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INTRODUCTION
TB is a major public health challenge worldwide. World Health 
Organization (WHO) reported that the treatment success rate 
in Thailand was only 82% in 2016 (World Health Organization, 
2013) while WHO goal is set at 90%. The first-line treatment 
regimen for a new Drug-Sensitive Pulmonary Tuberculosis (DS-
TB) is a standard six-month four-drug regimen that consists of 
Isoniazid (INH), Rifampicin (RMP), Pyrazinamide (PZA), and 
Ethambutol (EMB) for two months, followed by Isoniazid and Ri-
fampicin for four months (2HRZE/4HR). However, this regimen 
causes several Adverse Drug Reactions (ADRs) that contribute to 
poor adherences and discontinuation of the treatment 11% (Scha-
berg T, et al., 1996), leading to treatment failure, and eventual-
ly emerging drug resistance (Huang YS, et al., 2002). One of the 
common ADRs is Drug-Induced Liver Injury (DILI). The preva-
lence of Anti-Tuberculosis Drug-Induced Liver Injury (AT-DILI) 
in Thailand was 6.7% (Thongraung W, et al., 2012). Although 
INH is one of the potential drugs in the first-line regimen, several 
DILI cases have been reported. The risk factors for INH-DILI in-
clude age, female gender, African descent, alcoholism, preexisting 
liver disease (hepatitis B or C), and concomitant medications 
such as Rifampicin and Pyrazinamide (LiverTox, 2012). INH is 
mainly metabolized by N-Acetyltransferase 2 coded by NAT2 
gene, The polymorphism of the NAT2 gene results in a different 
rate of INH acetylation classified into three different phenotypes; 
Rapid (RA), Intermediate (IA), and Slow Acetylators (SA) (Khan 
S, et al., 2019). Previous studies showed that the SA phenotype 
was strongly associated with a higher risk of AT-DILI consistently 
across different ethnic groups (Huang YS, et al., 2002; Ohno M, 
et al., 2000; Cho HJ, et al., 2007; Khalili H, et al., 2011; Lee SW, et 
al., 2010; Rana SV, et al., 2012; Wattanapokayakit S, et al., 2016). 
In contrast, treatment failure was likely to occur in RA (Parkin 
DP, et al., 1997; Donald PR, et al., 2004). A meta-analysis study 
by Wang PY, et al. concluded that SA phenotype had a higher risk 
of AT-DILI. Odds Ratios (OR) of AT-DILI for SA compared with 

the other acetylators was 3.97 (95% Confidence Intervals; 95%CI 
2.75-5.74) (Wang PY, et al., 2012). 
A study conducted by Azuma J. et al on Japanese patients found 
that in SA patients NAT2 genotype-guided dosage of INH (ap-
proximately 2.5 mg/kg daily) results in a lower incidence of 
AT-DILI during the first eight weeks when compared with the 
conventional standard dose of INH, risk difference; 77.8 %, 
P=0.003 (Azuma J, et al., 2013). This research study aimed to 
evaluate whether an adjusted dose of INH, a lower dose than con-
ventional standard dose, can reduce the incidence of AT-DILI in 
SA patients in Thai population.

METHODS
Study design
An open-label, parallel, Randomized Control Trial was con-
ducted at Central Chest Institute of Thailand (CCIT) from June 
2017 to August 2019. The participants were randomly assigned 
in a 1:1 ratio to receive an adjusted dose or the standard dose of 
INH in the first-line regimen of Drug-Sensitive Pulmonary Tu-
berculosis by a computer-generated block of four randomiza-
tions. The study protocol was approved by the Ethics Committee 
of CCIT and has been registered on Thai Clinical Trials Registry: 
TCTR20210801005.

Study population and participants
The patients with 18 years of age or older who were newly diag-
nosed with active Pulmonary Tuberculosis for the first time in the 
TB clinic were recruited and underwent the NAT2 gene screen-
ing, and also their blood samples were collected to identify NAT2 
genotype. During the first week of the screening phase, all patients 
were prescribed the four-drug standard treatments. After NAT2 
genotype results were reported, the patients with Slow Acetyla-
tor phenotype were identified and selected as eligible participant. 
Exclusion criteria were as follows 1) liver cirrhosis child-pugh C; 
2) alcoholism or alcohol consumption within 14 days before re-
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cruitment abnormal Liver Function Test at baseline; Alanine aminotrans-
ferase (ALT) or Aspartate aminotransferase (AST) >three times the Upper 
Limit of Normal (ULN); 3) the use of herbal medicine 4)HIV infection; 5) 
Chronic kidney disease with eGFR<30; 6) severe Tuberculosis with a high 
risk of poor outcome e.g., acute respiratory failure; 7) any condition that 
may contribute to unfavorable outcome; 8) life-threatening condition such 
as sepsis, respiratory failure, congestive heart failure; 9) Body Weight <35 
Kg and >80 Kg; 10) pregnant and lactating woman. To ensure the efficacy 
of INH, after the allocation, the patients who had late exclusion criteria 
as follows 1) DST (Drug-Susceptibility Testing) found INH resistance; 2) 
Culture proven non-Tuberculosis mycobacterium; 3) severe ADRs leading 
to the disrupted or modified treatment regimen; 4) loss of follow-ups were 
excluded.

Identification of NAT2 phenotype
NAT2 genotypes were determined by the haplotype-specific polymerase 
chain reaction-based method (Nuanjun W, et al., 2020). SA phenotype is 
either homozygotes or heterozygotes of low activity enzymatic haplotypes 
(NAT2*5B, NAT2*6A, and NAT2*7B). Homozygous or heterozygous 
genotypes of high-activity enzymatic haplotypes (NAT2*4, NAT2*12A, 
and NAT2*13A) were interpreted as RA. Heterozygotes of high and low 
enzymatic activity haplotypes were determined as IA.

Study medication
In this study, all patients were treated according to the Thai National Tu-
berculosis Control Program (NTP) guidelines except for INH dosage. In 
the adjusted INH dose group, the dosage of INH was calculated based on 
Jung JA, et al. study (Jung JA, et al., 2015) which found that the serum 
concentrations of INH were affected by NAT2 genotype and Body Weight 
as in the equation below.
INH concentration (mg/L)=13.821-0.1(Body Weight, kg)  2.273 (num-
ber of high-activity alleles of NAT2 genotype; 0, 1, 2)
From this equation, to achieve a therapeutic INH concentration level at 
3-5 mg/L in the Slow Acetylator participants, zero was substituted for the 
number of high activity alleles. The INH dosage was presented in Table 1.
Table 1: Dose of INH in the adjusted INH dose group

Body Weight (Kg) Dose of Isoniazid (mg/day)
>35-40 100
>40-50 150
>50-65 200
>65-80 250

In the control group, all patients received the standard-dose INH, 300 mg 
daily, regardless of their Body Weight.

Study procedures
The baseline clinical assessment included demographic data, medical hist-
ory, symptom profile score, Chest Radiographs, Liver Function Test (LFT), 
three consecutive sputum AFB (Acid-Fast Bacillus) examinations and cul-
ture. All patients were given follow-up treatment in week 2, 4, and 8 during 
the intensive phase. The symptom profile score, LFT, sputum sample, ADR 
assessment were collected at each visit. Chest Radiographs were taken in 
week 8, and week 26 or at the end of the treatment.

Study outcome
The primary outcome was the proportion of patients who had a DILI 
defined by ALT or AST level ≥ 3 times ULN in the presence of hepatitis 
symptoms or ALT or AST ≥ 5 times ULN with the absence of symptoms. 
The secondary outcomes were the proportion of sputum smear conversion 
in week 2, 4 and 8, culture conversion in week 8, clinical symptoms score, 
and adverse drug reactions.

Statistical analysis
The data from Azuma J, et al. study showed that the incidence of DILI in 
Slow Acetylators was 77.8 % in the conventional standard regimen (Az-
uma J, et al., 2013). Thongraung W, et al. study found that the prevalence 
of Anti-Tuberculosis drug-induced hepatotoxicity in Thailand was 6.7% 
(Thongraung W, et al., 2012). The sample size was identified to achieve a 
power of 0.9 with an alpha of 0.05 and an estimated 15% drop-out rate. The 
calculated number of subjects in each group was 10.
The primary outcome was analyzed based on the Intention-To-Treat (ITT) 
approach. The secondary outcomes were analyzed with a Per-Protocol 
(PP) approach in patients who completed treatment in an intensive phase 
of the first-line drug regimen. Categorical variables were compared be-
tween the two groups with Fisher’s exact test and presented as number and 
percentage. Depending on the distribution of data, continuous variables 
were presented as the mean and Standard Deviation or median and IQR, 
and compared using an independent t-test or a Wilcoxon signed-rank test. 
Univariate analysis was performed to determine the possible risk ratio of 
DILI between the two groups. Mixed model analysis was used for repeated 
outcomes.
A two-sided test with a P-value ≤ of 0.05 was considered statistically sig-
nificant. The precision of the estimates was reported using 95% Confidence 
Intervals (95% CI). The analysis was carried out using STATA version 15.

RESULTS
Study participants
Between June 2017 and August 2019, the total of 260 TB patients were 
screened with a blood test for NAT 2 gene, the frequency of NAT2 
genotype and acetylator phenotype are summarized in Table 2. The 
total of 23 Slow Acetylator TB patients were recruited and randomly 
assigned to a treatment group. According to the late exclusion criteria, 
two patients were excluded due to severe ADR and loss of follow-ups 
in the adjusted group, and one patient due to loss of follow-ups in the 
standard group (Figure 1). The demographic and clinical characteris-
tics of the participants in the two groups were similar except for the 
cavity lesions in the Chest Radiograph (CXR) and the total bilirubin 
level (Table 3).
Table 2: Frequency distribution of NAT2 genotype and acetylator 
phenotype in screening participants

Diplotype No. (%) Acetylator phenotype, No. (%)
NAT2*5B/*5B 4 (1.54) Slow 97 (37.30%)
NAT2*5B/*6A 17 (6.54)
NAT2*5B/*7B 11(4.23)
NAT2*6A/*6A 23(8.85)
NAT2*6A/*7B 31 (11.92)
NAT2*7B/*7B 11 (4.23)
NAT2*4/*6A 67 (25.77) Intermediate 129 (49.62%)
NAT2*4/*5B 19 (7.31)
NAT2*4/*7B 33 (12.69)

NAT2*5B/*13A 1 (0.38)
NAT2*6A/*12A 5 (1.92)
NAT2*6A/*13A 1 (0.38)
NAT2*7B/*12A 2 (0.77)
NAT2*7B/*13A 1 (0.38)

NAT2*4/*4 30 (11.54) Rapid 34(13.08%)
NAT2*4/*12A 2(0.77)
NAT2*4/*13A 2(0.77) * indicates Polymorphism
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Figure 1: Study flow
Table 3: The demographic and clinical characteristics

Characteristic Adjusted dose (n=12) Standard dose (n=11) P-value
Age (SD) 39.64 (15.13) 50.75 (12.59) 0.07

Male gender-No (%) 9 8 0.64
Female gender-No (%) 2 4

BW, kg (SD) 59 (8.67) 54.17 (8.07) 0.18
BMI (SD) 20.76 (2.86) 19.78 (2.56) 0.39

Previous TB treatment(n) 0 1(8.33%) 0.87
Smear positive- No. (%) 8 (72.73%) 9 (75%) 0.9

Cavity lesions in CXR (n,%) 8 (72.73%) 2 (16.67%) 0.01
LFT

     AST (IU/ml) (Median,IQR) 20 (17,21) 30 (21,36.5) 0.24
     ALT (IU/ml) (Median,IQR) 22 (13,29) 21.5 (13.5,30.5) 0.93
     ALP (IU/ml) (Median,IQR) 91 (60,129) 88 (77,125) 0.6

     Total bilirubin (mg/dl) 0.4 (0.3,0.6) 0.6 (0.45,0.85) 0.05
     Direct bilirubin (mg/dl) 0.19 (0.16,0.3) 0.3 (0.23,0.39) 0.06
     Serum albumin (g/dl) 4.1 (3.9,4.3) 3.9 (3.5,4.25) 0.18

History of smoking (n, %) 4 (36.36%) 1(8.33%)
Herb 1 (9.09%) 1 (8.33%) 0.1

Alcohol consumption (n,%)
Never 6 (54.55%)      8 (66.67%) 0.69

>50 gm/day 3 (27.27%) 2 (16.67%)
<50 gm/day 2 (18.18%) 2 (16.67%)

NAT 2 genotype
     *5B/*5B 2 (16.67%) 0 (0% 0.19
     *5B/*6A 0 (0%) 2 (18.18%)
     *5B/*7B 2 (16.67%) 3 (27.27%)
     *6A/*6A 1 (8.33%) 3 (27.27%)
     *6A/*7B 4 (33.33%) 3 (27.27%)
     *7B/*7B 3 (25%) 0 (0%

Dose of anti-TB drugs, mg/kg/day
     Isoniazid 3.77 ± 0.57 5.01 ± 0.87 ˂0.01

     Rifampicin 11.05 ± 1.75 9.80 ± 1.06 0.05
     Pyrazinamide 23.35 ± 8.26 24.27 ± 4.82 0.75
     Ethambutol 18.14 ± 2.66 14.52 ± 5.11 0.04

Values are presented as mean ± SD (Standard Deviation), number (%), or median (IQR). BW: Body Weight, BMI: Body Mass Index; LFT: Liver 
Function Test; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline Phosphatase, NAT2: N-Acetyltransferase 2; TB: Tuberculosis

; * indicates Polymorphism

Tuberculosis
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Primary outcome
In total, 22 of 23 (95.65%) patients were included in the ITT analy-
sis. Between the two groups, no significant differences were found in 
AT-DILI within the first eight weeks of Tuberculosis treatment: 1 out 
of 11 (8.33%) in the adjusted INH dose group vs 1 out of 11 (18.18%) 
in the standard dose INH group, P-value=0.51 (Table 4). The risk ratio 
of AT-DILI in the adjusted INH dose group compared to the other was 
0.46 (95% CI 0.05-4.38, P=0.48). Also, there were no significant differ-
ences in AST and ALT levels between the two groups during the first 
eight weeks of treatment (Figures 2 and 3).

Table 4: Primary outcome and secondary outcome
Outcome Adjusted dose Standard dose P-value

AT-DILI (n,%) 1 (8.33%) 2 (18.18%) 0.51
Sputum conversion at 

2 week
6 (50%) 4 (36.36%) 0.53

Sputum conversion at 
4 week

6 (50%) 5 (45.45%) 0.68

Sputum conversion at 
8 week

6 (50%) 7 (63.64%) 0.68

Culture conversion at 
8 week

3 (25%) 7 (63.64%) 0.14

Adverse Drug Reaction 
(ADR)

3 (25%) 3 (27.27%) 0.91

Serious Adverse Effect 
(SAE)

1 (8.33%) 0 (0%) 0.35

Secondary outcome
The total of 19 of 23 (82.60%) patients were included in the PP analysis 
to assess the efficacy in terms of sputum conversion in week 2, 4 and 8 
and sputum culture conversion in week 8. In addition, the safety profile 
was evaluated in the secondary outcomes. There were no significant 
differences in secondary outcomes between the two groups, as shown 
in Table 2. 

DISCUSSION
In the present study, the frequencies of NAT2 acetylator were respectively 
37.30% 49.62%, and 13.08% for Slow, Intermediate, and Rapid Acetyla-
tors. The distribution of SA phenotype in the Thai population in our study 
was concordance with previously reported from the northeastern region 
of the country which showed that the frequency of SA phenotype was 
36.2% (Kukongviriyapan V, et al., 2003). However, another study from 
the southern region demonstrated a higher prevalence of SA phenotype, 
52.7%, among new TB patients (Ungcharoen U, et al., 2020). The different 
distribution of NAT2 acetylator in different regions in Thailand has to be 
confirmed. 
This study concluded that in Tuberculosis patients with SA phenotype, 
the potential risk factor for AT-DILI, no significant differences in the inci-
dence of AT-DILI between the adjusted INH dose and the standard dose 
group were established. This finding corresponded to that of Ungcharoen 
U, et al. study which showed that the median INH plasma concentration 
two hours after drug administration was 4.25 (IQR 3.56-5.51) µg/mL in SA 
patients who received treatment with the standard first-line anti-TB drug 
containing Isoniazid 5.3 ± 0.7 mg/kg daily (Ungcharoen U, et al., 2020); as 
a result, this plasma concentration remained within the therapeutic range 
(3-5 µg/ml). In contrast, according to a previous study by Azuma J, et al. 
TB patients with SA phenotype who received the standard dose treatment 
(INH 5 mg/kg) had a higher incidence of DILI compared to those given 
the NAT2 genotype-guided dose treatment (2.5 mg/kg); 77.8 % vs 0% 
P=0.003) (Azuma J, et al., 2013).
A meta-analysis study of Suvichapanich S. et al. reported that the NAT2 
ultra-Slow Acetylators (NAT2 genotypes of *6A/*6A, *6A/*7B, and 
*7B/*7B) contributed to a higher risk of AT-DILI (OR 3.60; 95% CI: 2.30-
5.63; p<0.001) than all NAT2 Slow Acetylators (OR 2.80; 95% CI: 2.20-
3.57; p<0.001) (Suvichapanich S, et al., 2018). Mushiroda T, et al. study 
also demonstrated that among the SA patients, the variant diplotype, 
NAT2 *6A/*6A, had the highest risk of DILI (OR 6.47, 95% CI 1.78-23.6, 
P=0.006) (Mushiroda T, et al., 2016). This finding was supported by the 
data from Ungcharoen U, et al. study, which showed that only *6A/*6A 
diplotype had INH plasma concentration higher than the therapeutic 
range (the median INH plasma concentration two hours after administra-
tion 6.54 (Interquartile Range (IQR) 6.45-6.62) µg/mL) (Ungcharoen U, et 
al., 2020). Therefore, some specific NAT2 genotypes such as *6A/*6A may 
pose a much greater risk of AT-DILI than the others. 
In this study, there were only three cases of 6A/*6A diplotype out of 23 
(13.04%), which may result in a lower incidence of AT-DILI than in the 
previous studies. Moreover, some patients who experienced AT-DILI dur-
ing the screening phase in the first week after receiving the Anti-Tubercu-
losis drug were not enrolled in this study. This brought about a lower inci-
dence of AT-DILI than that in the general population, causing no detected 
statistical differences. In opposition to the previous Randomized Control 
Trial (RCT) study (Jung JA, et al., 2015), this study found that a lower dose 
of INH in Tuberculosis treatment for reducing the risk of AT-DILI was 
inconclusive outcomes and further study with more subjects is required. 
There were several limitations to this study. Firstly, INH plasma concen-
trations were not measured; it is therefore not conclusive that the AT-DI-
LI was directly associated with INH toxicity. Secondly, even though the 

Figure 2: Aspartate Transaminase (AST) between 2 group

Figure 3: Alanine Transaminase (ALT) between 2 group
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sample size was statistically calculated based on the incidence of DILI in 
SA patient population, the total number of participants was minimal. This 
perhaps underestimated the outcome of the treatment, and was the reason 
why statistical difference could not be detected. Lastly, the study was de-
signed to follow up on the patients for only eight weeks of their intensive 
treatment; consequently, the efficacy outcome in terms of relapse/recur-
rent of Pulmonary Tuberculosis (PTB) was not evaluated.

CONCLUSION
In conclusion, this study demonstrated that the lower dose of INH in the 
first-line drug treatment for drug-susceptible Tuberculosis in the SA pa-
tients did not reduce the risk of AT-DILI. The finding counters that in the 
previous RCT study. Therefore, to treat TB patients with a lower dose of 
INH to prevent AT-DILI is still controversial. The application of NAT2 
gene for a guided dosage of INH should be further investigated.
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