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PRACTICE GUIDELINES

ACG Clinical Guideline: The Diagnosis and
Management of Idiosyncratic Drug-Induced Liver Injury

Naga P. Chalasani, MD, FACG', Paul H. Hayashi, MD? Herbert L. Bonkovsky, MD, FACG?®, Victor J. Navarro, MD*, William M. Lee, MD, FACG’
and Robert J. Fontana, MD®, on behalf of the Practice Parameters Committee of the American College of Gastroenterology

Idiosyncratic drug-induced liver injury (DILI) is a rare adverse drug reaction and it can lead to jaundice, liver failure,
or even death. Antimicrobials and herbal and dietary supplements are among the most common therapeutic classes
to cause DILI in the Western world. DILI is a diagnosis of exclusion and thus careful history taking and thorough
work-up for competing etiologies are essential for its timely diagnosis. In this ACG Clinical Guideline, the authors
present an evidence-based approach to diagnosis and management of DILI with special emphasis on DILI due to
herbal and dietary supplements and DILI occurring in individuals with underlying liver disease.
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PREAMBLE

The writing group was invited by the Board of the Trustees and
the Practice Parameters Committee of the American College
of Gastroenterology to develop a practice guideline regarding
the diagnosis and management of idiosyncratic drug-induced
liver injury (DILI). The writing group developed this practice
guideline using an evidence-based approach. We used the fol-
lowing resources: (i) a formal review and analysis of the recently
published world literature on the topic (Medline search up to
May 2013); (ii) the American College of Physicians’ Manual for
Assessing Health Practices and Designing Practice Guidelines;
(iii) guideline policies of the American College of Gastroenter-
ology; and (iv) the experience of the authors and independent
reviewers with regard to idiosyncratic DILI.

These recommendations, intended for use by physicians and
other health-care providers, suggest preferred approaches to
the diagnosis and management of DILIL. They are intended to
be flexible and should be adjusted as deemed appropriate when
applied to individual patients. Recommendations are evidence-
based wherever possible, and, when such evidence is not avail-
able, recommendations are made based on the consensus opinion
of the authors. To more fully characterize the available evidence
supporting the recommendations, the ACG Practice Parameters
Committee has adopted the classification used by the Grading
of Recommendation Assessment, Development, and Evaluation
(GRADE) workgroup with minor modifications (Table 1). The
strength of recommendations in the GRADE system is classi-
fied as strong or conditional. The quality of evidence supporting
strong or weak recommendations is designated by one of the fol-

lowing levels: high, moderate, low, or very low quality (1). This
is a practice guideline for clinicians rather than a review article,
and we refer interested readers to several comprehensive reviews
published recently (2-6).

INTRODUCTION

Drug-induced liver injury (DILI) remains one of the most chal-
lenging disorders faced by gastroenterologists. The wide range of
presentations and culprit agents and lack of objective diagnostic
tests make its diagnosis and management particularly difficult.
Despite its low incidence in the general population, gastroenter-
ologists must always consider the possibility of DILI in patients
with unexplained acute and chronic liver injury, as well as when
prescribing certain gastrointestinal medications (e.g., azathio-
prine, anti-tumor necrosis factor agents, sulfonamides) (7,8).
Many herbal and dietary supplements (HDS) can cause DILI,
and thus they must be considered as a cause for DILI. For the
purposes of this guideline, the term DILI will refer to idiosyn-
cratic liver injury from HDS, as well as prescription drugs or
over-the-counter drugs.

One common and useful characterization of DILI is to separate
them into intrinsic or idiosyncratic types. The former refers to
drugs that are capable of causing liver injury predictably in humans
or in animal models when given in sufficiently high doses. Aceta-
minophen (APAP) is perhaps the best-known and widely used
drug to cause intrinsic DILI. Idiosyncratic DILI is less common,
affects only susceptible individuals, has less consistent relationship
to dose, and is more varied in its presentation. Although recent
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Table 1. Grading of Recommendations, Assessment, Development
and Evaluation (GRADE) (1)

Strength of recommendation Criteria

Strong Factors influencing the strength of the
recommendation included the quality of
the evidence, presumed patient-impor-
tant outcomes, and cost

Conditional Variability in preferences and values, or

more uncertainty. Recommendation is
made with less certainty, higher cost or
resource consumption

Quality of evidence Criteria

High Further research is unlikely to change
confidence in the estimate of the clinical
effect

Moderate Further research may change confidence
in the estimate of the clinical effect

Low Further research is very likely to impact
confidence on the estimate of clinical
effect

Very low The estimate of the effect is very uncer-

tain

data have begun to blur the distinction between these two catego-
ries somewhat, they remain useful conceptual paradigms. APAP,
although by far the most common cause of DILI, is the only agent
in wide use that causes intrinsic DILL Its clinical picture is rela-
tively easy to recognize. Diagnostic and therapeutic guidelines for
APAP hepatotoxicity are well established (9-11). Therefore, this
guideline is limited to the wider array of idiosyncratic DILI that
is more difficult to diagnose and treat. In addition, characterizing
the injury by latency, pattern of injury (e.g., R-value), mortality
risk (Hy’s Law) (5,12), and outcome (resolution versus chronic) is
critical in evaluating and managing DILI in clinical practice. These
topics and terms form the framework for this guideline and are
defined in Table 2.

Genetic and nongenetic risk factors

Our understanding of genetic risk factors for DILI is still in
its infancy; describing the known genetic associations with
diverse drugs is beyond the scope of this clinical practice guide-
line (2). Nongenetic risk factors can be host-related environ-
mental factors, or they can be compound-specific in nature
(Table 3).

The causative agents for DILI in children and in adults vary, and
they differ based on the indication for which the medications are
prescribed. Age may confer susceptibility to DILI in a drug-spe-
cific manner. For example, drugs that act on the central nervous
system and antimicrobials are the more common causes of DILI
in children. Infants and children appear susceptible to liver injury
caused by valproate and are at an increased risk of Reye’s syndrome
caused by aspirin. Although propylthiouracil may cause DILI in all
age groups, children are more susceptible to severe and fatal hepa-
totoxicity due to propylthiouracil (13,14). With increasing age,
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there is an increasing risk of liver injury because of many medica-
tions such as isoniazid, amoxicillin-clavulanate, and nitrofuran-
toin (15).

There is no evidence to suggest that women are at a higher risk
for “all-cause DILI” (i.e., DILI caused by any type of agent), but
they appear to be at a higher risk of liver injury caused by certain
medications such as minocycline, methyldopa, diclofenac, nitro-
furantoin, and nevirapine. The typical signature of DILI caused by
minocycline, methyldopa, diclofenac, and nitrofurantoin is chronic
hepatitis resembling autoimmune hepatitis with female prepon-
derance. Hepatotoxicity due to nevirapine is also more common in
women, especially those with higher CD4 + cell count (5).

DILI is a rare cause of acute liver injury in pregnant women,
which could well be due to generally infrequent use of prescription
medications. There is no evidence to suggest that pregnancy by
itself increases the susceptibility to DILI to any agents other than
tetracycline. High-dose intravenous tetracycline has been classi-
cally described to cause DILI in pregnant women, but intravenous
tetracycline is seldom used now in the developed world (2,4,5).
Common causes of DILI in pregnant women are antihypertensive
agents such as methyldopa and hydralazine, antimicrobials includ-
ing antiretroviral agents, and propylthiouracil.

Although animal experiments show that diabetes mellitus
increases susceptibility to toxic liver injury caused by certain com-
pounds (e.g., APAP), there is no evidence to show that diabetes
mellitus increases the risk of all-cause DILI in humans. Liver injury
due to selected compounds such as methotrexate and anti-tuber-
culosis medicines may be increased in individuals with diabetes.
A preliminary report from the United States Drug-Induced Liver
Injury Network (DILIN) showed that underlying diabetes melli-
tus was independently associated with the severity of DILI (odds
ratio=2.69; 95% CI=1.14-6.45) (16).

Although alcohol consumption is included as one of the ele-
ments for assessing causality in the Roussel Uclaf Causality
Assessment Method (RUCAM) causality instrument (17,18),
there is no evidence to suggest that chronic alcohol consump-
tion is a risk factor for all-cause DILI. However, heavy alcohol
consumption is a risk factor for causing DILI owing to certain
compounds such as APAP, methotrexate, and isoniazid. The
package insert recommends that individuals with substantial
alcohol consumption should not take duloxetine, although there
are no published data to show that alcoholism increases the risk
of duloxetine hepatotoxicity.

Drug-drug interactions and polypharmacy are often invoked as
risk factors for DILI, although there is scant evidence to show that
they increase the risk of all-cause DILI. However, drug interactions
may potentially exacerbate the risk of DILI due to antituberculosis
agents and anticonvulsants such as valproate.

Summary statements
o Although a number of host, environmental, and compound-
specific risk factors have been described in the literature, there

is no evidence to suggest that these variables represent major
risk factors for all-cause DILIL.
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Table 2. Terminology and definitions

Term or concept

Intrinsic DILI

Idiosyncratic DILI

Chronic DILI

Latency

Wash-out, resolution,
or de-challenge

Rechallenge

Hy's law

Temple’s corollary

R-value

RUCAM

Definition

Hepatotoxicity with potential to affect all individuals
to varying degrees. Reaction typically stereotypic
and dose dependent (e.g., acetaminophen)

Hepatotoxicity affecting only rare susceptible indi-
viduals. Reaction less dose dependent and more
varied in latency, presentation, and course.

Failure of return of liver enzymes or bilirubin to
pre-DILI baseline, and/or other signs or symptoms
of ongoing liver disease (e.g., ascites, encephalo-
pathy, portal hypertension, coagulopathy) 6 months
after DILI onset

Time from medication (or HDS*) start to onset of
DILI

Time from DILI onset to return of enzymes and/or
bilirubin to pre-DILI baseline levels

Re-administration of medication or HDS to a
patient who already had a DILI to the same agent

Observation made by late Hyman Zimmerman
suggesting a 1 in 10 mortality risk of DILI if the
following three criteria are met:

1. Serum ALT or AST >3xULN

2. Serum total bilirubin elevated to >2xULN,
without initial findings of cholestasis (elevated
serum alkaline phosphatase)

3. No other reason can be found to explain the
combination of increased aminotransferases and
bilirubin, such as viral hepatitis A, B, C, or other
preexisting or acute liver disease

An imbalance in the frequency of ALT >3xULN
between active treatment and control arms in

a randomized controlled trial. This is used to
assess for hepatotoxic potential of a drug from
premarketing clinical trials

ALT/ULN + AP/ULN. Used to defined hepatotoxi-
city injury patterns: hepatocellular (R>5), mixed
(R=2-5), and cholestatic (R<?2)

RUCAM. Diagnostic algorithm that uses a scoring
system based on clinical data, pre-existing hepato-
toxicity literature on the suspected agent and
rechallenge

ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate
aminotransferase; DILI, drug-induced liver injury; HDS, herbal and dietary
supplement; RUCAM, Roussel Uclaf Causality Assessment Method; ULN,

upper limit of normal.

» Certain variables such as age, gender, and alcohol consump-
tion may increase the risk for DILI in a drug-specific manner.

Diagnosis and causality assessment in DILI

DILI remains a diagnosis of exclusion based primarily on a
detailed history and judicious use of blood tests, hepatobiliary
imaging, and liver biopsy. Diagnostic algorithms available to the
clinician are based on clinical scoring systems (17-19). Although
they can help organize the clinician’s history and testing by provid-
ing a diagnostic framework, they lack clarity and proven accuracy.
Recently, suggested minimum data required for the diagnosis
of DILI were published (20) (Table 4).
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Table 3. Variables that may predispose individuals to
idiosyncratic DILI

Host factors Environmental factors  Drug-related factors

Age Smoking Daily dose
Gender Alcohol consumption Metabolic profile
Pregnancy Infection and inflam- Class effect and
matory episodes cross-sensitization
Malnutrition Drug interactions
and polypharmacy
Obesity

Diabetes mellitus

Co-morbidities including
underlying liver disease

Indications for therapy

DILI, drug-induced liver injury.

History and physical examination. The importance of a thorough
history in DILI cannot be overemphasized. Accurate history of
medication exposure and onset and course of liver biochemistry
abnormalities is crucial. Usually, DILI events occur within the
first 6 months after starting a new medication, but there are ex-
ceptions. Some compounds have a propensity to cause DILI after
a longer latency (e.g., nitrofurantoin, minocycline, statins; Table
5). History taking is greatly enhanced by knowledge of the most
common and most rarely implicated DILI agents. Overall, antibi-
otics and antiepileptics are most commonly reported accounting
for >60% of DILI overall, whereas antihypertensive and diabetic
medications are less common (2,4-6,16). There are increasing re-
ports of DILI due to HDS, and thus close questioning regarding
HDS consumption is crucial (2,3,21). Table 5 lists the most no-
torious and commonly prescribed agents associated with DILI,
including those used in gastroenterology. Typical latencies and
patterns of injury are also provided. Certain drugs, sometimes
but not always, have a “signature” presentation in terms of la-
tency, biochemical pattern, and other characteristics (Table 5).

Harnessing knowledge of rare or newly reported cases of DILI
is more daunting. The Food and Drug Administration (FDA)
approved an average of 90 drugs per year from 2007 to 2011
(22). Published case reports of DILI are spread across general
medical, subspecialty, toxicology, pharmacology, and gastroen-
terology journals, and they are of varying quality (20). Recently,
the National Institute of Diabetes and Digestive and Kidney
Diseases (NIDDK) and the National Library of Medicine
launched LiverTox (http://wwwlivertox.nih.gov/), a free and
helpful online DILI resource consisting of detailed information
on more than 600 agents, and it is updated periodically (23).

Diagnostic evaluation: blood tests and imaging studies. The diag-
nostic approach to DILI can be tailored according to the pattern
of liver injury at presentation. The R-value is defined as serum
alanine aminotransferase/upper limit of normal (ULN) divided
by serum alkaline phosphatase/ULN. By common convention,
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Table 4. Recommended minimal elements of a diagnostic evaluation in the work-up of suspected DILI

Element

Gender
Age
Race/ethnicity

Indication for use of drug or HDS

Concomitant diseases

Presence of rechallenge
History of other drug reactions
History of other liver disorders
History of alcohol use
Exposure time (“latency”)

Symptoms and signs

Physical findings
Medications and HDS products

Comments

Particularly pertinent for competing disorders (e.g., PBC)
Particularly pertinent for competing disorders (e.g., HEV)

Particularly pertinent for competing disorders (e.g., sarcoidosis, sickle cell-related biliary stone disease, oriental
sclerosing cholangitis)

Particularly pertinent disorders may include sepsis, heart failure, hypotension episodes, recent general anesthesia,
parenteral nutrition, and cancer

Give timing of rechallenge if done

Certain cross-reactivities may exist (e.g., anti-epileptics)

Chronic viral hepatitis, NAFLD, hemochromatosis, alcoholic liver disease, PSC, PBC, liver cancer
Past vs. present; estimated grams per day; sporadic vs. binge drinking vs. regular (daily or weekly)
Start and stop dates or total number of days, weeks, or months taken

Presence or absence, time of onset, type (fatigue, weakness, abdominal pain, nausea, dark urine, icterus, jaundice,
pruritus, fever, rash)

Fever, rash, hepatomegaly, hepatic tenderness, signs of chronic liver disease

Complete list of medications or HDS products with particular attention to those started in the previous 6 months

Laboratory results

Viral hepatitis serologies
Auto-immune hepatitis serologies
Imaging US=+Doppler, CT, or MRI+MRCP
Histology, if available
Washout (de-challenge) data Follow-up liver biochemistries

Clinical outcome

Day of first abnormal liver biochemistry; liver biochemistries, eosinophil counts at presentation
Anti-HAV 1gM, HBsAg, anti-HBc IgM, anti-HCV, HCV RNA
ANA, anti-smooth muscle antibody, 1gG level

Timing of biopsy in relation to enzyme elevation and onset

Resolution, transplant, death, and timing of each

ANA, anti-nuclear antibody; CT, computerized tomography; DILI, drug-induced liver injury; HAV, hepatitis A virus; HBc, hepatitis B core antigen; HBs, hepatitis B
surface antigen; HCV, hepatitis C virus; HDS, herbal or dietary supplement; HEV, hepatitis E virus; NAFLD, nonalcoholic fatty liver disease; PBC, primary biliary
cirrhosis; PSC, primary sclerosing cholangitis; Ig, immunoglobulin; MRI, magnetic resonance imaging; MRCP, magnetic resonance cholangiopancreatography;

US, ultrasound.
Modified from Agarwal VK et al. (4).

R2>5 is labeled as hepatocellular DILI, R<2 is labeled as chole-
static DILI, and 2<R<5 is labeled as “mixed” DILI. The pattern
of liver injury provides a useful framework to allow one to focus
on differential diagnosis and further evaluation. However, the
same medication can present with varying laboratory profiles and
clinical features in individual DILI patients.

The differential diagnosis for acute hepatocellular injury
includes acute viral hepatitis, autoimmune hepatitis, ischemic
liver injury, acute Budd-Chiari syndrome, and Wilson’s disease.

Acute hepatitis C and acute hepatitis E infections are known
masqueraders of DILI. The diagnosis of acute hepatitis C can
be challenging because anti-hepatitis C virus (HCV) antibodies
may be negative initially. In the initial report of the DILIN
Prospective Study, acute hepatitis C infection masqueraded
as DILI in 1.3% of cases, leading to the recommendation that
acute hepatitis C infection should be excluded in patients with
suspected DILI by HCV RNA testing (16). Another published
report from the DILIN showed that 3% of individuals with sus-
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pected DILI tested positive for anti-hepatitis E virus Ig M, and
it was concluded that serological testing for acute hepatitis E
infection should be performed in individuals with suspected
DILI, especially if clinical features are compatible with acute
viral hepatitis (24). Although the diagnosis of acute hepatitis
E can be made most readily by testing for IgM anti-hepatitis
E virus antibodies, the reliability of currently available tests
is not high (25). The use of this test may be best reserved for
cases with obvious risk factors (e.g., travel to an endemic area)
where the pretest probability may increase the test performance
and predictive value. Acute cytomegalovirus, Epstein-Barr
virus, and herpes simplex virus infection may sometimes present
with elevations in liver biochemistries, although patients with
such acute infections often have characteristic accompanying
systemic manifestations such as lymphadenopathy, rash, and
atypical lymphocytes.

Autoimmune hepatitis should be considered in the differential
diagnosis of all cases of DILI, and, in fact, it is well known that
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Table 5. Most common or well-described DILI agents and the patterns of their liver injury

Antibiotics

Amoxicillin/clavulanate

Isoniazid

Trimethoprim/sulfamethoxazole

Fluoroquinolones

Macrolides

Nitrofurantoin
Acute form (rare)

Chronic form

Minocycline
Anti-epileptics
Phenytoin

Carbamazepine

Lamotrigine
Valproate
Hyperammonemia
Hepatocellular
Reye-like syndrome
Analgesics
Non-steroidal anti-inflammatory agents
Immune modulators
Interferon-B
Interferon-o
Anti-TNF agents

Azathioprine

Herbals and dietary supplements
Green tea extract (catechin)
Anabolic steroids
Pyrrolizidne alkaloids
Flavocoxib

Miscellaneous
Methotrexate (oral)

Allopurinol

Amiodarone (oral)

Androgen-containing steroids

Inhaled anesthetics
Sulfasalazine

Proton pump inhibitors

Latency?

Short to moderate

Moderate to long

Short to moderate

Short
Short

Short

Moderate to long
(months-years)

Moderate to long

Short to moderate

Moderate

Moderate

Moderate to long
Moderate to long

Moderate

Moderate to long

Moderate to long
Moderate
Moderate to long

Moderate to long

Short to moderate
Moderate to long
Moderate to long

Short to moderate

Long

Short to moderate

Moderate to long

Moderate to long

Short
Short to moderate

Short

DILI, drug-induced liver injury; TNF, tumor necrosis factor.
aShort=3-30 days; moderate=30-90 days; long >90 days.

© 2014 by the American College of Gastroenterology

Typical pattern of injury/identifying features

Cholestatic injury, but can be hepatocellular; DILI onset is frequently detected after drug
cessation

Acute hepatocellular injury similar to acute viral hepatitis

Cholestatic injury, but can be hepatocellular; often with immunoallergic features (e.g., fever,
rash, eosinophilia)

Variable: hepatocellular, cholestatic, or mixed in relatively similar proportions

Hepatocellular, but can be cholestatic

Hepatocellular

Typically hepatocellular; often resembles idiopathic autoimmune hepatitis

Hepatocellular and often resembles autoimmune hepatitis

Hepatocellular, mixed, or cholestatic often with immune-allergic features (e.g., fever, rash,
eosinophilia) (anti-convulsant hypersensitivity syndrome)

Hepatocellular, mixed, or cholestatic often with immune-allergic features (anti-convulsant
hypersensitivity syndrome)

Hepatocellular often with immune-allergic features (anti-convulsant hypersensitivity syndrome)

Elevated blood ammonia, encephalopathy
Hepatocellular

Hepatocellular, acidosis; microvesicular steatosis on biopsy

Hepatocellular injury

Hepatocellular
Hepatocellular, autoimmune hepatitis-like
Hepatocellular. Can have autoimmune hepatitis features

Cholestatic or hepatocellular, but can present with portal hypertension (veno-occlusive
disease, nodular regenerative hyperplasia)

Hepatocellular
Cholestatic; likely contained as adulterants in performance-enhancing products
Sinusoidal obstruction syndrome/veno-occlusive disease; contained in some teas

Mixed hepatocellular and cholestatic

Fatty liver, fibrosis

Hepatocellular or mixed. Often with immune-allergic features. Granulomas often present on
biopsy

Hepatocellular, mixed, or cholestatic. Macrovesicular steatosis and steatohepatitis on biopsy

Cholestatic. Can present with peliosis hepatis, nodular regenerative hyperplasia, or hepato-
cellular carcinoma

Hepatocellular. May have immune-allergic features+fever
Mixed, hepatocellular, or cholestatic. Often with immunoallergic features

Hepatocellular; very rare
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some medications have high propensity to cause autoimmune-like
DILI (e.g., minocycline, nitrofurantoin). Serum autoantibodies
(antinuclear antibody and anti-smooth muscle antibody) and
immunoglobulin Ig G levels should be routinely obtained, and a
liver biopsy may be considered in selected cases. Low levels (e.g.,
titers less than 1:80 dilutions) of such autoantibodies are of little
help in differential diagnosis, because ~30% of adults, especially
women, may have such positive autoantibodies (26).

Although rare, one should screen for Wilson’s disease with a se-
rum ceruloplasmin level particularly in patients younger than 40
years. In general, a normal or high level will end further pursuit
of this diagnosis, but ceruloplasmin is an acute-phase reactant
and may be falsely normal or elevated during an acute hepatitis.
When suspicion remains or ceruloplasmin level is low, other tests
such as 24-h urine collection for copper, slit-lamp eye examina-
tion for Kayser—Fleischer rings, serum copper levels, and genetic
testing of the ABC B7 gene are indicated as outlined in diagnos-
tic guidelines for diagnosing Wilson’s disease (27). Budd-Chiari
syndrome may sometimes mimic DILI, and thus it should be
considered, especially if tender hepatomegaly and/or ascites are
evident.

Competing etiologies in individuals with suspected cholestatic
DILI are pancreatico-biliary in nature and can be extrahepatic or
intrahepatic. Extrahepatic etiologies such as choledocholithiasis
or malignancies (e.g., pancreatobiliary or lymphoma) can be read-
ily identified with abdominal imaging tests such as ultrasonogra-
phy, computerized tomography, or magnetic resonance imaging.
However, various intrahepatic etiologies mimicking DILI must
be excluded based on careful history and physical examination
(sepsis, total parenteral nutrition, or heart failure), serological
testing (anti-mitochondrial antibody for primary biliary cirrho-
sis), or imaging (infiltrating disorders or sclerosing cholangitis).
The role of endoscopic retrograde cholangiography in individuals
with suspected DILI is largely limited to instances where routine
imaging is unable to exclude impacted bile duct stones or primary
sclerosing cholangitis with certainty.

Diagnostic evaluation: liver biopsy. Liver biopsy is not manda-
tory in the evaluation of DILI. Of the DILIN registry’s first 300
cases, <50% had aliver biopsy (14). The DILIN cases have more se-
vere injury owing to referral biases and inclusion criteria. Presum-
ably, cases of less severe injury will have an even lower biopsy rate.
Nevertheless, biopsy findings can be helpful and even diagnostic
in some cases of suspected DILL A detailed review of the plethora
of histologic DILI findings is beyond the scope of this guideline.
However, a recent report from the DILIN Prospective Study pro-
vides extensive characterization of biopsies from a large cohort of
patients with well-defined DILI (28). Other descriptions are also
available (2,4,29). However, the frequency with which a liver biopsy
makes a definitive DILI diagnosis is low. A biopsy usually supple-
ments the work-up by suggesting another diagnosis or ruling out a
competing one, rather than revealing a “textbook” DILI injury.
Thereareinstanceswherebiopsy canbestronglyrecommended
such as to help discern between autoimmune hepatitis and DILI.
Current diagnostic algorithms for autoimmune hepatitis (AIH)
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include histology (24). AIH is typically responsive to immuno-
suppressive therapy, but commitment to therapy is often long
term and has risks and side effects (30,31). Therefore, a biopsy is
recommended if ATH remains on the differential and certainly if
immunosuppressive therapies are contemplated. In this regard,
it is important to recall that, in some patients, drugs appear
to trigger the development of autoimmune hepatitis. In most
such instances, immunosuppressants can eventually be stopped
without inciting a flare-up of ATH, whereas in idiopathic ATH
most patients will experience flare-ups when immunosuppres-
sants are stopped.

In general, persistence of biochemical abnormalities lowers
the threshold for liver biopsy. The majority of DILI cases show
steady decline in liver biochemistries after the presumed culprit
agent is stopped. This observation is often referred to as “wash-
out” or “de-challenge” and is a major factor in DILI diagnostic
scoring algorithms (17-19). Persistence of elevations weakens
the case for DILI, thereby strengthening the possibility of other
diagnoses such as primary sclerosing cholangitis, autoimmune
hepatitis, primary biliary cirrhosis, cancer, or granulomatous
hepatitis. Typically, cholestatic DILI takes longer to resolve than
the hepatocellular DILI. The decision on how long to wait on a
biopsy must be made on a case-by-case basis. Some experts con-
sider lack of the 50% decline in the peak alanine aminotransferase
value 30 days after stopping the suspected agent as reducing the
likelihood of a DILI diagnosis (17,18). Others consider the cut-
off time for a significant decrease in alanine aminotransferase at
60 days (19). For cholestatic injury, lack of significant drop in
alkaline phosphatase or bilirubin (>50% drop in peak-ULN or
drop to less than twice ULN) at 180 days is considered significant.
There are no prospective studies examining the yield of biopsy
based on these cutoffs. However, considering a biopsy at 60 days
for unresolved acute hepatocellular and 180 days for cholestatic
DILI is reasonable. Earlier biopsy is certainly justified, if there is
continued rise in liver biochemistries particularly when any signs
of liver failure develop. Conversely, if biochemistries are trending
down, albeit slowly, then delaying liver biopsy is justified. DILI
may also lead to chronic injury including a vanishing bile duct
syndrome. If one suspects this, a liver biopsy is indicated for diag-
nostic and prognostic purposes.

Occasionally, a liver biopsy may be necessary when continued
use or contemplated rechallenge with a suspected medication is
clinically necessary. Guidelines for biopsy for patients receiving
chronic methotrexate have been published (32,33). The clinical
need for other medications (e.g., isoniazid, chemotherapeutic
agents) can also be high, and a biopsy can help define the risk of
re-exposure. For methotrexate-induced fibrosis and fatty change,
the Roenigk Classification System is the recognized histologic
grading system (34). For other agents, risk stratification is typi-
cally based on assessment of the degree of necrosis and fibrosis.
The presence of hepatic eosinophils and lesser degree of necrosis
have been associated with a greater likelihood of recovery in DI-
LIN and other case series (28,35).

An algorithm for evaluating an individual with suspected DILI
is shown in Figure 1.

www.amjgastro.com
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Abnormal liver enzymes

|

Thorough history & physical
Complete review of medications and
herbals and dietary supplements

|

Calculate R value*
R value = Serum (ALT/ALT ULN) + (Alk P/Alk P ULN)

l

Rvalue 25 2< Rvalue<5 Rvalue <2
(Hepatocellular) (Mixed) (Cholestatic)

H

1st line tests: Acute viral hepatitis

l S

1st line tests: Acute viral hepatitis 1st line test: imaging studies

serologies, HCV RNA & autoimmune  serologies, HCV RNA & autoimmune  (Abdominal ultrasound)
hepatitis serologies; imaging studies hepatitis serologies; imaging studies

(e.g., abdominal ultrasound)

2nd line tests on a case by case basis:
Cholangiography (either endoscopic or

(e.g., abdominal ultrasound)

2nd line tests on a case by case basis: 2nd line tests on a case by case basis: MR based), serologies for primary

ceruloplasmin, serologies for less
common viruses (HEV, CMV, and

ceruloplasmin, serologiesfor less biliary cirrhosis, liver biopsy

common viruses (HEV, CMV, and

EBV), liver biopsy EBV), liver biopsy

S~

—

Assessment of data, causality assessment and diagnosis:

1. Assessment of data:

a. Completeness: (Table 4) (non-DILI etiologies reasonably excluded)
b. Literature review by use of LiverTox (22) and PubMed.

2. Clinical judgment for final DILI diagnosis
3. Expert consultation if doubt persists

Summary statements

Accurate clinical history related to medication exposure and
the onset of liver test abnormalities should be obtained when
DILI is suspected.

DILI is a diagnosis of exclusion, and thus appropriate compet-
ing etiologies should be excluded in a systematic manner.

On the basis of the R-value at presentation, DILI can be
categorized into hepatocellular, cholestatic, or mixed types.
This categorization allows testing for competing etiologies
in a systematic approach.

Liver biopsy can help confirm a clinical suspicion of DILI,
provide important information regarding disease severity, and
also help exclude competing causes of liver injury.

Recommendations
(1) In individuals with suspected hepatocellular or mixed DILI:

(a) Acute viral hepatitis (A, B, and C) and autoimmune
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(b)

(©)

(d)

Figure 1. An algorithm to evaluate suspected idiosyncratic drug-induced liver injury (DILI). The R-value cutoff numbers of 2 and 5 serve only as a guide-
line. Which tests and their order must be based on the overall clinical picture including risk factors for competing diagnosis (e.g., recent travel to hepatitis
E virus (HEV) endemic area), associated symptoms (e.g., abdominal pain, fever), and timing of laboratory tests (i.e., the R-value may change as the DILI

evolves). ALT, alanine aminotransferase; Alk P, alkaline phosphatase; CMV, cytomegalovirus; EBV, Epstein—Barr virus; HCV, hepatitis C virus; HSV, herpes
simplex virus; MR, magnetic resonance; ULN, upper limit of normal.

hepatitis should be excluded with standard serologies
and HCV RNA testing (Strong recommendation, very
low level evidence).

Routine anti-hepatitis E virus IgM testing cannot be rec-
ommended owing to unclear performance characteristics
of the currently available commercial tests. However, it
should be considered in the setting of heightened clinical
suspicion (e.g., recent travel in an endemic area) (Condi-
tional recommendation, very low level of evidence).
Testing for acute cytomegalovirus, acute Epstein-Barr
virus, or acute herpes simplex virus infection should be
undertaken if classical viral hepatitis has been excluded
or clinical features such as atypical lymphocytosis and
lymphadenopathy suggest such causes (Strong recom-
mendation, very low level of evidence).

Wilson’s disease and Budd-Chiari syndrome should

be considered when clinically appropriate (Strong
recommendation, low level of evidence).
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(2) In individuals with suspected cholestatic DILI:

(a) Abdominal imaging (ultrasound or computerized tomo-
graphy scan) should be performed in all instances to
exclude biliary tract pathology and infiltrative processes
(Strong recommendation, low level of evidence).

(b) Serological testing for primary biliary cirrhosis should be
limited to those with no evidence of obvious biliary tract
pathology on abdominal imaging (Strong recommenda-
tion, low level of evidence).

(c) Endoscopic retrograde cholangiography should be
limited to instances where routine imaging is unable to
exclude impacted common bile duct stones, primary
sclerosing cholangitis, or pancreatico-biliary malignancy
(Strong recommendation, very low level of evidence).

(3) When to consider a liver biopsy?

(a) A liver biopsy should be considered if autoimmune
hepatitis remains a competing etiology and if immuno-
suppressive therapy is contemplated (Strong recommen-
dation, low level of evidence).

(b) A liver biopsy may be considered in the following situations:
(i) If there is unrelenting rise in liver biochemistries or

signs of worsening liver function despite stopping
the suspected offending agent (Strong recommen-
dation, very low level of evidence),

(ii) If the peak alanine aminotransferase level has not
decreased by >50% at 30-60 days after the onset in
cases of hepatocellular DILI, or if the peak alkaline
phosphatase has not fallen by >50% at 180 days
in cases of cholestatic DILI despite stopping the
suspected offending agent (Conditional recommen-
dation, very low level of evidence),

(iii) In cases of DILI where continued use or re-expo-
sure to the implicated agent is expected (Strong
recommendation, very low level of evidence),

(iv) Ifliver biochemistry abnormalities persist beyond
180 days to evaluate for the presence of chronic liver
diseases (CLDs) and chronic DILI (Conditional
recommendation, very low level of evidence).

Causality assessment. The RUCAM (17,18) and Maria and
Victorino system (19) are two instruments to facilitate the cau-
sality attribution for suspected DILI. Although both of these
instruments perform reasonably well in comparison with the
“gold standard” of expert consensus opinion, the RUCAM seems
to be used more widely by some clinicians, the pharmaceutical
industry, and the regulatory agencies (Table 6). It was intended
for use at the bedside or in clinic (17). It yields a summed score
from -9 to +10, higher scores indicating higher likelihood
of DILI. Scores are often grouped into likelihood levels of “ex-
cluded” (score < =0), “unlikely” (1-2), “possible” (3-5), “prob-
able” (6-8), and “highly probable” (> 8). This score card system is
divided into hepatocellular injuries versus cholestatic or mixed
injuries. Points are given or taken away based on timing of
exposure and liver biochemistry washout, risk factors for DILI,
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competing medications, competing diagnoses, and rechallenge
information (Table 6). There are some ambiguities on how to
score certain sections of the RUCAM, as well as suboptimal retest
reliability (reliability coefficient of 0.51, upper 95% confidence
limit 0.76) (36). Furthermore, a recent study showed that the
concordance between RUCAM and the DILIN causality scoring
system, which is based on expert consensus opinion, is modest
(r=0.42, P<0.05) (37). Notwithstanding these limitations, it can
be an adjunct to clinical impression, particularly for clinicians
who do not see DILI frequently. Perhaps its greatest utility is in
providing a framework upon which the clinician can organize
history taking and tests. It reminds the clinician of the important
areas of a DILI history (Table 6) and requires precision in record-
ing exposure times and latency (17,18,37).

Summary statements

o RUCAM should not be used as the sole diagnostic tool in
isolation owing to its suboptimal retest reliability and lack
of robust validation, but it is useful in providing a diagnostic
framework upon which to guide an evaluation in patients with
suspected DILIL.

o Consensus expert opinion following a thorough evaluation
for competing etiologies is the current gold standard for
establishing causality in individuals with suspected DILI, but
this approach is not widely available and therefore cannot be
recommended for clinical practice.

o If uncertainty persists following through history and evalua-
tion for competing etiologies, clinicians should consider seek-
ing expert consultation to ascertain the diagnosis of DILI and
to attribute causality to a suspected agent.

Prognosis/prognostic factors

Most reactions to prescription drugs or HDS are considered idi-
osyncratic, that is, they are unpredictable, vary greatly in sever-
ity, and occur at varying time intervals after exposure (anywhere
from a few days to 1 year) (2,4,5). Classically in idiosyncratic DILI,
toxicity is considered to be unrelated to dose, route, or duration
of drug administration (although a review of drugs withdrawn
from the market in the United States recently found that most
were prescribed at daily doses exceeding 50 mg per day) (9,38).
Liver-related deaths due to acute liver failure (ALF) following
DILI occur in only a fraction of cases and usually occur within
6 months. The ten-percent rule was initially promulgated by
Dr Hyman Zimmerman in 1978 (5), and more recently codified as
“Hy’s Law” (12), which states that if hepatocellular injury causes
jaundice in a patient during a phase 3 trial then for every 10 jaun-
diced patients 1 will develop ALE Among the first 300 patients
enrolled in DILIN, the National Institutes of Health-supported
DILIN, 33% were hospitalized, 15% were considered severe, and
6% died or underwent transplantation (16). Thus, only a small
fraction of the overall group experienced ALF. Where hepatocel-
lular injury was present, there were 9% fatalities or transplants.
Thus, the spectrum of types and severity of liver injury due to
DILI overall is broad. Expectation for recovery from the average
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Table 6. RUCAM causality assessment method

Criteria

Enzyme pattern

Exposure
Timing from

Drug start

Drug stop

Course

After drug stop

Risk factor

Age (years)

Other drugs

Competing causes

Previous information

Rechallenge

Hepatocellular

Initial exposure

5-90 d
<5, >90d
<15d

Difference between peak ALT
and ULN value

Decrease 250% in 8 d
Decrease 250% in 30 d
Decrease >50% in >30 d

Decrease <50% in >30d
Ethanol: yes

Ethanol: no

>50

<50

None or no info.

Drug with suggestive timing

Known hepatotoxin w/suggestive
timing

Drug with other evidence for a
role (e.g., + rechallenge)

All Group 12 and 11° ruled out

All of Group | ruled out

4-5 of Group | ruled out

<4 Of Group | ruled out
Non-drug cause highly probable

Reaction in product label
Reaction published; no label

Reaction unknown

Positive
Compatible
Negative

Not done or not interpretable

Subsequent

exposure

1-15d
>15d
<15d

RUCAM

Patients

+2
+1

+1

+3
+2

+3

+1

-2
0

Diagnosis and management of DILI

Cholestatic or mixed

Initial exposure

5-90d
<5, >90d
<30d

Difference between peak AP
(or bili) and ULN

Decrease 250% in 180 d
Decrease <50% in 180 d

Persistence or increase or no
info.

Ethanol or pregnancy: yes
Ethanol or pregnancy: no
>50

<50

None or no info.

Drug with suggestive timing

Known hepatotoxin w/suggestive
timing

Drug with other evidence for a
role (e.g., + rechallenge)

All Group 12 and 11° ruled out

All of Group | ruled out

4-5 of Group | ruled out

<4 Of Group | ruled out
Non-drug cause highly probable

Reaction in product label
Reaction published; no label

Reaction unknown

Positive
Compatible
Negative

Not done or not interpretable

Subsequent
exposure

1-90d
>90d
<30d

Patients

+1

+1

+2

+3

+1

-2
0

ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate aminotransferase; d, day; RUCAM, Roussel Uclaf Causality Assessment Method; ULN,

upper limit of normal.

aGroup I: HAV, HBV, HCV (acute), biliary obstruction, alcoholism, recent hypotension (shock liver).
"Group II: CMV, EBV, herpes virus infection.
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instance of DILI is the rule as, even among jaundiced patients,
90% recover. In addition, those with cholestatic injury generally
fare better than those experiencing a hepatocellular injury.

In most instances, the common hepatocellular DILI phenotype
leading to ALF evolves more slowly than that due to APAP. If ALF
(coagulopathy and any degree of encephalopathy) develops (39),
spontaneous recovery is relatively limited, although the slower evo-
lution of disease (median 2 weeks from onset of jaundice to onset
of coma) may allow listing for transplantation and for a suitable
donor liver to be identified more frequently than in cases evolving
to death or transplant in <1 week. Transplant-free survival for ALF
due to DILI was 23%, with 40% undergoing liver transplantation,
giving an overall survival of only 58% (39 and unpublished data).
By comparison, for ALF due to APAP, short-term results for 916
individuals admitted with ALF included 63% transplant-free sur-
vival, 9% undergoing liver transplantation, giving a 70% over-
all short-term survival (unpublished data). Despite its apparent
greater initial severity, APAP ALF may have more rapid hepatocyte
regeneration and greater likelihood of resolution of the hepatic
damage due to the self-limited duration of injury.

Clinical recognition of ALF due to DILI is little different from
that of ALF due to APAP overdose, except for the slower speed of
disease evolution. Patients with ALF due to DILI are more likely
to develop ascites, infection, and renal insufficiency as preterminal
complications. Causes of death in the absence of transplantation are
mainly due to systemic infection and/or cerebral edema (40,41).

Few prognostic scores have focused on overall DILI because of
its relative rarity and its overall favorable prognosis, with improve-
ment assumed to follow once the offending drug is recognized and
withdrawn.

Liver transplantation provides a rescue for patients when
signs of spontaneous recovery are not evident. For each patient,
a careful assessment of need and appropriateness precedes list-
ing. A prognostic score for ALF due to DILI (or for that matter
any form of ALF) has long been considered a vital but elusive
goal. In the UNOS database for an 11-year period, 7% received
a graft for idiosyncratic DILI, and the relative rarity of bad out-
comes once again limits understanding of the condition (10).

When outcomes for a group of DILI patients were reviewed,
the Model for End-Stage Liver Disease (MELD) score and coma
grade upon admission were the strongest predictors of liver trans-
plantation (39). Because most ALF patients would have received
a listing as Status 1, the highest priority, it is not clear whether
MELD is relevant here, as it is not used in the Status 1 patients.
To date, other prognostic scoring systems have not proven to be
useful for the overall condition of ALF. Although Kings College
Hospital criteria are used by some centers, the use of these cri-
teria yields reasonable specificity but low sensitivity, frequently
below 50%, indicating that if criteria are met the patient will die or
require transplantation, but if criteria are not met a large percent-
age still die or require orthotopic liver transplantation (11). Other
more global scores that reflect intensive care unit survival have
proven to be of little additional value. A study comparing Sequen-
tial Organ Failure Assessment, MELD, Acute Physiologic and
Chronic Health Assessment II, and Kings College Hospital cri-
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teria found that Sequential Organ Failure Assessment performed
best, but this was limited to APAP patients (42) and may not be as
applicable to other etiologies such as idiosyncratic DILI. Studies
combining apoptotic markers such as M-30 or M-65 antigens plus
clinical markers seem more robust but are not readily available to
clinicians (43,44).

Summary statements

o In general, outcomes of idiosyncratic DILI are good, with
only ~10% reaching the threshold of ALF (coagulopathy and
encephalopathy).

o DILI that does evolve to ALF carries a poor prognosis, with
40% requiring liver transplantation and 42% dying of the
episode. Advanced coma grade and high MELD scores are
associated with bad outcomes.

o Prognostic scores to predict outcome for DILI reaching the
threshold of ALF are poor or rudimentary.

Rechallenge

Re-administration of a suspected hepatotoxic drug is best avoided.
In some instances, rechallenge occurs because of failure to recog-
nize the prior toxic reaction. Alternatively, in some instances where
the causal relationship is uncertain or the prior history unknown,
and/or when the drug is considered very important, rechallenge
has been undertaken. The fear of rechallenge held by clinicians is
based on understanding the anamnestic response. Reintroducing
a medication in this context may be associated with a more rapid
return of injury than initially experienced, and a more severe and
possibly fatal reaction, even when the first instance was relatively
mild. Although this may not apply to all drugs, an immune basis
for the toxic reaction underlies many such injuries and provides
support for the concept that repeated exposure results in worse
outcomes. Although rechallenge may occur and may even be done
intentionally recognizing the risks, it is generally discouraged
in all but the most life-threatening situations where a suitable
alternative is unavailable (45,46). Clinicians who have recognized
a toxic reaction should be careful to educate the patient with
the name of the suspect drug and the reminder (Medic Alert
bracelets and cards encouraged) that re-exposure may have even
more deleterious effects.

Recommendation

o Re-exposure to a drug that is thought likely to have caused
hepatotoxicity is strongly discouraged, especially if the initial
liver injury was associated with significant aminotransferase
elevation (for example, >5xULN, Hy’s law, or jaundice). An
exception to this recommendation is in cases of life-threaten-
ing situations where there is no suitable alternative (Strong
recommendation, low level of evidence).

Treatment
The hallmark of treatment of DILI is withdrawal of the offend-
ing medication. It is said (and it seems reasonable) that early
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withdrawal prevents progression to ALF, but there is little firm
evidence to support this. In some instances, a drug taken only
for 2-3 days may lead to a fatal outcome. Currently, there is no
approved antidote for ALF due to idiosyncratic DILI. Most clini-
cians use antihistamines such as diphenhydramine and hydrox-
yzine for symptomatic pruritus. In addition, as many as 30%
of patients enrolled in the DILIN prospective study were given
ursodeoxycholic acid, but the efficacy of this agent in acute and
chronic DILI is not established (16).

Corticosteroid therapy has been proposed as treatment for
DILI in the ALF setting, but little evidence advanced to support
it, and, unlike alcoholic hepatitis or AIH, no controlled trials of
steroid therapy for DILI have been performed. N-Acetylcysteine,
the proven antidote for APAP overdoses (intrinsic DILI), was
subjected to a randomized placebo-controlled trial for non-
APAP ALF that included DILI as one subgroup (47). The primary
outcome (improvement in overall survival) was not achieved, but
significant improvement was observed within early coma grade
patients (I-II): transplant-free survival was 52% with N-acetyl
cysteine (NAC) vs. 30% with placebo (44). All ALF trials in the
modern era are compromised by transplantation that “rescues”
~40% of those with non-APAP ALF so that their true natural
histories will never be known (48). Overall survival is improved
owing to the use of liver grafting (as it should be). For those with
etiology as DILI within the NAC trial (N=42), transplant-free
survival was 58% for those who received NAC vs. 27% for those
who did not receive NAC. However, outcomes with the use of IV
NAC in children with non-APAP ALF demonstrated a lower rate
of survival at 1 year (49). To date, FDA has not approved NAC for
the indication of non-APAP ALF.

Recommendations

1. Inindividuals with suspected DILI, especially when liver
biochemistries are rising rapidly or there is evidence of liver
dysfunction, the suspected agent(s) should be promptly
stopped (Strong recommendation, low level of evidence).

2. No definitive therapies are available either for idiosyncratic
DILI with or without ALF: however, NAC may be considered
in adults with early-stage ALF, given its good safety profile
and some evidence for efficacy in early coma stage patients
(Conditional recommendation, low level of evidence).

3. NAC is not recommended for children with severe DILI
leading to ALF (Strong recommendation, low level of
evidence).

Follow-up

Patients with any acute hepatic illness should be followed up to its
resolution where possible. In the case of DILI, recent data suggest
that chronicity occurs in approximately 13.6% of those experienc-
ing DILI, with little difference between hepatocellular and mixed
or cholestatic liver injury (16). Subjects who presented with chole-
static DILI were more likely to develop chronic DILI compared
with those with acute hepatocellular liver injury (50). Chronic
DILI may resemble autoimmune hepatitis and might respond
to corticosteroids, provided that serological markers and biopsy
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findings are suggestive of this diagnosis. Late development to cir-
rhosis and its complications have been observed, but are quite rare
after acute DILI.

Summary statements

«  Chronic DILI occurs in about 15-20% of cases of acute DILI.

o Patients experiencing DILI because of prescription medica-
tions or dietary supplements or herbal products should be fol-
lowed up clinically and biochemically to complete resolution.

o DILI patients with severe acute cholestatic liver injury appear
to be at an increased risk of developing chronic liver injury
and require careful long-term follow-up.

HDS INDUCED LIVER INJURY

Epidemiology

HDS hepatotoxicity has received increasing attention over the past
few years, in part owing to the recognition in the United States
that among DILI cases HDS are the second most common cause
(16). No population-based statistics in the United States are avail-
able to facilitate an understanding of the true prevalence and inci-
dence of HDS hepatotoxicity. However, in the DILIN prospective
study, there has been an increasing representation of HDS hepa-
totoxicity among all enrolled cases from 2004 to 2012. In addition,
supplements used for body building and weight loss are the most
common types of HDS implicated in disease (21).

HDS regulation

It is important for clinicians and consumers to understand that
HDS are not subject to the same rigorous drug development
oversight process as are pharmaceuticals. In particular, HDS do
not undergo preclinical and clinical toxicology safety testing, nor
clinical trials for safety or efficacy.

Governed by the Dietary Supplement Health Education and
Safety Act of 1994, HDS can be marketed without prior approval
by the FDA (51). Under the act, dietary supplements are defined
as substances intended to supplement the diet, but not to consti-
tute a complete meal. Supplements consist of dietary ingredients,
which are further defined as vitamins, minerals, botanicals, amino
acids, enzymes, organ or glandular tissues, and metabolites. Also
covered by current dietary supplement regulation are medical
foods (52). Although considered dietary supplements, medical
foods are administered under the supervision of a physician, as
are conventional drugs. Unlike drugs, however, medical foods are
not subject to the same rigorous safety and efficacy testing. In a
recent case series, the medical food flavocoxid caused a mixed
hepatocellular/cholestatic pattern, with some patients experienc-
ing severe injury (53).

The Dietary Supplement Health Education and Safety Act of
1994 (51) and the subsequent “Final Rule for Dietary Supple-
ment Current Good Manufacturing Practices” of 2007 (54) place
the responsibility to generate truthful labels and to market safe
products on the manufacturer. The FDA’s responsibility is to moni-
tor reports of adverse events attributable to HDS after marketing
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through its Center for Food Safety and Applied Nutrition and
to deem a product unsafe when a suspicion of toxicity is raised.
Reporting of adverse events by consumers and health-care provid-
ers is voluntary, through the MEDWATCH system (https://www.
accessdata.fda.gov/scripts/medwatch/). Supplement manufactur-
ers are required to report adverse events associated with their prod-
ucts. However, the voluntary nature of reporting probably leads to
underreporting (55). Once a product has been deemed unsafe by
the FDA, a warning to consumers will be published and the warn-
ing will be sent to physicians, especially if the drug is restricted in
use or requires withdrawal from the market.

Causality assessment

As discussed elsewhere in this guideline, the process of causal-
ity assessment is a structured approach to assessing the clinical
circumstances and data surrounding a case. Whatever process
is used, the goal of causality assessment is to generate a score
that reflects the likelihood that a drug or HDS accounts for the
injury event.

In the case of HDS hepatotoxicity, important limitations to
the causality assessment process must be considered. First, none
of the causality assessment processes in use was created specifi-
cally for HDS hepatotoxicity. As such, the nuances associated
with HDS confound any causality assessment approach. Dietary
supplements are susceptible to variability depending upon the
location or conditions of growth, as well as their methods of man-
ufacture. These factors can lead to variability in the ingredients or
their concentrations over time and from batch to batch (56-59).
In addition, products may contain ingredients that are not identi-
fied on the label, as contaminants or adulterants. These unlabeled
ingredients often take the form of powerful prescription pharma-
ceuticals in keeping with a product’s intended effect, such as to
enhance sexual performance (60). Other unlabeled ingredients,
more accurately regarded as contaminants, include microbials
or heavy metals (61-64). Finally, even when a connection can be
drawn between an injury event and a product, it is not uncom-
mon for products to contain myriad ingredients. Although some
ingredients can be considered more likely to be injurious based
on published experience, a categorical statement impugning any
one ingredient cannot be made as effects of other ingredients can-
not be excluded.

The second important consideration in causality assessment
of HDS hepatotoxicity cases concerns the selection of the assess-
ment approach. The more commonly used approaches include
the RUCAM and expert opinion process. Common to both, but
more significant in the RUCAM, is the impact of label warnings
and published reports of hepatotoxicity pertinent to an implicated
agent. In the RUCAM, the presence of a labeled warning of hepa-
totoxicity increases the score; as warnings typically do not exist on
HDS labels, the highest score could rarely be awarded.

Arguably, the expert opinion process is the approach best
adapted for HDS hepatotoxicity. Expert opinion allows assessors
to consider all available clinical information, including a qualita-
tive assessment of the published literature and personal experience
with any given product.
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Summary statements

o HDS account for an increasing proportion of DILI events in
the United States, with body building and weight loss supple-
ments being the most commonly implicated.

o The current regulation for HDS differs substantially from
conventional prescription medications. Most importantly,
there is no requirement for premarketing safety analyses of
HDS.

o Patients and providers must be aware that regulation is not
rigorous enough to assure complete safety of marketed prod-
ucts. Patients should be made aware of this fact, and of the
potential for HDS to cause liver injury.

o Current causality assessment approaches are not well suited
for HDS hepatotoxicity, given the possibility of product vari-
ability and contamination; however, expert opinion is prob-
ably the best suited for HDS hepatotoxicity, as all information
is taken into consideration in assigning a likelihood of injury.

o Voluntary reporting of suspected HDS hepatotoxicity cases
through the FDA MEDWATCH system is essential.

Clinical presentation and diagnosis
Diagnosis of HDS hepatotoxicity is made with the same clinical
approach as for conventional drugs, where an accurate diagnosis
hinges upon exclusion of nondrug causes for injury. However,
clinicians must query patients about their use of HDS, realizing
that many will not be forthcoming with this history (65). An
important consideration in making the diagnosis of HDS hepa-
totoxicity (as for DILI) is the possibility that latency may be quite
prolonged.

An important feature of DILI, which permits clinicians to render
a more confident diagnostic impression, is the recognition of liver
injury patterns that are typical for certain drugs or drug classes.
Many of these associations result from detailed observations of
carefully documented cases. In the case of HDS hepatotoxicity,
there are only a few agents in which common and repeating pat-
terns of injury have been observed. Among these are body-build-
ing products, shown in some instances to contain anabolic steroids.
These products have been associated with an initial cholestatic
hepatitis followed by prolonged jaundice (66-68). Pyrrolizidine
alkaloids typically have been associated with sinusoidal obstruc-
tion syndrome (69-74). More recently, flavocoxid, a medical food,
has been associated with severe liver injury (53). Such careful
observations exemplify a necessary approach to better define clini-
cal patterns of injury common to certain products; these observa-
tions will facilitate diagnosis. With the notable exception of HDS
marketed for body-building, most HDS cause hepatocellular-type
liver injury (R>5).

Management

The best management approach to HDS hepatotoxicity is for
the clinician to have a high level of suspicion that HDS are
implicated in injury. The suspected agent(s) must be stopped,
and the patient should be observed closely, as herbal products
may cause an unpredictable course of injury.
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Recommendations

1. Patients should be encouraged to report the use of HDS
to their health-care providers, and be reminded that
supplements are not subjected to the same rigorous testing
for safety and efficacy as are prescription medications
(Strong recommendation, low level of evidence).

2. The same diagnostic approach for DILI is applicable to
suspected HDS hepatotoxicity. That is, other forms of liver
injury must be excluded through a careful history and appro-
priate laboratory testing and hepatobiliary imaging. Exclud-
ing other causes, the diagnosis of HDS hepatotoxicity can
be made with confidence in the setting of recent use of HDS
(Strong recommendation, low level of evidence).

3. Patients with suspected HDS hepatotoxicity should stop all
HDS hepatotoxicity and be monitored for resolution of their
liver injury (Strong recommendation, low level of evidence).

DILI in patients with CLD

The most common causes of CLD in the general US population
are nonalcoholic fatty liver disease (NAFLDj; 20%), alcoholic
liver disease (5%), chronic HCV (1-5%), and chronic HBV (0.5-
1%) (75). The rising incidence of CLD in the general population
coupled with the increasing use of medications to treat various
acute and chronic diseases will likely lead to more instances
where clinicians are faced with a diagnosis of possible DILI in
a CLD patient (76). In support of this, the DILIN Prospective
Study has demonstrated that at least 6% of enrolled patients
had pre-existing CLD (16). However, DILI accounts for <1% of
consecutive inpatients or outpatients presenting with clinically
apparent acute liver injury (77,78). The presence of certain clini-
cal features such as the exposure to a known hepatotoxic agent,
latency to DILI onset, biochemical, clinical, and histological
features at presentation and following de-challenge, as well as
prior published reports, can help raise the index of suspicion of
DILI. However, the lack of an objective and confirmatory labo-
ratory test makes it difficult to confidently establish a diagno-
sis of DILI. Therefore, DILI is largely a diagnosis of exclusion
that requires one to consider more common causes of acute liver
injury such as viral hepatitis, pancreatico-biliary disease, alco-
hol, and ischemia depending on the clinical setting (20,79). To
further complicate matters, some forms of CLD can present with
an icteric flare (e.g., alcoholic hepatitis, autoimmune hepatitis,
chronic HBV) that may be mistaken as DILI. Fortunately, most
patients with NAFLD and HCV do not experience icteric flares
in disease activity, although liver biochemical indices may wax
and wane from two- to fivefold (80,81). Interested readers are
alerted to an excellent recent review by Lewis and Stine, which
offers a practical guide for prescribing medications in patients
with cirrhosis (82).

Although one may hypothesize that CLD patients may be more
susceptible to DILI via reduced drug clearance, aberrant metab-
olism, altered excretion, or impaired adaptive responses, there is
currently limited data to support the increased susceptibility of
CLD patients to DILIL Overall, patients with obesity and NAFLD
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do not appear to be at an increased risk of developing DILI, with
the possible exception of methotrexate- and tamoxifen-induced
chronic liver injury (83-88). Despite the widespread hesitation
against using statins in individuals with underlying liver diseases
such as NAFLD, there is a large body of literature to show that
individuals with underlying liver disease are not at an increased
risk for DILI (83-85). Furthermore, evolving data suggest that
individuals with NAFLD or hepatitis C may actually benefit from
statins (89,90). Antiretroviral hepatotoxicity appears to be more
common in HIV patients with HCV or HBV co-infection (91).
However, the greater use of tenofovir-containing regimens and
less frequent use of other agents associated with acute hepatic
injury (i.e., dideoxynucleotides, abacavir, nevirapine) may be
leading to a decline in the incidence of severe acute DILI due to
HIV-related medications (92). Nonetheless, it remains difficult to
reliably distinguish a DILI episode from that of immune recon-
stitution in an HIV-HBV co-infected individual who presents
with acute hepatitis (92). Patients with chronic HBV, HCV, and
HIV may also be at an increased risk of isoniazid hepatotoxicity,
but it can again be difficult to distinguish a spontaneous dis-
ease flare from a bona-fide DILI episode (93,94) Obtaining liver
histology may be of benefit in diagnosing DILI in liver trans-
plant recipients, but additional data are needed to confirm these
observations (95). Nonetheless, it remains difficult to reliably
distinguish a DILI episode from that of immune reconstitu-
tion in an HIV-HBV co-infected individual who presents with
acute hepatitis (95). Patients with chronic HBV, HCV, and HIV
may also be at increased risk of isoniazid hepatotoxicity, but it
can again be difficult to distinguish a spontaneous disease flare
from a bona-fide DILI episode (96,97). Obtaining liver histo-
logy may be of benefit in diagnosing DILI in liver transplant
recipients, but additional data are needed to confirm these
observations (98).

Outcomes of DILI in patients with CLD

It is reasonable to hypothesize that CLD patients would be
more likely to develop severe or slower to resolve DILI owing
to impaired liver regeneration, as has been noted with acute
hepatitis A and B infection in patients with chronic HCV (99).
In support of this, patients with chronic HBV who develop iso-
niazid hepatotoxicity have more severe hepatocellular injury
compared with uninfected patients, and liver injury due to
highly active antiretroviral agents appears to be more severe in
patients with viral hepatitis (92,93). However, most studies have
been plagued by the small number of patients enrolled and less
than satisfactory causality assessment methods used. DILIN and
other groups are prospectively studying the risk factors and out-
comes in patients with viral hepatitis and NAFLD who present
with DILI to provide more reliable information on this impor-
tant topic (16).

Summary statement

1. There are no data to show that underlying CLD is a major
risk factor for all-cause DILI, but it may increase the risk for
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Summary and strength of recommendations
1. Inindividuals with suspected hepatocellular or mixed DILI:

(a) Acute viral hepatitis (A, B, and C) and auto-immune hepatitis should be excluded with standard serologies and HCV RNA testing (Strong recom-
mendation, very low level evidence).

(b) Anti-HEV IgM testing cannot be recommended because of unclear performance characteristics of the currently available commercial tests. How-
ever, it should be considered in the setting of heightened clinical suspicion (e.g., recent travel in an endemic area), (Conditional recommendation,
very low level of evidence).

(c) Testing for acute CMV, acute EBV, or acute HSV infection should be undertaken if classical viral hepatitis has been excluded or clinical features
such as atypical lymphocytosis, lymphadenopathy suggest such causes (Strong recommendation, very low level of evidence).

(d) Wilson’s disease and Budd-Chiari syndrome should be considered when clinically appropriate (Strong recommendation, low level of evidence).
2. In individuals with suspected cholestatic DILI:

(a) Abdominal imaging (ultrasound or CT scan) should be performed in all instances to exclude biliary tract pathology and infiltrative processes
(Strong recommendation, low level of evidence).

(b) Serological testing for primary biliary cirrhosis should be limited to those with no evidence of obvious biliary tract pathology on abdominal imaging
(Strong recommendation, low level of evidence).

(c) Endoscopic retrograde cholangiography should be limited to instances where routine imaging is unable to exclude impacted common bile duct
stones, primary sclerosing cholangitis, or pancreatico-biliary malignancy (Strong recommendation, very low level of evidence).

3. When to consider a liver biopsy?

(a) A liver biopsy should be considered if autoimmune hepatitis remains a competing etiology and if immunosuppressive therapy is contemplated
(Strong recommendation, low level of evidence).

(b) A liver biopsy may be considered:

(i) If there is unrelenting rise in liver biochemistries or signs of worsening liver function despite stopping the suspected offending agent (Strong
recommendation, very low level of evidence).

(ii) If peak ALT level has not fallen by >50% at 30-60 days after onset in cases of hepatocellular DILI, or if peak Alk P has not fallen by >50% at
180 days in cases of cholestatic DILI despite stopping the suspected offending agent (Conditional recommendation, very low level of evidence).

(iii)  In cases of DILI where continued use or re-exposure to the implicated agent is expected (Strong recommendation, very low level of evidence).

(iv) If liver biochemistry abnormalities persist beyond 180 days to evaluate for the presence of chronic liver diseases and chronic DILI (Conditional
recommendation, very low level of evidence).

4. Re-exposure to a drug thought likely to have caused hepatotoxicity is strongly discouraged, especially if the initial liver injury was associated with
significant aminotransferase elevation (e.g., >5xULN, Hy’s law, or jaundice. An exception to this recommendation is in cases of life-threatening
situations where there is no suitable alternative (Strong recommendation, low level of evidence).

5. In individuals with suspected DILI, especially when liver biochemistries are rising rapidly or there is evidence of liver dysfunction, suspected agent(s)
should be promptly stopped (Strong recommendation, low level of evidence).

6. No definitive therapies are available either for idiosyncratic DILI with or without ALF: however, NAC may be considered in adults with early-stage
ALF, given its good safety profile and some evidence for efficacy in early coma stage patients (Conditional recommendation, low level of evidence).

NAC is not recommended for children with severe DILI leading to ALF (Strong recommendation, low level of evidence).

Patients should be encouraged to report use of HDS to their health-care providers, and be reminded that supplements are not subjected to the same
rigorous testing for safety and efficacy as are prescription medications (Strong recommendation, low level of evidence).

9. The same diagnostic approach for DILI is applicable to suspected HDS-hepatotoxicity. That is, other forms of liver injury must be excluded through
a careful history, and appropriate laboratory testing and hepatobiliary imaging. Excluding other causes, the diagnosis of HDS-hepatotoxicity can be
made with confidence in the setting of recent use of HDS (Strong recommendation, low level of evidence).

10. Patients with suspected HDS-hepatotoxicity should stop all HDS-hepatotoxicity and be monitored for resolution of their liver injury (Strong recom-
mendation, low level of evidence).

11. The diagnosis of DILI in patients with CLD requires a high index of suspicion and exclusion of other more common causes of acute liver injury
including a flare-up of the underlying liver disease (Strong recommendation, low level of evidence).

12. The use of potentially hepatotoxic drugs in CLD patients should be based upon the risk vs. benefit of the proposed therapy on a case-by-case basis
(Strong recommendation, low level of evidence).

13. There are no data to recommend a specific liver biochemistry monitoring plan when a potential hepatotoxic agent is prescribed in individuals with
known CLD. Often, information contained in the package inserts is incomplete or unhelpful. Patients should be advised to promptly report any new
onset symptoms such as yellowing of their eyes, abdominal pain/discomfort, nausea/vomiting, itching, or dark urine. In addition, it is reasonable to
monitor serum liver biochemistries at 4-6 weekly intervals, especially during the initial 6 months of treatment with a potentially hepatotoxic agent
(Conditional recommendation, very low level of evidence).

ALF, acute liver failure; ALT, alanine aminotransferase; Alk P, alkaline phosphatase; CMV, cytomegalovirus; CT, computerized tomography; DILI, drug-induced liver

injury; EBV, Epstein—Barr virus; HCV, hepatitis C virus; HDS, herbal and dietary supplement; HEV, hepatitis E virus; HSV, herpes simplex virus; ULN, upper limit of
normal.
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DILI due to selected medications. Patients with chronic HBV
and HCV may be more prone to develop liver injury due to
specific agents such as isoniazid and antiretrovirals, and may
experience more severe outcomes.

2. Individuals with underlying fatty liver disease are not at an
increased risk for hepatotoxicity from statins.

Recommendations

1. The diagnosis of DILI in patients with CLD requires a
high index of suspicion and exclusion of other more com-
mon causes of acute liver injury, including a flare-up of the
underlying liver disease (Strong recommendation, low level
of evidence).

2. The use of potentially hepatotoxic drugs in CLD patients
should be based upon the risk versus benefit of the proposed
therapy on a case-by-case basis (Strong recommendation,
low level of evidence).

3. There are no data to recommend a specific liver biochem-
istry monitoring plan when a potential hepatotoxic agent is
prescribed in individuals with known CLD. Often, infor-
mation contained in the package inserts is incomplete or
unhelpful. Patients should be advised to promptly report
any new-onset symptoms such as scleral icterus, abdominal
pain/discomfort, nausea/vomiting, pruritis, or choluria.

In addition, it is reasonable to monitor serum liver biochem-
istries at 4-6 week intervals, especially during the initial

6 months of treatment with a potentially hepatotoxic

agent (Conditional recommendation, very low level of
evidence).

CONFLICT OF INTEREST

Guarantor of the article: The Writing Group, on behalf of the
American College of Gastroenterology.

Specific author contributions: All authors contributed to all
aspects of this manuscript preparation.

Financial support: None.

Potential competing interests: Chalasani has served as a
consultant to, and received financial compensation from
Boehringer Ingleheim, Abbvie, Aegerion, Salix, BMS, and Lilly
in the past 12 months. He has research support from Cum-
berland Pharmaceuticals, Intercept Pharmaceuticals, Gilead,
and Galectin Pharmaceuticals. Hayashi declares no conflict of
interest. Bonkovsky has served as a consultant and received
financial compensation from Alnylam and Clinuvel in the past
12 months. He has research support from Clinuvel, Merck, the
US National Institutes of Health (NHLBI, NIDDK), and Vertex.
He serves on the Scientific Advisory Boards of The American
Porphyria: Foundation and The Iron Disorders Institute, and on
the Board of Directors of the Iron Disorders Institute. Navarro
has served as a consultant to Glaxo-SmithKline. Lee has served
as a consultant to, and received financial compensation from,
Lilly and Novartis in the past 12 months and receives research
support from Anadys, BMS, BI, Cumberland, Gilead, Vertex,
Ocera, and Merck. Fontana has received grant support from

© 2014 by the American College of Gastroenterology

Diagnosis and management of DILI 15

Gilead and Vertex and served as a paid consultant to Tibotec,
Merck, and GSK.

ACKNOWLEDGMENTS

The writing group thanks Professors Willis Maddrey (Univer-
sity of Texas at Southwestern Medical Center) and James Lewis
(Georgetown University) for their helpful comments on the
manuscript.

REFERENCES

1.

19.

[ S}
—_

Guyatt GH, Oxman AD, Vist GE et al. GRADE: an emerging consensus
on rating quality of evidence and strength of recommendations. BMJ
2008;336:924-6.

Bonkovsky HL, Jones DP, Russo MW et al. Drug-Induced Liver Injury. 6th
edn. Ch 25 W.B. Saunders: Philadelphia, PA, 2011, pp. 417-61.

Strader DB, Navarro V], Seeff LB. Hepatotoxicity from herbal preparation.
In: Boyer TD, Mann M, Sanyal AJ (eds). Zakim & Boyer’s Hepatology, 6th
edn. Ch 26 W.B. Saunders: Philadelphia, PA, 2011, pp. 462-75.

Lewis JH. Drug-induced liver injury throughout the drug development
life cycle: where we have been, where are we now, and where we are
headed. Perspectives of a clinical hepatologist. Pharm Med 2013;27:
165-91.

Kaplowitz N. Idiosyncratic drug hepatotoxicity. Nat Rev Drug Discov
2005;4:489-99.

Kaplowitz N, DeLeve LD. Drug-Induced Liver Disease, 3rd edn, Academic
press: Waltham, MA, 2013.

Andrade RJ, Lucena MI, Fernandez MC et al. Drug-induced liver injury: an
analysis of 461 incidences submitted to the Spanish registry over a 10-year
period. Gastroenterology 2005;129:512-21.

Bjornsson E, Bergmann OM, Bjornsson HK et al. Incidence, presentation,
and outcomes in patients with drug-induced liver injury in the general
population of Iceland. Gastroenterology 2013;144:1419-25.

Tujios S, Fontana R]. Mechanisms of drug-induced liver injury: from
bedside to bench. Nat Rev Gastroenterol Hepatol 2011;8:202-11.

. Russo M, Galanko JA, Shrestha R et al. Liver transplantation for acute liver

failure from drug induced liver injury in the United States. Liver Transpl
2004;10:1018-23.

. Larson AM, Fontana R], Davern TJ, et al., the ALFSG. Acetaminophen-

induced acute liver failure: results of a United States multicenter,
prospective study. Hepatology 2005;42:1367-72.

. Temple R. Hy’s law: predicting serious hepatotoxicity. Pharmacoepidemiol

Drug Saf 2006;15:241-3.

. Rivkees SA. 63 Years and 715 days to the “boxed warning”: unmask-

ing of the propylthiouracil problem. Int J Pediatr Endocrinol 201052010,
Pii:717303.

. Koch L. Therapy: propylthiouracil use associated with severe hepatotoxicity

in children. Nat Rev Endocrinol 2010;6:416 Chalasani 20 (Fatal PTU).

. Vuppalanchi R, Chalasani N. Risk factors for drug-induced liver disease.

In: Kaplowitz N and DeLeve LD (eds) Drug-Induced Liver Disease, 3rd
edn, Academic press: Waltham, MA, 2013, pp. 265-74.

. Chalasani N, Fontana RJ, Bonkovsky HL et al. Causes, clinical features,

and outcomes from a prospective study of drug induced liver injury in the
United States. Gastroenterology 2008;135:1924-34.

. Danan G, Benichou C. Causality assessment of adverse reactions to

drugs—I. A novel method based on the conclusions of international
consensus meetings: application to drug-induced liver injuries. ] Clin
Epidemiol 1993;46:1323-30.

. Benichou C, Danan G, Flahault A. Causality assessment of adverse reac-

tions to drugs—II. An original model for validation of drug causality
assessment methods: case reports with positive rechallenge. ] Clin
Epidemiol 1993;46:1331-6.

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

. Agarwal VK, McHutchison JG, Hoofnagle JH. Important elements for

the diagnosis of drug-induced liver injury. Clin Gastroenterol Hepatol
2010;8:463-70.

. Navarro VJ, Barnhart HX, Bonkovsky HL et al. Herbal and dietary sup-

plement induced hepatotoxicity in the US. Gastroenterology 2012;142 S1,
S-41. [Abstract #167].

The American Journal of GASTROENTEROLOGY



16

Chalasani et al.

22

23.
24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45,

46.

. Http://www.fda.gov/ AboutFDA/WhatWeDo/History/ProductRegulation/

SummaryofNDA ApprovalsReceipts1938tothepresent/default.htm
(Accessed on 15 October 2013).

http://livertox.nih.gov/ (Accessed on 15 October 2013).

Davern TJ, Chalasani N, Fontana R] et al. Acute hepatitis E infection
accounts for some cases of suspected drug-induced liver injury. Gastro-
enterology 2011;141:1665-72 e1-9.

Hoofnagle JH, Nelson KE, Purcell RH. Hepatitis E. N Engl ] Med
2012;367:1237-44.

Tan EM, Feltkamp TE, Smolen JS et al. Range of antinuclear antibodies in
“healthy” individuals. Arthritis Rheum 1997;40:1601-11.

EASL Clinical Practice Guidelines. Wilson’s disease. ] Hepatol 2012;56:
671-85.

Kleiner DE, Chalasani N, Lee W et al. Hepatic histological findings in
suspected drug-induced liver injury: systematic evaluation and clinical
associations. Hepatology 2014;59:661-70.

Lewis JH, Kleiner DE. Hepatic injury due to drugs, chemicals and toxins.
In: Burt AD, Portmann BC, Ferrell LD (eds), MacSween’s Pathology of the
Liver, 6th edn, Churchhill Livingstone Elsevier, Edinburgh, 2012,

pp. 645-760.

Czaja AJ. Corticosteroids or not in severe acute or fulminant autoimmune
hepatitis: therapeutic brinksmanship and the point beyond salvation. Liver
Transpl 2007;13:953-5.

Ichai P, Duclos-Vallee JC, Guettier C et al. Usefulness of corticosteroids
for the treatment of severe and fulminant forms of autoimmune hepatitis.
Liver Transpl 2007;13:996-1003.

Kalb RE, Strober B, Weinstein G et al. Methotrexate and psoriasis: 2009
National Psoriasis Foundation Consensus Conference. ] Am Acad Derma-
tol 2009;60:824-37.

Saag KG, Teng GG, Patkar NM et al. American College of Rheumatology
2008 recommendations for the use of nonbiologic and biologic disease-
modifying antirheumatic drugs in rheumatoid arthritis. Arthritis Rheum
2008;59:762-84.

Berends MA, van Oijen MG, Snoek ] et al. Reliability of the Roenigk
classification of liver damage after methotrexate treatment for psoriasis:

a clinicopathologic study of 160 liver biopsy specimens. Arch Dermatol
2007;143:1515-9.

Bjornsson E, Kalaitzakis E, Olsson R. The impact of eosinophilia and
hepatic necrosis on prognosis in patients with drug-induced liver injury.
Aliment Pharmacol Ther 2007;25:1411-21.

Rochon J, Protiva P, Seeff LB ef al. Reliability of the Roussel Uclaf Causality
Assessment Method for assessing causality in drug-induced liver injury.
Hepatology 2008;48:1175-83.

Rockey DC, Seeff LB, Rochon J et al. Causality assessment in drug-induced
liver injury using a structured expert opinion process: comparison to

the Roussel-Uclaf causality assessment method. Hepatology 2010;51:
2117-26.

Lee WM, Senior JR. Recognizing drug-induced liver injury: current
problems, possible solutions. Toxicol Pathol 2005;33:155-64.

Reuben A, Koch DG, Lee WM. Drug-induced acute liver failure:

results of a US multicenter, prospective study. Hepatology 2010;52:
2065-76.

Bernal W, Auzinger G, Dhawan A ef al. Acute liver failure. Lancet
2010;376:190-201.

Ostapowicz GA, Fontana R, Schiodt FV et al. Results of a prospective study
of acute liver failure at 17 tertiary care centers in the United States. Ann
Intern Med 2002;137:945-54.

Cholongitas E, Theocharidou E, Vasianopoulou P et al. Comparison of

the Sequential Organ Failure Assessment Score with the King’s College
Hospital Criteria and the Model for End-Stage Liver Disease score for the
prognosis of acetaminophen-induced acute liver failure. Liver Transpl
2012;18:405-12.

Rutherford A, King LY, Hynan LS, et al., ALF Study Group. Development
of an accurate index for predicting outcomes of patients with acute liver
failure. Gastroenterology 2012;143:1237-43.

Bechmann LP, Jochum C, Kocabayoglu P et al. Cytokeratin 18-based modi-
fication of the MELD score improves prediction of spontaneous survival
after acute liver injury. ] Hepatology 2010;53:639-47.

Papay ]I, Clines D, Rafi R et al. Drug-induced liver injury following positive
drug rechallenge. Regul Toxicol Pharmacol 2009;54:84-90.

Guidance for Industry. Drug-induced liver injury: premarketing clinical
evaluation. Food and Drug Administration, July 2009. http://www.fda.gov/
downloads/Drugs/.../Guidances/UCM174090.pdf (Accessed on 16 October
2013).

The American Journal of GASTROENTEROLOGY

47.

48.

49.

50.

5

Juiy

52.

53.

54.

55.

56.

57.

58.

59.

60.

6

—

62.

63.

64.

65.

66.

67.

69.

70.

71.

72.

74

Lee WM, Hynan LS, Rossaro L et al. Intravenous N-acetylcysteine improves
transplant-free survival in early stage non-acetaminophen acute liver
failure. Gastroenterology 2009;137:856-64.

Saliba F, Camus C, Durand F et al. Albumin dialysis with a noncell artificial
liver support device in patients with acute liver failure. Ann Intern Med
2013;159:522-31.

Squires RH, Dhawan A, Alonso E et al. Intravenous N-acetylcysteine in
pediatric patients with nonacetaminophen acute liver failure: a placebo-
controlled clinical trial. Hepatology 2013;57:1542-9.

Fontana R], Hayashi PH, Gu J et al. There is substantial morbidity and
mortality associated with idiosyncratic drug induced liver injury: results
from the DILIN prospective study. Gastroenterology; advance online
publication, 27 March 2014 (e-pub ahead of print).

. http://www.fda.gov/Food/DietarySupplements/default.htm; Accessed on

6 April 2013.
http://www.fda.gov/food/foodsafety/product-specificinformation/
medicalfoods/default.htm; Accessed 4 August 2013.

Chalasani N, Vuppalanchi R, Navarro V] et al. Acute liver injury due to
Flavocoxid (limbrel), a medical food for osteoarthritis. A case series.

Ann Intern Med 2013;156:857-60.
http://www.fda.gov/Food/DietarySupplements/GuidanceCompliance
RegulatoryInformation/default.htm; Accessed 6 April 2013.

US Department of Health and Human Services Office of Inspector General,
Adverse Event Reporting for Dietary Supplements: An Inadequate Safety
Valve, OEI-01-00-00180 (Washington, D.C.: April 2001).

Komes D, Belscak-Cvitanovic A, Horzic D et al. Phenolic composition
and antioxidant properties of some traditionally used medicinal plants af-
fected by the extraction time and hydrolysis. Phytochem Anal 2011;22:
172-80.

Scheepmaker MM, Gower NT. The quality of selected South African and
international homoeopathic mother tinctures. Afr J Tradit Complement
Altern Med 2011;8 (5 Suppl): 46-52.

Sundaresan V, Sahni G, Verma RS et al. Impact of geographic range on
genetic and chemical diversity of Indian valerian (Valeriana jatamansi)
from northwestern Himalaya. Biochem Genet 2012;50:797-808.

Xiao WL, Motley TJ, Unachukwu U]J et al. Chemical and genetic assess-
ment of variability in commercial Radix Astragali (Astragalus spp) by ion
trap LC-MS and nuclear ribosomal DNA barcoding sequence analyses..

J Agric Food Chem 2011;59:1548-56.

Fleshler N, Harvey M, Adomat H et al. Evidence for contamination of
herbal erectile dysfunction products with phosphodiesterase type 5 inhibi-
tors. ] Urol 2005;174:636-41.

. Kneifel W, Czech E, Kopp B. Microbial contamination of medicinal plants.

Planta Med 2000;68:5-15.

Stickel E, Droz S, Patsenker E et al. Severe hepatotoxicity following
ingestion of Herbalife contaminated with Bacillus subtilis. ] Hepatol
2009;50:111-7.

Ernst E. Heavy metals in traditional Indian remedies. Eur J Clin Pharmacol
2002;57:891-6.

Saper RB, Phillips RS, Sehgal A et al. Lead, mercury, and arsenic in US- and
Indian-manufactured Ayurvedic medicines sold over the internet. JAMA
2008;300:915-23.

Blendon RJ, DesRoches CM, Benson JM et al. Americans’ views on the use
and regulation of dietary supplements. Arch Intern Med 2001;161:805-10.
Ishak KG. Hepatic lesions caused by anabolic and contraceptive steroids.
Semin Liver Dis 1981;1:116-28.

Haupt HA, Rovere GD. Anabolic steroids a review of the literature. Am ]
Sports Med 1984;12:469-84.

. Elsharkawy AM, McPherson S, Masson § et al. Cholestasis secondary to

anabolic steroid use in young men. BM]J 2012;34:4e468.

Weston CFM, Cooper BY, Davies JE et al. Veno-occlusive disease of the
liver secondary to ingestion of comfrey. Br Med J 1987;295:183.

Bras G, Jeliffe DB, Stuart KL. Veno-occlusive disease of the liver with
non-portal type of cirrhosis occurring in Jamaica. AMA Arch Pathol
1954;57:285-300.

Chojkier M. Hepatic sinusoidal-obstruction syndrome: toxicity of pyrrolizi-
dine alkaloids. ] Hepatol 2003;3:437-46.

Stillman AE, Huxtable RJ, Consroe P et al. Hepatic veno-occlusive disease
due to pyrrolizidine (Senecio) poisoning in Arizona. Gastroenterology
1977;73:349-52.

. Mohabbat O, Srivastava RN, Younos MS et al. An outbreak of hepatic veno-

occlusive disease in North-Western Afghanistan. Lancet 1976;2:271-6.

. Tandon BN, Tandon RK, Tandon HD et al. An epidemic of veno-occlusive

disease in Central India. Lancet 1976;2:271-2.

www.amjgastro.com



75

76.

77.

78

79.

80.

8

—_

82.

83.

84

85.

. Everhart JE, Ruhl CE. Burden of digestive diseases in the United States

part 1: overall and upper gastrointestinal diseases. Gastroenterology
2009;136:376-86.

Lucado J, Paez K, Eixhauser A. Medication-related adverse outcomes in

US Hospitals and Emergency Departments, 2008. Agency for Healthcare
Research and Quality, Statistical brief #109, http://www.hcup-us.ahrq.
gov/reports/statbriefs/sb109.pdf (accessed on 21 May 2014) .

Galan MYV, Potts JA, Silverman AL et al. The burden of acute non-fulminant
drug-induced hepatitis in a United States tertiary referral center. J Clin
Gastroenterol 2005;39:64-7.

. Vuppalanchi R, Liangpunsakul S, Chalsani N. Etiology of new-onset jaun-

dice: how often is it caused by idiosyncratic drug-induced liver injury in the
United States. Am ] Gastroenterol 2007;102:558-62.

Fontana RJ, Seeff LB, Andrade R]J et al. Standardization of nomenclature
and Causality Assessment in Drug-Induced liver Injury: Summary of a
Clinical Research Workshop. Hepatology 2010;52:730-42.

Chalasani N, Younossi Z, Levine JE et al. The diagnosis and management
of non-alcoholic fatty liver: Practice guideline by the American Associa-
tion of the Study of Liver Diseases, American College of Gastroenterology,
and the American Gastroenterology Association. Am J Gastroenterol
2012;107:811-26.

. Ghany MG, Nelson DR, Strader DB et al. An update on treatment of

Genotype 1 chronic hepatitis C virus infection: 2011 Practice Guideline
by the American Association for the Study of Liver Diseases. Hepatology
2011;54:1433-43.

Lewis JH, Stine JG. Prescribing medications in patients with cirrhosis — a
practical guide. Aliment Pharmacol Ther 2013;37:1132-56.

Chalasani N, Aljadhey H, Kesterson J et al. Patients with elevated liver
enzymes are not at higher risk for statin hepatotoxicity. Gastroenterology
2004;128:1287-92.

. Vuppalanchi R, Teal E, Chalasani N. Patients with elevated baseline liver en-

zymes do not have higher frequency of hepatotoxicity form lovastatin than
those with normal baseline liver enzymes. Am ] Med Sci 2005;329:62-5.
Lewis JH, Mortensen ME, Zweig S et al. Efficacy and safety of high-dose
pravastatin in hypercholesterolemic patients with well-compensated
chronic liver disease: Results of a prospective, randomized,

double-blind, placebo-controlled multicenter trial. Hepatology
2007;46:1453-63.

© 2014 by the American College of Gastroenterology

86.

87.

88.

90.

9

—_

92.

93.

94.

95.

96.

97.

98.

99.

Diagnosis and management of DILI 17

Osman KA, Osman MM, Ahmed MH. Tamoxifen-induced nonalcoholic
steatohepatitis: where are we now and where are we going? Expert Opin
Drug Saf 2007;6:1-4.

Whiting-O’Keefe QE, Fyfe KH, Sack KD. Methotrexate and histological
hepatic abnormalities: A meta-analysis. Am ] Med 1991;90:711.

Cohen DE, Anania FA, Chalasani N. An assessment of statin safety by
hepatologists. Am ] Cardiol 2006;97:78-84.

. Athyros VG, Tziomalos K, Gossios TD et al. Safety and efficacy of long-

term statin treatment for cardiovascular events in patients with coronary
heart disease and abnormal liver tests in the Greek Atorvastatin and
Coronary Heart Disease Evaluation (GREACE) Study: a post-hoc analysis.
Lancet 2010;376:1916-22.

Bader T, Hughes LD, Fazili ] et al. A randomized controlled trial adding
fluvastatin to peginterferon and ribavirin for naive genotype 1 hepatitis C
patients. ] Viral Hepatitis 2013;20:622-7.

. Sulkowski MS, Thomas DL, Chaisson RE et al. Hepatotoxicity associated

with antiretroviral therapy in adults with human immunodeficiency

virus and the role of hepatitis C or B virus infection. JAMA 2000;283:
74-80.

Nunez M. Clinical syndromes and consequences of antiretroviral-related
hepatotoxicity. Hepatology 2010;52:1143-55.

Ungo JR, Jones D, Ashkin K et al. Anti-tuberculosis drug-induced hepato-
toxicity: the role of hepatitis C virus and the HIV. Am J Resp Crit Care Med
1998;157:1871-6.

Wong WM, Wu PC, Yuen MF et al. Anti-tuberculosis drug-related liver
dysfunction in chronic hepatitis B infection. Hepatology 2000;31:201-6.
Sembera S, Lammert C, Talwalkar JA et al. Frequency, clinical presentation,
and outcomes of drug-induced liver injury after liver transplantation. Liver
Transpl 2012;18:803-10.

Vento S, Garofano T, Renzini C et al. Fulminant hepatitis associated with
hepatitis A virus superinfection in patients with chronic hepatitis C. N Eng
J Med 1998;338:286-90.

Hennes EM, Zeniya M, Czaja AJ et al. Simplified criteria for the diagnosis
of autoimmune hepatitis. Hepatology 2008;48:169-76.

Kaplowitz N. Causality assessment versus guilt-by-association in drug
hepatotoxicity. Hepatology 2001;33:308-10.

Kaplowitz N. Idiosyncratic drug hepatotoxicity. Nat Rev Drug Discov
2005;4:489-99.

The American Journal of GASTROENTEROLOGY





