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1  | INTRODUC TION

Idiosyncratic drug‐induced liver injury (DILI), as opposed to intrinsic 
DILI, is an unexpected adverse drug reaction that occurs rarely owing 
to interactions between drug properties and host factors (genetics, 

alcohol intake, diet, coexisting diseases, associated medications and 
microbiome among others). The variety of interactions accounts for 
individual susceptibility, DILI phenotypic expression and outcome.1 
Genetic variations in genes involved in drug metabolism phases 1 
(bioactivation), phase 2 (conjugation) and phase 3 (cellular excretion) 
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Abstract
Idiosyncratic drug‐induced liver injury (DILI) is a challenging liver disorder because 
it can present with a range of phenotypes, mimicking almost every other hepatic 
disease, and lacks specific biomarkers for its diagnosis. Hence, a confident DILI di‐
agnosis is seldom possible as it relies on the precise establishment of a temporal 
sequence between the exposure to a given prescription drug or sometimes hidden 
herbal product/over the counter medication as well as the exclusion of other aetiolo‐
gies of liver disease. However, an accurate diagnosis is of most importance, as prompt 
withdrawal of the causative agent is essential in DILI management. Indeed, DILI can 
be severe and even fatal or in a fraction of cases evolve to chronic damage, but spe‐
cific biomarkers for predicting mortality/liver transplantation or a chronic outcome in 
the very early phases of DILI are not yet available. In this article, we discuss the best 
diagnostic and prognostic approach of a DILI suspicion by judiciously choosing and 
interpreting the standard tests currently used in clinical practice.
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are believed to affect the accumulation of reactive metabolites to a 
critical threshold leading to cellular stress that potentially initiates 
cell damage and active immune responses.2 Drug chemical proper‐
ties are probably of most importance in the initiation of mild injury, 
but once injury begins the responses to injury insult (ie immune re‐
sponse, inflammation, tissue injury and repair) are mainly driven by 
host factors.1

The complexity of the mechanism underlying idiosyncratic DILI 
and the variability from one subject to another might also explain the 
particular signature of this adverse hepatic reaction, namely the abil‐
ity to present with a wide range of phenotypes and severity. Indeed, 
idiosyncratic DILI is one of the most challenging clinical scenarios in 
hepatology. This is because of the impressive number of drugs used 
in clinical practice but also herbs and dietary supplements that have 
shown hepatotoxic potential, its low frequency compared with other 
acute or chronic liver disease, the variety of clinical and histological 
phenotypic presentation and, most importantly, the current absence 
of specific biomarkers able to distinguish DILI form other liver dis‐
orders. All these factors jeopardize the correct assessment of DILI, 
whose diagnosis still relies on a high degree of suspicion in addi‐
tion to careful exclusion of alternative aetiologies of liver damage. 
Idiosyncratic DILI is also the most frequent cause of acute liver fail‐
ure (ALF) in the USA and Europe. Notably, drug‐induced ALF carries 
a particularly poor prognosis so an early prediction is of paramount 
importance.3

Recent concerted efforts on biomarker discovery and val‐
idation in the Innovative Medicines Initiative Safer and Faster 
Evidence‐based Translation (IMI SAFE‐T) Consortium4 have 
brought hope to the area of new serum biomarkers to improve the 
diagnostic performance of currently used aminotransferases in pa‐
tients with DILI. However, despite the identification of promising 
soluble markers for predicting outcome, the specificity of these 
new analytes in terms of distinguishing DILI from other hepatic 
injuries is yet limited.5 Hence, correct assessment of DILI suspi‐
cions requires nowadays the optimization of the current labora‐
tory and imaging tests available for a better diagnostic approach 
and prognostic prediction. In this article, we aim to discuss the 
best approach to diagnostic and prognostic DILI assessment in a 
post‐market setting.

2  | CLINIC AL SPEC TRUM OF DILI

2.1 | Clinical presentation

Idiosyncratic DILI can mimic any other hepatic disease in presenta‐
tion and hence requires a high degree of awareness and suspicion 
from the clinicians. It can occur either in subjects without pre‐ex‐
isting liver disease or in patients with known or undiagnosed liver 
disorders, including patients in which hepatotoxicity may further 
decompensate underlying cirrhosis leading to acute‐on chronic 
liver failure6 (Figure 1). The most frequent form of presentation 
is an acute episode mimicking viral hepatitis or acute cholestatic 
syndrome. Clinical features can include low‐grade fever, asthenia, 

abdominal discomfort, anorexia, jaundice, encephalopathy and as‐
cites, all of them unspecific for DILI. Jaundice is the most frequent 
manifestation present in 69%‐71% of the cases.7,8 ALF is described 
from 4% to 14% of cases of DILI.9‐12 Nonetheless, clinical symptoms, 
albeit not specific for hepatotoxicity, can be useful to identify some 
typical drug signatures, establish alternative causes and predict out‐
come. Hepatotoxicity usually resolves spontaneously after drug ces‐
sation except for a minority of instances that progress to ALF and 
chronic DILI, showing persistent increases in aminotransferases and 
or/alkaline phosphatase (ALP) and/or radiological or histopathologi‐
cal evidence of liver damage despite drug withdrawal.13

Many prescription and over the counter drugs, herbs and di‐
etary supplements have been associated with liver injury, which 
complicates the adjudication process particularly when the subject 
is receiving several agents in combination. Resources such as the 
LiverTox webpage14 provide updated information on the potential 
for hepatotoxicity of many medications in common use. Careful in‐
quiry, retrieving information on treatment start and stop dates with 
regard to the initiation of symptoms and the course of the clinical 
syndrome upon drug discontinuation is needed to establish a com‐
patible temporal relationship with the suspected causative agent. 
Time to onset can range from a few days to several months but the 
majority of subjects develop DILI within the first 3 months of ther‐
apy, although in some instances (eg amoxicillin‐clavulanate‐related 
DILI) the hepatic reaction can occur with a considerable delay after 
treatment interruption.15

3  | PHENOT YPES

The first step to correctly appraise a suspicion of DILI is to charac‐
terize the phenotype (Figure 1). Acute DILI is usually identified and 
classified using biochemical criteria, which by consensus include 
one of the following thresholds: (a) alanine amino transferase 
(ALT) ≥5 × upper limit of normal (ULN), (b) ALP ≥2 × ULN after 

Key points
• Drug‐induced liver injury can present with a wide range of 

phenotypes, but a hepatitis or cholestasis “like” syndrome 
are the most common types in clinical practice.

• A diagnosis of DILI is mainly based on excluding other ae‐
tiologies of liver injury, but the pharmacological history 
and monitoring of liver tests upon drug discontinuation 
are also crucial for the diagnosis.

• Prospective cohort studies have identified demographic 
and laboratory variables that are predictive of short‐term 
severe or chronic outcome.

• Genetic factors identified in genome‐wide association 
studies, while not useful for pre‐treatment risk minimiza‐
tion, can help to distinguish DILI from other liver diseases.
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ruling out bone pathology or (c) ALT ≥3 × ULN plus total biliru‐
bin (TBL) >2 × ULN. Thus, pattern of liver injury is classified ac‐
cording to the first available liver profile values rather than being 
based on histology as liver biopsy is not commonly performed. 
Hepatocellular pattern of liver injury is defined as the ratio (R) ALT 
(expressed in ULN) divided by ALP (expressed in ULN) being 5 or 
higher. Cholestatic pattern is defined by R ≤2. When R is <5 and 
>2, the pattern is considered as mixed.16 The progress of liver en‐
zyme elevations over time tend to diminish the R value and make 
the pattern more cholestatic.17

Although most of the drugs have the potential to induce all the 
patterns of liver injury (hepatocellular, cholestatic and mixed), some 
drugs have characteristic signatures that can help clinicians to dif‐
ferentiate the causal agent when many drugs have been taken at the 
same time period. Thus, drugs with typical DILI signatures include 
anabolic steroids, which characteristically induced mild or moder‐
ate increases in transaminases and ALP but very high elevations in 
TBL18 and herbs that are typically associated with a hepatocellular 
pattern and high levels of transaminases.19 DILI caused by isonia‐
zid,20 flutamide21 and diclofenac22 show in almost all instances a 
hepatocellular pattern of injury, while liver injury owing to amoxicil‐
lin‐clavulanate,23 azathioprine24 and oestrogens are predominantly 
mixed or cholestatic.25 Nevertheless, host factors such as age have 
been shown to influence the pattern of injury regardless of the 
drug, with increasing age being associated with cholestatic pattern 
of liver injury.26

However, DILI can present with a myriad of other acute and 
chronic syndromes (Table 1) that would be inaccurately classified 
using the biochemical criteria explained before. The majority of 
these phenotypes are indistinguishable from those not related to 
medications with regard to clinical, imaging and histopathological 
features and DILI should therefore be suspected in the setting of 
an exposure to drugs known to be associated with these particular 
presentations of DILI. In some instances (eg nodular regenerative 
hyperplasia, indolent fibrosis or granulomatous hepatitis), the link 
between specific drugs (eg oxaliplatin, methotrexate and allopurinol, 
respectively) and the phenotype is so evident that DILI arises as the 
first diagnostic choice.

4  | DIAGNOSTIC TOOL S FOR DRUG ‐
INDUCED LIVER INJURY A SSESSMENT

4.1 | Liver tests for liver injury assessment

The absence of diagnostic DILI biomarkers has led to that serum ALT/
aspartate aminotransferase (AST), ALP and TBL levels still remain 
the pillars for DILI case detection and qualification.27 Minor and re‐
versible increases in ALT/AST that occurs with some drugs such as 
statins or that may indicate pre‐existing liver disease (ie fatty liver) 
should not be classified as DILI. Moreover, ALT lacks specificity as a 
rise in serum values can also be related to other organ damages, most 
often muscle injury, which can be drug induced (ie rhabdomyolysis) 

F I G U R E  1   Algorithm for approaching drug‐induced liver injury diagnosis

Abnormal liver tests/acute hepatitis/acute
Decompensation of chronic liver disease 

Dili suspicion

Detailed investigation
On drugs/OTC/HDS exposure

Define the pattern
Of liver injury

Etiological assessment

Diagnosis of dili No

YesSpecific management

Alternative diagnosis foundManagement
Follow-up assessment
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TA B L E  1   Phenotypes in DILI

Phenotypes Case characteristics Associated drugs
Elements in assessment and 
management

Hepatocellular pat‐
tern of liver injury

ALT (or AST) raised ≥5 fold above ULN 
or ratio (R) ALT/ALP ≥5

Isoniazid,20 flutamide,21  
diclofenac22 and herbs19

 

Mixed or cholestatic 
pattern of liver injury

2<R>5 (mixed)
ALP ≥2 ULN or R ≤2 (cholestatic)

Amoxicillin‐clavulanate,23  
azathioprine24 and oestrogens25

 

Hypersensitivity 
syndrome

DRESS78 syndrome involving  
several organs including the liver 
in 60%‐100% of cases and 10% of 
mortality.

SJS/TEN79 with mortality in the  
presence of DILI is even higher (36% 
to 46%)80,81

Carbamazepine, allopurinol,  
lamotrigine, sulfasalazine,  
phenobarbital, nevirapine,  
phenytoin, abacavir, mexiletine, 
dapsone and vancomycin,78 
minocycline82

Important HLA associations include 
HLA‐B*15:02 and SJS/TEN as‐
sociated with carbamazepine, HL 
A‐B*13:01and DRESS associated 
with dapsone, HLA‐B*35:02 and 
minocycline, HL A‐B*58:01 and 
SJS/TEN and DRESS associated 
with allopurinol82

Drug‐induced autoim‐
mune hepatitis

Acute or chronic damage with serologi‐
cal and/or histological features of AIH

Nitrofurantoin, minocycline, 
statins, diclofenac and anti‐TNFα 
agents83

Often needs immunosuppression 
with corticosteroid. Stop of im‐
munosuppression after remission 
is typically not followed by relapse 
unlike in idiopathic AIH54

Fatty liver disease Non‐alcoholic fatty liver disease related 
to specific drugs

Amiodarone Steatohepatitis, Mallory bodies, bal‐
looning, fibrosis and cirrhosis84

  Methotrexate Long‐term exposure has been as‐
sociated with fatty infiltration, 
fibrosis with potential progression 
to cirrhosis85

  Tamoxifen Doubles the risk of presenting fatty 
liver disease86

  Irinotecan Steatosis and steatohepatitis87

Nodular regenerative 
hyperplasia (NRH)

Characterized by a widespread benign 
transformation of hepatic parenchyma 
into small regenerative nodules. NRH 
may lead to the development of portal 
hypertension

Azathioprine,88 HAART,89 oxalipl‐
atin, 6‐thioguanine, bleomycin, 
busulphan, cyclophosphamide, 
cytosine arabinoside, chlorambu‐
cil, doxorubicin and carmustine

Oxiplatin is the drug more frequently 
associated with NRH90

Liver tumours Adenoma or hepatocellular carcinoma 
detected by biopsy/imaging

Oral contraceptives91 Increase the incidence of liver cell 
adenoma from 3 per million per 
year in the general population, to 
3‐4 per 100 000

  Androgens92 xymetholone and 
methyltestosterone and danazol

Hepatic adenomas, hepatocellular 
carcinomas, cholangiocarcinoma 
and angiosarcoma

Secondary sclerosing 
cholangitis

Acute damage with imaging and/or his‐
tological features mimicking primary 
sclerosing cholangitis

Amoxicillin‐clavulanate, amiodar‐
one, atorvastatin, infliximab, 6‐
mercaptopurine, and venlafaxin 
sevoflurane44,93

May evolve to chronic DILI

Granulomatous 
hepatitis

Central accumulation of mononuclear 
cells, primarily macrophages, with a 
surrounding rim consisting of lympho‐
cytes and fibroblasts

Allopurinol, carbamazepine, phe‐
nytoin, quinidine, methyldopa and 
sulphonamides94

 

Acute fatty liver Acute onset of microvesicular steatosis Sodium valproate, nucleoside ana‐
logue reverse transcriptase inhibi‐
tors, amiodarone and salicylate

Salicylate capable of inducing the 
‘Reye's syndrome’ in children, a rare 
form of hepatotoxicity95‐97

(Continues)
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and is generally accompanied by a disproportionate increase in 
AST with regard to ALT. Testing for creatine phosphokinase (CPK) 
can assist in distinguishing between liver‐ and muscle‐driven ALT 
elevations. An isolated elevation in TBL usually related to its un‐
conjugated fraction does not qualify as DILI as it generally indicates 
haemolysis or Gilbert syndrome.16 Nonetheless, a rise in serum ALT 
is highly sensitive for hepatocyte injury, and when accompanied by 
an elevation in TBL becomes a reliable biomarker of liver injury in 
DILI and liver dysfunction (the so‐called Hy's law, see the next sec‐
tion).28 Cholestatic damage is characterized by markedly elevated 
serum ALP in association with raised gamma glutamyl transferase 
(GGT). However, an isolated elevation of GGT is insufficient to qual‐
ify as DILI as it does not indicate liver damage.16 The performance of 
AST and GGT in replacing ALT and ALP, respectively, when the latter 
are unavailable at DILI recognition was analysed in a study of 588 
patients included in the Spanish DILI Registry. Whereas AST values 
can reliably substitute ALT in calculating the pattern of injury, the 
utility of GGT in replacing ALP is limited.29

Importantly, liver biochemical analyses should be performed when 
DILI is first recognized as these values more accurately reflect the ac‐
tual liver injury. However, abnormal liver tests when first found do not 
represent the true onset time of liver cell injury, which may already 
be advanced, subsiding or past.30 To clarify this issue, serial amino‐
transferase measurements are necessary. Liver biochemistry should 
also be tested in DILI patients until complete normalization for diag‐
nostic reassurance. Steady decline of aminotransferases supports the 
diagnosis of DILI, whereas flare‐ups and/or incomplete resolution of 
biochemical abnormalities suggest competing aetiologies. In addition, 
persistently elevated aminotransferases may indicate a chronic out‐
come. Importantly, elevation of liver enzymes upon re‐exposure to the 
suspected agent provides strong evidence for causality although the 
required threshold for this elevation is still controversial.31

Clinicians should also bear in mind that elevated serum ami‐
notransferases inaccurately reflect the extent to which the liver is 
damaged in insidious or atypical varieties of DILI such as indolent 
fibrosis (methotrexate), sinusoidal obstruction syndrome, cirrhosis 
or microvesicular steatosis secondary to mitochondrial toxicity. In 
such instances, the threshold values defined for case qualification 
may not be reached and DILI must be suspected and diagnosed, ac‐
cording to compatible histological/imaging findings in the context of 
exposure to specific drugs/toxicants.31

Laboratory assessment of a DILI suspicion should also include 
coagulation parameters and serum albumin to further scrutinize po‐
tential severity of the liver damage. Elevated international normal‐
ized ratio (INR) values (>1.5), which indicates impending liver failure, 
should prompt referral to a liver transplant unit.

4.2 | Serology and other laboratory tests for 
excluding alternative causes

Because of the current absence of specific biomarkers, the diag‐
nosis of DILI still relies on the exclusion of alternative causes of 
liver injury. Classification of injury pattern can assist in the initial 
diagnostic approach guiding the necessary work‐up to exclude 
the most common causes of hepatitis and cholestasis (Figure 1). 
Patient age and a detailed medical history to exclude alcohol abuse, 
comorbidities (such as sepsis, congestive heart failure, recent epi‐
sodes of syncope or hypotension, which would indicate ischae‐
mic hepatitis), should be retrieved. In addition, ascertainment of 
risk factors for viral hepatitis and the local burden of infectious 
diseases potentially affecting the liver are paramount to correctly 
assess the case.

As a first step, serology tests for viral hepatitis A, B, C and E 
should be performed, particularly in patients with hepatocellular and 

Phenotypes Case characteristics Associated drugs
Elements in assessment and 
management

Liver injury related to 
immune check point 
inhibitors

Immune‐related adverse events, includ‐
ing hepatotoxicity98,99

Ipilimumab, pembrolizumab and 
nivolumab, atezolizumab, ave‐
lumab and durvalumab

ICIs‐related hepatitis is typically 
‘seronegative’, not presenting 
ANA, ASMA or other AIH‐associ‐
ated autoantibodies and with no 
recurrence after immunosupressant 
withdrawal100,101

Vanishing bile duct 
syndrome102

Unresolving cholestasis leading to pro‐
gressive loss of intrahepatic bile ducts

Azathioprine, amoxicillin‐cla‐
vulanate, carbamazepine, 
chlorpromazine, erythromycin, 
flucloxacillin, phenytoin, terbin‐
afine and co‐trimoxazole

 

Peliosis hepatis Proliferation of sinusoidal hepatic capil‐
laries that results in cystic blood‐filled 
cavities distributed randomly through‐
out the liver103

Anabolic steroids,104,105 tamoxifen, 
and azathioprine

 

Abbreviations: AIH, autoimmune hepatitis; ALP, alkaline phosphatase; ALT, alanine aminotransferase; ANA, antinuclear antibodies; ASMA, anti‐
smooth muscle antibodies; DILI, drug‐induced liver injury; DRESS, Drug rash with eosinophilia and systemic symptoms; HAART, highly active 
antiretroviral therapy; HLA, human leukocyte antigens; ICI, immune check point inhibitors; NRH, Nodular regenerative hyperplasia; R, ratio; SJS/TEN, 
Stevens‐Johnson syndrome/ Toxic epidermal necrolysis; TNF, tumour necrosis factor; ULN, upper limit of normal.

TA B L E  1   (Continued)
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mixed type of liver damage. Potentially challenging cases include, 
for example, patients who are hepatitis B surface antigen (HBsAg) 
carriers, in whom hepatitis B virus (HBV) reactivation as the cause 
of liver injury should be excluded by testing HBV‐deoxyribonucleic 
acid (HBV‐DNA). As there is no specific biomarker for acute hepatitis 
C (HCV), this variety of viral hepatitis can also be misdiagnosed as 
DILI. Indeed, in 1.3% of adjudicated DILI cases in the Drug‐Induced 
Liver Injury Network (DILIN) prospective cohort, HCV‐ribonucleic 
acid (HCV‐RNA) tested positive making the diagnosis a challenge.8 
Besides, hepatitis E (HEV) is a common cause of viral hepatitis in 
Eastern countries but it is also an emerging cause in Western coun‐
tries and can subsequently be a DILI confounder.32,33 Anti‐HEV IgM‐
positive cases ranged from 3% in the DILIN database33 to 7% in the 
Spanish DILI Registry.34 Drugs initially thought to be responsible for 
the anti‐HEV IgM positive DILI cases in Spain actually had low hep‐
atotoxicity potential, showed less compatible temporal sequences 
and/or presented with higher aminotransferase levels compared 
with anti‐HEV IgM‐negative cases.34 However, anti‐HEV serology 
has not yet reached consensus worldwide as a diagnostic test for 
active HEV infection.35 Despite this limitation, a search for HEV 
infection as an alternative diagnosis is advisable in patients being 
assessed for DILI, particularly in cases in which the time to onset is 
less compatible with the drug signature of the suspected medication 
and in those with transaminase levels in the range of viral hepatitis.

When suspected DILI presents with a hepatocellular pattern, 
autoimmune hepatitis (AIH) is a potential alternative diagnosis that 
should be evaluated with autoantibodies (antinuclear antibodies 
(ANA); anti‐smooth muscle antibodies (ASMA)) and serum IgG. 
However, DILI associated with drugs such as nitrofurantoin, minocy‐
cline, anti‐tumour necrosis factor (TNF)‐α and statins among many 
others36‐38 can exhibit an AIH‐like phenotype indistinguishable 
from idiopathic AIH, making the differential diagnosis a challenge. 
In such instances, the history of exposure to the medication and a 
resolution of biochemical abnormalities with no relapse either spon‐
taneously or upon corticosteroids tapering and withdrawal support 
the diagnosis of drug‐induced AIH. Likewise, when suspected hepa‐
totoxicity presents with a cholestatic pattern, primary biliary chol‐
angitis needs to be excluded by anti‐mitochondrial antibody (AMA) 
testing.15 Alcoholic hepatitis rarely masquerades as DILI; a history of 
alcohol abuse with a predominance of AST over ALT elevation with 
ALT values usually below 300 IU/L and other biochemical features of 
chronic alcoholism such as high values of GGT and erythrocyte mean 
corpuscular volume make the diagnosis evident.

In younger patients with acute or chronic hepatitis, Wilson's dis‐
ease should be ruled out by measuring ceruloplasmin levels. When 
ceruloplasmin—an acute phase reactant—is diminished or only slightly 
decreased, which may occur in Wilson's disease presenting as acute 
hepatitis, a 24‐hour urine cooper excretion, ophthalmologic exam‐
ination for Kayser‐Fleischer rings and genetic testing of the ABCB7 
gene are required.39 Ischaemic hepatitis needs to be excluded in 
older patients and those with pre‐existing cardiac disease, although 
prior hypotension or syncope was documented in only 53% of the 
cases in a systematic review of ischaemic hepatitis.40 Very high 

aminotransferases values with a predominance of AST over ALT typ‐
ically followed by a fast resolution is the biochemical hallmark of liver 
ischaemia.

As a second step, testing for cytomegalovirus, Epstein‐Barr 
virus and herpes virus infection is usually performed. However, this 
should only be mandatory when liver damage is seen in association 
with extrahepatic manifestations such as rash, lymphadenopathy 
and atypical lymphocytes.

4.3 | Imaging

Liver imaging in DILI is used to exclude alternative aetiologies. An 
abdominal ultrasound is advisable in all DILI suspicions regardless of 
the biochemical pattern of damage to evaluate the biliary tract and 
to exclude parenchymal focal lesions. Additional imaging techniques 
would be justified in the clinical context of accompanying prominent 
abdominal pain and/or mixed or cholestatic injury. Thus, computer‐
ized tomography and magnetic resonance cholangiography (MRCP) 
are sometimes required to exclude gallstone disease and other com‐
peting aetiologies.31 In rare instances, toxic damage to the biliary 
tract presenting as sclerosing cholangitis has been described with 
chemotherapeutic agents such as 5‐fluorodeoxyuridine after he‐
patic intra‐arterial infusions for treatment of hepatic metastases; 
these are consequences of ischaemic injury to the biliary tract rather 
than toxicity.41,42 Likewise, dilatation of bile ducts has been attrib‐
uted to ketamine abuse in some case reports. Secondary sclerosing 
cholangitis has also been reported in association with methimazole 
and docetaxel.43 Recently, it was reported that a small proportion of 
unselected acute cholestatic/mixed DILI cases undergoing MRCP or 
endoscopic retrograde cholangiopancreatography (ERCP) had sec‐
ondary sclerosing cholangitis‐like changes. The implicated agents 
varied and included amoxicillin‐clavulanate, amiodarone, atorvas‐
tatin, gabapentin, infliximab, 6‐mercaptopurine, sevoflurane and 
venlafaxine. All the 10 patients were females and 70% presented 
with jaundice and had a longer time to resolution.44 Thus, in a patient 
being assessed for suspected DILI, the identification of sclerosing 
cholangitis‐like changes does not necessarily mean that the subject 
has primary sclerosing cholangitis as an alternative diagnosis.31

4.4 | Liver biopsy

Histological assessment in acute and chronic liver diseases is currently 
less frequently indicated than non‐invasive tests, which are consid‐
ered reliable particularly for staging fibrosis. Moreover, in acute liver 
injury, the degree of inflammation may lead to increased values of 
transient elastography, overestimating fibrosis.45 However, as DILI 
lacks specific serum biomarkers, liver biopsy has long been considered 
a complementary diagnostic tool that can assist and reinforce the di‐
agnostic process.46 In a review of liver biopsies from 249 patients with 
DILI from a prospective observational cohort, the authors tried to es‐
tablish correlations between pre‐defined histological patterns and 
biochemical phenotypes. Although the hepatocellular and cholestatic 
biochemical patterns did not match perfectly with their histological 



12  |     ANDRADE AND ROBLES‐DÍAZ

counterparts, more severe inflammation and cell death were associ‐
ated with hepatocellular pattern compared to higher frequency of bile 
plugs and ductal paucity in those with cholestasis.47

However, liver biopsy is not routinely performed in suspected 
DILI cases because it does not provide definite diagnostic informa‐
tion in most instances. Notable exceptions are when the de‐chal‐
lenge is incomplete or negative after drug discontinuation, which 
makes an alternative diagnosis more likely or the presentation sug‐
gest one of the phenotypes listed in Table 1, which require histology 
for a full characterization. One example that requires a liver biopsy 
is the appraisal of ductopenia caused by some agents that can lead 
to vanishing bile duct syndrome.48 Also, in the case of AIH, whose 
diagnosis is established in patients with hepatocellular injury on the 
grounds of the detection of typical serum autoantibodies and ele‐
vated IgG, a compatible liver histology strongly reinforces the diag‐
nosis.31 Moreover, DILI can be indistinguishable from AIH even after 
detailed investigations, as described for 9% of instances.49 Indeed, 
serum criteria used for the diagnosis of AIH are largely unspecific as 
a high prevalence of ANA (15%‐24%), ASMA (up to 43%), anti‐liver‐
kidney‐microsomal antibody (anti‐LKM, 1%) and raised immunoglob‐
ulin G levels (5%) can be found among asymptomatic individuals.50 
Hence, histological findings, albeit not pathognomonic, are included 
in the simplified diagnostic scale currently used for the diagnosis of 
AIH51 making liver biopsy a necessary tool to properly assess AIH in‐
cluding cases suspected to be drug induced. Histological findings of 
AIH (n = 28) and DILI (n = 35) were blindly assessed by three expert 
pathologists in a study; hepatocellular cholestasis and portal neu‐
trophils was indicative of DILI, while presence of fibrosis suggested 
the diagnosis of AIH.52 Using dual immunohistochemistry staining 
of liver biopsies to characterize portal inflammatory infiltrates in 
another study, it was shown that inflammatory cells in DILI (that 
included cases of drug‐induced AIH) were predominantly cytotoxic 
(CD8+) T cells, whereas mature B cells (CD20+) were more prominent 
in AIH.53 Nevertheless, long‐term follow‐up of patients after drug 
discontinuation would be required to differentiate idiopathic from 
drug‐induced AIH as the latter does not usually recur after with‐
drawal of the drug and resolution of liver damage.54

4.5 | Genetic testing

Recent genome‐wide association studies have identified a number 
of human leucocyte antigens (HLA) genotypes and haplotypes as‐
sociated with DILI related to a selected group of drugs. Nowadays, 
HLA genotyping is widely accessible, affordable and can assist 
diagnosis in selected clinical contexts.55 As with most polygenic 
disorders, the pre‐treatment value of genetic testing (to prevent 
DILI in carriers of a specific allele) is very low, but the high nega‐
tive predictive values (>95%) of some of these alleles can be used 
to exclude DILI when the subject is not a carrier and the clinical 
picture could be ascribed to an alternative aetiology. Besides this, 
when the subject is receiving a combination of medications, genetic 
testing may help to clarify the role of a particular drug if the patient 
carries a specific HLA allele associated with hepatotoxicity for one 

of the agents. An additional value of HLA typing could be in the 
differential diagnosis of DILI vs AIH as carriage of an HLA risk allele 
associated with a specific drug56 (eg HLA‐A* 33:01 in a subject tak‐
ing terbinafine that experience acute liver injury with autoimmunity 
features) would favour the diagnosis of DILI, whereas its absence 
and the presence of the typical HLA allele associated with AIH, such 
as HLA‐DRB1*03:01 and DRB1*04:01 would support the diagnosis of 
AIH. Although HLA typing is applicable to a very limited group of 
drugs, genome‐wide association studies (GWAS) have also recently 
identified non‐HLA genetic variants associated with DILI in general, 
which could also be useful for clarifying ambiguous cases.57

4.6 | Scales used in DILI causality assessment

The lack of specific tests or biomarkers to confirm a DILI diagno‐
sis makes it very important to include a systematic evaluation to 
confidently attribute a liver injury episode to a drug. Several cau‐
sality assessment methods specific for DILI have been developed 
over the past decades, which provide a framework for a more ob‐
jective evaluation in suspected cases of DILI. Of the several diag‐
nostic scales in place, the Council for International Organizations of 
Medical Sciences (CIOMS) scale, also called Roussel Uclaf Causality 
Assessment Method (RUCAM), is still considered the most reliable 
and reproducible method that correlates better with expert re‐
view.58 RUCAM gives points to seven distinct domains: (a) temporal 
relationship between exposure to a particular drug and liver injury 
(both its onset and course), (b) exclusion of alternative non‐drug‐
related aetiologies, (c) exposure to other medications that could 
explain DILI, (d) risk factors for the adverse hepatic reaction, (e) evi‐
dence in the literature regarding DILI from the drug in question and 
(f) response to re‐exposure to the medication. The total score ranges 
from −9 to +10 and classifies the event as highly probable (>8), prob‐
able (6‐8), possible (3‐5), unlikely (1‐2) or excluded (≤0) according to 
its likelihood of being DILI.59 However, the RUCAM scale has some 
limitations: (a) when there is missing information (frequently when 
reviewing retrospective cases) or (b) no data on de‐challenge (cases 
of acute liver failure), (c) when the patient takes multiple drugs dur‐
ing the same time period or (d) when a drug typically produces de‐
layed DILI (eg amoxicillin‐clavulanate). In addition, (e) the questions 
posed by the scale require some degree of subjectivity by the user 
to interpret as well as answer. Also, (f) the value added by the risk 
factors is controversial. Despite its limitations, the RUCAM is the 
most commonly used diagnostic tool for DILI, and its use increases 
consistently and objectivity in causality assessment.60

5  | DIFFERENT PROGNOSTIC SCORES 
APPLIED TO INDIVIDUAL C A SES OF 
SUSPEC TED DILI

5.1 | Predicting serious DILI outcome

Prediction of severe outcome at DILI recognition remains a chal‐
lenge in clinical practice; however, it is crucial for improving 
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patient management. Early recognition of cases with potential to 
develop ALF can help the clinician to identify those patients who 
need closer observation, hospitalization or transferal to a liver 
transplant centre. ALF is a sudden deterioration in liver function 
in which the patient develops encephalopathy, jaundice and co‐
agulopathy in the absence of underlying chronic liver disease.61 
These features are delayed, severe and irreversible in most pa‐
tients,16 with a high mortality rate (from 60% to 90%) without 
liver transplantation (LT). DILI is responsible of over 50% of ALF in 
the USA,62 UK63 and Sweden64 and is the main indication for liver 
transplantation in ALF cases.65

Liver biopsy findings can help to predict a worse prognosis. 
In a review of biopsies performed on DILI patients in the Swedish 
Adverse Drug Reactions Advisory Committee (SADRAC) retrospec‐
tive database, presence of necrosis was predictive of lower rate of 
survival, while eosinophilia was associated with more favourable 
DILI outcomes.66 Likewise, liver failure and death were associated 
with higher degrees of necrosis, fibrosis stage, microvesicular ste‐
atosis and ductular reaction, whereas eosinophils and granulomas 
predominated in those with milder DILI outcome in the DILIN cohort 
prospective study including 249 liver biopsies.47 Similarly, evidence 
of bile duct loss in patients with acute DILI (generally presenting 

Score's name Characteristics Comments

Hy's Law67 TBL >2 ULN
ALT >3 ULN

High sensitivity, low 
specificity

New Hy's Law 
(nHy's law)9

TBL >2 ULN
nR ≥5*
*nR = ALT or AST, whichever the highest/ULN ÷ 

alkaline phosphatase/ULN value

Similar sensitivity 
but higher speci‐
ficity AUROC than 
traditional Hy's 
Law. Developed 
by Spanish DILI 
Registry and vali‐
dated by US DILIN

Prognostic algo‐
rithm by Robles 
et al9

Patients with AST >17.3 × ULN and TBL 
>6.6 × ULN were found to have the highest risk 
of ALF/LT; out of patients with AST ≤17.3 × ULN, 
those with AST/ALT ratio >1.5 have increased 
risk of ALF/LT in this group

Improvement in 
specificity and 
AUROC compared 
with traditional 
Hy's Law and 
nHy's Law but with 
lower sensitivity

DrlLTox ALF 
Score70

DrlLTox ALF Score = −0.00691292*platelet count 
[per 109/L] + 0.19091500*TBL [per 1.0 mg/dL]

Study of a retro‐
spective cohort 
of 15 353 DILI 
patients

Model for End‐
stage Liver 
Disease (MELD) 
score71,106

MELD score=10 * [(0.957 * ln(Creatinine)) + (0.378 
* ln(Bilirubin)) + (1.12 * ln(INR))] + 6.43

Developed from 
cirrhotic patients 
that undergoing 
elective TIPS and 
later for reduction 
in mortality on the 
wait list for LT

Acute liver failure 
study group 
(ALFSG) model73

ALFSG based on encephalopathy grade, vaso‐
pressor requirement, aetiology, TB and INR 
index

Model is used to 
predict 21‐day 
survival without 
LT in patients with 
ALF

King's college 
criteria (KCC)11

KCC: in APAP‐ALF: arterial pH <7.3 or INR >6.5, 
sCr >300 mmols/L + encephalopathy grade 
III or IV. In non‐APAP‐ALF: INR >6.5; or, 3 of 
the following criteria: age of <11 or >40, TBL 
>300 mmols/L, time from jaundice to coma >7 d, 
INR> 3.5 or, drug toxicity

The criteria differ 
regarding whether 
ALF is caused by 
APAP overdose 
or any other 
aetiology

Abbreviations: ALF, acute liver failure; ALFSG, Acute liver failure study group; ALT, alanine 
aminotransferase; APAP, acetaminophen; AST, aspartate aminotransferase; DrlLTox ALF Score, 
drug‐induced liver toxicity acute liver failure score; INR, international normalized ratio; KCC, King's 
college criteria; LT, liver transplant; MELD, Model for End‐stage Liver Disease; nHy's law, new Hy's 
law; sCr, serum creatinine; TB, total bilirubin; TBL, total bilirubin level; TIPS, transjugular intrahe‐
patic portosystemic shunt; ULN, upper limit of normal.

TA B L E  2   Prognostic scores applied to 
individual cases of suspected DILI
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with cholestatic pattern) indicates the development of vanishing bile 
duct syndrome with progressive cholestasis leading to liver failure 
requiring LT or death.48

The Food and Drug Administration endorsed many years the 
denominated ‘Hy's law’ for detecting serious liver signals during 
drug development. The Hy's law (Table 2) is based on the observa‐
tion of Hyman Zimmerman67 that hepatocellular DILI with jaundice, 
ruling out other potential aetiologies, denotes a severe reaction 
with a 10%‐50% mortality rate from liver failure (before LT were 
performed).68

The Hy's law has been further validated in the post‐market‐
ing setting in three large DILI populations from the Spanish DILI 
Registry,7 SADRAC retrospective database69 and DILIN8 showing 
11.7%, 9.2% and 15% mortality/liver transplantation, respectively, 
in DILI patients with hepatocellular pattern of liver damage and 
jaundice.

A number of international consortia that prospectively recruit 
bona fide DILI cases have evaluated the performance of laboratory 
and clinical variables for early ALF prediction in DILI patients. The 
Spanish DILI Registry analysing a cohort of 771 patients proposed 
a new Hy's Law (Table 2). It demonstrated more accuracy compared 
with traditional Hy's law (similar sensitivity (90% vs 93%) and higher 
specificity (63% vs 43%) and also higher area under the receiver 
operating characteristic (AUROC) (0.77 vs 0.67)). In this study, an 
independent new prognostic algorithm for ALF in DILI was also 
developed (Table 2), which demonstrated a good balance between 
sensitivity and specificity with validation in an independent cohort 
(specificity, 82%; sensitivity, 80%; AUROC 0.80).9

Using a retrospective cohort of 15,353 DILI patients from the 
Kaiser Permanente database in California, Lo Re et al70 developed 
a model including platelet count and total bilirubin (Table 2). The 
model had the highest discrimination (C statistic, 0.87) with decreas‐
ing platelet count and increasing total bilirubin as strong predictors 
of ALF. This model had a sensitivity of 0.91 and specificity of 0.76 
for ALF. In an external validation of the model, high sensitivity was 
maintained for ALF (0.89). In the initial cohort, traditional Hy's Law 
criteria showed high specificity (0.92), but low sensitivity (0.68), 
while a Model for End‐stage Liver Disease (MELD) (Table 2) Score of 
≥10 showed higher sensitivity (0.84) for ALF.70

The performance of MELD score for early prediction of mortality 
in DILI patients has also been explored in several studies. Thus, in 
a retrospective study of DILI patients who visited emergency de‐
partments in Seoul, Korea from 2010 to 2012, a logistic regression 
identified MELD [Odds ratio (OR)] 1.21 and haemoglobin (OR 0.77) 
as independent predictors of poor outcomes.71 Rathi et al evaluated 
MELD score in a prospectively collected Indian DILI cohort of 82 pa‐
tients with 8 liver‐related deaths. In a multivariate logistic regression 
analysis, jaundice, encephalopathy, MELD score and alkaline phos‐
phatase at 1 week independently predicted mortality.12

The Drug‐Induced Liver Injury Network evaluated MELD score 
as well as Hy's law and nHy's law as ALF predictor in 1089 DILI pa‐
tients, including 107 death/LT, in 68 of which DILI had a primary role. 
In this multivariate analysis, Hy's law was significantly associated 

with poor outcome owing to DILI (hazard ratio (HR), 2.2), nR Hy's law 
showed a stronger association (HR, 6.2), and the predictive capacity 
of MELD was still stronger (1.2 per MELD point). The C statistic for a 
MELD cut‐off of 19 was 0.83 compared to 0.73 for nR Hy's law and 
0.60 for Hy's law. In this study, leukocytosis, coagulopathy, higher 
bilirubin and thrombocytopenia were independently associated with 
DILI mortality.10 It is important to keep in mind that mortality in DILI 
patients can have other causes than ALF. In 22 of the 107 patients 
who died up to 2 years from the onset of liver damage in this study, 
DILI did not play a role in mortality.

Finally, in an Indian cohort of 905 DILI patients of whom 128 
(14%) developed ALF, only total protein and INR were independent 
predictors of mortality.72 Performance of MELD score, King's college 
criteria (KCC)11 score and Acute Liver Failure Study Group (ALFSG) 
index73 (described in Table 2) with regard to mortality was compared 
with receiver operating characteristic (ROC) curve. ROC curve for 
MELD and ALFSG index was 0.76, but only 0.51 for KCC. The sen‐
sitivity and specificity for MELD scores were 72% and 74%, respec‐
tively, and 41% and 51%, respectively, for KCC. The best cut‐off 
value for MELD score was ≥28.5.72

The comparison of all these studies is difficult because of differ‐
ences in populations included, definition of DILI, follow‐up and the 
statistical methods used. In addition, the ROC and other quantitative 
measures determined in each of the studies have been ascertained 
in a variety of different ways such that cross‐study comparisons of 
their performance characteristics are highly limited. It is worth not‐
ing that some of these scores highlight the presence of findings with 
metrics that signify advancing liver injury while this is not the case 
for Hy's law. Hence, the reliability of these scores is different and 
they cannot be strictly compared. Furthermore, Hy's law, although 
primarily useful for predicting liability of drugs in clinical drug devel‐
opment, is also being used in the post‐marketing setting (Registry 
studies) for prediction of severe outcome. To overcome some of 
these limitations, the scores discussed in this review should be pro‐
spectively validated in similar cohorts of DILI patients with common 
diagnostic criteria to obtain comparable and more reliable results.

5.2 | Predicting chronicity

The ability to predict those DILI patients in whom the injury will 
peb rpetuate and become chronic is an important task for clini‐
cians. The first difficulty, however, is to reach a consensus on 
what chronic DILI is. A former international consensus meeting 
defined chronic DILI as perpetuating liver damage after 3 months 
of drug withdrawal,74 whereas the DILIN group advocated for 
6 months,8,75 and a consensus of DILI experts in 2011 recom‐
mended persistence of liver test abnormalities more than 3 and 6 
months for hepatocellular and cholestatic/mixed liver damage, re‐
spectively.16 Because these definitions were not evidence based, 
the Spanish DILI Registry undertook a prospective follow‐up 
study with rigorous exclusion criteria to avoid confounding fac‐
tors in 298 DILI patients. This study demonstrated that the best 
cut‐off point for defining chronicity was the persistence of liver 
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tests alterations 1 year after drug discontinuation independent 
of the type of liver injury (hepatocellular, cholestatic or mixed).13 
Reported risk factors for chronic DILI have been older age,13 fe‐
males,13,17,75 diabetes,13,75,76 dyslipidaemia, hypertension and use 
of statins.13 Because the elderly have a higher prevalence of meta‐
bolic syndrome, it is possible that this can account for an increased 
risk of chronicity rather than the older age itself. Similarly, the use 
of statins as a risk factor for chronic DILI could be a reflection of 
the presence of dyslipidaemia in this group of patients or the re‐
sult of an immune response triggered by these drugs as they have 
been associated with drug‐induced AIH.77

Other risk factors for chronic DILI are jaundice at presentation13 
and need for hospitalization.13,75 These findings probably reflect that 
more severe liver damage need longer time to resolve. Increased 
ALP values at DILI onset has also been identified as a risk factor for 
chronicity.13,76 Furthermore, Medina‐Cáliz et al developed a prog‐
nostic model for chronicity based on values of ALP and TBL, showing 
that persistently elevated TBL (>2.8 × ULN) and ALP (>1.1 × ULN) in 
the second month from DILI onset predict increased risk of chronic 
DILI.13

6  | THE FUTURE

New specific biomarkers are urgently needed not only to confi‐
dently diagnose DILI but also to accurately predict it during the early 
phases of drug development. This would enable the development 
of safer drugs and a better characterization of liver safety profiles 
of marketed medications. In addition, this would reduce the uncer‐
tainty for physicians and patients when prescribing additional drugs 
within the same drug class as the causative agent. In the meantime, 
maintenance of existing prospective DILI cohort studies and estab‐
lishing new collaborative initiatives will allow a better understanding 
of DILI signatures that can assist clinicians when assessing a poten‐
tial case of hepatotoxicity.
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