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Xenobiotic capacity of cholangiocytes

Drug metabolizing enzymes
Cytochrome P450 1A, 2E1, 3A
Glutathione S-transferase

Drug efflux transporters
P-glycoprotein MRP-1,
MRP-3

Sterol metabolism enzymes
HMG-CoA reductase
Cholesterol 7-a hydroxylase

Gut and Liver, 2016;10:687

Animal Models of DILI

Animal models have been usefulin predicting intrinsic DILI.

Attempts to develop animal models of idiosyncratic DILI that involve the
adaptive immune system have been largely unsuccessful.

Clin. Pharmacol. Ther. 101 (2017) 469-480.

Pathophysiology |

Drug induced cholestasis may occur particularly under conditions of:
« increased drug concentration

 genetic alterations in expression of enzymes or transporters

« reduced hepatic concentrations of anti-oxidants

Drug induced cholestasis can be caused by:
« direct toxic effects of drugs / metabolites
* immune mediated process

Hepatology Communications 2017;1:726-735

Pathophysiology Il

Hepatocyte couplet illustrating location of major transporters
that determine bile production and hepatic drug transport.
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Pathophysiology Il
BSEP

* The bile salt export pump (BSEP) is the major transporter for the secretion of bile acids
from hepatocytes into bile in humans.

* Mutations are associated with:

Chemical Properties

* The quinolonestemafloxacin and trovafloxacin have a difluorinated
side chain, making them highly lipophilicand subsequently associated
with cholestatic liver disease.

* NSAIDs, despite only small differencesin structure, have different

i i . e -
progressive familial intrahepatic cholestasis type 2 (PFIC-2), patterns of liver disease:
benign recurrent intrahepatic cholestasis type 2 (BRIC-2) and A "
f .
* Genetic polymorphisms are linked to: § s
intrahepatic cholestasis of pregnancy (ICP) § o
drug-induced liver injury (DILI). R
.
. o . - § A'.
Clin Res Hepatol Gastroenterol. 2012;36: 536 LiverInt. 2016 Aprll ’ 36(4)' 603-609 . ‘:. ®e | g :
e el el sl
Simultaneous administration of
Dosage

2 MDR1 substrates

* In an American study, daily doses greater than 50 mg were
significantly associated with severe DILI, of which 1/3 had a
cholestaticinjury pattern.

* In a Spanish study, 77% of patients with DILI received medications
with daily doses greater than 50 mg

* This risk may be further enhanced with medications that are excreted
by the biliary system compared to drugs with minimal biliary
excretion (74% versus 40%).

Hepatology Communications 2017;1:726-735
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Age Flucloxacillin

* Cholestatic pattern of DILI is more common among the elderly,
whereas hepatocellular DILI seems to be more common in younger

- [—
individuals: e ):r, . e
61% of DILI cases in patients older than 60 years were cholestatic & ‘ﬁ a”‘ﬂﬁ(»

[

39% of DILI cases in patientsyoungerthan 60 were cholestatic
A mixed pattern was also more common in older patients.

FAS— y

« S$T 0 « ST s

* This age-related susceptibility to cholestatic liver injury may be tﬁ)’a’é . Cﬁ;\ﬁ,r
related to reduced expression of hepatocellular transporters. LA = /‘T %

Lysne.

Hepatology Communications 2017;1:726-735
BBA - Molecular Basis of Disease 1864 (2018) 1498-1506

Genetic determinants Flucloxacillin
Drug Cohort Association pinteraction Hapten-protein intesaction
Amox/Clav® 35 (European) DRB1*1501 # HLAB"57.01 HLAB'S7.01* HLA-B'S7.01 HLAB™S57.01
Flucloxacillin® 51 (European) HLA-B*5701 # [ ml
Terbinafine” 14 (mixed) HLA-A*3301 # ‘ “
@ @ [ ] e
« Increased susceptibility of cholestaticinjury due to oral
contraceptl_ves_l']as a reported association with the Tto C o - a e
polymorphismin BSEP 1331. l l l
BBA - Molecular Basis of Disease 1864 (2018) 1498-1506 Ho proliferation 08" proliferaion CO4" prolieration No prolderation
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Flucloxacillin

Lymphocytes of flucloxacillin-sensitized mice were stimulated to proliferate,
secrete IFN-y and granzyme B, and induce hepatocyte apoptosisin a
concentration-dependent manner following ex vivo stimulation.

The T-cell response was antigen-specific; T-cells were not activated with
other B-lactam antibiotics.

Flucloxacillin-specific T-cells were injected into CD4 deficient, flucloxacillin
naive mice using

Oral exposure to flucloxacillin resulted in mild elevationsin ALT, liver, and
gall bladder leukocyte infiltration and a marked swelling of the gall bladder.

Toxicol. Sci. 2015: 146: 146
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Figure 1 Potential risk factors involved in the pathogenesis of DILI

Environment
Diet, toxins and exposure to
tobacco, alcool,coffee, chemicals,
pollutants, oxidants, probiotics

Class, dose, duration,
rug-drug Interactions.

Host
Age, sex, weight,
genetc actors, metabolism,
immune facors,other diseases

Tujios, 5.& Fontana, .. (201

Hepatol. doi:10.1038/nrgastr0.2011
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Clinical Background

* Caused by many common drugs
Medically prescribed drugs: Antibiotics
Self prescribed drugs: Over the counter medications

Self prescribed “non-drugs”: Herbal preparations/ Supplements

* 0.1to 3% of hospital admissions

* 10% fatality seen in cases with severe ALT elevationand jaundice

(Hy’s Law)

Dig Dis Sci 2007;52:2463-71

Kaplowitz N. Nat Rev Drug Discov 2005;4:489-499
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F Age ()

Group N (%) (mean) Drug(orciass)no.|  Drug (orcass)no.2 Drug (orclass) no.3  Herbal Death LTx Chronicity
China (2013) 24,112 46 - Tuberculosis medications 31% CAMs (19%) Antibiotics (10%) 19% 3% =
France (2002) 34 65 M 5| Amoxiclliniclavuianate (12%) NSAIDs (12%)  Nevirapine (9%) - & 0 0]

F 58
kelnd (2013) 96 56 55 Amoxiclin/clavuianate (225%) Diclofenac (6%) Ammux) 6% 1% 0 (OT%
Korea (2012) 371 63 49 Antifungal (% not avaiable) - 8% - @I% @)%
Spain (2005) 461 49 53  Amoicliniclavulanate (13%) T-2: Ebrotidine (5%) I:qxufeu(ﬂ() 2% 5% (8)2% (46) 10%
T2 INH/rifampin/
pyrazinamide (5%)
United States. 300 60 48 Amoxiciinicavulanate (%)  Nitrofurantoin (4%) T-3: koniazid (4%) 9% 6% (2% 14%

(2008) T-3 Trimethoprim-

sullamethosazole (4%)
w:mmmmr:ﬁ*numm b drug LTx = liver T =te
ines. heatt foods and dietary plans, fok remedies, and i

Mayo Clin Proc. 2014;89(1):95-106

- Mistietoe (Vicus abur)

Aloe vera Ma huang (Epheda sinica)

Atractylis gummifera ‘Daisaiko-to (Sho-saiko-to, Tj-19, D-chai-hu-tang, Xiao-chia-hu-tang) Noni juice (Morinda atifola)

Black cohosh Geniposide (Gardenia josminoides) Permyroyal (squawmint o)

Calllepsis laureola. (impila) Germander (Teuorim chamoedys) and other Teucrum varicties  Pymolzidne abaloids (Crotaara,
[Comfrey])

Cascara (Caseorn sagroda) Greater Celendine (Chelidonium majus) Saw Palmetto (Serrenoa repens)

Camphor oil Green tea (Comefla sinensis) Senna (Cassia angusifola and C cautioli)

Centello asaotca (Gotu kola) Herbaife Siull cap (Scutelaria)

Chaparral (Lomea tidentate) Hydroxyeut (fist-generation formulation: production hakted 200%)  Valerian (Voleriona officnalis)

Jin Bu Huan (Lypocosium sematum) Kava (Piper methysticum) Oxykite Pro

Mayo Clin Proc. 2014;89:95-106

Herbal Induced Liver Injury (HILI)

O Bodybuilding
8 Weight Loss

@ Depression

® Sexual Performance
I8 Gl Upset

@ Immune Support

W Joint support

W Chinese Herbs

@ Miscellaneous

HEPATOLOGY 2017;65:363-373

Review
Drug-Induced Liver Injury

Kt Fisher, MO, PAD; o Vuppalnchi, D Romil Savena, MBBS, FRCPath
A P L3 ek 139, by 201576857

http://livertox.nih.gov/

Froo database of drugs linked to liver injury launched in 2012

o DILI

>1000 medications, herbals and dietary supplemens.
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Whatis needed to make the diagnosis of DILI?

*An association between exposure and onset of liver
disease has to be established

*Competing causes of liver disease have to be excluded

Whatis the role of the liver biopsy in DILI?

* Liver biopsy performed in less than half of suspected cases, including those
enrolledin formal studies.

* Liver biopsy can provide useful information about:
nature and severity of liver injury

possible pathogenesis

expected clinical outcome.

guide therapy

exclude other causes of liver injury

Arch Pathol Lab Med. 2015;139:876-887
Annals of Hepatology 2014; 13 (1): 121-126
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Table 1 Clinicopathological presentations of DILI

Tl Circopsiegaprosertatons U

Tujios, 5. & Fontana, R.J. (2011) Mechanisms of druginduced liver injury: rom bedside to bench
Nat. Rev. Gastroenterol. Hepatol. doi:10.1038/nrgastro. 2011.22.
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Drug Induced Liver Disease

“any kind of (biliary) liver disease can be caused by a drug”

Classification Of DrugInduced Cholestasis
Syndromes

Hepatology2011;53: 1377,
Histopathology 2017; 70: 81

Classification of DILI based on Serum
Biochemistry

The R-value is defined as:

serum alanine aminotransferase/upper limit of normal (ULN) divided by
serum alkaline phosphatase/ULN.

By convention:

R25 is labeled as hepatocellular DILI,
R<2 is labeled as cholestatic DILI, and
2<R<5 is labeled as “mixed” DILI.

Am J Gastroenterol 2014; 109:950-966;

Classification Of DrugInduced Cholestasis
Syndromes

INTRAHEPATIC
a) Acute
Cholestasis without hepatitis (pure, simple, canalicular, or bland cholestasis)
Cholestasis with hepatitis (hepatocanalicular hepatitis or mixed cholestatic hepatitis)
Cholestasis with bile duct injury (ductular, cholangiolar, or cholangiolytic cholestasis)

b) Chronic (Cholangiopathies)
&Mi[d non-specific bile duct injurg%
/anishing bile duct syndrome (VEDS)
Primary Sclerosing cholangitis-like

EXTRAHEPATIC
Cholelithiasis
Primary Sclerosing cholangitis-like
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Acute Drug Induced Cholestasis
without Hepatitis

* Cause minimal hepatic parenchymalinvolvement with almost pure
canalicular cholestasis.

* DDx: Sepsis, post-surgical, acute LDO, cholestasis of pregnancy,
benign recurrent cholestasis

* Examples: Androgens/Estrogens, Chlorpromazine, Erythromycin
Warfarin Thiabendazole Procholperazine

Acute Drug Induced Cholestasis
with Hepatitis

* Combination of hepatitis (usually lobular) with canalicular/
hepatocellular cholestasis, duct injury

« DDX: Acute cholestatic hepatitis e.g. virus (espec HEV), Al

* Examples: Penicillins, Sulfonamides, Fluoroquinolones, Tetracyclines,
Antifungals (terbinafine, griseofulvin, ketoconazole, itraconazole)
Antiretroviral therapy (stavudine, didanosine, nevirapine) Anti-
inflammatory (diclofenac, sulindac, piroxicam, ibuprofen,
phenylbutazone, gold, pencilamine, allopurinol, azathioprine)
Psychotropes (chlorpromazine, prochlorperazine, fluphenazine,
thiroridazine, tricyclic antidepressants, risperidone, duloxetine,
benzodiazepines, diazepam)

Acute Drug Induced Cholestasis
with Hepatitis
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HEV and DILI

« Seroprevalence rate of 21%.

* In the US DILIN prospective study 16% patients with suspected DILI
tested positive for HEV IgG and 9 tested positive for HEV IgM 3%.

* In the United Kingdom, 13% suspected cases of DILI had evidence of
acute HEV infection.

* Travel to endemic areas, consumption of pork or liver meats, blood
transfusions, and pet ownership may be risk factors for HEV infection
and should be queried during the initial evaluation.

Mayo Clin Proc. 2014;89(1):95-106

Acute Drug Induced Cholestasis
without Hepatitis

* Inflamed bile ducts and biliary ductules filled with bile casts, scattered
steatosisand minimal /no hepatocellulardamage
* Associated with eosinophiliaand/ or the Stevens-Johnson syndrome

* May have prolongedjaundice (> 6 months) and progressto the
vanishing bile duct syndrome.

* Possible causesinclude: Flucoxacillin, Pioglitazone and Amoxicillin-
clavulanate

Acute Drug Induced Cholestasis
without Hepatitis

Vanishing Bile Duct Syndrome/ PSC— Like

* Duct injury/loss with cholate stasis, periportal Cu /CK7 staining
fibrosis, may have chronic hepatitic changes

 DDx: PBC, PSC, GVHD

« Bile duct loss was seen in 5-6% of the DILIN cohort, and was the most
frequentfinding in biopsies from cases of DILI with very protracted
recovery times.

Am. J. Gastroenterol.2015; 110; 1450-1459.

10
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A and B: Augmentin Clinical Presentations and Outcomes of Bile Duct Loss
Cand D: NSAID caused by Drugsand Herbal and Dietary Supplements
K7 Feneed

|

Hepatology 2017; 65:1267

i

[N
E/

Clinical Presentations and Outcomes of Bile Duct Loss

Vanishing Bile Duct Syndrome caused by Drugsand Herbal and Dietary Supplements

. Psychotropes (ch/orpromazine, imipramine, carbamazepine, gﬁézﬁlg&t&eﬁﬁ?\/g?tgeiegg;\//.\/ith drug, herbalor dietary supplement associated liver injury had
amitriptyline, haloperidol, cyproheptadine, phenytoin)
ibioti icilli illi i Note: “In a prospective study from Iceland over a 2-year period with approximately 100 DILI
: AI?\thIOtIC? (amOXICI!II n/cIavuIanat_e, flucloxacillin, quinolones, patients, no VBDS cases were identified and all patients with severe cholestatic reaction
cllndamycm, macrolldes, tetracych nes) recovered with time. “Gastroenterology 2013;144:1419-1425.

. . . . .
Nonsteroidalanti mﬂammatory drUgs (dIdOfenac' IbuPrOfen) The most common clinical pattern was a severe cholestatic hepatitis.

« Others (amiodarone, cimetidine, thiabendazole, zonisamide,
ajmaline) The commonestimplicated agents were:

« amoxicillin/clavulanate,

* temozolomide,

* herbal products,

* azithromycin

11
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Clinical Presentations and Outcomes of Bile Duct Loss
caused by Drugsand Herbaland Dietary Supplements

Ten or more portal tracts are thought to be needed for an adequate liver biopsy in
estimating bile ducts.

Degree of bile duct loss:
* moderate to severe bile duct loss (<50% of portal areas with bile ducts) just over half
* mild bile duct loss (50-75% with bile ducts ) in just under half

Compared to those without, those with bile duct loss were more likely to develop chronic
liver injury (94% vs 47%)

Bile ducts were present in 64% of portal areas in biopsies from patients with beni§n
outcome, in contrast to only 17% of portal areas having bile ducts in the biopsies from
patients with poor outcome.

Increased risk of Cholelithiasis
(and Cholecystitis)

Gall Stones:

« Oral contraceptives
Clofibrate

Thiazide
Ceftriaxone
Octreotide

Cholecystitis:
* Erythromcyin
* Amoxycillin

Drug Safety 1992;7:32

EXTRAHEPATIC

Cholelithiasis
Primary Sclerosing cholangitis-like

Sirtex

Radioactive microspheres injected into
hepatic artery to treat metastatic
colorectal cancer

Microspheres within the gall bladder in 5
out of 9 cases

12
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Primary Sclerosing cholangitis-like

* Ketamine
* Docetaxel
* Methimazole
* Chemotherapeutic agents
* Atorvastatin
* Moxifloxacillin
* Various herbal supplements
10% of all cases of DILI have PSC like changes on imaging
Dig Liv Dis 2015;47:502-507

Histological features suggesting possible hepatotoxicity

* Well-defined zone 3 necrosis

* Mixed hepatitis/cholestatic picture

* Predominantly lobular changes

* Bile duct damage

* Many neutrophils/ eosinophils/ plasma cells
* Granulomas

.....but always think of drugs as a possible cause!

Ketamine induced bile duct damage

« Bile ductinjury was observedin all 7
patients assessed by liver biopsy.

3 of 6 patients who underwent MRCP
were found to have prominentor dilated
common bile ducts without obstructions
or extrinsic compressions.

Clinical Gastroenterology and Hepatology
2014;12:1759-1762

The impact of eosinophilia and hepatic necrosis on
prognosis in patients with drug-induced liver injury

Granulomas associated with better outcome
Eosinophils showed a non-significant trend to better outcome

The presence of multiacinar or bridging necrosis but not the degree of

confluent necrosis was associated with poor outcome
Ductular reaction was associated with poor outcome

Aliment Pharmacol Ther 2007: 25; 1411-1421

13
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* Pathophysiology
Cholangiocytesare metabolically active cells

* Clinical features
One of the commonest forms of DILI

* Pathological features
A wide range (and anatomical distribution) of biliary disease
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