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Abstract

Drug-induced liver injury (DILI) is a potentially fatal adverse event with significant medical and economic
impact. Many drugs, especially anti-infective, neurologic or pain-modifying substances, act as hepatotoxins.
With cardiovascular toxicity, liver toxicity is one of the two leading causes for drug withdrawal from the
market. The liver can be affected directly, in a predictable and dose-dependentmanner, or idiosyncratically,
independent of the dose and therefore unpredictable.
CurrentlyDILI is a diagnosis of exclusion that physicians have to bear inmind in patientswith an unexplained
increase of liver enzymes. The type of injury is categorized into hepatocellular, cholestatic, or mixed by the
respective enzyme pattern of injury. Symptoms of affected patients can mimic any other liver disease.
Therefore, new diagnostic and prognostic biomarkers for early liver injury are currently being evaluated in
multi-centre clinical trials that are conducted by international consortia and other initiatives.
Pharmacogenetic testing, next-generation sequencing, proteomics, metabolomics andmechanistic markers
can help to preselect susceptible patient populations and tailor drug therapy to individual patients. Proposed
DILI indicators that are under investigation include microRNAs, cytokeratin-18 (CK18), high mobility
group box protein 1 (HMGB-1), and several other biomarkers. These developments can change clinical
practice, and improve patients’ safety and management. However, they have not been translated into
clinical practice or approved for routine use yet. Management of DILI usually consists of initial withdrawal of
the suspected drug and—if applicable—administration of specific antidotes, such as N-acetylcysteine.
However, the overall management of DILI could change in the near future with the advent of novel
diagnostic and prognostic DILI markers.

Introduction
DILI is a potentially fatal adverse event. It is the most
frequent cause of acute liver failure when acetaminophen
overdose is included and is therefore medically relevant,
exhibiting a highmorbidity andmortality [1]. It is also of
economic importance and represents the second most
frequent cause for drug withdrawal from the pharma-
ceutical market.

Many agents, for example, anti-infectives, neurologic,
cholesterol-lowering or pain-modifying substances, can
act as hepatotoxins [2] (Table 1). They can either damage
the liver directly in a dose-dependent and therefore
predictable fashion, or idiosyncratically by immunologic

mechanisms or metabolic activation independent of the
dose. The latter is unpredictable, but unfortunately the
more common event, if serious liver injury caused by
acetaminophen/paracetamol (APAP) overdose is not
accounted for. Symptoms of affected patients are
non-specific and include nausea, discomfort in the right
upper abdominal quadrant, dark urine, or fatigue.

To substantiate the relationship between an adminis-
tered drug and liver injury, other causes of acute
hepatocellular injury need to be excluded. These comprise
viral hepatitis (hepatitis A virus [HAV], hepatitis B virus
[HBV], hepatitis C virus [HCV], hepatitis E virus [HEV],
Epstein-Barr virus [EBV], cytomegalovirus [CMV]),
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ischemic liver injury, autoimmune hepatitis, Budd-Chiari
syndrome, Wilson’s disease and, in cases of cholestatic
liver injury, other causes of extrahepatic or intrahepatic
cholestasis, such as choledocholithiasis, malignancy,
primary biliary cirrhosis, or sclerosing cholangitis. After
exclusion of these differential diagnoses, physicians have
to consider DILI in patients with an unexplained increase
in liver enzymes [3,4]. Currently DILI is categorized into
hepatocellular (R-value [ALT/ULN ÷ ALP/ULN] [alanine
aminotransferase/upper limit of normal ÷ alkaline
phosphatase/upper limit of normal] ≥5), cholestatic
(R-value ≤2), or mixed-type injury (R-value 2-5) by the
respective enzyme pattern in blood (Table 1). The
temporal relation to the administration of a potential
hepatotoxin and the exclusion of other differential causes
are the cornerstones for establishing a diagnosis of DILI.
For causality assessment, different tools such as the
RUCAM or Maria and Victorino score are available [5–7].

However, new diagnostic biomarkers for liver injury are
currently under investigation in various mechanistic and
pre-clinical models and also in large clinical trials.

Diagnosing DILI: future biomarkers
Several consortia are dedicated to evaluating new
biomarkers in the diagnosis and management of DILI.
Although the objectives of the various endeavours differ,
the translation of preclinical mechanism-based findings
into clinical liver safety assessment offers a unique
opportunity to move the field forward.

The US Drug-Induced Liver Injury Network (DILIN)
recruits patients with idiosyncratic DILI in both

retrospective and prospective study registries. The interna-
tional Drug-Induced Liver Injury Consortium (iDILIC) is a
multinational scientific group coordinated by the
University of Newcastle and University of Nottingham
[8]. Genetic associations with DILI are investigated in
different centres in Europe and the US. Predicting DILI by
genetic risk factors and identifying potential hepatotoxins
before they lead to severe liver injury are the primary goals
of investigation. For this purpose, DNA isolated from
patients with DILI is analysed, for example, in genome-
wide association studies (GWAS) [9]. Genetic associations
have been shown for flucloxacillin-induced DILI and the
human leukocyte antigen (HLA)-B*5701 allele [10,11].
With this predisposition, an 80-fold increase in the risk of
developing DILI was attributed, resulting in an absolute
risk of 1:500–1:1000. Pharmacogenetic testing of HLA-
B*5701 is mandatory in patients scheduled to receive
abacavir to prevent hypersensitivity [12,13]. Donaldson
and co-workers [14] identified HLA class II genotypes in
association with amoxicillin/clavulanate associated DILI.
For lumiracoxib, a cyclooxygenase-2 (COX-2) selective
inhibitor, HLA-DR and HLA-DQ genotypes were found to
be predictive for DILI [15,16]. This drug was withdrawn
from the market because of hepatotoxicity. Lapatinib, a
tyrosine kinase inhibitor, has been associated with DILI
in carriers of the HLA allele DQA*02:01 [17,18]. An
association between DILI caused by ximelagatran, a
direct thrombin inhibitor, and HLA-DRB1*0701 and
HLA-DQA1*02 was reported [19]. In the case of ALT
elevations caused by ximelagatran, colony-stimulating
factor 1 receptor (CSF1R), the receptor for the respective
cytokine, was increased significantly in plasma [20],
leading to a new quest for early identification tools.

Table 1. Liver injury patterns and examples of hepatotoxic drugs

Type of liver injury Hepatocellular Mixed Cholestatic

Injury predominantly to hepatocytes Hepatocellular and cholestatic injury Injury to bile ducts or affecting
bile flow

R-Value ≥5 >2 and <5 ≤2

[R = ALT=ULN ALT
ALP=ULL ALP ]

Examples
Drug Classes

Antiinfectives Ciprofloxacin, isoniazid, rifampicin,
tetracyclines, ketoconazole

Amoxicillin/clavulanic acid, clindamy-
cin, erythromycin, nitrofurantoin,
sulfonamides, cotrimoxazole

Amoxicillin/clavulanic acid,
erythromycin

Pain medication Paracetamol (Acetaminophen),
Aspirin, NSAIDs

Hormones Anabolic steroids Anabolic steroids, estrogen, oral
contraceptives

Cardiovascular and metabolic drugs Lisinopril, losartan, statins, allopurinol Enalapril, verapamil Clopidogrel, irbesartan

Neurologic/Psychiatric drugs Valproic acid Carbamazepine, phenytoin Chlorpromazine, tricyclic
antidepressants

ALT, alanine aminotransferase; ALP, alkaline phosphatase; R, ratio; ULN, upper limit normal.
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The SAFE-T Consortium (Safer and Faster Evidence-based
Translation) is focused on the identification of new
biomarkers for DILI [21]. Funded by the Innovative
Medicines Initiative (IMI) the consortium aims to
identify new tools to predict, detect and monitor drug-
induced organ toxicity in a more specific, sensitive and
predictive manner. Academic centres, pharmaceutical
companies and small- to medium-sized enterprises
collaborate to promote a personalized medicine
approach in the prediction and management of DILI.
Toxicities to other organs of interest are analysed in drug-
induced kidney injury (DIKI) and drug-induced vascular
injury (DIVI) work packages. Another IMI project, called
MIP-DILI (Mechanism-Based Integrated Systems for the
Prediction of Drug-Induced Liver Injury), focuses on the
development of preclinical test systems that integrate
multiple preclinical data types to improve prediction of
DILI in man.

The Predictive Safety Testing Consortium (PSTC) was
created by the Critical Path Institute and aims to qualify
new biomarkers for the detection and monitoring of
drug-induced toxicity in preclinical and clinical studies
[22,23]. In this respect, PSTC is the preclinical counter-
part of the SAFE-T consortium, since both aim to qualify
biomarkers that allow the separation of patients with a
self-limiting course of DILI from those that progress to
severe DILI and ultimately liver failure. This prognostic
assessment is currently performed by use of Hy’s law that
predicts a 10% risk of fatality in cases in which a 3-fold
elevation of ALT above the upper limit of normal (ULN)
is accompanied by a 2-fold elevation of bilirubin
[24,25]. The elevation of bilirubin in these cases is the
sequel of progressive hepatocellular death. For the rapid
identification of potential cases of Hy’s law, the U.S.
Food and Drug Administration (FDA) introduced the
eDISH program (evaluation of Drug-Induced Serious
Hepatotoxicity) in 2004, which has since been imple-
mented to assess DILI in clinical trials [26].

New biomarkers should improve patient safety and also
reduce drug attrition due to toxicity. Further investigated
and proposed markers for DILI include liver injury
markers such as microRNAs (miRNA), mechanistic
biomarkers such as HMGB-1and Cytokeratin-18 frag-
ments, and metabolites from urine and serum [27].
Circulating serum miRNAs such as miR-122 and miR-
192 are liver-specific [28,29] and are proposed as
potentially sensitive and specific markers of liver injury
[27]. With a short half-life they are released into plasma
in acute and chronic liver injury [30]. HMGB-1 is a
molecular pattern protein marking necrosis: in the
acetylated form it indicates immune activation [31].
CK18 and miRNA-122 were evaluated as superior

biomarkers compared to ALT in terms of sensitivity
and specificity in DILI [32]. CK18 together with HMGB-1
point towards the mechanism of hepatocellular death in
APAP overdose, notably the degree of necrosis vs.
apoptosis [31,33]. The performance of combinations of
biomarkers is likely to surpass that of a single biomarker
alone, depending on the context of its use. Thus, the
balance between apoptosis and necrosis may be indica-
tive of the subsequent course the patient will follow,
given that the liver is unique in its ability to activate
defence mechanisms against toxic injury.

Idiosyncratic DILI is usually detected in a late stage of
drug development—often after drug approval in phase IV
studies or pharmacovigilance surveillance. An under-
standing of the pathophysiologic processes in this type of
hepatotoxicity is of special interest to both pharmaceu-
tical companies and regulatory authorities. In cases of
APAP hepatotoxicity, levels ofmitochondrial and nuclear
DNA could differentiate patients who developed acute
liver failure, but subsequently recovered, from those
who died [34]. These mechanistic markers could
provide further insight into the pathophysiological
mechanisms of DILI, allowing early detection and
outcome prediction. In vitro generated hepatocytes
derived from skin biopsies of patients with an idiosyn-
cratic reaction could be used to study the unique
features of the affected individuals’ hepatocytes, as well
as the genotype-phenotype correlation in DILI [35]. These
new techniques and models hold great promise to
improve drug safety—with back-translation from bedside
to bench.

Management and outlook
Until now, the management of DILI has usually
consisted of initial withdrawal of the suspected drug.
Targeted therapy with antidotes, such as N-acetylcysteine
in paracetamol (acetaminophen) overdose, is possible in
defined cases. Re-challenge with the causative agent can
lead to an augmented adverse effect, especially in
immunologically mediated DILI, and is therefore not
recommended. Preventive or prophylactic measures
against DILI include patients’ education and alerting
health care professionals towards liver enzyme monitor-
ing under therapy with a potentially hepatotoxic drug.
Pharmacogenetic tests, including next-generation
sequencing, proteomic or metabolomic approaches for
preselecting susceptible patient populations, and tailor-
ing drug therapy to individual patients, have not yet been
approved for routine clinical practice. To what extent
these new markers will change clinical practice for the
prevention of DILI remains to be seen. Ongoing efforts
aim to overcome the gap between bench and bedside
towards the early detection of DILI and the identification
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of patients at risk. Important results from major
consortia such as DILIN, SAFE-T, MIP-DILI, PSTC and
iDILIC can be expected in 2015.

Abbreviations
ALT, alanine aminotransferase; APAP, acetaminophen/
paracetamol; CK18, cytokeratin-18; COX-2, cyclooxy-
genase-2; DILI, drug-induced liver injury; DILIN, Drug-
Induced Liver Injury Network; GWAS, genome-wide
association studies; HLA, human leukocyte antigen;
iDILIC, International Drug-Induced Liver Injury Con-
sortium; IMI, Innovative Medicines Initiative; MIP-DILI,
Mechanism-Based Integrated Systems for the Prediction
of Drug-Induced Liver Injury; miRNA, microRNA; PSTC,
Predictive Safety Testing Consortium; SAFE-T, Safer and
Faster Evidence-based Translation; ULN, upper limit of
normal.

Disclosures
The authors declare that they have no disclosures.

References
1. Fontana RJ, Hayashi PH, Gu J, Reddy KR, Barnhart H, Watkins PB,

Serrano J, Lee WM, Chalasani N, Stolz A, Davern T, Talwakar JA;
DILIN Network: Idiosyncratic drug-induced liver injury is
associated with substantial morbidity and mortality within
6 months from onset. Gastroenterology 2014, 147:96-108.

2. Livertox: Clinical and Research Information on Drug-Induced
Liver Injury. [http://www.livertox.nih.gov/]

3. Chalasani NP, Hayashi PH, Bonkovsky HL, Navarro VJ, Lee WM,
Fontana RJ; Practice Parameters Committee of the American College
of Gastroenterology: ACG Clinical Guideline: the diagnosis and
management of idiosyncratic drug-induced liver injury. Am J
Gastroenterol 2014, 109:950-66.

4. Leise MD, Poterucha JJ, Talwalkar JA: Drug-induced liver injury.
Mayo Clin Proc 2014, 89:95-106.

5. Danan G, Benichou C: Causality assessment of adverse reac-
tions to drugs — I. A novel method based on the conclusions
of international consensus meetings: application to drug-
induced liver injuries. J Clin Epidemiol 1993, 46:1323-30.

6. Benichou C, Danan G, Flahault A:Causality assessment of adverse
reactions to drugs — II. An original model for validation of
drug causality assessmentmethods: case reports with positive
rechallenge. J Clin Epidemiol 1993, 46:1331-6.

7. Maria VA, Victorino RM:Development and validation of a clinical
scale for the diagnosis of drug-induced hepatitis. Hepatology
1997, 26:664-9.

8. News Release: Newcastle University leading project on drug
induced liver disease. [http://www.ncl.ac.uk/numed/about/news/item/
newcastle-university-leading-project-on-drug-induced-liver-disease-
copy]

9. Russmann S, Jetter A, Kullak-Ublick GA: Pharmacogenetics of drug-
induced liver injury. Hepatology 2010, 52:748-61.

10. Monshi MM, Faulkner L, Gibson A, Jenkins RE, Farrell J, Earnshaw CJ,
Alfirevic A, Cederbrant K, Daly AK, French N, Pirmohamed M, Park BK,
Naisbitt DJ:Human leukocyte antigen (HLA)-B*57:01-restricted
activation of drug-specific T cells provides the immunological

basis for flucloxacillin-induced liver injury. Hepatology 2013,
57:727-39.

11. Daly AK, Donaldson PT, Bhatnagar P, Shen Y, Pe’er I, Floratos A,
Daly MJ, Goldstein DB, John S, Nelson MR, Graham J, Park BK,
Dillon JF, Bernal W, Cordell HJ, Pirmohamed M, Aithal GP, Day CP;
DILIGEN Study; International SAE Consortium: HLA-B*5701
genotype is a major determinant of drug-induced liver injury
due to flucloxacillin. Nat Genet 2009, 41:816-9.

12. Mallal S, Nolan D, Witt C, Masel G, Martin AM, Moore C, Sayer D,
Castley A, Mamotte C, Maxwell D, James I, Christiansen FT:
Association between presence of HLA-B*5701, HLA-DR7,
and HLA-DQ3 and hypersensitivity to HIV-1 reverse-
transcriptase inhibitor abacavir. Lancet 2002, 359:727-32.

13. Mallal S, Phillips E, Carosi G, Molina JM, Workman C, Tomazic J, Jägel-
Guedes E, Rugina S, Kozyrev O, Cid JF, Hay P, Nolan D, Hughes S,
Hughes A, Ryan S, Fitch N, Thorborn D, Benbow A; PREDICT-1
Study Team: HLA-B*5701 screening for hypersensitivity to
abacavir. N Engl J Med 2008, 358:568-79.

14. Donaldson PT, Daly AK, Henderson J, Graham J, Pirmohamed M,
Bernal W, Day CP, Aithal GP: Human leucocyte antigen class II
genotype in susceptibility and resistance to co-amoxiclav-
induced liver injury. J Hepatol 2010, 53:1049-53.

15. Singer JB, Lewitzky S, Leroy E, Yang F, Zhao X, Klickstein L,
Wright TM, Meyer J, Paulding CA: A genome-wide study
identifies HLA alleles associated with lumiracoxib-related
liver injury. Nat Genet 2010, 42:711-4.

16. Grove JI, Aithal GP: Human leukocyte antigen genetic risk
factors of drug-induced liver toxicology. Expert Opin Drug Metab
Toxicol 2014, 10:1-15. [Epub ahead of print].

17. Spraggs CF, Budde LR, Briley LP, Bing N, Cox CJ, King KS,
Whittaker JC, Mooser VE, Preston AJ, Stein SH, Cardon LR: HLA-
DQA1*02:01 is a major risk factor for lapatinib-induced
hepatotoxicity in women with advanced breast cancer. J Clin
Oncol 2011, 29:667-73.

18. Kullak-Ublick GA, Merz M, Griffel L, Kaplowitz N, Watkins PB: Liver
safety assessment in special populations (hepatitis B, C, and
oncology trials). Drug Saf 2014, 37:57-62.

19. Kindmark A, Jawaid A, Harbron CG, Barratt BJ, Bengtsson OF,
Andersson TB, Carlsson S, Cederbrant KE, Gibson NJ, Armstrong M,
Lagerström-Fermér ME, Dellsén A, Brown EM, Thornton M, Dukes C,
Jenkins SC, Firth MA, Harrod GO, Pinel TH, Billing-Clason SM,
Cardon LR, March RE: Genome-wide pharmacogenetic
investigation of a hepatic adverse event without clinical
signs of immunopathology suggests an underlying immune
pathogenesis. Pharmacogenomics J 2008, 8:186-95.

20. Andersson U, Lindberg J, Wang S, Balasubramanian R, Marcusson-
Ståhl M, Hannula M, Zeng C, Juhasz PJ, Kolmert J, Bäckström J,
Nord L, Nilsson K, Martin S, Glinghammar B, Cederbrant K, Schuppe-
Koistinen I: A systems biology approach to understanding

Page 4 of 5
(page number not for citation purposes)

F1000Prime Reports 2015, 7:34 http://f1000.com/prime/reports/m/7/34

http://f1000.com/prime/718329507
http://www.livertox.nih.gov/
http://www.ncl.ac.uk/numed/about/news/item/newcastle-university-leading-project-on-drug-induced-liver-disease-copy
http://www.ncl.ac.uk/numed/about/news/item/newcastle-university-leading-project-on-drug-induced-liver-disease-copy
http://www.ncl.ac.uk/numed/about/news/item/newcastle-university-leading-project-on-drug-induced-liver-disease-copy
http://f1000.com/prime/725337646
http://f1000.com/prime/1161387
http://f1000.com/prime/719903278
http://f1000.com/prime/1100304
http://f1000.com/prime/718029419
http://f1000.com/prime/4774956
http://f1000.com/prime/725337647
http://f1000.com/prime/720430302


elevated serum alanine transaminase levels in a clinical trial
with ximelagatran. Biomarkers 2009, 14:572-86.

21. Innovative medicines initiative: SAFE-T. [http://www.imi.europa.
eu/content/safe-t]

22. U.S. Food and Drug Administration: Predictive Safety Testing
Consortium (PSTC). [http://www.fda.gov/AboutFDA/Partnerships
Collaborations/PublicPrivatePartnershipProgram/ucm231132.htm]

23. Critical path institute: Predictive Safety Testing Consortium.
[http://c-path.org/programs/pstc/pstc-tools/?anchor=section-582#
section-582]

24. Temple R: Hy’s law: predicting serious hepatotoxicity. Pharma-
coepidemiol Drug Saf 2006, 15:241-3.

25. Navarro VJ, Senior JR: Drug-related hepatotoxicity. N Engl J Med
2006, 354:731-9.

26. Senior JR: Evolution of the Food and Drug Administration
approach to liver safety assessment for new drugs: current
status and challenges. Drug Saf 2014, 37(Suppl 1):S9-17.

27. Fontana RJ: Pathogenesis of idiosyncratic drug-induced liver
injury and clinical perspectives. Gastroenterology 2014,
146:914-28.

28. Wang XW, Heegaard NH, Orum H: MicroRNAs in liver disease.
Gastroenterology. 2012, 142:1431-43.

29. Bala S, Petrasek J, Mundkur S, Catalano D, Levin I, Ward J, Alao H,
Kodys K, Szabo G: Circulating microRNAs in exosomes
indicate hepatocyte injury and inflammation in alcoholic,
drug-induced, and inflammatory liver diseases. Hepatology
2012, 56:1946-57.

30. Starkey Lewis PJ, Dear J, Platt V, Simpson KJ, Craig DG, Antoine DJ,
French NS, Dhaun N, Webb DJ, Costello EM, Neoptolemos JP,
Moggs J, Goldring CE, Park BK: Circulating microRNAs as

potential markers of human drug-induced liver injury.
Hepatology 2011, 54:1767-76.

31. Antoine DJ, Jenkins RE, Dear JW, Williams DP, McGill MR,
Sharpe MR, Craig DG, Simpson KJ, Jaeschke H, Park BK: Molecular
forms of HMGB1 and keratin-18 as mechanistic biomarkers
for mode of cell death and prognosis during clinical
acetaminophen hepatotoxicity. J Hepatol 2012, 56:1070-1079.

32. Thulin P, Nordahl G, Gry M, Yimer G, Aklillu E, Makonnen E,
Aderaye G, Lindquist L, Mattsson CM, Ekblom B, Antoine DJ, Park BK,
Linder S, Harrill AH,Watkins PB, Glinghammar B, Schuppe-Koistinen I:
Keratin-18 and microRNA-122 complement alanine amino-
transferase as novel safety biomarkers for drug-induced liver
injury in two human cohorts. Liver Int 2013, [Epub ahead of print].

33. Antoine DJ, Dear JW, Lewis PS, Platt V, Coyle J, Masson M,
Thanacoody RH, Gray AJ, Webb DJ, Moggs JG, Bateman DN,
Goldring CE, Park BK: Mechanistic biomarkers provide early
and sensitive detection of acetaminophen-induced acute liver
injury at first presentation to hospital.Hepatology 2013, 58:777-87.

34. McGill MR, Staggs VS, Sharpe MR, Lee WM, Jaeschke H; Acute Liver
Failure Study Group: Serum mitochondrial biomarkers and
damage-associated molecular patterns are higher in acet-
aminophen overdose patients with poor outcome. Hepatology
2014, 60:1336-45.

35. Rashid ST, Corbineau S, Hannan N, Marciniak SJ, Miranda E,
Alexander G, Huang-Doran I, Griffin J, Ahrlund-Richter L,
Skepper J, Semple R, Weber A, Lomas DA, Vallier L: Modeling
inherited metabolic disorders of the liver using human
induced pluripotent stem cells. J Clin Invest 2010, 120:3127-36.

Page 5 of 5
(page number not for citation purposes)

F1000Prime Reports 2015, 7:34 http://f1000.com/prime/reports/m/7/34

http://f1000.com/prime/722964615
http://www.imi.europa.eu/content/safe-t
http://www.imi.europa.eu/content/safe-t
http://www.fda.gov/AboutFDA/PartnershipsCollaborations/PublicPrivatePartnershipProgram/ucm231132.htm
http://www.fda.gov/AboutFDA/PartnershipsCollaborations/PublicPrivatePartnershipProgram/ucm231132.htm
http://c-path.org/programs/pstc/pstc-tools/?anchor=section-582#section-582
http://c-path.org/programs/pstc/pstc-tools/?anchor=section-582#section-582
http://f1000.com/prime/725337648
http://f1000.com/prime/718228212
http://f1000.com/prime/717968238
http://f1000.com/prime/13377014
http://f1000.com/prime/722866566
http://f1000.com/prime/718307643
http://f1000.com/prime/717980465
http://f1000.com/prime/718448390
http://f1000.com/prime/5321956

	Introduction
	Diagnosing DILI: future biomarkers
	Management and outlook
	Abbreviations


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


