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I. INTRODUCTION 

The liver ranks high on the list of targets affected by adverse reactions to 
therapeutic or environmental agents. H Awareness of drug-induced reactions affecting the 
liver has become increasingly a matter of concern. The clinical manifestations of drug
induced liver injury cover the full spectrum of liver disorders. It is often difficult and 
occasionally impossible to separate clinical manifestation caused by a drug from those 
caused by the underlying illness. Of particular concern are those drug-induced i~juries that 
lead to clinically severe liver disease and acute liver failure. 5 Much attention has been 
focused on drugs that were evaluated and approved which later were withdrawn because of 
hepatotoxicity_ The challenge is to improve the methods by which potential hepatotoxicity 
is identified so as to assure that an accurate assessment of risk is made. 

Hepatotoxicity has been a major reason that therapeutic agents with established 
favorable efforts have failed during preapproval trials or have been withdrawn following 
release. In the absence of specific tests to establish a dmg as the cause of a liver disease, it 
is often impossible to confidently establish a cause-effect relationship between the use of a 
drug and the appearance of an injury. Judgment, often based on circumstantial data, is 
often the basis for the diagnosis. There is hardly a drug in use that has not been proven, or 
at least suggested, to cause some type of adverse reaction affecting the liver. The 
frequency, type and possible extent of injury must be considered. It is well recognized that 
minimal biochemical abnorn1alities does not necessarily mean clinically important liver 
injury is occurring.. Clinical acceptance and success of a drug in the market depend on 
perceptions of efficacy and recognition of risks. Concern regarding hepatotoxicity has 
limited the use of many dmgs .. 

There are many reasons that the hepatotoxic potential of a drug might not be 
recognized until after the drug has been approved and is in widespread use.6 The sample 
size of patients studied may be relatively small and surely is not as broad as the population 
that will be exposed once a drug is on the market Even with several thousand patients 
receiving a drug preapproval, rare events may be missed 

II. SPECTRUM OF DRUG-INDUCED LIVER DISORDERS 

Hepatic manifestations of drug-induced liver injury can mimic the entire spectrum 
of liver diseases (Table 1 ). 1"

3 Minimal biochemical abnormalities appearing shortly after 
initiation of a drug occur in patients in whom there is no clinical evidence of liver disease. 
Some patients manifest hepatotoxicity as an acute hepatitis, acute liver failure (fulminant 
hepatocellular failure), chronic hepatitis, or cinhosis. Cholestatic disorders ranging from 
those that are so mild as to be found only on routine biochemical testing to symptomatic 
cholestatic syndromes closely resembling primary biliary cirrhosis and primary sclerosing 
cholangitis are established reactions to several drugs. The finding of fat in the liver, both 
microvesicular and macrovesicular, may result as an expected event because of the known 
mechanism of action of a drug (especially those that are likely to cause mitochondrial 
injw·y), or as a clinically important untoward event occuning in a few individuals.7 There 
has been increased attention to the effects of drugs on mitochondrial respiration, which 
may lead to microvesicular fat, fatty acid accumulation, and decreased ATP leveis-8

:
9 A 

few drugs are established causes of hepatic granulomatous inflammation indistinguishable 
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from those found in a variety of infections and sarcoidosis (Table 2). 10
"
12 Some drugs (e.g., 

amiodarone) lead to an acquired phospholipidosis. 
With some drugs hepatotoxicity is manifested as acquired phospholipidosis and as 

hepatic vein obstruction (Budd-Chiari syndrome). Tumors induced or promoted by 
therapeutic drugs range from benign hepatic adenomas, long associated with long-term use 
of oral contraceptives, to angiosarcomas, cholangiocarcinomas, and hepatocellular 
carcinomas. 

Ill. IDENTIFICATION AND DIAGNOSIS OF DRUG-INDUCED 
LIVER INJURY: THE ISSUE OF ESTABLISHING CAUSALITY 

The difficulties in establishing a drug as the cause for a liver injury and in 
determining its importance reflect the protean manifestations of drug-induced hepatic 
injury and the absence of specific diagnostic features .. Drug-induced liver disease is usually 
clinically indistinguishable from liver injury of other causes and may only be detected 
through awar·eness of the possibility, suspicion, careful history, and inquisitive persistence 
by the clinician which should include a search for exposure to herbal medicines as well as 
potential toxins in the workplace or the environment 

Table 1 Spectrum of Drug-Induced Liver Disorders 
Type of injury Features 

Hepatocellular injury 
Elevated Often asymptomatic 
an1inotransfemse levels 

Acute hepatitis 

Chronic hepatitis 

Acute hepatic failure 

Cholestatic reactions 
Cholestasis 

Simulate primary biliary 

Mimics acute viral hepatitis 

May closely resemble auto
immune hepatitis 

Overwhelming liver failure 

Often prolonged course 
Oral contraceptives may 
simulate bile duct obstruction 

Antimitochondrial antibody 

Selected examples 

Almost all drugs 

Isoniazid 
Ketoconazole 
T roglitazonea 
Bromfenaca 
Diclofenac 
Methyldopa 

Minocycline 
Nitrofurantoin 
Methyldopa 
Oxyphenisatin 

Halothane 
Isoniazid 

Chlorpromazine 
Benoxaprofen° 

Chlorpromazine 
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cirrhosis 

Simulate primary 
sclerosing cholangitis 

Granulomas 

Simulate alcoholic 
hepatitis 

Steatohepatitis 

Phospho lipidosis 

Vascular lesions 
Perisinusoidal fibrosis 

negative 

Wide spectmm of diseases 
with and without evidence of 
hypersensitivity reaction 

Peliosis hepatis Hepatomegaly 

Hepatic vein obstruction Congestive hepatopathy 

Vena-occlusive disease Congestive hepatopathy 

Sinusoidal dilation Hepatomegaly 

Neoplasms 
Hepatic adenoma 

Cholangiocarcinoma 

Angiosarcoma 

Hepatocellular carcinoma 
a Drugs withdrawn after marketing. 

Floxuridine 

Phenylbutazone Carba
rnazepine (Table 2) 

Anuodarone 

Amiodarone 
T arnoxifen 
Several drugs used to treat 
HIV jnfection 

Amiodarone 

Vitamin A 

Oral contraceptives 
Anabolic steroids 
Azathioprine 

Oral contraceptives 

Oral contraceptives 

Cytotoxics 
Oral contraceptives 

Oral contraceptives 
Anabolic steroids 

Anabolic steroids 
Thorotrast 

Vinyl chloride 
Anabolic steroids 
Thorotrast 

Danazol 
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Table 2 Hepatic Granulomas from Therapeutic Drugs 
Allopurinol 
Pheny 1 butazone 
Sulfonamides 
Carbamazepine 
Quinidine 
Hydralazine 
Methyldopa 
Phenytoin 
Amoxicillin-clavulanic acid 
Procainamide 
d-Penicillamine 

Many drugs cause minimal elevations in biochemical tests of the liver that are not 
accompanied by any signs or symptoms suggesting liver disease. These patients are 
identified only through random or preplanned blood testing .. These elevations (especially 
of aminotransferase levels) may represent transient hepatic injury to which the patient 
rapidly adapts following the introduction of the new chemical compound.. The 
adaptational responses are an area of active investigation and may include changes in the 
innate inmmne system or the development of alternative pathways of disposition which 
develop leading to resolution of the injmy .. S;B The mechanisms which lead to hepatic 
adaptation to the introduction of a new agent are under careful study. The ability of the 
liver to adjust (adapt) pathways favoring disposition and defense systems which minimize 
or combat the effects of a toxic intennediate may determine which patients have a transient 
increase in aminotransferase levels that return to normal despite continued drug 
administration and which patients develop progressive severe injury .. The failure to adapt 
may affect the ability to open new pathways of disposition, handle transient reactive 
intennediates, or be related to the immune response (or lack thereof) to the new agent.5

;l3-JS 

Most drugs that are associated with severe liver injury are found to cause transient 
elevations in aminotransferases in -3 to 15% of patients. Such is the case with isoniazid 
which causes minor, transient aminotransferase increase in 10 - 20% of patients but causes 
clinically apparent liver injury in only a few. It may be that the failure to adapt related to 
metabolic idiosyncrasy conditioned by age, gender, or the effects of other drugs which 
explain a part what we now define as an idiosyncratic response. Forthcoming studies 
evaluating gene array responses (especially in the broad area of innate responses) to new 
agents will be of great interest and potential clinical importance. 16

:
17 Alternatively, finding 

elevated levels of biochemical tests soon after introduction of a drug, and during a time 
when there are no symptoms or signs of liver injury, may indicate that the liver injury may 
progress and lead to clinically apparent disease .. The unresolved dilemmas are how to 
develop ways to identify individuals who are susceptible and determinate of effective ways 
to detect an adverse reaction that is likely to progress before serious liver injury develops. 

The diagnosis of hepatic injury caused by a drug is usually shrouded in m1certainty 
and based on circumstantial evidence, depending largely on suspicion by the clinician who 
recognizes that the time of onset and type of liver injmy may be compatible with that of an 
adverse reaction to a therapeutic or environn1ental agent. This is especially true with a 
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drug that has no recognized history of causing liver it~ury. The problem is compounded 
by the status of the underlying disease, concomitant illnesses and polypharmacy. Ingenuity 
and persistence are required to determine whether a liver abnonnality represents an adverse 
drug reaction and to establish whether a drug or environmental agent is actually the cause. 
For example, in a patient who develops an angiosarcoma of the liver, exposure to the 
inciting agent, vinyl chloride, may have occurred many years before. The development of 
reliable tests to detect hepatitis A-E has made the task of excluding viral hepatitis more 
straightforward and certain. The finding of a positive antimitochondrial antibody test in a 
patient who has jaundice and biochemical evidence of cholestasis may go far to resolve 
concern as to whether the patient has primary biliary cirrhosis or a drug-induced syndrome 
that resembles the disorder. However, the clinician must remain aware that patients with 
well-defined liver disorders of all types may develop a superimposed drug-induced it~ury . 

Since the clinical and laboratory abnormalities of drug-induced injuries are often 
indistinguishable from liver disorders from other causes, the strongest supportive evidence 
implicating a drug may be resolution of manifestations of liver injury (deceleration) 
following withdrawal of the drug .. The problem in a patient who is receiving many drugs is 
which one or more to stop where evidence of injury is found. Knowledge of the most 
likely culprits helps in the decision process. In patients who have drug-induced 
hepatocellular injury, there is usually a marked decrease in elevated aminotransferase 
levels within 2 weeks of removing the drug. However, with some drugs, continued 
evidence of liver injury may persist for weeks to months. The longer the abnonnalities 
persist, the greater the anxiety that hepatic failure might develop or that the diagnosis of a 
drug-induced injury is not correct In patients who have predominantly cholestatic ii~ury, 
there may be a delay of weeks or months before elevated alkaline phosphatase and 
bilirubin levels return to or towards normal after drug withdrawaL Rechallenge with a 
suspected drug to establish a diagnosis is seldom necessary and in patients in whom 
manifestations of acute hepatitis have occurred (especially if associated with jaundice) may 
be contraindicated. Histological evaluation of the liver is rarely diagnostic, often allowing 
recognition of type and extent of i~ury present, rather than clearly incriminating a drug or 
environmental agent as the cause. The dissociation between the considerable extent of 
injury found in liver biopsy and clinical evidence of liver disease which may be mild or 
absent is often striking .. 

There ar·e the additional difficulties in determining a drug-induced injury in a 
patient who has another known factor that could explain the liver injury. An example 
includes the heightened toxicity of acetaminophen in patients who are chronic users of 
alcohol.. 

Acetaminophen 

Ingestion of excessive amounts of acetaminophen (> 10-15 g), often in suicidal attempts, 
predictably leads to liver injury ranging from acute hepatitis to acute liver failure and in 
some patients death. 18

-
22 Acetaminophen hepatotoxicity is the most frequent cause of acute 

liver failure in the United States.22 In therapeutic doses (:$;4 g/day), acetan1inophen is 
usually quite safe and well tolerated, However, the safety margin of patients who are 
regular users of alcohol appears to be diminished and these individuals are at increased risk 
of developing acetaminophen-induced liver ir~jmy. 18 : 1923 The effects of chronic use of 
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alcohol on acetaminophen metabolism and disposition offer an explanation for the 
heightened susceptibility. 

Hepatic injury from acetaminophen is caused by the damaging effects of a reactive 
metabolic product, N-acetyl-benzoquinone-imide (NAPQI). Acetaminophen is 
predominantly metabolized by co~jugation reactions to form sulfate and glucuronide 
metabolites, which are excreted in the urine. A lesser amount is metabolized by 
cytochrome P450 2El to form NAPQI, which is bound to intracellular glutathione and 
excreted in the urine as mercapturic acid. When large doses of acetaminophen are ingested, 
the ability of the liver to fonn sulfate and glucuronide metabolites is overwhelmed and 
metabolism by cytochrome P450 2E 1 to NAPQI becomes of much greater importance. In 
these situations, the capacity of glutathione to serve as an effective hepatoprotectant is 
exceeded, and the hepatocyte is vulnerable to an attack by reactive damaging 
intermediates. The downstream events that lead to cellular injury and death involve a 
variety of cytoldnes and chemokines including nitric oxide. Depletion of GSH caused by 
prolonged fasting may add to the injury. Furthermore, the important role of the innate 
immune system in the causation and progression of acetaminophen-induced liver injury 
has been suggested again indicating the critical role of the ability to adapt to injury on 
outcome. 15 · 

Careful questioning to elicit factors that predispose patients to hepatic injury from 
acetaminophen in nonsuicidal situations is impmtant. First and most important is the dose 
of acetaminophen. Patients may have underestimated or understated the amount ingested, 
especially since acetaminophen is present in many widely used combination products. The 
intracellular concentration of NAPQI and dose of acetaminophen are clearly associated. 
Second is the concomitant use of alcohoL Cytoclrrome P450 2E1 is the P450 subspecies 
involved both in metabolism of ethanol and in the metabolism of acetaminophen. 
Prolonged regular use of ethanol induces P450 2El activity. In individuals who are 
regularly using alcohol, doses of acetaminophen near or even within the suggested 
therapeutic range may lead to liver injmy, especially if there is a coexistent decrease in 
intracellular glutathione. Cytochrome P450 2El is induced in patients regularly using 
alcohol, therefore potentially leading to more acetaminophen being metabolized to yield 
NAPQL In addition, the intracellular concentration of glutathione may be lowered in 
patients who regularly use alcohoL No clinical features specifically define these patients .. 
Suspicion, careful history, and determination of blood acetaminophen levels are required. 
As discussed early the susceptible of an individual to develop acetaminophen toxicity may 
in large measure relate to the ability to effectively adapt to the toxic intennediate and the 
decrease in GSH. 

IV. CLINICAL FEATURES OF DRUG-INDUCED LIVER 
DISEASE 

A few generalizations may be drawn regarding clinical and laboratory 
manifestations of liver i~jury from therapeutic drugs and envirorunental agents, especially 
those which cause hepatocellular i1~ury. There may be few, if any, clinical signs 
suggesting liver injury, even in a patient who has biochemical and histological evidence of 
considerable dan1age. Often symptoms are attributed to the disorder for which the drug is 
being given. Early symptoms sometimes associated with drug-induced injuries are usually 
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nonspecific and include loss of appetite, fatigue, lassitude, and occasionally a dull 
discomfort more prominent in the right upper quadrant of the abdomen. These are the same 
signs and symptoms found (or not found!) in patients who have chronic viral hepatitis or 
alcohol-induced liver disease. With a few drugs, there is the concomitant presence of fever, 
rash, or eosinophilia-the hallmarks of hypersensitivity reactions. 

With many drugs, the appearance of clinical jaw1dice in a patient with hepatic 
injury is an indication of an adverse prognosis, with a fatal outcome occurring in 
approximately 10%.3;

24
;
25 Therefore, jaundice appearing in a patient who has or might 

have a drug-induced liver disease is a cause for concern. 

Isoniazid (INH) 

A remarkable range of manifestations of hepatocellular ir~jury can be caused by 
isoniazid.3

:
23

;
26

:
27 Approximately 1 % of patients receiving INH develop clinically evident 

hepatic injury and some develop acute and occasionally overwhelming hepatitis. 10-20% 
of patients receiving lNH have some increase in aminotransferase levels with onset within 
the first several days to weeks after beginning administration of the agent, and the vast 
majority of these patients are asymptomatic. In most, there is a return to or toward normal 
(adaptation) despite continued use of INH. Several important susceptibility factors affect 
the likelihood of developing severe hepatic injmy. INH hepatitis is rare in patients below 
20 years of a~e, whereas patients older than 35 years have an incidence of liver disease of 
at least 1.5%. :23 Prodromal signs and symptoms are vague. If clinically apparent jaundice 
develops, there is an approximate 10% mortality_ 

There is general agreement that hepatotoxicity from INH results from the effects of 
an intermediary metabolite. TI1ere is evidence that genetic polymorphism of CYP 2E 1 may 
detennine in large measure susceptibility to isoniazid drug-induced hepatitis. Fmthermore, 
there are reports that show an increased susceptibility to isoniazid induced liver injury in 
patients who have tuberculosis and chronic hepatitis C.28 The specific toxin has not been 
definitely established but may well be a hydrazine derivative. Concomitant use of 
rifampicin appears to increase the likelihood of an adverse reaction. Continued use of INH 
after the appearance of even nonspecific symptoms is associated with a likelihood of 
developing severe liver i~jury.26 . Heightened awareness of the risk of isoniazid~induced 
liver injury and regular monitoring of aminotransferase levels in patients receiving 
isoniazid have proven effective in identifying evidence of hepatic injury at the time when 
withdrawal of the drug will lead to resolution .. 

V. NONSTEROIDAL ANTI-INFLAMMATORY DRUGS 
(NSAIDS) 

Clinically significant adverse reactions affecting the liver are fortunately rare with 
the NSAIDs presently in use.14

:
29 However, reactions of many types do occur and need to 

be recognized as drug-related. The spectwm of liver manifestations resulting from 
NSAIDs encompasses minimal abnormalities in biochemical tests in asymptomatic 
patients to acute hepatitis, cholestatic hepatitis, and, in rare instances, acute hepatic failure. 
Particular attention was directed to these drugs when benoxaprofen was removed from the 
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market following recognition of a progressive downhill course and death from hepatic and 
renal failure in a number of patients.3;3° Elderly females were especially vulnerable to 
develop severe injury. 

Bromfenac 

Bromfenac, a nonsteroidal anti~ inflammatory drug approved for short term (1 0 days 
or less) use in the management of pain, was withdrawn from the marketplace in 1998 
shortly after its release because of several instances of severe hepatocellular necrosis and 
acute liver failure re~uiring liver transplantation"31 Several deaths were attributed to the 
use of bromfenac,32

" 
4 Most patients in whom severe hepatic toxicity developed had 

received the drug for longer than the approved 1 0-day course. 

Sulindac 

Occasionally patients receiving sulindac present with evidence of acute liver 
mJury.35 Liver injury from sulindac appears within a few days to 6 weeks after therapy is 
initiated. Fever, rash, eosinophilia, and edema are frequently found in association with 
evidence of liver injury. Many of the patients have a predominantly cholestatic injury 
which is relatively mild. There have been a few deaths. The mechanism of sulindac-related 
injury is uncertain but likely results from an immune reaction to a metabolic product. 

Diclofenac 

The NSAID that has received particular scrutiny as regards hepatotoxicity is diclofenac .. 36 

Liver injury from this drug presents predominantly as hepatocellulm i~jury with several 
instances of severe hepatocellular necrosis and death" Females appear to be at increased 
rislc Onset of liver abnormalities most often appears within 3 months of begim1ing therapy, 
although in a few patients, a much longer presymptomatic interval has been noted. The role 
of prospective monitoring of biochemical tests in identifying early injmy, and thereby 
reducing the risk of developing severe injury, is uncertain. 

VI. SIGNALS OF HEPATOTOXICITY 

Therapeutic drugs that are likely to damage tl1e liver in many recipients at doses 
needed to elicit a response are usually identified during preapproval evaluation and 
discarded. The process of detetmining safety of a new agent extends over several years and 
observations are required in several thousands of patients before approval is granted. 
However, the rarer the event, the more likely a signal will be missed (Table 3). 

Dtui.ng preapproval testing, clinical and laboratory manifestations indicating actual 
or potential hepatotoxicity are recorded and evaluated. There are several levels of concern 
(Table 3 ). Signals indicating hepatotoxicity that may be seen in prerelease approval include 
the appearance of any instances of overt hepatocellular failure leading to death or liver 
transplantation, Even one such patient brings the proposed drug under great scrutiny and 
consideration as to whether development should continue. One level less severe is the 
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recognition of patients who have acute hepatitis with symptoms of malaise, anorexia, right-

Table 3 Signals Regarding Hepatotoxicity 
Major Development of acute liver failure 

Development of symptoms 
Onset of clinically apparent jaundice 
Appearance of ascites, encephalopathy. 
coagulopathy 

lntem1ediate ALT > 8x ULN 
ALI> 8x ULN 
ALI> 5x ULN 

Minor Any elevation of ALT (<3x ULN) in an 
asymptomatic patient 

upper-quadrant abdominal pain, and especially jaundice, Most of these patients survive 
although, as noted previously, clinical jaundice carries an ominous prognosis. The most 
difficult signals to interpret are elevated aminotransferase or alkaline phosphatase levels in 
patients who are asymptomatic .. As a general guideline, slight increases in ALI {<3x ULN) 
in asymptomatic patients who received a new agent, and in whom there were normal 
aminotransferase levels before beginning the drug, continue in the trials and followup 
evaluations determine if the events are transient and adaptation occurs. Patients who have 
elevations to >3x ULN to <8x ULN (and with some agents >3x ULN to <5x ULN), even 
when asymptomatic, are evaluated more extensively including immediate redetermination 
to note whether further increases are occurring. Many drug evaluation protocols have 
mandatory drug withdrawal if the aminotransferase level is >8x ULN (and in some 
instances >5x ULN) even in asymptomatic patients .. 

There ar·e several general observations regarding drug-induced liver disease that 
serve as guides: 

1. Clinical manifestations of drug-induced hepatotoxicity are in the main 
indistinguishable from those of liver disease caused by other etiologies. Therefore, the 
diagnosis is often (almost always) made after exclusion of other possible etiologies. 

2. The risk of drug-induced hepatocellular injury is greater than that of cholestatic injury 
at least in the short run. 

3. In patients who develop hepatocellular injury from a drug, the appearance of clinically 
apparent Hver disease, especially when associated with clinical jaw1dice, has a much 
less favorable prognosis than in patients who have acute viral hepatitis with an 
apparently similar degree of initial injury including the presence of clinical jaundice. 

4. Identification of a patient who develops acute hepatic failure leading to death, or the 
requirement for liver transplantation, will lead to considerable scrutiny and possible 
withdrawal of a drug .. In these situations there is at least serious consideration of 
institution of a monitoring schedule in an effort to detect injury at a time that 
withdrawal is likely to be effective in avoiding severe liver disease, Unfortunately, the 
value of monitoring systems in identifying patients who will develop acute liver failure 
has not been established. 

5. Histological evidence of injury, especially in patients who have hepatocellular injury, 
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is often more severe than is suggested by clinical signs or laboratory studies. 
6. Even large and extensive testing programs in which several thousand patients are 

evaluated may not detect an idiosyncratic event that occurs in the range of 1 in I 0,000 
to I in 100,000 individuals. Therefore, compilation of data in the first 1 or 2 
postrelease years, when many are exposed, may be necessary to identifY toxicity. 

7. A few drugs slip through the safety screens during preapproval evaluation and must be 
withdrawn based on unfavorable experience in the marketplace. 

8. Hepatic i~jury from a drug may have a somewhat specific signature as regards time of 
onset, type of injury, and propensity to develop severe disease (e.g., hepatocellular or 
chole~static manifestations). However, exceptions occur and illegible signatures are 
frequent.. 

9. In general, drugs that cause hepatocellular injury are more likely to produce serious, 
even life-threatening injury than are drugs that cause cholestatic injury. 

10. Some drugs (e.g., phenylbutazone) lead to two patterns of injury. 10 In those patients in 
whom granulomatous inflan1111ation is found, liver disease tends to be less severe than 
in those in whom hepatocellular injury in the absence of granulomas is found .. 1-4 

VII. ASSESSMENT OF POSSIBLE DRUG-INDUCED 
HEPATOTOXICITY 

It may be difficult or impossible to assess a drug's contribution to hepatic injury in 
a patient who has an underlying disease lmown also to produce liver injury.H;I3 There 
may be masking of the effects of the drug on the liver because of abnormalities associated 
with the underlying disease. Examples would include overlooldng drug-induced hepatic 
injury in patients who have chronic viml hepatitis or cirrhosis, or in those with HIV 
infection and acquired immune deficiency syndrome, a setting in which many drugs are 
used thereby presenting special difficulties.37

-4 
1 There are particular difficulties in 

determining a drug-induced cause of liver it~jury in patients (especially those who are 
older) who are receiving many agents . When herbal medications and vitamins are also 
considered, the numbers of medications taken by an individual can be remarkably large. 
Furthermore, the timing of stopping, restarting and substitution of drugs adds to the 
difficulty. An exan1ple of the complexities encountered is found in an older female over 
50 years of age who is receiving antihypertensives, drugs to control hyperlipidemia, drugs 
for diabetes, and medications for heart failure or asthma. In addition, decisions regarding 
attribution of an injury to a drug becomes difficult in patients who are receiving many 
drugs often prescribed by several physicians and herbals taken without the lmowledge of 
the physicians. J-3 In these situations the clinician often must make a judgment call and 
withdraw the drug (or drugs) suspected of causing an injury, and then observe whether the 
liver abnonnalities resolve. The need for more specific markers such as a characteristic 
genomic signature to incriminate an agent is apparent The dilen1111a is heightened when 
one or more of the suspected drugs is definitely required for a serious underlying illness. 

In some patients considerable liver damage may occur and progress without any 
clinical signs or symptoms in the early stages .. There are many examples of liver injury 
progressing subclinically until there has been dan1age tl:at is irreversible. Examples include 
progressive fibrosis and cirrhosis induced in some by prolonged use of methotrexate, and 
the hepatic failure that may develop in patients who have received amiodarone over 
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prolonged intervals.3 

Amiodarone 

Amiodarone, a benzofuran derivative used in the treatment of ventricular and atrial tachy
arrhythmias, is an established cause of hepatic injury and acquired phospholipidosis.?A244 

There are multiple side effects from an1iodarone including pulmonary, thyroid, corneal, 
renal, and neurological toxicities. Liver injury is well recognized. Amiodarone is a cationic 
an1phiphilic compound that accumulates in lysosomes. The drug and its major metabolite 
desethylamiodarone are stored in lysosomes within hepatocytes and bile duct epithelium, 
leading to phospholipidosis. Evidence of hepatic toxicity may appear within the first 
several months of beginning therapy with amiodarone or may become apparent after more 
than a year of treatment Manifestations of liver injury may be subtle and include anorexia 
and fatigue. Hepatomegaly is often present.. 

Types of liver injury associated with amiodarone in addition to phospholipidosis 
include acute liver failure, cholestatic hepatitis, steatohepatitis, and cirrhosis.44 Elevations 
in an1inotransferase levels are found in 15-50% of patients, usually in the range of 2-10 
times the upper limit of normaL Occasionally severe cholestasis occurs. Amiodarone
induced liver injury may closely simulate hepatic injury caused by alcohol with fibrosis, 
Mallory bodies, and active cirrhosis. The relation of the phospholipidosis which results 
from a drug-induced inhibition of lysosomal phospholipases to the hepatocellular injury is 
uncertain. 

An unfortunate feature of amiodarone-induced injury is that even upon recognition 
of the drug-induced liver injury and withdrawal of the drug, there may be continued 
dan1age for months caused by the release of accumulated active drug from lysosomal 
reservoirs:15 Some patients have died from decompensated liver disease. There ar·e no 
reliable ways to predict when hepatic toxicity from amiodarone is near a dangerous level 
and no way to accelerate removal of the drug from the lysosomal stores. 

VIII. RISK-BENEFIT CONSIDERATIONS 

With some drugs, the decision is made to accept the risk of hepatotoxicity to 
favorably treat a serious problem, especially if there are few, if any, alternatives. Such was 
the case with the drug tacrine used in the treatment of Alzheimer's disease.46 Even though 
half of all patients receiving tacrine exhibited increases in serum an1inotransferases, the 
possible benefits of the drug led to the decision to approve it albeit with a stringent 
monitoring schedule. 

Tacrine 

T acrine, a reversible cholinesterase inhibitor used in the treatment of Alzheimer's 
disease.46 Approximately 50% of approximately 2500 patients who received the drug 
during clinical trials had AL T elevations. Women were more likely to have elevations 
than were men. AL T levels greater than 3 times the upper limit of normal occurred in 25% 
and greater than 20 times the upper level of normal in 2%. Ninety percent of initial ALI 
elevations occurred within 12 weeks of beginning therapy.46 Elevations were noted after 
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12 weeks of therapy in only 10% of patients. Eosinophilia appeared to be associated with 
increased AL T levels, although fatigue, malaise, nausea, and vomiting did not occur more 
frequently in patients with elevated AL T levels compared to these manifestations in 
patients in the trials in whom ALI elevations did not occur. 

Through use of a monitoring program, patients who have considerable elevations in 
aminotransferase levels are identified and the drug withdrawn. P450 1A2 has a major role 
in tacrine metabolism and may produce a reactive intem1ediate.47 Fortunately, in most 
patients there is resolution of the abnormal elevations of aminotransferases within several 
weeks after drug withdrawaL However, at least one death has been suggested to have been 
the result oftacrine-induced liver injury.48 

Drugs that have established benefit yet show evidence of hepatic toxicity may 
remain on the market until either safer drugs that achieve the san1e benefit are developed, 
or the accumulation of evidence of severe hepatotoxicity leads to a decision to withdraw 
the agent. An example is troglitazone, which has been withdrawn because of hepatotoxicity 
and has been replaced by pioglitazone and rosiglitazone. 

Troglitazone 

Troglitazone, a thiazolidinedione agent which is a PPARy agonist effectively was 
shown to decrease hepatic glucose output and increase insulin-dependent glucose 
metabolism in skeletal muscle. However, the drug was withdrawn from clinical use 
because of hepatic toxicity.5

;
49 Several instances of acute liver failure leading to death or 

the need for liver transplantation occurred after the drug was approved in 1997 and was 
subsequently widely used .. In the prerelease clinical trials of troglitazone elevations in 
aminotransferase levels to > 3x ULN was fom1d in 1.9% of the patients as compared to an 
incidence of 0.6% in patients receiving placebo. However, it was noted that minimal 
elevations of ALI were more frequent in patients receiving placebo possibly the result of 
favorable effects of troglitazone on underlying non-alcoholic fatty liver diseases. Two 
treated patients became clinically jam1diced during the trial which in retrospect was the 
strongest signal of potential hepatic failure, ln many patients biochemical abnormalities 
seen during the trial returned to normal during continued drug treatment (adaptation) or 
following drug withdrawaL Troglitazone-induced hepatic injuries were predominantly 
hepatocellular. Several patients developed acute liver failure and died or required liver 
transplantation. 50

"
53 No fully supportable mechanism to explain troglitazone-induced liver 

injmy has been established. In 2000 it was decided to withdraw the drug from the market. 
Other drugs in the PPARy agonist fan1ily (pioglitazone and rosiglitazone) have been 
approved and have not shown hepatotoxicity similar to that found with troglitazone.. Two 
patients who presumably developed hepatic failure from rosiglitazone have been 
reported. 54

;55 

IX. DRUG-INDUCED CHRONIC HEPATITIS 

Several drugs cause chmnic hepatitis syndromes that may be indistinguishable 
from autoimmune hepatitis.56

"
59 It is most important to recognize the drug cause for the 

liver injury. Misdiagnosing those patients as having autoimmune hepatitis may lead to the 
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institution of corticosteroid therapy and continuation of the drug. The corticosteroids may 
blunt the manifestations of the injury while continued drug use leads to further damage. 
Generally drugs that cause chronic hepatitis are taken for prolonged intervals and the 
extent of the injury correlates to some extent with the duration of therapy. It is uncertain 
whether the chronic hepatitis results from continued ongoing acute injury from the drug 
administered over a prolonged interval or whether the drug unmasks an injury in a 
genetically susceptible patient 

The liver injwy produced by some drugs including minocycline, nitrofurantoin, and 
methyldopa clinically and serologically closely mimics autoimmune hepatitis type I. Most 
of the reported cases have been in women. Most have increased serwn globulin levels, and 
display the presence of autoantibodies, especially increased tilers of serum antinuclear 
antibodies .. The clinical onset of illness may be as an acute hepatitis in a patient in whom 
liver biopsy changes suggesting long~standing disease are found (an acute on chronic 
pattern). Or the illness may develop as insidious progressive hepatic failure in a patient 
who has hepatosplenomegaly and evidence of portal hypertension or ascites. On liver 
biopsy chronic inflammation including plasma cells is often found. 

Minocycline 

Minocycline, a tetracycline derivative used in the long-tem1 treatment of acne, has been 
reported to cause several types of liver damage including acute hepatitis, often with 
features of hy£ersensitivity and rarely acute liver failure, Occasional cholestatic features 
predominate.6 

"
65 A cluunic hepatitis syndrome with features simulating autoimmune 

hepatitis has been reported. Furthem10re, minocycline has been implicated in causing a 
drug-induced lupus syndrome.60

:
64 

Although most patients who have minocycline-induced liver disease have been 
women, both sexes have been affected. Some patients have reported joint and muscle aches 
and pains as well as muscle stiffuess. Hyperglobulinemia and the presence of ANA and 
anti-DNA antibodies have been reported. 

Nitrofurantoin 

Several types of liver injmy, including acute hepatitis, cholestatic hepatiti~, and 
chronic hepatitis, have been attributed to adverse reactions to nitrofurantoin. 1

•
3
:J

9
:
66

"
68 

Nitrofurantoin-induced chronic hepatitis has occurred almost exclusively in women who 
are middle-aged or older, and the most usual presentation is the insidious development of 
liver damage. Many have received nitrofurantoin for urinary antisepsis for longer than 6 
months. Ascites, hypoalbuminemia, and hyperglobulinemia have been prominent features. 
Liver biopsy shows cluonic hepatitis with bridging necrosis and occasionally cirrhosis. 
The hepatic manifestations of nitrofurantoin-induced injury often improves following 
withdrawal of the drug. Some patients have died of progressive liver failure even 
following drug withdrawaL 

Oxyphenisatin 

The first agent recognized as causing drug-induced clu·onic hepatitis was 
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oxyphenisatin, a former component of several laxatives, which led to chronic hepatitis, 
cirrhosis, and liver failure-especially in older women who had received prolonged 
exposure.69 The clinical resemblance of oxyphenisatin-induced liver injury to the 
progressive liver disease of autoimmune hepatitis was often so close that many of these 
patients were treated with corticosteroids while continuing the drug. Once the drug 
relationship was noted and the agent withdrawn, resolution of at least the acute ongoing 
component of the injury occurred, although some patients were left with considerable 
damage. A quite similar chronic hepatitis syndrome occurred in patients receivin~ long
term treatment with the once widely used antihypertensive medication methy1dopa.7 

Two drugs, dihydralazine and tienilic acid, have been implicated as the cause of 
chronic hepatitis resembling autoinmmne hepatitis, in which there is evidence of fom1ation 
of antibodies against components of the cytochrome P450 system. 58 

Tienilic Acid 

Tienilic acid was transiently on the market as a uricosuric diuretic and was 
withdrawn following recognition of hepatotoxicity.3

;
71 Laboratory and clinical 

manifestations of liver disease caused by this drug, as well as by dihydralazine, are quite 
similar to those found in autoimmune hepatitis type L Of additional interest is the 
observation that patients who developed liver i~jury from tienilic acid often had extensive 
hepatic injury in a setting in which there was development of anti-LKM2 antibodies. These 
antibodies were targeted against the cytochrome CYP 2C9, the enzyme that catalyzes the 
hydroxylation of tienilic acid, therefore establishing that a drug can induce production of 
an autoantibody. Several of these patients had histological findings compatible with those 
four1d in classic chronic hepatitis. 

Dihydralazine 

In dihydralazine-induced hepatitis, the predominant autoantibody is directed 
against CYP 1 A2, which is a liver microsomal protein. 58 Several patients receiving 
dihydralazine manifested featmes of chronic hepatitis, 

X. MECHANISMS OF INJURY: EFFECTS ON CLINICAL AND 
J> ATHOLOGICAL MANIFESTATIONS 

For some drugs there is evidence that genetically controlled pathways of 
metabolism play important roles in detennining which individuals are likely to have an 
adverse reaction affecting the liver. 1

·.3;l
3

;
16

;
17 Undoubtedly in the future, identification of 

genetic control of susceptibility factors will become even more important and usefuL A 
well-studied example of genetic susceptibility to hepatic injury is iu the oxidative 
polymorphism of debrisoquine-4-hydroxylase, an enzyme important in the metabolism of 
several drugs. 1

"
3 Individuals who have genetically determined impairment of 

debrisoquine-4-hydroxylase (up to 1 0% of the population) are at increased risk of 
developing an adverse reaction due to increased blood levels if exposed to a group of drugs 
that me metabolized by the enzyme, such as propranolol, quinidine, and desipramine, and 
are at increased risk of hepatic injury from perhexiline maleate, due to increased 
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accumulation of the parent drug. 

Diphenylhydantoin 

An additional interesting story with genetic implications is that of adverse hepatic 
reactions that occur in patients receiving diphenylhydantoin. The hepatic injury that 
occasionally develops in these patients may be severe, with intense liver necrosis often 
occurring as part of a syndrome that includes fever, exfoliative dermatitis, and eosinophilia 
(Stevens-Jolmson syndrome).72

;
73 The onset of evidence of an adverse reaction is usually 

within 4 weeks of beginning the drug. Up to half of the affected patients who develop the 
full syndrome died. Many features of diphenylhydantoin injmy suggest important roles for 
immunolo.gical (hypersensitivity) reactions. However, it has been established that many of 
the patients have a genetically determined defect in detoxification, the nature of which is 
not certain. 74 
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