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Background: The aim of this study was to investigate the clinical characteristics and the risk factors associated with anti-
tuberculosis (anti-TB) drug-induced liver injury (DILI).

Material/Methods: This retrospective study enrolled 140 hospitalized patients diagnosed with anti-TB DILI during January 2009
to December 2015. We assessed the baseline characteristics and performed regular follow-up up to the 24t
week to assess the possible risk factors associated with the condition.

Results: The study population was 58.6% male and 41.4% female patients; 20.7% were diagnosed with grades 4-5 DILI
and 79.3% with grades 1-3 DILI. Female patients were significantly more likely to be diagnosed with grades
4-5 DILI than with grades 1-3 DILI (58.6% vs. 36.9%, p=0.036). Patients treated with a multidrug anti-TB regi-
men were more commonly affected with grades 4-5 DILI (86.2% vs. 68.5%, p=0.045). A significant number of
patients who reinitiated anti-TB therapy suffered severe liver injury in comparison to patients with grades 1-3
DILI (41.4% vs. 10.8%, P<.001). Laboratory examinations revealed significantly higher values for total biliru-
bin (TBL), International normalized ratio (INR), and Hy’s law (P<.001) in the grades 4-5 group compare to the
grades 1-3 group.
Conclusions: Female gender, combination therapy for antitubercular drugs (isoniazid, rifampicin and pyrazinamide), re-chal-
lenge were the risk factors associated with the severity of anti-TB DILI.
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Background

Tuberculosis (TB) is a chronic infection of global health con-
cern due to the burden of high incidence, medical expenses,
drug resistance, and coinfections [1]. China reports the sec-
ond highest incidence of TB reported worldwide. with up to
1 300 000 new cases reported each year [2].

A combination of isoniazid (INH), rifampicin, pyrazinamide, and
ethambutol is the commonly recommended treatment regimen
for TB. However, drug-induced liver injury (DILI) is a major ad-
verse event of anti-TB treatment, leading to nonadherence,
treatment failure, or development of drug resistance. Globally,
anti-TB DILI is reported in 2% to 28% [3] of patients accord-
ing to various definitions, study populations, and treatment
regimens, with China reporting an incidence rate of 2.55% [4].

The clinical features of anti-TB DILI can vary from mild asymp-
tomatic elevation of alanine aminotransferase (ALT) and as-
partate aminotransferase (AST) to acute hepatitis or even liver
failure. Although many studies have revealed the clinical fea-
tures and outcomes of anti-TB DILI [3], the results have failed
to explain the relationships between clinical and biochemical
characteristics and outcomes of anti-TB DILI. The aim of the
present retrospective study was to assess the clinical features,
biochemical characteristics, and the outcomes of anti-TB DILI
by following up these patients for 24 weeks.

Material and Methods

Study design and population

This was a single-center, retrospective cohort study conduct-
ed at the Liver Disease Center of Beijing Ditan Hospital. We
enrolled 140 TB patients who were hospitalized with a diag-
nosis of drug-induced liver injury during anti-tubercular treat-
ment between January 2009 and December 2015.

Patients ages 15-80 years were included in the study if they
had: (1) normal liver function prior to the initiation of anti-
tubercular treatment; (2) clinical symptoms of anti-tuberculosis
drug-induced hepatotoxicity including fatigue, gastrointestinal
disturbances, jaundice, or allergic manifestations; (3) abnormal
liver function test; and (4) Roussel Uclaf Causality Assessment
Method (RUCAM) simplified version [5] score of >6.

Exclusion criteria were: liver abnormalities prior to anti-tuber-
cular treatment, including viral hepatitis, alcoholic liver dis-
ease, nonalcoholic fatty liver disease, Wilson’s disease, auto-
immune liver disease, unexplained liver function abnormalities;
malnourished patients; patients with chronic diseases such as
HIV infection, severe cardiovascular and/or cerebrovascular
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diseases, chronic renal insufficiency; and patients who could
not participate in follow-up on time.

The study protocol was approved by the Institutional Review
Board (IRB) of Beijing Ditan Hospital and conformed to the
standards of the Declaration of Helsinki and its subsequent
revisions.

Clinical classification of drug-induced liver injury

Based on the modified criteria for DILI [3] and the criteria es-
tablished by the Chinese Medical Association, we categorized
the patients into 3 categories [6]:

(1) hepatocellular injury, ALT >3xULN and ALT/ALP >5; (2) cho-
lestatic injury, ALP >2xULN and ALT/ALP <2; (3) hepatocellu-
lar-cholestatic mixed injury, ALT >3xULN, ALP >2xULN and
2< ALT/ALP <5.

Classification criteria for the severity of drug-induced liver
injury

Based on the different expert opinions put forward, we clas-
sified the severity of acute DILI into 5 grades [6]:

Grade 1 (mild liver injury): The patient’s serum level of alanine
transferase or alkaline phosphatase is elevated, but total bil-
irubin (TBIL) <2.5 ULN, and without coagulation dysfunction
(International normalized ratio (INR) <1.5);

Grade 2 (moderate liver injury): Patients with elevated serum
levels of alanine transferase or alkaline phosphatase, and TBIL
>2.5 ULN or coagulation dysfunction (INR >1.5) despite lack
of hyperbilirubinemia;

Grade 3 (severe liver injury): elevated serum aminotransfer-
ase and/or alkaline phosphatase, TBIL >5ULN, with or without
INR >1.5 and requiring hospitalization for drug-induced liver
injury (or prolonged hospitalization);

Grade 4 (acute liver failure): Evidence of coagulation abnormal-
ity indicated by INR >1.5 or PTA (prothrombin activity) <40%,
signs of hepatic encephalopathy, and TBIL >10 ULN (10 mg/dL
or 171 Imol/L) or daily increase >1.0 mg/dL (17.1 Imol/L) in
26 weeks after the DILI onset. Patients may have ascites and
DILI-related dysfunction of other organs;

Grade 5 (fatal): Death due to DILI or necessitates a liver trans-
plant for survival.
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Table 1. Baseline characteristics including clinical features of grade 1-3 DILI and 4-5 DILI.

Clinical features

Grades 1-3 DILI
N=111

Grades 4-5 DILI

N=29 P value

Age (mean+SD) 40.71+£15.94 42.38+19.67 0.676
CMaleNG) 70 (631% 12 (@14%  00%
Csymptomsandsigns
CReverNG® 33 Q%) 16 (552% 0012
CRashNGH o oqaewn 8 Qre% 0092
CRatigeNG® 7 (649 2 @59% 0252
CBownuineN® 63 (68%) 27 ©31% w0001
ClossofappetiteN (%) 76 (5% 28 (966%) w0001
CComobidiyN(® 3 @ew 7 @41% 0680l
primary liver diseaseN () 25 @s%) 7 @a1%  ossa
Concomitant medicationN %) 25 @s%) 7 @a1%)  ossa
CTuberculosisloci
Tuberculosis (ung) N %) 84 @so% 20 (88%
Tuberculous plewrisyN %) 18 (160 7 Qoe%

ymphoid tuberculosisN %) 5 @sw 4 1s%) 0.140
BonetuberculosisN %) 5 @sw 2 59w
Tuberculous meningitisN ) o ©o® 1 @
 Combination of isoniazid, rifampicin, pyrazinamide N (%) 76 (685%) 25 (862%) 0045
| Anti-tuberculosis treatment time (meanSD) 64711510 487es5281 0152
RechallengeN(® 12 (ogw 12 @4% w0001
Baseline examinations Follow-up

Baseline evaluations included total physical examination and
recording the vital signs, laboratory tests (complete blood cell
count, urine examination, fecal occult blood, PTA, liver function
tests, kidney function tests, blood lipids, blood sugar, autoan-
tibodies and hepatitis virus panel), and abdominal Doppler ex-
amination (liver, gallbladder, Spleen, ascites, portal blood flow).

Treatment

The patients were advised to stop taking all anti-TB drugs im-
mediately and were recommended to have a light diet along
with ample bed rest. According to patients’ individual condi-
tions, they were treated with hepatoprotective agents; emer-
gency liver transplantation was considered for patients with
ALF/SALF.

Patients were followed up closely by a chest physician and a
hepatologist weekly for the first 2 weeks and then were fol-
lowed up at 4, 12, and 24 weeks. At each visit, the patients
underwent a complete physical examination, including record-
ing of the vital signs and laboratory tests (blood routine, PTA,
liver and kidney function tests). At 24 weeks, the abdominal
Doppler scan was repeated.

Statistical analysis

Statistical analysis was performed using SPSS 17.0. Quantitative
data are expressed as mean+standard deviation. Comparison
between groups was performed by t test or variance test. Non-
normally distributed quantitative data were analyzed by non-
parametric rank sum test, Wilcoxon test, or Kruskal-Wallis
test; qualitative data are represented using frequency or rate.
The differences between groups were analyzed by chi-square
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Table 2. Laboratory tests and clinical classification of 1-3 DILI and 4-5 DILI.

Laboratory tests and clinical classification

Grades 1-3 DILI
N=111

Grades 4-5 DILI

N=29 P value

Complete blood count

Mixed type

5.93+3.10 8.81+4.22 <0.001
034054 046rlod 0547
9 (®02% 17 (86%) 0021
"""" 48625636695  SA376+4690 0475
"""" 33876133450 47442638924 0062
"""" 15557412858 1472569471 0745
”””” 1335048505 16674:11385 0084
""""" §731£10327 35903416135 <0001
""""" 8257410201 2454049254 <0001
””””” 381041643 2899:348 0004
"""""" 117:020  260:084 <0001
””””” 675114376 7166s4135 0647
16 (aaw 4 wsw
s G219 21 (24%) 0.99
s oase 4 (3w
59 (s32%) 29 (1000%) w0001
 ssow617 245262 w0oo1
7 oA 19 6ss%
o2 asew 3 (103%) 0.172
oo 7 @a1%)

test or Fisher test. A value of P<.05 was considered statisti-
cally significant.

Results

Baseline characteristics

Among the 140 patients diagnosed with anti-TB DILI, 82 (58.6%)
were males and 58 (41.4%) were females, with a mean age of
41 years. In our study, 104 patients had pulmonary TB, while
extra-pulmonary TB involved the pleura in 25 patients, lymph
nodes in 9 patients, and meninges in 1 patient. Concomitant

medications included: 15 patients on long-term antihyper-
tensive drugs, 12 patients on long-term hypoglycemic drugs,
and 2 patients on allopurinol for hyperuricemia. The time in-
terval from onset of anti-tuberculosis therapy and the detec-
tion of hepatotoxicity ranged from 7 to 90 days, and the av-
erage time was 24 days.

Based on the severity of liver injury, patients were catego-
rized into 2 groups: Group A consisted of 111 patients with
grades 1-3 DILI and Group B consisted of 29 patients with
grades 4-5 DILI. The baseline characteristics of both groups
are demonstrated in Table 1. The number of female patients in
group B (grades 4-5 DILI) was significantly higher than that in
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group A (58% vs. 36.9%; p=0.036). Anti-tuberculosis drugs in-
cluded isoniazid, rifampicin, ethambutol, pyrazinamide, levo-
floxacin, moxifloxacin, and aminoglycosides. We calculated
the proportion of patients treated with isoniazid, rifampicin,
and pyrazinamide for anti-tuberculosis. From a total of 101
patients treated with anti-tuberculosis treatment regimens of
isoniazid, rifampicin, and pyrazinamide, significantly more pa-
tients were diagnosed with grades 4-5 DILI in comparison to
grades 1-3 (86.2% vs. 68.47%, p=0.045).

The proportion of patients who had re-challenge anti-TB
therapy in group B was significantly higher than in group A
(41.4% vs. 10.8, P<0.001).

Clinical features in study population

The clinical manifestations of anti-TB DILI reported in our study
population included loss of appetite (n=104), fatigue (n=94),
brown urine (n=90), fever (n=49), and rash (n=22). Clinical
manifestations of fever, change in urine color, and loss of ap-
petite was significantly more frequent in patients with grades
4-5 DILI in comparison to those with grades 1-3 DILI (Table 1).
According to the clinical classification, 96 patients were diag-
nosed with hepatocellular type, while 24 patients had cho-
lestasis type, and 20 patients reportedly had mixed-type injury.

Laboratory diagnosis

The detailed laboratory analysis is shown in Table 2. The com-
plete blood count revealed significantly higher WBC counts in
patients with grades 4-5 DILI in comparison to patients with
grades 1-3 DILI (8.81+4.22 vs. 5.93+3.10, p<0.001). The liv-
er function test revealed significantly higher total bilirubin
(359.03+161.35 vs. 87.31+103.27; p<0.001) and total bile ac-
ids (245.40+92.54 vs. 82.57+102.01; p<0.001) and significantly
lower albumin levels (28.99+3.48 vs. 38.10+16.43) in patients
with grades 4-5 DILI in comparison to patients with grades
1-3 DILI. All the patients in group B met Hy’s law and the dif-
ference between groups was statistically significant (p<0.001).

Outcome of treatment

All the patients in group A (grades 1-3) and 19 patients in group B
(grades 4-5) recovered and were discharged from the hospi-
tal, while 10 patients in group B died because of liver disease.

Clinical features and laboratory tests in grades 4-5 DILI

Based on the treatment outcomes, we categorized group B pa-
tients into 2 sub-groups: a fatality group and an improvement
group. The baseline characteristics, clinical features, and labo-
ratory analysis of these groups are detailed in Tables 3 and 4.
The patients in the fatality group had significantly higher total
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bilirubin levels (429.91+96.86 vs. 321.72+177.61, P=0.043), INR
(3.40+0.99 vs. 2.17+0.23; P=0.003) and MEID (28.73+5.91 vs.
22.31+5.38; P=0.006).

Discussion

In our study, we analyzed the incidence, clinical manifestations,
biochemical characteristics, and outcomes based on the dif-
ferent grades of anti-DILI.

The average time elapsed from the initiation of anti-TB treat-
ment to developing DILI was about 24 days, with longer on-
set time in patients with grade 1-3 in comparison to those
with grade 4-5. The onset time reported in our study was
shorter than that reported by et al. [7], who reported a medi-
an evolving time of 30 days, and was shorter than that found
by Kumar et al. [8], who reported a median time of 28 days.

The clinical manifestations of anti-tuberculosis drug-induced
liver injury are diverse and non-specific and can vary from an
asymptomatic liver dysfunction to severe acute hepatitis, or
even acute liver failure. The mechanism by which drug-induced
hepatotoxicity occurs mainly involves hypersensitivity reac-
tions clinically manifesting as fever, rash, or eosinophilia. In
our study, the most common clinical manifestations were fever,
rash, fatigue, loss of appetite, and dark brown urine. Although
some patients present with clinical symptoms, about 20% of
patients presents with asymptomatic transaminase elevation
with standard anti-TB drug therapy [9,10]. In the course of
treatment, the drug that likely caused the liver damage should
be stopped and the use of prescribed liver-protecting drugs
should be minimized to avoid exacerbations caused by recur-
rence of allergic reactions [11]. Liver injury can be fatal if diag-
nosis and management are not initiated immediately. Hence,
it is advisable to routinely monitor liver function in patients
receiving anti-TB drugs.

In the current cohort of anti-TB DILI patients, hepatocyte in-
jury was more common compared to cholestasis and mixed-
type liver injury. Liver injury is more severe in hepatocellu-
lar type, while patients with cholestatic/mixed type are more
likely to develop chronic disease [12,13]. Studies have found
that hepatocellular injury is more common in young females,
while the cholestatic type of DILI is more common among the
elderly, but it remains unclear why there is an association be-
tween age and DILI phenotypes [14].

According to the literature, there are many factors affecting the
severity of DILI, including advanced age, female sex, alcohol
consumption, and malnutrition [15-19]. In the present study
we found no significant difference in age of patients diag-
nosed with grades 1-3 compared to those with grades 4-5 DILI.
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Table 3. Baseline characteristics and clinical features in grade 4-5 DILI fatality group and the improvement group.

Grades 4-5 DILI

Grades 4-5 DILI

Clinical features fatality group improvement group AT
N=10 N=19

Age (mean+SD) 35.00+18.39 46.26+19.66 0.146
CMaeNed 2 oo 10 (26% 0194
CSymptomsandsigns
CReverNOY s s00%) 11 (79% 0989
CRashNG) 4 @oow 4 Qw0517
CRaigueN(O o ©oo% 13 (684% o404
CBrownurneN () 10 (1000% 17 95w 051
ClossofappetiteN () 10 (1000%) 18 (047% 1000
CComombidityNe®) 1 ooo% 6 (Glew 0404
Primary lver disease N G6) 1 ooow 2 (0s%) 1000
Concomitant medication N %) 3 Goo% - 4 Qw093
CMberalosisloct
Tuberculosis (wng) NGO 7 G83%) 31w
Tuberculous plewrisyN (6) 3 so%) - 4 8%
ymphoid tuberculosis N %6) 2 (6% 2 1% 0.701
CBonetuberculosisN (9) o 00w 2 1%
Tuberculous meningitisN %) o 00w 1S
 Combination of isoniazid, rifampicin, pyrazinamide N (%)) 8 (0% 17 (895% 08
| Antituberculosis treatment time (meansSD) 441082160 512116393 0737
RechallengeN () 5 (500%) 7 Gesw o774
Uver failure related complications N (9) 10 (1000%) 11 (79% 0048
N 8 (00% 10 (26%) 0298
Gastrointestinal hemorthage N (6) 2 (oo%) o ©o%  ou1
HepaticencephalopathyN %) o ©oo% 2 (05%) w0001
Hepatorenal syndrome N (%) 3 Goow 163 029

We also observed that patients with grades 4-5 who died
were younger in comparison to those who survived. However,
Sharma et al,, in India, reported deaths at an average age of
34.8+16.8 years whereas that of the survivors was 28.8+12.9
years [8]. There are few studies that have reported no asso-
ciations between age and gender with DILI. It has been re-
ported that women are at increased risk of developing hepa-
totoxicity when receiving anti-tuberculosis treatment. In the
present study, the proportion of women with grades 4-5 liv-
er injury was higher than that of men, suggesting that wom-
en receiving anti-tuberculosis drugs may be more prone to

severe liver damage or even liver failure. Ichai et al. [20] and
Kumar et al. [21] conducted studies in France and India, respec-
tively, and both reported anti-TB drug-associated liver failure
in about 70% of female patients.

Other risk factors associated with anti-TB DILI include alco-
holism and viral hepatitis. Anand et al. reported that patients
with hepatitis B virus infection had significantly higher inci-
dence of anti-TB DILI than those without infection (37.5% vs.
10.2%, p<0.01) [21]. The patients enrolled in our study had
normal liver function before anti-tuberculosis treatment, and
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Table 4. Laboratory analysis and clinical classification of 4-5 grade DILI fatality group and improvement group.

Laboratory examination and clinical classification

Grades 4-5 DILI
fatality group

Grades 4-5 DILI

improvement group P value

Complete blood count

N=10 N=19

WBC count (10°/L) 9.3616.11 8.52+2.96 0.688

EBCcownt(o’y) 0215030 0594125 0353
CEBC>00SA0LNG) 5 (500% 12 (632% 0774
lverfunctiontest
B 35244123166 64445150279 0095
Castom 3834526869 52230143881 0371
eTom 1523549450 1445749725 0838
B 2160415722 1431347810 0126
L @mol) 4299119686 2172417761 0043
CTA@MO) 209518060 2582719780 0310
B 28961336 2001363 0974
WR 301099 2175023 0003
Serum creatinine Cr umoll) 786416186 679812655 0613
 Antinuclear antibodies
CbostveN©®) 3 @oo%w 1 (3%
CNegative® 6 (600% 15 (789%) 0.184
CUnknownN(® 1 @oow 3 (158%)
MEDscore 28731591 22311538 0006
Clinical classification
Hepatocytetype 4 @o0%w 15 (789%)
————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.106

Cholestasis type 2 (20.0%) 1 (5.3%)

CMixedtype 4 @woow 3 (158%)

the results suggested that the severity of liver injury was not
related to the presence of primary liver disease.

Most cases of anti-TB DILI are associated with multidrug com-
bination therapy. In the present study, more patients who were
treated by the combination of rifampicin+isoniazid+pyrazina
mide were diagnosed with severe liver injury in comparison
to those receiving other anti-tuberculosis treatment regimens.
Earlier preclinical and clinical studies have demonstrated the
synergistic effect of isoniazid and rifampicin on liver damage,
and they concluded that the incidence of liver damage is sig-
nificantly higher in combination doses [22]. A study that in-
cluded 3007 patients with tuberculosis found that the inci-
dence of DILI in patients treated with rifampicin+isoniazid was

0.8%, and this increased to 2.8% after the addition of pyrazin-
amide, suggesting that rifampicin+isoniazid+pyrazinamide tri-
ple therapy can increase the risk of DILI and affect the sever-
ity of liver damage [23].

Although some drugs cause mild liver injury during the first
exposure, drug re-challenge can cause severe damage lead-
ing to fatal reactions [24]. Re-challenge can help identify risk
factors associated with drug-induced liver injury and aids in
timely diagnosis. However, due to the high risk associated with
re-challenge, it is generally not recommended unless the pa-
tient has no other available alternative regimen. In our study,
the degree of liver injury was more severe in the re-challenge
group. Among the 24 patients who reinitiated the previous
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anti-TB therapy, 12 patients suffered liver failure and 7 pa-
tients died. Among the other 116 patients, 17 patients suf-
fered liver failure and 3 patients died. Due to patients’ indi-
vidual conditions, it is sometimes necessary to reinitiate the
anti-tuberculosis drugs, and in those situations the patients
should be informed about the associated risk and the treat-
ing physicians should try to avoid prescribing the same drugs
that had been used before, and need to closely monitor chang-
es in patient conditions.

As clinical symptoms and biochemical characteristics of anti-TB
drug-induced DILI have been widely reported, clinicians have
become aware of the condition and the incidence of the severe
form of liver injury has thus decreased. In patients with liver
failure, the mortality rate is high and the prognosis is extremely
poor. Consistent with previous reports, we found that high to-
tal bilirubin levels, INR prolongation, elevated MELD scores, and
hepatic encephalopathy were associated with poor prognosis.
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Conclusions

This was a single-center retrospective study with a limited
number of cases included. The study shows that anti-TB DILI
is a common adverse event reported in patients with tubercu-
losis, which is more common in female patients. Female gen-
der, combination therapy for antitubercular drugs (isoniazid,
rifampicin and pyrazinamide), re-challenge were the risk fac-
tors associated with the severity of anti-TB DILI; high total bil-
irubin, INR, MELD score and appearance of hepatic encepha-
lopathy indicated poor prognosis. Therefore it is advisable to
prescribe selective anti-TB chemotherapy in high risk patients
to reduce the incidence of DILI.
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