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Introduction
Drug-induced liver injury (DILI) is an adverse 
toxic drug reaction resulting in liver injury. It is an 
uncommon occurrence with an estimated inci-
dence of 14–19 cases per 100,000 population, 
accounting for less than 1% of acute liver injury 
(ALI).1 Nevertheless, DILI is the most common 
cause of acute liver failure (ALF) in the West, with 
a case fatality rate of 10–50%, although no defi-
nite causative agent has been attributed in several 
cases.2 Such potentially fatal events have a critical 
impact on policymaking to both tighten pharma-
ceutical restrictions of or, at times, complete mar-
ket withdrawals of drugs. Between 1998 and 2007, 
the United States Acute Liver Failure Study 
Group (ALFSG) network group identified that 
paracetamol was the commonest cause of ALF 
(46%), followed by indeterminate DILI (15%) 
and idiosyncratic DILI (12%). Idiosyncratic 
DILI was attributed to anti-tuberculous medica-
tions, sulpha compounds, phenytoin and herbal 
and dietary supplements.3 With an ever-increas-
ing repertoire of pharmaceuticals combined with 

the changing consumer behaviour towards the 
use of phytotherapy, it is imperative for physi-
cians to both recognise and effectively manage 
DILI. This review will outline the classification, 
risk factors, diagnosis, management and progno-
sis of DILI.

Classification
DILI is traditionally classified as either intrinsic 
or idiosyncratic. Intrinsic DILI is typically dose 
dependent and occurs in a predictable manner 
with an onset of hepatotoxicity observed within 
hours to days of exposure. Drugs causing intrinsic 
DILI are often lipophilic, permitting free access 
across the hepatocyte’s lipid bilayer. They 
undergo biomodification into reactive metabo-
lites that cause oxidative stress and activate cel-
lular signalling pathways to induce mitochondrial 
dysfunction and disturbances of bile acid homeo-
stasis.4 The archetypal drug causing intrinsic 
DILI is paracetamol, which accounts for half of 
intrinsic DILI progressing to ALF in both Europe 
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and Northern America. Other drugs causing 
intrinsic DILI include amiodarone, valproic acid 
and statins (Figure 1).5

On the contrary, idiosyncratic DILI typically fol-
lows an unpredictable course with variable latency 
of onset of weeks to months.4 Although it is a rare 
occurrence typically observed in one in more than 
10,000 patients, idiosyncratic DILI accounts 
for 10–15% of ALF in the United States.6 
Idiosyncratic DILI lacks a clear dose dependence; 
yet, recent studies suggest a minimum of 50–
100 mg per day of the offending drug is required.4 
Although the Roussel Uclaf Causality Assessment 
Method (RUCAM) criteria can provide a possi-
ble causative agent in the case of multiple drug 
administration, the unpredictability and rarity of 
idiosyncratic liver injuries and the absence of 
diagnostic biomarkers make clinical recognition 
difficult. Severity of idiosyncratic DILI can vary 
from spontaneous recovery following drug cessa-
tion to ALF needing hospitalisation, liver trans-
plantation (LT) or contributing to death. The 
adaptive immune system and restricted human 
leukocyte antigen (HLA) have been postulated to 
play a critical role in the pathogenesis of 

idiosyncratic DILI in genetically susceptible 
individuals.7

The pattern of liver injury in idiosyncratic DILI 
can be divided into hepatocellular, cholestatic or 
mixed according to the liver enzyme derangement 
profile observed in each individual case.8,9 
Idiosyncratic DILI can be further classified into 
immune-mediated (allergic) and non-immune-
mediated reactions. Immune-mediated idiosyn-
cratic DILI usually presents within 1–6 weeks of 
drug administration, characterised by fever, rash, 
eosinophilia, presence of autoantibodies (anti-
nuclear antibody or anti-smooth-muscle anti-
body) and, in severe cases, Stevens–Johnson 
syndrome.10 Minocycline and nitrofurantoin are 
well-established drugs known to cause drug-
induced autoimmune hepatitis (AIH), as verified 
in DILI cases that have been assessed for causal-
ity using RUCAM.11 Non-immune-mediated idi-
osyncratic DILI instead does not manifest any of 
the aforementioned features, with a delayed onset 
of clinical presentation. Beyond intrinsic and idi-
osyncratic DILI, other forms of DILI such as 
steato-hepatitic, neoplastic (anabolic steroid-
induced or nodular regenerative hyperplasia) and 

Figure 1.  Classification of DILI.
*Medications known to cause hepatocellular, cholestatic or mixed pattern of liver injury.
DILI, drug-induced liver injury.
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vasculitic (azathioprine-induced hepatic sinusoi-
dal obstruction syndrome) variants have been 
described.10

Mortality outcomes vary with the pattern of idio-
syncratic DILI. Mixed liver injury has the most 
favourable prognosis with ALF being a rare 
adversity. Conversely, patients with hepatocellu-
lar injury combined with jaundice have the worst 
prognosis, with 10% fatality rate.12 The definition 
of hepatocellular DILI has been further refined to 
patients with a ratio of alanine transferase (ALT) 
to alkaline phosphatase (ALP) of 5 or higher 
while cholestatic and mixed liver injuries are 
defined by a ratio of ALT/ALP being equal to or 
less than 2 and between 2 and 5, respectively.13

Although not a drug, the incidence of herb-
induced liver injury (HILI) is rising as the use of 
phytotherapy gains popularity in the West. HILI 
has been reported worldwide including sub-Saha-
ran Africa, China and Europe.14 HILI shares 
common presenting features to DILI and is sub-
classified into hepatocellular, cholestatic and 
mixed patterns of liver injury. A recent systematic 
review by Lin et al.15 reviewed published cases of 
herb-induced hepatitis using RUCAM liver 
enzyme derangement patterns as indicators of 
liver injury and showed that HILI can present in 
a wide age group from 15 to 78 years with a mean 
age of presentation of 48 years. There is an overall 
female predominance with cholestatic patterns of 
liver injury with the exception of the elderly popu-
lation where men were more likely to be affected. 
Hepatocellular and cholestatic liver injury have 
been reported following the ingestion of products 
containing tea extracts catechin and germander, 
greater celandine as a remedy for gastrointestinal 
disorders, as well as seeds of Psoralea corylifolia for 
asthma, aphrodisiac or anti-inflammatory use. 
Catha Edulis, also known as khat, consumed in 
parts of Eastern Africa and Middle East can cause 
ALI and ALF. Linoleic acid and vitamin A can 
predispose to hepatocellular hepatitis.4 The rea-
son why only a small proportion of patients taking 
herbal products develop HILI is unknown, sug-
gesting the role of a complex interaction between 
toxic metabolites, contaminants, harmful drug 
interactions and possibly genetic predisposition in 
its pathogenesis.16

Risk factors
Various risk factors have been implicated in 
DILI.17 The propensity of a drug to cause DILI is 

highly dependent on patient age groups as empha-
sised by the RUCAM algorithm criteria.8,9 
Younger patients seem to have a higher risk for 
hepatocellular DILI compared to the elderly. 
Indeed, aspirin use in children is associated with 
Reye’s syndrome, characterised by increased fatty 
infiltration into hepatocytes and cerebral 
oedema.18 Similarly, valproic acid produces 
increased reactive oxygen species leading to 
hepatocyte damage in the young adult popula-
tion.19,20 Elderly patients are more prone to chole-
static DILI, with amoxicillin/clavulanate being 
the classic example.21 Increasing age is associated 
with increased hepatotoxicity from anti-tubercu-
lous drugs also, especially isoniazid. The exact 
pathophysiology is unclear; yet, it is plausibly due 
to age-related changes in renal and liver function 
and associated blood flow, defective immune 
responses to certain drug metabolites or increased 
presence of reactive oxygen species in hepato-
cytes.22,23 The role of polypharmacy in old age 
and its link with DILI is disputed with little evi-
dence to support an association.24

Gender has also been implicated as an important 
risk factor of DILI. It was long proposed that 
females have a higher risk for idiosyncratic DILI 
to drugs such as diclofenac, tetracyclines and 
nitrofurantoin.25 Yet, multiple studies show oth-
erwise, demonstrating equal prevalence of DILI 
in both men and women.26,27 Nevertheless, 
Lucena et al.28 reported nearly twice as many 
women suffering from hepatocellular DILI as 
well as increased severity and poorer outcomes 
from DILI. The exact pathophysiology of such 
variations is unclear but increased genetic suscep-
tibility and increased likelihood of autoimmune-
mediated liver injury in females may potentiate 
this risk.

Drug pharmacodynamics and interactions
Drug metabolism through different isoforms of 
cytochrome P450 (CYP) plays a critical role in 
idiosyncratic DILI.29 Of 3312 cases of idiosyn-
cratic DILI assessed for causality with RUCAM, 
Tschke et al.30 identified 61.1% of drugs to be 
metabolised by cytochrome P450 (CYP) iso-
forms. Among these drugs, almost half (49.1%) 
were metabolised by CYP 3A4/5 and almost a 
quarter (24.6%) were metabolised by CYP 
2C8/9. The remaining quarter was metabolised 
by CYP 2E1, CYP 2C19, CRP 1A2 and CYP 
2D6. Patients with idiosyncratic DILI had a 
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higher proportion of drugs metabolised by CYP 
2C9 (24.6% versus 10%) and CYP 2E1 (13.2% 
versus 2–4%) when compared to the general 
healthy population. Valproic acid, particularly in 
young children, is found to cause hepatotoxicity 
by enhancing 4-ene-valproic acid reactive metab-
olite formation by inducing CYP 2A6 and CYP 
2C9. Furthermore, valproic acid induces β-
oxidation leading to impaired mitochondrial 
DNA repair. Enhanced production of reactive 
metabolites is also observed in statins, with 
reduced drug clearance from functional CYP3A4 
polymorphisms implicated. Interactions with 
drugs such as amiodarone, macrolides and flu-
conazole that inhibit CYP3A4 activity also reduce 
threshold for statin-induced hepatotoxicity.31

The lipophilicity of a drug as a risk factor for idi-
osyncratic DILI has been a focus of much debate. 
Due to their high solubility and ability to have 
increased off-target effects, lipophilic drugs are 
thought to be able to cross into hepatocytes and 
undergo metabolism.32 The latter can produce 
reactive species which can either injure hepato-
cytes directly or trigger an immune response due 
to abnormal protein formation. Various drugs are 
listed in LiverTox database as to their potential to 
cause liver injury. Notably, diclofenac forms 
hepatotoxic reactive amines during its metabo-
lism. Valproic acid toxicity is increased by other 
anticonvulsants, presumably due to an increased 
pool of intermediary reactive oxygen species, 
which would otherwise be cleared by glutathione 
conjugation and N-acetyl conjugation, a process 
thought to be reduced with other anticonvulsants 
present.19

In 2013, the National Centre for Toxicological 
Research of the US Food and Drug Administration 
(FDA)33 analysed 164 FDA-approved oral medi-
cations and coined the ‘rule-of-two’ where a com-
bination of a defined daily dose (DDD) of 
⩾100 mg and high lipophilicity increased the risk 
of hepatotoxicity (odds ratio: 14.05, p < 0.001). 
Moreover, employing the ‘rules of two’ increased 
the positive predictive value for DILI from 85% 
to 96%, while decreasing the negative predictive 
value from 55% to 39%. Nevertheless, Weng 
et al.34 published contrasting results based on a 
review of 975 oral drugs. Of 49% (478) of the 
drugs identified to induce hepatotoxicity, a higher 
DDD of ⩾100 mg and extensive liver metabolism 
of ⩾50% were associated with hepatic adverse 
drug reactions. Yet, lipophilicity of an oral drug 

alone or in combination did not contribute to 
hepatotoxicity. This study’s methodology that 
was used to derive results was later questioned, as 
it inappropriately defined ‘DILI negatives’ as a 
simple subtraction of ‘DILI positives’ in a given 
condition from the total number of drugs. There 
are significant contradictions in defining ‘DILI-
negative’ drugs across studies, with up to 40% of 
drugs labelled as ‘DILI negative’ in one registry 
and ‘DILI positive’ in another.35 To resolve this, 
McEuen et al.36 established a consensus annota-
tion by cataloguing the majority vote of five 
selected annotations.37–41 From analysing 1036 
FDA-approved drugs, both lipophilicity and 
extent of metabolism were found to be weak but 
independent risk factors for DILI. This study also 
supported previous findings that DDD of 
⩾100 mg and extensive hepatic metabolism of 
⩾50% were strongly associated with increased 
risk of DILI. Regardless, it is important to note 
that the reference annotations used in this study 
did not have a consistent methodology in defining 
DILI, highlighting the need for consistency in 
using validated scores to better characterise cau-
sality in future studies.

Assessment
The clinical presentation of DILI varies exten-
sively, from patients who develop a viral hepatitis-
like syndrome to those who are asymptomatic. 
Some patients with deranged liver biochemistry 
can develop eosinophilia suggestive of an under-
lying drug allergy, but this is observed in only a 
fraction of patients. Furthermore, imaging of the 
liver and biliary tree is often normal in DILI.4

Re-challenge of an implicated drug provides the 
strongest evidence for DILI. In practice, re-chal-
lenge of a drug commonly occurs inadvertently by 
patients without prior knowledge of the causal 
relationship between a drug and liver injury. 
Excluding anti-tuberculous medications, how-
ever, re-challenge of an implicated drug can be 
dangerous and is rarely advocated in clinical prac-
tice due to ethical constraints.4,42

Identifying deranged liver enzymes, although 
non-specific, remains the hallmark for diagnosing 
DILI.10 Hepatocellular DILI is outlined by an 
ALT ⩾ 5 times the upper limit of normal (ULN) 
and ALT/ALP ⩾ 5 times ULN. Cholestatic 
DILI is denoted by an ALP ⩾ 2 times ULN  
and ALT/ALP ratio of ⩽2 times ULN. Mixed 
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DILI is characterised by ALT ⩾ 3 times ULN, 
ALP ⩾ 2 times ULN and ALT/ALP ratio <5 or 
>2 times ULN.13 Liver enzyme derangements 
combined with clinical history of toxicity includ-
ing dermal reactions, kidney injury and previous 
DILI should prompt suspicion of DILI (Figure 
2).4 Investigations include an extensive liver panel 
as well as imaging of both the liver and the biliary 
tract using ultrasound, contrast-enhanced com-
puted tomography or magnetic resonance imag-
ing based on clinical context.

On liver biopsy, hepatocellular idiosyncratic DILI 
involves a high degree of portal inflammation, 
necrosis and apoptosis that typically involves zone 
3. Cholestatic DILI instead involves canalicular 
and hepatocellular cholestasis.4 Yet, such features 
are not pathognomonic of DILI, with mixed sub-
type of DILI further complicating diagnostic 
evaluation. Whilst liver biopsy can be useful to 
identify certain cases of liver injury such as a liver 
mass of unknown origin, it is not necessarily 
required for cases of DILI. A stepwise approach 
to the clinical history, alcohol intake, lists of drugs 
taken, clinical examination, liver tests, viral 
screening and relevant imaging is often sufficient 
to point to the cause of liver injury.

Genetic predisposition to DILI is poorly under-
stood but several gene polymorphisms encom-
passing cytochrome enzymes, HLA and 
mitochondrial DNA mutations are thought to 
contribute to the overall risk of DILI. DILI 
defined by RUCAM criteria has been strongly 
associated with HLA loci polymorphisms. 
Notably, HLADRR1*15:01 was found to be 
associated with amoxicillin/clavulanate DILI.43 
The presence of HLA-B*57:01 was also found to 
be associated with an 81-fold increased risk of 
flucloxacillin-induced hepatotoxicity.44 Clinical 
medicine has not yet incorporated regular DNA 
profiling to identify at-risk individuals and as such 
is not an easily identifiable trait. Until genomic 
medicine and technology become widely available 
and accessible, risk assessment based on genetic 
make-up is not regularly feasible.

There have been multiple standardised causality 
assessment scales that have been developed to 
provide more objective and reproducible criteria. 
The Council for International Organisations of 
Medical Sciences endorsed the RUCAM in 1993 
to aid clinicians for detection of idiosyncratic 
DILI.8,9 Today, the RUCAM scale remains the 

most widely used tool to confirm or exclude 
DILI. It uses objective criteria such as time of 
onset of hepatotoxicity, risk factors, exclusion of 
alternative non-drug-related causes of ALI, and 
ALT/ALP levels to establish a possible causal 
association between a drug and liver injury. A 
total score ranging from −9 to +15 is derived 
from seven distinct domains to stratify patients 
according to their probability of having DILI. 
When first validated, the RUCAM scale demon-
strated a sensitivity of 86%, specificity of 89%, 
positive predictive value of 93% and negative pre-
dictive value of 78%. RUCAM has been widely 
adopted worldwide due to the ease of clear crite-
ria identification, stepwise approach and easy 
scoring system which can be independently reas-
sessed by different colleagues. It also went 
through an international update to its criteria 
since its inception.13

In 2022, a digitised version of RUCAM, known 
as RECAM (Revised Electronic Version of 
Causality Assessment Method), was developed. 
This incorporated a modified criteria for the diag-
nosis of DILI and was trialled on DILI cases reg-
istered on the US DILI Network and Spanish 
DILI Registry. The results did not show overall 
improved diagnostic sensitivity or specificity of 
RECAM over RUCAM.45 Notably, the study was 
limited to only 194 US and Spanish cases, most 
of which were of Caucasian descent which 
restricts its generalisability. RECAM’s validation 
did not include DILI cases with positive re-chal-
lenge, which is considered the gold standard by 
DILI experts. Moreover, LiverTox scores as a 
measure of hepatoxicity are not evidence based 
and are of weak quality. The authors pointed out 
that RUCAM was unreliable, but this stems 
mainly from inaccurate use by different users. 
RUCAM is ingrained in actual cases (published 
or from databases) and is the most widely used 
diagnostic tool for DILI due to its objectivity and 
strong validation based on 81,856 DILI cases. 
RECAM showed that there could be a path to 
digitisation of RUCAM to improve accessibility 
and data acquisition, but the use of such comput-
erised causality assessment method warrants ade-
quate validation and generalisability.46

Novel biomarkers
Biomarkers including metabolic enzymes, micro-
RNA and cellular proteins have been a focus of 
research for diagnostic and prognostic evaluation 
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Figure 2.  Clinical algorithm for suspected DILI.
ALP, alkaline phosphatase; ALT, alanine transaminase; CMV, cytomegalovirus; DILI, drug-induced liver injury; EBV, Epstein-
Barr virus; HAV, Hepatitis A virus; HBV, Hepatitis B virus; HCV, Hepatitis C virus; HEV, Hepatitis E virus; HSV, herpes simplex 
virus; KCC, King College Criteria; LT, liver transplantation; MELD, Model For End-Stage Liver Disease; OTC, Over-the-
counter; RUCAM, Roussel Uclaf Causality Assessment Method; ULN, upper limit of normal.

https://journals.sagepub.com/home/tag


T Hosack, D Damry et al.

journals.sagepub.com/home/tag	 7

of DILI. Fatty acid binding protein 1 (FABP-1) is 
found abundantly in the liver and is involved in 
fatty acid metabolism, storage and transport.47 
Mikus et al.48 found that FABP-1 increased early 
in drug-mediated liver injury compared to ALT. 
Once treatment was over, FABP-1 levels 
decreased to baseline whilst ALT elevation per-
sisted. Additionally, increased FABP-1 was found 
to be associated with poorer outcomes in paracet-
amol hepatotoxicity.49 However, FABP-1 levels 
also change in other diseases such as cancer, dia-
betes and metabolic disorders; as such, its kinet-
ics and variation in illness need to be studied to 
determine its sensitivity and specificity in detect-
ing DILI.

Due to the lack of sensitive molecular markers in 
predicting or prognosticating DILI, there was 
much excitement following the identification of 
High Mobility Group Box-1 and microRNA-122 
as possible diagnostic biomarkers specific to DILI 
cases. However, the results of the validation 
experiments came under scrutiny and were later 
retracted due to lack of scientific robustness. 
Hence, new innovative and robust methods need 
to be designed to properly identify the true bio-
markers of liver injury. These should be validated 
in RUCAM-defined cases of DILI to enhance 
their credibility and reliability for clinical 
practice.50

Identifying new biomarkers comes with pitfalls, 
and the advent of proteomics is gaining new 
insight into new potential protein biomarkers for 
DILI.51 The ideal biomarker should be sensitive 
to pick up early liver injury and specific to avoid 
other confounding illnesses. Until specific bio-
markers are available in clinical practice, a case-
by-case expert judgement with a systematic 
approach using a combination of liver biopsy, 
immune-allergic features and standardised cau-
sality assessment scales is therefore recommended 
for early diagnosis and management of DILI.

Management
Prompt discontinuation of the implicated drug 
remains the most important step to managing 
DILI. Cessation of the causative agent often leads 
to spontaneous recovery in days to weeks and 
does not require any further therapeutic interven-
tions. Yet, the trajectory of clinical and biochemi-
cal resolution is not always predictable. 
Protraction of or deterioration in hepatic function 

despite cessation of the culprit drug can generate 
significant clinical uncertainty, leading to alterna-
tive causes being missed and appropriate therapy 
not being administered. Moreover, biochemical 
resolution of liver tests may not always connote 
clinical improvement, with decreasing ALT 
observed in patients with reducing hepatic reserve 
from liver necrosis.4,10 Active surveillance with 
frequent blood tests is critical for this patient 
cohort. Spontaneous recovery from paracetamol-
induced ALF is observed in 65% of cases.3 In 
contrast, recovery from idiosyncratic drug-
induced ALF is uncommon, with 27.1% of 
patients surviving longer than 3 weeks.52 
Consequently, early involvement of a hepatolo-
gist and transfer to a gastroenterology ward are 
paramount to patient survival. With LT improv-
ing overall survival to 66%, any signs of ALF 
including coagulopathy [international normalized 
ratio (INR) > 1.5], ascites and encephalopathy 
should prompt transfer to intensive care and 
urgent referral to a tertiary liver unit.3,13

Two treatment approaches have been endorsed 
to manage patients who develop drug-induced 
ALF. One is through rapid depuration of the 
toxic drug to limit its absorption and dose-
dependent hepatotoxic effects. Activated charcoal 
is widely used to treat drug overdoses such as par-
acetamol, phenobarbital and carbamazepine.53–55 
As its therapeutic benefit is restricted to within 
3–4 h of acute ingestion of the toxin, the efficacy 
of depuration therapy is highly dependent on 
prompt admission of patients for assessment, rec-
ognition of potential DILI by physicians and 
healthcare resource availability.4 Consequently, 
depuration therapy is often limited to drugs that 
cause an intrinsic pattern of DILI and has shown 
to be of little benefit in idiosyncratic DILI and 
HILI. Previous uses of whole bowel irrigation and 
gastric lavage have largely been superseded by 
activated charcoal depuration but can sometimes 
be used in cases of acute poisoning with iron, lith-
ium, sustained release tablets and body packing.

The second treatment approach widely endorsed 
is the administration of a drug-specific antidote to 
counter the hepatotoxic effects of a toxin. Hepato-
protective medications including N-acetylcysteine 
(NAC) and L-carnitine have been widely used in 
ALI secondary to overdoses of paracetamol and 
valproic acid, respectively.10 The hepatoprotec-
tive role of NAC in idiosyncratic DILI,56 how-
ever, remains controversial. In a prospective, 
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double-blind trial by Lee et al.,57 a total of 173 
patients with non-paracetamol-induced ALF 
were randomised to receive a 72-h infusion of 
either NAC or placebo. Overall, no significant 
survival benefit was demonstrated using NAC 
therapy. Nevertheless, subgroup analysis demon-
strated that patients with early stages of ALF with 
Grade I–II encephalopathy had a significant 
improvement in non-transplant survival using 
NAC. In a separate retrospective cohort study, 
Borlak et al.58 evaluated the effectiveness of con-
comitant NAC infusion and corticosteroid ther-
apy in severe idiosyncratic DILI secondary to 
flupirtine. The study suggested that the use of 
NAC with prednisolone resulted in quicker recov-
ery of ALT, AST and INR compared to untreated 
patients. Conclusions could not be made however 
as the retrospective study involved a very small 
cohort of 21 patients compared to an external 
control, did not use RUCAM criteria to identify 
DILI cases of flupirtine and was mainly aimed at 
liver injury secondary to flupirtine only. This 
therefore did not include other causes of idiosyn-
cratic DILI. As such, the authors recommended 
that a proper randomised controlled trial would 
be more suitable to assess the efficacy of this 
treatment.

Evidence for therapies including corticosteroids 
for immune-mediated reactions and ursodeoxy-
cholic acid for cholestatic liver injury remain 
sparse, and their use today is widely off-license.10 
Of note, a recent retrospective analysis of autoim-
mune, indeterminate and drug-induced ALF by 
Karkhanis et al.59 in conjunction with ALFSG 
concluded that corticosteroid therapy had no 
prognostic benefit in drug-induced ALF. 
Moreover, they demonstrated that corticosteroid 
use was associated with poorer prognosis in 
patients with higher Model For End-stage Liver 
Disease (MELD) scores. Benefits of corticoster-
oids are therefore limited to immune-mediated 
DILI or drug-induced AIH. Immune-mediated 
DILI typically requires a short course of corticos-
teroids to achieve therapeutic benefit. On the 
contrary, long duration of corticosteroid therapy 
is usually required for drug-induced AIH.10

Immune-checkpoint inhibitor (ICI)-hepatitis is 
rare, with incidence increasing on the use of com-
bination therapy with other ICI or chemotherapy 
drugs.60,61 ICIs such as programmed cell death 
protein 1 antagonists (nivolumab and pembroli-
zumab) and cytotoxic T-lymphocyte-associated 

protein 4 antagonists (ipilimumab) adversely 
induce hepatitis as a sequela to over-activating 
the immune system in response to the tumour.62 
Identification of deranged liver tests with thor-
ough evaluation of aetiologies including cancer 
progression, alcohol misuse and opportunistic 
viral infections is warranted. The Common 
Terminology Criteria for Adverse Events can be 
used to assess the severity of ICI-hepatitis. 
Severity is graded by the level of ALT and AST: 
Grade 1 (>ULN to 3 times ULN), Grade 2 (>3–
5 times ULN), Grade 3 (>5–20 times ULN) and 
Grade 4 (>20 times ULN). Consensus from the 
Innovation and Quality DILI Immunotherapy 
Working Group has not recommended the use of 
RUCAM to diagnosis immunotherapy-induced 
DILI. This may be due to difficulty achieving 
scores to categorise patients as having ‘probable’ 
or ‘highly probable’ DILI without previous expo-
sure or re-exposure to the immunotherapy, which 
is not safe to do in patients with cancer.63 
Nevertheless, we recommend clinicians to actively 
exclude alternative causes of DILI, such as antibi-
otic use in immunosuppressed oncological 
patients following opportunistic infections, espe-
cially when considering the prognostic implica-
tions in discontinuing immunotherapy. The use 
of the updated RUCAM score may therefore  
be of benefit to clinicians as a tool to exclude 
alternative causes of DILI. The American 
Gastroenterological Association64 provides a use-
ful guideline in managing ICI-induced hepatitis. 
For patients with Grade 1 ICI-hepatitis, defined 
by AST/ALT elevated ⩽3 times ULN and biliru-
bin elevated ⩽1.5 times ULN, continuing immu-
notherapy whilst close monitoring of symptoms 
with weekly or biweekly blood tests may be suffi-
cient. Grade 2 ICI-hepatitis, defined by rises in 
AST/ALT of up to 3–5 times ULN and bilirubin 
of up to 1.5–3 times ULN, should prompt clini-
cians to consider liver biopsy, hold the culprit ICI 
and initiate 0.5–1 mg/kg/day oral prednisolone. 
Resumption of ICI should be considered in 
patients showing improvement in LTs to ⩽Grade 
1 hepatitis following a slow taper of corticosteroid 
over a month. Permanent discontinuation of ICI 
with admission to hospital for liver biopsy and 
1–2 mg/kg/day IV methylprednisolone therapy is 
recommended in patients with Grade 3 or 4 ICI-
hepatitis (defined by an AST/ALT > 5 times 
ULN and bilirubin > 3 times ULN). Slow taper-
ing of steroids over 1 month following Grade 3–4 
hepatitis is recommended if improvement in LTs 
is seen. Nevertheless, it is important to highlight 
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that the use of corticosteroids in ICI-hepatitis is 
based on longitudinal studies and there are no 
randomised controlled trials that have validated 
its effect. Treatment with immunomodulators 
including azathioprine, mycophenolate mofetil or 
tacrolimus is recommended in patients where a 
drop in transaminases by ⩾50% within 3–5 days. 
The use of anti-thymocyte globulin is reserved for 
patients with fulminant hepatitis due to its poten-
tial pro-oncogenic properties.65

In the UK and globally, the King’s College Criteria 
(KCC)66 devised in 1989 continues to be widely 
used to determine early deteriorations in patients 
with ALF in patients with paracetamol toxicity. 
For ALF induced by idiosyncratic DILI, however, 
several prognostic scoring systems (KCC, Clichy 
criteria, ALFSG Index, Japanese criteria and 
MELD) have been proposed66–70; yet, none of 
these are optimal, and more sensitivity and spe-
cific prognostic scoring systems are necessary.71 
Although most patients recover from DILI, 11.7% 
of patients who develop DILI-induced hepatocel-
lular jaundice either require a LT or die.12

Due to the low incidences of idiosyncratic DILI, 
most studies dichotomise outcomes of DILI 
based on whether they are paracetamol induced 
or non-paracetamol induced. Paracetamol toxic-
ity has the most favourable prognosis largely due 
to robust diagnostics and use of NAC. A retro-
spective study by Wei et al.72 from Sweden dem-
onstrated that among patients with paracetamol 
toxicity with a MELD score of <30 who did not 
fulfil the KCC had a high negative predictive 
value of 94% for graft-free mortality. ALF sec-
ondary to idiosyncratic DILI comparatively has a 
poorer outcome with a transplant-free survival 
rate of 21.7% at 3 weeks. Both MELD score >29 
and Grade 3–4 encephalopathy are poor prognos-
tic factors indicative of high risk of mortality with-
out LT.52

A study of the European Liver Transplant 
Registry database of 4903 patients between 1988 
and 2009 demonstrated that the overall graft sur-
vival at 1, 3, 5 and 10 years for patients with ALF 
listed for LT were 63%, 59%, 57% and 50%, 
respectively.73 No statistically significant differ-
ence in graft survival was detected between dif-
ferent aetiologies of ALF. The major contributing 
cause of death and graft failure was infection, 
irrespective of the cause of ALF. Graft rejection 
rates of paracetamol and non-paracetamol 

aetiologies were 9.5% and 9.4%, respectively, 
which was statistically lower than that of viral 
(10.1%) or cryptogenic (12.5%) causes. Suicide 
and non-adherence rates of immunosuppressive 
medications were highest amongst patients receiv-
ing liver grafts following paracetamol toxicity. Of 
the 203 patients with idiosyncratic DILI receiving 
LT, only 1% developed disease recurrence.

Early detection of coagulopathy and hepatic 
encephalopathy and referral for consideration for 
LT is paramount to improving the overall survival 
rate of patients with suspected idiosyncratic DILI. 
Nevertheless, 25% of patients listed for LT die 
whilst waiting for a suitable graft.74 Current evi-
dence to delineate spontaneous recovery from idi-
osyncratic DILI-induced ALF is scarce, especially 
in those already listed for LT. Consequently, a 
robust multidisciplinary approach involving a 
hepatologist, surgeon, anaesthetist and psychia-
trist is critical to reducing mortality of transplant 
candidates and avoiding unnecessary LT.

Conclusion
DILI is an uncommon but potentially fatal 
adverse reaction to a drug with significant hetero-
geneity in both latency and pattern of liver injury. 
Clinical suspicion with history of previous DILI 
together with liver enzyme derangement remains 
the hallmark for the diagnosis of DILI. Judicious 
assessment with both an extensive liver panel and 
imaging as well as consideration for a liver biopsy 
is necessary to exclude alternative diagnosis of 
liver pathology. Spontaneous recovery is seen in 
most patients with DILI; nonetheless, close clini-
cal and biochemical monitoring is vital, with clin-
ical presentations of ALF prompting urgent 
referral to intensive therapy unit and referral to 
tertiary liver units for consideration of LT. Both 
genetic testing and biomarkers have been newly 
incorporated into clinical practice to aid early 
diagnosis of drug toxicity as well as to risk stratify 
patients who will need immunosuppressive ther-
apy following LT.4 Extrapolating genetic testing 
to risk stratify patients with chronic diseases 
needing long-term medical therapy may be a 
future strategy to reduce the incidence of DILI.
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