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Abstract

With the widespread development of new drugs to treat chronic liver diseases (CLDs), including viral hepatitis and nonal-
coholic steatohepatitis (NASH), more patients are entering trials with abnormal baseline liver tests and with advanced liver
injury, including cirrhosis. The current regulatory guidelines addressing the monitoring, diagnosis, and management of
suspected drug-induced liver injury (DILI) during clinical trials primarily address individuals entering with normal baseline
liver tests. Using the same laboratory criteria cited as signals of potential DILI in studies involving patients with no underlying
liver disease and normal baseline liver tests may result in premature and unnecessary cessation of a study drug in a clinical
trial population whose abnormal and fluctuating liver tests are actually due to their underlying CLD. This position paper
focuses on defining best practices for the detection, monitoring, diagnosis, and management of suspected acute DILI during
clinical trials in patients with CLD, including hepatitis C virus (HCV) and hepatitis B virus (HBV), both with and without
cirrhosis and NASH with cirrhosis. This is one of several position papers developed by the IQ DILI Initiative, comprising
members from 16 pharmaceutical companies in collaboration with DILI experts from academia and regulatory agencies. It
is based on an extensive literature review and discussions between industry members and experts from outside industry to
achieve consensus regarding the recommendations. Key conclusions and recommendations include (1) the importance of
establishing laboratory criteria that signal potential DILI events and that fit the disease indication being studied in the clini-
cal trial based on knowledge of the natural history of test fluctuations in that disease; (2) establishing a pretreatment value
that is based on more than one screening determination, and revising that baseline during the trial if a new nadir is achieved
during treatment; (3) basing rules for increased monitoring and for stopping drug for potential DILI on multiples of baseline
liver test values and/or a threshold value rather than multiples of the upper limit of normal (ULN) for that test; (4) mak-
ing use of more sensitive tests of liver function, including direct bilirubin (DB) or combined parameters such as aspartate
transaminase:alanine transaminase (AST:ALT) ratio or model for end-stage liver disease (MELD) to signal potential DILI,
especially in studies of patients with cirrhosis; and (5) being aware of potential confounders related to complications of the
disease being studied that may masquerade as DILI events.

The views expressed are those of the authors and do not
necessarily represent the position of, nor imply endorsement from,
the US Food and Drug Administration or the US Government.
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Monitoring and stopping rules for potential drug-induced
liver injury (DILI) events in patients with chronic liver
diseases who enter clinical trials with abnormal base-
line liver tests should be based on a knowledge of the
expected test fluctuations that reflect the natural his-

tory of the disease and are specific to the disease being
studied.

After establishing a potentially elevated baseline value
for alanine transaminase (ALT), aspartate transaminase
(AST), total bilirubin, or alkaline phosphatase derived
from the mean of at least two pretreatment values, the
criteria for further elevations that trigger increased moni-
toring and holding or stopping drug should be based on
multiples of the baseline value or a specific threshold
value, whichever comes first, and not solely on multiples
of the upper limit of normal (ULN).

For clinical trials in patients with cirrhosis from hepatitis
C virus (HCV), hepatitis B virus (HBV), or nonalcoholic
steatohepatitis (NASH), lesser elevations of ALT, AST;
elevations of direct bilirubin and alkaline phosphatase
even without significant elevations of aminotransferases;
changes in the AST:ALT ratio; and changes in the inter-
national normalized ratio (INR) or model for end-stage
liver disease (MELD) score may all be more sensitive
measures of potential DILI events than traditional crite-
ria of multiples of ULN of ALT, AST, total bilirubin, or
alkaline phosphatase.

1 Introduction

With the development of new drugs for chronic hepatitis C
virus (HCV), hepatitis B virus (HBV), nonalcoholic steato-
hepatitis (NASH), alcoholic liver disease (ALD), primary
biliary cholangitis (PBC), and primary sclerosing cholangitis
(PSC), increasing numbers of patients are entering clini-
cal trials with abnormal liver tests at baseline. In addition,
given the increasing prevalence of the metabolic syndrome
and resultant nonalcoholic fatty liver disease (NAFLD) and
NASH in the general population, many more patients with
underlying chronic liver disease (CLD) and elevated ami-
notransferases will be entering clinical trials for nonhepatic
conditions such as type 2 diabetes mellitus, obesity, hyper-
lipidemia, gout, hypertension, and others. Abnormal liver
tests at entry confound the recognition and risk assessment
of potential drug-induced liver injury (DILI) during clinical
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trials based on multiples of the upper limit of normal (ULN).
Although most experts agree with Zimmerman’s [1] semi-
nal observation that CLD does not pose an increased risk
for developing DILI for most drugs, recent data confirmed
his warning that the outcome of a DILI event may be more
serious in those with advanced CLD, including a higher
risk of mortality [2—4]. These published reports highlight
the importance of defining best practices for monitoring,
detecting, and managing DILI in clinical trials in patients
with CLD.

Recommendations in current regulatory guidelines [5, 6]
for triggering investigation of potential DILI or for stopping
an investigational drug in a clinical trial are generally based
on multiples of the ULN defined by a reference laboratory
for alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), total bilirubin (TBL), and alkaline phosphatase
(ALP) with or without accompanying symptoms, in a subject
who entered the trial with no known underlying liver disease
and baseline values within the normal range. These guide-
lines recommend that an increase of serum ALT or AST to
>3 x ULN in subjects taking a study drug should trigger
closer monitoring [5, 6]. Recent analyses have shown that
most approved drugs that resulted in severe DILI detected
during postmarketing pharmacovigilance exhibited signs of
less severe liver damage such as isolated elevation in ALT
>3 X ULN (i.e., without elevated TBL or symptoms) during
preapproval clinical studies [7, 8]. Although an imbalance
in the proportion of subjects in the interventional arm with
ALT and AST elevations >3 X ULN compared with those
in the control arm may be a sensitive marker of the risk of
DILI, this finding by itself in the absence of study subjects in
clinical trials with more severe forms of hepatotoxicity can
be found even without actual cases of DILI. This may in part
be due to the phenomenon of adaptation (or drug tolerance),
defined as mild liver injury followed by a period in which the
liver “adapts,” and the injury subsides, despite continuing
treatment with the causative agent [9, 10].

In addition, minor elevations of ALT and AST can also be
observed in placebo-treated or healthy individuals in clinical
trials because of the effects of physical exercise or diets [11,
12]. This has led an international DILI expert working group
to suggest that isolated increases of ALT >5 X ULN are a
more appropriate threshold for suspected DILI in subjects
who enter clinical trials with normal baseline liver tests [13,
14]. Nonetheless, some cases marked by such drug-induced
rises of aminotransferases may also resolve through a pro-
cess of adaptation.

Current published guidelines on monitoring for DILI may
overestimate the risk of acute DILI in patients who enter
clinical trials with elevated baseline liver tests. Applying the
same thresholds to patients with CLD as are used in “nor-
mal” patients may lead to unnecessary cessation of study
drug, the clinical trial, or even the entire drug development
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program. Spontaneous fluctuations of liver enzymes during
the trial that are actually due to the underlying CLD may be
confused with DILI. Hy’s law is based on Dr. Hyman Zim-
merman’s [1] clinical observation that a patient who presents
with jaundice as a result of hepatocellular DILI has at least
a 10% chance of dying (or needing a liver transplant) from
acute liver failure. This maxim has been borne out in a num-
ber of studies and is the foundation of a widely recognized
benchmark available to the pharmaceutical industry and
regulatory agencies for assessing a drug’s potential to cause
severe DILI. According to the current regulatory guidelines,
“a Hy’s law case” is defined by (1) ALT elevation of >3 X
ULN; (2) TBL of >2 x ULN; (3) absence of initial choles-
tasis (ALP <2 x ULN); and (4) no other cause to explain the
elevated ALT and TBL has been identified upon completion
of a comprehensive diagnostic evaluation. Calculating an R
value based on the multiple of ALT above the ULN divided
by the multiple of ALP above the ULN may signal hepato-
cellular DILI (R value > 5) or cholestatic or mixed DILI (R
value <5). If the R value is <5 or = 5 because of an elevated
ALP, then the prognostic significance of an ALT >3 x ULN
and a TBL >2 x ULN without another cause is not as clear.
However, the validity of these biochemical threshold values
to define Hy’s law in a clinical trial as a specific tool for
assessing a drug’s potential to cause serious DILI is ques-
tionable in patients with preexisting liver disease who enter
the trial with elevated ALT, AST, and/or TBL. Moreover,
invoking Hy’s law with these fold increases above the ULN
when the ALT, AST, and TBL elevations are already present
at baseline could result in an artificially lower threshold for
discontinuing the study drug because of trivial fluctuations
during the treatment phase.

Currently, there is a lack of consensus in the pharmaceuti-
cal industry and regulatory agencies about how to monitor
and manage potential DILI in subjects who have different
underlying CLDs. Given the variability of baseline values,
inclusion/exclusion criteria, disease-specific fluctuations of
liver tests, rates of progression to advanced stages of liver
disease, treatment responses, and risk-benefit assessments,
it is reasonable to consider different criteria for monitor-
ing, detecting, and managing DILI in clinical trials for
each specific disease population. In response to this and
other issues surrounding DILI, the IQ DILI Initiative was
launched in June 2016 within the International Consortium
for Innovation and Quality in Pharmaceutical Development
(also known as the 1Q Consortium). The IQ Consortium is a
leading science-focused, not-for-profit organization address-
ing scientific and technical aspects of drug development and
comprises 38 pharmaceutical and biotechnology companies.
The IQ DILI Initiative is an affiliate of the IQ Consortium,
comprising 16 IQ member companies, focused on establish-
ing best practices for monitoring, diagnosing, managing, and
preventing DILI. Working groups within 1Q DILI comprise

clinical and nonclinical experts in DILI from the companies,
with consistent participation from nonindustry DILI experts.

This consensus paper reviews the challenges of detect-
ing DILI in clinical trials of subjects with HCV infection,
HBYV infection, and cirrhosis as a result of NASH, HCV,
and HBV. Based on an extensive literature review, a survey
of IQ DILI Initiative member pharmaceutical companies,
as well as carefully structured discussions between 1Q DILI
members and academic and regulatory experts, consensus
opinions were formulated and recommendations proposed.
These are primarily focused on disease-specific thresholds
of standard tests, including ALT, AST, TBL, direct biliru-
bin (DB) and ALP, that should trigger stepped-up monitor-
ing and a comprehensive diagnostic evaluation to exclude
alternative causes of liver injury during these clinical trials.
In this position paper, we primarily focus the discussion
on hepatocellular DILI, the most common but not the sole
histopathological pattern or clinicopathological phenotype
of hepatotoxicity [15], in patients with the aforementioned
CLDs. Because of the underlying CLDs being considered,
a categorical separation in all cases between hepatocellular
and other forms of DILI may be more difficult. Other papers
from our consortium have specifically addressed DILI in
clinical trials of noncirrhotic NASH and cholestatic liver
diseases (primarily PBC, PSC) [16, 17]. Future papers will
address DILI in clinical trials of ALD. The recommenda-
tions in this paper are based on the opinions of the authors
and do not imply a regulatory mandate.

2 General Considerations
2.1 Determination of Baseline Liver Test Values

In subjects with underlying CLD, liver tests are often,
although not always, abnormal prior to entry, and values
often fluctuate over time during the study. Fluctuating levels
of ALT are characteristic of HCV [18, 19]; and a flare of
ALT levels in HBV can be associated with HBV reactivation
with or without viral clearance [20-23]. Therefore, a sin-
gle ALT determination done several weeks or even months
before the first dose of study drug may not be an accurate
reflection of a patient’s status when entering a trial. For the
purposes of this discussion, we define the baseline liver tests
as those done immediately (generally within 24 h) before
the administration of the first dose of study drug. Screening
liver tests are those done more in advance (usually days or
weeks) of the first dose, during the screening period after
an informed consent is signed and an individual has been
enrolled in the trial.

Published proceedings of previous workshops conven-
ing academic, industry, and regulatory experts have sug-
gested that samples should be obtained at two or more time
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points during the pretreatment screening phase to determine
whether liver tests are stable or subject to fluctuation [15,
24-26]. Results of a recent survey conducted by the 1Q DILI
initiative revealed that 3 of 12 (25%) companies were using
more than one determination of aminotransferase, TBL, and
ALP during screening before baseline serum testing to gen-
erate mean baseline values available to the clinical investi-
gators prior to administration of the first dose of study drug
(unpublished data). In the proceedings of previous meetings,
recommendations were made to obtain at least two determi-
nations during the screening period separated by not less
than 2 weeks and not more than 2 months prior to time of the
initial dose of the study drug, with the mean value chosen as
the screening value to meet the predefined inclusion/exclu-
sion criteria [25]. Some experts have also advocated that if
the second screening value exceeds the exclusion criteria
for that liver test, or if the second value is more than 50%
(1.5%) higher than the first value, then enrollment should
be delayed and a third value obtained to aid with judgments
about whether the subject’s underlying CLD is progressing
and may limit eligibility [25].

With the use of a central laboratory in clinical trials,
the results of baseline liver tests are often not available at
the time the first dose of study drug is administered but
are available soon after. To avoid prolonging the screen-
ing period and delaying dosing, some experts suggest that
the screening tests should be done as close as possible to
the first dose of study drug to qualify the patient for inclu-
sion; a second measurement at baseline (within 24 h before
the first administration of study drug) can be obtained and
averaged with the previous screening value. Initial increased
monitoring for changes in the underlying CLD and for DILI
may be necessary in the event of a > 50% elevation of the
baseline over the screening value in a subject who already
has received the first dose of study drug.

2.1.1 Consensus Recommendations

1. In patients with underlying CLD, a single value of ALT,
AST, TBL, ALP to establish the baseline is not appro-
priate, and two values should be obtained during the
screening prior to the first dose of study drug to deter-
mine a mean value that will qualify the patient for inclu-
sion into the trial and be used as a reference value for
future changes.

2. While the gap between these screening values and the
first dose of study drug could be 2 weeks to 2 months
in CLDs such as HCV, HBV, and NASH; in CLDs with
the possibility of more dynamic patterns of worsening
or improving liver tests (such as any decompensating
cirrhosis or acute-on-chronic liver failure [ACLF]), the
screening values, including aminotransferases and bili-
rubin, should be within a week of the first dose of study
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drug, and combined with the baseline value (<24 h prior
to the first dose of study drug).

3. A second screening value that is > 50% higher than the
first value should prompt a delay and re-evaluation of the
severity of underlying liver disease and eligibility for the
trial.

4. Baseline values of liver tests should also be obtained
immediately prior (<24 h) to administration of the first
dose of study drug. In some protocols, if the results of
these tests are available prior to administration of the
first dose of study drug, they can be used as the second
screening value to calculate a mean value and determine
eligibility for the trial. If the tests are sent to a central
laboratory and results are not immediately available at
the time the first dose is administered, then those base-
line values should be included in calculating the thresh-
old values from which to assess changes during the trial
possibly indicative of DILI, other intervening causes of
liver injury, or fluctuations of the underlying CLD.

5. If only one biochemical assessment is done during
screening in a clinical trial of a preexisting liver disease
that is not prone to rapid prominent fluctuations of liver
test measurements (e.g., NASH, chronic HCV), it should
be done within 2 weeks of the planned first adminis-
tration of study drug to determine whether the subject
meets the inclusion/exclusion criteria.

6. If the baseline determinations are reported after the first
dose of study drug is administered and are > 50% higher
than the previous screening value(s) that allowed entry
into the trial, a decision about holding or discontinuing
study drug needs to be made based on the agreed inclu-
sion/exclusion criteria for baseline liver tests. If con-
tinuing study drug, a schedule of increased monitoring
should be put into place during the initial phase of the
trial for that subject.

2.2 Normal Range of Alanine Transaminase

A major source of variation in normal reference ranges for
ALT is the incomplete characterization of the reference pop-
ulations from which the ULN of ALT is derived. The appar-
ently healthy individuals whose values defined the “normal
range” may have occult liver disease [27-30]. A number of
studies have redefined the ULN for ALT in a healthy popu-
lation, but these new suggested levels are often not utilized
by commercial laboratories. These studies have included
populations from different geographic areas [30-36], but
comparisons between studies are limited by the heterogene-
ous criteria employed to exclude patients with underlying
liver disease. Results have shown that the ULN of ALT in
prospectively studied healthy populations without identifi-
able risk factors for liver disease (including NAFLD, NASH)
ranges from 29 to 33 IU/1 for males and from 19 to 25 TU/1
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for females [37]. These ranges are considered the true nor-
mal values by the American College of Gastroenterology
(ACG) and the American Association for the Study of Liver
Disease (AASLD). The current challenge (even in NASH
clinical trials) is that the central laboratories utilized to ana-
lyze ALT do not define reference ranges based on these new
lower normal levels.

An important question is, what impact will re-defining
the ALT ULN have on the diagnosis of DILI. A number of
drugs that were removed from the market because of hepa-
totoxicity, including bromfenac, ximelagatran, trovafloxacin,
and troglitazone, all reported subjects in whom the ALT
elevations were markedly elevated (> 10 X ULN in most
cases); and a reduced ULN of ALT would not have altered
the diagnosis of DILI [38—42]. Lowering the ULN of ALT
currently used by commercial laboratories would likely help
in identifying patients with unsuspected CLD, but it does not
appear that defining a lower ULN for ALT will significantly
impact identification of cases that trigger concern for seri-
ous DILI. On the other hand, low-grade elevations of ALT
persisting during clinical trials may be an important signal
in drugs administered chronically and may reflect potential
subacute forms of DILI.

2.2.1 Consensus Recommendations

7. Until or unless there is agreement on a standard refer-
ence range across all laboratories, we suggest the use
of the ULN of ALT and AST as defined by the central
laboratory participating in the clinical trial and a defini-
tion in the protocol of the reference ranges being used
for normal ALT, AST, TBL, DB, and ALP.

2.3 Defined Multiples of Upper Limit of Normal
versus Multiples of Baseline Liver Tests
Combined with Threshold Values of Serum Liver
Enzyme Activities as Triggers for Increased
Liver Monitoring, Diagnostic Evaluation,
and Stopping Rules

Traditionally in clinical trials, multiples of the ULN of
ALT, AST, ALP, and TBL alone or in combination have
been used as criteria to trigger interruption or stoppage
of the drug, increased monitoring for DILI, investiga-
tions for causality assessment [43] and assignment as a
potential Hy’s law case. An alternative strategy is to start
with each subject’s liver tests prior to first dose of study
drug (mean of screening and baseline values), and then
use multiples of those values during the trial to trigger
the above actions in that subject [43—45]. In particular,
when subjects enter clinical trials with elevated base-
line ALT values, it may not be appropriate to trigger the
standard responses to evaluate a case of concern when

the ALT rises to 3 x ULN, as this may reflect only a
minor increase above the subject’s baseline and may be
due to normal variability of the ALT fluctuations in the
disease being studied. Focusing on an imbalance between
the number of individuals in the treatment arm com-
pared with the placebo arm who develop multiples of
their own baseline ALT during the clinical trial may be
more informative [6, 9, 24, 44, 46]. As previously rec-
ommended in the US FDA guidance on DILI, the recent
European Association for the Study of the Liver (EASL)
clinical practice guidelines on DILI suggested that a dou-
bling of a subject’s baseline values may be considered
a threshold increase warranting close observation for
potential DILI during clinical trials [47]. The survey of
13 IQ DILI companies recently conducted by the 1Q DILI
Consortium found that 77% of the companies currently
use multiples of a subject’s baseline aminotransferases to
trigger increased monitoring for potential DILI or cessa-
tion of study drug in clinical trials where subjects enter
with abnormal baseline values, generally defined as > 1.5
x ULN.

However, reliance solely on the subject’s baseline ami-
notransferases and multiples of those values as the basis
for predicting potential DILI cases poses some additional
dilemmas. A multiple of a high baseline value may allow
a subject’s ALT to rise to very high levels before reaching
criteria that would trigger increased monitoring for DILI.
This has led some experts to propose a hybrid approach
that combines using a multiple of a subject’s baseline
ALT with a threshold value of ALT activity that serves
as a “guardrail,” and allowing whichever comes first to
provoke either holding or stopping the study drug [44,
48]. For example, such a hybrid threshold previously pro-
posed for detecting hepatotoxicity and stopping rules in
NASH trials included a serum AST and/or ALT >3 X
the baseline value or > 500 IU/L, whichever came first
[45]. In general, such threshold values should exceed
the usual range of fluctuations of aminotransferases and
bilirubin commonly seen in the CLD being studied but
should be lower if there is a known risk of DILI based
on nonclinical data or data from other drugs in the same
class. Consensus recommendations for hybrid thresholds
for the specific CLDs that are discussed are given in the
following sections. Concurrent elevations of both ALT
and TBL should always be viewed as a more specific
signal of functional liver impairment and a harbinger of
severe DILI and should lead to earlier discontinuation,
even when using criteria linked to baseline values.

Table 1 summarizes available data on the expected ranges
and fluctuations of ALT and AST in patients entering clini-
cal trials with several types of CLD that are the focus of
this paper.
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Table 1 Magnitude of baseline liver test elevations and fluctuations in individuals with chronic liver diseases currently the focus of new drug

development programs

Underlying disease Disease prevalence Frequency of baseline liver

test elevations

Magnitude of baseline liver
test elevations

Pattern of liver test elevations
over disease course

Hepatitis B HBsAg + global: 3.5-5% ALT and AST elevated in
[55, 56] most patients (> 80%)
USA: 0.27% (higher among [57] with chronic active
certain ethnic groups) untreated infection with
viremia; chronic carriers
often have normal ALT.
In those treated with
neocleos(t)ide analogs,
ALT often normal or near/
normal
Hepatitis C Global: 0.8-1.1% [49] 55-75% [53]
North America: 1-2%
[50-52]
Cirrhosis 0.076-0.27% [63, 64] 40-70% (in decompensated

cirrhosis) [65]. Specific
rates unavailable for
compensated cirrhosis.
Patients may have normal
laboratory values in both
compensated and decom-
pensated cirrhosis

Mostly ALT <5 x ULN
[58-61]

Flare > 5 x ULN seen with
successful antiviral therapy
or with reactivation [62]

Of those with ALT eleva-
tions [18],

<3 xULNin ~65%

3-7 x ULN in ~30%

>7x ULN in ~5%

HBV (ALT 2-4 x ULN in
compensated and 2-3 X
ULN in decompensated
cirrhosis [66, 67])

HCV (ALT 2-3 X ULN in
compensated cirrhosis
[68])

NASH (ALT <2 x ULN in
compensated cirrhosis [69,
701)

ALP <2 x ULN in cirrhosis
(underlying cause unspeci-
fied) [71]

Moderately elevated with
intermittent flares. May
be normal during immune
tolerant and inactive carrier
phases [52]

Mildly elevated with variable
episodic fluctuations during
acute exacerbations [54]

Mildly elevated and may
decrease over time.
AST:ALT ratio > 1
increases with progressive
cirrhosis [72]

The values expressing increased baseline levels as multiples of ULN are based on values of ULN used by laboratories participating in clinical
trials that predate the updated reference range guidelines for liver chemistry tests now accepted by both the AASLD and the ACG and published

in the American Journal of Gastroenterology online in 2016 [37]

AASLD American Association for the Study of Liver Diseases, ACG American College of Gastroenterology, ALP alkaline phosphatase, ALT
alanine aminotransferase, AST aspartate aminotransferase, HBsAg HBV surface antigen, HBV hepatitis B virus, HCV hepatitis C virus, NASH

nonalcoholic steatohepatitis, ULN upper limit of normal

2.3.1 Consensus Recommendations

or data from other drugs in the same class; and whether

study subjects have advanced liver disease or cirrhosis.

8. If baseline ALT or AST exceed 1.5 X ULN, use mul-
tiples of the subject’s baseline value as the trigger for
increased monitoring for DILI or for holding or stopping
drug.

3 Assessment of Drug-Induced Liver

9. In addition to a multiple of the baseline value as the trig-

ger for drug cessation to mitigate risk of serious DILI
outcomes in study subjects, add a maximum threshold
value of ALT or AST that can also trigger stopping
the drug if it is reached prior to a defined multiple of a
subject’s baseline values. This threshold value should
be based on a knowledge of the usual fluctuations of
aminotransferases and bilirubin in each specific chronic
disease (see Table 1 and individual following sections);
the potential risk of DILI with the study drug based on
the mechanism of action of the drug and preclinical data

A\ Adis

Injury (DILI) in Clinical Trials of Adults
with Chronic Hepatitis C Virus (HCV)
Infection

3.1 Introduction

Clinical development programs for HCV over the past dec-
ade have resulted in the approval of multiple oral direct-act-
ing antiviral (DAA) regimens and issuance of a recent FDA
guidance for developing DAAs [73]. DAAs have revolution-
ized the treatment of chronic HCV, achieving cure rates (also



DILI Detection in Clinical Trials in Adults with Chronic Viral Hepatitis and Cirrhosis Secondary to Hepatitis B, C, and NASH 139

known as sustained viral response [SVR] rates) in the vast
majority of patients with just 8—12 weeks of therapy [74].

While we acknowledge that further trials with new DAAs
may not be forthcoming given the high rates of cure already
achieved with the existing agents, the heterogeneous natu-
ral history of HCV, characterized by fluctuations of ami-
notransferases, could make monitoring and detecting DILI
in future clinical trials challenging. Approximately 30%
of patients with chronic HCV infection have persistently
normal ALT levels [53] but, in a 22-month study period,
changes of serum ALT levels more than threefold were
observed in 27.5% of untreated patients with HCV [75].
Instances of severe hepatic events in HCV clinical trials with
DAAs have been rare, with most occurring with protease
inhibitor-containing regimens in patients with decompen-
sated cirrhosis [74]. While fluctuations in aminotransferases
were seen in untreated patients over time, most patients
normalized their aminotransferases rapidly during DAA
treatment [76]. Even though significant drug toxicity has
not been seen with many DAAs in the context of clinical
trials, strategies developed for assessing and monitoring for
DILI during these trials are potentially applicable to drug
development programs for other CLDs. In this section, we
focus on patients with compensated liver disease as defined
per HCV protocol inclusion/exclusion criteria. For patients
with HCV and decompensated cirrhosis, recent FDA guid-
ance recommended that specific hepatic safety monitoring
and treatment discontinuation criteria should be discussed
with the Division of Antiviral Products during the protocol
development phase to incorporate case selection criteria and
laboratory cutoff values specific to the population [73]. As
such, specific recommendations for future trials in patients
with HCV with decompensated cirrhosis are not further dis-
cussed in this section of the paper but are considered in the
following section on cirrhosis.

3.2 Baseline Hepatic Inclusion/Exclusion Criteria

An extensive literature review of available protocols study-
ing DAAs for HCV provided information on hepatic inclu-
sion/exclusion criteria and laboratory test monitoring
[77-82]. In trials that included patients with cirrhosis, the
majority of patients did not have cirrhosis (55-80%). Since
cirrhosis has been demonstrated to be a significant factor
affecting treatment outcomes, determining whether enrollees
into clinical trials have cirrhosis remains critical (see cir-
rhosis section). In the most recent HCV phase III trials, cir-
rhosis was defined as any one of the following: liver biopsy
showing cirrhosis, FibroTest® score >0.75, an AST:platelet
ratio index (APRI) > 2, or a Fibroscan with a result of > 12.5
kPa. For inclusion in these trials, platelets must have been
above 50,000, DB < 1.5 ULN; international normalized ratio
(INR) <1.5 X ULN; and albumin > 3 g/dl [77-83]. Patients

with decompensated cirrhosis, defined as the presence of
ascites, encephalopathy, or variceal hemorrhage, were typi-
cally excluded.

Prior to treatment, aminotransferases were measured
twice: at screening (day — 28 to day 0) and at baseline
prior to the first dose of the study drug. These values were
required to be <10 X ULN with DB <1.5 X ULN in most
of the cases, and <5 X ULN with DB < ULN in some more
conservative protocols [77-82]. While there are recom-
mendations in the literature for doing multiple screening
assessments in patients with abnormal aminotransferases
[84], based on the I1Q DILI survey results (unpublished), it
appears that many companies relied on a limited assessment
(one screening value) for inclusion of patients with HCV in
DAA trials, and the measured value at baseline was used for
comparison to subsequent values.

3.2.1 Consensus Recommendations

1. Patients with HCV with baseline aminotransferases > 10
X ULN and DB > 1.5 X ULN should be excluded from
investigative drug studies and assessed for other causes
of liver disease.

2. Exclusion criteria to limit study subjects to compensated
cirrhosis should include any history of decompensat-
ing events (variceal bleeding, ascites, hepatic encepha-
lopathy), and platelets < 50,000/mm?, albumin < 3 g/dl,
INR > 1.5 X ULN, and DB > 1.5 x ULN.

3. Eligibility criteria for clinical trials of patients with HCV
with decompensated cirrhosis should be established in
a protocol-specific fashion with input from regulatory
authorities.

4. Baseline aminotransferase levels used for follow-up
comparisons during the trial should be determined by
averaging the screening and baseline values unless the
difference is > 50% and the baseline value is now > 1.5
X ULN. In the case of such a large difference, a third
sample should be collected. If this third sample is col-
lected after treatment for HCV has been administered for
more than 3 days, then this most recent value is expected
to be equal to or lower and should be used as the base-
line value.

3.3 Liver Tests Driving Close Monitoring

Because it is important to distinguish drug hepatotoxicity
from the underlying chronic HCV as the source of any ami-
notransferase abnormalities during clinical trials, typical
monitoring frequency in HCV trials during a 12-week treat-
ment duration were aminotransferase, ALP, and TBL moni-
toring performed at baseline, weeks 1, 2, 4, 6, 8, 10, and 12,
and 4 weeks after the conclusion of treatment [77-82]. The
pattern of virologic response during treatment is very similar
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across regimens and leads to a rapid undetectable viral load
at week 4 in most cases. For example, after initiating treat-
ment with ledipasvir—sofosbuvir, an HCV viral load <25
IU/ml was observed in 27%, 87%, and 100% of patients at
weeks 1, 2, and 4, respectively [77]. Biochemical responses
were also very rapid. In patients with abnormal ALT at base-
line treated with ledipasvir—sofosbuvir, 82%, 91%, and 94%
had normalized ALT after weeks 1, 2, and 4, respectively
[77, 85]. The concept of a post-treatment nadir value as the
new reference baseline for subsequent hepatotoxicity evalu-
ation was proposed following a workshop conducted on 9
November 2012 with regulatory experts across the globe and
representatives from industry and academia (Fig. 1) [25, 48].

3.3.1 Consensus Recommendations

5. Recommended key time points for assessing for DILI
and measuring HCV RNA depend on the drug regimen
and patient population. On-treatment measurements
should include weeks 1, 2, 4, 8, 12, and 24 or at the end
of therapy [73].

6. A subject’s week 1 or week 2 aminotransferase measure-
ments or any lower value captured (nadir) in response
to the start of therapy should become the new reference
baseline for further DILI assessment during the trial.

7. Once HCV viral load becomes undetectable and ALT
is normalized, subsequent ALT flares in the absence
of new-onset HCV resistance with a rising viral load
should be considered suspect for DILI and assessed as
per regulatory guidance [5, 6].

8. In the clinical trial setting, pretreatment and on-treat-
ment blood samples should be stored as long as possible
to facilitate retrospective assessment of DILI and allow
monitoring of ALT concomitantly with viral load.

150 A

Serum ALT

0 28 56
Days on study drug

Fig. 1 Biochemical response. Early fall in serum alanine aminotrans-
ferase (ALT) during effective treatment of viral hepatitis C. The
colored curves represent the ALT pattern of response from eight dif-
ferent patients. Reproduced from Kullak-Ublick et al. [48]
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3.4 Liver Tests and Drug Stopping Rules

Stopping rules varied among different HCV treatment pro-
tocols depending on the initial reference value used as a
starting point (baseline, nadir, or ULN). In some studies, the
study drug was discontinued for an elevation of ALT and/or
AST > 5 X baseline or nadir, or for an elevation of ALT >3
X baseline and TBL >2 X ULN confirmed by immediate
repeat testing [77-79, 81]. In other HCV protocols, the study
drug was to be discontinued if ALT > 10 X ULN; if ALT >
5 X ULN with symptoms and signs of hepatitis developing
[80]; or if ALT > 2 X baseline or >5 X ULN and either TBL
>2 x ULN or INR > 2 [82]. Without predicting what could
occur with potential new drugs in the pipeline, the overall
reported rates of serious adverse events have been < 10%
in most published HCV studies, and treatment discontinu-
ations were well below 5%, even in patients with comorbid
conditions, such as human immunodeficiency virus (HIV)
infection and cirrhosis [74]. No significant drug hepatotoxic-
ity was seen with these DA A agents used in phase III clini-
cal trials exploring short treatment durations (8, 12, and 24
weeks) [74]. Should there be a potential DILI event with
elevated aminotransferases, either alone or in conjunction
with TBL (not provoked by Gilbert’s syndrome, hemolysis,
or a DAA effect on transporters of unconjugated bilirubin),
and/or symptoms that meet the criteria recommended below
and provoke stopping drug (Fig. 2), a proposed algorithm
for initial and expanded testing to exclude other causes of
hepatic injury other than DILI is outlined in the supplemen-
tary Causality Assessment Table (Table 1 in the electronic
supplementary material [ESM]) and further detailed in a
paper on best practices for causality assessment in prepara-
tion by the IQ DILI Consortium.

3.4.1 Consensus Recommendations

9. Treatment should be stopped in patients who enter with
normal baseline ALT and develop ALT > 10 x ULN
during the trial (even with normal TBL); and in those
who enter with abnormal baseline ALT and develop
confirmed ALT > 5 X baseline or nadir value or ALT
> 500 U/1, whichever comes first (even with normal
TBL); or for elevation of ALT >3 X baseline and TBL
>2 X ULN (excluding those with Gilbert’s syndrome).

10. In subjects who enter with normal baseline ALT,
treatment should be stopped for elevation of ALT >
3 x ULN with elevation of TBL > 2 x ULN; and in
those entering with abnormal baseline ALT, treatment
should be stopped with elevation of ALT >2 X base-
line or new nadir value or ALT > 300 U/l (whichever
comes first) with TBL > 2 x ULN.
Appearance or worsening of clinical symptoms (e.g.,
weakness, nausea, vomiting, jaundice) suggesting
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Baseline? Post treatment ALT Post treatment SymptomsP Management
ALT Status Elevation Bilirubin Status Option
2 5X ULN and + Normal OR + ,
<10X ULN No change in baseline TBLe No 1
Normal OR
> > 10X ULN
Nomal * No change in baseline TBLe +  No > 2
TBL=2X ULN OR
+ - v + No > 2
Doubl f DBe
> 3X ULN oubling o
+ Normal or elevated +  Yes > <5>
2 3X and <5X baseline
OR Normal OR
> 3X and <5X OR
" nZZird ORnew * No change in baseline TBL¢ +  No g 1
2 300 U/L and <500 U/L
(whichever occurs first)
ALT 25X baseline or N | OR
Elevated — 25X new nadird ormal L%
evate »or 2500 U/L (whichever * Nochange in baseline TBLe +  No > 2
occurs first)
>
ALT 2 2X baseline or=2 + TBL 22X ULN OR + No —> 2

» 2X new nadird or = 300 Doubling of DB®

U/L (whichever occurs

first) + Normal or elevated + Yes

1. RepeatALT, AST, ALP, TBL, and HCVRNA in 2 - 5 days.c. Continue treatment. Follow-up for

symptoms.

2. Interrupt study drug and repeatALT, AST, ALP, TBL, DB, and HCV RNA in 2-3 days. Initiate close
monitoring. Initiate workup for competing etiologies with special attention to HBV in those with baseline
HBcAb+ (see Supplementary Table 1). Study drug can be restarted only if another etiology is identified
and liver enzymes return to baseline. Drug cannotbe restarted if hepatic decompensation occurred.

3. Interrupt study drug and repeatALT, AST, ALP, TBL, DB, and HCV RNA in 2-3 days. Initiate close
monitoring. Initiate workup for competing etiologies with special attention to HBV in those with baseline
HBcAb+ (see Supplementary Table 1). Study drug can be restarted only if anotheretiology is
identified, liverenzymesreturn to baseline, and symptoms have improved. Drug cannotbe restarted if
hepatic decompensation occurred.

Fig.2 Algorithm for monitoring and management of potential DILI
signals in phase II-III clinical trials in patients with HCV with nor-
mal or elevated baseline ALT. *Baseline ALT is derived from an aver-
age of two pretreatment ALT measurements 2 weeks apart. Elevated
baseline is defined as ALT > 1.5 x ULN. ®Symptoms may be liver
related (e.g., severe fatigue, nausea, vomiting, right upper quadrant
pain) or immunologic reaction (e.g., rash, >5% eosinophilia). “For
patients with Gilbert’s syndrome or hemolysis. 9In patients with a siz-
able stable early decrease in ALT during treatment (>50% of baseline

value), a new baseline, corresponding to the ALT nadir, should be
established on an individual basis for subsequent determination of a
DILI signal. °The specific interval between the tests should be deter-
mined based on the patient’s clinical condition. ALP alkaline phos-
phatase, ALT alanine aminotransferase, AST aspartate aminotrans-
ferase, DB direct bilirubin, DILI drug-induced liver injury, HBcAb+
hepatitis B core antibody positive, HBV hepatitis B virus, HCV hepa-
titis C virus, TBL total bilirubin, ULN upper limit of normal
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signs of clinical liver injury, in the setting of abnormal
aminotransferases (at least 3 X ULN or 2 X baseline)
or bilirubin, should also prompt discontinuation of
therapy.

3.5 Lessons Learned from Postmarketing
Experience with Direct-Acting Antivirals
for Chronic HCV Applicable to Future Trials

HCV DAA agents have been demonstrated to be effec-
tive and safe in clinical studies that excluded subjects with
concomitant chronic HBV infection, but safety data from
clinical trials may not fully represent more diverse patient
experiences in clinical practice [74]. Examination of several
real-world HCV cohorts suggested the efficacy and safety of
DAASs was similar to that in clinical trials (TARGET, TRIO)
[86, 87], but the primary outcome was virological response,
and some analyses were done retrospectively. In real-life
experience, toxicities and drug—drug interactions (DDIs)
are emerging, especially in specific populations who were
often excluded from the clinical trials, such as HBV/HCV
co-infected patients, patients with Child—Turcotte—Pugh
(CTP) B or C cirrhosis, patients on transplant waiting lists,
and transplant recipients [88].

After marketing authorization, the FDA issued a warn-
ing about the risk of serious liver injury in patients with
underlying advanced liver disease treated with Viekira Pak®,
Viekira XR® (ombitasvir, paritaprevir, ritonavir, dasabuvir)
(AbbVie, IL, USA) and Technivie® (ombitasvir, paritaprevir,
ritonavir) (AbbVie) [89] and more recently with the use of
Mavyret® (glecaprevir, pibrentasvir) (AbbVie), Zepatier®
(elbasvir, grazoprevir) (AbbVie), or Vosevi® (sofosbuvir,
velpatasvir, voxilaprevir) (Gilead Sciences, CA, USA), all
of which contain an HCV protease inhibitor [90]. This led
to several label updates and contraindications to the use of
certain protease inhibitor-containing regimens in patients
with CTP B and C cirrhosis, many of whom were inappro-
priately classified as CTP A [91].

Patients co-infected with chronic HBV were excluded
from initial HCV clinical trials. Postmarketing data indi-
cate that treatment of HCV with DAAs may cause reacti-
vation of HBV. In 2016, the FDA warned about the risk of
HBYV reactivation after receiving several reports in patients
treated with DA As [92]. This led to a label update and a
boxed warning for all DAA drugs. A recent prospective
study conducted in Taiwan in 111 patients with HCV and
HBYV infection (positive HBV surface antigen [HBsAg])
treated with ledipasvir and sofosbuvir showed HBV DNA
increases in 53% (39/74) of those who entered the trial
with detectable HBV DNA > 20 IU/L and in 84% (31/37)
of those who were HBV DNA negative when entering the
trial [93]. Overall, five patients (6.8%) had increased lev-
els of HBV DNA with concomitant ALT increases >2 X
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ULN through post-treatment week 12. The ALT elevations
occurred as soon as week 4 in two patients. The underly-
ing mechanism of HBV reactivation is not clear, but HCV/
HBYV co-infected individuals usually have low or undetect-
able HBV DNA levels, which may be due to induction
of type I and III interferons by HCV [94]. After starting
DAA treatment, a rapid HCV viral suppression leads to
reduced activation of the interferon cascade, allowing for
faster HBV replication [95, 96]. Outside of clinical trials,
consensus guidelines for mitigation of risk (e.g., use of
prophylaxis with HBV nucleot(s)ide analogs) and manage-
ment of HBV re-emergence might be different, and moni-
toring should be adapted to the specific patient population
and the regimen used [97-99].

3.5.1 Consensus Recommendations

12. Evaluate all patients with cirrhosis carefully to avoid
the use of protease-containing DAA regimens in those
with decompensated disease (CTP class B or C).

13. Evaluate potential DDIs in patients with HCV taking
other medications and receiving DA As.

14. Assess the need for DAA pharmacokinetic measure-
ments when evaluating potential DILI in subjects with
advanced liver disease.

15. Screen all patients with HCV for evidence of current
or prior HBV infection before starting treatment with
DAAs to avoid reactivation of HBV.

16. Patients fulfilling the standard criteria for HBV treat-
ment should receive nucleot(s)ide analog treatment in
alignment with recent clinical guidelines.

3.6 Summary

The large clinical trial experience obtained with DAAs
in the treatment of patients with chronic HCV has helped
define the new baseline reference point (nadir) for ami-
notransferases, resetting the criteria by which to evaluate
any future elevations, and prompting the appropriate diag-
nostic assessments to determine whether DILI might be
present. As more experience is gained, it will be important
to determine whether this strategy of defining a subject’s
new on-treatment baseline for aminotransferases during a
clinical trial might also be applicable for new drugs treat-
ing other CLDs in which response to treatment results in
decrease or normalization of aminotransferases.
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4 Assessment of DILI in Clinical Trials
of Adults with Chronic Hepatitis B Virus
(HBV) Infection

4.1 Introduction

It is estimated that approximately 250 million people
worldwide are chronically infected with the HBV [56, 100],
although a recent study utilizing modeling estimated that
this number may be as high as 356 million [101]. Between
15 and 40% of patients develop serious sequelae of infection,
and as many as 650,000 people per year die due to chronic
hepatitis B (CHB)-related disease [23, 55]. Over the last two
decades, significant advances have been made in the treat-
ment of HBV, with most patients now achieving long-term
viral suppression accompanied by a low risk of antiviral
resistance on long-term oral therapy. However, unlike the
cure rates experienced with DAA therapy for HCV, current
antivirals for HBV have not achieved sustained viral eradica-
tion because HBV DNA remains in hepatocytes in the form
of covalently closed circular (ccc) DNA [102]. This has led
to numerous ongoing trials of medications and combinations
of medications aimed at curing HBV [103-111].

4.2 Baseline Liver Test Inclusion/Exclusion Criteria

The natural history of chronic HBV infection is character-
ized by hepatitis flares and remissions and can be divided

Table 2 Phases of chronic hepatitis B infection [99, 112-115]

into four phases: immune tolerant, hepatitis B e antigen
(HBeAg)-positive immune active, inactive, and HBeAg-
negative immune reactivation phases [99, 112-115]. See
Table 2.

Characterization of these phases has recently been
updated by the EASL [99]. In addition to HBV DNA levels,
HBeAg status, and liver histology, each phase is charac-
terized by either an elevated or a normal ALT. However,
these phases are not static and do not necessarily move from
one stage to another in a directional or sequential manner.
Thus, it is recommended to obtain serial ALT and HBV
DNA levels to accurately characterize the phase of chronic
infection [23, 99, 115]. A single ALT level is likely to be
insufficient when evaluating a patient for enrollment in a
clinical trial for chronic HBV therapy, or when designing
liver-related monitoring and stopping rules. In spite of these
caveats, a review of published studies of currently approved
and marketed HBV treatments showed that most mean base-
line ALT levels at initiation of clinical trials appeared to be
obtained from a single value, and ranged from 114 to 199
U/1[58-61, 116-119]. The inclusion criterion for most trials
was consistent with AASLD guideline recommendations of
arequirement for an ALT at least >2 x ULN.

Exclusion criteria for ALT upper limit level in some
HBYV clinical trials included > 10 X ULN or specific upper
limit cutoff values such as <400 U/1 for men and < 300 U/1
for women [120]. However, other trials [121-123] did not
specify an upper limit. Unless a clinical trial was specifi-
cally targeting those with normal ALT values [124-126],

Phase EASL proposed ALT HBsAg HBeAg HBV DNA Histology
phase [99] ] ; - -
inflammation Fibrosis
Immune tolerant Phase 1 Normal Positive  Positive ~ Markedly elevated ~Minimal Minimal
Chronic infection (typically > 10
million IU/ml)
Immune active Phase 2 Elevated >2 Positive  Positive  Elevated (> 20,000 Moderate—severe Moderate—severe,
Chronic hepatitis X but <5 X IU/ml). Levels often with variable
ULN. Levels may fluctuate necrosis
fluctuate
Inactive carrier Phase 3 Normal Positive  Negative Low or undetect- Minimal Mild-severe
Chronic infection able (<2000 IU/
ml)
Immune reactiva- Phase 4 Elevated >2 Positive  Negative Elevated (> 2000 Moderate—severe Moderate—severe
tion Chronic hepatitis X but <5 X 1U/ml) often with
ULN. Levels necrosis
fluctuate
Occult HBV infec- Phase 5 Normal Negative Negative Usually but not Variable HBV Variable
tion Resolved HBV always undetect- DNA (cccDNA)
infection able often detected in

the liver

ALT alanine aminotransferase, cccDNA covalently closed circular DNA, EASL European Association for the Study of the Liver, HBeAg hepatitis
B e antigen, HBsAg HBV surface antigen, HBV hepatitis B virus, ULN upper limit of normal
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defining an ALT upper limit is important as the assess-
ment of response to treatment may be difficult if enrollment
included patients undergoing a spontaneous reactivation or
those with acute HBV. It is important to note that guide-
lines on HBV specifically define normal ALT as <19 U/l
for females and <30 U/l for males [36, 115]. Since these
values have not been incorporated into the normal refer-
ence ranges of central laboratories that are typically used
in clinical trials, it is important to establish the definition
of normal ALT prior to HBV trial initiation and prior to
designing liver-related monitoring and stopping criteria for
HBYV trials. When designing trial eligibility and monitoring
and stopping rules, differentiation should be made between
patients entering a trial on nucleos(t)ide analogs versus those
naive to therapy or nonresponders to nucleos(t)ide analogs.
Patients with other liver diseases, hepatocellular carci-
noma (HCC), and HIV infection, are typically excluded from
HBYV clinical trials. Specific inclusion and exclusion criteria
may also depend on the mechanism of action of drug, phar-
macokinetics/pharmacodynamics (PK/PD), nonclinical data,
phase of the clinical trial, and target patient population.

4.2.1 Consensus Recommendations

1. The average of at least two consecutive ALT levels
obtained prior to enrollment 2—4 weeks apart should be
used to determine the baseline ALT level in HBV trials.
These levels can be obtained during the screening period
and at the baseline visit.

2. If there is a difference in ALT of >50% between the
two measurements, it is advisable to obtain a third value
and to avoid enrollment of patients with an alternative
diagnosis or those undergoing an HBV flare.

3. If continued ALT elevations occur, enrollment should
be held until the underlying cause is identified or ALT
levels stabilize.

4. Specific eligibility criteria may also depend on the
mechanism of action of drug, PK/PD, nonclinical data,
phase of the clinical trial, and target patient population.

5. Exclusion criteria for ALT level for patients on
nucleos(t)ide analogs should be >2 x ULN, since, in
the absence of a flare, most subjects on this treatment
will maintain ALT levels below this value.

6. Exclusion criteria for ALT level for patients naive to
therapy or who are nonresponders to nucleos(t)ide
analogs should be >7 X ULN or >300 U/l, whichever
comes first.

7. The definition of the normal range for ALT should be
established prior to trial initiation and prior to designing
liver-related monitoring and stopping criteria.

8. Patients with other liver diseases, including hepatitis
delta virus (HDV) infection, patients with HCC, and
patients with HIV should be excluded from clinical tri-
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als for HBV, especially in early drug development (phase
I and II). If included in later-stage trials (phase III and
IV), these patients should be studied as separate cohorts
or subpopulations. Alternatively, these patients may be
studied in stand-alone clinical trials (e.g., HBV/HIV co-
infection or HCC due to HBV).

4.3 Differentiating an HBV Flare from DILI

HBYV flares may occur spontaneously or be treatment
induced during or after HBV therapy as well as in the set-
ting of DAA therapy for HCV, drug-induced immunosup-
pression, and/or chemotherapy. The clinical spectrum can
range from asymptomatic to hepatic decompensation with
jaundice and coagulopathy and is characterized by an abrupt
ALT elevation. While many definitions exist, an HBV flare
most commonly presents with an abrupt rise of ALT levels
to >5 X ULN (accompanied by a rise in HBV DNA) in a
person with underlying chronic HBV infection [62]. Flares
occurring during HBV clinical trials have also been defined
biochemically as ALT levels >2 X baseline or > 10 X ULN
and often signal a response to therapy [60, 127, 128]. In the
clinical trial leading to marketing authorization for tenofovir
[60], all flares were characterized by ALT > 10 X ULN and
2 X baseline; occurred during the first 8 weeks of initiating
medication; and resolved within 4-8 weeks without inter-
ruption of therapy. However, since a flare may mimic acute
DILI, detection and causality assignment in patients with
HBYV can be challenging. When DILI is suspected, clini-
cal assessments should include serial routine quantitative
measurements of HBV DNA (and HBsAg if available) as
elevations of both typically precede the rapid rise of ALT
characteristic of an HBV flare. HBsAg quantification can be
especially useful in these cases when a baseline value has
been obtained. The finding of stable HBsAg and HBV DNA
levels at the time of an abrupt rise in ALT is more consistent
with potential DILI and should prompt a thorough evalua-
tion. In addition, in trials of patients with HBeAg-positive
disease, e antigen loss and seroconversion to HBeAb can
occur, signaled by a flare in ALT, but would not be expected
during an episode related to DILI. Of note is the fact that
the peak ALT elevations for anti-HBe(+) patients during a
flare are considerably lower than those seen in HBeAg(+)
patients [129].

HBYV drug development has highlighted the fact that
preclinical animal studies may not predict DILI events in
humans. In a phase II HBV clinical trial evaluating fialu-
ridine, an investigational nucleoside analog that did not
demonstrate hepatotoxicity in preclinical animal studies,
five participants experienced fatal hepatotoxicity associ-
ated with pancreatitis and lactic acidosis [130]. The pattern
of liver test elevations was notable initially for increased
bilirubin associated with mild elevations of ALT levels and
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lactic acidemia. Likely mechanisms of action for fialuridine
hepatotoxicity include mitochondrial injury and inhibition
of pyruvate oxidation [131]. Thus, in clinical trials studying
drugs with potential mitochondrial toxicity, there should be
an awareness that the development of jaundice with minimal
ALT elevations may suggest DILI rather than a spontaneous
HBYV flare.

While HDV should be excluded during the screening
period (unless being studied as a separate cohort in later
phase IIT and IV trials), patients with chronic HBV are at
continued risk for HDV superinfection [132]. HDV super-
infection can present as acute hepatitis with increasing ALT
levels as well as worsening liver disease [132], scenarios
that can resemble DILI. Therefore, testing for HDV immu-
noglobulin G (IgG) and HDV IgM should be obtained dur-
ing the evaluation of any new onset of ALT elevations as
part of the causality assessment for DILI. Superinfections
with acute hepatitis A virus (HAV), as well as other viruses
(hepatitis E virus [HEV], Epstein Barr virus [EBV], cyto-
megalovirus [CMV]) can also mimic an HBV flare, and
these viruses should be excluded by the appropriate sero-
logic studies (see Table 1 in the ESM).

4.3.1 Consensus Recommendations

9. Baseline HBsAg and HBV DNA quantification should
be established prior to the start of the study.

10. Evaluation of rapidly rising ALT levels should include
blood tests for levels of HBV DNA and HBsAg.

11. The finding of stable HBsAg and HBV DNA levels can
assist in differentiating an HBV flare from DILI.

12. In clinical trials studying drugs with potential mito-
chondrial toxicity, the development of jaundice with
minimal ALT elevations may suggest DILI rather than
a spontaneous HBV flare.

13. HDV, HAYV, and other viral superinfections (HEV,
EBV, CMV) should be considered during the evalua-
tion of the new onset of ALT elevations or worsening
of liver disease with the appropriate serologic testing.

4.4 Monitoring and Stopping Criteria

Lessons learned during the extensive HCV drug develop-
ment over the last decade should be applied to drug devel-
opment for new HBV treatments. In particular, since it was
noted that normalization or significant reductions of ALT
values occurred within the first few weeks of DAA therapy
for HCV [116], it was suggested that this new ALT nadir
value be incorporated into DILI monitoring and stopping
rules for HCV clinical trials [15, 25, 48].

Normalization or significant reductions of ALT val-
ues also may occur in some patients in response to HBV
therapy, typically by week 12 [133], which is not as early

as the ALT reduction seen with DAA therapy for HCV
[116]. In published studies on drugs in development for
HBYV in which stopping rules were available for review,
new ALT nadir values in response to therapy were not
used for monitoring and discontinuation [134]. However,
utilization of a new in-study nadir value is advisable in
patients with HBV who experience a significant improve-
ment in ALT level in response to HBV therapy. In addi-
tion, establishing liver-related monitoring and stopping
criteria based solely on multiples of ULN may result in
inconsistent and/or incorrect evaluation of the hepatotox-
icity of the candidate drug. Thus, using the baseline ALT
value or new nadir level combined with a gatekeeper ALT
level threshold (whichever comes first) for monitoring and
interruption/discontinuation of therapy may lead to a more
accurate assessment (Figs. 3, 4). Any occurrences of liver
decompensation that are considered secondary to DILI
should trigger permanent discontinuation.

Finally, when designing clinical trial monitoring and
stopping rules, differentiation should be made between
patients entering a trial on nucleos(t)ide analogs versus
those naive to therapy or nonresponders to nucleos(t)ide
analogs (Figs. 3, 4) [135].

4.4.1 Consensus Recommendations

14. When a significant improvement in ALT level or new
nadir in response to HBV therapy is achieved (e.g.,
a decrease of >50% of the original ALT baseline to
a new stable level during the trial), this ALT value
should subsequently be utilized as the subject’s new
baseline value during the trial to determine DILI moni-
toring and stopping rules.

15. A combination of multiples of baseline ALT values, or
multiples of a new nadir, as well as a threshold value
(whichever comes first) should be used when assessing
the hepatotoxicity of the candidate HBV drug (Figs. 3,
4).

16. Consideration should be given to convening an ad hoc
panel of external hepatology experts at the onset of the
trial to be available if cases of suspected DILI occur
in a clinical trial with no alternative causal explana-
tion and to perform an unblinded safety assessment
and consider a temporary pause of the trial.

17. An episode of DILI resulting in hepatic decompensa-
tion should trigger permanent drug discontinuation.

18.  When designing clinical monitoring and stopping rules
for liver safety signals, differentiation should be made
between patients entering a trial on nucleos(t)ide ana-
logs versus those naive to therapy or nonresponders to
nucleos(t)ide analogs (see Figs. 3, 4).
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Baseline Post treatment ALT Post treatment Total/ Symptoms Management
ALT Status9 Elevation Direct Bilirubin Option
2 5X ULN and + Normal OR + .
<8X ULN No change in baseline TBL" No 1
Normal OR
Normal | 28X ULN * No change in baseline TBL» T No  —> 2
+ TBL=2X ULN OR + .
> Doubling of DB" No 2
23X ULN
+ Normal or elevated +  Yes —> <3>
= 3X and <5X baseline
OR Normal OR
2 3X and <5X oR
™ nzr;lirk ORnew * No change in baseline TBL" + No g 1
= 300 U/L and <500 U/L
(whichever occurs first)
2 5X baseline or
. : Normal OR
Elevatedi — > 25X new nadirk + . ) + No > 2
or 2500 U/L (whichever No change in baseline TBLh
occurs first)
TBL=2X ULN OR
> 2X baseline or=2X + Doubling of DB +  No — 2

“>new nadirk or 2 300 U/L
(whichever occurs first)

+ Normal or elevated +

Yesi —

1. RepeatALT, AST, ALP, TBL, and HBV DNAn 2 - 5 days'. Follow-up for symptoms.

2. Interrupt study drug and repeatALT, AST, ALP, TBL, and HBV DNA in 2-3 days. Initiate close
monitoring and workup for HBV flare. Initiate workup for competing etiologies (see Supplementary
Table 1). Study drug can be restarted only if another etiology is identified and liver enzymes return to
baseline. Drug cannotbe restarted if hepatic decompensation occurred.

3. Interrupt study drug and repeatALT, AST, ALP, TBL, DB, and HBVDNAin 2-3 days. Initiate close
monitoring. Initiate workup for HBV flare. Initiate workup for competing etiologies (see Supplementary
Table 1). Study drug can be restarted only if another etiology is identified, liver enzymes return to
baseline, and symptoms have improved. Drug cannotbe restarted if hepaticdecompensation

occurred.

Fig.3 Algorithm for monitoring and management of potential DILI
signals in phase II-III chronic HBV clinical trials in patients with
HBV with normal or elevated baseline ALT who are nucleos(t)
ide suppressed'. These levels pertain to subjects who are nucleos(t)
ide suppressed when entering trials, and values may differ in sub-
jects who are not nucleos(t)ide suppressed. *Baseline ALT is derived
from an average of two pretreatment ALT measurements 2 weeks
apart. "For patients with Gilbert'’s syndrome or hemolysis. ‘Symp-
toms may be liver related (e.g., severe fatigue, nausea, vomiting, right
upper quadrant pain) or an immunologic reaction (e.g., rash, >5%
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eosinophilia). 'Elevated baseline is defined as ALT >1.5 x ULN. ¥In
patients with a sizable stable early decrease in ALT during treatment
(>50% of baseline value), a new baseline, corresponding to the ALT
nadir, should be established on an individual basis for subsequent
determination of a DILI signal. 'The specific interval between the
tests should be determined based on the patient’s clinical condition.
ALP alkaline phosphatase, ALT alanine aminotransferase, AST aspar-
tate aminotransferase, DB direct bilirubin, TBL total bilirubin, ULN
upper limit of normal
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Baseline Post treatment ALT Post treatment Total/ Symptom Management
ALT Statusm Elevation Direct Bilirubin Option
2 5X ULN and + Normal OR s
<8X ULN No change in baseline TBL" No 1
Normal OR
> 8X ULN OR
Nomal 1 * No change in baseline TBL" No g 2
+ TBL=2X ULN OR + .
> Doubling of DB~ No 2
23X ULN
+ Normal or elevated +  Yeso > <3>
2 3X and <5X baseline
OR Normal OR
23X and <5X oR
" nzr;lirq ORnew * Nochange in baseline TBL» T+ No g 1
=500 U/L and <800 U/L
(whichever occurs first)
2 5X baseline or
Elevatedr — » 25X new nadird Normal OR +  No N 9

or 2800 U/L (whichever
occurs first)

23x baseline or 23x
new nadir? or =300 U/L
(whichever occurs first) +

No change in baseline TBL"

TBL=2X ULN OR
Doubling of DB"

Normal or elevated +

+ No —> 2

\ 4

Yeso -

1. RepeatALT, AST, ALP, TBL, and HBV DNA within 2-5 days’ Follow-up for symptoms

2. Interrupt study drug. RepeatALT, AST, ALP, TBL, and obtain HBV DNA in 2-3 days. Initiate close
monitoring and workup for HBV flare. Initiate workup for competing etiologies (see Supplementary
Table 1). Study drug can be restarted only if another etiology is identified and liver enzymes return to
baseline. Drug cannotbe restarted if hepatic decompensation occurred

3. Interrupt study drug. RepeatALT, AST, ALP, TBL, DB and HBV DNAin 2-3 days. Initiate close
monitoring. Initiate workup for HBV flare. Initiate work-up for competing etiologies. (see
Supplementary Table 1) Study drug can be restarted only if another etiology is identified, liver enzymes
return to baseline, and symptoms have improved. Drug cannotbe restarted if hepatic decompensation

occurred.

Fig.4 Algorithm for monitoring and management of potential DILI
signals in phase II and III clinical trials for new agents to treat HBV
in naive or non-nucleos(t)ide-suppressed patients with normal or
elevated baseline ALT. ™Baseline ALT is derived from an average
of two pretreatment ALT measurements 2 weeks apart. "For patients
with Gilbert’s syndrome or hemolysis. °Symptoms may be liver
related (e.g., severe fatigue, nausea, vomiting, right upper quadrant
pain) or immunologic reaction (e.g., rash, >5% eosinophilia). PEI-
evated baseline is defined as ALT >1.5 x ULN. 9n patients with a

sizable stable early decrease in ALT during treatment (>50% of base-
line value), a new baseline, corresponding to the ALT nadir, should
be established on an individual basis for subsequent determination of
a DILI signal. "The specific interval between the tests should be deter-
mined based on the patient’s clinical condition. ALP alkaline phos-
phatase, ALT alanine aminotransferase, AST aspartate aminotrans-
ferase, DB direct bilirubin, TBL total bilirubin, ULN upper limit of
normal
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4.5 Inclusion of Patients with HBV in Clinical
Trials for Other Indications and Implications
for Causality Assessment of Potential DILI Cases

Patients with HBsAg positivity are typically excluded
from non-HBYV clinical trials. This is because HBV reac-
tivation can occur, leading to increased levels of ALT
and other liver-related blood tests, making differentiation
from DILI a challenge. However, even individuals with
serological markers of resolved infection (HBsAg nega-
tive, undetectable HBV DNA, HBcAb positive, with or
without HBsAb) may still harbor cccDNA and integrated
HBV DNA [115]. Thus, HBV could be reactivated when
the immune system is suppressed by chemotherapy for
cancer treatment, immunosuppression for transplanta-
tion, monoclonal antibody (e.g., rituximab) for the treat-
ment of hematologic malignancies, or DAA therapy for
the treatment of hepatitis C [136—139]. Therefore, when
evaluating the etiology of liver test abnormalities in
patients participating in these trials, reactivation of HBV
as signaled by reappearance of circulating HBV DNA
should be included as part of the causality assessment
for potential DILI. Inclusion of individuals with isolated
HBcADb (without elevated aminotransferases, HBYV DNA,
or other serologic markers, including HBsAb) into tri-
als not involving immunosuppressive therapies should be
considered on a case-by-case basis, dependent upon the
mechanism of action of the investigational product.

4.5.1 Consensus Recommendations

19. The eligibility of patients with HBV to participate
in non-HBYV clinical trials is dependent upon multi-
ple factors, including the class of the candidate drug
being evaluated and the status of the patient’s immune
system.

20. When subjects with HBV are included in clinical trials
for other indications, complete HBV virological assess-
ment should be established at baseline (including full
serology and HBV DNA levels).

21. Individuals with serological markers of resolved
infection (HBsAg negative, undetectable HBV DNA,
HBCcAD positive with or without HBsAb) can still har-
bor cccDNA and may be at risk for reactivation when
exposed to immunomodulatory medications. Their
participation should be considered on a case-by-case
basis.

22. Evaluation of unexplained ALT elevations should
include HBV DNA testing, even in subjects entering
trials with isolated HBcAb positivity.
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5 Summary

Numerous ongoing clinical trials of new HBV therapies
are aimed not only at viral suppression but more recently
at HBV cure. However, many gaps still exist in our knowl-
edge that need to be resolved before we can improve on
best practices for trial design and the criteria for moni-
toring and stopping rules in these patients. Publication
of clinical study protocols has been a step in the right
direction, but this is not done for all published trials. Fur-
thermore, clarification on how eligibility criteria related
to liver-related blood tests were chosen, as well as how
monitoring and stopping rules were determined, would be
beneficial for the field, since these criteria vary amongst
HBYV clinical trials. When designing trial eligibility and
stopping rules, differentiation should be made between
patients who are nucleos(t)ide suppressed and those who
are naive to therapy or nonresponders to nucleos(t)ide
analogs. Lessons learned from HCV drug development,
as well as from our expanding knowledge and research
in the field of DILI, will likely result in improved assess-
ment of the hepatotoxic potential of a candidate drug,
improved causality assessment, and greater consistency
across industry in clinical trial design and liver-related
monitoring and stopping rules.

6 Assessment of DILI in Clinical Trials
of Adults with Cirrhosis Associated
with HCV, HBV, or Nonalcoholic
Steatohepatitis

6.1 Introduction

The most advanced form of CLD is cirrhosis, the clin-
icopathological entity marked by advanced fibrosis and
hepatic dysfunction. Cirrhosis is due primarily to NASH,
HCV, HBV, ALD, PSC, and PBC and occurs in about
0.27% (approximately 1:400) of the US population [64].
With the advent of suppressive antiviral therapy for HBV
and DAAs that cure HCV, multiple trials have been con-
ducted recently in patients with advanced fibrosis and cir-
rhosis secondary to both HBV and HCV. There is evidence
that long-term anti-HBV therapy with suppression of HBV
DNA will result in fibrosis improvement and even rever-
sal in those with bridging fibrosis and compensated cir-
rhosis [129, 140]. The successful use of DAA treatment
for patients with HCV with cirrhosis has demonstrated
a regression of hepatic fibrosis as assessed by histology
and/or transient elastography after at least 6 months of
follow-up off medication [141-143]. Regression of fibrosis
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with new drugs is also currently being investigated in the
NASH population with moderate fibrosis and in those with
compensated cirrhosis [126, 144—149]. There is also inter-
est in new drugs for treating decompensated cirrhosis and
its complications, including those focused on reversing
fibrosis as assessed by reducing the hepatic venous por-
tal vein pressure gradient (HVPG) and/or model for end-
stage liver disease (MELD) score and on treating hepatic
encephalopathy, hepatorenal syndrome, variceal bleeding,
and ACLF [150-155].

Monitoring for and diagnosing DILI in clinical trials of
subjects with cirrhosis is challenging because of the normal
fluctuation of liver tests, possible progression of the under-
lying liver disease, varying compromised clearance rates of
drugs and their metabolites by the liver, and the fact that
most patients are taking numerous concomitant medications.
These challenges highlight the need for increased vigilance
in clinical trials in subjects with cirrhosis. This section cov-
ers monitoring for potential DILI in subjects with cirrhosis
participating in clinical trials of treatments for HCV, HBV,
and NASH. Trials in subjects with cirrhosis due to PSC and
PBC have been covered in a recently published compan-
ion paper from the IQ DILI Consortium with a focus on
underlying cholestatic liver disease [16]. Since sufficient
data are not yet available from all subjects with cirrhosis
participating in clinical trials (e.g., NASH cirrhosis), some
recommendations are the result of consensus opinion from
academic, regulatory, and industry experts in the field.

Although no data are yet available, the efficacy of new
drugs in development may vary depending on the severity
of cirrhosis (e.g., compensated or decompensated) caused
by the underlying CLD. Compromise of hepatic func-
tion that alters the clearance of a study drug varies among
patients with cirrhosis [156]. For drugs that are metabo-
lized primarily in the liver, functional changes that affect
the pharmacokinetic profile of a study drug may be due to
diminished first-pass metabolism due to portal hypertension
and shunting; reduced drug binding protein levels; primary
changes to hepatocyte drug metabolism and transport; and
changes in biliary excretion. A recognition of these func-
tional changes has led regulatory agencies to recommend
that hepatic impairment studies be done early in drug devel-
opment for drugs intended for the treatment of populations
with underlying liver disease in order to assess the risk of
excessive drug exposure and potential hepatotoxicity [144,
156]. This is especially important when hepatic metabo-
lism and/or excretion accounts for more than 20% of drug
elimination, when the drug has a narrow therapeutic range,
or when the drug metabolism and elimination is unknown.
Currently, the CTP score is used to define mild, moderate,
and severe hepatic impairment, but it is recognized that this
score was not originally intended to be a guide for potential
dose modification in patients with hepatic impairment [157].

Recent publications have illustrated the role of studying
pharmacokinetic parameters in subjects with advanced liver
disease and employing population pharmacokinetic mod-
eling and physiologically based pharmacokinetic modeling
to predicting the potential need for dose adjustments in these
populations [158, 159]. In addition, assessment of functional
hepatocyte metabolism and transport, and first-pass clear-
ance reflecting portosystemic shunting, might better reflect
the correlation of hepatic impairment with excessive drug
exposure and the risk of DILI than correlation with the CTP
score. A full discussion of this important topic is beyond the
scope of this paper and will be the subject of another paper
from the 1Q Consortium.

6.1.1 Consensus Recommendations

1. Hepatic impairment studies need to be done early in
drug development in all programs targeting patients with
underlying liver disease, especially when studying the
cirrhotic population.

2. Further research is needed in defining new tools to assess
hepatic impairment that are potentially more directly
correlated with risks of excessive drug exposure; and
consideration should be given to employing these tests
in clinical trials of subjects with cirrhosis in comparison
with the traditional classification of hepatic impairment
by CTP score.

3. Prior to conducting studies in subjects with compen-
sated cirrhosis, studies in small cohorts of patients with
varying degrees of hepatic impairment may be useful,
with the modeling of pharmacokinetic data to simu-
late the systemic drug exposure profiles for a range of
drug doses. These studies may predict the need for dose
adjustments in this population.

6.2 Inclusion/Exclusion Criteria in Studies
of Compensated Cirrhosis

Cirrhosis encompasses a broad clinical spectrum of dis-
ease. Histologic evidence of cirrhosis (generally classified
by Ishak score >4 or Metavir score > 3) without clinical
evidence of disease and without varices, associated with a
modest increase in HVPG of > 6-10 mmHg, is sometimes
called stage 1 compensated cirrhosis, often corresponding
to CTP class A disease [160, 161].

Stage 2 compensated cirrhosis is characterized by the
absence of symptoms but the presence of portal hyperten-
sion with varices, and HVPG in the > 10—12 mmHg range.
Decompensated cirrhosis is defined by the presence of symp-
toms and a history of “decompensating events,” including
variceal bleeding, hepatic encephalopathy, and development
of ascites and often includes physical and laboratory-based
indications of portal hypertension and significant hepatic

A\ Adis



150

W.R.Treem et al.

functional impairment, including splenomegaly, low platelet
count, direct hyperbilirubinemia, and elevated INR [162].

Detecting early stage 1 compensated cirrhosis (stage F4)
in patients with CLD entering clinical trials and differenti-
ating it from bridging fibrosis (stage F3) may be challeng-
ing, as baseline liver tests may not be markedly abnormal. It
should be noted that although abnormal aminotransferases
are common in CLD, they may be normal in some patients
with advanced fibrosis or cirrhosis [163, 164]. In a large
cohort of patients with biopsy-proven NASH, the mean
ALT level in those with cirrhosis (stage F4) was lower than
in those with fibrosis stages 1-3 (46 TU/1 vs. 70-78 TU/I,
respectively), although mean ALP was higher (100 U/1 vs.
79-89 U/, respectively) [165]. AST levels are also rela-
tively low in patients with compensated cirrhosis, with a
mean of 57-67 U/l [166]. Compared with absolute ALT
values, the AST/ALT ratio appears to be a more sensitive
indicator of cirrhosis [167, 168]. In patients with HCV, an
AST/ALT ratio of > 1 was present in only 4% of all patients
without cirrhosis but in 79% of those with documented cir-
rhosis [169]. In a recent meta-analysis of 86 studies that
evaluated the accuracy of clinical findings for identifying
biopsy-proven cirrhosis from multiple causes, a platelet
count < 160,000 x 10%/1, a prolonged prothrombin time, or
a serum albumin < 3.5 g/dl were more discriminating with
a higher likelihood ratio for cirrhosis than an increased ALT
or bilirubin [170]. A full discussion of noninvasive meth-
ods to diagnose cirrhosis is beyond the scope of this paper,
but the APRI, the Fibrosis-4 (FIB-4) score, and the use of
transient elastography imaging all may aid in characterizing
the population entering screening for trials in CLD with cir-
rhosis [171-173].

In previous studies of subjects with compensated cirrho-
sis due to HCV, exclusion criteria have included another
known underlying CLD (e.g., HBV), excessive alcohol
intake, or exposure to any concomitant administration of
herbal or dietary supplements linked to hepatotoxicity. A
recent report by the US Drug-Induced Liver Injury Net-
work (DILIN) listed the top ten individual drugs identified
as causing DILI in clinical practice in their prospective
long-term study [3]. These included primarily antibiotics/
antimicrobials (ciprofloxacin, levofloxacin, azithromycin,
amoxicillin—clavulanate, cefazolin, minocycline, nitro-
furantoin, sulfamethoxazole—trimethoprim, and isoniazid)
as well as diclofenac. The NIH-sponsored database LiverTox
[174] provides up-to-date information on the hepatotoxic-
ity of more than 500 drugs in the current database of more
than 1200 prescription and nonprescription compounds.
A classification of the hepatotoxic potential of marketed
medications based on case reports of DILI has also recently
been published by others [175-177]. Although an increased
risk of DILI has not been confirmed in prospective stud-
ies, avoidance of these higher risk hepatotoxic medications
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while searching for a potentially safer alternative is recom-
mended in subjects entering clinical trials in cirrhosis [178].
In addition, drugs known to potentially precipitate hepatic
encephalopathy, gastrointestinal bleeding, or renal failure in
patients with cirrhosis are generally avoided [179].

Information on baseline values of ALT, AST, and TBL in
subjects entering clinical trials with compensated cirrhosis is
provided in Table 1. Previously conducted studies of DAAs
for treatment of HCV in patients with compensated cirrhosis
allowed subjects to enroll with aminotransferases up to 5-10
x ULN, TBL up to 1.5-3 x ULN, INR prolonged to 2.2,
albumin as low as 2.8-3.5 g/dl, and platelet counts as low as
50,000 x 10°/1[161, 180-184]. In these studies, CTP scores
were confined to <7, and the mean baseline ALT and AST
levels prior to receiving study drug(s) were as high as 102
IU/1 and 101 IU/1 in treatment naive and treatment experi-
enced subjects, respectively, with a range of up to 326 and
231 U/, respectively [68]. The upper limit of ALT and AST
in patients with HCV and compensated cirrhosis may in fact
be higher because some of these studies excluded subjects
with baseline aminotransferase > 5 X ULN, and other studies
excluded those with > 10 x ULN.

Studies in compensated cirrhosis due to HBV treated with
pegylated interferon, nucleos(t)ide analogs, or a combination
of nucleos(t)ide and thymosin generally allowed subjects
to enroll with ALT levels up to 10 X ULN, TBL up to 2 X
ULN, INR prolonged to 1.3, albumin as low as 2.8 gm/dl,
and platelet counts as low as 50,000 x 10%/1. In these stud-
ies, the mean baseline ALT levels prior to receiving study
drug(s) varied between 62 and 160 IU/l. Median ALT was
between 50 and 70, and—in some studies—as many as 22%
of subjects had ALT values within normal limits. CTP scores
were mostly 5-6 and generally <7, but as high as 9 in one
study. Exclusion criteria were any decompensating events;
HCV, HIV, or HDV infection; renal insufficiency; or exces-
sive alcohol consumption [185-191].

Studies are currently ongoing or have been completed
with new drugs for NASH with compensated cirrhosis
including studies with emricasan, the galectin-3 inhibitor
GR-MD-02, and selonsertib [126, 146, 148]. Inclusion cri-
teria in these studies included the absence of any decom-
pensating events and allowed subjects to enroll with ALT
<8-10 x ULN, AST <10 x ULN, albumin >2.8 g/dl, plate-
lets > 60,000 x 10%1, DB <2.0 mg/dl, and INR <1.7. A
recent draft guidance from the FDA on conducting clinical
trials in NASH with compensated cirrhosis recommended
that patients with ALT or AST elevation >5 x ULN or
TBL above the ULN at screening should not be enrolled
and should be investigated for the possibility of concomitant
liver disease (e.g., alcohol-associated liver disease or viral
or autoimmune hepatitis) [162]. The presence of medium
or large varices on endoscopy (even without a history of
gastrointestinal bleeding) or an HVPG measured at >12
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mmHg have been used to define decompensated cirrhosis
or “late-stage” compensated cirrhosis with a high risk of
decompensation and would serve to exclude subjects from
compensated cirrhosis trials [192—194].

CTP scores based on the presence or absence of encepha-
lopathy and ascites, and the laboratory parameters of TBL,
albumin, and INR are usually <7 in the Class A category
(which defines compensated cirrhotic patients). The com-
pensated NASH cirrhosis studies cited above allow subjects
to enroll with CTP scores <7, and with MELD scores up to
12 in one study and 15 in another [146, 148]. In previous
studies of treated patients with HCV-associated cirrhosis,
the baseline MELD score was independently associated
(multivariate analysis) with the risk of hepatic decompensa-
tion during a 72-week post-treatment observation period of
22%, 59%, and 83% in patients with baseline MELD scores
of 6-9, 10-13, and > 14, respectively [195]. These data sug-
gest that baseline MELD scores > 10 expose a subject with
cirrhosis to a higher risk of hepatic decompensation during
the course of a phase IIb/III clinical trial. In the survey of
1Q DILI companies conducted by the consortium (unpub-
lished data), 8 of 11 companies that had conducted trials
that included patients with compensated cirrhosis used the
CTP score as an exclusion criterion, 5 of 11 used the MELD
score, and 3 of 11 used any indication or history of decom-
pensation (e.g., variceal bleeding, peritonitis, hepatorenal
syndrome, hepatic encephalopathy).

As recommended for clinical trials in noncirrhotic
cohorts with HCV, HBV, and NASH, at least two values for
biochemical liver tests are recommended during screening
to establish baseline values in subjects with cirrhosis; these
tests should also include albumin, INR, DB, and creatinine
as assessments of liver and other organ dysfunction that can
accompany progression to decompensation in subjects with
cirrhosis. Because a rise in aminotransferases may not be
as sensitive to increasing liver injury in subjects with cir-
rhosis compared with those without, requiring an increase
of 50% of the second value over the initial value to trigger
re-evaluation of the subject for inclusion (as discussed) may
not be appropriate in clinical trials of cirrhosis. For these
subjects, a smaller increase of 33% over the initial value
in aminotransferases in the second determination may still
signal significantly worsening disease and decompensation
and warrant a repeat determination and delay in enrolling
the subject in the trial [196].

6.2.1 Consensus Recommendations

4. Consideration should be given to continuing some
measurements of pharmacokinetic parameters dur-
ing phase II and III studies in subjects with cirrhosis
when studying drugs that undergo significant hepatic
metabolism and excretion and/or demonstrate a nar-

10.

row therapeutic range. Review of unblinded data by
an independent data monitoring committee (DMC) to
monitor for excessive exposure and potential increased
risk for DILI and to differentiate this from progression
of the underlying disease is recommended.

Inclusion criteria for clinical trials in subjects with
compensated cirrhosis must clearly delineate accepted
methods for identifying compensated (and excluding
decompensated) cirrhosis specific to the disease being
studied based on clinical, imaging, biochemical evi-
dence, and/or histologic scoring systems.

In studies in patients with compensated cirrhosis, it is
preferable to limit concomitant medications whenever
clinically feasible utilizing such resources as LiverTox
(https://livertox.nih.gov). Unsupervised complemen-
tary and alternative medicine use (including herbal and
dietary supplements) should be strongly discouraged.
DDIs known to affect potentially impaired hepatic
transport and metabolism pathways of study drug in
patients with cirrhosis (by demonstrated or modeled
evidence) should also be considered and avoided.
Decompensating events include the following: docu-
mented variceal hemorrhage, documented ascites (by
imaging or examination), spontaneous bacterial peri-
tonitis, and documented hepatic encephalopathy (with
examination by an experienced clinician). Even in the
absence of ascites or encephalopathy, the presence
of any of the following abnormal laboratory values,
including an albumin <2.8 g/dL, INR > 1.7, or TBL
> 2.0 mg/dl with a DB >50% of the TBL have been
used to exclude subjects from trials of compensated
cirrhosis in patients with HBV, HCV, and NASH, since
they would result in a CTP score > 7. Patients with
any of these clinical and laboratory features should
be considered to have decompensated cirrhosis and be
excluded from clinical trials of compensated cirrhosis.
Inclusion of subjects with stage 2 compensated cir-
rhosis with portal hypertension, low platelet count,
medium to large varices, and if available an HVPG >
12 mmHg (even without any history of bleeding) in
clinical trials of new treatments should be based on
the population expected to use the intended treatment
in a real-world setting, the population being recruited,
and the study goals. Small proof-of-concept trials to
support an expectation of adequate safety and efficacy
should be performed prior to including these patients
in larger clinical trials.

Baseline CTP and MELD scores should be calculated,
and patients with CTP > 7 and those with MELD > 10
should be excluded in trials of patients with compen-
sated cirrhosis.

It is advisable to obtain two screening determinations
of hepatic biochemical tests 2—4 weeks apart (with the
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second as close as possible to the first dose of study
drug) to calculate a mean value as the subject’s refer-
ence baseline. If there is any significant increase in
TBL, DB, or INR, or more than a 33% rise in ami-
notransferases from the first to the second determina-
tion, a third measurement should be obtained to deter-
mine whether the subject’s underlying liver disease is
worsening prior to initiation of study drug.

6.3 Changes in Liver Tests or Symptoms that Trigger
Increased Monitoring in Patients with Cirrhosis

Large natural history studies in patients with hepatitis C
and compensated cirrhosis who were followed at least 24
months off treatment (having failed to achieve SVR when
treated with interferon and ribavirin) demonstrated a pat-
tern of baseline laboratory values associated with a higher
risk of progression to decompensated cirrhosis, liver trans-
plant, and liver-related death. A model that included platelet
count < 150,000 mm3, AST/ALT ratio > 0.8, TBL >0.7 mg/
dl and albumin < 3.9 g/dl was the best predictor of clini-
cal decompensation during follow-up [123]. In addition, a
decrease in platelet count of > 15%, an increase in AST/ALT
ratio of > 15%, an increase in TBL of > 15% compared with
baseline, and a decrease in albumin of > 15% were corre-
lated with a significant increase in clinical decompensation
[197]. It is not known whether this degree of change or the
time course for predicting clinical decompensation can be
generalized to other causes of cirrhosis, but these data have
led experts to recommend that subjects entering clinical tri-
als with compensated cirrhosis need to be monitored more
closely from the outset of the trial for changes that may be
due to either DILI or disease progression [44]. A specific
schedule for “close monitoring” has yet to be clearly defined
[25]. If any data on peak time to onset of DILI have been
previously obtained in the study drug in different patient
populations or in drugs in the same class with the same
mechanism of action, then these data should influence the
enhanced “close monitoring” schedule put into place.

In patients with compensated cirrhosis, even mild eleva-
tions in ALT or AST during acute superimposed liver injury
due to a suspect drug may represent extensive hepatocyte
injury. In these patients, the hallmark of hepatocellular DILI
may be decompensating events, such as the development
of hepatic encephalopathy, ascites, or variceal bleeding, or
laboratory changes reflecting decreased hepatic functional
reserve, including increasing TBL, increased DB, coagu-
lopathy, and reduced albumin [198]. This is illustrated by
findings in a large series of > 1300 patients with compen-
sated cirrhosis with precipitating events that caused either
acute decompensation (AD) without organ failure, or
decompensation with organ failure (ACLF) [199]. In those
with AD, the mean ALT on admission to the hospital was
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only approximately 1.4 X ULN, whereas the mean TBL had
risen to 5 X ULN and the mean INR was elevated to 1.5. In
those with ACLF, mean ALT was still only 1.6 X ULN, but
the mean TBL was 13 X ULN and the mean INR was 2.1.
INR also increased with increasing grades of ACLF [152].
Because of the extent of hepatocyte damage at baseline and
the potential limited capacity of ALT and AST elevations to
reflect further acute DILI-related damage, any increases in
the baseline values of tests reflecting liver functional capac-
ity (INR, bilirubin, albumin) as well as defined multiples
of baseline aminotransferases (rather than multiples of the
ULN) have been recommended for prompting increased
DILI monitoring [200]. Together with these flags, prespeci-
fied enzyme activity thresholds that are exceeded based on
the ranges of ALT and AST seen during screening in each of
these CLD (see Table 1) can serve as “guardrails” to trigger
increased monitoring. In the previous two sections on clini-
cal trials in HCV and HBYV, alterations in aminotransferases
were primarily focused on changes in ALT and not AST.
This reflects the greater specificity of ALT for the liver and
not muscle or red blood cells. With the advent of increasing
fibrosis and cirrhosis, a rising AST and an increase in the
AST:ALT ratio to near or > 1.0 can signal this progression
in patients with NASH, HBV, and HCV. An abrupt change
in that ratio with a relatively greater rise in ALT versus AST
may signify DILI or some other cause of acute liver injury
in patients with cirrhosis rather than a progression of the
underlying disease [201].

Elevations in DB are considered more reflective of
decreased liver function than are isolated elevations in
unconjugated bilirubin (which are often due to Gilbert’s
syndrome or hemolysis). Increases in ALP and TBL with
only mild or no increases in aminotransferases may sug-
gest biliary obstruction, making causality assessment more
challenging. But in this population, where increases in ALT
and AST may not correlate with the degree of hepatocyte
damage from DILI, an unexplained rise in DB over baseline,
even in the absence of significant elevations in aminotrans-
ferases, may also signal hepatocellular DILI requiring case-
level evaluation.

6.3.1 Consensus Recommendations

11. Baseline and monitored liver tests should include not
only standard AST, ALT, ALP, and TBL but also read-
ily available tests that reflect liver function, including
DB, INR, and albumin.

12. In phase I and Ila trials involving patients with cir-
rhosis, monitoring should be weekly or biweekly until
an understanding of the hepatic safety profile, phar-
macokinetic characteristics, and concentrations of
the drug are obtained. Even in phase IIb and III trials,
more frequent monitoring for hepatotoxicity over a
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longer duration is advised when compared with trials
not including patients with cirrhosis.

13. Because patients can decompensate quickly, consensus
expert opinion supports increased monitoring during
phase III trials tailored to the risk of hepatotoxicity
of study drug in the population being studied. This
could call for a schedule of monitoring as frequent as
every week during the first month of the trial; biweekly
for the next 2 months; at least once a month through
6 months, and a minimum of every 2 months for the
duration of the trial.

14. Multiples of baseline ALT, AST, ALP, and TBL ele-
vations rather than multiples of ULN should be used
as a reference for detection of DILI. Any increases in
TBL, DB, or INR and doubling of the baseline value of
ALT, AST, and ALP (provided that the values are also
> ULN) should prompt a more vigilant approach to
monitoring for potential DILI. Even increases limited
to doubling of ALP and DB over baseline, even with-
out concomitant significant elevations of aminotrans-
ferases but without evidence of biliary tract obstruc-
tion, should prompt increased monitoring for DILI.

15. In trials of cirrhosis due to HCV and NASH, eleva-
tions of ALT out of proportion to AST resulting in a
decreased AST/ALT ratio (so that ALT now exceeds
AST) compared with a baseline ratio > 1.0 may sug-
gest potential DILI or some other cause of acute hepa-
totoxicity rather than progression of the underlying
cirrhotic liver disease (see Table 1 in the ESM).

6.4 Liver Test Thresholds or Symptoms
that Trigger Stopping Study Drug in Patients
with Compensated Cirrhosis

A wide range of “stopping rules” for individual study sub-
jects have been used in clinical trials of new drugs for cirrho-
sis associated with HCV [180-184, 196, 200, 202]. In trials
of DAAs in HCV-induced compensated cirrhosis, individu-
als meeting any of the following criteria were required to
stop study drug: A confirmed elevation of ALT or AST >5 X
baseline or nadir value, a confirmed elevation of ALT >3 x
baseline and TBL >2 x ULN, and any confirmed elevation
of ALT > 15 X ULN without an alternate etiology [203]. An
increase in DB > 1 mg/dl over the baseline value, or an INR
> 1.5 if normal at baseline and increased by > 0.2 if 1.5-1.7
at baseline were also reasons to stop study drug in some
studies [200, 203]. Using these criteria, no on-treatment
cases of serious hepatotoxicity were observed and no Hy’s
law cases were identified [203]. No individual met the pre-
specified liver-related stopping rules during the on-treatment
phase, and ALT or AST increases >5 X ULN were infre-
quent and generally transient. Because of this experience
and given the concern that elevations in aminotransferases

in response to DILI may be relatively constrained in patients
with cirrhosis, more conservative criteria for triggering stop-
ping drug in trials of patients with cirrhosis have been pro-
posed [178].

In NASH trials with bridging fibrosis (stage F3) [204],
ALT or AST >2 X baseline and 5 X ULN with TBL >2 X
ULN or INR > 1.5 provoked stopping, as did an ALT or
AST >5 X baseline or 10-20 X ULN without an alternative
etiology [200]. Stopping rules for NASH trials now being
run in patients with compensated cirrhosis are currently not
available [126, 145, 146, 148]. Owing to the differences in
the underlying liver disease causing cirrhosis and baseline
liver function at enrollment, optimal discontinuation criteria
may need to be established for each clinical trial based on
the particular study population, the specific disease being
studied, and the risk profile of the investigational drug.
Expert input from an external hepatic adjudication commit-
tee (HAC) comprising individuals with clinical expertise
in the field of liver disease and DILI may be required to set
optimal criteria for drug discontinuation prior to beginning
complex trials in subjects with CLD and cirrhosis. When
potential cases of DILI are identified in a clinical trial pro-
gram, case-level assessments of causality as well as a com-
prehensive evaluation of risk for DILI associated with the
study drug should be performed by an HAC with results
made available to the unblinded DMC monitoring the trial.
Blinded case-level assessments by the HAC are warranted
for trials in which background disease progression effects
are difficult to distinguish from potential adverse effects of
the study drug. In the IQ DILI Consortium survey, 9 of 13
(69%) companies used an HAC for evaluating complex cases
of potential DILIL

6.4.1 Consensus Recommendations

16. Owing to the complexity of potential cases of DILI in
trials including subjects with underlying cirrhosis, it
is highly recommended to identify a HAC composed
of experts in clinical liver disease and DILI for set-
ting discontinuation criteria prior to study onset and
for causality assessment of potential DILI cases during
the study.

17. Suggested criteria for the discontinuation of study drug
for subjects with compensated cirrhosis with HCV,
HBYV, or NASH with abnormal baseline aminotrans-
ferases, ALP, or bilirubin include the following:

(a) AST, ALT, or ALP >2 X baseline or 5 X ULN
(whichever comes first), along with TBL >2 X
ULN or INR > 1.5 or increased by 0.2 if starting
with baseline INR >1.5

(b) AST or ALT >3 X baseline or > 8 X ULN, which-
ever comes first
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(c) Development of decompensated cirrhosis (variceal
hemorrhage, hepatic encephalopathy, ascites)

(d) Increase in ALP >2 X baseline and DB by > 1
mg/dl from baseline value without an alternative
etiology.

18. Suggested criteria for discontinuation of study drug
for subjects with cirrhosis with normal baseline ALT,
AST, ALP, or bilirubin are as follows:

(a) AST, ALT, or ALP >2 X baseline or 3 x ULN
(whichever comes first), along with TBL >2 X
ULN or INR > 1.5 or increased by 0.2 if starting
with baseline INR >1.5

(b) ALT or AST >5 x ULN

(c) Development of decompensated cirrhosis

(d) Increasein ALP >3 X ULN and DB by > 1 mg/dl
from baseline value without an alternative etiol-

ogy.

19. Obtaining pharmacokinetics at the time of stopping
study drug for suspected DILI should be strongly con-
sidered, with the sample to be analyzed later for quan-
titative levels of study drug and major drug metabolites
in the circulation. Using this information, together with
concomitant clinical and laboratory test results, a com-
prehensive analysis of the key determinants of systemic
exposure of the study drug in patients with cirrhosis
should be performed. This analysis may inform a need
for optimal dose adjustments in subsequent studies of
subjects with different levels of hepatic impairment.

The following table presents an algorithm that summa-
rizes the above recommendations on increased monitoring
for potential DILI events and on criteria for holding or stop-
ping study drugs in clinical trials involving patients with
compensated cirrhosis (see Table 3).

6.5 Clinical Trials in Decompensated Cirrhosis

The cumulative proportion of patients with compensated cir-
rhosis who undergo progression to decompensated disease is
thought to be approximately 10% per year and approximately
50% over 5 years [198, 205]. Thus, careful evaluation of
patients entering clinical trials is important to ensure they
meet the inclusion/exclusion criteria if the trial is limited to
compensated cirrhosis.

A recent analysis of data from a placebo controlled clini-
cal trial in patients with multi-etiology decompensated cir-
rhosis (CTP >7; MELD < 25 [median 12]) undergoing treat-
ment with glycerol phenylbutyrate added to standard-of-care
therapy for hepatic encephalopathy illustrated the problem of
applying conventional guidance to monitor for and diagnose
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DILI in clinical trials in this patient population when it is
the intended group for treatment with a study drug [65, 154].
Baseline ALT values were abnormal in 42% of 178 subjects,
AST in 71%, TBL in 67%, and INR in 62%. Both screening
and baseline values just prior to first dose of study drug, and
those collected during the trial, showed fluctuations with
substantial variation over time, with or without exposure to
study drug. During the trial, 23% of patients on study drug
and 16% of those on placebo developed liver test abnormali-
ties that otherwise would typically prompt treatment discon-
tinuation and the undertaking of a comprehensive causality
assessment (including 88% of these with concomitant ALT
>3 x ULN and TBL > 2.0 X ULN or INR > 1.5). The study
subjects who surpassed these threshold liver test abnormali-
ties included equal numbers with normal as well as abnor-
mal baseline values. These data underscore the fact that the
current FDA guidance for increased monitoring for DILI
and stopping rules is not applicable for clinical trials of new
drugs in individuals with decompensated cirrhosis.

The study of antiviral drugs in patients with cirrhosis
with HBV and HCV provides substantial information about
baseline liver tests in patients with decompensated cirrhosis.
In these studies, there was a wide variation in the baseline
tests and inclusion/exclusion criteria, and some included
combinations of patients with both decompensated and com-
pensated cirrhosis. Subjects with both HBV and HCV were
included with CTP classes B and C (median scores 7—11
at baseline but up to 12 in one study in HBV and generally
no upper limit) and median MELD scores of 10-16 (mean
15) [206-211]. In some studies of decompensated cirrhosis
with HBYV, inclusion required ALT > 1.5 X ULN or as high
as 2.0 X ULN. Mean baseline ALT in HBV studies varied
from 98 to 169 U/], with a range up to approximately 360 U/I
[212]. Mean baseline TBL ranged from about 2.0 to 4.5 mg/
dl and mean baseline albumin from 2.8 to 3.0 g/dl. Fluctua-
tions in bilirubin, prothrombin time (PT)-INR, and albumin
during screening resulted in changes in the assignment of
CTP classes in up to 10% of subjects between the time of
initial screening and the time of first dose of study drug.
Exclusion criteria in these studies in HBV have included
HIV, HCV or other known viral infections, alcohol abuse,
presence of hepatocellular carcinoma, and fulminant hepatic
failure. Criteria for exclusion have also been ALT > 10 X
or >15 X ULN, grade 3 or higher hepatic encephalopathy,
MELD score > 25, serum creatinine >2.0-2.5 mg/dl or cre-
atinine clearance <50 ml/min, serum sodium < 125 mEq/],
and platelet count < 35,000 x 10971 [206, 209-211].

In a study of subjects with NASH and decompensated cir-
rhosis (defined as a previous history of variceal hemorrhage
or ascites), subjects with MELD scores > 12 and < 20 were
included and those with ALT >3 x ULN, AST >5 x ULN,
and alpha-fetoprotein (dAFP) > 50 pg/mL were excluded
[153]. In another study of patients with NASH cirrhosis with
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elevated HVPG and small varices but no previous history
or overt signs of decompensation, exclusion criteria were
aminotransferase > 10 X ULN, platelets < 60,000 x 10°1,
albumin <2.8 g/dl, INR > 1.5, DB >2.0 mg/dl, MELD > 15,
and 0 AFP > 200 pg/ml [148].

Based on the data summarized above, conservative crite-
ria based on expert opinion used to interrupt and potentially
stop a study drug in this population and perform a causality
assessment for potential DILI include any of the following:
(1) ALT or AST >2 X baseline or >3 X post-baseline on-
treatment nadir values; (2) TBL > 1.5 X baseline with DB
> 50% of the total, or any increase in DB > 1 mg/dl over
baseline; (3) any increase in INR to > 1.5 if starting with
a normal INR at baseline or any increase of 0.2 if starting
with an INR of > 1.5; or (4) further decompensation events
[196, 200, 201].

6.6 Decompensated Cirrhosis and the Risk
of Excessive Study Drug Exposure Leading
to DILI

Recently, the FDA has issued warnings about liver failure
occurring after the misuse of protease inhibitor-contain-
ing regimens of DAAs used to treat HCV in patients with
decompensated cirrhosis (CTP B and C), portal hyperten-
sion, and other preexisting risk factors such as liver cancer
or alcohol abuse. These warnings have previously included
Viekera Pak® (ombitasvir, paritaprevir, ritonavir, dasabu-
vir) (AbbVie, IL, USA) [88] and more recently Mavyret®
(glecaprevir, pibrentasvir) (AbbVie), Zepatier® (elbas-
vir, grazoprevir) (AbbVie), and Vosevi® (sofosbuvir, vel-
patasvir, voxilaprevir) (Gilead Sciences, CA, USA) [90]. In
some instances, liver injury and worsening liver function
were associated with markedly increased exposure to some
components of these medicines. A significant relationship
between exposure to paritaprevir (a component of Viekira
Pak®) and DILI risk was evident in CTP B subjects where
the exposure was increased by 62% [213]. In subjects with
more severe hepatic impairment, it was increased as much
as 945%. A similar phenomenon was evident with Zepatier®
(a combination of elbasvir and grazoprevir) where severe
hepatic impairment was associated with a 12-fold increase
in exposure to grazoprevir. Importantly, the FDA pointed out
that many of the patients who decompensated were inappro-
priately categorized as CTP class A when they were actually
CTP B [89].

There are also other instances where DILI appears to
be linked to dose-related elevations in drug concentrations
and overexposure in patients with moderate to severe liver
impairment, including overt decompensation events from
primary liver disease [214]. Since the marketing approval
of obeticholic acid for PBC in May 2016, the FDA Adverse
Event Reporting System had received reports of 19 deaths
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and 11 cases of serious liver injury in patients receiving
this treatment [215]. Higher than recommended doses (5
mg daily instead of 10 mg twice weekly) were prescribed to
these patients with advanced cirrhosis. Moderate and severe
hepatic impairment studies in subjects with CTP class B
and C of a single dose of obeticholic acid 10 mg resulted
in total plasma drug exposures of 4- and 17-fold increases,
respectively, over subjects with normal liver function [214].
Actual exposures in the livers of these patients are difficult
to predict and may be significantly increased or decreased
according to altered liver functional capacity and portosys-
temic shunting.

These examples highlight the essential need for full
hepatic impairment studies (including CTP B and C) in
preapproval drug development programs involving sub-
jects with decompensated cirrhosis [216] and emphasize
the recommendation that the determination of study drug
concentration be part of the causality assessment when
investigating potential DILI cases that have a potential drug
exposure-related hepatotoxicity component [196]. In some
instances, data from such studies may also justify protocol
instructions to modify study drug dosing during the treat-
ment phase in the presence of worsening cirrhosis.

6.7 Use of Model for End-Stage Liver Disease Score
as a Criteria for Stopping Drug for Potential DILI

Alternatives to standard liver tests to monitor for DILI
and assess severity may be called for in clinical trials in
patients with decompensated cirrhosis. The MELD score
(predicting 90-day survival without liver transplant based
on measurements of bilirubin, INR, creatinine, and serum
sodium) has been suggested at baseline and during treat-
ment to help monitor for DILI in such patients and assess
prognosis of DILI events [15, 25, 44]. Several studies of new
therapies in patients with HCV and decompensated cirrhosis
have resulted in improved MELD scores during the trial in
patients who achieved SVR, mostly mediated by a reduction
in TBL levels [209, 211]. This suggests that a worsening
MELD score during such a trial may be a signal of poten-
tial DILI in a subject with an undetectable HCV RNA level
during the acute deterioration of liver function. The MELD
score has been shown to be a good predictor of survival
in DILI-related acute liver failure in previous studies [217,
218]. An increase in the MELD score over the baseline score
of > 10 points in a patient with decompensated cirrhosis is
indicative of an absolute increase in mortality of 10%. An
increase of 5 points in the MELD score has been used previ-
ously in trials of subjects with decompensated cirrhosis as
a criteria to stop study drug; if the baseline MELD score is
> 10, an increase of 3 points has been proposed as a stopping
criteria [201]. As with other scoring systems, the MELD
score may rise as a result of further decompensation of the
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underlying CLD, confounding the adjudication of potential
DILI. Particularly in trials in decompensated cirrhosis (but
even in compensated cirrhosis), it is not until a full com-
parison between study drug and placebo arms is conducted
that it may be possible to discriminate between DILI and
progression of the underlying liver disease.

6.7.1 Consensus Recommendations

20. As part of the early-phase clinical development pro-
gram, hepatic impairment studies, preferably with mul-
tiple dose strategies, should be conducted to quantify
differences in drug clearance in these patients versus
those with compensated cirrhosis and normal patients
without CLD. In general, the extent of enrollment for
these studies should include subjects with CTP classes
A, B, and C to cover the postmarket treatment popula-
tion of patients with decompensated cirrhosis.

21. Studies that measure study drug hepatic metabolism
and portosystemic shunting may be useful in predict-
ing drug clearance changes that might result in either
excessive (potentially hepatotoxic) or diminished
(potentially inadequate) exposure to the agent.

22. Studies of new drugs in populations with decompen-
sated cirrhosis directed at the underlying HBV, HCV,
or NASH with the therapeutic goal of regression of
fibrosis and/or reduction of portal hypertension should
be discussed with the regulatory agencies prior to pro-
tocol development. In order to facilitate recognition of
potential DILI events during the clinical trial, enroll-
ment should be limited to a population characterized
by the following:

(a) No criteria of ACLF.

(b) Stable decompensated cirrhosis and no active
gastrointestinal bleeding, hepatic encephalopathy
grade 3 or higher, refractory ascites, or spontane-
ous bacterial peritonitis or sepsis.

(c) CTP7-12; MELD 10-24.

(d) At baseline, ALT <150 U/l; TBL < 3.0 mg/dl;
albumin > 2.8 g/dl, creatinine < 1.5 mg/dl.

23. Due to fluctuating aminotransferase and biomarkers
of liver function (TBL, DB, INR, albumin), as well
as laboratory parameters and clinical assessments for
MELD and CTP scores, baseline values and compos-
ite scores should be obtained as close as possible to
the first dose of study drug. Vigorous monitoring as
described for trials in compensated cirrhosis should
also apply in this population.

24. Suggested criteria for temporarily holding or perma-
nently stopping a study drug include the following:

(a) In subjects with elevated baseline ALT (defined
as > 1.5 x ULN), an ALT > 2 X baseline or > 200
IU/1, whichever comes first; or 3 X post-baseline
on-treatment nadir values

(b) In subjects with elevated baseline AST, an AST
>3 X baseline or > 300 IU/1, whichever comes first

(¢) TBL >1.5 X baseline with a DB of > 50% of
the total; or a DB increased >1 mg/dl over the
baseline. Elevations of ALP and bilirubin with-
out evidence of biliary obstruction, even without
elevations in aminotransferase should prompt con-
sideration of stopping in this population

(d) INR increase to > 1.5 if normal at baseline, or
increased by 0.2 if baseline INR > 1.5

(e) MELD score increased by 5 points over baseline
(if < 12 at baseline) or by 3 points over baseline
(if > 12 at baseline).

25. Causality assessment for potential DILI events in
clinical trials of subjects with decompensated cirrho-
sis should include pharmacokinetic samples to meas-
ure drug exposure in patients whose deterioration
merits stopping drug and withdrawal from the trial.
Pharmacokinetic data should be provided to the HAC
in consideration of recommendations to stop the trial
due to excessive drug exposure or to adjust the dose in
subjects with moderate and/or severe hepatic impair-
ment. In assessing worsening liver function in such
study subjects as to whether a causal association with
the study drug exists, it is important to exclude other
causes, including infection, exposure to other drugs,
and gastrointestinal bleeding.

6.8 Summary

It is critical that clear inclusion/exclusion criteria that
define and control enrollment be applied in clinical trials in
patients with cirrhosis from HCV, HBV, or NASH to ensure
the population conforms to compensated or decompensated
cirrhosis. Studies to detect changes in drug clearance due
to hepatic drug metabolism, portal shunting, or other fac-
tors should precede longer-term safety and efficacy studies.
Several underlying features of HCV, HBV, and NASH with
cirrhosis dictate changes in best practices for monitoring for
and detecting potential DILI events in clinical trials of inter-
ventional drugs for these disease indications. Such changes
include recognizing that extensive chronic liver injury may
mask the usual correlation between further acute injury from
hepatocellular DILI and significant rises in aminotrans-
ferases. Thus, using multiples of baseline and/or threshold
values of aminotransferases (and not multiples of ULN)
should be the basis for criteria signaling potential DILI.
Also, more modest elevations of aminotransferases over
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baseline may still signal a DILI event. Tests of liver func-
tion, including total and DB or INR, even in the presence of
only slight elevations of aminotransferases can also signal
cholestatic or even hepatocellular DILI in these populations.
Utilizing changes in AST:ALT ratios may also differenti-
ate a potential DILI event during a clinical trial from an
exacerbation of the underlying chronic disease that caused
the cirrhosis. In clinical trials in patients with decompen-
sated cirrhosis, rising MELD scores are a useful indicator of
potential DILI. Because of the potential for worsening of the
underlying liver function during these trials, even in patients
entering with compensated cirrhosis, it is important to con-
sider pharmacokinetic sampling at the time of a potential
DILI event to detect unanticipated overexposure to the drug.

7 Gaps in the Recommendations
and Opportunities to Address these Gaps

The increasing frequency of clinical trials involving patients
with CLD with cirrhosis, and the incidental inclusion of
patients with cirrhosis in clinical trials for other indica-
tions (e.g., diabetes, hypertension, hyperlipidemia) offers a
unique opportunity to study the range of baseline liver tests
that characterize each of these disease populations. Careful
monitoring of the fluctuations of these parameters during the
clinical trial in the placebo group (on standard of care) will
no doubt improve our understanding of the expected vari-
ability over time and the natural history associated with each
disease indication. This will require cooperation and col-
laboration of multiple sponsors conducting clinical trials in
the same indications, and preferably using the same agreed
upon criteria for definitions of subgroups of compensated
and decompensated cirrhosis, and inclusion and exclusion
criteria in each subgroup. This will allow the establishment
of aggregated large databases within each disease population
that will inform rational choices about clinical criteria that
will mandate increased monitoring for DILI and holding
and stopping rules and adequate investigations for causality
assessment. It is also imperative that any cases of possible,
probable, or likely DILI in clinical trials be thoroughly eval-
uated and adjudicated by experts. Such cases need to be fol-
lowed closely to discern patterns and trends that illuminate
early warning signals in patients with cirrhosis. They also
need to be followed for clinical and laboratory signatures of
reversal of drug-related worsening upon study drug discon-
tinuation or dose modification that may differ based on the
underlying liver disease and that potentially differ from the
noncirrhotic population.
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