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AB S T R A CT 
Currently, pharmaceutical preparations are serious contributors to liver disease, with hepatotoxicity ranking as the most frequent cause for acute liver failure and post- marketing regulatory decisions. The diagnostic approach of drug-induced liver injury (DILI) is still rudimentary and inaccurate because of the lack of reliable markers for use in general clinical practice. To incriminate any given drug in an episode of liver dysfunction is a step-by-step process that requires a high degree of suspicion,

		compatible chronology, awareness of the drug’s hepatotoxic potential, the exclusion


of alternative causes of liver damage, and the ability to detect the presence of subtle data that favour a toxic aetiology. Clinical and laboratory data may also be assessed with algorithms or clinical scales, which may add consistency to the clinical

		judgment by translating the suspicion into a quantitative score. The CIOMS/RUCAM




instrument is considered at present the best method for assessing causality in DILI, although it could be improved through the use of large database of bona fide DILI cases for validation criteria.





Drug-induced liver injury (DILI) is a leading health problem especially in a globally expanding commercial- ization of new drugs and the increasing exposure of patients to new compounds. This is expected to increase because of the number of drugs being consumed, prescription and non-prescription, as well as because of the current tendency towards pharmacologically active complementary and alternative medicines, dietary sup- plements, recreational substances and special diets [1]. As a consequence, DILI ranks as the first cause of acute liver failure in USA [2] and Scandinavian countries and

is the main reason for post-commercialization decisions by regulatory bodies and withdrawal of drugs from the market despite of a rigorous pre-clinical and clinical review process. However, DILI is a relatively neglected disease because of the rarity of its diagnosis and the difficulty of attribution of causality.

EPIDEMIOLOGY 
The incidence of drug-related liver disease is, in general, poorly documented, because most of the methods for





screening populations for DILI have notorious drawbacks such as under-reporting, and data come from retrospec- tive studies with insufficient information content partic- ularly with regard to knowledge about automedication and herbal products [3–7]. Another drawback is that reports of specific drugs thought to have caused DILI in the period before the advent of serologic tests for the hepatitis B and C viruses could well have been mistaken for DILI when in fact the liver injury occurred as a result of infection with one of these two viruses.
There is a single published prospective community- based study, which was performed in France over a 3-year period and found an annual incidence of hepatic reactions to drugs of 14 cases per 100 000 inhabitants [8] (16 times as high as the number notified to the French reporting system of adverse drug reactions). To be included as true cases, in this study, the patients had to have symptoms, so this latter figure is probably an underestimation of the actual number of cases that occurred. In a study performed in Spain, recruiting a large cohort of patients with acute hepatitis, the incidence of serious acute liver disease probably related to drugs was estimated to be 7.4 per 106 inhabitants per year [9]. In a recent retrospective study from the UK, among 800 jaundiced patients referred to a single centre 3.5% of patients had DILI. In this study, the annual incidence rate of DILI was 1.27 per 100 000 inhabitants [10].
The diagnosis of DILI is considerably less frequent than that of other causes of liver disease. As the whole of jaundiced patients admitted to a general hospital, toxic liver injury accounted for 3.5–10% of instances [10–13]. However, in a recent survey, most cases of DILI were as a result of acetaminophen toxicity with idiosyncratic hep- atotoxicity occurring in only 0.7% of patients [13]. In a study carried out in England of patients hospitalized with serum aspartate aminotransferase levels greater than 400 IU/L, the prevalence of drug hepatotoxicity was 9% [14]. Among hospitalized patients, the incidence of DILI has been found to range between 0.7 and 1.4% [15,16].
The frequency of DILI associated to specific drugs is unknown. At best, scattered data for the numerator (total number of affected subjects) are available for some medications, but information on the denominator is derived mainly from prescribing data (as a surrogate for data on number of persons and time of exposure), which inaccurately reflect the population exposed. Some studies (mainly retrospective) have yielded consistent figures upon the absolute frequency of adverse hepatic reactions for a few drugs (e.g. isoniazid, aspirin or diclofenac) [7]. Although data are lacking, the frequency of unpredict-



able hepatotoxicity associated with the use of most medications is believed to be between 1 per 10 000 to 1 per 100 000 exposed persons. DILI in paediatric patients is an important field and there is obvious need to develop strategies to accomplish implementation of a specific network in this age group [17].
The antiinfectives, central nervous system (anticon- vulsants drugs in the USA) and NSAIDs group of drugs were the most frequently incriminated in DILI in two recent studies [18,19]. In these two large case series as in the UK cohort of jaundiced patients, amoxicillin-clavul- anate was the single agent responsible for the highest number of incidences.
In this scenario, efforts to enhance the identification of adverse hepatic reactions and to obtain reliable infor- mation that could provide new insights into the epide- miology and pathogenesis of DILI are clearly needed. To attain this goal a multicenter, collaborative network was set up in Spain in 1994 to prospectively collect all suspicious of DILI, using a structured reporting form [18]. In the United States, the Drug Induced liver injury network was established in 2000 to gather data prospectively of cases of hepatotoxicity (http://dilin. dcri.duke.edu/ web) [20]. Further collections of cases of drug-induced hepatotoxicity, identified through the existing farmacovigilance system for spontaneous report- ing of suspected adverse drug reactions to national centres in several European countries, are underway with the EUDRAGENE project, funded by the European Commission 5th Framework Programme [21].
These collaborative networks have helped to create a ‘pharmacoepidemiological culture’, prompting attending physicians to become more sensitized towards the detection of DILI and consequently favouring the recruitment of well-characterized cases. But it has also highlighted the need to agree upon common definitions, diagnostic criteria, terminologies and instruments to assess the causality as well as of integrating into routine clinical practice the necessary tools to increase the degree of certainty in diagnosing DILI, that would ultimately promote research and understanding of com- plex mechanisms involved in DILI.

Mechanism of DILI
Most cases of drug-induced liver injury are idiosyncratic, in that the reaction is unpredictable from the known pharmacology of the drug and cannot usually be predicted from preclinical studies. A recent definition states that idiosyncratic reactions are toxic responses determined by individual susceptibility to (host) factors







that increase the penetrance and expressivity of the intrinsic toxicity of a drug (or a drug metabolite) [22]. Indeed, development of DILI is a complex, multi-step process in which the toxic potential of the drug, genetic and acquired factors (Figure 1) as well as individual deficiencies in the adaptive processes that limit the extent of the injury, determine the susceptibility to the rare occurrence of idiosyncratic hepatotoxicity [23]. Thus, most patients tolerate the drug without adverse liver effects or there exists a background of mild, and often transient, asymptomatic liver injury (i.e. statins, isonia- zid) indicating an adaptation to the drug and further tolerance. It is frequently stated that these reactions show no apparent dose–response relationship although this may be misleading. It has been observed that drugs that cause idiosyncratic hepatotoxicity were given at a daily dose of 100 mg or higher, being the likelihood of hepatotoxicity greatly reduced with potent drugs admin- istered at a dose below 10 mg per day [24]. Therefore, the combination of susceptibility factors coupled with a high dose (due to variation in handling between different phases of drug metabolism, detoxification, and trans- port)/low potency drugs that reach a threshold for exposure to drug or toxic metabolites, enhances the risk of idiosyncratic hepatotoxicity.

Determinants of prognosis
Although drugs can cause toxic effects on the liver which can mimic all forms of acute and chronic



hepatobiliary liver disease, the predominant pattern of lesion is acute hepatitis. Hence, physicians should always consider the possibility of drug toxicity when conducting a differential diagnosis in all patients who present with liver disease. Those drugs that cause hepatocellular damage may have the worst outcome in DILI. The observation by the late Hyman Zimmerman, known as ‘Hy’s rule’ [25], (term coined by Robert Temple of the FDA), predicts a mean mortality (or its surrogate marker, liver transplantation) of 10% for jaundiced patients with acute toxic hepatocellular damage (providing total bilirubin is not elevated as a result of other causes such as biliary obstruction or Gilbert syndrome). Two recent large case series studies from Spain [18] and Sweden
[26] have validated this observation finding 11.7 and 12.7%, respectively of death/liver transplantation in patients with hepatocellular jaundice. Indeed, female gender, hepatocellular type of injury and high bilirubin levels on presentation have been identified as indepen- dent risk factors for the development of fulminant hepatic failure. In the Sweden cohort [26], mortality ranged from 40% of the halothane and naproxen cases to zero in reports related to many other drugs notably in all 32 patients with erythromycin-associated hepato- celullar injury who survived this adverse drug reaction, suggesting that might be prognostic factors linked to specific compounds.
On the contrary, drugs that cause a cholestatic mixed form of liver disease rarely result in death but resolution
























Figure L Risk factors operating in the development of drug-induced idiosyn- cratic hepatotoxicity.




follows a protracted course being more prone to chronicity with prolongued cholestasis and vanishing bile duct syndrome. Cardiovascular and central nervous system drugs have been the main groups identified leading to chronic liver damage [27].
Diagnostic approach in the clinical setting
The diagnosis of hepatotoxicity remains a difficult task because of the lack of reliable markers for use in general clinical practice. In the absence of a ‘gold standard’, the diagnosis relies on ‘circumstantial evi- dence’. At present, the diagnosis of drug-induced liver injury is complex and not standardized, relying largely on exclusion of other causes of liver disease and identification of a signature pattern of disease manifes- tations in relationship to initiation and discontinuation of the suspected drug or herbal medication [28]. Therefore, the diagnosis is usually reached when information on follow-up is collected and retrospectively analyzed all the available biochemical and imaging studies performed upon drug discontinuation. There is a need for more accurate and simple tools for diagnosing and evaluating cases of hepatotoxicity. Causality assess- ment, the ‘proof of causality’ stands nowadays as a significant challenge in DILI and it has been addressed as the Achilles heel in the field of hepatotoxicity. This issue bears important implications not only for practic- ing clinicians, for conducting research into the risk factors, mechanisms and natural history of DILI but also from a medico-legal and drug regulation/develop- ment standpoint [29].
A straightforward and definitive diagnosis of hepato- toxicity in clinical practice is seldom accomplished, except in the rare circumstances in which symptoms of hepatitis rapidly ensue following the obvious exposure to an overdosage of intrinsic hepatotoxins, such as acet- aminophen, herbal agents (Amanita phalloides) or indus- trial hepatotoxins, and blood level monitoring of the compound or the presence of paracetamol-cystein adducts can be detected to confirm the suspicion [30]. Hypersensitivity reactions to a few drugs, most of them already withdrawn from the market, have been associ- ated with the detection of serum circulating auto- antibodies to specific forms of cythocrome P450 (i.e. anti-CYP 2E1 for halothane, anti-liver kidney micro- somal 2 antibody for tienilic acid, antimitochondrial autoantibody for iproniazid) [31]. Further jeopardizing diagnosis is the fact that patients with suspected DILI have complex medical histories and are frequently receiving multiple drugs. Hence, in the absence of an

acceptable and convenient ‘gold standard’ and because there is no diagnostic biomarker, hepatotoxicity is essentially a diagnosis of exclusion.
To incriminate any given drug in an episode of liver dysfunction a systematic step-by-step approach [32] is proposed that requires a high index of suspicion, a detailed pharmacological history and compatible chro- nology, awareness of the drug’s hepatotoxic potential, the exclusion of alternative causes of liver damage and the ability to detect the presence of subtle data that favors a toxic etiology (Figure 2).
Exclusion of other etiologies of liver injury Diagnostic evaluation of any patient with acute liver disease of unknown origin should comprise a careful history to exclude alcohol abuse, recent episodes of hypotension, epidemiological risk factors of infectious
hepatitis, specific serology and molecular biology studies for common viruses involved in viral hepatitis and screening for autoimmune hepatitis All patients should also have an abdominal ultrasound examination to exclude mechanical biliary obstruction.
The appropriateness of additional investigation to exclude competing causes of liver disease would depend on the type of liver damage on presentation, the patient’s age and presence of particular symptoms or analytical features.

Establishing the pattern of liver injury
Drugs can cause a wide range of clinico-pathological patterns including in rare occasions phospholipidosis, steatohepatitis, granulomatous hepatitis, chronic hepa- titis and even cirrhosis. Vascular lesions and neoplasms are also a possible result of an offending drug although their diagnosis is exceptionally uncommon, reflecting the capability of drugs of altering any hepatic cell and the multiple pathways of injury (Table I). Each of these patterns of injury requires a liver biopsy for proper characterization. However, since a liver biopsy specimen is often not available, the pattern of drug-related liver injury is, from a practical standpoint, classified according to laboratory data (Table II): the alanine aminotransfer- ase (ALT) and alkaline phosphatase (AP) levels [33]. The classification scheme was proposed by the Council for International Organizations of Medical Sciences (CIOMS) and recently updated by the Food and Drug Adminis- tration Drug Hepatotoxicity Committee [34].
Acute hepatocellular (cytotoxic, cytolytic) type of liver injury is defined by ALT > three-fold that of Upper Limit of Normal (3N) or an ALT/AP ratio ‡ 5 [33]. Patients
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Figure 2 Approaching a suspected case of drug-induced hepatotoxicity.

Course on de-challenge
Look for possible unintentional re-challenge data
Liver biopsy findings (if performed) and biochemical “signature”

Specific therapy



with this particular type of liver damage have non-specific clinical features, and jaundice is not always evident. Sometimes there are clues of drug allergy such as fever, rash or peripheral eosinophilia. Serum levels of aminotransferase are markedly increased. Liver histology shows variable degrees of cell necrosis and inflammation, mainly in zone 3 of the hepatic accini sometimes with an abundance of eosinophils in the liver infiltrate which is consistent with a toxic aetiology [35]. These expressions of hepatotoxicity are observed with many drugs (Table III). Patients with acute hepatocellular injury related to drugs are at risk of acute liver failure [18,26]. The presence of combined increases in ALT and bilirubin levels in DILI reflects a substantial loss in hepatocellular function and potential for liver failure. These parameters are considered a specific indicator of severe hepatotoxic potential of a drug. On the contrary, it has been recently suggested that eosinophilia accom- panying DILI may be associated with a better short-term prognosis [36]. In patients with acute drug-induced hepatitis the presence of jaundice is the most significant predictor of mortality/liver transplantation. On the contrary, the height of transaminases lacks prognosis significance. Actually, a decrease in liver enzymes after drug withdrawal in patients with severe DILI may reflect

rather than a clinical improvement a limited hepatic reserve associated to impending liver failure. Moreover, if acute injury superimposes on underlying liver disease liver-chemistry monitoring may be difficult to interpret. For example, if advanced cirrhosis is present, the severity of liver injury may be underestimated by the height of the serum ALT measurements [37].
Acute cholestatic injury, defined as an increase in serum AP > 2N or by an ALT/AP £ 2 is classified into two subtypes: pure, ‘bland’ or canalicular cholestasis; and acute cholestatic or hepatocanalicular hepatitis. Patients with acute cholestasis usually present with jaundice and itching. The canalicular pattern is charac- terized by an increase in conjugated bilirubin, AP and c-glutamyl transpeptidase (c-GT) with minimal or none impairment in serum transaminases. Liver biopsy shows hepatocyte cholestasis and dilated biliary canaliculi with bile plugs, but with little or no inflammation and necrosis [38]. Anabolic and contraceptive steroids typically pro- duce this expression of hepatotoxicity. Symptoms in the hepatocanalicular type of damage include abdominal pain and fever and, as such, resembling acute biliary obstruc- tion. However, the associated hypersensitivity features which sometimes occur are an important clue toward the diagnosis of hepatotoxicity. Liver biopsy reveals variable







Table I Clinical-pathological manifestations of drug-induced liver injury.

Type of injury	Causative drugs

Chronic hepatitis, fibrosis and cirrhosis	Bentazepam Methotrexate Ebrotidine
Granulomas	Allopurinol
Carbamazepine Sulfonamides Amoxicillin-clavulanate Phenytoin
Microvesicular steatosis	Valproate Nucleosides Inhibitors Transcriptase inverse Tetracyclines
Non-alcoholic steatohepatitis	Amiodarone Tamoxifen
Phospholipidosis	Amiodarone
Neoplasms:
Adenoma	Anabolic steroids
Oral contraceptives
Angiosarcoma	Anabolic steroids
Cholangiocarcinoma	Anabolic steroids
Hepatocellular carcinoma	Danazol Vascular lesions
Budd-Chiari syndrome	Oral contraceptives
Peliosis hepatis	Anabolic steroids
Azathioprine
Oral contraceptives
Perisinusoidal fibrosis	Vitamin A
Veno-occlusive disease	Busulfan Cyclophosphamide
Biliary sludge	Ceftriaxone



Table II The classification of the Type of liver damage according to the Council for International Organizations of Medical Sciences
(J. Hepatol. 1990, 11:272) and recently updated by the Food and Drug Administration Drug Hepatotoxicity Committee (http://www. fda.gov/cder/livertox/presentations2005).

Hepatocellular: increase > 3N ALT or when R ‡ 5 Cholestatic: increase > 2N AP or when R £ 2 Mixed: increase > 2N ALT and AP or 2 < R > 5
ALT×N AP×NR ¼



N, upper limit of normal. BC, conjugated bilirubin. BT, total bilirubin. ALT, alanine aminotransferase. AP, alkaline phosphatase.

degrees of portal inflammation and hepatocyte necrosis, in addition to marked cholestasis of centrilobular pre- dominance. Typical examples of drugs that cause this variety of liver damage are amoxicillin-clavulanate,

macrolide antibiotics and phenothiazine neuroleptics, but many others have a similar capacity (Table IV).
In the mixed hepatic injury the clinical and biological picture is intermediate between the hepatocellular and the cholestatic patterns, and features of either type may predominate. By definition, the ALT/AP ratio is between 2 and 5. Allergy manifestations are often present, as well as a granulomatous reaction in the liver biopsy specimen. When faced with mixed hepatitis clinical picture, the clinicians should always search for a medication since this type of injury is far more characteristic of drug- induced hepatotoxicity than of viral hepatitis [39]. Almost all drugs that produce cholestatic injury are also capable of inducing a mixed pattern (Table IV). Recent data have shown an association between cholestatic/ mixed injury and human leukocyte antigen (HLA) class II antigens (DRB1 · 15 and DQB1 · 06 alleles) [40]. This supports the concept that most cases of hepatotoxicity with cholestatic/mixed expression of damage are, prob- ably, allergy based. Conversely, there were no differences in HLA class II allele distribution between DILI patients who had and those who had not any hypersensitivity features (rash, fever, eosinophilia, cytopenia). This would suggest that the classical allergy features are largely unspecific and hence of little or no value to classify cases as idiosyncratic immunoallergic or metabolic. Indeed, this classification is more academic than practical since both mechanisms might be involved to a variable extent.
Much emphasis has been given to the identification of a drug-specific clinical signature (as the clinical-patho- logical picture and latency), however, it is important to underlie the fact that drugs may produce diverse types of injury, and therefore, their signature may vary. Knowl- edge of the factors that influence the clinical expression of injury would allow us to refine this concept for each individual drug. For instance, in amoxicillin-clavulanate, hepatotoxicity at younger age is associated with cytolytic damage and shorter treatment duration whereas chole- static-mixed type of damage is related to older age and prolonged therapy [41].

Management of clinical information in patients exposed to drugs that develop acute hepatitis
For an appropriate initial evaluation of patients with suspected drug hepatotoxicity, an important tool is to record baseline liver tests, if available. In patients with abnormal liver tests, a recrudescence of a preexisting liver disease should be considered. However, this should not prevent the clinician to reach a diagnosis of hepatotoxicity.





Table III Compounds associated with the hepatocellular-type of damage.

Table III (Continued)


		Compound	Other injury	Comments

Compound	Other injury	Comments
		Germander (Teucrium

Acarbose	FHF
Allopurinol	Granuloma	Hypersensitivity
Amiodarone	Phospholipidosis, cirrhosis
Amoxicillin, ampicillin Anti-HIV (didanosine, zidovudine, protease inhibitors)

chamaedrys), senna Pennyroyal oil, kava-kava Camellia sinnensis (green tea); Chinese herbal medicines Risperidone
Ritodrine
Sulfasalazine	Hypersensitivity
Telithromycin

NSAIDs (AAS, ibuprofen, diclofenac, piroxicam, indometacin)

Asparaginase	Steatosis
Bentazepam	Chronic hepatitis

Nimesulide
(FHF warnings, withdrawn in Europe)

Terbinafine	Cholestatic hepatitis FHF
Tetracycline	Micro-steatosis	FHF Troglitazone		FHF, withdrawn
Tolcapone	FHF, restricted use
Topiramate
Trazodone	Chronic hepatitis

Bromfenac	FHF, withdrawn
Chlormethizole	Cholestatic hepatitis

Trovafloxacin	FHF, warnings
(withdrawn

Cocaine, ecstasy and amphetamine derivatives

FHF


Valproic acid	Micro-steatosis

in Europe)

Diphenytoin	Hypersensitivity
Disulfiram	FHF
Ebrotidine	Cirrhosis	FHF
Felbamate	FHF, restricted use
Fluoxetine, paroxetine	Chronic hepatitis
Flutamide	FHF
Halothane Hypolipemics; lovastatin,
pravastatin, simvastatin, atorvastatin

Venlafaxine
Verapamil	Granuloma
Vitamin A	Fibrosis, cirrhosis
Ximelagatran	FHF, discontinued from
clinical development

Features of hypersensitivity include fever, rash and eosinophilia; FHF: fulminant hepatic failure.

When considering a case of acute hepatitis, type of

Isoniazid	Granuloma, chronic hepatitis
Ketoconazole, mebendazole, albendazole, pentamidine

FHF FHF

liver damage, age and gender must be sorted out
(Table V) [31]. Patients younger than 40-years old with acute hepatocellular damage most often will have viral hepatitis although a metabolic liver disease, such as

Leflunomide	FHF
Mesalazine	Chronic hepatitis	Autoimmune features
Methotrexate	Steatosis, fibrosis, cirrhosis

Wilson disease or alpha-1-antitrypsine deficiency must also be appropriately screened. In a young woman, an autoimmune hepatitis that presents as acute hepatitis in 40% of cases, is also a strong diagnostic alternative.

Minocycline	Chronic hepatitis, steatosis
Nitrofurantoin	Chronic hepatitis

autoimmune features

Indeed, in this group of patients, DILI is a less frequent
diagnosis accounting for roughly 10% of the cases [39]. On the contrary, in patients with acute hepatitis older

Nefazodone	FHF, warnings,
withdrawn in Europe
Omeprazole
Pemoline	FHF, restricted use
Penicillin G	Prolonged
cholestasis
Pyrazinamide
Herbal remedies	FHF
Chaso and Onshido Herbalife®



than 50 years the probability of DILI increases to 40%. A hepatocellular pattern especially with marked increases in transaminases levels (>100 ULN) raises the suspicion of an ischaemic hepatitis in older patients. An AST/ALT ratio > 1 is characteristic of alcoholic hepatitis (and Wilson disease as well), especially when associated with other features such as increased gamma-glutamyl transpeptidase levels, high mean cor- puscular volumen and a positive carbohydrate-deficient transferrin test.







Table IV Medications and herbal products associated with the cholestatic-type damage.

Table IV (Continued)


		Compound	Injury	Comment

Compound	Injury	Comment
		Sclerosing cholangitis-like

Cholestasis without hepatitis (canalicular/bland/pure jaundice)
Oestrogens, contraceptive steroids and anabolic-steroids Cholestatis with hepatitis (hepatocanalicular jaundice)
Amoxicillin-clavulanic acid	Chronic cholestasis	VBDS Atorvastatin	Chronic cholestasis
Azathioprine	Chronic cholestasis
Benoxaprofen	Withdrawn
Bupropion	Chronic cholestasis Captopril, enalapril,
Fosinopril
Carbamazepine	Chronic cholestasis	VBDS Carbimazole
Cloxacillin, dicloxacillin
Clindamycin	Chronic cholestasis Ciprofloxacin, norfloxacin
Cyproheptadine	Chronic cholestasis	VBDS Diazepam, nitrazepam
Erythromycins	Chronic cholestasis	VBDS Gold compounds, penicillamine
Herbal remedies:
Chaparral leaf (Larrea tridentate); Glycyrrhizin, Greater celandine (Chelidonium majus)
Irbesartan	Chronic cholestasis Lipid lowering agents (‘statins’)
Macrolide antibiotics Mianserin
Mirtazapine	Chronic cholestasis Phenotiazines (chlorpromazine) Chronic cholestasis Robecoxib, celecoxib
Rosiglitazone, pioglitazone
Roxithromycin	Chronic cholestasis Sulfamethoxazole-trimethoprim	Chronic cholestasis	VBDS Sulfonamides	Chronic cholestasis
Sulfonylureas (glibenclamide, chlorpropamide)

cholangiodestructive (primary biliary cirrhosis) Floxuridine (intra-arterial) Chlorpromazine, ajmaline


VBDS, vanishing bile duct syndrome. FHF, fulminant hepatic failure.


In subjects with cholestatic/mixed pattern of liver damage in whom obstructive biliary disease (choledoco- lithiais and pancreatobiliary malignancy accounting for the bulk of cases) is excluded by imaging techniques (abdominal ultrasound, magnetic resonance cholangi- ography or endoscopic retrograde cholangiography), DILI is a very good diagnostic alternative especially when hypersensitivity features are present. Actually, analysis of pooled data has shown that older age favours a cholestatic/mixed type of biochemical expression of hepatotoxicity [18].
Establishing a temporal relationship
The first step is the suspicion of DILI. Careful questioning about prescribed and over-the counter medications, herbal products and illicit drugs over the last week, last month and finally last 3 months, is the most important tool for case ascertainment. A thorough medical history about recent traveling, alcohol consumption habits, blood transfusions and even the presence of any underlying disease should be recorded.
The list of drugs incriminated in incidences of hepa- totoxicity continues to grow although their potential for causing liver damage may not be the same [28]. Information about the likelihood of liver damage from many drugs is scanty or vague, particularly if they have been recently launched to the market or were commer- cialized many years ago when the requirements needed were not so exigent. However, the mind should be open

Sulindac, piroxicam, diclofenac,
ibuprofen

FHF

to the possibility that not only recently marketed but also
old drugs yet not incriminated in hepatotoxicity could be

Terbinafine	Chronic cholestasis	VBDS
Tamoxifen	Hepatocellular, peliosis Chronic cholestasis
Tetracycline	Chronic cholestasis
Ticlopidine & clopidogrel	Chronic cholestasis Thiabendazole		VBDS

the culprit. There are several sources of information about the hepatotoxic potential of a given drug, such as the Summary of Product Characteristics of the drug or list of hepatotoxic drugs in reference books [31,42,43]. A more  up-to-date  resource  is  the  Medline-PubMed

Tricyclic antidepressants
(amitriptyline, imipramine)

Chronic cholestasis	VBDS

database of the National Library of Medicine, where searching on the name of the drug together with








Table V Clinical work-up to exclude other alternative causes of liver disease.

Test/assessment	Condition	Commentary

Viral serology	Viral hepatitis	More frequent in younger patients
IgM anti-HAV	Search for epidemiologic risk factors
IgM anti-HBc	Outcome following de-challenge may be similar to that of DILI Anti-HCV, RNA-HCV (RT-PCR)
IgM-CMV IgM-EBV
Herpes virus

Bacterial serology Salmonella, Campylobacter, Listeria, Coxiella

Bacterial hepatitis	If prominent systemic symptoms

Serology for syphilis	Secondary syphilis	Multiple sexual partners. Disproportionately high serum AP levels

Autoimmunity (ANA, ANCA, AMA, ASMA, anti-LKM-1)


AST/ALT ratio > 2

Autoimmune hepatitis, primary biliary cirrhosis

Alcoholic hepatitis

Female gender, ambiguous course following de-challenge. Other autoimmune diseases. Alcohol abuse. Moderate increase in transaminases despite severity at presentation

Ceruloplasmine, urine cooper	Wilson’s disease	Always should be discarded in young patients Alfa-1 antitrypsin	Deficit of a-1 antitrypsin	Associated pulmonary disease
Transferrin saturation	Haemochromatosis	In anicteric hepatocellular damage. Middle-aged men and older women Brilliant eco texture of the Liver.	Non-alcoholic steatohepatitis	In anicteric hepatocellular damage. Obesity, metabolic syndrome Transaminase levels markedly high	Ischaemic hepatitis	Disproportionately high AST levels. Hypotension, shock, recent
surgery, heart failure, antecedent vascular disease, elderly

Dilated bile ducts by image procedures (AU, CT, MRCP and ERCP)

Biliary obstruction	Colic abdominal pain, cholestatic/mixed pattern



ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate aminotransferase; AU, abdominal ultrasound examination; Anti-HAV, Hepatitis A antibody; anti-HBc, Hepatitis B core antibody; anti-HCV, Hepatitis C antibody; anti-LKM-1, liver–kidney microsomal antibody type 1; AMA, antimitochondrial antibody; ANA, antinuclear antibody; ANCA, perinuclear antineutrophil cytoplasmic antibody; ASMA, antismooth muscle antibody; BPC, biliary primary cirrhosis; CMV, citomegalovirus; CT, computed tomography; EBV, Epstein-Barr virus; ERCP, endoscopic retrograde cholangiography; MRCP, magnetic resonance cholangiography.


the terms ‘hepatotoxicity,’ ‘hepatitis’, ‘drug-induced hepatotoxicity’ or simply ‘liver’ if the former do not yield details, can be useful. It has recently been made the proposal from the National Library of Medicine to develop an electronic, open-access Web of Knowledge for Hepatotoxicity [44].

Time to onset
Duration of therapy with the suspected drug must be assessed. The usual time interval between the beginning of treatment and the onset of liver injury varies widely. Identification of a somewhat consistent ‘signature’ pattern of disease manifestations in relationship to initiation and discontinuation of the suspected drug or herbal medication, which is linked to the involved mechanism of damage, should be looked for.
Intrinsic hepatotoxins induce liver damage with a short latency period, a few hours or days after exposure. In most other cases of idiosyncratic reactions, the latency period is approximately between 1 week

and 3 months. A shorter period (1 or 2 days) may occur in patients who have been previously treated with the drug and have become sensitized (immunoal- lergic hepatotoxicity) [45]. Indeed, features that suggest immune-mediated reactions include skin rash, fever, peripheral eosinophilia, short latency period and a rapid recrudesce when the drug is inadvertently reintroduced after a temporary interruption of treatment. In rare circumstances, the liver damage is part of a general hypersensitivity syndrome (i.e. allopurinol, carbamaze- pine). It is worth noting that in the Spanish Registry any of the hallmarks of hypersensitivity were present only in 23% of the patients with idiosyncratic hepatotoxicity [18]. In some instances, low titers of circulating auto-antibodies may be detected suggesting an immune mechanism.
The absence of these features of hypersensitivity and an intermediate to long latency period of many months is typically seen with compounds that do act by a non- immune-mediated  idiosyncrasy.  These  reactions  are






intriguing and represent a real challenge since they occur in patients who have been on the medication for many months with normal liver tests monitoring and then unexpectedly develop hepatotoxicity (i.e. ximelaga- tran, troglitazone). Although acute toxic hepatitis very rarely occurs after 12 months of exposure, it is still possible in unusual forms of chronic liver damage (such as steatohepatitis, fibrosis and chronic hepatitis) in which the expression of hepatotoxicity is symptomless, enabling treatment to persist (i.e. bentazepam, nitro- furantoin) [46,47], or simply because the type of lesion requires prolonged exposure to develop (i.e. vascular lesions and tumors) [48].
Assigning causality when drugs that cause this type of rare idiosyncratic reactions have been started sequen- tially, remains a difficult task. Attention should be paid to the latest drug introduced into the patient’s regimen. However, when a known hepatotoxic drug antedates the latest medication introduced, this one should not be overlooked in order not to make a diagnosis of guilt by association. Attention should be paid to major drug metabolism mechanisms, known hepatotoxic potential of each drug and the potential for pharmacokinetic drug interactions [49].
In addition, rechallenge after resolution of the first episode may not consistently be followed by a new episode of liver damage. This false negative response to re-challenge has been demonstrated for isoniazid a drug considered essential in the treatment of tuberculosis where re-exposure has been attempted [31].
In some instances, the role of a drug is difficult to recognize because of a considerable delay between the interruption of therapy and clinical presentation. A classical example is hepatitis associated with halothane and its derivatives, which typically occurs 3 weeks after the first exposure. The phenomenon is extreme with amoxicillin-clavulanate, which may cause hepatitis sev- eral weeks after cessation of exposure [41], but has also recently been reported with mydecamicin and trovaflox- acin [50,51].

Course after drug withdrawal (de-challenge)
Rapid improvement after withdrawal of the drug is strong evidence in favour of a toxic aetiology of the liver disease. In cases of hepatocellular injury, the role of a drug is supported by a decrease of at least 50% in the levels of liver enzymes within 30 days after cessa- tion of exposure. The association is even stronger if the 50% decrease occurs in the first 8 days after stopping therapy [52]. However, other atypical outcomes make

laboratory scrutiny unhelpful after drug withdrawal; some cholestatic reactions, for instance, subside very slowly, with abnormal enzyme levels persisting for more than 1 year. In other cases, the injury may progress over several days despite drug cessation, or even evolve to fulminant hepatic failure. This outcome makes attempts to determine the toxic aetiology particularly difficult. Interestingly, during clinical development of troglitazone an important alert signal of hepatotoxicity - hepatocellular jaundice in two cases – were incorrectly interpreted as serum ALT continued to demonstrate raise days after discontinuing therapy [53]. This neg- ative de-challenge led to categorize the cases as drug unrelated. However, nowadays is accepted that these features are consistent with troglitazone-induced hepa- totoxicity. Conversely, a phenomenon of ‘adaptation or tolerance’ to injury occurs with some drugs (e.g. statins, isoniazid, tacrine) and is responsible for the spontaneous improvement in liver tests despite treat- ment continuation.
It would be highly recommended to follow de- challenge results to normalcy what would allow physicians to further assess causality. Indeed, if de-chal- lenge is ambiguous or incomplete after 3–4 months or a longer period for cholestatic damage, a repetition of imaging techniques, screen for autoimmune disorders and even a liver biopsy should be performed where appropriated. Not infrequently what was formerly considered a picture consistent with a hepatotoxic cholestatic reaction to a drug turned out to be an obstructive bile duct disorder.
Risk factors
Whereas a major challenge would be to be able to identify predisposed subjects before they receive the drug, genetic and environmental factors (Figure 1) that appear to operate in determining individual susceptibility are still poorly understood. Individual susceptibility to develop hepatotoxicity involves the interplay of the following:
The chemical properties of the drug
Chemical structures that are recognized as increasing the ability to form reactive metabolites or exert direct toxic effects. Thus, ebrotidine and famotidine, H2-receptor antagonists, have the same thiazole ring, but the former differs in that the side chain bears a 4-bromo-benzene ring and has a recognized hepatotoxic potential [54]. Similarly, temafloxacin and trovafloxacin share a unique difluorinated side chain that is not found in the other







quinolones, and which renders these drugs highly lipophilic [51]. Clotiazepam and bentazepam are two thienodiazepine derivatives with a tricyclic structure which share a thiophene ring making the molecule more structurally similar to phenothiazines than to other benzodiazepines [55]. Both drugs have led to several instances of moderate to severe hepatitis and even chronic liver injury [46]. The thiophene ring is shared by other hepatotoxic agents such as ticlopidine. Some drugs exert a direct toxic potential on mitochondria as diclofenac that promotes mitochondrial permeability transition, amiodarone that inhibit b-oxidation of fatty acids or tacrine impairing mitochondrial DNA and topoisomerases [56].

Environmental factors
Age
As a whole increasing age appears to be a risk for developing DILI and is also a determinant of the appearance of a cholestatic/mixed type of damage [18]. Hepatocellular damage was inversely correlated with age. Conversely, valproic acid hepatotoxicity occurs more often during the first 3 years of life [31].

Gender
Contrary to other epidemiological data, a recent over- view of the incidences of hepatotoxicity recorded over a 10-year period has shown an overall similar sex distribution [18]. Morover, in patients equal or older than 60 years of age male sex predominates, and the characteristic signature of DILI in older men is the cholestatic pattern of injury (unpublished data). Simi- larly, susceptibility to develop drug-induced cholestasis has not been related to age and sex differences in baseline expression levels of canalicular transporter proteins [57]. Female gender is suggested to be a risk factor for developing fulminant liver failure [18]. Autoimmune hepatitis triggered by drugs is seen almost exclusively in women [39]. Diclofenac hepatotoxicity has been reported more frequently in women with osteoarthritis [45].

Chronic alcohol consumption
Chronic alcohol consumption increases the risk of devel- oping liver fibrosis during methotrexate therapy, enhances acetaminophen hepatotoxicity by inducing CYP2E1 with generation of higher levels of the reactive metabolite and depletion of glutathione stores as well as susceptibility to liver damage from isoniazid, halothane and cocaine [31].



Concomitant drugs
Concomitant drugs are capable of modulating the hepatotoxic potential of other drugs through CYP or hepatic transport systems induction, inhibition or substrate competition. In addition, concomitant medi- cation with hepatotoxic potential may further increase the risk [7]. There is speculation that inhibition of OATP (organic anion-transporting polypeptides)-medi- ated uptake of hepatotoxins prevent toxic liver injury. On the canalicular side, drugs as bosentan and cyclo- sporine are thought to cause cholestasis through inhibition of BSEF (bile salt export pump) function [57]. Concurrent use of anticonvulsants which induce drug metabolism greatly increases the risk of hepato- toxicity because of valproate [31]. Isoniazid is meta- bolized to N-acetylisoniazid which is hydrolyzed to isonicotinic acid and acetylhydrazyne. The latter is further acetylated to diacetylhdrazine or converted to hydrazine and to another toxic metabolite that produces liver necrosis by cytochrome P450. The concurrent use of isoniazid and rifampicin, a potent microsomal inducer, enhances the risk of isoniazid hepatotoxicity. Furthermore, it has been argued that in slow acetylators, acetylation of acetylhydrazine is impaired and therefore, alternative P-450 mediated pathway is more active, what renders this population more susceptible to isoniazid hepatotoxicity [55].

Underlying disease states
The presence of chronic hepatitis B, hepatitis C infection or co-infection with HIV increases the risk of isoniazid hepatotoxicity or elevated transaminases on HAART (highly active antiretroviral therapy) [58]. The increased susceptibility exhibited by HIV patients suggests a role for cytokine imbalance.
Obesity, diabetes mellitus type 2 and insulin resistance are known risk factors for steato-hepatitis and have also been shown along with psoriasis to increase the risk of developing liver fibrosis during methotrexate therapy [59].
Controversy exists as whether pre-existing liver disease is also a susceptible factor for the development of hepatotoxicity. It is known that chronic hepatitis enhances the risk of hepatotoxicity induced by meth- otrexate and antituberculous drugs [37]. Rifampicin is more hepatotoxic in patient with primary biliary cirrhosis [60]. Conversely, use of statins in patients with non-alcoholic steato-hepatitis and altered liver tests or chronic hepatitis C has proved to be safe [61,62].





Genetic risk factors
In addition to these acquired risk factors, candidate gene studies have been conducted in the setting of clinical trials or in cohort of DILI patients studying the contri- bution of the polymorphisms of cytochrome P450 isophorms, detoxification pathways and transporters and their role in determining or predicting risk of hepatotoxicity along with host factors that influence injury and repair.
The general view on the pathogenesis of drug-induced idiosyncratic liver injury is that parent compounds are rendered hepatotoxic during cytochrome P450 metabo- lism. Only anecdotal reports suggest a role of CYP 450 polymorphisms in hepatotoxicity. In a series of Spanish DILI patients the prevalence of important allelic variants of CYP2C9 and CYP2C19, known to be involved in the metabolism of several hepatotoxic drugs, was similar to those in other European populations. This data suggest that genetic polymorphism of CYP2C9 and CYP2C19 allele do not enhance the risk of idiosyncratic drug- induced liver injury considered collectively [63]. Indeed, determination of single nucleotide polymorphism at particular CYP enzyme may not be sufficient to predict risk of hepatotoxicity since large magnitude of mulfac- torial and multigenic processes seems to be involved in complex DILI course.
A pharmacogenetic study suggested that N-acetyl- transferase 2 slow acetylators and CYP2E1 c1/c1 genotype may increase the risk of anti-tuberculosis drug-induced hepatotoxicity [64]. More recently, the same authors have observed that the presence of manganese superoxide dimutase mutant C allele and glutathione S-transferase M1 null genotype, enzymes that play a crucial role against oxidative stress, may be also related to the risk of developing hepatotoxicity, especially with the anti-tuberculosis drugs [65].
Indeed, the presence of glutathione S-transferase M1 and T1 null genotype has been associated with tacrine
[66] and troglitazone hepatotoxicity [67]. Genotyping of folate pathway gene variants (methylenetetrahydrofolate reductase MTHFR C677T) might be useful to enable reduction of methotrexate (folate antagonists) toxicity by indicating when alternative treatments are necessary [68].
Diclofenac-induced liver injury is associated with possession of variant UGT2B7 (UDP-glucuronosyl-trans- ferase that mediates the glucuronoconjugation of diclofenac to a paradoxically reactive metabolite acyl- glucuronide), ABCC2 (or MRP2 that transport the glucuronide to the biliary canaliculus) and CYP2C8

(role in the metabolism of diclofenac to 5-hydroxydiclo- fenac) alleles which might predispose individuals to increased formation or accumulation of reactive metab- olites within the hepatocyte [69]. The adaptive immune system represents a balance between pro-inflammatory (or injurious) and protective (anti-inflammatory) responses that determine the progression to severe damage or limitation of injury. Interestingly, variations in the production of immunoregulatory cytokines (genetic polymorphisms) such as IL-10 and IL-4 have also been reported to contribute to the susceptibility to diclofenac hepatotoxicity [70]. More recently, the prev- alence of genetic polymorphism of three cytokine genes IL-10  (–1082 G/A,  –819  C/T,  and  –592  C/A),  IL-4
(–590 C/T) and TNF a (–308 G/A) were assessed in a cohort of 140 DILI patients submitted to a Spanish Registry. This study has provided preliminary evidence that genetic polymorphisms in IL-10, IL-4 and TNF-a are not associated with the risk of developing drug-induced liver injury. However, IL-10 might have a role in determining the course of hepatotoxicity and its out- come. Indeed, low IL-10 producing haplotype, leading to diminishment or absence of peripheral eosinophil count, could be a marker of an unfavourable outcome of DILI, supporting the concept of accelerated Th1 T-cytotoxic response [71].
Assessement of major histocompatibility complex molecules (HLA class II molecules) using genomic techniques in the largest cohort of DILI patients analyzed to date found no association between any specific HLA allele and the propensity to develop DIILD. However, HLA DRB1*15 and DQB1*06 alleles of the class II HLA system participate in increased susceptibility to the development of a cholestatic/mixed pattern in drug- induced liver injury, and therefore, the genetic influence associated with HLA class II alleles appears to play a role in the biochemical expression of liver injury in hepato- toxicity, and may explain why a given drug may cause different patterns of liver damage [40].
Recently, a genetically determined functional impair- ment of the hepatocellular efflux transporters bile salt export pump (BSEP, ABCB11) and multidrug resistance protein 3 (MDR3, ABCB4) have been shown to play a pathophysiological role in the development of drug- induced cholestatic liver injury [72].
Causality assessment methods
Prompt recognition of culprit drugs as the cause of liver injury is the most important aspect in the management of hepatotoxicity and it is of paramount importance since







appears to decrease the risk of progression to acute liver failure or chronic liver injury [39]. The fact that the diagnosis of hepatotoxicity still gravitates upon careful history taking (data completeness and consistent) and a correct interpretation of the patient’s clinical manifesta- tions and laboratory data, should not be underscored. An approach to diagnosis following clinical judgment that closely depends on physician’s skill and attitude toward the matter and that is not standardized, results in categories of causation that can be defined as drug- related (e.g. acetaminophen over dosage, cases of positive rechallenge), clearly non-drug related (an alter- native explanation found, negative de-challenge) or possibly drug-related (temporal sequence, possible com- peting cause, dechallenge positive) [73]. This last judg- ment in which subjectivity prevails and in which there is not strong argument for confirming or ruling out drug causality would represent the bulk of situations in clinical practice. Consequently, agreement among phy- sicians who evaluate a given case of drug-suspected hepatotoxicity may strongly differ and indeed have been shown to lead to inaccurate diagnosis [74].
To ascertain the putative role of a drug on the basis of quantitative criteria, clinical and laboratory data are assessed with probabilistic approaches (based on Bayes- ian statistics) and algorithms or clinical scales. The qualities usually required for a diagnosis scale are reproducibility and validity. Reproducibility ensures an identical result regardless of who the user is and when the scale is used. Validity means the method is able to distinguish between cases where the drug is responsible and cases where it is not.
The evaluation criteria takes into account key features of DILI and is based on a definable temporal relationship between drug administration and onset of liver injury; a clinical course not consistent with the known effects of any concurrent illness or other drug or non-drug therapy; improvement with drug cessation and recur- rence upon re-challenge, and previous knowledge of the reaction. It is worth noting that none of the things we are currently able to measure have proven reliable in assessing causality for drug-induced liver injury. There- fore, more convincing evidence of validity is difficult to obtain in the absence of a unanimously accepted ‘gold standard’ defining ‘truth’.
The first method developed was described in 1990: the CIOMS (Council for International Organisations of Med- ical Sciences) or RUCAM (Roussel Uclaf Causality Assessment Method) scale [52], reflecting the need of investigators/clinicians to have better tools to define



hepatotoxicity. This method provides a standardized scoring system in which the limits and contents of most criteria are decided by consensus among experts, on the basis of organ-oriented characteristics. The parameters are outlined in Table VI. The time to onset and course criteria vary according to whether cases present with hepatocellular or cholestatic/mixed liver injury, since the latter may occur after a longer post-cessation interval and resolve much more slowly. The CIOMS/RUCAM scale provides a scoring system for seven axes in the decision strategy where the answers correspond to weighted numeric values that are summed to give a total score. The scores are translated into categories of suspicion: definite or highly probable (score > 8), probable (score 6–8), possible (score 3–5), unlikely (score 1–2) and excluded (score (</=0). This method was originally validated using cases of drug-induced liver disease with known positive re-challenge (the major type of evidence recognized as demonstrating the role of a drug), and the system performed well when these cases were assessed based on data prior to re-challenge or when concomitant drugs were included [75].
A simpler also organ-specific method, the Clinical Diagnostic Scale (CDS) (also called the M&V scale), was developed and tested by Maria and Victorino [76]. In contrast with the CIOMS/RUCAM scale, the M&V scale includes questions that apply only to immune-allergic hepatitis. Furthermore, the periods allowed for the end of treatment and the onset of liver injury and for the disappearance of liver abnormalities after withdrawal of treatment as well as criteria to define known reaction clearly differ between them. The CDS/M&V scale is classified by five ratings: > 17, relationship definite; 14– 17, probable; 10–13, possible; 6–9, unlikely; <6 excluded. The CDS/M&V scale was validated using real and fictitious cases of immunoallergic drug-induced liver injury immunological mechanism (high percentages of positive immunological tests in cases classified as definite or probable), and was compared with the external
standard or experts’ classification.
The merits of the CIOMS/RUCAM scale and the CDS/ M&V scale were compared in a population of 215 patients reported to a registry [77]. Causality in this population was verified by three experts as drug-induced
(185) or as non-drug caused (30 cases). Complete agreement between the CDS/M&V scale and the CIOMS/RUCAM scale was obtained in only 42 cases (18%). The CDS/M&V scale classified only about one-third of the cases as probable or definite, and tended to underestimate the probability of causality. It was not






Table VI Scores for individual axes of the CIOMS/RUCAM and the Naranjo adverse drug reactions (ADR) probability scales.

NARANJO ADR SCALE	Type of liver injury
	  CIOMS/RUCAM probability 	
	Axis
	Numerical score
	scale
	Hepatocellular
	
	Cholestatic/mixed
	
	Score

	Previous reports on
	0–1
	Time of onset of the event
	First treatment
	2nd
	First
	2nd
	

	the reaction
	
	
	
	treatment
	treatment
	treatment
	

	
	
	From drug intake until
	5–90 days
	1–15 days
	5–90 days
	1–90 days
	+2

	
Temporal illegibility in
	
–1 to 2
	onset reaction.
From drug withdrawal
	
<5 or >90 days
	
>15 days
	
<5 or >90 days
	
>90 days
	
+1

	the onset of the
	
	until onset reaction
	
	
	
	
	

	reaction
	
	
	
	
	
	
	

	
	
	
	< or =15 days
	< or =15 days
	< or =30 days
	< or =30 days
	+1

	Improvement after drug
	0–1
	
	
	
	
	
	

	withdrawal
	
	
	
	
	
	
	


Positive re-challenge	–1 to 2	Course of the reaction	>50% improvement 8 days.	+3
>50% improvement 30 days	>50% improvement 180 days	+2

Exclusio´ n of alternative causes for the ADR

–1 to 2	<50% improvement 180 days	+1

Lack of information or not improvement
Placebo response	0–1	Worsen or <50%
improvement 30 days

Lack of information or not	0
improvement
–1

Drug concentration and monitoring

0–1

Dose realtionship	0–1	Risk factors	Alcohol	Alcohol or pregnancy	+1
Age > or =55-years old	Age > or =55-years old	+1

Previous exposure and cross reactivity

0–1	Concomitant therapy	–3 to 0 

Presence of any objective evidence

0–1	Exclusion of non-drug related causes

–3 to 2 

Results	Previous information on
hepatotoxicity
0 
to +2

> or = 9 Definitive
5–8 Probable	Rechallenge	–2 to +3
1–4 Possible
<or = 0 unlikely	Results > 8 points definite; 6–8 points probable; 3–5 points possible; 1–2 points unlikely; < 0 points excluded




unexpected, because of the arbitrary weights given to relevant assessment criteria, that the performance of the M&V scale were poor in reactions with long latency periods (i.e., amoxycillin/clavulanic acid), evolution to chronicity after withdrawal (cholestatic pattern), or death (because of the lack of de-challenge data). On the contrary, the best agreement between scales was found for idiosyncratic immunologic DILI cases.
The need for more accurate and simple tools for evaluating cases of DILI has lead investigators to evaluate the performance of the Naranjo Adverse Drug Reactions Probability Scale (NADRPS) in terms of its ability to correctly assess cases of liver-specific drug hepatotoxicity [78]. Although it is not liver-specific, it has been shown to be valuable in the overall evaluation

of adverse drug reactions. The attractive aspect of the Naranjo scale is its simplicity and therefore likely ease of application. The NADRPS involves 10 ‘yes’, ‘no’ or ‘unknown or non-applicable’ questions. The adverse drug reaction are assigned to a probability category on the basis of the total score as ‘definite’ ‡9, ‘likely’ = 5–8, ‘possible’ = 1–4, ‘unlikely’ £0.
Recently, the performance and consistency of this scale to ascertain causality in DILI in comparison with the CIOMS scale has been explored in a cohort of 225 cases of suspected DILI. The Naranjo scale showed a low sensitivity and negative predictive value and it is neither reproducible nor valid for evaluating drug hepato- toxicity, and thus its use for this purpose should not be recommended [79]. Indeed, DILI has unique features and







present great variability between drugs and patient populations that would need to be taken into account with more specific tools. Indeed, the Naranjo algorithm was designed for evaluation of adverse drug reactions related to pharmacological actions of the drugs hence has questions such as ‘drug concentrations and moni- toring’, ‘dose relationship’, ‘placebo response’ which are clearly not relevant to idiosyncratic DILI.
It is recognized that the CIOMS/RUCAM is the most prominent adjudication system in use at present and that most experts/researchers/sanitary authorities in the area of DILI use it to assess the probability of a case being clearly implicated, although not by practicing physicians who presumably find it confusing and difficult to apply. This tool has the advantage of providing a framework that emphasizes topics that need to be addressed in cases of suspected hepatic adverse reaction in order to improve the consistency of judgments.
However, limitations of the CIOMS/RUCAM scale have been highlighted [80–82], as the poorly definition of the components needing to be answered, poor diagnostic capability when two drugs are given with the same temporal sequence and the arbitrary weighting and selection of important validation criteria such as the cut- off age point, known relevant risk factors and better estimates of temporal chronology that take into consid- eration any relevant information for the case considered. It is important to accommodate all relevant information into the scoring system and to delete low impact items with the use of large data sets of cases. Clinicians attribute a crucial value to the presence of hypersensi- tivity features which is not a domain in the scale. Besides, when liver biopsy findings are available they should be taken into the evaluation of alternative causes and also to upgrade a definitive diagnosis if an eosino- philic hepatic infiltrate, centrozonal damage (highest content of cytochrome P450), granulomas and micro- esteatosis are evident. Furthermore, assessment of known genetic risk factors for hepatotoxicity could be further evaluated. Indeed, a computerized scale that could integrate in a dynamic way all available knowl- edge with regard to the given drug and its signature in a particular patient population would be of great value.
A new consensus to agree upon common definitions, diagnostic criteria, terminologies and instruments to assess the causality is being fostered by the National Institutes of Health, NIDDK division, putting together several networks of investigators in DILI in a workshop titled Drug-Induced Liver Disease: Standardization of Nomenclature and Causality Assessment to be held next



2008 in Washintong DC. Hopefully, a new instrument should be developed to improve the consistency, accu- racy and objectiveness in causality assessment in hep- atotoxicity.
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