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RUG-INDUCED LIVER INJURY IS AN UNCOMMON BUT CHALLENGING
clinical problem with respect to both diagnosis and management.'? Its
incidence is estimated to be 14 to 19 cases per 100,000 persons, with

4> Drug-induced liver injury is responsible for
3 to 5% of hospital admissions for jaundice® and is the i,i

i in most Western countries, accounting for more than

cases.”® Advances have been made in our understanding of viral, autoimmune, and
genetic liver diseases, as well as approaches to their prevention and treatment, but
progress on these fronts has been modest in the case of drui-induced liver injury.

The of drug-induced liver injury is particularly since it is
based largely on of other causes. The timing of the onset of injury after
the implic

ated agent has been started resolution after the agent is
stopped (‘ﬂ’), recurrence on knowled e of
the agent’s potential for hepatotoxicity
are the major diagnostic elements.”™ With few exceptions, there are
- markers for drug-induced liver injury, and special tests (liver
biopsy, imaging, and testing for serologic markers) are helpful mostly in ruling
out other causes of liver injury. The that can cause liver
injury highlights these challenges. the National Institutes of Health—
sponsored on hepatotoxicity, has descriptions of more than 1200 agents
(prescription and over-the-counter medications, herbal products, nutritional sup-
plements, metals, and toxins), along with their potential to cause liver injury.'
Among the 971 prescription drugs described, 447 (46%) have been implicated in
causing liver injury in at least one published case report.** This brief review cannot
cover all aspects of drug-induced liver injury but focuses on general principles,
newer concepts, and current challenges, with frequent references to the LiverTox
website for further detail.

TYPES OF DRUG-INDUCED LIVER INJURY

Drug-induced liver injury is typically classified as either or-1 but
ﬁinjury is emerging as a type (Table 1). hepatotoxicity is caused
by agents that are to the liver. The injury is common,

models.! The period is

usually with an onset within after high therapeutic or
supratherapeutic doses, as in the case of an intentional or accidentalﬁ

hepatotoxicity is caused by agents that have or no intrinsic
i ically after 1 in 2000 to 1 in

models. Idiosyncratic liver injury is categorized as
-) on the basis of thi calculated by
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DRUG-INDUCED LIVER INJURY

Table 1. Drug-Induced Liver Injury According to-*

Variable - Hepatotoxicity
Frequency Common
Dose-related Yes
Predictable Yes
Reproducible in animal Yes

models
Latency (time to onset) Typically rapid (days)

Phenotypes Acute hepatic necrosis, serum

obstruction, acute fatty liver,
nodular regeneration

High doses o
niacin, aspirin, cocaine, IV

Most commonly impli-
cated agents

cancer chemotherapy

Cause Intrinsic hepatotoxicity when

agent given in high doses

enzyme elevations, sinusoidal

amiodarone, |V methotrexate,

_ Hepatotoxicity - Hepatotoxicity

Rare Intermediate

No No

No Partially

No Not usually
Variable _ Delayed (months)

hepatitis,
or hepatitis,
bland cholestasis, chronic
hepatitis

Acute hepatitis, immune-mediated
hepatitis, fatty liver, chronic
hepatitis

Acute

Antineoplastic agents, glucocorticoids,

monoclonal antibodies (against tumor
necrosis factor, CD20,

proteins), protein kinase inhibitors

cephalo-
sporins, isoniazid, nitrofuran-

toin, minocycline, fluoroquino-
lones, antibiotics

Idiosyncratic metabolic or immu-
nologic reaction

Indirect action of agent on liver or
immune system

* |V denotes intravenous.

dividing th

from the time of initial
resentation, with both values expressed a
of the range.’
is defined as an R value of
injury as a value of’
injury as a value of
hepatotoxicity is caused by the
of the drug (what it does) rather than by its
- or_ properties (what it is). In-
direct injury can represent induction of a new
liver condition or an exacerbation of a preexist-
ing condition, such as induction of immune-
mediated hepatitis or worsening of hepatitis B
or C or fatty liver disease.

MAJOR PHENOTYPES

The three types of drug-induced liver injury are
manifested by distinctly different patterns of
clinical features (phenotypes)'? (Table 2).

Serum con-
stitute the most pattern of]| drug-
induced liver injury, with elevations of alanine

aminotransferase or alkaline phosphatase levels
buc WiEHOUE HypELBHIEUbIReRIA <nd wich mini-
mal or no symptoms.>!* The elevations
when the drug is or the dose is lowered

but can also resolve spontaneously, a phenome-
non referred to as adaptation.* In some cases,

adaptation does not occur, and enzyme eleva-
tions worsen and jaundice and symptoms arise.
The mechanism or mechanisms underlying adap-
tation are unknown but may result from changes
in drug-metabolizing enzyme activity, up-regu-
lation of hepatoprotective pathways, or down-
regulation of hypersensitivity reactions to the

drug or its metabolites.

form of clinically apparent hepatotoxicity.
The injury occurs abruptly, soon after the medi-
cation has been started, often after exposure to
a single high dose or a dose increase (Fig. 1A).
Serum ﬁ levels rise to

values, whereas levels
elevated. In severe cases, signs of

are

hepatic failure such as coagulopathy, hyperam-
monemia, or coma arise within days.”* Liver
histologic studies show

or panlobu-
a pattern
the major
diagnosis. Acute he-

disorder in the
atic necrosis can be
i and serum almost

as they rose. High doses of
niacin, _ and many

agents can cause acute hepatic

and other environmental toxins can cause a
similar syndrome jof acute
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Typical Agents Comments

Acetaminophen, aspirin, Often due to overdose

niacin, “Ecstasy”

Many agents Usually transient and

asymptomatic

Isoniazid, diclofenac High death rate

Amoxicillin—clavulanate, ce- Pruritus, early and prom-

Table 2. Phenotypes of Drug-Induced Liver Injury.*
Type of Liver
Phenotype Injury Latency Enzyme Pattern
Acute hepatic necrosis Direct Days Marked, abrupt ALT eleva-
tions; mild Alk P and
bilirubin elevations
Enzyme elevations Direct Days to Mild-to-moderate ALT or
months Alk P elevations
Acute hepatitis Idiosyncratic, Days to High ALT elevations, mod-
indirect months est Alk P elevations
Cholestatic hepatitis Idiosyncratic Weeksto  High Alk P elevations,
months modest ALT elevations
Mixed hepatitis Idiosyncratic Days to Moderate ALT and Alk P
months elevations
Chronic hepatitis Idiosyncratic, Monthsto  Moderate ALT elevations
indirect years with bilirubin elevations
Bland cholestasis Unknown, Months Moderate ALT elevations,
possibly idio- mild Alk P elevations
syncratic
Acute fatty liver, lactic Direct Days to Lactic acidosis, modest
acidosis, and months ALT elevations, hepatic
hepatic failure failure
Nonalcoholic fatty liver  Indirect, direct Months Mild ALT and Alk P eleva-
tions
Sinusoidal obstruction Direct Weeks Variable enzyme elevations
syndrome
Nodular regenerative Direct Years Minimal ALT and Alk P
hyperplasia elevations

fazolin inent

TMP-SMZ, phenytoin  Usually benign, self-

limited

Diclofenac, nitrofurantoin,
minocycline

Insidious onset; may re-
quire glucocorticoids

Anabolic steroids, estro-
gens

Pruritus, prominent and
prolonged

Stavudine, linezolid, aspirin Mitochondrial failure,
(Reye’s syndrome) pancreatitis

Glucocorticoids, tamoxifen, Asymptomatic; fatty liver
haloperidol seen on ultrasound

Cancer agents, busulfan,
gemtuzumab

Hepatomegaly, weight
gain, edema, ascites

Thioguanine, azathioprine,
oxaliplatin

Noncirrhotic portal
hypertension

%

* The phenotypes are listed very generally in order of frequency; there is some overlap between idiosyncratic and indirect forms of injury. Alk

P denotes alkaline phosphatase, ALT alanine aminotransferase, and TMP-SMZ trimethoprim—sulfamethoxazole.

266

Sinusoidal obstruction syndrome, previously
known as veno-occlusive disease, is due to acute
injury and loss of intrasinusoidal endothelial
cells, resulting in obstruction of sinusoidal
blood flow and liver injury.*»** Drugs are the
usual cause, the most common being myeloabla-
tive agents administered in preparation for hema-
topoietic cell transplantation. Symptoms of ab-
dominal pain, increase in liver size, and weight
gain, followed by jaundice, appear 1 to 3 weeks
after exposure and may progress rapidly to he-
patic failure. Liver histologic studies show dila-
tation of sinusoids and extravasation of red cells,
with hepatocyte necrosis in central areas (zone 3).2
Drugs that cause sinusoidal obstruction syn-
drome include alkylating agents such as busul-
fan or cyclophosphamide and monoclonal anti-
body—cytotoxic conjugates such as gemtuzumab
ozogamicin.”® The syndrome can also be caused
by botanicals (pyrrolizidine alkaloids).! Defibro-
tide, an antithrombotic agent, has recently been
approved as therapy for severe sinusoidal ob-

N ENGL J MED 381;3
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struction syndrome with organ failure, but its
use is controversial.**

Nodular regenerative hyperplasia is usually
manifested as unexplained, noncirrhotic portal
hypertension with esophageal varices or ascites.
Nodular regeneration can be caused by cancer
chemotherapeutic agents given over a long period
or in multiple courses (azathioprine, mercapto-
purine, or thioguanine)® or by first-generation
nucleoside antiretroviral agents (zidovudine, stavu-
dine, or didanosine).?® Nodular regenerative hyper-
plasia with resultant portal hypertension has
also been linked to oxaliplatin infusions for meta-
static colon cancer.” The pathogenesis of nodu-
lar regeneration is unclear, but it may be the
result of chronic injury to the hepatic microvas-
culature. Management should include withdrawal
of the medication (and avoidance of similar
agents) and treatment of portal hypertension.

Lactic acidosis with microvesicular steatosis
and hepatic dysfunction typically occurs with
nonspecific symptoms of abdominal discomfort,
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the likelihood that they cause injury. The multi-
ple types and phenotypes of injury vary accord-
ing to the agent, presenting a diagnostic chal-
lenge. Recognizing phenotypes of drug-induced
liver injury is helpful in establishing the diagno-
sis, identifying the responsible agent, and pro-
viding insights into pathogenesis. A better under-
standing of the pathogenesis of drug-induced

reported.

vice and insights.

liver injury should allow for better diagnostics
and, ultimately, improved approaches to preven-
tion and treatment.
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