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ABSTRACT

Tn addition to the usual associations with insulin resistance, type 2 diabetes, cen-
tral obesity; and hypertriglyceridemia, nonalcoholic steatohepatitis (NASH) has been as-
sociated with several drugs and toxins. However, drug-induced liver disease is a relatively
uncommon cause of steatohepatitis. The term drug-induced steatohepatitis is preferred
when the association appears to result from a direct toxic effect of the drug on the liver.
For some agents implicated as causing cirrhosis or fatty liver disorders, the association
may be coincidental because NASH is a common component of the insulin resistance (or
metabolic) syndrome. In other instances, corticosteroids, tamoxifen, and estrogens may
precipitate NASH in predisposed persons by exacerbating insulin resistance, central obe-
sity, diabetes, and hypertriglyceridemia, and methotrexate may worsen hepatic fibrosis in
NASH. Drug-induced steatohepatitis is associated with prolonged therapy (more than 6

" months) and possibly drug accumulation, which in the case of perhexiline maleate is fa-
vored by a genetic polymorphism of CYP2D6 that lcads to slow perhexiline oxidation.
The toxic mechanism appears to involve mitochondrial injury, which causes steatosis be-
cause of impaired B-oxidation of fatty acids, and leads to generation of reactive oxygen
species and ATP depletion. Thus, drug-induced steatohepatitis may provide clues to inju-
rious events in the more common metabolic forms of NASH. ‘A clinical feature of some
types of drug-induced steatohepatitis is progression after discontinuation of the causative
agent. It follows that early recognition of hepatotoxicity is crucial to prevent the develop-
ment of severer forms of liver disease and improve the clinical outcome.
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Objectives: Upon completion of this article, the reader should (1) be familiar with the drugs associated with steatohepatitis; (2) un-
derstand the pathophysiologic basis for those associations, including possible etiopathogenic mechanisms; and (3} appreciate the
standard of care required for early recognition of drug-induced steatohepatitis 10 avert poor clinical outcomes.
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DEFINITION OF NASH AND IMPORTANCE
OF DRUG-INDUCED STEATOHEPATITIS
Ludwig introduced the term nonalcoholic steatohepati-
tis (NASH) to describe a form of liver disease that is
histologically indistinguishable from alcoholic hepatitis
but occurs in people who do not consume excess etha-
nol.! Tt is now clear that the spectrum of nonalcoholic
fatty liver disorders (NAFL) extends from bland steato-
sis, which is nonprogressive, through stcatohepatms

(NASH) to forms of “ cryptogcmc cirrhosis in which .

steatosis may be inconspicuous.?7 To reflect this, NASH

is now conceptualized as encompassing at least three -

components among the tetrad of steatosis, hepatocellu-
lar injury, focal mixed cell-type inflammation, and fi-

brosis.? However, there is not yet complete agrecment
on the semantics (NAFL versus NASH) or definition
of what constitutes steatohepatitis in the broad spec-
trum of fatty liver disorders. The recommended criteria
of Brunt'will be adopted here,” as recently reviewed in
Seminars.8 This pathological definition of NASH re-
quires steatosis, significant hepatocellular injury (most

. often indicated by ballooning dcgeneration), diffuse

mixed lobular inflammation, and perisinusoidal and
perivenular fibrosis.

Drug-induced liver diseases (DILDs) are clinico-
pathologlc patterns of livér injury caused by drugs or
other foreign' compounds.”™1? Steatohepatitis is a rare
form of DILD,113 and drugs account for fewer than 2%
of cases of NASH. In order to implicate medications or
toxins as causes of steatohepatitis, there should be a
close relationship with drug ingestion, including absence
of liver test abnormalities before drug ingestion and

" their resolution after discontinuing the agent. Ideally, re-

currence of test abnormalities after reintroduction of the
drug (rechallenge) will have been demonstrated, and

_ there should be a biological basis for hepatotoxicity. It is

noteworthy that drugs that cause steatohepatitis are
often associated with other types of Tiver i injury, pa.rueu-
larly acute hepatitis with a shorter latent period to onset.

On the other hand, many of the reported associations’

between drugs and NASH are problematic because of
the tenuous temporal relationships, lack of rechallenge
data, and high prevalence of NASH in the population

for which the drug was prescnbed In particular, some

agents implicated as causing cirrhosis or other forms of -

NAFL in obese middle-aged diabetic women (methyl-
dopa, calcium channel blockers, estrogens, methotrex-
ate) may be fortuitous coassociations with “primary”
NASH, which most often occurs among persons with
the insulin resistance or metabolic syndrome.78.14-19
Another possibility, as with tamoxifen and meth-
otrexate, is that drugs can precipitate or exacerbate
underlying NASH by accentuating the predisposing
metabolic factors, including insulin resistance, lipid dis-
orders, or activation of stellate cells and other profibro-
genic mechanisms. This proposal is still conjectural, but
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it is worthy of investigation for both its practical ¢lini-
cal significance and what it may reveal about the patho-
genesis of the much more common “metabolic” forms

of NASH.

PATHOLOGY OF DRUG-INDUCED
STEATOHEPATITIS

The association between drugs and a form of chronic
liver disease that resembled alcoholic stcatohepatms was
first recognized in Japan in 1973 for the vasodilator and
antianginal agent Coralgil (4,4'-diethylaminoethoxy-
hexestrol).121920 Réports from Europe then observed
that perhexiliné maleate was implicated in causing a

spectrum of fiver disease that included alcoholic hepati-

tis-like lesions with Mallory bodies and cirrhosis.2-3
This experience extended the conceptual base of steato-

: hepatms beyond alcoholic liver disease (note that Lud-
- wig’s seminal paper on metabolic NASH appeared in
11979). -
In general, drug-induced steatohepatitis resem-

bles alcoholic liver disease more closely than NASH as-
sociated with diabetes and the insulin resistance syn-
drome. Thus, cirrhosis and hepatic failure are common,

* and. the liver pathology shows impressive polymor-

phonuclear leukocyte (polymorph) infiltration, balloon-
ing degeneration of hepatocytes, and Mallory bodies
(Fig. 1). Progression of fibrosis to cirrhosis can occur
over weeks or months in drug-induced steatohepatitis,
whereas it may take decades and most often never oc-
curs in patients with NASH.

 Mpyeloid bodies are a characteristic ultrastruc-
tural feature of drug-induced stcatohcpautxs (Fig. 2).

" These are derived from enlarged lysosomes stuffed

with whorled membranous ‘material that resembles the
myelin sheath of nerves. Myeloid bodies have been as-
cribed to phospholipidosis, which animal studies show
is a dose-dependent phenomenon attributable to the

physmochemxcal propertxes of cationic amphxphnhc'
drugs.* These properties favor accumulation of the -

drug in lipid membranes and proton-rich organelles, in-

cluding lysosomes and mitochondria. Drugs associated -

with phospholipidosis may inhibit lysosomal phospho-
lipases-directly or by binding to phospholipids, thereby
inhibitng the turnover of lipid bilayers.2s The relation-

ship of the storage disorder phospholipidosis to the

development of steatohepatitis is not clear.? Phospho-
lipidosis does not seem to lead to NASH directly, and

many drugs associated with this ultrastructural phe-

nomenon never seem to cause steatohepatitis-(Table 1).

In other respects, the hepatic lesions of drug-
induced steatohepatitis are similar or identical to those
of alcoholic steatohepatitis or NASH. With perhexi-
line, Coralgil, and amiodarone, focal necrosis, Mallory
bodies, mixed cellular inflammation with numerous
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polymorphs, perisinusoidal fibrosis, and cirrhosis may
be striking. The pathology of steatohepatitis reported in
association with nifedipine, diltiazem, tamoxifen, estro-
gens, and corticosteroids appears to resemble more
closely cases of NASH occurring with the insulin resis-
tance syndrome, but definitive histologic studies are
]ackj‘ng.zo,z(,-:i-l '

PATHOGENESIS

The several reasons for associations between drugs and
steatohepatitis are summarized in Table' 2. The first
possibility is that the association is spurious;.that is, a

. person with NASH happens to be taking the drug for

conditions associated with the insulin resistance syn-

* drome, such as hypertension or other cardiovascular dis-
- orders. The second is that the drug may precipitate or

accentuate risk factors for NASH, such as central obe-
sity, diabetes, and hypertriglyceridemia. A third alterna-
tive is that occult alcoholism may involved; this has
been suspected in some reported associations between
industrial solvents and hepatotoxicity.1%

The final possibility is that some drugs actually
cause steatohepatitis by a direct hepatotoxic mechanism.
This seems to be the case for perhexiline. maleate,
Coralgil, amiodarone, and possibly tamoxifen. Perhexi-

line maleate—induced liver disease occurred principally

in persons who had the debrisoquine slow metabolizer

. phenotype,?® which results from a genetic polymor-
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Figure 1 Perhexiline maleate-induced
hepatitis. (A} The biopsy shows moder-
-ately severe hepatitis with focal necro-
sis, prominent polymorph infiltrate, and
Mallory ‘bodies (arrows) (H & E, original
magnification X 600). (B) Pericsllular fi-
brosis. Mallory bodlies are clearly evident
in several enlarged, hydropic liver cells
{Sirius red, original magnification X 600}.
(C) Low-power view of the same biopsy
specimen indicates evolving cirrhosis
: (H & E, original magnification X 360}.

phism or mutation of the cytochrome P450 (CYP)
gene, CYP2D6. CYP2D6 is centrally involved in per-
hexiline metabolism. Together with the evidence of par-
tial Bose dependence,!? this implicates accumulation of
the drug in the pathogenesis of steatohepatitis. French
investigators have shown that perhexiline, amiodarone,
and tamoxifen can accumulate in mitochondria and in-
hibit mitochondrial B-oxidation, thereby causing ste-
atosis.3-3® They also inhibit oxidative phosphoryla-
tion,*3 and in the longer term this could be relevant to
the pathogenesis of liver injury by favoring electron

leakage with - production of reactive oxygen species

(ROS) causing lipid- peroxidation as well as decreasing
cellular ATP levels. Thus, drug-induced steatohepatitis
may be a paradigm for injurious events in the more
common metabolic forms of NASH, in which ROS
production, oxidative stress, and mitochondrial injury
appear to operate as part of the pathogenesis of liver in-
jury in a preexisting fatty liver.16,18.19.40-42

Other studies implicate peroxisome proliferator--

activated receptors (PPARs) "as leading to NASH.#
PPARa is a transcription factor that governs both mi-
crosomal (via ‘CYP4A) and peroxisomal (B-oxidation)
pathways of lipid oxidation and ultimately production of
ROS. Increased lipid peroxidation is a crucial difference
between the livers of rodents with experimental steato-
hepatitis and those of o#/0b genetically obese (leptin-
deficient) mice that have uncomplicated steatosis.*?
PPARY also plays a regulatory role in lipid homeostasis
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Figure 2 Phosphohpldosns in a person taking amlodarone Electron mlcrograph of portion of hepatocyte showing "myeloid bodies”
as roughly concentric arrays of closely packed membranous whorls {original magnification X 4900).

and is up-regulated in livers of obese and diabetic mice.™
Thiazolidinediones (troglitazone, rosiglitazone), which
reverse insulin resistance and correct hyperglycemia and
hyperlipemia in type 2 diabetes, also bind to and acti-
vate this receptor. In mice with obesity-associated up-
regulation of hepatic PPAR, thiazolidinediones pro-
duced severe periacinar microvesicular steatosis, indicative
of mitochondrial injury.* It therefore seems possible that
type 2 diabetes may sensitize the liver to PPARy-activat-
ing drugs, but further studies are requlred to establish
whether the important hepatotoxicity associated with this
group of drugs includes steatohepatitis or overlaps mecha-
nistically with the production of steatchepatitis.

CLINICOPATHOLOGICAL FEATURES AND
COURSE WITH SPECIFIC AGENTS

The drugs reported to be associated with steatohepatitis
are listed in Table 1.

Perhexiline Maleate

Perhexiline maleate was used extensively in Europe to
treat angina pectoris but has now been withdrawn: He-
patic ‘side effects were found in up to one third of
cases.}11222 They included phospholipidosis, hepatocel-
Iular hyperplasia, granulomatous hepatitis, steatohepati-

_ tis, and micronodular cirrhosis. In cases of steatohepati-
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tis, Mallory bodies and pericellular fibrosis were promi-
nent. Perhexiline-associated steatohepatitis was often
severe, and complications such as portal hypertension
led to death in more than 50% of cases.111222
Perhexiline hepatotoxxcxtv was partly related to
the total dose of perhexiline. However, people who me-
tabolize perhexiline slowly because of genetic polymor-A
phism in CYP2D6 may have been particularly suscepti-
ble.23 Further, in cases of steatohepatitis caused by
perhexiline maleate, liver injury sometimes progressed

after drug withdrawal.22 This may reflect the long tissue

residence times rather than autopropagative mecha-
nisms of steatohepatitis, but it could also be a manifes-
tation of mitochondrial injury; slow recovery or failure

to recover has been better- documented for nucleoside -

reverse transcriptase inhibitors (NRTIs), such as fialuri-
dine and drugs used in highly active antiretroviral ther-
apy (HAART).%~48 Experimental studies of the role of
mitochondrial injury in liver disease caused by perhexi-
line and amiodarone (see the following) have been de-
scribed by Fromenty, Pessayre, and colleagues.3¢-38

Amiodarone

Amiodaronc is an iodinated benzofuran derivative used
for therapy-resistant ventricular tachyarrhythmias. How-
ever, in 25% of patients therapy must be discontinued
because of adverse effects. These include pulmonary in-
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Teble 1 Drugs Reported to Be Associated
with Phospholipidosis

Phospholipidoesis and steatohepatitis
Amiodarone

Perhexiline maleate

4,4'- Dlethytamlnoethoxyhexestrol (Coralgxl)
Chloroguine

Nifedipine

Tamoxifen

Dikiazem

Verapamil
Phospholipidosis alone*
Chlorphentermine ’
Fenfiuramine

Triparano!

Azacosterol

Amitriptyline

lmipramihe
Chlorpromazine
Thioridazine

Chiorcyclizine
Tripelennamine
Amantadine

Propranolol

Oral contraceptive steroids
Co-trimaxazole

*Observations are in expenmental animals, except for chlorpro-
mazine and co-trimoxazole.
Data from references 11, 24, 25, and 55.

filtrates, worsening cardiac failure, hypothyroidism, pe-
ripheral neuropathy, ncphrotoxxcﬁy and corneal de-
posits, but liver disease is one of the most serious.#-52
Abnormal liver tests are noted in 15% to 80% of pa-
tients trcated with amiodarone, and clinically signifi-
cant liver disease has been noted in 0.6% to.3%.1153 The
spectrum of hepatic disorders includes rare cases of
acute liver failure due to severe hepatitis or a Reye’s syn-
drome-like illness, cholestatic hepatitis, and granulo-
mas. 49505359 Several cases of amiodarone-induced liver
disease have been proved by rechallenge.®5° Amio-
darone is the drug most commonly implicntcd as caus-
-ing steatohepatitist?S3-55; cirrhosis is present in 15% to
50% of such cases.557 A feature that differs from most
other types of DILD is that progression of amiodarone

" steatohepatitis may occur despite discontinuation of the

drug, 5359

Amiodarone is highly concentrated in the Tiver.
Thus; after a few weeks of treatment, the drug accounts
for as much as 1% of the wet weight of the liver, and be-
cause the iodine content absorbs radiation, the liver ap-
pears opaque on computed tomography (CT).% This
unusual radiologic appearance is of no clinical signifi-
cance. However, opacification of the liver is always
found in those with amiodarone-induced liver disease,
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indicating that hepatic storage of the drug is a prerequi-
site for steatohepatitis. Hepatic storage of amiodarone
also produces phopholipidosis.2* In animals fed amio-
darone, development of phospholipidosis is time and
dose dependent? and may result from the direct inhibi-

_tion of phospholipase or from the formation of non-

degradable drug-phospholipid complexes. It appeurs to
have no relationship to hepatocyte injury and steato-
hepatitis. However, amiodarone is concentrated in mi-
tochondria by virtue of its physicochemical properties
and may interrupt mitochondrial electron transport.36-38
Thus, in rats and mice, treatment with amiodarone
produced microvesicular steatosis, augmented mito-
chondrial production of ROS, and caused lipid peroxi-
dation.3¢-38 In laboratory studies of hepatocytes and
mitochondrial subcellular fractions, amiodarone (as well
as perhexiline and 4,4'-dicthylaminoethoxyhexestrol)

inhibited carnitine palmitoyltransferase 1 and acyl-

coenzyme A deliydrogenase, decreased B-oxidation, and
inhibited mitochondrial respiration.6-38

The risk of amiodarone-induced steatohepatitis is
related to' the duration of exposure; the mean is 21
months, and nearly all affected persons have taken amio-
darone for more than 1 year. There is no clear relation-

ship to the incremental dose, but there is a possible rela-

tionship to the total dose, 586! and the frequency of other
toxic effects of amiodarone (most are thought to be dose
dependent) is increased in patients with liver disease.®!
Patients’ complaints include fatigue, nausea and vomit-

. ing, malaise, weight loss, and abdominal swelling as a

result of ascites. Features of drug hypersensitivity, such
as fever, rash, and cosinophilia, arc not conspicuous.>
Hepatomegaly, jaundice, bruising, and other features of
chronic liver disease may be present. The mortality is
high, partly because of continued progression of liver dis-
ease after discontinuation of amiodarone.5!566!

Liver test abnormalities include raised amino-
transferases, most often to at least five times the upper
limit of normal, and minor increases in alkaline phos-
phntase The ratio of agpartate transaminase (AST) to
alanine transaminase (ALT) is close to unity, a change
different from that in alcoholic hepatitis. ‘'In severe

cases, hyperbilirubinemia, low serum albumin levels,

and prolongation of the prothrombin time indicate liver
failure. The histologic changes include phospholipido-
sis, steatosis, focal necrosis with Mallory’s hyaline, infil-
tration with polymorphs, pericellular fibrosis, and often
cirrhosis.5562 In some cases, there is markedly granular

“cytoplasm,? but ultrastructural studies of mitochon-

drial damage that could explain this finding are lacking.

Although serial liver tests are recommended in
those taking amiodarone,! it is not known whether this
will prevent significant hepatotoxicity. The possibility
that DILD may be the cause of abnormal liver tests in a
person taking amiodarone poses some dilemmas. First,
there arc often other potential causes—cardiac failure,
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