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Abstract
Drug-induced liver injury (DILI) is an adverse reaction to drugs and other xenobiotics that can have serious 
consequences and jeopardise progress in pharmacological therapy. While DILI is predominantly 
hepatocellular, a non-negligible percentage of patients who present with cholestatic damage. Mixed damage 
is typically lumped together with cholestatic damage in the literature. Drug-induced cholestasis is often 
caused by the use of some non-steroidal anti-inflammatory drugs (NSAIDs), antibiotics (i.e., amoxicillin-
clavulanic acid), statins, and anabolic agents, among others. Drug-associated cholestasis tends to have a 
more chronic course and mostly affects older population. There is also a genetic predisposition to toxic 
cholestasis caused by some drugs (amoxicillin-clavulanic acid, statins, etc.). Recently, anatomical alterations 
of the biliary tract induced by drugs (especially immunotherapy drugs) have been described. Bile duct 
injury is one of the histopathological findings that have prognostic significance in DILI. A correct differential 
diagnosis with other causes of cholestasis is mandatory to reach an accurate diagnosis. Ursodexycholic acid, 
corticosteroids, and replacement therapies have been used as a therapeutic arsenal, although more 
evidence is needed to establish them as a routine therapeutic management in clinical practice. The 
breakthrough and validation of biomarkers of cholestasis and bile duct injury is an urgent need for drug 
development and post-marketing phase.
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Introduction
Drug-induced liver injury (DILI) is an adverse reaction not only to a wide range of drugs commonly used in 
clinical practice, but also to herbal preparations and dietary supplements. DILI has been classically 
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Table 1. Percentage of cholestastic DILI in different registries reported in the literature

Registry Spanish DILI 
Registry

Latin America DILIN Registry 
(USA)

India China Korea Japan Pakistan

Type of study Prospective Prospective Prospective Prospective Retrospective Prospective Prospective Retrospective
Total DILI cases 843 367* 899 1,288 1,985 371 307 462

Hep 482 (57) 199 (62)* 484 (53.8) 362 (29.7) 1,422 (71.6) 283 (76.3) 197 (64) 116 (25.1)
Chol 173 (21) 123 (38)# 210 (23.4) 521 (42.8) 254 (12.8) 33 (8.9) 48 (16) 260 (56.2)

Pattern of damage, n 
(%)

Mix 188 (22) NA 205 (22.8) 334 (27.4) 309 (15.6) 55 (14.8) 62 (20) 86 (8.7)
Main implicated agents, 
individually (pharmacological 
group)

Amoxicillin-
clavulanate
(Antiinfectives)

Amoxicillin-
clavulate
(NA)

Amoxicillin-
clavulanate
(Antiinfectives)

Antituberculous

(Antiinfectives)

Azithromycin

(Antibiotics)
Gu-kang capsule (Chinese 
traditional patent medicine)

NA

(Herbal 
medications)

NA

(Anti-
inflammatory 
drugs)

Antituberculous 
(Antiinfectives)

HILI cases, n (%) 32 (4) 29 (8) 85 (10) 179 (13.9) 563 (28) 270 (73) 27 (8.7) 42 (9)
References [3] [4, 5] [6] [7] [8] [9] [10] [11]
* 322 patients were cases due to conventional medicines, 29 by herbs and 16 by anabolic androgenic steroids (AAS); # percentage of cholestatic and mixed DILI cases together. Percentage of 
pattern of damage only includes results of conventional medicines. Chol: cholestatic; DILIN: Drug-Induced Liver Injury Network; Hep: hepatocellular; HILI: herbal and dietary supplements-
induced liver injury; Mix: mixed; NA: not available

classified as direct (dose-dependent) or idiosyncratic (no dose-related), but indirect liver injury has emerged as a third type of DILI. Indirect DILIs are those liver 
diseases that emerge as a consequence not directly related to the action of any drugs (for example, reactivation of hepatitis B virus after the use of an 
immunosuppressive drug). These types of liver injury may warrant a different clinical approach and treatment. This review focuses on idiosyncratic cholestatic 
damage [1]. Drugs can cause predominantly hepatocellular injury, cholestatic injury, or an intermediate phenotype called mixed injury. Although the definition of 
cholestasis may vary from a clinical, biochemical, or histological standpoint, in practice, drug-induced cholestasis is defined by an elevation in alkaline phosphatase 
(ALP) levels greater than two times the upper limit of normal (ULN) and/or an alanine aminotransferase (ALT)/ALP ratio (in times of ULN) less than 2, when other 
causes of liver injury have been excluded [2]. The percentage of cholestatic liver injury due to xenobiotics varies between the different registries and ranges from 
8% to 56% (Table 1) [3–11].

Drug-induced cholestasis is a phenotype of hepatotoxicity with specificities in causative agents, risk factors, clinical presentation, and prognosis that will be 
addressed in this review article.

Particularities of diagnosing suspected drug-induced cholestasis
Drug-induced cholestasis diagnosis based on the thorough exclusion of all possible potential causes of cholestasis (Figure 1). This approach requires an accurate 
medical history, a proper clinical assessment, and a stepwise analysis of the pattern of biochemical alterations and other complementary tests.
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Figure 1. Differential diagnosis in cholestatic syndrome. This figure shows the different entities included in the differential 
diagnosis of cholestasis in clinical practice. Viral hepatitis A and E are the hepatotropic viruses that typically cause cholestatic 
alteration. Created in BioRender.com. PBC: primary biliary cholangitis; PSC: primary sclerosing cholangitis

Clinical approach and medical history

Cholestatic DILI can manifest clinically in a range of presentations, including asymptomatic ALP elevation, 
mild non-specific symptoms (fatigue, fever, anorexia, weakness, vomiting, chills, right upper quadrant pain, 
pruritus, skin rash, etc.) to severe protracted jaundice, ascites, coagulopathy, and encephalopathy [1, 12].

Clinical suspicion should be guided by a detailed medical history including exposure to all drugs, herbs, 
and dietary supplements consumed in the last 6 months. However, clinicians should bear in mind that there 
are drugs with a longer latency such as minocycline, statins, metrotexate, or nitrofurantoin [13, 14]. A 
meticulous history should include information about start and stop dates of each suspected agent, eventual 
dosage changes, and previous exposure. Worsening of liver injury after the re-administration of the drug 
(rechallenge) which often happens inadvertently, and improvement after cessation of the drug 
(dechallenge) need to be looked for to support a DILI diagnosis [15]. Other situations that may cause 
cholestasis such as alcohol consumption, total parenteral nutrition, or causes of hepatic ischaemia (heart 
failure, sepsis, or hypotension) must be investigated [16].

Laboratory test and characterisation

In most cases of DILI, the diagnostic suspicion is triggered by an alteration in liver biochemical blood test. 
The initial laboratory tests should include ALT, ALP, total bilirubin, and direct bilirubin levels as well as 
international normalized ratio (INR) and albumin, which determine the severity [16, 17].

Around 10–20% of the population have minimal alterations in liver biochemical blood test [15], so to 
define correctly DILI, it is necessary to meet one of the following requirements: a) > 5 ULN elevation in ALT, 
b) > 2 ULN elevation in ALP in absence of other causes (e.g., bone pathology) and especially when 
accompanied by elevated gamma-glutamyltransferase (GGT), c) > 3 ULN elevation in ALT and > 2 ULN 
elevation in total bilirubin concentration. In patients with a baseline abnormal liver test, ULN is replaced by 
the mean values prior to the initiation of the hepatotoxic agent [2, 15, 17].

https://www.biorender.com/
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In order to categorize DILI according to its biochemical pattern, the calculation of the R value is used. 
This is defined as the result of dividing ALT/ULN-ALT by ALP/ULN-ALP, using the first serum values 
available during the event. If the R value is ≤ 2, the pattern is defined as cholestatic while values ≥ 5 classify 
it as hepatocellular liver injury and intermediate values as mixed liver injury. Cholestatic DILI can also be 
defined as an increase in ALP above 2 times the ULN [18]. Approximately, 20–40% of all DILI cases have a 
cholestatic pattern. Mixed liver injury typically behaves like cholestatic liver injury so some analysis in the 
literature combines both [19]. Moreover, studies on hepatic histological findings show similar features in 
biopsies from cases of mixed and cholestatic injury [20]. Consistent biochemical pattern of liver injury 
observed for many drugs is considered a useful clue in the diagnosis of DILI, but clinicians should bear in 
mind that this “signature” is not so straightforward as some drugs have been associated with various 
biochemical profiles [16]. In addition, the analytical parameters (likewise R value) may be dynamic during 
the evolution of hepatocellular cases. Therefore, the same drug may initially produce hepatocellular 
damage, which may later turn into mixed damage or even cholestatic damage. This is because the dynamics 
of ALT resolution is much faster than that of ALP [17]. This could be a confounding issue to define the 
pattern damage in some cases.

Furthermore, laboratory workup to exclude alternative causes of liver damage is needed. It is 
recommended to rule out infectious hepatitis in suspected DILI including routine test for anti-hepatitis E 
virus (HEV), immunoglobulin M (IgM; or HEV-RNA), and hepatitis C virus (HCV)-RNA [16, 17]. While most 
infectious hepatitis manifests with a hepatocellular injury pattern, some microorganisms such as Epstein-
Barr virus, hepatitis A virus, Salmonella typhi, and Coxiella burnetii can cause cholestatic liver injury [19].

Other laboratory tests recommended in the aetiological assesment of liver damage are ceruloplasmin 
levels (Wilson’s disease), autoantibodies, and immunoglobulin G (IgG; autoimmune hepatitis) and, 
especially in cholestatic cases, antimitochondrial antibodies levels to rule out PBC [15].

Imaging

Imaging tests beyond abdominal ultrasound (which is typically normal) are usually not necessary in a 
suspected case of DILI. This allows an initial assessment of biliary obstruction, liver cirrhosis, or focal 
parenchymal lesions. However, when a cholestatic pattern is present and/or jaundice or abdominal pain 
predominates, it is recommended to perform computerized tomography (CT) or magnetic resonance 
cholangiography to exclude other aetiologies.

In the presence of biliary tract strictures in a patient with suspected DILI, a diagnosis of drug-induced 
secondary sclerosing cholangitis, characterised by jaundice and slower resolution, should be considered. 
This disorder has been described with exposure to amiodarone, atorvastatin, amoxicillin-clavulanate, 
gabapentin, infliximab, 6-mercaptopurine, nivolumab, sevoflurane, ketamine, and venlafaxine [16, 17, 21, 
22].

Biopsy

Liver biopsy should be considered in patients with suspected DILI who worsen or non-resolve the 
biochemical abnormalities despite drug discontinuation. However, it should be emphasised that the time to 
resolution of cholestatic DILI is slower than for the hepatocellular pattern [19]. Histological findings may be 
helpful in the differential diagnosis by identifying other cholestatic diseases like antimitochondrial 
antibody-negative PBC, small duct PSC, or hepatic overlap syndromes [12].

Moreover, biopsy can be a useful tool to establish prognosis of DILI cases, because some histological 
findings (ductular reaction, microvesicular steatosis, higher degrees of necrosis, and hepatic fibrosis) have 
been associated with an increased risk of liver failure and death [20].

Causality assessment

In order to confidently attribute manifestations of liver injury to a particular drug, a structured assessment 
is necessary. For this purpose, various causality scales have been developed. The DILIN structured expert 
opinion process scores DILI cases from 1 (definite) to 5 (unlikely) according to the likelihood of being 
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caused by a given drug. However, this scale has a complex applicability due to the lack of DILI experts and 
low external validity. In the pharmacovigilance arena and clinical practice, the Rousell Uclaf causality 
assessment method (RUCAM) [18], also known as Council for International Organizations of Medical 
Sciences (CIOMS)/RUCAM scale, has been used since more than 30 years, although this tool is critiqued due 
to its complexity and poor reproducibility among raters. Recently, in a collaborative work, a revised 
electronic causality assessment method (RECAM) has been developed, which has some advantages over 
RUCAM by eliminating risk factors, simplifying the latency and dechallenge fields and the ability to include 
data on histological findings, other diagnostic tests or rechallenge if any; nevertheless, the reliability of 
scale needs to be validated in future studies [15, 23].

Causative agents and phenotypic presentation
The most common form of drug-induced liver damage is separately the hepatocellular pattern, which also 
tends to carry out higher risk of liver related-death and liver transplantation [1, 3]. However, a multitude of 
agents widely prescribed in daily clinical practice are also associated with cholestatic liver damage. We 
describe herein the main medications and herbals leading to cholestatic liver damage (Table 2).

Table 2. Likelihood score of different cholestatic DILI cases defined by LiverTox (https://pubmed.ncbi.nlm.nih.gov/31643176)

Pharmacological group Agents Likelihood score
Celecoxib B
Ibuprofen A
Metafenamic acid D
Meloxicam C
Naproxen B
Nimesulide A
Oxaprozin C
Piroxicam B
Rofecoxib C

NSAIDs

Sulindac A
Atorvastatin A
Simvastatin A

Statins

Fluvastatin B
Amoxicillin-clavulanate A
Penicillins (2nd generation) B-C
Cephalosporines B
Macrolides A-B
TMP-SMX NA
Nitrofurantoin A
Ciprofloxacin B
Levofloxacin A
Doxycycline B
Meropenem D
Terbinafine B
Amphotericin B C
Micafungin D

Antiinfectives

Itraconazole B
Chlorpromazine A
Imipramine B
Amitriptyline B
Fluoxetine/citalopram C

Psychotropic agents

Duloxetine C
Azathioprine A

https://pubmed.ncbi.nlm.nih.gov/31643176
https://pubmed.ncbi.nlm.nih.gov/31643176
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Pharmacological group Agents Likelihood score
Eculizumab D
Cisplatin C
Durvalumab B
Pembrolizumab A
Pexidartinib B
Nivolumab A
Atezolizumab B

Immunomodulator and antineoplastic drugs

Avelumab B
Kratom B
Ashwagandha C

Herbs

Tribulus E
BNT162b2, Pfizer C
mRNA-1273 C
ChAdOx1, AstraZeneca C
Ad26.COV2.2, Janssen D
NVX-CoV2373, Novavax E
Gam-COVID-Vac, Spuntnik V E

COVID-19 vaccines

Sinopharm COVID-19 vaccine E
Likelihood score: A (well known cause of clinically apparent liver injury), B (highly likely cause of clinically apparent liver injury), 
C (probable rare cause clinically apparent liver injury), D (possible rare cause of clinically apparent liver injury), E (unproven but 
suspected cause of clinically apparent liver injury or unlikely cause of clinically apparent liver injury, depend on the involved 
substance). COVID-19: coronavirus disease 2019; mRNA: messenger RNA; NSAIDs: non-steroidal anti-inflammatory drugs; 
TMP-SMX: trimethoprim/sulfamethoxazole

NSAIDs

The prevalence of NSAID hepatotoxicity in several large prospective DILI registries worldwide oscillates 
between 3% and 36%, being a strikingly frequent causative agent of DILI in Italy [24–26]. DILI cases 
attributed to NSAIDs collected in DILIN were analyzed. There were significant rates of autoimmunity traits 
(38%). The most frequent agent implicated was diclofenac, all cases exhibited a hepatocellular pattern, but 
subtle increases of ALP were identified. Diclofenac-induced liver injury was often severe [27]. Ibuprofen 
has been also reported in the literature as causative of DILI, with a predominance of hepatocellular pattern 
[24]. Nonetheless, an analysis of cases of ibuprofen-related DILI in Spanish and Latin-American revealed an 
important representation of cholestatic/mixed form of liver damage (42%) [26]. Besides, vanishing bile 
duct syndrome, which is considered a serious variant of liver damage characterised by bile duct injury and 
ductopenia has been linked to ibuprofen use [24]. Case reports of celecoxib-and sulindac-induced 
cholestasis have been published, notably, presenting as fulminant liver failure [28, 29].

On the other hand, there are described cases of long-standing cholestasis due to NSAIDs as flurbiprofen 
or celecoxib reported in the literature [30, 31]. Liver damage associated with piroxicam and rofecoxib is 
typically cholestatic or mixed [32–34]. A recent multicentre international study carried out in Latin America 
and Spain analyzing DILI cases due to nimesulide showed that the percentage of cholestatic/mixed damage 
was 33%, with a significantly higher proportion of pruritus (37% vs. 5.3%) and lower severity (percentage 
of acute liver failure, 5.3% vs. 29%) compared to hepatocellular cases [35].

Antiinfectives
Amoxicillin-clavulanate

Amoxicillin-clavulanate is currently the main causative agent in most of DILI registries, mainly due to its 
widespread prescription worldwide [3–11]. While amoxicillin-clavulanate-induced liver injury has been 
associated with certain genetic susceptibilities [human leukocyte antigen (HLA)-A*02:01, HLA-DRB1*15:01], 
in earlier genetic studies, other novel genetic markers such as reduced endoplasmic reticulum 
aminopeptidase 2 (ERAP2) expression or HLA-B*15:18 have recently been identified [36–38]. The latency 
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of amoxicillin-clavulante hepatotoxicity is usually short, but some cases may develop at the end of 
prolonged treatment and even after discontinuation of therapy [39]. Liver injury is primarily associated 
with the clavulanic acid component, as the incidence of DILI with amoxicillin-clavulanate is much higher 
than with amoxicillin alone [40]. Amoxicillin-clavulanate hepatotoxicity affects more frequently elderly 
patients with a cholestatic phenotype, both biochemically and histologically with instances of vanishing bile 
duct syndrome [41–43]. At the contrary, amoxicillin-clavulanate-hepatotoxicity typically present with 
hepatocellular pattern in younger patients with short latency [6].

Other penicillins and cephalosporins

Flucloxicillin-induced liver damage is well-documented in the literature, and it is a classic example of 
cholestatic DILI ranging from mild liver injury to aggressive instances leading to vanishing bile duct 
syndrome [44]. It is well-known that DILI related to flucoxacillin is an immune-mediated reaction as it is 
strongly associated with HLA-B*57:01 carriages being more common in females [45]. Other second-
generation penicillins, such as cloxacillin, dicloxacillins, and oxacillins, have been also reported to cause 
cholestatic DILI [46].

Cephalosporin-induced liver damage with a cholestatic presentation was reported by DILIN group in 
2015. Cefazolin was the most predominant drug within this class of antibiotics (19 cases) but other 14 
patients receiving different types of cephalosporins suffered cholestatic damage, experiencing a more 
severe course and leading to death in 2 cases [47].

Macrolides

Erytrhomycin is a frequent causative agent of DILI in some countries as Sweden [48]. Its type of damage is 
predominantly cholestatic and its course is favourable in the majority of cases [49]. Erytrhomycin is one of 
the instances of drugs which comply with Hy’s law (ALT ≥ 5× ULN + total bilirubin ≥ 2 mg/dL) but 
nevertheless has a normally benevolent course. Azitrhomycin is another macrolide with a well-known 
potential to cause cholestatic damage, often prolonged, with instances of vanishing bile duct syndrome [50–
52].

TMP-SMX

TMP-SMX hepatotoxicity often causes cholestatic damage, this type of phenotype accounting for 
approximately 60% in some series [53]. In comparison to other drugs, TMP-SMX has a not negligible 
proportion of severe events in terms of deaths or liver transplantation [48]. The hepatotoxicity is attributed 
to the sulfonamide component [53]. In a recent analysis of vanishing bile duct syndrome cases reported in 
the literature, TMP-SMX represented 19% of total cases [54].

Nitrofurantoin

A recent analysis of two prospective cohorts of patients with nitrofurantoin-induced liver injury showed a 
predominance of female sex (96%), positive autoantibodies (65%), and hepatocellular damage. 
Nonetheless, near to 9% developed a mixed/cholestatic reaction. Notably, in these series, 22% of patients 
were characterized by a persistent elevation of transaminases and required immunosuppressive therapy to 
get a complete normalisation of liver profile [13]. A linkage of nitrofurantoin-hepatoxicity with HLA-DR6, 
DR-2, and HLA-DRB1*11:04 has been published [55]. Liver biopsy specifically showed chronic hepatitis with 
autoimmune-like features and instances of cirrhosis associated with nitrofurantoin have also been 
previously reported [55]. Likewise, nitrofurantoin has been associated with fulminant hepatitis [56].

Other antibiotics

Quinolones have been associated with cases of cholestasis and of vanishing bile duct syndrome in the 
literature attributed to levofloxacin and ciprofloxacin [57–60]. Rarely, other antibiotics such as doxycycline 
have been tagged as culprit of a cholestatic DILI [61], and meropenem linked to several reports of induced 
vanishing bile duct syndrome to date [62, 63].
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Antifungal

While most antifungals involved in DILI tend to manifest a hepatocellular pattern, some other cause 
predominantly cholestatic damage with marked jaundice and pruritus. Probably the most representative of 
this last group is terbinafine [64]. In a genome-wide association study (GWAS) of European population with 
DILI, a strong linkage between HLA-A*33:01 and cholestatis DILI due to terbinafine was identified. Indeed, 
this allele was associated with cholestatic/mixed injury regardless the causative drug [65]. Cases of 
cholestasis-induced by amphotericin B, micafungin, and itraconazole have also been reported [66–68].

Statins

Statins are a common cause of DILI worldwide [69, 70]. Statin-associated DILI has a genetic background as 
a specific polymorphism on chromosome 18 (rs116561224) has been identified [65]. In the Spanish DILI 
Registry, atorvastatin was one of the drugs linked to cholestatic damage in elderly patients [71]. 
Atorvastatin-induced liver injury is a well-defined entity whose pattern of damage is largely cholestatic 
although it may be presented as autoimmune-like liver disease [72–75]. Simvastatin-induced cholestasis 
has been reported but it patterns of damage is mostly hepatocellular [76, 77].

Psychotropic drugs

Chlorpromazine is a prototypical, long-standing example of a hepatotoxic drug. This agent causes 
cholestatis and it is responsible for chronic cholestasis and even ductopenia, leading to cirrhosis [78]. Other 
psychotropic agents which classically have been related to cholestatic damage are tricyclic antidepressants 
(imipramine or amitriptyline) or selective serotonin reuptake inhibitors (fluoxetine, duloxetine, or 
citalopram) [79–82].

Immunomodulator and antineoplastic drugs

Azathioprine is an immunomodulator widely used in autoimmune diseases. In some series, percentage of 
DILI due to azathioprine ranges from 3% to 10%, and typically presents during the first 3 months of 
therapy [83–85]. Although azathioprine-induced liver damage is predominantly hepatocellular, 
azathioprine-induced cholestasis is a well-established entity with many cases reported in the literature. In 
some instances, in which a liver biopsy was performed, nodular regenerative hyperplasia was a prominent 
histological feature [86–89].

Eculizumab is a monoclonal antibody to complement factor 5, which blocks complement activation and 
is used to treat paroxysmal nocturnal hemoglobinuria and also hemolytic uremic syndrome. This agent has 
been linked to cholestatic injury [90]. Cases of cholestasis-induced chemotherapeutics, as cisplatin, have 
been previously published [91]. The vast majority of immunotherapy-related DILI is biochemically 
hepatocellular, but in some cases a cholestatic or mixed damage arises [92]. It is worth to highlight a 
particular type of immunecheckpoint inhibitors-induced liver damage known as secondary sclerosing 
cholangitis. This entity is characterized by cholestatic pattern, with structural change (diffuse biliary duct 
dilatation and thickening of the bile ducts) [93]. It has been reported cases of secondary sclerosing 
cholangitis due to nivolumab, avelumab, pembrolizumab, durvalumab, and atezolizumab [94–102]. Cases of 
cholestasis due to checkpoint inhibitors have a poorer response to standard treatment compared to 
hepatocellular pattern with greater rates of steroid-resistance in some published cases [94, 95, 98].

Pexidartinib is a potent kinase inhibitor drug with a highly lithified clinical setting, used in the 
treatment of adults with symptomatic tenosynovial giant cell tumour. Patients treated with this molecule 
frequently experienced increases of ALP (near to 20%). Furthermore, biopsy revealed bile duct damage and 
duct loss. Cases of acute liver failure and liver transplantation have been reported [103, 104].

AAS

The use of banned ASS is a growing concern worldwide. The fraction of AAS cases in the DILIN Registry is 
5% of the total cases [105]. In the Spanish and the Latin American DILI cohorts, the proportion of AAS-
induced liver injury is 2.3% and 5%, respectively [5, 106]. AAS hepatotoxicity has been reported 
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extensively in the literature. Liver damage related to anabolic steroids is typically cholestatic, with deep and 
prolonged jaundice (normally than 3 months) as well as itching, which is sometimes refractory to 
pharmacological therapy. Hy’s law is commonly fulfilled in hepatocellular cases, but fulminant liver failure 
has not been reported. Acute kidney injury accompanies AAS-hepatotoxicity in 14–24% of cases, and it is 
related to the extremely high bilirubin levels [107, 108]. Besides, the long-term use of anabolic steroids has 
been associated with peliosis hepatis and liver tumours [109].

Herbs

Herbal products and dietary supplements use are a growing habit nowadays. Although liver damage 
secondary to herbs usually presents with a hepatocellular pattern, the liver injury related to several herbal 
products is characterised by a cholestatic/mixed phenotype [5]. Kratom, which is botanical extract from the 
Mitragyna speciosa consumed in many Southest Asiatic countries is one of the herbs that characteristically 
presents as long-lasting cholestatic damage, behaving similarly to anabolic steroids [110].

Ashwagandha (also called “Indian ginseng”), derived from Withania somnifera, is taken for its anti-
inflammatory and neuroprotective condition in Southest Asia and India. Ashwagandha-related liver 
impairment is mainly cholestatic or mixed [111]. Neither herb (Kratom and Ashwagandha) has been linked 
to acute liver failure.

Tribulus is an herbal product (resulting from fruits or roots of Tribulus terrestris) used globally for 
aphrodisiac purposes and the bodybuilding setting. Liver damage due to tribulus is characterized by 
profound jaundice accompanied by renal impairment. Histologically, it usually presents as bland cholestasis 
[112].

Table 3. Most representative drugs in different cholestatic phenotypes of liver damage

Acute cholestasis Chronic cholestasis
Bland 
cholestasis

Cholestatic hepatitis Autoimmune 
features

Vanishing bile duct 
syndrome

Secondary 
sclerosing 
cholestasis

Autoimmune 
features

Fibrosis/
cirrhosis

AAS
Herbs 
(tribulus)

Warfarin
Thiabendazole

Oral 
contraceptives

SARS-CoV-2 
vaccines

NSAIDs
Antiinfectives 
(amoxicillin-
clavulanate, 
penicillins, 
macrolides, TMP-
SMX, etc.)

Statins

Tricyclic 
antidepressants

Selective serotonin 
reuptake inhibitors

Azathioprine

Eculizumab
Cisplatin 

Herbs (Kratom, 
Ashwagandha)

Statins 
(atorvastatin)

Nitrofurantoin

SARS-CoV-2 
vaccines

Antibiotics 
(amoxicillin/
clavulanate, 
azithromycin, 
flucloxacillin, 
quinolones, etc.)
NSAIDs (ibuprofen, 
diclofenac)

Psychotropes 
(chlorpromazine, 
imipramine, 
carbamazepine, etc.)

Immunotherapy 
(nivolumab, 
pembrolizumab, 
durvalumab, etc.)
Docetaxel

Ketamine
Atorvastatin

Nitrofurantoin Chlorpromazine
Nitrofurantoin

Severe acute respiratory syndrome coronavirus 2 vaccine

Following the establishment of the global vaccination campaign against the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) virus, acute de novo hepatitis cases began to be identified, with 
typical features of autoimmune hepatitis but temporally coinciding with the SARS-CoV-2 vaccine. 
Subsequently, case reports and case series of probable hepatitis secondary to the COVID-19 vaccine were 
published [113]. Recently, an international multicentre study has reported 59 cases of post-vaccination 
hepatitis, finding significant rates of positive autoantibodies, elevated IgG levels, and biopsies consistent 
with autoimmune hepatitis. Although 95% of the cases corresponded to a hepatocellular pattern, 5% of 
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them exhibited a mixed pattern. Centralized analysis of biopsies identified 2 cases with bland cholestasis in 
the histology [114]. In a previous international study of 87 patients, the proportion of SARS-CoV-2 vaccine-
related cholestatic and mixed hepatotoxicity was 6% and 10% respectively [115]. A summary of the most 
representative drugs for the different cholestatic phenotypes of liver damage can be observed in Table 3.

Risk factors
Various risk factors associated with the risk of developing toxic cholestasis have been described in last 
years. An early genetic study using hybridization in 140 well phenotyped DILI patients showed that the 
frequencies of alleles DRB1*15 and DQB1*06 were significantly increased in patients with the cholestatic/
mixed type of liver damage (but not in the hepatocellular injury) in comparison to healthy subjects, 
suggesting the key role of the adaptive immune system in this type of injury [116].

In the GWAS era, a multinational collaborative study in 862 persons with DILI (excluding those with 
DILI related to amoxicillin-clavulanate and flucoxacillin) and 10,588 population-matched controls showed a 
significant genome wide association between DILI and A*33:01 for cholestatic and mixed DILI, but not for 
hepatocellular DILI. This association was mediated by large effects for terbinafine-, fenofibrate-, and 
ticlopidine-related DILI (Table 4) [65].

Table 4. Genetic factors related to cholestasis-induced by xenobiotics

Association HLA type References
DRB1*15

DQB1*06

[115]General association with cholestatic/mixed DILI

(High positive predictive value)
A*33:01¥ [65]

Association with specific agents
(High positive predictive value)
Terbinafine

Fenofibrate
Ticlopidine

A*33:01 [65, 118]

Amoxicillin-clavulanate A*0201

B1*1501

B*1801

DQB1*02

DQB1*0602

DQR1*06

DRB1*07

DRB1*15

DRB5*0101

[119]

Flucoxacillin B*5101

B*57-03

[12, 115]

Oral contraceptives ABCB11

1331T>C polymorphism

[22]

¥ Excluding cases of amoxicillin-clavulanate and flucoxacillin

In recent decades, progress has been made in discovering the genetic factors that increase 
susceptibility to DILI, in particular by identifying allelic variations of HLA class I and II [65], as described in 
Table 4. Some HLA alleles have a high negative predictive value and can therefore be a usable tool in clinical 
practice to exclude the diagnosis of DILI or to rule out a particular drug, herbal product, or dietary 
supplement, especially when several potential agents are involved [117, 118]. An increased risk of 
cholestatic and mixed DILI (especially from terbinafine, fenofibrate, and ticlopidine) has been associated 
with the HLA-A*33:01 alleles [65, 119].



Explor Dig Dis. 2023;2:202–22 | https://doi.org/10.37349/edd.2023.00027 Page 212

On the other hand, some HLA alleles associated with DILI due to amoxicillin-clavulanate, one of the 
drugs that most frequently causes cholestatic DILI, have been identified. The HLA-B1*1501-DRB5*0101-
DQB1*0602 haplotypes have been identified in 57–67% of patients with DILI due to this drug while it is 
only present in 15–20% of the general population [16, 17, 120].

Other alleles identified for amoxicillin-clavulanate hepatotoxicity are HLA-DQR1*06, HLA-B*1801, HLA-
A*0201 and, in particular to cholestatic/mixed pattern HLA-DRB1*15, HLA-DQB1*06, HLA-DRB1*07, and 
HLA-DQB1*02. In addition, Genetic variants have been described in relation to other agents that cause 
cholestatic injury such as flucloxacillin (HLA-B*5701 and B*57-03) and oral contraceptives (ABCB11; 
1331T>C polymorphism) [12, 22, 116].

Age has also been shown to be an important contributor to the phenotypic expression of DILI [70]. In 
an analysis of the Spanish DILI Registry involving 882 patients, the pattern of liver injury shifted towards 
cholestatic with increasing age for the top culprit drugs amoxicillin-clavulanate, atorvastatin, levofloxacin, 
ibuprofen, and ticlopidine, with the best cut-off point for increased odds of cholestatic DILI being 65 years 
[70, 120, 121]. The mechanisms underlying the increased risk of cholestatic injury in older patients are 
unknown but, speculatively, a diminished renal clearance and biliary function, would favour a more 
cholestatic liver reaction to drugs [116]. For instance, prolonged canalicular excretion and exposure of the 
bile duct cells to amoxicillin-clavulanate, might favour an immune attack against these cells [121]. Indeed, 
the frequency of DILI events attributed to drugs with potential to inhibit the bile salt pump export protein 
and that undergo biliary excretion also increases in the elderly [122].

The relative prevalence of cholestatic DILI vary across populations. In the United States, the 
percentages for cholestatic disease in DILI are higher than in the Spanish and Asian (Korean, Chinese, and 
Japanese) populations [3, 6, 8–10]. The reasons behind these differences are unclear but differences in 
causative drugs and in the rate of comorbidities could contribute. Actually, in the American population, 
there was evident a high prevalence of obesity and underlying metabolic syndrome. In addition, there are 
already published studies showing that higher comorbidity is associated with higher 6-month mortality in 
patients with DILI [123].

On the other hand, ethnicity also seems to influence the higher frequency of DILI by some specific 
agents, as well as differences in the phenotype. The DILIN group carried out an analysis to compare 144 
African-Americans and 841 Caucasian patients with DILI. This study showed a higher prevalence of cases of 
DILI due to TMP-SMX (7.6% vs. 3.6%), methyldopa (4% vs. < 1%) or phenytoin (5% vs. < 1%) and a lower 
number of cases of amoxicillin-clavulanic acid (4.1% vs. 13.4%) in the African-American population 
compared to Caucasian patients. Besides, African-Americans are more prone to severe cutaneous reactions, 
lower average levels of ALT and more severe liver injury leading to worse outcomes, including death and 
liver transplant [124].

Management
The first and most important therapeutic measure when DILI is suspected is the immediate withdrawal of 
all possible causative agents and avoidance of rechallenge. This requires a thorough assessment of 
causality. In addition, close laboratory monitoring is required in the first days and weeks after DILI is 
detected. Cholestatic injury resolves more slowly than hepatocellular injury and requires longer follow-up. 
Indeed, ALP levels have at DILI onset may predict both chronicity and prolonged recovery [125, 126].

In clinical trials, the stopping rules used to mitigate hepatotoxicity are helpful but only apply to 
hepatocellular damage since they use predefined thresholds for ALT and AST. The rationale behind this 
strategy is that small increases in ALT (< 3× ULN) would not require discontinuation of treatment, as an 
“adaptation” often occurs. However, there are no defined stopping rules for ALP elevations [17].

In addition, initial management includes symptomatic treatment and general supportive care involving 
the use of antiemetic, analgesics, and parenteral hydration. It is also important to control pruritus, 
especially in cholestatic DILI, for which cholestyramine, antihistamines, phenobarbital, rifampicin, opioid 
analogues, ultraviolet B phototherapy, and plasmapheresis have been tried (Figure 2) [12, 16, 127].
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Figure 2. Medical tools available in the management of drug-induced liver cholestasis. This figure shows pharmacological and 
non-pharmacological tools to treat cases of cholestatic DILI. Bold words: main therapies, normal words: most representative 
drugs which have been analysed in the main studies commented in the text. Created in BioRender.com. MARS®: Molecular 
Adsorbent Recirculating System®; UDCA: ursodeoxycholic acid

UDCA

UDCA has been used for decades in cholestatic DILI to reduce the time to resolution. In cholestatic liver 
disease, UDCA provides protection against bile salt toxicity, stimulates hepatobiliary secretion, has 
antioxidant activity, enhances glutathione levels, and inhibits liver cell apoptosis [116, 128]. A recent 
systematic review suggests that UDCA may be effective and safe in both prevention and treatment of DILI, 
although the lack of robust trials means that a strong recommendation cannot be made [129].

Corticosteroids

Corticosteroids have been prescribed empirically, especially in DILI patients with immnoallergic features or 
when there is no response to other therapies. Their use is controversial as some studies have shown no 
benefit, or even worsening, in cases of acute liver failure [130, 131]. On the other hand, a recent propensity 
score-matched analysis showed benefits and lack of serious risk of corticosteroids in DILI. In these cohorts 
12% and 20% of the group treated with corticosteroids were cholestatic and mixed respectively, compared 
to 20% cholestatic and 20% mixed pattern in the untreated arm [132]. Specifically, in cholestatic DILI, there 
is limited evidence on the use of corticosteroids. Their use could be beneficial in combination with UDCA in 
terms of rapid reduction of bilirubin and transaminases [133].

Cholestyramine

Specific therapies have been described for particular forms of DILI. One example is the use of 
cholestyramine for terbinafine-induced liver injury, which presents with a cholestatic pattern in most cases. 
Cholestyramine also seems to be beneficial in DILI caused by leflunomide, although this agent mostly 
induces a hepatocellular pattern. The use of cholestyramine appears to short the course of hepatotoxicity, 
although these data come from case report and case series [17, 134, 135].

MARS®

In patients who do not respond to standard medical therapy, the use of extracorporeal liver support 
systems may be considered, although these methods have not been shown to decrease mortality in patients 

http://www.biorender.com/
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with liver failure [17, 134]. However, an improvement of cholestasis parameters in patients with anabolic 
steroid-induced liver injury and DILI related with a few drugs has been reported with the use of 
extracorporeal liver support system, called albumin dialysis with MARS® [136–139].

Liver transplantation

When acute liver failure ensues, liver transplantation should be contemplated as the first-line rescue 
therapy. In this situation, the likelihood of spontaneous recovery is about 25% [16, 17, 140].

Conclusions
Drug-induced cholestasis is a presentation of hepatotoxicity, which varies in causative drugs, severity, 
histological features, and outcome, often leading to prolonged or chronic damage. Emerging varieties of 
drug-induced cholestasis that physicians should be aware of include sclerosing cholangitis. Older people 
are particularly at risk of suffering toxic cholestasis regardless the causative agent. The discovery and 
validation of biomarkers of cholestasis and bile duct injury is an urgent need for drug development and 
daily practice.

Abbreviations
AAS: anabolic androgenic steroids

ALP: alkaline phosphatase

ALT: alanine aminotransferase

COVID-19: coronavirus disease 2019

DILI: drug-induced liver injury

DILIN: Drug-Induced Liver Injury Network

HLA: human leukocyte antigen

MARS®: Molecular Adsorbent Recirculating System®

NSAIDs: non-steroidal anti-inflammatory drugs

PBC: primary biliary cholangitis

RUCAM: Rousell Uclaf causality assessment method

SARS-CoV-2: severe acute respiratory syndrome coronavirus 2

TMP-SMX: trimethoprim/sulfamethoxazole

UDCA: ursodeoxycholic acid

ULN: upper limit of normal

Declarations
Author contributions

JMPB and JPTO equally contributed to: Conceptualization and Writing—original draft. RJA: 
Conceptualization, Writing—original draft, and Writing—review & editing. MGC: Writing—review & 
editing. All authors have read and agreed to the published version of the manuscript.

Conflicts of interest

The authors declare that they have no conflicts of interest.

Ethical approval

Not applicable.



Explor Dig Dis. 2023;2:202–22 | https://doi.org/10.37349/edd.2023.00027 Page 215

Consent to participate

Not applicable.

Consent to publication

Not applicable.

Availability of data and materials

Not applicable.

Funding

Grants from Instituto de Salud Carlos III (ISCIII) cofounded by Fondo Europeo de Desarrollo 
Regional—FEDER [FIS 21_01248, PI18/00901, UMA18-FEDERJA-193]. CIBERehd is funded by Instituto de 
Salud Carlos III (ISCIII). All authors are members of the COST ACTION [CA-17112] Prospective European 
Drug-Induced Liver Injury Network supported by COST (European Cooperation in Science and Technology), 
www.cost.eu. JMPB holds a Rio Hortega contract [CM21/00074] from ISCIII. The funders had no role in 
study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Copyright

© The Author(s) 2023.

References
Andrade RJ, Chalasani N, Björnsson ES, Suzuki A, Kullak-Ublick GA, Watkins PB, et al. Drug-induced 
liver injury. Nat Rev Dis Primers. 2019;5:58.

1.     

Aithal GP, Watkins PB, Andrade RJ, Larrey D, Molokhia M, Takikawa H, et al. Case definition and 
phenotype standardization in drug-induced liver injury. Clin Pharmacol Ther. 2011;89:806–15.

2.     

Stephens C, Robles-Diaz M, Medina-Caliz I, Garcia-Cortes M, Ortega-Alonso A, Sanabria-Cabrera J, et 
al. Participating clinical centres. Comprehensive analysis and insights gained from long-term 
experience of the Spanish DILI Registry. J Hepatol. 2021;75:86–97.

3.     

Bessone F, Hernandez N, Lucena MI, Andrade RJ, Latin Dili Network Latindilin And Spanish Dili 
Registry. The Latin American DILI Registry experience: a successful ongoing collaborative strategic 
initiative. Int J Mol Sci. 2016;17:313.

4.     

Bessone F, García-Cortés M, Medina-Caliz I, Hernandez N, Parana R, Mendizabal M, et al. Herbal and 
dietary supplements-induced liver injury in Latin America: experience from the LATINDILI Network. 
Clin Gastroenterol Hepatol. 2022;20:e548–63.

5.     

Chalasani N, Bonkovsky HL, Fontana R, Lee W, Stolz A, Talwalkar J, et al. United States Drug Induced 
Liver Injury Network. Features and outcomes of 899 patients with drug-induced liver injury: the 
DILIN prospective study. Gastroenterology. 2015;148:1340–52.e7.

6.     

Devarbhavi H, Joseph T, Sunil Kumar N, Rathi C, Thomas V, Prasad Singh S, et al. The Indian network 
of drug-induced liver injury: etiology, clinical features, outcome and prognostic markers in 1288 
patients. J Clin Exp Hepatol. 2021;11:288–98.

7.     

Zhu Y, Niu M, Chen J, Zou ZS, Ma ZJ, Liu SH, et al.; Specialized Committee for Drug-Induced Liver 
Diseases; Division of Drug-Induced Diseases, Chinese Pharmacological Society. Hepatobiliary and 
pancreatic: comparison between Chinese herbal medicine and Western medicine-induced liver 
injury of 1985 patients. J Gastroenterol Hepatol. 2016;31:1476–82.

8.     

Suk KT, Kim DJ, Kim CH, Park SH, Yoon JH, Kim YS, et al. A prospective nationwide study of 
drug-induced liver injury in Korea. Am J Gastroenterol. 2012;107:1380–7.

9.     

Aiso M, Takikawa H, Tsuji K, Kagawa T, Watanabe M, Tanaka A, et al. Analysis of 307 cases with 
drug-induced liver injury between 2010 and 2018 in Japan. Hepatol Res. 2019;49:105–10.

10.     

http://www.cost.eu/


Explor Dig Dis. 2023;2:202–22 | https://doi.org/10.37349/edd.2023.00027 Page 216

Abid A, Subhani F, Kayani F, Awan S, Abid S. Drug induced liver injury is associated with high 
mortality—a study from a tertiary care hospital in Pakistan. PLoS One. 2020;15:e0231398.

11.     

Sundaram V, Björnsson ES. Drug-induced cholestasis. Hepatol Commun. 2017;1:726–35.12.     
Bessone F, Ferrari A, Hernandez N, Mendizabal M, Ridruejo E, Zerega A, et al. Nitrofurantoin-induced 
liver injury: long-term follow-up in two prospective DILI registries. Arch Toxicol. 2023;97:593–602.

13.     

Chalasani NP, Maddur H, Russo MW, Wong RJ, Reddy KR; Practice Parameters Committee of the 
American College of Gastroenterology. ACG Clinical Guideline: diagnosis and management of 
idiosyncratic drug-induced liver injury. Am J Gastroenterol. 2021;116:878–98.

14.     

Fontana RJ, Bjornsson ES, Reddy R, Andrade RJ. The evolving profile of idiosyncratic drug-induced 
liver injury. Clin Gastroenterol Hepatol. 2023;21:2088–99.

15.     

Fontana RJ, Liou I, Reuben A, Suzuki A, Fiel MI, Lee W, et al. AASLD practice guidance on drug, herbal, 
and dietary supplement-induced liver injury. Hepatology. 2023;77:1036–65.

16.     

European Association for the Study of the Liver; Clinical Practice Guideline Panel: Chair:; Panel 
members; EASL Governing Board representative:. EASL Clinical Practice Guidelines: drug-induced 
liver injury. J Hepatol. 2019;70:1222–61.

17.     

Bénichou C. Criteria of drug-induced liver disorders. Report of an international consensus meeting. J 
Hepatol. 1990;11:272–6.

18.     

Bjornsson ES, Jonasson JG. Drug-induced cholestasis. Clin Liver Dis. 2013;17:191–209.19.     
Kleiner DE, Chalasani NP, Lee WM, Fontana RJ, Bonkovsky HL, Watkins PB, et al. Drug-Induced Liver 
Injury Network (DILIN). Hepatic histological findings in suspected drug-induced liver injury: 
systematic evaluation and clinical associations. Hepatology. 2014;59:661–70.

20.     

Ahmad J, Rossi S, Rodgers SK, Ghabril M, Fontana RJ, Stolz A, et al. Sclerosing cholangitis-like changes 
on magnetic resonance cholangiography in patients with drug induced liver injury. Clin 
Gastroenterol Hepatol. 2019;17:789–90.

21.     

Meier Y, Zodan T, Lang C, Zimmermann R, Kullak-Ublick GA, Meier PJ, et al. Increased susceptibility 
for intrahepatic cholestasis of pregnancy and contraceptive-induced cholestasis in carriers of the 
1331T>C polymorphism in the bile salt export pump. World J Gastroenterol. 2008;14:38–45.

22.     

Hayashi PH, Lucena MI, Fontana RJ, Bjornsson ES, Aithal GP, Barnhart H, et al. A revised electronic 
version of RUCAM for the diagnosis of DILI. Hepatology. 2022;76:18–31.

23.     

Zoubek ME, Lucena MI, Andrade RJ, Stephens C. Systematic review: ibuprofen-induced liver injury. 
Aliment Pharmacol Ther. 2020;51:603–11.

24.     

Licata A, Minissale MG, Calvaruso V, Craxì A. A focus on epidemiology of drug-induced liver injury: 
analysis of a prospective cohort. Eur Rev Med Pharmacol Sci. 2017;21:112–21.

25.     

Zoubek ME, González-Jimenez A, Medina-Cáliz I, Robles-Díaz M, Hernandez N, Romero-Gómez M, et 
al. High prevalence of ibuprofen drug-induced liver injury in Spanish and Latin-American Registries. 
Clin Gastroenterol Hepatol. 2018;16:292–4.

26.     

Schmeltzer PA, Kosinski AS, Kleiner DE, Hoofnagle JH, Stolz A, Fontana RJ, et al. Drug-Induced Liver 
Injury Network (DILIN). Liver injury from nonsteroidal anti-inflammatory drugs in the United States. 
Liver Int. 2016;36:603–9.

27.     

El Hajj II, Malik SM, Alwakeel HR, Shaikh OS, Sasatomi E, Kandil HM. Celecoxib-induced cholestatic 
liver failure requiring orthotopic liver transplantation. World J Gastroenterol. 2009;15:3937–9.

28.     

Daniele B, Pignata S, D’Agostino L, Vecchione R, Mazzacca G. Sulindac-induced severe hepatitis. Am J 
Gastroenterol. 1988;83:1429–31.

29.     

Dogan S, Celikbilek M, Demirkan K, Yilmaz S, Deniz K, Gursoy S, et al. Prolonged cholestatic jaundice 
associated with flurbiprofen. J Pharm Pract. 2014;27:396–8.

30.     

Celecoxib. LiverTox: clinical and research information on drug-induced liver injury. Bethesda (MD): 
National Institute of Diabetes and Digestive and Kidney Diseases; 2012.

31.     



Explor Dig Dis. 2023;2:202–22 | https://doi.org/10.37349/edd.2023.00027 Page 217

Piroxicam. LiverTox: clinical and research information on drug-induced liver injury. Bethesda (MD): 
National Institute of Diabetes and Digestive and Kidney Diseases; 2012.

32.     

Caballeria E, Masso RM, Arago JV, Sanchis A. Piroxicam hepatotoxicity. Am J Gastroenterol. 
1990;85:898–9.

33.     

Papachristou GI, Demetris AJ, Rabinovitz M. CASE REPORT: acute cholestatic hepatitis associated 
with long-term use of rofecoxib. Dig Dis Sci. 2004;49:459–61.

34.     

Bessone F, Hernandez N, Mendizabal M, Ridruejo E, Gualano G, Fassio E, et al. Serious liver injury 
induced by nimesulide: an international collaborative study. Arch Toxicol. 2021;95:1475–87.

35.     

Lucena MI, Molokhia M, Shen Y, Urban TJ, Aithal GP, Andrade RJ, et al. Spanish DILI Registry, 
EUDRAGENE, DILIN, DILIGEN, International SAEC. Susceptibility to amoxicillin-clavulanate-induced 
liver injury is influenced by multiple HLA class I and II alleles. Gastroenterology. 2011;141:338–47.

36.     

Stephens C, López-Nevot MÁ, Ruiz-Cabello F, Ulzurrun E, Soriano G, Romero-Gómez M, et al. HLA 
alleles influence the clinical signature of amoxicillin-clavulanate hepatotoxicity. PLoS One. 
2013;8:e68111.

37.     

Nicoletti P, Dellinger A, Li YJ, Barnhart HX, Chalasani N, Fontana RJ, et al. Drug-Induced Liver Injury 
Network (DILIN); International Drug-Induced Liver Injury Consortium (iDILIC); Prospective 
European Drug-Induced Liver Injury (Pro-Euro DILI) Investigators. Identification of reduced ERAP2 
expression and a novel HLA allele as components of a risk score for susceptibility to liver injury due 
to amoxicillin-clavulanate. Gastroenterology. 2023;164:454–66.

38.     

Lucena MI, Andrade RJ, Fernández MC, Pachkoria K, Pelaez G, Durán JA, et al.; Spanish Group for the 
Study of Drug-Induced Liver Disease (Grupo de Estudio para las Hepatopatías Asociadas a 
Medicamentos (GEHAM)). Determinants of the clinical expression of amoxicillin-clavulanate 
hepatotoxicity: a prospective series from Spain. Hepatology. 2006;44:850–6.

39.     

García Rodríguez LA, Stricker BH, Zimmerman HJ. Risk of acute liver injury associated with the 
combination of amoxicillin and clavulanic acid. Arch Intern Med. 1996;156:1327–32.

40.     

deLemos AS, Ghabril M, Rockey DC, Gu J, Barnhart HX, Fontana RJ, et al. Drug-Induced Liver Injury 
Network (DILIN). Amoxicillin—clavulanate-induced liver injury. Dig Dis Sci. 2016;61:2406–16.

41.     

Jakab SS, West AB, Meighan DM, Brown RS Jr, Hale WB. Mycophenolate mofetil for drug-induced 
vanishing bile duct syndrome. World J Gastroenterol. 2007;13:6087–9.

42.     

Bonkovsky HL, Kleiner DE, Gu J, Odin JA, Russo MW, Navarro VM, et al. U. S. Drug Induced Liver 
Injury Network Investigators. Clinical presentations and outcomes of bile duct loss caused by drugs 
and herbal and dietary supplements. Hepatology. 2017;65:1267–77.

43.     

Desmet VJ. Vanishing bile duct syndrome in drug-induced liver disease. J Hepatol. 1997;26:31–5.44.     
Lindh M, Hallberg P, Yue QY, Wadelius M. Clinical factors predicting drug-induced liver injury due to 
flucloxacillin. Drug Healthc Patient Saf. 2018;10:95–101.

45.     

Penicillins (2nd Generation). LiverTox: Clinical and Research Information on Drug-Induced Liver 
Injury. Bethesda (MD): National Institute of Diabetes and Digestive and Kidney Diseases; 2012.

46.     

Alqahtani SA, Kleiner DE, Ghabril M, Gu J, Hoofnagle JH, Rockey DC; Drug-Induced Liver Injury 
Network (DILIN) Study Investigators. Identification and characterization of cefazolin-induced liver 
injury. Clin Gastroenterol Hepatol. 2015;13:1328–36.e2.

47.     

Björnsson E, Olsson R. Outcome and prognostic markers in severe drug-induced liver disease. 
Hepatology. 2005;42:481–9.

48.     

Björnsson E, Kalaitzakis E, Olsson R. The impact of eosinophilia and hepatic necrosis on prognosis in 
patients with drug-induced liver injury. Aliment Pharmacol Ther. 2007;25:1411–21.

49.     

Longo G, Valenti C, Gandini G, Ferrara L, Bertesi M, Emilia G. Azithromycin-induced intrahepatic 
cholestasis. Am J Med. 1997;102:217–8.

50.     

Lockwood AM, Cole S, Rabinovich M. Azithromycin-induced liver injury. Am J Health Syst Pharm. 
2010;67:810–4.

51.     



Explor Dig Dis. 2023;2:202–22 | https://doi.org/10.37349/edd.2023.00027 Page 218

Martinez MA, Vuppalanchi R, Fontana RJ, Stolz A, Kleiner DE, Hayashi PH, et al. Clinical and histologic 
features of azithromycin-induced liver injury. Clin Gastroenterol Hepatol. 2015;13:369–76.e3.

52.     

Mainra RR, Card SE. Trimethoprim-sulfamethoxazole-associated hepatotoxicity - part of a 
hypersensitivity syndrome. Can J Clin Pharmacol. 2003;10:175–8.

53.     

Wasuwanich P, Choudry H, So JM, Lowry S, Karnsakul W. Vanishing bile duct syndrome after 
drug-induced liver injury. Clin Res Hepatol Gastroenterol. 2022;46:102015.

54.     

Chalasani N, Li YJ, Dellinger A, Navarro V, Bonkovsky H, Fontana RJ, et al. Drug Induced Liver Injury 
Network. Clinical features, outcomes, and HLA risk factors associated with nitrofurantoin-induced 
liver injury. J Hepatol. 2023;78:293–300.

55.     

de Boer YS, Kosinski AS, Urban TJ, Zhao Z, Long N, Chalasani N, et al. Drug-Induced Liver Injury 
Network. Features of autoimmune hepatitis in patients with drug-induced liver injury. Clin 
Gastroenterol Hepatol. 2017;15:103–12.e2.

56.     

Orman ES, Conjeevaram HS, Vuppalanchi R, Freston JW, Rochon J, Kleiner DE, et al.; DILIN Research 
Group. Clinical and histopathologic features of fluoroquinolone-induced liver injury. Clin 
Gastroenterol Hepatol. 2011;9:517–23.e3.

57.     

Bataille L, Rahier J, Geubel A. Delayed and prolonged cholestatic hepatitis with ductopenia after 
long-term ciprofloxacin therapy for Crohn’s disease. J Hepatol. 2002;37:696–9.

58.     

Okan G, Yaylaci S, Peker O, Kaymakoglu S, Saruc M. Vanishing bile duct and Stevens-Johnson 
syndrome associated with ciprofloxacin treated with tacrolimus. World J Gastroenterol. 
2008;14:4697–700.

59.     

Levine C, Trivedi A, Thung SN, Perumalswami PV. Severe ductopenia and cholestasis from 
levofloxacin drug-induced liver injury: a case report and review. Semin Liver Dis. 2014;34:246–51.

60.     

Varma S, Nathanson J, Dowlatshahi M, Del Portillo A, Ramirez I, Garcia-Carrasquillo R. Doxycycline-
induced cholestatic liver injury. Clin J Gastroenterol. 2021;14:1503–10.

61.     

Zubarev A, Haji K, Li M, Tiruvoipati R, Botha J. Meropenem-induced vanishing bile duct syndrome: a 
case report. J Int Med Res. 2020;48:300060520937842.

62.     

Cheung S, Bulovic J, Pillai A, Manoj T, Neeraj K. A case of meropenem-induced liver injury and 
jaundice. J Community Hosp Intern Med Perspect. 2021;11:143–4.

63.     

Devarbhavi H, Andrade RJ. Drug-induced liver injury due to antimicrobials, central nervous system 
agents, and nonsteroidal anti-inflammatory drugs. Semin Liver Dis. 2014;34:145–61.

64.     

Nicoletti P, Aithal GP, Bjornsson ES, Andrade RJ, Sawle A, Arrese M, et al.; International Drug-Induced 
Liver Injury Consortium; Drug-Induced Liver Injury Network Investigators; and International 
Serious Adverse Events Consortium. Association of liver injury from specific drugs, or groups of 
drugs, with polymorphisms in HLA and other genes in a genome-wide association study. 
Gastroenterology. 2017;152:1078–89.

65.     

Mohan UR, Bush A. Amphotericin B-induced hepatorenal failure in cystic fibrosis. Pediatr Pulmonol. 
2002;33:497–500.

66.     

King KY, Edwards MS, Word BM. Hepatitis associated with micafungin use in a preterm infant. J 
Perinatol. 2009;29:320–2.

67.     

Talwalkar JA, Soetikno RE, Carr-Locke DL, Berg CL. Severe cholestasis related to itraconazole for the 
treatment of onychomycosis. Am J Gastroenterol. 1999;94:3632–3.

68.     

Koshy A, Mahadevan P, Mukkada RJ, Francis JV, Chettupuzha AP, Augustine P. Spectrum of 
drug-induced liver injury in a tertiary hospital in southern India. Natl Med J India. 2022;35:78–81.

69.     

Russo MW, Hoofnagle JH, Gu J, Fontana RJ, Barnhart H, Kleiner DE, et al. Spectrum of statin 
hepatotoxicity: experience of the drug-induced liver injury network. Hepatology. 2014;60:679–86.

70.     

Weersink RA, Alvarez-Alvarez I, Medina-Cáliz I, Sanabria-Cabrera J, Robles-Díaz M, Ortega-Alonso A, 
et al. Clinical characteristics and outcome of drug-induced liver injury in the older patients: from the 
young-old to the oldest-old. Clin Pharmacol Ther. 2021;109:1147–58.

71.     



Explor Dig Dis. 2023;2:202–22 | https://doi.org/10.37349/edd.2023.00027 Page 219

Gershovich OE, Lyman AE Jr. Liver function test abnormalities and pruritus in a patient treated with 
atorvastatin: case report and review of the literature. Pharmacotherapy. 2004;24:150–4.

72.     

de Castro ML, Hermo JA, Baz A, de Luaces C, Pérez R, Clofent J. Acute cholestatic hepatitis after 
atorvastatin reintroduction. Gastroenterol Hepatol. 2006;29:21–4. Spanish.

73.     

van Heyningen C. Drug-induced acute autoimmune hepatitis during combination therapy with 
atorvastatin and ezetimibe. Ann Clin Biochem. 2005;42:402–4.

74.     

Pelli N, Setti M, Ceppa P, Toncini C, Indiveri F. Autoimmune hepatitis revealed by atorvastatin. Eur J 
Gastroenterol Hepatol. 2003;15:921–4.

75.     

Lata S, Chudy B. Acute cholestatic hepatitis caused by simvastatine in a 67-year-old patient. Przegl 
Lek. 2006;63:97–8.

76.     

Björnsson E, Jacobsen EI, Kalaitzakis E. Hepatotoxicity associated with statins: reports of 
idiosyncratic liver injury post-marketing. J Hepatol. 2012;56:374–80.

77.     

Moradpour D, Altorfer J, Flury R, Greminger P, Meyenberger C, Jost R, et al. Chlorpromazine-induced 
vanishing bile duct syndrome leading to biliary cirrhosis. Hepatology. 1994;20:1437–41.

78.     

DeLeve LD, Kaplowitz N. Mechanisms of drug-induced liver disease. Gastroenterol Clin North Am. 
1995;24:787–810.

79.     

Cosme A, Barrio J, Lobo C, Gil I, Castiella A, Arenas JI. Acute cholestasis by fluoxetine. Am J 
Gastroenterol. 1996;91:2449–50.

80.     

Vuppalanchi R, Hayashi PH, Chalasani N, Fontana RJ, Bonkovsky H, Saxena R, et al. Drug-Induced 
Liver Injury Network (DILIN). Duloxetine hepatotoxicity: a case-series from the drug-induced liver 
injury network. Aliment Pharmacol Ther. 2010;32:1174–83.

81.     

Milkiewicz P, Chilton AP, Hubscher SG, Elias E. Antidepressant induced cholestasis: hepatocellular 
redistribution of multidrug resistant protein (MRP2). Gut. 2003;52:300–3.

82.     

Bastida G, Nos P, Aguas M, Beltrán B, Rubín A, Dasí F, et al. Incidence, risk factors and clinical course 
of thiopurine-induced liver injury in patients with inflammatory bowel disease. Aliment Pharmacol 
Ther. 2005;22:775–82.

83.     

Gisbert JP, González-Lama Y, Maté J. Thiopurine-induced liver injury in patients with inflammatory 
bowel disease: a systematic review. Am J Gastroenterol. 2007;102:1518–27.

84.     

Björnsson ES, Gu J, Kleiner DE, Chalasani N, Hayashi PH, Hoofnagle JH; DILIN Investigators. 
Azathioprine and 6-mercaptopurine-induced liver injury: clinical features and outcomes. J Clin 
Gastroenterol. 2017;51:63–9.

85.     

DePinho RA, Goldberg CS, Lefkowitch JH. Azathioprine and the liver. Evidence favoring idiosyncratic, 
mixed cholestatic-hepatocellular injury in humans. Gastroenterology. 1984;86:162–5.

86.     

Jones MC, Best PV, Catto GR. Is nodular regenerative hyperplasia of the liver associated with 
azathioprine therapy after renal transplantation? Nephrol Dial Transplant. 1988;3:331–3.

87.     

Daniel F, Cadranel JF, Seksik P, Cazier A, Duong Van Huyen JP, Ziol M, et al. Azathioprine induced 
nodular regenerative hyperplasia in IBD patients. Gastroenterol Clin Biol. 2005;29:600–3.

88.     

Cataletti G, Santagata F, Pastorelli L, Battezzati PM. Severe azathioprine-induced liver injury 
22 months after initiation of treatment. BMJ Case Rep. 2022;15:e253505.

89.     

Hayes W, Tschumi S, Ling SC, Feber J, Kirschfink M, Licht C. Eculizumab hepatotoxicity in pediatric 
aHUS. Pediatr Nephrol. 2015;30:775–81.

90.     

Cavalli F, Tschopp L, Sonntag RW, Zimmermann A. A case of liver toxicity following 
cis-dichlorodiammineplatinum(II) treatment. Cancer Treat Rep. 1978;62:2125–6.

91.     

Postow MA, Sidlow R, Hellmann MD. Immune-related adverse events associated with immune 
checkpoint blockade. N Engl J Med. 2018;378:158–68.

92.     

Björnsson ES, Andrade RJ. Long-term sequelae of drug-induced liver injury. J Hepatol. 
2022;76:435–45.

93.     



Explor Dig Dis. 2023;2:202–22 | https://doi.org/10.37349/edd.2023.00027 Page 220

Doherty GJ, Duckworth AM, Davies SE, Mells GF, Brais R, Harden SV, et al. Severe steroid-resistant 
anti-PD1 T-cell checkpoint inhibitor-induced hepatotoxicity driven by biliary injury. ESMO Open. 
2017;2:e000268.

94.     

Gelsomino F, Vitale G, Ardizzoni A. A case of nivolumab-related cholangitis and literature review: 
how to look for the right tools for a correct diagnosis of this rare immune-related adverse event. 
Invest New Drugs. 2018;36:144–6.

95.     

Cho JH, Sun JM, Lee SH, Ahn JS, Park K, Ahn MJ. Late-onset cholecystitis with cholangitis after 
avelumab treatment in non-small cell lung cancer. J Thorac Oncol. 2018;13:e34–6.

96.     

Matsumoto S, Watanabe K, Kobayashi N, Irie K, Yamanaka S, Kaneko T. Pembrolizumab-induced 
secondary sclerosing cholangitis in a non-small cell lung cancer patient. Respirol Case Rep. 
2020;8:e00560.

97.     

Koya Y, Shibata M, Shinohara N, Nebuya S, Oe S, Honma Y, et al. Secondary sclerosing cholangitis 
with hemobilia induced by pembrolizumab: case report and review of published work. Hepatol Res. 
2019;49:950–6.

98.     

Tanaka T, Sakai A, Tsujimae M, Yamada Y, Kobayashi T, Masuda A, et al. Delayed immune-related 
sclerosing cholangitis after discontinuation of pembrolizumab: a case report. World J Gastroenterol. 
2022;28:3732–8.

99.     

Fontana RJ, Hayashi PH, Barnhart H, Stolz A, Odin J, Gu S, Drug Induced Liver Injury Network. 
Checkpoint inhibitor hepatotoxicity is characterized by peripheral eosinophilia and hepatocellular or 
mixed injury at onset but a low risk of liver failure during follow up. Hepatol. 2020;72:A1185.

100.     

Nabeshima S, Yamasaki M, Matsumoto N, Takaki S, Nishi Y, Kawamoto K, et al. Atezolizumab-induced 
sclerosing cholangitis in a patient with lung cancer: a case report. Cancer Treat Res Commun. 
2021;26:100270.

101.     

Gudnason HO, Björnsson HK, Gardarsdottir M, Thorisson HM, Olafsson S, Bergmann OM, et al. 
Secondary sclerosing cholangitis in patients with drug-induced liver injury. Dig Liver Dis. 
2015;47:502–7.

102.     

Pexidartinib. LiverTox: Clinical and Research Information on Drug-induced Liver Injury. Bethesda 
(MD): National Institute of Diabetes and Digestive and Kidney Diseases; 2012.

103.     

Piawah S, Hyland C, Umetsu SE, Esserman LJ, Rugo HS, Chien AJ. A case report of vanishing bile duct 
syndrome after exposure to pexidartinib (PLX3397) and paclitaxel. NPJ Breast Cancer. 2019;5:17.

104.     

Navarro VJ, Khan I, Björnsson E, Seeff LB, Serrano J, Hoofnagle JH. Liver injury from herbal and 
dietary supplements. Hepatology. 2017;65:363–73.

105.     

Medina-Caliz I, Garcia-Cortes M, Gonzalez-Jimenez A, Cabello MR, Robles-Diaz M, Sanabria-Cabrera J, 
et al. Spanish DILI Registry. Herbal and dietary supplement-induced liver injuries in the Spanish DILI 
Registry. Clin Gastroenterol Hepatol. 2018;16:1495–502.

106.     

Robles-Diaz M, Gonzalez-Jimenez A, Medina-Caliz I, Stephens C, García-Cortes M, García-Muñoz B, et 
al. Spanish DILI Registry, SLatinDILI Network. Distinct phenotype of hepatotoxicity associated with 
illicit use of anabolic androgenic steroids. Aliment Pharmacol Ther. 2015;41:116–25.

107.     

Stolz A, Navarro V, Hayashi PH, Fontana RJ, Barnhart HX, Gu J, et al.; DILIN Investigators. Severe and 
protracted cholestasis in 44 young men taking bodybuilding supplements: assessment of genetic, 
clinical and chemical risk factors. Aliment Pharmacol Ther. 2019;49:1195–204.

108.     

Pinazo-Bandera JM, García-Cortés M, Segovia-Zafra A, Lucena MI, Andrade RJ. Recreational drugs and 
the risk of hepatocellular carcinoma. Cancers (Basel). 2022;14:5395.

109.     

Gandhi D, Ahuja K, Quade A, Batts KP, Patel L. Kratom induced severe cholestatic liver injury 
histologically mimicking primary biliary cholangitis: a case report. World J Hepatol. 2020;12:863–9.

110.     

Björnsson HK, Björnsson ES, Avula B, Khan IA, Jonasson JG, Ghabril M, et al. Ashwagandha-induced 
liver injury: a case series from Iceland and the US Drug-Induced Liver Injury Network. Liver Int. 
2020;40:825–9.

111.     



Explor Dig Dis. 2023;2:202–22 | https://doi.org/10.37349/edd.2023.00027 Page 221

Ryan M, Lazar I, Nadasdy GM, Nadasdy T, Satoskar AA. Acute kidney injury and hyperbilirubinemia 
in a young male after ingestion of Tribulus terrestris. Clin Nephrol. 2015;83:177–83.

112.     

Pinazo-Bandera JM, Hernández-Albújar A, García-Salguero AI, Arranz-Salas I, Andrade RJ, Robles-
Díaz M. Acute hepatitis with autoimmune features after COVID-19 vaccine: coincidence or vaccine-
induced phenomenon? Gastroenterol Rep (Oxf). 2022;10:goac014.

113.     

Codoni G, Kirchner T, Engel B, Villamil AM, Efe C, Stättermayer AF, et al. Histological and serological 
features of acute liver injury after SARS-CoV-2 vaccination. JHEP Rep. 2023;5:100605.

114.     

Efe C, Kulkarni AV, Terziroli Beretta-Piccoli B, Magro B, Stättermayer A, Cengiz M, et al. Liver injury 
after SARS-CoV-2 vaccination: features of immune-mediated hepatitis, role of corticosteroid therapy 
and outcome. Hepatology. 2022;76:1576–86.

115.     

Andrade RJ, Lucena MI, Alonso A, García-Cortes M, García-Ruiz E, Benitez R, et al. HLA class II 
genotype influences the type of liver injury in drug-induced idiosyncratic liver disease. Hepatology. 
2004;39:1603–12.

116.     

Alfirevic A, Gonzalez-Galarza F, Bell C, Martinsson K, Platt V, Bretland G, et al. In silico analysis of HLA 
associations with drug-induced liver injury: use of a HLA-genotyped DNA archive from healthy 
volunteers. Genome Med. 2012;4:51.

117.     

Aithal GP. Pharmacogenetic testing in idiosyncratic drug-induced liver injury: current role in clinical 
practice. Liver Int. 2015;35:1801–8.

118.     

Fontana RJ, Cirulli ET, Gu J, Kleiner D, Ostrov D, Phillips E, et al. The role of HLA-A*33:01 in patients 
with cholestatic hepatitis attributed to terbinafine. J Hepatol. 2018;69:1317–25.

119.     

Kaliyaperumal K, Grove JI, Delahay RM, Griffiths WJH, Duckworth A, Aithal GP. Pharmacogenomics of 
drug-induced liver injury (DILI): molecular biology to clinical applications. J Hepatol. 
2018;69:948–57.

120.     

Lucena MI, Sanabria J, García-Cortes M, Stephens C, Andrade RJ. Drug-induced liver injury in older 
people. Lancet Gastroenterol Hepatol. 2020;5:862–74.

121.     

Kaplowitz N. Idiosyncratic drug hepatotoxicity. Nat Rev Drug Discov. 2005;4:489–99.122.     
Klotz U. Pharmacokinetics and drug metabolism in the elderly. Drug Metab Rev. 2009;41:67–76.123.     
Ghabril M, Gu J, Yoder L, Corbito L, Ringel A, Beyer CD, et al. Development and validation of a model 
consisting of comorbidity burden to calculate risk of death within 6 months for patients with 
suspected drug-induced liver injury. Gastroenterology. 2019;157:1245–52.e3.

124.     

Chalasani N, Reddy RKK, Fontana RJ, Barnhart H, Gu J, Hayashi PH, et al. Idiosyncratic drug induced 
liver injury in African-Americans is associated with greater morbidity and mortality compared to 
caucasians. Am J Gastroenterol. 2017;112:1382–8.

125.     

Ashby K, Zhuang W, González-Jimenez A, Alvarez-Alvarez I, Lucena MI, Andrade RJ, et al. Elevated 
bilirubin, alkaline phosphatase at onset, and drug metabolism are associated with prolonged 
recovery from DILI. J Hepatol. 2021;75:333–41.

126.     

Medina-Caliz I, Robles-Diaz M, Garcia-Muñoz B, Stephens C, Ortega-Alonso A, Garcia-Cortes M, et al. 
Spanish DILI Registry. Definition and risk factors for chronicity following acute idiosyncratic 
drug-induced liver injury. J Hepatol. 2016;65:532–42.

127.     

Bhamidimarri KR, Schiff E. Drug-induced cholestasis. Clin Liver Dis. 2013;17:519–31.128.     
Perez MJ, Briz O. Bile-acid-induced cell injury and protection. World J Gastroenterol. 
2009;15:1677–89.

129.     

Robles-Díaz M, Nezic L, Vujic-Aleksic V, Björnsson ES. Role of ursodeoxycholic acid in treating and 
preventing idiosyncratic drug-induced liver injury. A systematic review. Front Pharmacol. 
2021;12:744488.

130.     

Wan YM, Wu JF, Li YH, Wu HM, Wu XN, Xu Y. Prednisone is not beneficial for the treatment of severe 
drug-induced liver injury: an observational study (STROBE compliant). Medicine (Baltimore). 
2019;98:e15886.

131.     



Explor Dig Dis. 2023;2:202–22 | https://doi.org/10.37349/edd.2023.00027 Page 222

Karkhanis J, Verna EC, Chang MS, Stravitz RT, Schilsky M, Lee WM, et al.; Acute Liver Failure Study 
Group. Steroid use in acute liver failure. Hepatology. 2014;59:612–21.

132.     

Niu H, Ma J, Medina-Caliz I, Robles-Diaz M, Bonilla-Toyos E, Ghabril M, et al. Potential benefit and 
lack of serious risk from corticosteroids in drug-induced liver injury: an international, multicentre, 
propensity score-matched analysis. Aliment Pharmacol Ther. 2023;57:886–96.

133.     

Wree A, Dechêne A, Herzer K, Hilgard P, Syn WK, Gerken G, et al. Steroid and ursodesoxycholic acid 
combination therapy in severe drug-induced liver injury. Digestion. 1995;84:54–9.

134.     

Devarbhavi H, Dierkhising R, Kremers WK, Sandeep MS, Karanth D, Adarsh CK. Single-center 
experience with drug-induced liver injury from India: causes, outcome, prognosis, and predictors of 
mortality. Am J Gastroenterol. 2010;105:2396–404.

135.     

Stine JG, Lewis JH. Current and future directions in the treatment and prevention of drug-induced 
liver injury: a systematic review. Expert Rev Gastroenterol Hepatol. 2016;10:517–36.

136.     

Díaz FC, Sáez-González E, Benlloch S, Álvarez-Sotomayor D, Conde I, Polo B, et al. Albumin dialysis 
with MARS for the treatment of anabolic steroid-induced cholestasis. Ann Hepatol. 2016;15:939–43.

137.     

Eapen J, Ayoola R, Subramanian RM. ‘The efficacy of extracorporeal liver support with molecular 
adsorbent recirculating system in severe drug-induced liver injury’. Oxf Med Case Reports. 
2018;2018:omx077.

138.     

Sturm N, Hilleret MN, Dreyfus T, Barnoud D, Leroy V, Zarski JP. Candesartan Cilexetil (Atacand) 
induced prolonged severe cholestasis improved by extracorporeal albumin dialysis. Gastroenterol 
Clin Biol. 2005;29:1299–301. French.

139.     

Reuben A, Koch DG, Lee WM. Drug-induced acute liver failure: results of a U.S. multicenter, 
prospective study. Hepatology. 2010;52:2065–76.

140.     


	Abstract
	Keywords
	Introduction
	Particularities of diagnosing suspected drug-induced cholestasis
	Clinical approach and medical history
	Laboratory test and characterisation
	Imaging
	Biopsy
	Causality assessment

	Causative agents and phenotypic presentation
	NSAIDs
	Antiinfectives
	Amoxicillin-clavulanate
	Other penicillins and cephalosporins
	Macrolides
	TMP-SMX
	Nitrofurantoin
	Other antibiotics
	Antifungal

	Statins
	Psychotropic drugs
	Immunomodulator and antineoplastic drugs
	AAS
	Herbs
	Severe acute respiratory syndrome coronavirus 2 vaccine

	Risk factors
	Management
	UDCA
	Corticosteroids
	Cholestyramine
	MARS®
	Liver transplantation

	Conclusions
	Abbreviations
	Declarations
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	References



