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Abstract
The incidence of inflammatory bowel diseases (IBD) is 

rising worldwide. The therapeutic options for IBD are 
expanding, and the number of drugs with new targets 
will rapidly increase in coming years. A rapid step-up 
approach with close monitoring of intestinal inflammation 
is extensively used. The fear of side effects represents 
one the most limiting factor of their use. Despite a 
widespread use for years, drug induced liver injury 
(DILI) management remains a challenging situation 
with Azathioprine and Methotrexate. DILI seems less 
frequent with anti-tumor necrosis factor agents and new 
biologic therapies. The aim of this review is to report 
incidence, physiopathology and practical guidelines in 
case of DILI occurrence with the armamentarium of old 
and new drugs in the field of IBD.
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Core tip: The therapeutic options for inflammatory bowel 
disease (IBD) are expanding, and the number of drugs 
will rapidly increase in coming years. The fear of side 
effects represents one the most limiting factor of their 
use. Despite a widespread use for years, drug induced 
liver injury (DILI) management remains a challenging 
situation with Azathioprine and Methotrexate. DILI seems 
less frequent with anti-tumor necrosis factor agents and 
new biologic therapies. The aim of this review is to report 
incidence, physiopathology and practical guidelines in 
case of DILI occurrence with the armamentarium of old 
and new drugs in the field of IBD.
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INTRODUCTION
Inflammatory bowel disease (IBD) including Crohn’s 
disease (CD) and ulcerative colitis (UC) mainly involve 
the intestinal tract. They may be associated with many 
extra intestinal manifestations[1]. Among them, hepato
biliary manifestations are frequent and often linked 
with immune disorders (primary sclerosing cholangitis, 
auto immune hepatitis, overlap syndrome and IgG4 
associated cholangiopathy) or drug induced liver injury 
(DILI)[2]. Approximately 30% of IBD patients will present 
abnormalities of liver function tests (LFT) during the course 
of the disease[3]. Over the decades, immunosuppressants 
(thiopurines, methotrexate, calcineurine inhibitors) and 
antitumor necrosis factor (TNF) agents, took an increasing 
part in the armamentarium of IBD[4]. More recently, 
integrin antagonists and interleukine 12/23 inhibitors have 
emerged in patients refractory or intolerant to antiTNF 
therapy[5]. The safety profile of these drugs is an important 
issue that may limit their use. Acute and/or chronic hepatic 
injuries directly induced by the treatment or consequently 
to occurrence or reactivation of an infection have been 
described with almost all of these treatments. This article 
reviews the literature regarding hepatic complications of 
immunosuppressants and biologics in IBD. 

Thiopurines
Thiopurines including azathioprine (AZA) and 6merca
ptopurine (6MP) have been shown to be effective for 
induction and maintenance of remission in IBD[6,7]. 
Combination therapy with infliximab plus azathioprine 
is more likely to induce clinical remission than those 
receiving azathioprine or infliximab alone in both CD and 
UC[8,9]. Addition of AZA/6MP can eliminate antibodies 
to infliximab in serum and restores clinical response of 
infliximab in IBD patients[10]. Some studies have also 
suggested that thioguanine (TG) could be used as an 
alternative for patient’s refractory or intolerant to AZA or 
6MP[11]. AZA and 6MP have frequent side effects which 
usually occur within four to six weeks after introduction 
and concern up to 25% of patients with an annual risk 
of 7% per patientyear of treatment[12,13]. Depending 
on its definition, thiopurines hepatotoxicity frequency 
can vary between 0% and 17%[14,15]. In a large study 
of 786 patients, LFT elevation was observed in 4% of 
the population[16]. In a systematic review of 34 studies 
including a total of 3485 patients, the mean prevalence 
of AZA/6MP induced liver disorders was estimated 
at 3.4% with no difference between both drugs[17]. 
It has been suggested that the risk of hepatotoxicity 
was lower in females and higher in CD and active 
smokers[13,18]. Nonalcoholic fatty liver disease (NAFLD) 
is increased in IBD patients and has been shown to be 
an independent risk factor for hepatotoxicity in patients 
exposed to AZA/6MP[19]. In a prospective study, use of 
corticosteroids was associated with an increased risk of 
AZA/6MP induced hepatotoxicity whereas antiTNF had 
a protective effect[20]. Thus, according to this relatively 

high frequency, LFT monitoring is mandatory in exposed 
patients. Adverse reactions to thiopurines can be divided 
in two groups: Dose independent and dose dependent. 
The most frequently reported doseindependent events 
are rash, fever and arthralgia, pancreatitis and hepatitis. 
It is thought to be immunological mediated and fre
quently observed in the first weeks of treatment[20]. Dose 
dependent effects appear later, after months to years, 
and are correlated with elevated concentration of 6MMP. 
Various endothelial cell injuries with resultant raised 
portal pressures can also developed. 

Physiopathology: Purine analogues act as a DNA syn
thesis inhibitor by incorporation of thiopurine nucleotide 
metabolite into DNA, leading to both cytotoxicity and im
munosuppression[21]. Thiopurines metabolism go through a 
complex enzymatic pathway. AZA and 6MP are prodrugs 
of 6thioguanine metabolite (6TGN), the final effective 
metabolite. AZA is first absorbed and metabolized in 
the liver to 6MP which is metabolized by 3 enzymes 
including thiopurine Smethyltransferase (TPMT) leading 
to 6methylmercaptopurine (6MMP) formation. 6MMP 
is a noneffective metabolite but is involved in thiopurine 
toxicity, particularly hepatotoxicity. Up to 20% of IBD 
patients preferentially metabolize thiopurines to 6MMP. 
Indeed, high 6MMP level (up to 5700 pmol/8 × 108 
erythrocytes) is correlated with a 3fold increased risk of 
LFT elevation (18% vs 6%)[14]. Various polymorphisms 
of TPMT gene has been described, leading to different 
level of enzyme activity: 0.3% of individuals have low or 
absent TPMT activity, 11% have intermediate activity and 
89% have normal activity[22]. TPMT polymorphisms has 
been mainly associated with hematotoxicity especially 
neutropenia[23,24]. It was suggested that high TPMT 
activity could facilitate hepatotoxicity by the accumulation 
of 6MMP. However, in a recent metaanalysis of 10 
studies including 1875 patients, TPMT polymorphisms 
were not associated with hepatotoxicity[25]. The mecha
nisms by which thiopurines cause hepatotoxicity are 
not well established. A recent study with a proteomic 
approach suggests that induction of oxidative stress in 
Tlymphocytes by thiopurines could play an important 
role[26]. 

Acute hepatotoxicity: Half of thiopurine DILI occur 
within the first 3 mo usually prematurely after AZA/6MP 
introduction[20]. This acute dose independent toxicity is 
linked to hypersensitivity and idiosyncratic cholestatic 
reaction nonmediated by IgE reaction. These effects 
are unrelated to 6MMP. Clinical symptoms such as 
fever, rash or lymphadenopathy, hepatomegaly and 
other biological abnormalities (atypical lymphocytosis, 
eosinophilia) may be observed concomitantly with 
elevated LFT. Most of hypersensitive reactions are 
hepatitislike picture with moderate elevation of aspartate 
aminotransferase and alanine aminotransferase (ALT). 
More rarely, severe cholestatic hepatitis with jaundice 
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have also been reported with AZA[27,28]. 

Long term hepatic injury: Nodular regenerative hyper
plasia (NRH) is defined by hepatocytes hyperplasia 
and nodules formation, without fibrosis proliferation 
separating nodules consecutive to vascular flow variation 
within liver. It frequently results in portal hypertension 
(PHT) with its potential complications[29]. NRH may be 
asymptomatic with normal liver tests for many years[30]. 
The diagnosis of NRH remains challenging and mainly 
depends on histological report. However, the interobserver 
agreement on the histopathologic diagnosis of NRH is 
flowed, even when assessed by wellexperienced liver 
pathologists[31]. The pathogenesis of NRH in IBD patients 
is poorly understood but is likely to be multifactorial. 

The largest series describing NRH in IBD under thio
purines reported 37 cases in 11 French tertiary centers 
of the GETAID group. The cumulative risk of NRH was 
estimated to 0.5% at five years and 1.25% at 10 years. 
The diagnosis was made after a median time of 48 
mo after AZA introduction (range: 6 to 187 mo) and 
14 patients (38%) developed PHT during followup. 
Identified risks factors were male sex and stricturing 
behavior[28]. Another study has shown that the highrisk 
patient group was males with small bowel resection ≥ 
50 cm either prior to or after AZA initiation[32]. However, 
IBD in itself can be associated with NRH, and was 
incidentally found in 6% of thiopurine naive IBD patients 
undergoing bowel resection[33]. It has been hypothesized 
that intestinal surgery might promote obliterative portal 
venopathy by causing malabsorption of vitamins B12, B6 
and folic acid, with resultant hyperhomocysteinemia[34]. 
Some studies have demonstrated that TG treatment 
(Lanvis©) induced more NRH than AZA or 6MP[35,36]. 
In the study by Dubinsky et al[35], 33% of the patients 
treated with TG had NRH at liver biopsy. No association 
was found with duration of TG treatment, cumulative 
dose, or TG nucleotide levels. Geller et al[37] reported 
systematic liver biopsies in 37 patients exposed to TG 
during 1 to 3 years. NHR of varying degree was seen in 
20 patients (53%). Another study has suggested that 
lowdose TG maintenance therapy may be safer[38]. 
In 28 patients treated at least 30 mo with TG, they 
observed no histological sign of HNR in 93% of the 
cases. This finding is reinforced by a recent study which 
nicely shows in a murine model that sinusoidal obstructive 
syndrome induced by TG may be avoided by either 
inhibition of endothelial activation or simple changes to 
dosing regimens of TG[39]. Nevertheless, regarding the 
extensive use of newer alternative drugs to thiopurines, 
TG has been abandoned in clinical practice because of its 
hepatotoxicity. Natural history of HNR after thiopurines 
discontinuation remains unclear and either persistent 
aggravation or improvement have been reported[11,40].

Other vascular disorders associated with thiopurines 
such as peliosis hepatitis, venoocclusive disease, hepa
toportal sclerosis, sinusoidal dilatation and perisinusoidal 
fibrosis were also described initially in patients treated for 
acute leukemia but have been occasionally reported in 

IBD patients[4144]. In vitro studies with murine sinusoidal 
endothelial cells and hepatocytes exposed to azathioprine 
have suggested that the mechanism of hepatotoxicity is 
sinusoidal endothelial damage associated with glutathione 
depletion[45].

Management: Most of LFT abnormalities resolve spon
taneously or after dose reduction. In a large study with 
long term followup, only 3.6% of patients required 
treatment cessation for hepatotoxicity[16]. In another 
study, 90% of patients normalized their liver test after 
decreasing dose or treatment withdrawal[46]. One of the 
main questions concerning AZA toxicity management 
is whether substitution of AZA by 6MP might affect 
or decrease hepatotoxicity. In a study of 135 patients 
with AZA intolerance, 6MP was well tolerated in almost 
three quarters of the patients who presented hepato
toxicity (12/17 patients; 71%) suggesting that this 
option deserves to be tested[47]. Some authors have 
suggested that routine thiopurines metabolite (especially 
6MMP) monitoring may identify subjects at high risk of 
hepatotoxicity. Administration of 6MP twice daily instead 
of once daily has even been proposed to decreased 6MMP 
levels to reduce the risk of hepatotoxicity[46]. Furthermore, 
twice daily administration decreases 6MMP levels without 
affecting 6-TGN levels may lead to equivalent efficacy[48]. 
Another tool to adapt 6MMP dosage is coadministration 
of allopurinol. This drug is a xanthine oxidase inhibitor, 
an enzyme which metabolizes 6MP. Xanthine oxidase 
inhibition leads to increase 6TGN level by improving drug 
availability. Since more 6MP is available for conversion 
to 6TGN, a lower dose of thiopurines is sufficient and 
may avoid toxicity. Safety and effectiveness of long
term allopurinolthiopurine maintenance treatment in IBD 
patients has been proven whatever the initial adverse 
event with increased 6TGN and decreased 6MMP 
concentrations[49,50]. In a pilot study of 11 patients with 
acute thiopurine hepatotoxicity secondarily treated with 
allopurinol cotherapy with lowdose AZA or MP, 82% of 
the patients remained in longterm remission with normal 
liver tests[51]. A larger study in 25 patients showed similar 
results with normalization of LFT in 80% of the cases 
after switch to a combination treatment[52]. It has been 
shown that 5ASA daily use results in increased 6TGN 
levels and reduced 6MMP levels with a dosedependent 
effect suggesting that salicylates may reduce the risk 
for hepatotoxic adverse reactions related to AZA/6
MP[53,54]. However, there is a lack of prospective data 
supporting the therapeutic impact of 5ASA on AZA/6MP 
hepatoxicity prevention. Recently, in a small cohort of 
12 patients, no pharmacokinetic interaction was found 
between adalimumab and thiopurines with comparable 
concentrations of 6TGN and 6MMP before antiTNF intro
duction and throughout 12 wk of followup[55].

Methotrexate
Methotrexate (MTX) is an antimetabolite with both anti
proliferative and immunosuppressive activities impairing 
DNA synthesis via inhibition of dihydrofolate reductase, 
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decreaded the production of proinflammatory cytokines 
and lymphocytes apoptosis[56]. Regimens containing 
MTX are classified as highdose, intermediate or low 
dose, determined as dose per unit of body surface area. 
The management of CD utilized only low dose MTX (< 
50 mg/m2), usually over a long period of time. In this 
last group the association between MTX and hepatic 
dysfunction has been extensively studied. In CD, MTX 
given intramuscularly once weekly at a dose of 25 mg 
is effective at inducing and maintaining remission in 
thiopurinenaïve patients[57,58]. Small labelled studies 
have also suggested efficacy in patients who failed or 
are intolerant to thiopurines[59,60]. Data are more limited 
and conflicting in UC[61,62]. In addition, MTX is widely 
prescribed in combination with biological therapy to reduce 
immunogenicity and to maintain clinical response[63]. The 
most common adverse effects involve the gastrointestinal 
tract such as nausea, vomiting and diarrhea. More serious 
toxicities such as myelosuppression and abnormal LFT 
are dosedependent. Liver toxicity was firstly reported 
with the use of MTX in psoriasis and inflammatory 
rheumatic disorders with high initial rate over 25% of the 
patients. Obesity, alcoholism, diabetes mellitus, previous 
abnormalities in LFT and a high accumulated dose of MTX 
were considered as risk factors of liver toxicity in those 
diseases[64,65]. There is a paucity of studies evaluating liver 
toxicity as a complication of MTX therapy in the setting of 
IBD, and no gastroenterology societal recommendations 
on monitoring for hepatic toxicity have been formulated.

Profile and mechanism of liver injury: Most of under
standing of the hepatoxic potential of MTX came from 
its use in nonmalignant disease such has rheumatoid 
arthritis (RA) and psoriasis. 

The mechanism by which MTX adversely affect the 
liver remains unclear. Liver response to inflammation is 
fibrosis via stellate cell, mediated by metabolite accumu
lation in liver cell and inhibition of folate metabolite leading 
to a decreased nucleotid synthesis.

Several polymorphisms in enzymes involved in the 
metabolism of folic acid are related to the toxicity of MTX. 
The C677T and A1298C polymorphisms in the MTHFR 
gene were the most reported, however studies have 
reported conflicting results. Two meta analyses have 
been performed. One described an association of the 
C677T polymorphism with increased toxicity whereas the 
second found no association between either the C677T 
or the A1298C polymorphisms of MTHFR and toxicity of 
MTX in RA[66,67]. 

Methotrexate can induce a variety of nonspecific 
histologic changes including macrovesiculare steatosis, 
stellate cell hypertrophy, portal and lobular inflammation 
and hepatic fibrosis.

Histological toxicity is assessed according to the 
Roenigk’s classification, a subjective and semi quantita-
tive grading liver injury in four 4 groups[68].

Grade findings: (1) Normal; (2) mild fatty infiltration, 
nuclear variability, or portal inflammation; (3) moderate 

to severe fatty infiltration, nuclear variability, or portal 
inflammation and mild fibrosis; (4) moderate to severe 
fibrosis;  and (5) cirrhosis.

DILI frequency: The first case of MTX liver toxicity 
was described in 1955 in children treated for leukemia. 
NAFLD syndrome seems to be an independant risk 
factor associated with DILI under long term low dose 
methotrexate use[69]. 

Administration schedule seem to be associated for 
high, daily dose to liver fibrosis comparing to weekly low 
dose of MTX. Supplementation with folic acid or folinic 
acid is associated with reduced incidence of serum 
transaminase elevation however a relationship between 
folate depletion and hepatic toxicity has not been fully 
established[70,71]. The reported incidence of liver enzyme 
abnormalities in subjects with IBD receiving MTX is 
variable.

The pooled incidence rate of abnormal hepatic 
aminotransferase levels (defined as more than 2fold 
increase over the upper limit of the normal range) in 
patients treated with methotrexate for IBD was 1.4 per 
100 personmonths, while the rate of hepatotoxicity 
(defined as greater than a 2-fold over the upper limit 
of the normal range) was 0.9 per 100 personmonths. 
The rate of withdrawal from treatment due to these 
abnormalities was 0.8 per 100 personmonths[72]. 

It is estimated that 15% to 50% of patients receiving 
a chronic low dose of MTX therapy will develop elevated 
LFT, usually mild and limited. In most recent studies, 
incidence seems lower varying from 5%10% probably 
due to cofounding risk factors in initial studies such as 
alcohol intake, obesity, diabetes mellitus, daily dosing and 
concomitant use of hepatotoxic drugs increasing[7274]. 

In a retrospective study by Fournier on 87 IBD 
patients with a mean duration of 81 wk and a cumulative 
dose of 1813 mg, 76% of the population kept normal 
LFT throughout MTX therapy. Among the patients who 
developed abnormal LFT, underlying risk factors were 
found in nearly half of the cases. In 11 patients who 
have received a cumulative dose exceeding 15000 mg, a 
liver biopsy found no case of moderate or severe fibrosis 
(Roenigk Ⅲb or Ⅳ) despite abnormal LFT in nine of them. 
In twenty patients (23%) with abnormal LFT at baseline, 
spontaneous normalization under MTX was observed 
in 45% of the cases. Eventually, only 5% of the whole 
population, needed treatment discontinuation for MTX 
hepatotoxicity[74].

Another study reporting 20 liver biopsies in patients 
treated with a cumulative MTX dose of 2633 mg with 
abnormal LFT in 30% of the cases confirmed the low 
incidence of severe fibrosis (Roenigk Ⅲb in 5%)[75]. These 
data suggest that abnormal LFT are poorly correlated 
with liver histology and confirm the low incidence of 
severe hepatotoxicity and its uncertain relation with 
cumulated MTX dose.

End stage liver disease is rare under MTX treatment. 
In a large retrospective study identifying patient who 
were listed for liver transplantation over 24 years in 
the United States, only 117 (0.07%) had MTX related 
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liver disease with characteristic closed to alcoholic liver 
disease and NAFLD[76].

Management: Patients who undergo MTX therapy 
should have a careful initial evaluation of historic and 
physical examination emphasis in alcohol intake, ex
posure to viral hepatitis, NAFLD risk factors and family 
history of liver disease.

Regular liver laboratory studies are recommended 
in patients treated with MTX. Liver biopsy is not recom
mended routinely during MTX treatment whatever the 
cumulative dose. However, it should be performed in 
cases of persistent alteration of transaminases (especially 
if they do not decrease after reducing the drug dose) and 
in patients with high accumulated doses, together with 
other risk factors. 

According to RA and psoriasis guidelines[64,65]: Laboratory 
tests for monitoring hepatotoxicity are recommended, 
every 2 wk initially for 6 wk to 2 mo and then every 23 
mo; liver biopsy should be performed in selected cases, 
in case of sustained liver abnormality (especially in case 
of persistent abnormal LFT despite dose reduction) or high 
accumulated doses in patients with others risk factors 
of hepatotoxicity. Treatment needs to be discontinued in 
cases of severe fibrosis or cirrhosis; adjusting MTX dose 
could be proposed in case of liver blood elevation and 
control in 2 and 4 wk.

Transient elastography (Fibroscan) and noninvasive 
biochemical methods are emerging as new diagnostic 
tools to evaluate liver fibrosis in various situations[77]. In a 
prospective study in CD patients, the median fibroscan 
values were similar in 33 treated with cumulative dose 
of more than 1500 mg and 21 patients naïve of Metho
trexate[78]. However, this tool could be useful to select 
patient who should undergo liver biopsy. In a retrospective 
study of 46 patients treated with MTX for IBD, transient 
elastography detected six cases of significant fibrosis in 
patients with normal liver function tests[79]. In a case
control study of 518 patients treated with MTX for various 
inflammatory diseases, 44 patients (8.5%) had FibroScan 
and/or FibroTest results suggesting severe liver fibrosis. 
In a multivariate analysis, the 2 factors associated with 
abnormal markers of liver fibrosis were high body mass 
index > 28 kg/m2 and high alcohol consumption. Neither 
long MTX duration nor cumulative doses were associated 
with elevated FibroScan or FibroTest results[78]. These 
data suggest that transient elastography should be useful 
mainly in heavy drinkers or patients with NAFLD risk 
factors treated with MTX.

Anti-TNF
TNFα is a cytokine produced mainly by macrophages that 
participates in the regulation of inflammation, cell death 
and proliferation. This cytokine has proinflammatory and 
immunoregulatory functions and plays a central role in 
IBD. TNFα has also effects in the liver, as a mediator of 
hepatotoxicity and promotor of hepatocyte proliferation 
and liver regeneration[80,81]. There are several antiTNF 
agents currently approved for the induction and main

tenance treatment of IBD, namely infliximab (IFX), 
adalimumab (ADA), golimumab and certolizumab pegol. 
Several adverse events have been reported with the use 
of these agents, such as acute infusion and injection
site reactions, cardiopulmonary and neurologic events, 
among others[80]. The greatest emphasis has been given 
to the risk of infections and malignancies, but with an 
increasing use, other side effects are being uncovered, 
such as immunemediated diseases[82,83]. 

DILI frequency: In the earlier controlled trials of IFX in 
RA and CD minor elevation of liver enzymes were reported, 
but extreme elevations were rare, and there were no 
cases of jaundice or liver failure[84,85]. In a Food and Drug 
Administration (FDA) postmarketing surveillance program 
more than 130 cases of liver injury associated with either 
IFX or etanercept were reported, some of which were 
fatal or necessitating liver transplantation. This led FDA 
to issue a safety warning in December 2004 stating that 
severe hepatic reactions, including acute liver failure, auto
immune hepatitis (AIH) and cholestasis could be caused 
by IFX[86]. In contrast, ADA hepatotoxic potential appears 
to be low, usually manifesting as an asymptomatic and 
transient elevation of liver enzymes[87]. During ADA 
controlled Phase 3 trials for CD the rate of liver enzymes 
elevation was similar to the controltreated patients[88]. 
In a study from Iceland that included patients with IBD, 
rheumatologic and dermatologic disorders, the absolute 
risk of DILI associated with IFX was 1 in 120, and with 
ADA was 1 in 270, but only 11 patients with liver injury 
were identified in a 5year period[89]. Even though 
the numbers were small, no statistically significant 
differences were found between the rates of DILI of the 
antiTNF agents studied. Similar rates had been found 
in a populationbased group from the same group, with 
a 1 in 148 risk of DILI associated with IFX[90]. However, 
as data on the propensity of the antiTNF to cause drug
induced liver disease comes mainly from case reports 
and small series it is difficult to estimate the absolute 
and relative risk of hepatic injury associated with these 
drugs[91,92]. In a retrospective study by Shelton et al[93] 
1753 IBD patients who initiated antiTNF therapy (1170 
IFX, 575 ADA, 8 certolizumab pegol) were analyzed for 
new onset ALT elevation. One hundred and two patients 
(6%) had at least one elevated ALT after initiation of 
the antiTNF but in 54 of these patients an alternate 
cause for liver enzymes elevations was found. Of the 
48 patients left (45 due to IFX and 3 to ADA), 4 were 
considered as highly probable of being caused by anti
TNF. There were no differences in the frequency of 
concomitant immunomodulator use, either thiopurines or 
methotrexate. In respect to the newest antiTNF agents, 
certolizumab and golimumab, to our knowledge there 
aren’t literature reports of DILI. Nevertheless, FDA label 
for both of them mentions the risk of hepatitis B virus 
reactivation and elevation on liver enzymes.

Profile of liver toxicity: In addition to the risk of 
reactivation of hepatitis B virus (HBV) infection, anti
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TNF are associated with specific patterns of liver injury. 
The most common presentation is a hepatocellular 
injury, found in about 75% of the cases[89,92,94,95]. Other 
presentations are also described, such as a mixed 
injury pattern with lower peak ALT levels and, more 
rarely, a cholestatic injury pattern, reported with both 
IFX and ADA[94,9698]. Overt liver failure sometimes 
requiring transplantation has rarely been reported[98100]. 
Immunoallergic features such as eosinophilia and rash 
don’t seem to occur frequently in antiTNF DILI[89,98]. 
The median latency time to liver enzyme elevation is 
reported between 13 and 18 wk[89,93,98]. Most patients 
treated with IFX develop liver injury within the fourth 
infusion, but, rarely, it can occur after several years 
of treatment[89,91]. Histologically, a review by Colina et 
al[92] found necroinflammation in the biopsied cases of 
DILI caused by IFX reported in the literature, but with 
uneven characteristics between reports. Bridging and 
massive necrosis were described in the most severe 
cases. There were also features normally described in 
AIH such as piecemeal necrosis in the periportal interface 
and prominent plasma cells. In two cases ductal damage 
was reported, one of which was diagnosed as overlap 
syndrome. Rarely, features associated with toxicity such 
as eosinophils and neutrophils infiltration and ceroid 
containing Kupffer cells were seen. One of the features 
of DILI associated with antiTNF is the presence of 
autoimmunity markers in some patients, such as positivity 
for antinuclear (ANA  often with a homogeneous pattern), 
antidoublestranded DNA (antiDsDNA) and antismooth 
muscle antibodies and/or classic histologic features of AIH, 
already described for IFX[83,9194,101104], etanercept and 
ADA[105107]. One of the largest series of 34 patients with 
DILI, have included 26 cases associated with IFX, 6 with 
ADA and 4 with etanercept[94]. Twentytwo of 33 subjects 
who underwent serologic analysis (67%) were tested 
positive for antinuclear and/or smooth muscle antibodies 
and presented both later and higher peak levels of 
alanine aminotransferase than seronegative patients. 
Of these 22, 17 underwent liver biopsy and 15 subjects 
had clear features of autoimmunity. The prognosis 
was good after drug discontinuation, although some 
patients had benefit from a course of corticosteroids. 
It is a challenge to distinguish between AIH and drug
inducedAIH as these entities may have similar clinical, 
biochemical, serological and histological manifestations, 
with no pathognomonic features[108]. In a WeilerNorman 
and Schramm editorial a specific nomenclature for 
immunemediated DILI in 3 categories was proposed[109]. 
Furthermore, the diseases for which antiTNF are used 
may have simultaneous autoimmune disorders and 
increased autoimmune markers at baseline as part of 
their immune dysregulation. Lastly, antiTNF agents can 
also induce autoantibodies positivity in some patients 
without the development of liver abnormalities[110113]. 
In several of the mentioned studies and case series, a 
proportion of the patients presenting with autoimmune 
features were treated with corticosteroids. In some of 
these patients, there was a decrease or disappearance of 

autoantibodies with no need of further treatment which 
suggests an immunemediated DILI rather than a drug
induced AIH[89,91,92,94]. Of note, there are also cases of 
malignancies described in patients treated with antiTNF 
agents, notably case reports of hepatocellular carcinoma 
in noncirrhotic patients[114116] and of hepatosplenic T cell 
lymphoma[117121]. All these patients were in combination 
treatment with an antiTNF and a thiopurine, making 
it difficult to establish the specific role of the antiTNF 
agent. 

Hepatotoxicity as a class-effect? Even though IFX, 
etanercept and ADA are all antiTNF agents that directly 
bind soluble and membranebound TNFα, they are 
structurally different. IFX is a chimeric IgG1 monoclonal 
antibody, ADA a fully humanized IgG1 monoclonal 
antibody and etanercept (not used in IBD but frequently 
used in rheumatology) is a soluble TNFα receptor fusion 
protein[122]. This might partially explain why patients with 
a lack of response to one antiTNF agent benefit from 
a switch to another antiTNF. Also, in the past years, 
polymorphisms in genes encoding proteins related to 
TNFα were identified, explaining to some extent the 
differences in treatment efficacy and toxicity profile[123]. 
So, even though these drugs were all associated with the 
development of features of autoimmunity, the capacity in 
doing so is different for each molecule. In some studies, 
IFX generated a much higher rate of ANA seroconversion 
and ANA titer increase than etanercept and ADA[90]. 
Development of autoantibodies has also been described 
for certolizumab pegol and golimumab[124,125]. There 
are already several cases of successful treatment with 
another antiTNF after a prior DILI episode[90,9395,126,127]. 
This suggests a lack of crosstoxicity within this class 
of drugs. Etanercept is not a treatment option for IBD, 
but ADA seems to be a safe alternative in patients who 
developed liver injury due to IFX and viceversa.

Mechanism of liver injury: The mechanism by which 
antiTNF agents induce DILI is still unknown. Even 
more puzzling is the fact that some patients develop 
autoimmune diseases for which antiTNF are a therapeutic 
option, such as AIH[109]. As liver injury can occur after 
only one infusion and is not related to the dose it seems 
more likely that the hepatotoxicity of antiTNF agents is 
idiosyncratic as opposed to dosedependent[93]. But the 
complexity of TNFα role in the liver makes it difficult to 
draw firm conclusions and several explanations were 
suggested to date. Genetically predisposed individuals 
may develop autoimmune diseases triggered by environ
mental factors. Another possibility is that antiTNF agents 
unmask an already existing autoimmune disorder[83]. A 
third explanation relates to the antiTNF potential in the 
generation of autoantibodies. The binding of IFX to the 
transmembrane TNFα may lead to apoptosis of monocytes 
and Tlymphocytes with exposition of nucleosomal 
autoantigens and formation of autoantibodies[128,129]. 
The reduced clearance of nuclear debris due to the 
downregulation of Creactive protein may also play a role 
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by prolonged immune system exposure to intracellular 
material[130]. The structural differences of antiTNF agents 
with different binding affinities do membrane TNF-α and 
different abilities of complementdependent cytotoxicity 
and antibodydependent cellmediated cytotoxicity may 
explain the different potentials on the induction of autoim
munity[113,128,129,131]. Another hypothesis is that antiTNF 
agents inhibit the induction of cytotoxic lymphocytes 
that would suppress auto reactive B cells, therefore pro
moting humoral autoimmunity[132]. All these proposed 
mechanisms try to explain the immunemediated DILI 
caused by antiTNF agents. However, there are several 
cases without evidence of autoimmunity, in which direct 
liver damage may be involved[133,134]. 

Management of DILI associated with anti-TNF: 
The optimal management of liver injury induced by 
antiTNF therapy is still not consensual. The prognosis 
is generally good, with most patients presenting with 
mild elevation in liver enzymes resolving spontaneously 
with continuation of antiTNF therapy[93]. A consensus 
statement proposes more restrictive criteria, with avoi
dance or discontinuation of treatment in patients with 
transaminases superior to 3 times the upper limit of 
normal[135]. Many authors have since suggested different 
management algorithms[91,101,136]. Ideally, before initiation 
of treatment, a baseline panel of liver enzymes should be 
obtained, together with a determination of HBV and HCV 
status[137]. After initiation of treatment, liver enzymes 
should be monitored periodically, especially during the 
first three months. When faced with an elevation of liver 
enzymes, other causes should be excluded, as in any 
case of suspected DILI. In case of minor elevations of 
ALT (< 3 times the upper limit of normal), antiTNF may 
be continued with close monitoring until resolution. If the 
enzymes are persistently elevated, superior to 3 times 
the upper limit of normal or in case of alarm signals 
such as jaundice, a multidisciplinary approach with refer 
to an hepatologist and consideration for corticosteroid 
treatment is advised. A liver biopsy may be useful in this 
context. If a DILI is documented, antiTNF withdrawal 
remains controversial[91,136]. Even though advocated 
by some authors the interest of routine assessment of 
autoimmune markers prior to the introduction of an 
antiTNF agent is not established[83,91,113,136,138]. Several 
studies show that this approach doesn’t predict the risk of 
developing subsequent liver injury or autoimmune events 
and treatment with antiTNF can be continued in the 
presence of an asymptomatic ANA seroconversion[89,110,112]. 
Therefore, routine testing for autoantibodies can’t be 
recommended until further evidence of the clinical im
plications of these autoantibodies is obtained. 

New biologic treatments
Natalizumab and vedolizumab are two integrin antagonists 
approved for the treatment of IBD. Natalizumab is a 
humanized recombinant monoclonal antibody that blocks 
α4β1 and α4β7 integrinmediated interactions, preventing 
migration of leukocytes into the gut and brain[139]. 

Even though its efficacy in the treatment of CD was 
demonstrated, natalizumab association with a number 
of cases of progressive multifocal leukoencephalopathy 
has limited its use[140,141]. Vedolizumab is a humanized 
monoclonal antibody with specificity to the gut α4β7 
integrin with proven efficacy in the treatment of CD and 
UC[142,143]. Both drugs appeared to have good safety 
profiles during initial trials. However, on postmarketing 
surveillance, 6 cases of clinically significant DILI related to 
natalizumab were reported to FDA, leading to an alteration 
of its label[144]. In all cases, natalizumab was used for the 
treatment of multiple sclerosis, and liver injury occurred 
as early as 6 d after the first administration of the drug. 
Five of the cases had a hepatocellular pattern of injury, 
and 3 patients had autoimmune features. One patient 
had recurrence of the increase of liver enzymes upon 
readministration of natalizumab, providing evidence that 
natalizumab was responsible for the injury. There were 
no deaths nor was a liver transplantation needed. Since 
then, a case of acute liver failure possibly due to drug
induced AIH and a case of fatal fulminant liver failure due 
to acute HBV infection in patients treated with natalizumab 
for multiple sclerosis were reported[145,146]. There were 
also cases of elevation of transaminases and/or bilirubin 
in vedolizumab trials for IBD. Ustekinumab is a fully 
human monoclonal antibody that blocks the activity of 
interleukin 12/23 shared p40 subunit. This drug has shown 
efficacy in the treatment of CD, particularly in patients 
previously treated with IFX[147]. The majority of safety 
data of ustekinumab comes from dermatologic studies. 
In PHOENIX 1 and 2[148,149], two studies that evaluated 
efficacy and safety of ustekinumab in patients with 
psoriasis, the proportion of patients with liver enzymes 
abnormalities was low and similar between ustekinumab 
and control groups. In a small retrospective study including 
44 patients with psoriasis treated with ustekinumab, 
elevation of liver enzymes was mild and uncommon, with 
no cases of severe DILI[150]. Interleukin12 is involved 
in the clearance of HBV by suppressing viral replication, 
which may explain why patients treated with usteki
numab might be at increased risk of HBV reactivation[151]. 
Most pivotal studies of ustekinumab excluded patients 
infected with HBV and HCV; for this reason its safety 
in this context is not known. In a retrospective study 
in patients with psoriasis and concurrent HBV infection 
treated with ustekinumab, 4 patients infected with HBV 
received antiviral prophylaxis during treatment, without 
evidence of virus reactivation[152]. Of the 10 patients who 
didn’t receive prophylaxis, 2 fulfilled the criteria for HBV 
reactivation. In another retrospective study, 3 patients 
with HCV and 1 patient with HBV under prophylaxis with 
entecavir were treated with ustekinumab and didn’t have 
an aggravation of the hepatitis[153]. Cases of acute HBV 
infection/HBV reactivation during ustekinumab treatment 
and, on the other hand, cases where ustekinumab was 
safely administered despite HBV or HCV infection were 
reported recently[154157]. Even though a real frequency 
of hepatic adverse events is not yet known for these 
drugs, this evidence suggests that all patients considered 
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for biologic treatment should be screened for hepatitis B 
and C infection prior to introduction of the drug, and liver 
function should be monitored periodically for the duration 
of the treatment. 

Calcineurine inhibitors
Cyclosporine is a potent immunosupressive drug effec
tive in the treatment of acute severe UC refractory to 
corticosteroids[158,159]. Tacrolimus is a potential alternative 
to cyclosporine[160,161]. One of the main limitations to 
cyclosporine use in clinical practice is its safety profile, 
namely nephrotoxicity, neurotoxicity and infections, with 
a need of frequent monitoring[158]. The hepatotoxicity 
associated with cyclosporine was mainly described in 
transplant patients. It’s generally characterized by a 
cholestatic pattern due to an impairment of bile formation, 
probably caused by an interference in the bile secretory 
apparatus. Liver injury caused by cyclosporine is dose
dependent and can be reduced by a diminution of the 
dose. Even though the prevalence of liver injury due 
to cyclosporine was initially estimated to be superior to 
50%, this phenomenon was probably due to the use 
of the drug without blood monitoring, leading to toxic 
levels of cyclosporine[162]. Studies in IBD patients show 
a much lower prevalence of hepatotoxicity, between 
1% to 4%, generally translated by an elevation in liver 
enzymes[158,163,164]. In one study, 19% of patients (21/111) 
developed abnormal liver function tests, but they were 
only significantly high in one patient[165]. Tacrolimus hepato
toxicity is rare with a similar clinical and biochemical profile 
to those of cyclosporine. In some cases, there is a lack of 
crossreactivity between these two drugs, and one can 
be used after hepatotoxicity to the other[162]. Nonetheless, 
hepatotoxicity is generally considered as a rare and minor 
adverse event with these drugs.

Thalidomide
Thalidomide was initially used to treat morningsickness 
associated with pregnancy, until being withdrawn from 
the market due to its teratogenic effects. Since that, in 
view of its antiinflammatory and immunomodulatory 
properties, it has been reintroduced for the treatment 
of various diseases including IBD[166,167]. Hepatotoxicity 
with thalidomide is reported as a rare but serious adverse 
event. In a review of adverse events reported in the first 
18 mo of postmarketing surveillance after thalidomide 
reintroduction in the market, one case of fatal hepatic 
failure possibly directly related to thalidomide was iden
tified[168]. In the latest years, other cases with different 
degrees of severity were reported, mostly in older females 
treated with thalidomide for multiple myeloma, some 
of them with an underlying hepatic disease[169172]. The 
mechanism of hepatotoxicity of thalidomide remains 
unclear. The main route of elimination of thalidomide is 
through nonenzymatic hydrolysis into multiple products in 
biological fluids and it doesn’t seem to undergo significant 
hepatic metabolism[173]. 

New investigational treatments
More recently several molecules have shown promising 
results in IBD and should obtain medical agreement 
within the next few years. Mongersen, a new oral SMAD 
7 antisense oligonucleotide was superior to placebo for 
inducing clinical remission at day fifteen and maintened 
for at least two weeks in CD[174]. Increased aminotran
sferase levels were observed at the dose of 40 mg per 
day in 5% of the patients but no case was reported at 
the dose of 10 mg and 160 mg per day.

Tofacitinib, a selective oral inhibitor of the Janus kinase, 
a family of kinases that mediates signaltransduction 
activity involving the common gamma chain of the surface 
receptors for multiple cytokines was superior to placebo for 
inducing clinical response at week eight in UC[175]. At week 
twelve, adverse events occurring in ≥ 5% of patients in 
any tofacitinib group did not include liver toxicity.

Ozanimod, an oral agonist of the sphingosine1phos
phate receptor subtypes 1 and 5 that induces peripheral 
lymphocyte sequestration was superior to placebo at a 
dose of 1 mg per day for inducing clinical remission at 
eight weeks[176]. After exposure to up of 32 wk, aspartate 
aminotransferase increasing was noted in 2% and 1% 
of patients treated with 0.5 and 1 mg of Ozanimod 
respectively. These preliminary data suggest that new 
therapeutic approaches in IBD induce minor hepatoxicity. 
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