunisnnuny
MsfnuILUUlanIzyana LilelfinuszaAnsanuas

Anuasnditlunssnugtheialsalueuian

nstafiuuianalszlevi
Adeveduduiliinstaiuuianaysslonilag
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