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Abstract

While the pace of discovery of new agents, mechanisms and risk factors involved in drug-induced
liver injury (DILI) remains brisk, advances in the treatment of acute DILI seems slow by
comparison. In general, the key to treating suspected DILI is to stop using the drug prior to
developing irreversible liver failure. However, predicting when to stop is an inexact science, and
commonly used ALT monitoring is an ineffective strategy outside of clinical trials. The only
specific antidote for acute DILI remains N-acetylcysteine (NAC) for acetaminophen poisoning,
although NAC is proving to be beneficial in some cases of non-acetaminophen DILI in adults.
Corticosteroids can be effective for DILI associated with autoimmune or systemic hypersensitivity
features. Ursodeoxycholic acid, silymarin and glycyrrhizin have been used to treat DILI for
decades, but success remains anecdotal. Bile acid washout regimens using cholestyramine appear
to be more evidenced based, in particular for lefluonomide toxicity. For drug-induced acute liver
failure, the use of liver support systems is still investigational in the United States and emergency
liver transplant remains limited by its availability. Primary prevention appears to be the key to
avoiding DILI and the need for acute treatment. Pharmacogenomics, including HLA genotyping
and the discovery of specific DILI biomarkers offers significant promise for the future. This article
describes and summarizes the numerous and diverse treatment and prevention modalities that are
currently available to manage DILI.
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Introduction: the challenges of treating drug-induced liver injury

The field of drug-induced hepatotoxicity has been expanding rapidly in terms of identifying
mechanisms of injury, predicting patients at risk and recognizing pharmacologic properties
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of potential hepatotoxins. By comparison, research aimed specifically at treating DILI has
lagged behind.[1] The management of acute (or chronic) drug-induced liver injury (DILI),
including herbal and dietary supplement induced liver injury (HDSLI) has not changed
appreciably since we reviewed this topic 15 years ago.[2] It still involves a process that
begins with the recognition of hepatic injury and assigning causality to a specific agent.[3]
After making a diagnosis of DILI, a decision must be made regarding whether or not the
suspected drug can be continued with frequent monitoring to determine if tolerance or drug
adaptation is present, or if the injury meets criteria where the drug needs to be stopped
temporarily or permanently.[3] In addition to applying these stopping rules, the decision to
treat the hepatic injury with a specific antidote (e.g. N-acetylcysteine (NAC) in the case of
acetaminophen (APAP) overdose), an immunosuppressive agent (e.g corticosteroids for
drug-induced hypersensitivity reactions or autoimmune injury), or to utilize non-specific
hepatoprotective agents such as ursodiol, silibinin, glycyrrhizic acid , depends on the
perceived severity of the hepatotoxicity. Although acute DILI remains a rare event, it can be
dramatic when it happens and cases leading to jaundice may have a fatal outcome. Indeed,
approximately 50% of all cases of acute liver failure (ALF) are caused by drugs.[4] While
most drug induced ALF (DI-ALF) cases are due to APAP overdose, 12% are caused by
other idiosyncratic drug reactions (including HDSLI), making DI-ALF more common than
ALF attributable to acute viral hepatitis. If acute DI-ALF is present, urgent referral to a liver
transplant (LT) center should be initiated without delay.[4] Alternatives to LT such as liver
support devices in the form of molecular adsorbent recirculating systems (MARS),
plasmapheresis and other modalities remain largely investigational in the U.S.[5], as will be
discussed.

Given the significant case-fatality rate (or need for LT) of 10% and higher for acute DI-ALF,
[6, 7], and the relatively few specific medical therapies available for these cases, much
attention has appropriately been focused on the primary prevention of DILI and HDSLI. The
identification of pharmacogenetic risk factors associated with hepatotoxicity offers the
opportunity to engage in a more precise, personalized medicine approach, whereby DILI can
be predicted and therefore, avoided. [8, 9] Another tactic to prevent DILI has been through
legislation and regulations that restrict the access to agents, most notably paracetamol in the
UK and parts of the European Union.[10] While underlying cirrhosis or other chronic liver
disease is generally not considered a significant host risk factor for DILI,[11] remaining
vigilant to avoid potentially hepatotoxic agents (such as anti-tuberculosis drugs (ATDS) in
patients with chronic viral hepatitis B or HIV), seems prudent [12]. Finally, while we await
the identification of a biomarker that can accurately predict liver injury prior to its
development,[13] we remain reliant on the old standard of alanine aminotransferase (ALT)
testing to monitor for DILI. Measuring ALT levels is done in the hope of stopping a
particular agent prior to crossing the threshold into ALF.[14] Indeed, certain medications
mandate the testing of ALT at frequent intervals as part of a risk evaluation and management
strategy (REMS), while others recommend only periodic monitoring. For certain well-
recognized hepatotoxins, such as isoniazid (INH), reporting of clinical symptoms of acute
hepatitis is given more weight than biochemical monitoring,[15] although this can have dire
consequences if stopping criteria are ignored.[16]
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In this review, we have endeavored to provide a comprehensive update on the current
treatment and prevention of DILI since we last reviewed this topic 15 years ago.[2] While
many therapeutic options are available, only acetaminophen has a specific antidote. For the
other hundreds of agents that are associated with DILI/HDSLI, treatment options are often
nonspecific, or limited by reports of anecdotal success. The shortcomings posed by many of
the existing options will be discussed along with the research directions that are poised to
produce therapeutic advances for DILI in the future.

We reviewed PubMed/MEDLINE publications on the treatment and prevention of DILI and
HDSLI over the past 15 years through September 2015. We developed a search strategy
using terms that included, but were not limited to, liver injury, hepatotoxicity, DILI, drug use
in cirrhosis and chronic liver disease, all correlated with the terms treatment and prevention.
Based on the publications found, we reviewed those that were specific to treatment or
prevention, and cross-checked their reference lists to identify any additional articles that
might have been missed in the initial database search to ensure as complete a literature
review as possible. We chose to discuss treatment options that have been utilized in humans,
including those described in case reports, case-series and clinical trials. We are mindful that
while many experimental animal-based studies offer potentially useful therapeutic
alternatives, they remain untested in patients.

General management principles of DILI

Recognizing acute drug induced liver injury

The ability to identify the signature of a specific type of DILI given the multitude of agents
that are currently in use can take a lifetime of learning. LiverTox[17] and other resources can
provide the clinician with the most up to date diagnostic criteria and clinical features of
DILI, and provide quick reference in the setting of suspected hepatotoxicity.[18—20]

Causality assessment

The various causality assessment methodologies in use to diagnose DILI have been the
subject of several recent publications, and are beyond the scope of this review.[21] [22, 23]
While all of the methodologies are imperfect[22, 23] suffice it to say that the most important
aspect of establishing causality is having a high index of suspicion that a particular drug or
herbal agent is responsible for the injury. A number of detrimental outcomes can follow the
misdiagnosis of DILI.[24] These include stopping a beneficial drug where no equivalent
alternatives are available, falsely branding a drug as unsafe, opening the prospect of
medical-legal consequences, and most importantly, leaving the actual cause of the injury
undiagnosed. Historically, causality assessment was based in large part on expert opinion,
which remains and important means of establishing the diagnosis. The use of the semi-
quantitative Roussel Uclaf Causality Assessment Method (RUCAM) scoring system coupled
with expert opinion by the U.S. DILI Network,[21] creates a so-called “medical reasoning”
approach to identify DILI.[14] It appears to be the best diagnostic method while a truly
accurate and definitive means to identify DILI is awaited. Being able to confidently diagnose
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DILI is oftentimes hindered by having incomplete patient data and laboratory results.[4, 25,
26] Agarwal and colleagues[27] have suggested a list of specific elements they deem
necessary to evaluate potential DILI cases, in an effort to overcome the numerous
deficiencies that often negatively impact causality assessment.

LiverTox, a collaborative effort by the National Institute of Diabetes and Digestive and
Kidney Diseases (NIDDK) and the National Library of Medicine (NLM) was launched in
October 2012, and provides the most up-to-date, interactive and searchable information on
the diagnosis, cause, frequency, patterns, and management of DILI and HDSLI.[17] As such,
it functions as a virtual resource on more than 650 agents (www.livertox.nih.gov).

Drug discontinuation criteria

The cardinal rule of managing suspected acute (or chronic) DILI is to stop the offending
drug. [2, 4] However, it is important to distinguish between asymptomatic, low-level
elevations in liver associated enzymes (LAEs) where the drug can be safely continued and
biochemical changes that may be indicative of more serious hepatic damage. For some drugs
causing mild elevations in ALT or other LAEs, the injury either does not progress beyond
the asymptomatic, low-level elevation or resolves and returns to normal (or baseline) despite
continuation of the medication. This phenomenon is referred to as “drug tolerance” or the
“drug adaptive response.”[28] Drug tolerance needs to be recognized in order to prevent
early discontinuation of beneficial therapy as these asymptomatic elevations are not
associated with significant impairment in hepatic function.

DILI Stopping rules

Published in 2009, stopping rules from the U.S. Food and Drug Administration (FDA) were
outlined to prevent hepatotoxicity in clinical trials.[29] This remains an important guidance
document in both the clinical trial setting as well as the post-marketing phase for new drugs
as discontinuation elements have been incorporated into the clinic setting for approved
drugs.[25, 26] The FDA recommends that if a patient’s ALT level rises above 3 times the
upper limit of normal (ULN) in the absence of any symptoms or evidence of hepatic
impairment [e.g. an increase in bilirubin or international normalized ratio (INR)], the drug
can likely be continued safely with frequent LAE monitoring . For ALT values that rise
above 5 times the ULN, more intensive monitoring should be performed. If the ALT rises
above 8 times the ULN, clinicians should consider stopping the drug at that time, as this is
generally accepted as the threshold where DILI may progress to ALF and become
irreversible.[3, 29] Table 1 summarizes these FDA stopping rules, which while intended for
agents in clinical trials, have also found utility in clinical practice [1].

For any patient who develops an increase in ALT above 3 times the ULN in association with
a total serum bilirubin level greater than twice the ULN (indicating impaired liver function
from the injury), or any hepatic-related symptoms, the FDA guidance states that Hy’s Law
biochemical criteria have been met,[3, 6, 30, 31] implying the patient is at high risk for
developing ALF. Named for the clinical observation made by the late Hyman
Zimmerman,”Hy’s Law” predicts that patients who develop drug-induced hepatocellular
jaundice have a mortality rate of 10-50%.[18] [3, 6, 30-33]
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For additional information in the recognition of DILI, its causality assessment and drug-
stopping rules, the interested reader is directed to the recent guidelines published by the
American College of Gastroenterology [4], as well as resources discussing the regulatory
aspects of DILI in drug development.[1, 25, 26, 34]

DILI Desensitization-rechallenge

Deliberate re-exposure (rechallenge) to the same drug suspected as causing acute DILI is
generally discouraged [4, 35], owing to the fear of producing an even more severe reaction,
including death from ALF.[35-39] For certain life-threatening illness, such as active
tuberculosis, where no alternative therapies are available, desensitization-rechallenge
strategies have been successfully implemented, whereby the same agents causing DILI can
be safely restarted.[37, 38, 40, 41] Table 2 outlines strategies that have been suggested to
desensitize patients to INH.

Switching from one drug to another in the same or related class in an attempt to avoid
recurrent hepatotoxicity in a patient who has experienced DILI is probably done frequently
in clinical practice, but formal studies are lacking. Successful drug substitutions in this
setting have been anecdotally reported for thiazolidinediones,[42] statins,[43] apixaban,[44]
and non-estolate salts of erythromycin.[45] In the case of penicillin, cephalosporins can
generally be given safely, although the semi-synthetic penicillins have actually been more
likely to cause DILI.[45] Similarly, telithromycin, is at least as likely to cause liver injury as
macrolides.[46]

General treatment recommendations for suspected DILI

Gastrointestinal decontamination

Gastric aspiration (GA) by lavage and administration of activated charcoal (AC) appear
useful in certain instances of acute APAP,[47] toxic mushroom,[48, 49] salicylate[50] and
other acute overdose or toxic ingestions.[51] There are few apparent downsides to
attempting to remove undigested pills after an APAP overdose, although the closer to the
time of ingestion the better.[47, 52] [53, 54] Inducing vomiting using syrup of ipecac,
however, is more controversial. [47, 52] [53, 54] Doing so is not recommended after
salicylate overdose,[50] nor is it recommended if the patient presents for treatment several
hours after APAP overdose.[47] /n vitro data suggest that AC may deactivate NAC
administered orally [55], however this has not been reproduced /n vivo, and is considered
inconsequential. [56] Activated charcoal reduces peak serum concentrations of APAP, [57]
which can potentially reduce the number of patients who require NAC.[58] Table 3 provides
a list of hepatotoxins for which AC can be given to mitigate the effects of a toxic ingestion.

Chelation therapy

Chelators have been used in the setting of heavy metal poisoning associated with DILI
[Table 4].[59, 60] [61, 62] Chelating agents bind to toxic metal ions to form complex
structures that facilitate their removal from both the intracellular and extracellular spaces.
[59] 2,3-Dimercaprol has long been the mainstay of chelation therapy for lead or arsenic
poisoning, however serious side effects have limited its use in favor of less toxic chelators
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including , calcium disodium ethylenediamine tetraacetic acid (CaNa,EDTA) , calcium
trisodium DTPA, D-penicillamine, British Anti Lewisite (BAL), meso-2,3-
dimercaptosuccinic acid (DMSA) and deferoxamine.[59, 60] [61]

Hepatic necrosis from acute iron toxicity is the second leading cause of death related to
acute iron ingestion.[59] Particularly problematic in children, acute iron ingestion should be
managed with a combination of gastric aspiration and the administration of deferoxamine,
the most specific iron chelator. Deferoxamine needs to be given either intramuscularly (90
mg to 1 g/kg) or intravenously at a rate of 15 mg/kg/h, as its gastric absorption is very low.
The newer oral iron chelators have not been studied in acute iron intoxication to our
knowledge.[62, 63] More study is needed in acute iron toxicity for both deferasirox and
desferoxamine.[62]

Specific antidotes to treat DILI

N-acetylcysteine for acetaminophen overdose

NAC remains extremely effective at managing and preventing acute injury to APAP
overdose.[64, 65] NAC binds the toxic N-acetyl-p-benzoquinonimine (NAPQI) metabolite
that may overwhelm the body’s natural stores of detoxifying glutathione leading to severe
necrosis.[66] While it is beyond the scope of this review to provide the specific details of
assessing and treating APAP intoxication in all of its various forms (including an acute
single overdose In adults and children, repeated supratherapeutic ingestions [RSTI], and an
overdose of uncertain dose or duration), Table 5 provides an evidence-based approach to the
management of acute acetaminophen poisoning based on several authoritative reviews.[47,
56, 67, 68]

The treatment algorithm for acetaminophen overdose as initially recommended by Rumack
and colleagues is well time-tested.[67, 69] [57, 64] Management strategies have been
reviewed by others[68, 69] and only the main points will be covered here. In the U.S.,
Canada, Australia , New Zealand and Hong Kong, treatment with NAC is initiated if the
acetaminophen plasma concentration after a single acute overdose exceeds 150 ug/mL at 4
hours. This “150 line” on the Rumack-Matthews nomogram is a level imposed by FDA to
ensure as many patients as possible are treated without increasing the risk of overtreatment
and the attendant costs of therapy.[68, 70] In other nations, such as the U.K., the threshold
plasma concentration was lowered to 100 mg/L in 2012 [71] This change in national
guidelines resulted in an increased proportion of patients being admitted and treated with
NAC, most of whom presented with concentrations between 100 and 149mg/L. However,
the change was not associated with any increase in adverse reactions to NAC.[71] In Hong
Kong, Chan et al[70] reported that only 21% of 893 patients presented with an overdose
concentration above the 150 treatment line threshold, with 12.5% having serum levels
between 100 and 150ug, and 66.5% were below the 100ug treatment line. They cautioned
that while lowering the treatment line to 100ug would cut the NAC failure rate from 0.45%
to 0.22%, it needs to be balanced against a higher incidence of anaphylactoid reactions and
increased costs.[70]
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The choice of 1V versus oral NAC depends on several factors, including the alertness of the
patient and their ability to take medications by mouth. The duration of 1V therapy is shorter
(i.e. a 20 hour infusion vs an oral loading dose followed by 17 additional oral doses 4 hours
apart), and is the preferred route in patients with altered mental status, gastrointestinal
hemorrhage or obstruction, the inability to tolerate oral NAC, pregnancy, and a short gut
syndrome.[68] [56, 72] The IV formulation may even be effective when given over a shorter
infusion time of just 12 hours.[73] Both IV and orally administered NAC have been proven
to be equally efficacious in the setting of an APAP overdose.[68] While both formulations
appear to be well tolerated,[74] a non-IgE mediated hypersensitivity reaction similar to
anaphylaxis with rash, urticaria, pruritus, angioedema, bronchospasm, hypotension is more
common with IV administration and can be seen in up to 28.5% of patients[75] making
proper patient selection essential [75-78] IV NAC also requires monitoring for arrhythmias
and hypotension.[72] If a severe anaphylactoid reaction occurs, the infusion should be
stopped immediately and treatment with epinephrine, diphenhydramine, corticosteroids and
albuterol begun, with resumption of the IV NAC at a lower dose.[78][68] Risk factors for the
anaphylactoid reaction include female gender, a history of asthma or atopy,[77] and a history
of a prior NAC reaction.[75] Patients of non-Danish origin have also appear to be more
susceptible.[75] Most reactions occur shortly after the start of treatment [77] , and in patients
with higher acetaminophen serum levels (> 200 —300mg/L).[76] As NAC reactions appear
to be mediated by histamine, pre-treating selected at-risk patients with antihistamines is
suggested.[78]

NAC for non-acetaminophen DI-ALF

While NAC has traditionally been used only to treat APAP-induced ALF, new data are
emerging that support its use in preventing ALF due to other agents, in particular, anti-TB
drugs.[79] Khandewal and colleagues[80] have suggested a role for administering NAC
empirically in the setting of indeterminate ALF, particularly in the subset of patients with
hyperacute liver failure in whom up to 20% have unrecognized ALF from APAP. Data from
the U.S. Acute Liver Failure Study Group have confirmed the potential benefits of NAC use
in selected patients with non-APAP ALF, including DILI with autoimmune features and
acute hepatitis B .[81] In their prospective, double blind trial, Singh at al randomly assigned
173 ALF patients without evidence of APAP overdose to receive IV NAC or placebo for 72
hours. These investigators found that patients with early encephalopathy (grade I-11) who
received with NAC showed significant improvement in bilirubin and ALT levels and
improved outcomes compared to those with higher grades (111-1V), in whom NAC was not
beneficial [81]. Hu et al[82] performed a meta-analysis of prospective trials of NAC for non-
APAP ALF between 2000-2014. In the 4 trials selected for review, (2 in adults and 2 in
children), 331 patients received oral (one study) or IV NAC (3 studies) and 285 patients
served as controls. No significant difference was found for overall survival (71% vs. 67%),
but both transplant-free survival and post-LT survival were significantly higher in the NAC-
treated patients (41% vs 30% p =0.01 and 85.7% vs 71.4% p=0.03 respectively). There was
also a trend toward a shorter hospital stay (median duration 9 vs. 13 days) in the NAC
recipients. A number of experts [83, 84] have suggested that NAC be used in all cases of
early DI-ALF in adults regardless of the implicated drug. However, the use of NAC in
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children with non-APAP ALF has not been found to be efficacious and is not recommended.
[85]

Corticosteroids

Historically, corticosteroids have been used predominantly in the setting of treating immune-
mediated drug reactions, such as the anticonvulsant hypersensitivity syndrome[86] or other
forms of acute DILI accompanied by serious skin injury, eosinophilia and systemic
symptoms (DRESS).[87] Not all instances of such hypersensitivity reactions respond to
corticosteroids. Lee et al noted that recovery from liver injury and mortality from severe
DRESS reactions were not significantly reduced by steroids, with patients having prolonged
jaundice being the least likely to respond.[88]

DILI due to tyrosine kinase inhibitors (TKIs) and iplimumab may also be treated with
corticosteroids. In general, the management of adverse effects from TKIs (including
hepatotoxicity) involves interrupting treatment temporarily, switching to an alternative agent,
using lower doses, and administering corticosteroids.[89, 90] [91] Ipilimumab, a monoclonal
antibody used to treat metastatic melanoma by inhibiting cyotoxic T-lymphocyte antigen 4
(CTLA-4), has been associated with several immune-type reactions, including hepatitis and
colitis. Other reactions include ocular, hypophyseal and thyroid injury that can be seen in up
to 15% of patients.[92] Corticosteroids, along with other immunosuppressive agents, have
been required to treat these toxicities.[93, 94] [95] An algorithmic approach to managing
ipilimumab-induced hepatotoxicity is given in Figure 1.

Drug-induced autoimmune like hepatitis (DI-AIH)

A form of DILI resembling chronic AlIH (DI-AlIH) and has been reported in the setting of
nitrofurantoin, minocycline, methyldopa, diclofenac, statin, ciproterone acetate and dapsone
use.[18, 96-103] Seventy to eighty percent of these cases of DI-AIH are associated with
antinuclear and/or smooth muscle antibodies. Bjornsson and colleagues [100] found that of
261 AIH patients seen during a 10 year period at the Mayo Clinic, 24 (9.2%) were due to
drug-related causes, most commonly minocycline or nitrofurantoin . The role of
corticosteroids in managing these DI-AIH patients is usually reserved for the subset who do
not resolve promptly after withdrawal of the offending agent.[102] Bjornsson and colleagues
found that while corticosteroids induced remission equally in both the drug-induced and
idiopathic AlH patients, the prognosis was better for the DI-AIH group.[100] Being able to
discontinue immunosuppressive therapy was achieved in all 14 DI-AIH cases with no
relapses, whereas 65% of the idiopathic AIH patients relapsed after corticosteroids were
stopped.[100] Such a response to corticosteroid withdrawal can serve as a practical means to
differentiate DI-AIH from idiopathic AIH. [100, 102][103]

Recent observations also suggest that various biologic and immunomodulatory drugs are
linked to DI-AIH, including adalimumab,[104] imatinib[105, 106] and infliximab.[107, 108]
The majority of these patients have been treated with corticosteroids for the autoimmune
features found on liver biopsy (e.g. plasma cells) with resolution of liver injury.
Pentoxyfylline and other tumor necrosis factor-alpha blockers offer an alternative to steroids
in this setting, but with fewer data.[109]
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Ursodeoxycholic acid

Acute drug-induced cholestatic jaundice is less often fatal compared to cases of
hepatocellular jaundice[1, 110-112] and there is a lack of compelling evidence that
therapeutic intervention significantly shortens the time to resolution.[2, 113] Nevertheless,
anecdotal case reports suggest ursodeoxycholic acid (UDCA) may decrease the duration of
acute injury from amoxicillin-clavulanate DILI[114] or help prevent the development of the
vanishing bile duct syndrome.[114-116] Uraz et al[117] suggest a role for UDCA in
preventing hepatocellular injury from methotrexate(MTX) based on animal studies, although
human studies with MTX are lacking. Wree et al[118] reported the successful use of a 3-day
course of pulsed steroids (prednisone 15-20mg/kg/day) or a tapered steroid regimen over
several weeks (prednisone 2-5mg/kg/day with weekly reductions) combined with oral
UDCA in a dose of 750-1500mg/day in 15 patients with severe DILI. In their series,
patients with autoimmune features had the slowest improvement, with some requiring long-
term immunosuppressive therapy.

Cholestyramine

Cholestyramine may offer some relief as monotherapy for the pruritus associated with
chronic cholestatic DILI[2] or when combined with antihistamines such as hydroxyzine or
diphenhydramine if an immunoallergic reaction is present.[119] A novel treatment strategy
utilizing cholestryramine as a form of bile acid washout has been used to manage the various
toxicities associated with leflunomide, including DILI.[120] While injury is usually self-
limited once leflunomide is stopped, the long half-life and enterohepatic circulation have
made it amenable to treatment using activated charcoal (509 every 6 hours for 24 hours) or a
bile acid binding resin, such as cholestyramine, to increase the clearance of the drug and
reduce plasma concentrations more rapidly. Cholesytramine given orally in a dose of 8
grams three times a day for 24 hr has decreased plasma leflunomide levels by 40% at 24 hr
and as much as 65% by 48 hr in healthy volunteers.[121] Without this drug elimination
procedure, it may take up to 2 years to reach plasma M1 metabolite levels less than 0.02
mg/L due to individual variations in drug clearance.[121] The algorithm for administering
cholestyramine in this setting is given in Figure 2.

Silymarin
The active component of milk thistle (Silybum marianum) is composed of three flavonoids
(silybin, silydianin and silychristin) collectively referred to as silymarin [122]. Silybin
(silibinin) accounts for 50-70% of the biological activity of the compound. When given 1V,
silibinin has been used successfully in Aminita phalloides poisoning and in various animal
studies of liver injury caused by APAP, carbon tetrachloride, phenylhydrazine, and alcohol.
[122] A number of investigators have evaluated silymarin to prevent DILI from anti-TB
drugs (ATDs). Gu et al[123]performed a prospective, multicenter randomized trial in 565
patients receiving ATDs. They compared silibinin capsules (70mg three times a day for 8
weeks) given to 277 individuals to 291 who served as controls. Neither the incidence of liver
injury, the number of patients diagnosed with DILI, nor the number of patients in whom
ATD treatment was suspended were statistically different between the groups after up to 8
weeks of therapy, although the frequency of anorexia and nausea was lower in the silibinin
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group (p<0.05) . In contrast, Luangchosiri and colleagues [124] found that silymarin was
able to reduce the incidence of ATD DILI at week 4 compared to placebo (3.7% vs 32.1%),
albeit in a relatively small trial of 55 patients. They attributed the lower risk of liver injury to
a smaller decline in superoxide dismutase levels in the silymarin-treated patients than was
seen in controls.

Glycyrrhiza glabra

L-Carnitine

This licorice derivative has anti-hepatitis C properties and has been shown to be
hepatoprotective by inducing indigenous interferon.[125]. It is currently used as
monotherapy or in combination with cysteine and glycine, particularly in India and Japan.
[125] A commonly used combination of monoammonium glycyrrhizinate - glycine-L-
cysteine HCI (Monofit 20ml/day) is routinely used to treat acute DILI in Japan[126]. Data
for DILI prevention by glycyrrhizic acid is drawn largely from animal models demonstrating
a protective effect in the setting of carbon tetrachloride hepatotoxicity.[127] We are unaware
of any cases where glycrrhiza glabra was prospectively given to prevent DILI.

Valproic acid (VPA) overdose leads to L-carnitine depletion resulting in impaired transport
of long-chain fatty acids into the mitochondrial matrix and a subsequent decrease in ATP
production, resulting in excessive production and accumulation of toxic products.[128]
Chronic VPA use also has been shown to deplete L-carnitine stores. Supplementing patients
with L-Carnitine has been shown to be effective in treating valproic acid (\VPA) liver injury
in children and adults. [128] [129] In a case series of 4 children aged 1-9 years, Xiong et al
[130] reported that IV injections of L-carnitine (in addition to prompt discontinuation of
valproate) led to resolution of liver injury and an earlier return to normal liver function.

Miscellaneous agents to prevent DILI

Folic acid supplementation is routinely given to reduce methotrexate (MTX) toxicity.[131]
Methionine, a glutathione precursor, given with APAP tablets was considered a possible
preventive measure in the past, owing largely to the antioxidant properties of methionine.
[132] Preliminary pharmacokinetic data showed that acute toxicity (LD50) of APAP was
reduced when used in this combination. [132] However, concerns over cost, mutagenic and
carcinogenic properties and the pro-atherosclerotic features of methionine prevented this
formulation from moving forward. [133, 134] Animal models have demonstrated a potential
role of bosentan, an endothelin-1 receptor antagonist, to protect against damage from APAP,
but human trials are lacking.[135] Alpha-lipoic acid may also offer a potential role in the
cytoprotection of DILI.[136]

Direct toxin removal with liver support machines

The use of liver assist devices, such as molecular adsorbent recirculating systems (MARS),
or plasma exchange, have proven effective as a bridge to LT, but remain largely
investigational in the U.S.[5, 137, 138] The main reason cited as to why such liver support
systems have not been widely adopted is the lack of a demonstrable survival benefit.
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Nevertheless, data from the RELIEF trial that utilized albumin dialysis with MARS, has
shown a decrease in retained toxins, and improved hemodynamics and hepatic
encephalopathy (HE).[137] In that trial, 189 patients (most of whom had liver disease from
causes other than DILI), were randomized to MARS versus standard medical therapy. While
the investigators were unable to demonstrate a difference in 28-day survival rate [odds ratio
(OR) 0.87 with 95% CI 0.44-1.72], they did show an improvement in HE by day 4 (grade 11-
IV to grade 0-1 in 62.5% versus 38.2%). In addition there was a statistically significant
decrease in creatinine and bilirubin levels. Despite the lack of survival benefit at 28 days,
MARS may offer a potential bridge for those patients awaiting LT, particularly those patients
with DI-ALF.[5]

Liver transplantation

Ideally, referral for DI-ALF should be made before the onset of more severe grades of HE,
coma, bleeding from coagulopathy, sepsis or severe multisystem organ failure including
hepatorenal syndrome. Outcomes are generally better at a tertiary care centers where
supportive measures can be quickly implemented, including treatment of cerebral edema,
prevention of hypoglycemia and the correction of acidosis. While DI-ALF accounts for a
relatively small proportion of all liver transplants, the use of emergency LT is limited by its
availability.[7, 139] As a result, efforts aimed at identifying the clinical and biochemical
factors that predict the need for emergency LT are continually being explored.[140]

Strategies for the prevention of DILI

Avoiding inappropriate use of potentially hepatotoxic drugs

Zimmerman frequently remarked that while chronic liver disease (CLD) by itself was not a
significant risk factor for the vast majority of drugs being taken, he provided an important
caveat that recognized if acute hepatic injury were to develop in a patient with significant
CLD, the consequences could be dire.[18] Many clinicians are appropriately reticent to
prescribe medications that are potentially hepatotoxic to individuals with underlying liver
disease. However, relatively few drug examples can be found where the risk of DILI is
proven to be increased in the setting of CLD. These include the ATDs and some
antiretroviral medications in patients with chronic hepatitis B or C.[1, 3, 11, 141-143] In
addition, leflunomide, especially when given in combination with MTX, appears to be at
higher risk of causing DILI.[144] Table 6 lists several potential hepatotoxic agents whose
use is restricted or contraindicated in patients with underlying CLD. [145-149] While many
medications carry recommendations to reduce their dose in patients with hepatic
impairment,[150, 151] it is unclear whether or not that strategy is, in fact, protective against
developing acute DILI.[11] Most medications can be taken by patients with cirrhosis safely
without the added risk of acute DILI.[11, 152] It often comes as a surprise to many patients
and clinicians alike that APAP taken in doses < 2 g a day is considered a relatively safe
alternative to non-steroidal anti-inflammatory drugs (NSAIDs), even in the face of cirrhosis,
[11, 141, 153-155] or chronic alcohol use.[156]

About 10% of patients in the U.S. DILIN registry had pre-existing CLD (mostly non-
alcoholic fatty liver disease or chronic hepatitis C).[110] In general, these patients had
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similar clinical features and demographics to patients without CLD, and there were no
significant differences in the classes of agents causing DILI, suggesting that CLD in general,
did not increase the risk of hepatotoxicity. Among the 5 leading causes of injury in DILIN
(antimicrobials, herbals, cardiovascular drugs, anti-neoplastic agents, and centrally-acting
drugs), there were no significant differences between patients with and without CLD. The
one exception was azithromycin, which was found to be a statistically higher cause of DILI
in the CLD group (6.7% vs 1.5%).

HMG CoA reductase inhibitors (statins) are one of the best studied drug classes in CLD and
appear safe in this setting.[157] Both retrospective analyses and prospective clinical trials
have demonstrated the hepatic safety of these agents in this setting.[158, 159] In particular, a
prospective, randomized, placebo-controlled trial of high dose pravastatin was designed to
assess its safety and efficacy in hypercholesterolemic patients with predominantly NAFLD
or chronic hepatitis C who had baseline elevations of ALT up to five times the ULN.[159]
The safety endpoint was a doubling of the baseline ALT levels, which, in fact, occurred less
frequently in the pravastatin group compared to the placebo recipients at all time points,
suggesting that lowering of lipids also had a saluatory effect on the underlying liver disease.
These data, coupled with finding that statins may reduce the risk of hepatocellular carcinoma
and other malignancies, have helped remove most concerns about prescribing statins in
CLD.[160-162]

Clinical monitoring of isoniazid for symptoms of acute hepatitis

The American Thoracic Society (ATS) recommends self-monitoring of symptoms by
patients suggestive of hepatotoxicity for ATDs, and incorporates face-to-face questionnaires.
[15] However, the U.S. DILIN has shown that many patients inappropriately continued INH
despite meeting clear-cut stopping criteria.[16] Adherence to the ATS guidelines was poor in
patients who developed acute DILI, with 55% continuing INH for more than 7 days despite
meeting stopping criteria.[16] Such data may support a “belt and suspenders” approach to
prevent serious injury from occurring, where ALT testing is combined with clinical
symptom monitoring.

Blood level monitoring to prevent hepatotoxicity

While measuring plasma and serum levels of medications to help direct further therapy in
cases of APAP overdose is routinely performed,[69] monitoring blood levels of other
potential hepatotoxins to avoid reaching a toxic threshold is recommended for only a select
number of agents. For example, in Japan, sustained high trough levels of voriconazole (>4-5
ug/ml) have been associated with an increased risk of liver injury, and decreasing the dose to
remain below this threshold is part of the therapeutic drug monitoring that is recommended.
[163, 164]

Restricting medication availability to reduce acute liver failure

Limiting the availability of known hepatotoxic drugs has also been shown to prevent DILI.
In 2009, the U.S. FDA advisory committee proposed that combination APAP-narcotic

products be eliminated to reduce unnecessary exposure to APAP.[165, 166] In addition, the
FDA announced a collaborative initiative with the National Board of Pharmacy that sought
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to eliminate the use of APAP abbreviations on prescription products in order to reduce the
possibility of inadvertent overdoses. This was followed by the requirement that a boxed
warning be added to all APAP products to highlight the potential risk for severe liver injury.
In 2011, the FDA limited the strength of APAP in combination prescription drug products to
325 mg per tablet, and placed a boxed warning on the label highlighting the potential for
severe liver injury from all prescription drug products that contain APAP.[167]

Legislation in the U.K. and France that limited the sale of APAP to 16 gm in pharmacies and
up to 12 gm in supermarkets in blister packs of 500mg tablets has led to significant
reductions in all overdose cases and serious liver injury.[10, 168] It is estimated that as many
as 765 deaths have been prevented by this change in availability.[169] Similarly, the
American Thoracic Society recommends that pharmacies limit the dispensing of anti-TB
drugs to a one-month supply at a time.[15] Just how well such interventions work may be in
the eye of the beholder. For example, King and colleagues[170] examined how the label of
active ingredients and the warnings for APAP-containing products were conveyed and
interpreted by patients discharged from emergency rooms in Chicago and an out-patient
hospital pharmacy in Atlanta. They found that fewer than 7% of prescriptions referred to
APAP by its full name rather than an abbreviation, and fewer than 30% of patients were able
to identify APAP as the active ingredient. while nearly 90% of bottles warned about
maximum daily APAP doses, only 11.5% warned about the risks of taking other APAP-
containing products concomitantly. The authors concluded that such difficulties in
identifying APAP and its warnings likely are contributing to the ongoing burden of APAP-
related hepatotoxicity. Indeed, a study by Civan and colleagues found that the use of
multiple APAP -containing medications contributes to excessive dosing.[171]

Liver associated enzyme monitoring

Despite the recommendations to perform aminotransferase (in particular ALT) testing for
numerous drugs suspected of causing DILI, [1, 14] [18] this method of monitoring is often
considered ineffective, costly, inconvenient and unproven to provide a large clinical benefit.
[172] As a case in point, Graham et al[173] found that fewer than 5% of patients were being
appropriately monitoring after just 3 months of being on troglitazone, despite several “Dear
Doctor” letters and other dire warnings about its potential fatal hepatotoxicity. Even when a
REMS program mandates ALT monitoring, as is the case with bosentan,[174] results have
been less than optimal.[175] Addressing the inconvenience of testing, a new home point-of-
care ALT test similar to glucose fingerstick testing is in the process of being developed,[176]
and may offer a cost-effective alternative across all liver diseases, including DILI.

Pharmacogenomics and DILI

As Benjamin Franklin pragmatically stated, “an ounce of prevention is worth a pound of
cure,” and such an expression was never more true than when it applies to DILI. Given the
relatively limited therapeutic armamentarium currently available to treat specific causes of
acute DILI, the ability to predict who is at risk of hepatotoxicity is the subject of active
research efforts across the globe. While it is true in 2015 that the FDA has not had to
withdraw any drugs in their post-marketing periods specifically for hepatotoxicity since the
late 1990s,[14] a number of drugs have seen restrictions placed on their use due to the risk of

Expert Rev Gastroenterol Hepatol. Author manuscript; available in PMC 2017 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stine and Lewis

Page 14

hepatotoxicity.(Table 6) In addition, DILI/HDSLI still accounts for more than 50% of all
causes of ALF in the US and other western nations.[7, 177] Since no one antidote is
available to treat all forms and causes of DILI, the best treatment is indeed likely to be its
primary prevention. To that end, the discovery of accurate predictive biomarkers that can be
measured prior to the onset of DILI in its earliest form remains the quest of numerous
researchers.[1, 8, 13, 14, 175] ALT measures injury that has already occurred, and while
useful in defining stopping rules, it is neither sensitive nor specific when it comes to
predicting the severity of hepatotoxicity.[3, 14]

It is anticipated that the discovery of specific proteomic and genomic biomarkers will be
expanded to many more agents causing severe DILI, and their predictive values will rise to
the point where clinical decisions regarding withholding the drug can be made with
increasing confidence.[8] At present, only abacavir has a recommendation to test all
potential recipients for the presence of HLA-B*5701, and to avoid prescribing the drug to
those harboring the at-risk allele.[178] While genome-wide association studies (GWAS)
have detected specific HLA genotypes predictive of DILI,[179, 180] and are of major
significance in our understanding of susceptibility to DILI, such genetic markers have only
been found for a limited number of agents (Table 7). Although specific HLA genotypes
confer an increased risk of DILI for agents such as flucloxacillin and amoxicillin-
clavulanate , the positive predictive value of these genetic markers remains well below their
negative predictive value, and no recommendations have been made that would ban the use
of such medications in an at-risk patient at this time.[1, 8] 181]

Further refinement of such pharmacogenomic research, perhaps combined with the
elucidation of a specific serum or urinary biomarker that more accurately predicts liver
injury, may bring the field of hepatotoxicity closer to a truly preventative approach using
precision medicine. The presence of certain metabolic polymorphisms associated with
hepatic injury related to INH and other anti-TB medications may offer a solution to which
patients require biochemical as well as clinical symptom monitoring to prevent severe DILI.
For example, slow acetylator status reflected in NAT2 and CYP2E1 polymorphisms, appear
to convey the greatest susceptibility to severe DILI.[182, 183].[9]

DILI-specific biomarkers

Proteomic-based biomarkers, such as apolipoprotein E, from stored sera in the U.S. DILI
Network have been identified as potential candidates to identify DILI. [184] Although
apolipoprotein E is involved with acute phase injury and inflammatory responses and holds
potential promise as a biomarker to identify patients who develop acute DILI, these
investigators were unable to determine whether there were any specific differences in the
protein expression for the DILI caused by any of the specific medications studied. Given the
large number of different causative agents and the small number of patients exposed to any
individual drug, the identification of a biomarker that accurately identifies the risk of DILI
from one or more specific agents causing idiosyncratic DILI will be eagerly awaited.

Recent work with biomarkers of hepatocyte necrosis and apoptosis have identified
microRNAs,[185, 186] keratin-18 and high mobility group box 1 (HMGB-1)[187] as useful
markers of APAP injury. These indicators may predict which patients (both adults and
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children)[188] will progress to a more severe injury, and thus be able to direct where more
intensive treatment to the appropriate at-risk indivuidual. Similarly, early measurement of
circulating kidney injury molecule 1 (K1M-1) appears to be an independent predictor of
patient outcome in APAP poisoning, outperforming serum creatinine and other biomarkers
to identify both nephrotoxicity as well as hepatotoxicity.[189]

Expert Commentary

At present, while there are several well-accepted treatment options for the management of
acute severe DILI, they are limited in number. Outside of NAC for APAP overdose, no other
specific antidotes exist for the hundreds of additional agents capable of causing severe
hepatic injury. NAC for non-APAP related ALF has limited efficacy. Corticosteroids and
other immunosuppressive agents play an important role in the treatment of DILI with
autoimmune and hypersensitivity features, but they are not always effective. Silymarin,
ursodeoxycholic acid and a few other “cytoprotective” agents have been described as having
anecdotal success in protecting against or ameliorating acute DILI, but would not be
expected to be able to reverse DI-ALF. While liver transplantation is available for those
fortunate enough to be able to receive this life-saving therapy, demand far exceeds supply.
Liver assist devices may be the best hope to reverse DI-ALF, and research in this area is
continuing. However, until such time as more effective therapies for acute DILI are
developed, prevention may be the best treatment of all. The identification of specific
biomarkers, such as micro-RNAs, that predict which patients are at risk of developing severe
liver injury after intentional or accidental acetaminophen overdose, are poised to find utility
in the clinical arena. These and other markers seem capable of ushering in a new wave of
biochemical injury predictors that may soon relegate the role of ALT to that of a supporting
player.

Five Year View

Our predictions for the prevention and treatment of DILI in the near future include the
identification of additional HLA associations and other pharmacogenetic risk factors for
specific drugs. The discovery of such predictors should permit pre-prescription testing of
patients , and support the clinical decision to withhold (or more intensively monitor) a
particular agent in at-risk individuals. It is expected that advances in identifying predictive
DILI biomarkers (such as microRNAS) that can be measured either prior to, or at the start of
subclinical acute liver injury, will replace the current reliance on ALT measurements (as a
marker of hepatic injury that has already occurred). Such knowledge will allow for more
accurate management of APAP overdoses, or provide sufficiently accurate information to
make a decision whether or not to continue a particular drug based on the presence of these
new biomarkers. It is anticipated that given the ongoing shortage of available organs for liver
transplant (LT), artificial liver support devices will become more efficient and routinely
employed for cases of DI-ALF, as either a bridge to LT , or of sufficient usefulness as stand-
alone therapy that the need for LT is obviated.

Exciting work in the field of nanotechnology holds the promise of developing novel
treatment and prevention approaches for DILI in the not too distant future. The ability to
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deliver inhibitors of inflammatory cytokines, apoptosis and other cellular events leading to
liver cell necrosis and death directly to hepatocytes or other substructures to prevent DILI is
an attractive possibility for the future, and is being actively pursued.[190, 191, 192, 193]

The role of the gut microbiome in protecting against (or permitting) DILI will likely
continue to be defined, offering new treatment approaches to be devised. It is currently being
explored for its potential to protect against acetaminophen-induced and other other forms of
acute DILI.[194]

Finally, several drug safety initiatives and international consortia composed of both
academic, industry and regulatory stakeholders are actively engaged in identifying genetic
and other biomarkers that offer the promise of transforming the era of personalized medicine
into one where hepatic injury from drugs can be detected at the earliest juncture, if not
completed prevented.[195] [196, 197]
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Key Issues

. Medical treatment of acute DILI is currently limited by the relatively
few specific therapies and antidotes that are available

. Stopping the suspected offending agent causing DILI remains the key
treatment approach.

. NAC administered within 4-16 hours of an acute acetaminophen OD is
highly effective in preventing hepatotoxicity

. NAC for non-acetaminophen acute liver failure is less effective; only
benefitting adults with early stage encephalopathy

. Corticosteroids have been successfully used to treat drug-induced
autoimmune hepatitis from a number of agents, and the clinical
response can help distinguish the drug-induced variety from idiopathic
autoimmune hepatitis as relapse is much more likely to occur with the
latter form after steroids are withdrawn.

. Corticosteroids are often given in cases of severe drug-induced
hypersensitivity reactions that involve the liver (including DRESS and
other severe skin injury), although successful reversal of such
immunoallergic reactions is not assured.

. Intentional re-exposure to a drug causing severe DILI is rarely
attempted for fear of causing an even more serious reaction, but a
rechallenge-desensitization strategy is usually successful in instances
where hepatotoxicity is caused by anti-tuberculosis drugs

. While herbal products are widely used, their specific hepatoprotective
properties appear limited in the treatment of acute DILI or its
prevention. Silymarin and other agents have been given with only
anecdotal success. Similarly, ursodeoxycholic acid used to prevent
cholestatic DILI from becoming chronic lacks a substantial database.

. Avoiding the use of certain potentially hepatotoxic drugs in patients
with underlying chronic liver disease, or who are identified as having a
genetic or other risk factor for developing DILI is a first line approach
to prevention, as is the monitoring of ALT and other liver associated
enzymes to detect hepatotoxicity early for specific agents.

. Restricting the behind- (or over) -the-counter availability of potentially
toxic doses of acetaminophen through legislation has been successful in
preventing overdoses in UK and European nations. However, where
access is unrestricted (as in the US), better labeling and patient
education is still needed to protect against both intentional and
unintentional overdoses.
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High-dose intravenous
glucocorticosteroids

(methylprednisolone 1g daily)

for 24-72 h

Page 28

Steroid responsive:

ULN

ALT decreases to <8x

Prednisone
1-2mg/kg tapered
over <30d

Figure 1.

Algorithm for steroid use in ipilimumab DI-AIH[93] [95]

Steroid refractory:

ALT does not decrease to <8x

ULN

Consider
Mycophenolate
500mg BID

Or
Calcineurin inhibitors

Or
thiopurine therapy

Or
thymoglobulin
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Discontinue Leflunomide*

Non-urgent
removal

v

Urgent removal
needed for toxicity

Removal needed in women of
childbearing potential or in
men planning to father a child

Cholestyramine
8 gms 3 times
daily given orally
for 24 hours****

Activated
charcoal (50 g
QID) given for
24 hours either
orally or via
nasogastric

Cholestyramine 8gm 3 times

daily for 11 days***

tu be*****

Verify plasma levels are less than 0.02 mg/L (0.02 mcg/mL) by two separate
tests at least 14 days apart.

If plasma levels remain > than 0.02 mg/L, additional cholestyramine
treatment should be considered**

Figure 2.

Suggested Algorithm for bile acid washout with cholestyramine for leflunamide toxicity

[121]

*The goal of elimination is to achieve non-detectable plasma levels (less than 0.02 mg/L or
0.02 mcg/mL) after stopping treatment with leflunomide.

** Plasma concentrations of the active metabolite of leflunomide (A77 1726 or
teriflunomide) may be detectable in plasma for up to 2 years following discontinuance of the

drug

***The 11 days do not need to be consecutive unless there is a need to lower the plasma

level rapidly.

**** reduces plasma concentrations of A77 1726 by approximately 40% in 24 hours and
49-65% in 48 hours
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**x**reduces plasma concentrations of A77 1726 by approximately 37% in 24 hours and
48% in 48 hours
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Table 1

FDA Stopping Rules to Prevent Serious DILI in Clinical Trials[29]

For an increase in ALT/AST >3X ULN - repeat testing in 48-72 hr to determine if these
enzymes are increasing or decreasing and an inquiry should be made about hepatitis-
related symptoms

If repeat testing shows ALT/AST remain >3X ULN or if symptoms are present, close
observation is appropriate to determine the trend of the injury

Treatment should be discontinued when:

ALT/AST exceed 8 X ULN
ALT/AST exceed >5X ULN for more than 2 weeks’ duration
ALT/AST are >3X ULN and total bilirubin exceeds 2X ULN or INR is >1.5

ALT/AST are >3X ULN with the appearance of fatigue, nausea, vomiting, RUQ pain or tenderness, fever, rash and/or
eosinophilia (>5%)

ALT = alanine aminotransferase; AST = aspartate aminotransferase; INR= international normalized ratio; RUQ = right upper quadrant; ULN=
upper limit of normal
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Two Desensitization-rechallenge strategies for isoniazid (INH) and other anti-TB medications

Table 2

(ATS)[15, 38]

Author(ref) Recommendations

American Rechallenged patients who reach a treatment-limiting

Thoracic threshold should have clinical and biochemical monitoring performed at
Society 2- to 4-week intervals.

After ALT returns to less than two times the ULN, rifampin
may be restarted with or without ethambutol

After 3 to 7 days, INH may be reintroduced, subsequently
rechecking ALT

If symptoms recur or ALT increases, the last drug added
should be stopped

For those patients who have experienced prolonged or severe
hepatotoxicity, but tolerate reintroduction with rifampin and
INH, rechallenge with pyrazinamide may be hazardous.

In this circumstance, pyrazinamide may be permanently
discontinued, with treatment extended to 9 months
Although pyrazinamide can be reintroduced in some

milder cases of hepatotoxicity, the benefit of a

shorter treatment course likely does not outweigh the risk
of severe hepatotoxicity from pyrazinamide rechallenge.

Senousy et
al[41]

Reintroduction should not be attempted until liver function is normal,
liver tests as less than two times the ULN and more than 2 weeks since
the disappearance of jaundice

Staged reintroduction starting with Rifampin, then INH then
pyrazinamide, unless patients had severe liver dysfunction, then
pyrazinamde should be avoided

Each drug should be given for 3-7 days before the next medication is
added

Medications should be reintroduced at doses lower than what was used
in initial therapy and doses should be gradually up titrated to the
therapeutic range

ALT = alanine aminotransferase; INH= isoniazid
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Table 3

Hepatotoxic ingestions for which activated charcoal (AC) can be given [51]

Acetaminophen ™

Carbamazepine

Dapsone

Quinine

Salicylic Acid

Phenytoin

Valproic Acid

Aminita phalloides

*
When given concurrently with N-acetylcysteine (NAC), activated charcoal may deactivate NAC thus inhibiting its hepatoprotectant effects
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Table 4

Chelating Agents for Heavy Metal Hepatotoxicity [59-61]

Drug/toxin | Antidote
Iron™ Deferoxamine
Deferasirox
Deferiprone
Avrsenic Dimercaprol
DMSA
Copper Penicillamine
Trientene
Lead Penicillamine
Succimer
Mercury Penicillamine

*
oral agents have limited data to support their use
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Table 5

Acetaminophen (APAP) overdose treatment strategies [47, 67, 68]

Clinical Scenario

Recommendation

Elements needed in the initial history

- Patient’s age and intent

- Specific formulation and dose of acetaminophen
- Ingestion pattern (single or multiple)

- Duration of ingestion

- Concomitant medications that might have been ingested

Question of self-harm or inadvertent
overdose

- Immediate referral to the emergency department regardless of the amount ingested

- Referral should be guided by local poison center procedures

When to give activated charcoal (AC)

- pre-hospital utility supported by local poison center policies

- If a toxic dose of APAP has been taken, and fewer than 2 hours have elapsed since
the ingestion

- If NAC cannot be administered within 8 hours of ingestion.

Acute, single, unintentional ingestion

Patient should be referred to an
emergency department (ED):

- Draw stat serum APAP concentration at 4 hours after ingestion (or as soon as
possible thereafter)

Patients under age 6 years

- should be referred to an ED if the estimated acute ingestion amount is 200 mg/kg or
more or is unknown

- Patient can be observed at home if the dose ingested is less than 200 mg/kg
Patients 6 years of age or older:

- Referred to ED if ingestion > 10 g or > 200 mg/kg or when the amount ingested is
unknown

If initial contact with poison center occurs
at > 36 hours after the ingestion and the
patient is well:

- No further evaluation for acetaminophen toxicity needed

Repeated supratherapeutic ingestions
(RSTIs)

Patients under 6 years of age are referred
to the ED if the ingestion is:

- 200 mg/kg or more over a single 24-hour period
- 150 mg/kg or more per 24-hour period for the preceding 48 hours,
- 100 mg/kg or more per 24-hour period for the preceding 72 hours or longer

Patients 6 years of age or older are
referred to the ED if:

- They have ingested at least 10 g or 200 mg/kg (whichever is less) over a single 24-
hour period

- They have ingested at least 6 g or 150 mg/kg (whichever is less) per 24-hour period
for the preceding 48 hours or longer.

Patients with increased susceptibility to

acetaminophen toxicity (e.g. alcoholism,
isoniazid use, prolonged fasting) should

be referred to the ED if:

- The ingestion is > 4 g or > 100 mg/kg (whichever is less) per day
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Clinical Scenario

Recommendation

Gastrointestinal decontamination is not needed

Other considerations

Out-of-hospital management of extended-release APAP or multi-drug combination
products containing acetaminophen is the same as an ingestion of APAP alone

Cimetidine as an antidote is not recommended
Gastric decontamination is not recommended for patients under 6 years of age

If activated charcoal not available, consider giving syrup of ipecac for single acute
ingestions presenting within the first few hours
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Some potentially hepatotoxic agents whose use is restricted or contraindicated in patients with underlying
chronic liver disease.[145-149]

Agomelatine

Anti-tuberculosis drugs

Ketoconazole

Methotrexate

Telithromycin

Trovafloxacin

Tolvaptan

Valproic Acid
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Specific HLA polymorphisms associated with an increased (or decreased) risk of DILI [180]

Table 7

Drug Risk allele Odds Ratio
Anti-TB agents HLA'DQB].*OZ:O]. 1.9
(isoniazid, rifampicin, x 02”
pyrazinamide) HLA-DQA1 01:02
Amoxicillin-clavulanate DRB1 *15:01 DQB]. *06202 2.3—];0
DRB1 707 0.18
Flucloxacillin DRB1707:01-DQB1703:03 | 7
DRB115
Lapatinib DRB1707:01-DQA1702:01 | 2-6-9
Lumiracoxib DRB1™15:01-DQB1 06:02- | °
DRBS “01:01-DQA1 "01:02
Nevirapine DRB1 *01:02 4.72
Ximelagatran DRB1 *07-DQA1 >"02 4.4

*
risk decreased
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Table 8

side effects of NAC [73]

Most common

Other

anaphylaxis
nausea/vomiting
flushing

skin rash

stomatitis

respiratory symptoms (cough, wheezing, stridor, bronchospasm)
tachycardia/hypotension

urticarial

edema

acidosis, hypokalemic

syncope

seizure

sedation

thrombocytopenia

anxiety
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