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ACLF acute-on-chronic liver failure
ALF acute liver failure
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ATP adenosine triphosphate
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CHB chronic hepatitis B

CHC chronic hepatitis C

CLD chronic liver disease

CTP Child-Turcotte—Pugh

DILI drug-induced liver injury
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HAART  highly active antiretroviral therapy
HEV hepatitis E virus
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HIV human immunodeficiency virus

INH isoniazid

NAC N-acetylcysteine

NAT N-acetyltransferase

NICE National Institute for Clinical Excellence
PT prothrombin time

PZA pyrazinamide

RMP rifampicin

RNTCP  Revised National Tuberculosis Control Programme
ROS reactive oxygen species

TB tuberculosis

ULN upper limit of normal

WHO World Health Organization

Key Points

1. ATT constitutes one of the most prevalent drugs which lead to drug-
induced liver injury.

2. Among the first-line antitubercular therapy drugs, pyrazinamide is believed
to be most hepatotoxic, followed by isoniazid and rifampicin.

3. There are several risk factors like age, gender, nutritional status, concomi-
tant chronic viral hepatitis, and presence of underlying chronic liver dis-
ease, which are reported to influence the predilection of a patient with TB
to develop AT T-related hepatotoxicity.

4. Prompt withdrawal of hepatotoxic ATT medications remains the corner-
stone for the immediate management of ATT-related DILI.

5. With the current data, it would be acceptable to suggest that a sequential
regimen of starting ATT with or without pyrazinamide rather than a con-
comitant regimen would be suitable as a re-introductory regimen espe-
cially in patients having a higher risk of developing ATT-related
hepatotoxicity.

23.1 Introduction

Although the majority of tuberculosis (TB) cases (85%) are treated successfully
with anti-tuberculous therapy (ATT) drugs, treatment-related adverse effects remain
a prime reason for treatment discontinuation. Skin reactions, gastrointestinal upset,
and hepatotoxicity are among the most common adverse effects of ATT drugs.
Drug-induced liver injury (DILI) leads to discontinuation of the drug in about 11%
of patients receiving a combination of rifampicin (RMP), isoniazid (INH), and pyra-
zinamide (PZA) [1]. DILI is primarily of three types: (a) direct, (b), idiosyncratic,
and (c) indirect [2]. (Table 23.1) ATT drugs constitute one of the most prevalent
groups which lead to idiosyncratic DILI [3, 4]. Overall, DILI due to ATT drug
therapy has been reported in around 5% to 28% of patients [3]. The reported
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Table 23.1 Types of drug-induced liver injury

Types of drug-induced liver injury
Direct Idiosyncratic Indirect
Dose Yes No No
dependency
Frequency Common Rare Rare
Latency Usually short Very variable Typically delayed
period
Mechanism | Due to agents that have | Due to agents with no Due to action of the drug
inherent toxicity to liver. | inherent toxicity to liver | rather than its
Predictable Unpredictable hepatotoxic potential
Partially predictable
Example High-dose Amoxicillin— Glucocorticoids (leading
acetaminophen, aspirin, | clavulanate, to fatty liver),
niacin minocycline, Rituximab (hepatitis B
nitrofurantoin, isoniazid | flare)

mortality after the onset of jaundice due to ATT DILI is about 4% to 12%. Patients
with AT T-related ALF are also reported to have higher mortality (67%) [4]. Among
the first line of ATT drugs that are used (INH, PZA, RMP, and ethambutol), the first
three are associated with hepatotoxicity. Among the three, PZA is the most hepato-
toxic, followed by INH and RMP [5]. The following section describes in detail
about these hepatotoxic ATT drugs.

23.2 Isoniazid (INH)

INH has bactericidal properties and is effective both against the extra- and intracel-
lular organisms. It acts by inhibiting the mycolic acid synthesis. INH-induced liver
toxicity is primarily hepatocellular, causing necrosis and steatosis. The toxic metab-
olites of INH bind to cellular macromolecules and lead to DILI [6]. Around 0.5% of
the patients being treated with INH monotherapy develop raised aminotransferase
levels [7]. In patients wherein combination therapies of INH are used (without
RMP), the usual incidence of liver toxicity is around 1.6%, whereas in patients with
regimens including both INH and RMP, the incidence of hepatotoxicity is around
2.5% [8]. INH is primarily cleared by the liver and is metabolized by two pathways,
cytochrome P4502E1 (CYP2E1) and N-acetyltransferase 2 (NAT2) pathways [9].
(Fig. 23.1) The NAT?2 pathway leads to the formation of diacetyl hydrazine which is
a nontoxic compound. The other pathway involving the hydrolysis and cytochrome
P4502E1 pathway leads to the formation of toxic metabolites like acetyl diazine and
other reactive acetyl onium ions and acetyl radicals, which have the capacity to
covalently bind to cellular macromolecules and cause DILI. Hydrolysis constitutes
the minor pathway for INH metabolism; however, in the presence of RMP and in
slow acetylators, this minor pathway could dominate, leading to increased inci-
dence of DILI [10]. Genotypes of NAT2 which have been associated with slow
acetylation have about a fourfold higher risk of having INH-related DILI [11]. In a
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Fig. 23.1 Pathway of isoniazid (INH) metabolism

meta-analysis that included 474 cases and 1446 controls, the odds ratio to develop
INH-related hepatotoxicity was 4.6 in slow acetylators [12]. Glutathione is known
for its free radical scavenging properties and removal of toxic metabolites of drugs,
and it was hypothesized that individuals having polymorphisms at the glutathione
S-transferase (GST) loci would have a higher incidence of ATT DILI. In a pivotal
study by Roy et al. [13], it was shown that null mutations of GSTM1 were two times
more common in cases with anti-TB DILI when compared to controls. INH-related
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hepatotoxicity thus appears to be an immune-related idiosyncratic phenomenon due
to the toxic metabolites [14].

23.3 Rifampicin (RMP)

RMP possesses bactericidal properties and leads to inhibition of mycobacterial
DNA-dependent RNA polymerase. RMP is metabolized by deacetylation to deace-
tyl rifampicin and hydrolysis to 3 formyl rifampicin. These metabolites are usually
excreted in the bile. RMP-medicated hepatotoxicity is idiosyncratic in nature [15].
RMP-related DILI is usually hepatocellular, and it potentiates the hepatotoxicity of
other ATT drugs. RMP may also cause dose-dependent interference in the bilirubin
uptake as it competes with it for clearance at the sinusoidal membrane. This can
lead to mild unconjugated hyperbilirubinemia without hepatocellular injury.
However, RMP can also inhibit the major bile salt exporter pump, which impedes
the secretion of conjugated bilirubin. This can transiently lead to conjugated hyper-
bilirubinemia [16]. Idiosyncratic type of RMP-induced DILI is known to occur in
the first month of therapy [17].

23.4 Pyrazinamide (PZA)

PZA is a derivative of nicotinic acid and undergoes deamidation to form pyrazinoic
acid, which is the active form of PZA. The half-life of PZA is longer than RMP and
INH. When given at a high dose of 40-50 mg/kg, hepatotoxicity appears in about
15% of patients [18]. Doses of 25-30 mg/kg, which are currently employed in the
ATT regimens, are much safer. PZA has the potential to cause both dose-dependent
and idiosyncratic type of DILI. PZA can also lead to hypersensitive reactions with
eosinophilia, liver injury, and granulomatous hepatitis [19].

23.5 Fluoroquinolones (FQL)

FQL are used primarily as second-line agents to treat TB in the setting of multidrug-
resistant cases or in patients where first-line agents cannot be used. Hepatotoxicity
related to FQL is extremely uncommon and related to hypersensitivity type of reac-
tions with eosinophilia and fever [20].

23.6 Clinical Features

The clinical features of AT T-related DILI have a wide spectrum of variation in terms
of severity. The presentation can range from asymptomatic elevation of transami-
nases to acute hepatitis leading to acute liver injury and acute liver failure. A mild
increase in aminotransferases while the patient is on ATT is seen in around 20% of
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patients, and they are usually asymptomatic. This phenomenon is labeled as hepatic
adaptation wherein the elevated transaminases normalize with the continuation of
ATT drugs [5]. When symptomatic, the majority of patients have nonspecific symp-
toms like nausea, vomiting, and abdominal pain. In a study from a large TB center
in the UK, AT T-related DILI was reported in 6.9% of patients. Around half the cases
of DILI occurred within the first 2 weeks of starting ATT and 87.6% occurred within
8 weeks. The commonest symptoms among patients presenting with ATT-related
DILI were nausea and vomiting in 54% of patients followed by abdominal pain in
18% and skin complaints in 17%. Clinical jaundice was noted in around 12% of
patients [21]. In a study from Western India, 82 patients with DILI were evaluated,
of which 49% were due to ATT drugs. The most common symptoms noted in this
study were nausea and vomiting in around 90% of patients with DILI, followed by
abdominal pain in 73% and anorexia in 69% of patients. The authors also showed
that there was significantly higher mortality for patients with ATT-related DILI
(17.5%) vs. those without (2.4%) [22]. In a pivotal study from South India, ATT was
the etiology for DILI in 58% of all cases presenting with DILI (n = 313) over a
period of 11 years, and ATT was the culprit in around 76% of cases of drug-induced
acute liver failure (ALF) [4]. It was also noted in this study that the majority of the
patients were relatively younger in age (mean age around 40 years). The mortality
rate reported in this study was high (67%) among patients with ALF due to ATT. In
another key study by Kumar et al [23], 1223 consecutive patients with ALF were
evaluated, and ATT was determined to the etiologic agent in 70 (5.7%) patients. The
authors noted that the median time duration of ATT intake before the onset of ALF
was about 30 days. In comparison to patients having ALF due to hepatitis E virus
(HEV) and non-A non-E etiology, patients with ATT-related ALF were older in age
and had a lesser elevation of liver enzymes. The mortality rate was noted to be high
among patients with ATT-ALF (67.1%). The authors suggested three factors that
independently predicted mortality on the basis of their study - serum bilirubin
>10.8 mg/dl, elevated prothrombin time (PT) (>26 seconds), and the presence of
high-grade (III/IV) hepatic encephalopathy at presentation [23]. It is thus vital to
understand that AT T-related DILI can have a wide variation in its clinical presenta-
tion, which can range from the asymptomatic rise of transaminases and mild symp-
toms of nausea to severe acute liver injury and ALF.

23.7 Risk Factors for ATT-Related DILI

The factors mentioned below have been reported to influence the predilection of a
patient with TB to develop AT T-related hepatotoxicity (Fig. 23.2):

(a) Age: Age has been incriminated as a risk factor to increased predisposition to
ATT-related DILI in various studies. In a study assessing over 500 patients on
standard ATT, a 3.5-fold higher risk for ATT-related DILI was observed in
patients over the age of 60 years [1]. In another study, it was noted that PZA-
related adverse effects and DILI were higher (2.6-fold times) in patients above
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ATT RELATED
HEPATOTOXICITY

Fig. 23.2 Risk factors to develop ATT-related hepatotoxicity

(b)

60 years [24]. The incidence of INH-related DILI is noted to be higher among
patients aged above 50 years [25, 26]. Data from another prospective clinical
study noted that age over 35 years was an independent predictor to develop
ATT-related DILI. Those aged less than 35 years had a 17% risk of ATT-related
DILI when compared to 33% among patients who were over 35 years old [27].
The incidence of ATT-induced hepatitis reported in children from various
parts of the world ranges from 1.8% to 6.5%, the variations being attributed to
the regimen used, drug doses, diagnostic criteria, and type of surveillance,
whether active or passive [28, 29]. With the recent increase in pediatric doses of
rifampicin (to 10-20 mg/kg/day from previous 10 mg/kg/day) and isoniazid (to
10-15 mg/kg/day from previous 5 mg/kg/day) recommended for use in chil-
dren, there are concerns about the increase in the incidence of liver injury. A
recent Indian study reported an overall incidence of ATT-induced hepatotoxic-
ity in children as 2.3%: 1.9% with old doses of ATT and 2.7% with revised
doses; the increase was, however, not statistically significant [30].
Gender: Various studies have reported that women have a higher predilection
(fourfold higher risk) to develop AT T-related DILI when compared to men [31].
The activity of the cytochrome enzyme (CYP3A) is reported to be on the higher
side in females which in part can explain this higher risk [32].
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Nutritional status: Several studies have noted a link between the presence of
underlying malnutrition and increased risk of developing ATT-related DILI
[33]. In a study by Warmelink et al., it was noted that patients who had a loss of
weight of two kgs or more within a span of 4 weeks of ATT had a higher predi-
lection to develop AT T-related DILI [34].

Alcohol intake: Several studies have also linked alcohol consumption to a
higher risk of ATT-related DILI. The propensity of alcohol to induce liver
enzymes is the postulated mechanism for this link [35, 36].

Concomitant chronic viral infection: Studies have linked a higher predilection
of having ATT-related DILI in patients with underlying chronic hepatitis B
(CHB) infection. In a study by Wang et al. [37], patients with CHB had a higher
risk of developing AT T-related DILI when compared to patients who were unin-
fected (16% vs. 4.7% p < 0.001). This study also demonstrated that the degree
of hepatotoxicity is linked directly to the viral load at the time of starting the
ATT. Similar data have also been noted in those patients infected with chronic
hepatitis C (CHC) infection. In a study from Miami, it was observed that 30%
of patients with CHC infection developed ATT-related DILI when compared
with 11% of uninfected patients. The authors similarly noted a trend to increased
severity of DILI in those with higher hepatitis C viral load [38]. A study by
Anand et al. noted that the presence of concomitant CHB and underlying
chronic liver disease were significantly associated with the development of
ATT-related DILI [39]. Human immunodeficiency virus (HIV) infection also
increased the risk of ATT-related DILI. Various studies from the highly active
antiretroviral therapy (HAART) era have noted the risk of ATT-related DILI to
be around 4% to 27% among patients on ATT having concomitant HIV infec-
tion [40].

Presence of underlying liver disease: The presence of underlying cirrhosis
increases the risk for ATT-related DILI. ATT-related DILI in a patient with
underlying cirrhosis can trigger an acute-on-chronic liver failure (ACLF),
which carries a higher risk of mortality.

Genetic predisposition: Polymorphisms of various genes coding for the
enzymes involved in the drug metabolism have been linked to increased predis-
position to ATT-related DILI. The prime candidates are genes linked to NAT2
and CYP2E1, which can lead to the formation of reactive drug metabolites and
trigger hepatotoxicity. Studies have also shown that the presence of HLA-
DQB1*#0201 allele and the absence of HLA-DQA1*0102 allele were associ-
ated with a higher risk of ATT-related hepatotoxicity [35].

23

.8 Pathophysiology

The pathophysiology of ATT-related hepatotoxicity can be understood as follows:

1.

The initiating event: The factors leading to the higher formation of drug metabo-
lites as resulting from phase I metabolism or factors which lead to reduced detoxi-
fication as a consequence of the failure of phase II metabolism are likely the key
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inciting event. The reactive drug metabolites lead to cellular stress by overwhelm-
ing the antioxidant defense mechanism or binding with lipids, nucleic acids, or
cellular enzymes. These metabolites can also lead to lipid peroxidation, which can
lead to cell death [41]. The involvement of mitochondria is also considered a key
link in the pathophysiology of DILI. When the mitochondrial respiratory chain is
affected, it results in the depletion of adenosine triphosphate (ATP) which can, in
turn, lead to the production of reactive oxygen species (ROS) [42].

2. The immune response: An innate immune response is known to propagate or
inhibit an inflammatory process, and it thus plays a key role in deciding the fate
of progression and severity of DILI. Innate immunity not only guides the pro-
duction of cytokines involved in hepatic inflammation but also assist in liver
regeneration. Inhibition of histone modification is another potential link mediat-
ing DILI. Histone acetylation is known to have a key role in gene transcription,
and thus exhaustion and depletion of the enzyme histone acetyltransferase can
result in the inhibition of hepatic regeneration and thus propagating DILI [43].

23.9 Diagnosis of ATT-Induced Hepatitis

ATT-induced hepatitis is diagnosed based on the international criteria developed for
drug-induced hepatitis.
The criteria included are as follows: [5].

(a) Elevation of transaminases higher than 3 times the upper limit of normal (ULN)
or 2 times the ULN of bilirubin in the presence of associated symptoms like
anorexia, nausea, vomiting, pain in the right upper abdomen, and jaundice.

(b) Elevation of transaminases higher than 5 times the ULN without the presence
of associated symptoms.

23.10 Management of ATT-Related DILI

The guidelines to manage and approach a patient with AT T-related DILI come from
the British Thoracic Society (BTS) [44], the American Thoracic Society (ATS) [19],
and the National Institute for Clinical Excellence (NICE), UK [45]. (Fig. 23.3).
Revised National Tuberculosis Control Programme (RNTCP) from India has also
issued its guidelines in 2019 for reinstituting ATT drugs after the diagnosis of ATT-
related DILI [46].

(a) Risk stratification: It is apt to screen the patient for risk factors that lead to
increased predisposition to ATT-related DILI. These include assessment of
nutritional status, alcohol intake, and evaluating for the presence of superim-
posed co-infections with hepatitis B, hepatitis C, and HIV. It is imperative to
rule out underlying chronic liver disease, which could increase the risk of ATT-
related hepatotoxicity. Assessment of this risk—benefit ratio is extremely vital
when planning to empirically start ATT.
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Assess risk factors to develop
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| Risk factors absent | | Risk factors present |
ATT drugs started

Assess the risk
benefit ratio in case
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Intensive patient
education and
counselling

ALT >3 times ULN or S bilirubin >2 times ULN with

concurrent symptoms attributable to hepatotoxicity (or)
when ALT >5 times the ULN without symptoms

Continue ATT under monitoring [ Stop all hepatotoxic ATT drugs ’

Normalization of transaminases or
ALT <2 times ULN

Fig. 23.3 Protocol to follow in case of ATT-related DILI

(b) Immediate action: Prompt withdrawal of ATT medications remains the corner-
stone for the immediate management of ATT-related DILI. As mild elevations
of transaminases would not justify stoppage of ATT (as they may be a conse-
quence of hepatic adaptation), it is recommended that all the potential hepato-
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toxic ATT drugs need to be stopped only when alanine aminotransferases (ALT)
reach three times the ULN with concurrent symptoms attributable to hepatotox-
icity or when the ALT becomes five times the ULN in the absence of associated
symptoms [9]. Isolated hyperbilirubinemia without elevation of transaminases
does not fulfill the definition of DILI by the DILI working group though the
BTS guidance suggests careful monitoring and potentially stopping the hepato-
toxic drugs [21, 44]. In patients where the clinical situation merits continual of
ATT drugs, non-hepatotoxic drugs like FQL, cycloserine, ethambutol (ETH),
and aminoglycosides can be considered. After the withdrawal of ATT drugs, the
hepatotoxic anti-TB drugs need to be withheld till normalization of transami-
nases or at least till the ALT drops below two times the ULN [8].

(¢) Re-introductory regimens: In view of the high efficacy of the first-line ATT
drugs, it is imperative to consider them in the treatment regimen. It has been
noted that the risk of having a repeat episode of ATT-related DILI is around
11% to 24% on re-exposure of the same drug regimen [47]. The BTS and ATS
guidelines suggest reintroducing the ATT drugs one at a time; however, the
World Health Organization (WHO) recommends starting all the drugs simulta-
neously and starting the drugs in a consecutive manner only in case of a repeat
episode of ATT-related DILI. The RNTCP 2019 guidelines from India recom-
mend adding the primary ATT drugs in a consecutive manner after the liver
enzymes become less than 2 times ULN. It suggests starting with a full dose of
rifampicin first, and the other ATT drugs are added (in full dose) every 3 days,
with regular LFT monitoring. A new drug is reinstituted only if the ALT is less
than twice the ULN [46].

An elegant study randomized 175 patients into 3 different regimens of reintro-
duction and noted no significant difference in the occurrence of AT T-related repeat
DILI [47]. In another study by Tahaoglu et al. [48], the authors concluded that the
incidence of ATT-related DILI was higher if the ATT drugs were re-initiated in a
full-dose regimen (including pyrazinamide) when compared to a regimen which
included a gradual reintroduction of anti-TB drugs without pyrazinamide. In a
recent network meta-analysis to assess the impact of various re-introductory regi-
mens on the risk of developing ATT-related hepatotoxicity, four randomized con-
trolled trials with 577 patients were analyzed. It was shown that the sequential
regimen with incremental doses of anti-TB drugs was linked to a significantly
reduced risk of ATT-related hepatotoxicity when compared to the concomitant full-
dose regimen. This meta-analysis also suggested that the re-introductory regimen
using RMP first or INH first leads to similar rates of ATT-related hepatotoxicity
[49]. With the current data, it would be acceptable to suggest that a sequential regi-
men with or without PZA rather than a concomitant regimen would be suitable as a
re-introductory regimen especially in patients having a higher risk of developing
ATT-related hepatotoxicity, e.g., those with malnutrition, concomitant hepatitis B,
and hepatitis C infection [47]. Using an incremental dose strategy for RMP and
INH, wherein one drug is started at a time using half its dose initially, it would be
feasible to identify the drug responsible for hepatotoxicity if and when the transami-
nases get elevated. This incremental dose regimen would likely be less hepatotoxic
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as the patient is not exposed to all the hepatotoxic drugs at full dose simultaneously.
However, a longer time is required to attain the target dose of ATT drugs for the
patient. There is currently no concrete evidence to suggest that 3 times per week
regimen is less hepatotoxic than a daily regimen [50]. As INH and RMP are very
efficacious in the management of TB, it is imperative that their use is considered in
the ATT regimen whenever feasible.

Possible regimens would include [9].

(i) Regimen containing two hepatotoxic drugs:
— Nine months of RMP and INH, plus ETH.
— Two months of RMP, INH, amikacin, or streptomycin and ETH, followed
by six months of RMP and INH.
— Six to nine months of RMP, PZA, and ETH.
(i1) Drug regimen with one hepatotoxic drug:
— Two months of INH, ETH, and amikacin or streptomycin, followed by
10 months of INH and ETH.
(iii) Drug regimen with no hepatotoxic drugs:
— Eighteen to twenty-four months treatment with a combination therapy of
ETH, FQL, cycloserine, and aminoglycoside or capreomycin can be
considered.

23.11 ATT Regimen in Patients with Underlying Cirrhosis

The severity of DILI may be more severe when occurring in the setting of underly-
ing cirrhosis. ATT-related DILI can trigger an ACLF in patients with underlying
CLD, which can be associated with high mortality. In a recent study by Devarbhavi
etal. [51], ATT was incriminated in the etiology of acute insult in 27.3% of patients
who presented with drug-induced ACLF. The authors also noted that mortality was
higher in patients with ACLF in whom the acute insult was related to drugs vs. those
with non-drug-induced ACLF (46.5% vs. 38.8%). This data emphasizes the extreme
vigilance which has to be taken in monitoring therapy with ATT drugs when used in
patients with underlying cirrhosis. Table 23.2 provides a guide on the regimen to be
used in patients with underlying cirrhosis based on the basis of Child—Turcotte—
Pugh (CTP) score [52].

23.12 Role of Drugs in ATT-Related DILI

Withholding ATT drugs having hepatotoxic potential in case of development of
ATT-related DILI is the primary step in the management of such patients.
Baniasadi and colleagues evaluated the role of N-acetylcysteine (NAC) in pre-
venting ATT-related DILI in an RCT, which compared ATT with NAC vs. ATT
alone. The authors noted that hepatotoxicity related to anti-TB drugs occurred in
37.5% of patients in the group not receiving NAC and none in the group where
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Table 23.2 ATT regimen in patients with underlying cirrhosis of liver

Child-Turcotte— Underlying
Pugh score ATT regimen to be used liver disease
<7 2 hepatotoxic drug regimens can be used- Stable liver
CTP class A wNine months of therapy with RMP and INH, plus ETH disease

(or)

wTwo months of therapy with RMP, INH, and ETH,
which is followed by seven months of RMP and INH [54]
8-10 1 hepatotoxic drug regimen can be used- Advanced
CTP class B w@wTwo months of therapy with INH (or) RMP with ETH liver disease
and aminoglycoside, which is followed by ten months of
therapy with INH and ETH [53]

>11 No hepatotoxic drugs to be used Very
CTP class C wEighteen to twenty-four months treatment using a advanced
combination of ETH, FQL, cycloserine, and liver disease

aminoglycoside or capreomycin [53]

concomitant NAC was administered [53]. However, more studies are required to
confirm the role of NAC in preventing ATT-related DILI, especially in patients
with underlying risk factors.

23.13 Conclusion

TB continues to impose a significant healthcare burden in the world, and in India.
Accurate diagnosis and prompt treatment remain the cornerstone to control the
wrath imposed by this disease. As the first-line drugs used in the treatment of TB
have a predilection for causing hepatotoxicity, identifying the high-risk patients and
careful monitoring on therapy play a vital role in the early diagnosis and apt treat-
ment. A knee-jerk reaction of stopping ATT drugs should not be done with a mar-
ginal rise in transaminases (hepatic adaptation) as, in most cases, they would
normalize and prevent the development of drug-resistant tuberculosis. When spe-
cific stopping rules are attained, as mentioned above, stopping ATT drugs and con-
tinuing anti-TB medicines without hepatotoxic potential are recommended. A
sequential regimen with incremental doses of drugs currently seems to be the norm
in planning the re-introductory regimen, especially in patients having risk factors in
developing AT T-related DILI.
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