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DILI

• > 1000 medicinal compounds and 
herbal agents cause liver injury

• Diagnosis of exclusion: there are no 
magic pointers to DILI!

• Commonest cause of acute liver 
failure in UK

• Incidence 3-20 per 100,000 
persons per annum

• LiverTox: font of much knowledge
• Important to remember 

alternative/herbals as part of 
spectrum



Clinical guidelines in management of 
suspected DILI



DILI culprits (DILIN study US 2003-2013)

• Anti-infectives (almost 50%)
• Amoxicillin-clavulanate
• Nitrofurantoin
• Trimethoprim
• Minocycline
• Cefazolin

• CNS agents
• Phenytoin
• Lamotrigine
• Valproate

• Musculoskeletal
• Diclofenac
• Allopurinol

Note changing patterns, in 
particular with the 
introduction of ICIs etc





Current classification of DILI



Genetic 
polymorphisms 
associated with DILI 
susceptibility



Phenotypes of DILI 

• Classical forms: hepatocellular, cholestatic, mixed, chronic hepatitis

• Drug induced autoimmune-like hepatitis

• Ductopaenia

• Secondary sclerosing cholangitis

• Granulomatous hepatitis

• Steatotic liver disease

• Benign vascular changes

• Liver tumours



Acute zonal necrosis

• Zonal: paracetamol, halothane, 
phosphorus, ferrous sulphate

• Can become panacinar/multiacinar
• Frequently ALF with very high 

transaminases
• Paracetamol: Indirect cytotoxic –

metabolite is toxic: generated 
mainly in acinar zone 3

• Halothane:  Idiosyncratic, 
immunological: antibodies to 
halothane altered hepatocyte 
membrane proteins

Paracetamol

Halothane



Acute zonal necrosis

• Direct toxins may cause 
predominantly acinar zone 1 
necrosis: area of highest 
concentration

• Areas of severe 
necrosis/panacinar necrosis may 
show marked ductular reaction: 
regenerative response rather 
than evidence of cholestatic 
injury

Ferrous sulphate

Rifampicin



Acute hepatitis

• May have insidious onset but often 
presents with jaundice

• Lobular disarray with apoptotic 
bodies and spotty necrosis

• May be acinar 3 predominant
• Sinusoidal infiltrate: mainly T cells
• Occasionally EBV like changes 

(diclofenac)
• Differential diagnosis includes viral 

hepatitides, AIH or even Wilson 
disease

• Most recover on withdrawal

Diclofenac

Nitrofurantoin



Cholestatic injury: bland (acute) cholestasis

• Main feature: bilirubin in 
hepatocytic cytoplasm, canaliculi 
and Kupffer cells

• ++ acinar zone 3
• Cell swelling
• May be accumulation of  ceroid 

and bile laden macrophages
• Distribution of bile varies with 

drug; classically cholangiolar seen 
with benoxaprofen (now 
discontinued)

• Often associated with antibiotics 
(especially flucloxacin) and steroids

Anabolic steroids



Cholestatic hepatitis

• Combination of marked 
bilirubinostasis and 
necroinflammation

• 30% of all DILI
• May be significant latent phase: 

important to have lengthy drug 
history

• Classical example: Amoxicillin-
clavulanate

• DD: includes viruses in particular 
HEV

• Rarely may lead to chronic 
cholestasis

Amoxicillin-clavulanate



Chronic cholestasis

• Some forms of cholestatic DILI 
progress to chronic cholangiopathy

• Can have PBC-like or PSC-like 
lesions

• Seen with some antibiotics and 
anti-psychotics and phenytoin 

• Early changes may be ++ 
inflammatory with eosinophils

• Can progress to ductopaenia and 
progressive biliary fibrosis

Trifluoperazine

Flucloxacillin



Granulomas

• Observed in a large number of DILI

• DILI responsible for 29% of all cases of 
hepatic granulomas

• Some are in the form of microgranulomas 
(common)

• Others isolated but in some true 
granulomatous hepatitis

• May be seen alone or in association with 
other changes

• > 60 drugs implicated: some appear to be 
hypersensitivity syndrome (eg.
phenylbutazone)

• Fibrin ring granulomas seen with 
allopurinol (as in Q fever)

Quinine

Allopurinol



Steatotic liver disease

• Macrovesicular steatosis seen with 
several agents including methotrexate, 
corticosteroids, cisplatin, cocaine

• Microvesicular form seen with 
oxytetracycline and anti-retroviral agents

• Similar pattern seen in a small number of 
alcohol abusers (alcoholic foamy 
degeneration)

• Steatohepatitis also seen: best examples 
in cardiological therapies (amiodarone)

• Some (methotrexate, tamoxifen) may 
require co-factor such as metabolic 
syndrome

Amiodarone



Vascular disorders

• ‘Veno-occlusive disease’ seen with 
chemotherapeutic agents: may be 
acute or sub-acute.

• Former leads to Budd Chiari 
syndrome

• Sinusoidal obstruction syndrome 
favoured term: ++ with oxaliplatin

• Other vasculopathies also involve 
portal veins: may lead to NRH and 
portal hypertension

• Sinusoidal dilatation and peliosis 
can also occur

Oxaliplatin

Cyclophosphamide 



Neoplasms

• Adenomas associated with 
anabolic steroids, danazol, 
oxymethalone etc.

• May transform to hepatocellular 
carcinoma

• Other agents implicated in HCC: 
arsenicals, thorotrast

• Angiosarcoma also associated 
with thorotrast

Anabolic steroids

Thorotrast



Other changes

• Enzyme induction

• Ground glass –like change (adult 
polyglucosan storage)

• Lipofuscin accumulation

• Gold pigment

• Iron overload

• Portal macrophage pigment

Thioguanine

Chlorpromapzine IV drug abuse



Drugs and AIH (DI-ALH)





DILI with anti-neoplastic agents

• Anti-metabolites
• Floxuridine – sclerosing cholangitis
• 6-mercaptopurine - hepatocellular or cholestatic

• Alkylating agents
• Cyclophosphamide, melphalan – SOS/VOD
• Temozolomide – chronic cholestasis and VBDS

• Biologics and monoclonal antibodies

• Kinase inhibitors
• Sorafenib – acute hepatitis
• Imatinib – acute and chronic hepatitis; reactivation of HBV

• Oxaliplatin – SOS and NRH

• Taxanes
• Docetaxal and paclitaxel – massive necrosis





• Low level LFT abnormalities in high number of 
treated patients

• More severe injury occurs most frequently 
after several cycles

• Most are manifest by hepatocellular pattern of 
injury biochemically and acute hepatitis on 
biopsy

• In some: considered to be DI-ALH; may be 
accompanying autoimmune processes in GIT 
and skin

• In some there is an immune-mediated 
cholangiopathy; PBC and PSC-like picture 
reported with pembrolizimab

• Other abnormalities recorded: SOS and fibrin 
ring granulomas



Dietary supplements and herbal products



• 39 year old female
• Basil powder, biotin and ashwaganda

(Withania somnifera or Indian Ginseng)
• Self medication for anxiety
• ANA 1:40
• Normal Ig and viral serology incl. HEV 

negative
• Moderate response to discontinuation 

with empiric UDCA



Dietary supplements and herbal products



Herb-induced injury in Asia





Polygonum liver injury: acute hepatitis

• Ho-Shou-Wu: consumed raw or as 
extract

• Anti-ageing or as tonic for dizziness, 
constipation

• Case series
• Median age: 48
• 76% presented with jaundice
• 10 cases biopsied: hepatitic process with 

no signs of chronicity
• 23 patients recovered
• One death due to ALF and one 

underwent transplantation



Liver injury with strength enhancing 
supplements

• Anabolic steroids

• Selective androgen receptor 
modulators SARMs



Liver injury with strength enhancing 
supplements

• Anabolic steroids

• Selective androgen receptor 
modulators SARMs



Liver injury with strength enhancing 
supplements

• Anabolic steroids

• Selective androgen receptor 
modulators SARMs

• Ghrelin receptor agonists eg MK-
677 

• (No reports on LiverTox)



Ketamine and the liver

• Medical use: anaesthetics, sedation, pain control
• Therapy for psychiatric disorders: epileptic seizures, alcohol dependence, 

treatment-resistant major depressive disorder
• Non-medical recreational use started in 1970s (US) and 1990s (Europe), and it has 

been widespread across the world.
• Side effects in the urinary tract: Fibrosing cystitis (ketamine bladder), ureteral 

stenosis and hydronephrosis. 



Yoh Zen



Ketamine cholangiopathy 

• A great mimicker of PSC. 

• Histological findings are almost indistinguishable from those of PSC.

• The association with cystitis, the lack of inflammatory bowel disease 
and mild extrahepatic duct dilatation without irregularity are 
potential diagnostic clues.

• May be less progressive than PSC.

• Obtaining sufficient information from patients is essential.



DILI: general considerations

• Recognising DILI can be challenging

• Essential to rule out all other possible causes of liver injury

• Note there may be more than one process: DILI + another form of disease

• Biopsy appears to be helpful in 50% cases: either confirming DILI or 
demonstrating an alternative explanation

• A detailed history essential including OTC dietary supplements and herbals

• Duration and type of exposure important to consider

• Temporal issues: latent period?

• Ultimate proof of causality: rechallenge but rarely justified

• Role for HLA typing?




