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1 Introduction

1.1 Overview of SAFE-T and PSTC

The Safer and Faster EvidergasedTranslation (SAFET) Consortium,a nonprofit, public

private partnershipstarted its work in June 2009 under the European (EU) Innovative
Medicines InitiativeJoint Undertaking (IMAJU). The objective of the IMJU is to support
projects for the development of tools and methodologies to address key "bottlenecks” in the
pharmaeutical research and development process, similar to the Food and Drug
Administration (FDA)&6s Critical Path -Tl ni t i
consortiumis the regulatoryqualificationof clinical safety biomarkers of dregduced injury

to three organs; kidney (DIKI), liver (DILI) and vasculature (DIVI) in humans using
peripheral samples such as blood and utije

The Predictive Safety Testing Consortium (PSTC) was formed in 2006, and brings together
pharmaceutical companies to share and validate innovative safety testing methods under
advisement of the FDA and the European Medicine Agency (EMA), and submit them for
formal regulatory qualification when appropriaiéhe SAFE-T consortium has collaborated

from the very stanith the PSTCbasedon shaed objectives,and in 2014 aegd agreement

which formalized the collaboitive efforts was signedThe collaboratiorbetween PSTC and
SAFET addressed among others the selection of biomarkers and setting normal ranges for
new biomarkers as defined in healthy volunteers.

The IMI SAFET project was finalized in June 2015. In light of the data gathered the initial
objectie of regulatory qualification of DIKI, DILI and DIVI biomarkerbad to be
reconsidered andlzetter ofSupport (LoS)wasconsidered a more realistic goal

1.2 Drug-Induced Liver Injury Work Package 3 Objectives

The Drug-InducedLiver Injury (DILI) Work Package 3 (WP3) of the SAFE-T consortium
specificdly aimed to address the current lack of sensitive and specific clinicd tests to
diagrose, predict and monitor drug-induced injury to the liver, which is amaor hurdle
in drug development

The primary objectivesof DILI WP3 were
1) To gain sdentific acceptance and ultimately regulatory endorsenent for the useof new
DILI biomarkersin definedclinical coniexts
2) To charactrizethe biomarkers with respect to the:
a) predctivity of DILI outcome, with particular emphasis on severe DIL I/acute liver
failure
b) monitoring of progrosis, progressiorandregressiorof DILI
c) differentiation between patients who incur true druignduced liver injury from
those who recover from the initial injury despite ongoing drug treatment
(adaptors)

The objective 2c) of differentiation between patients that adapt from those who remain
susceptible had to kebandoned due to lack of DILI cases in the study specifically designed
to address this objective (protocol 4).
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121 DILIN collaboration

Collaboration with thédrug-Induced Liver Injury NetworKDILIN) was initiatedin orderto
address the lack of patientieveloping severe DILIn the SAFET clinical studies The
DILIN network was established to advance understanding and research into DILI by initiating
a prospective registry of patients with bona fide D{2). Overall, DIUN provided in total
166 samples from patients with acute DILI,

2 Proposed Context of Use

2.1 Context of Use Statements

The biomarkers studied in the SAHEclinical DILI studies were rated according to their
performancdor the following three Contexts of Use.

Context-of-use statement iAO:

Based on preliminary data, théollowing biomarkers have potential as clinical DILI
biomarkers that sponsors may choose to incorporate into their clinical tttalprovide
additional information beyond the diagnostic valueAdnine transaminas@ALT) andTotal

bilirubin (TBIL) according to the following pathophysiological mechanisms (including the
detection of severe DILI as defined by Hyob6s

a) markers of hepatocyte nexis (total Keratin 18K18), miR 122, HighMobility Group
Box 1(HMGB1), Glutamate Dehydrogenase (GLDH), Sorlidshydrogenasé¢SDH))

b) apoptosis (caspaseleaved keratin 18ccK18)

c) immune activation (hyperacetylated HMGB1, Macroph@géony Stimulating Factor
Receptorl(MCSFR1))

Context of Use A s essentially a validation of the
comparison to ALT, which was the benchmark for inclusion into the acute DILI studies. ALT
already offers a high dege of sensitivity in detecting hepatocyte injury. However, ALT does

not yield information as to the underlying mechanism of DILI and only identifies potentially
severe cases of DILI in combination with bilirubin. Furthermore, mild elevations of ALT due

to alternative causes are commonly seen in drug development, e.g. due to fatty liver disease or
due to enzyme induction and in these cases further mechamistioation may be of value.

Context-of-use statement i BoO :

Based on preliminary data, the biomarkehyperacetylated HMGB1, Osteopontin, Total
Keratin 18 and MCSFR1 have potential as clinical DILI biomarkers that sponsors may
choose to incorporate into their clinical trials to anticipate a risk for progression of
hepatocellular injury to severe DILI ipatients in whom an initial DILI diagnosis has been
established based on elevations of the standard marker ALT alone or in combination with
TBIL.

Context of Use Baims at separating patient groups according to risk profile. A major
challenge that sponsonegulators and physicians are facing is assessingwthlrespecto

the severity of the jory and the risk of deterioration, despite providing best supportive care
including cessation othe causative drug. The magnitude of an ALT elevation in théeac
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DI LI setting does not predict the ©patient
indicates a 10% risk of liver failure / fatality in patients in the setting of hepatocellular DILI,

the increase in bilirubin being the result of progressive livéuriaiwith an impairment of the

|l iverdés overall capacity to excrete bilirul
liver, however, bilirubin increases occat arelatively latestage during the cours# liver

failure. Moreover,the degreeof hepatocellular dysfunction may not be the only driver of
clinical outcomethe level of immune activation may play a key role as well in determining
prognosis in a given patient.

Current management of DILI would benefit greatly from novel biomarketsctiuld separate
patients with a likelihood of recovering spontaneously from those who are at risk of
worsening to a state of advanced liver injury with a requirement for liver transplantation.
Examples of idiosyncratic DILI resulting in liver failure lnde lumiracoxib(3), troglitazone
(withdrawn in May 2000 because of liver toxicity), and bromfenac (withdrawn in June 1998
because of liver toxicity). A biomarker that could predict the clinical course of a patient in
whoma druginduced elevation of Alanine transaminase (ALT) has been observed could help
to scale the risk of subsequent deterioration, which would also impact on the overall clinical
management.

Context-of-use statement nCo:

Based on preliminary data, the lmling biomarkers: total HMGB1, total and caspase
cleaved keratin 18, mi®22 and GLDH have potential as clinical DILI biomarkers that
sponsors may choose to incorporate into early stage clinical trials for the assessment of
suspected intrinsic liver injyrbefore elevation of the standard marker of ALT (within the first
24 hours following drug exposure).

Context of Use Gargets patients in early clinical studies taking a potentially hepatotoxic drug

in whom close monitoring of liver integrity is warranted, e.g. in the face of an unclear liver
signal from preclinical studies. Due to the wetharacterized temporal profitd liver injury

induced by acetaminophen (APAP), this model was chosen based on pudbshéd) to

assess the temporal performance of biomarkers in detecting hepatocyte damage before ALT
begins to rise above normal.

2.2 Letters of Support issued by FDA and EMA

Regulatory support in the form of a Letter of Support (LoS) was obtained from the FDA on
July 25, 2016 for CoU B for the following biomarkers: GR, HMGB1 (total and
hyperacetylated), osteopontin and MCSFRL encourge the further development and
exploratory use of the aforementioned biomarkers alone or in combin&&gulatory
support from EMA was also in the form of a Lo&h 30 September 2016 with
recommendations for further development and exploration of bi@rsagtaduated according
to the results achieved. Accordinglyckear and unconditional support to encourage further
research was given for the biomarker candidates included in the Ged BoU G the EMA
acknowledged the results achieved for the bioerarlexplored as promising, albeit not as
relevant to drug development as CoU Far CoU A the EMA has recommended lowest
priority sincethe added value of biomarkers studiedegarded as less apparent
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3 Background and History

3.1 Overview of specific organ injury

Drug-induced liver injury (DILI) in the general Western population occurs with an annual
incidence of about 14 to 19 per 100,000 inhabitants according to surveys in France and
Iceland (5, 6). The reported frequency of adverse drug liver reactions as a proportion of all
adverse reactions to drugs ranges from 4 to 1%, § and hepatic adverse reactions
accounted for about 8% of all fatal adverse drug reac(@ndILI was responsible for 11

out of 77 drugs withdrawn frorthe market over a 32 year period from more than 6,000
compounds(10). It is thought that about 2,000 cases of acute liver failure (ALF) occur
annually in the US. ALF leads to death in about 30% of patients receiving siggréfgerapy
including orthotopic liver transplantation (OLT11, 129 while at times without OLT option

the mortality rate has been 8380% (13, 14. According to these overviewd5-17), about

half of ALF cases are due to DILI. The leading drug causing ALF is APAP overdd@&o)

with a fairly predictable doseesponse to liver toxicity and therefore called intrinsic
hepatotoxicity. All norAPAP cases repsent about 10 to 15% of DILI casék?). In the

latter group, amoxicillin/clavulanate, isoniazid and NSAIDS in several surveys are the leading
suspect drugs based on absolute numbers, based on number of prescriptiandeihesire.g.

for amoxicillin/clavulante is about 1.7 per 10,000 prescripti¢ty. Of note, with wide
regional variability, herbals and dietary supplements are increasingly being recognized as
potential causes of livenjury (19-21).

Given the ratio of increase in aminotransferase relative to ALP increase, the DILI pattern is
classified into hepatocellular, cholestatic and mix@2, 23. In most registries, the
hepatocellular type dominates with a prevalence of about 40 to 50%, followed by the
cholestatic type with about 30 to 40 % and the mixed type with a prevalence close to 20%
(24). In general, the hepatocebul type has a higher mortality / OLT risk (10 to 15%
compared to 6 to 8% reported for the cholestatic type and 2 to 3% for the mix¢d3ygé,

the cholestatic type has a higher risk for prolonged resolution aftemtgmg the suspect

drug (27-29). Evidence for an immunrallergic component as evidenced by fever, rash,
peripheral eosinophilia or tissue biopsy sample is seen in about 25% to 30% of DILI patients
(30) and may be associated with a better progn@ls Of note, no histological feature has
been found to be pathognomonic for D(BL).

3.2 Use and limitations of current tools

Clinical symptoms of acute DILI may include fatigue, abdominal pain, jaundice, nausea, pale
stool and dark urine. Acute DILI may progress to acute liver failure (ALF) with emergence of
encephalopathy diagnosed into grades 0 (no symptoms) through 4 (comapgulbgathy.
Kingés College Criteria (KCC) are wused to
setting. The MELD (model for erstage liver disease) / PELD (pediatric estdge liver
disease) scores were originally developed to predict mortalitytiangs with chronic liver
disease. The parameters included in these scoring systems applied in the clinical setting (KCC
/ MELD / PELD) contrast with the use of ALT, AST and bilirubin in clinical trials for drug
development to detect early signals of relevdrug hepatotoxicity and to predict a new
drugdés potenti al to cause severe idiosyncr
marketing.
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Based on his observations collected mainly with-sriéictious and CNS drugs more than 50
years ago, Dr Hyman Zimmermann concluded that the combination of elevated ALT (usually
> 8 x ULN) with jaundice constitutes in the absence of alternative potenttaluses for
hyperbilirubinemiai a serious entity and was associated with mortality rates between 10 and
more than 50%(8). Dr Robert Temple from the FDA translated this finding into a
combination of ALT exceeding 3 x ULN,BIL exceeding 2 x ULN with ALP staying below

2 X ULN and in the absence of pot eni{3.al al
Analyses referring to Spanish and Swedish DILI regis{@és 26 with data mainly colleetd

during the 1990s and early 2000s found that this combination was associated with a mortality
of about 10%. In 2009, the FDA Guidance for industry outlined the relevance of observing
Hy6s | aw c as e s velopment tridlsrassonang a severe OILIdae of 10% of
Hy6s Law cases.

The FDA gui drhenspeeificity bfahisdirsling afipears very high if two or more
cases are seef6.) We are not aware of the occurrent
for a drug that was subsequently found not to cause severe DILI in a larger treatment
population 0

The FDA gui dance hduailarete find @ daseohowever doessnot impha t
that a drug with AT elevations is free of a risk of severe DILIWIm Hy 6s | aw was
two surveys attempting to predict ALF as a result of DILI, the following statistical features
were obtained33):

Table 3-1 Prediction of ALF as result of DI LI usi
Hy 6s Law st e specificity negative sensitivity positive
(95%CiI) predictive predictive value

value

Survey | with 22 ALF
events in 15,345
patients with a DILI
diagnosis

Survey Il, 76 DILI
patients

0.92 (0.91-0.93) 0.99 (0.99-1.00) 0.68 (0.45-0.86) 0.02 (0.01-0.03)

0.27 (0.17-0.39) 0.9 (0.68-0.99)  0.78 (0.4-0.97)  0.13 (0.05-0.24)

I n another study from the Netherlands the
acute liver injuryas defined in ICEB-CM code was calculated to be%2%34).

In published results from the WSILIN network including 660 patients with definite, highly

|l i kely or probable DILI and foll owed up for
at DILI onset in 63% of patients who received OLT, in 35.3% with liver related death and in
26.7% of those with nehepaticdeath, a rate similar to those without OLT / death (26.2%)

9. As of today, Hyé6s | aw remains the best
or |l eading to death | ater on.law Platssitogite pobri ¢ an
positive predictive value and limited sensitivity. Moreover, from a pathophysiological
standpoint, it is desirable to better understand the association between clinical chemistry
parameters used to monitor liver integrity and clhisymptoms. Indeed, several registries

and information sharing platforms have been created and initiatives started to bring more light
into the pathophysiology of DILlg.g. the US DILI Network started in 2002), the
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ALi ver Tox 0[htyewww.lsveértboxenih.gov]i and the Prospective European Drug
Induced Liver Injury Registryfhttp://www.spanishdili.uma.es/proeuro/]

The Hyods Law al-gvaluaied ih time congext bfespeciad) populations such as
oncdogy trials (35) by setting different thresholds for ALT and TBIL and by adding clinical
chemistry and hematological parameters such as AST and platele{Z®usd. To move the

field forward, novel biomarkers such as microRNAs,-C& HMGB1 and / or various bile
acids need to be evaluated in the DILI set(i@d, 3§. Promising results have been reported,
as new biomarkers not only correlate with ALT leyddut may also precede and even predict
ALT increaseq39). However, the usefulnesd biomarkers in predicting outcome of severe
DILI in terms of mortality and the need for OLT remains to be evaluated. The ideal novel
biomarker would provide information beyond what can be deduced pathophysiologically from
avail able algorithms such as Hydéds Law and
improved hepatotoxic risk assessment and monitoring in clinical drug development.

3.3 Methodology for the selection of biomarkers
Originally, the overall strategy for biomarker selection consisted of three steps:

Step 1 A fistage gate analysiso was perfor med
confirmed DILI vs healthy volunteers (HV) to exclude biomarkers considered least promising
from further exploration.

Step 2 The remaining biomarkers entered an exploratphase to derive hypothesis
generating data and to further narrow the biomarker list.

Step 3 A confirmatory phase to assess biomarker performance in more depth and to validate
hypotheses generated in the exploratory phase was planned as the finabtjoalgiep.

However, given time constraints and the limited number of patients available by the end of
2014, the DILYWP decided to investigate the new biomarkers selected from the first stage
gate analysis in one subsequent analysis using all availatalsetls and to no longer separate

an exploratory from a confirmatory phase. True confirmatory data are currently not available
and all results are considered exploratory for the purpose of a LoS for further research and
future confirmatory studies.

3.4 Biological rationale for each candidate biomarker selection

The biomarkers taken forward into the full exploratory sample set and which were analyzed in
the final dataset are listed able 32. In addition, @ta generated across four cohorts ([i]
healthy subjects treated with acetaminophen (N=58); [ii] patients with HIV and / or
tuberculosis and ALT exceeding 3 x ULN (N=38); [iii] patients with DILI (N=10); [iv]
healthy subjects taking heparin (N=48)), twoiéiddal biomarkers cadherin 5 and liver fatty

acid binding proteiri that were not explored at the time of the stage gate analysis, were
included into the biomarker panel and were available for the final analyses.
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Table 3-2

Biomarkers & rationale for selection

Marker

Origin of Biomarker

Summary

Micro RNA 122

High mobility
group box 1
(HMGB1)

Cadherin 5

Cytokeratin 18 full
length

Cytokeratin 18
caspase cleaved

fragment (cc
Keratin 18)

Liver Fatty Acid
Binding Protein (L-
FABP)

Glutamate
dehydrogenase
(GLDH)

Glutathion S-
Transferase

(GST-alpha)

Alpha-fetoprotein
(AFP)

Liver-specific

Detectable in almost all
tissues

Endothelial cells

Epithelial cells;

Epithelial cells;

Primarily liver; lower
levels in the kidneys
and small intestines

Mitochondrial matrix;
primarily in the
centriolobular region of
the liver; lower levels in
the kidney and brain

Centrilobular region of
the liver; multiple
tissues

Liver progenitor cells

Micro RNA 122 is an early marker of hepatocellular injury,
possibly preceding ALT on a temporal scale

And is a specific marker of hepatocellular injury.

It has been reported as a sensitive DILI marker in multiple
clinical studies. (4, 40-44)

HMGB1 predicts patient prognosis following

APAP overdose. Hyperacetylated HMGBL is significantly
elevated in patients that die/require a liver transplant,
whereas in spontaneous survivors it is not significantly
different from healthy volunteers. (39)

CDHS5 is a calcium-dependent cell adhesion protein (also
called VE-cadherin), that is specific to endothelial cells and
a major component of endothelial adherens junctions and
was identified as a potential biomarker for DILI
susceptibility within SAFE-T (40).

The full-length protein is released from necrotic cells. It is
significantly elevated in acetaminophen overdose patients
that die/require a liver transplant compared to spontaneous
survivors. (4, 39, 42, 43)

The caspase-cleaved fragment is released from apoptotic
cells and helps define the type of cytotoxicity. cc Keratin 18
fragments in blood predict severity of disease in NASH and
in hepatitis C. (4, 42, 43, 45)

Primarily liver specific, in lower levels in the kidneys and
small intestines. L-FABP is a sensitive marker for
hepatocellular injury following liver transplant (46)

A sensitive biomarker of liver toxicity with hepatocellular
damage in preclinical species; shown to be elevated in
humans with hepatic ischemia or hepatitis; shown to
correlate with ALT in patients with a broad range of
clinically demonstrated liver injuries including
acetaminophen-induced liver injury and to detect mild
hepatocyte necrosis in patients treated with heparin. Marker
for mitochondrial injury or cellular injury in multiple clinical
DILI and acute liver failure studies (42, 47, 48)

Hepatotoxicity biomarker shown in rats to have enhanced
specificity and sensitivity compared to ALT; humans with
acetaminophen overdose show
earlier than ALT; GSTa may
rapid changes in liver damage due to the shorter half-life of
pl asma GSTa compar 44500 0 ALT

Increase of AFP has been detected in many types of liver
disease including APAP overdose. Data from literature
suggest that AFP is expressed after the onset of liver injury
and during regeneration with increased serum / plasma
levels. AFP may have value as a prognostic marker in liver
injury. (51, 52)
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Marker

Origin of Biomarker

Summary

Arginase-1
(ARG1)

Osteopontin
(OPN)

Macrophage
colony stimulating
factor receptor

1( MCSFR1 or
CSF1R)
Paraoxonase 1

(PON1)/Prothromb
in

Leukocyte cell-
derived

chemotaxin2
(LECT?2)
Sorbitol
dehydrogenase
(SDH)

Conjugated/unconj
ugated

Bile acids

Primarily in the liver
cytosol; lower levels in
erythrocyte

Multiple tissue and cell
types including liver

Cytokine receptor on
macrophages/
monocytes

Primarily liver; lower
levels in multiple
tissues

Primarily liver; lower
levels in testes

Multiple tissue and cell
types including liver

Synthesized by the liver

ARG1 has been shown to be highly sensitive for acute liver
damage (leakage marker). Circulating concentrations
increase in patients with various hepatic disorders, such as
hepatoma and viral or alcoholic hepatitis. Sensitive
biomarker in the clinic for liver injury following liver
transplant. A significant correlation with AST and ALT
activities was described following partial resection and
orthotopic liver transplantation. (50, 53)

Elevated serum levels of OPN are detectable in patients
with severe liver damage. Increased levels of serum OPN
are associated with a poor prognosis. Plasma OPN levels
in fulminant hepatic failure patients were higher than those
of acute hepatitis patients and healthy adults. OPN is
associated with inflammatory cell activation and with liver
regeneration due to activation of hepatic stem cells.

(54)

Data from the ximelagatran biomarker discovery study
suggest that MCSF-R is shed from macrophages during
DILI. CSFR1 serum/plasma levels may have value as a
prognostic marker for liver disease associated with
inflammation. (55)

PONL1 is not a leakage enzyme, but is constitutively
released into the circulation. Decreases in serum PON1
reflect liver injury or dysfunction and have been linked to
chronic hepatic damage. The biomarker serves two
purposes:

1) as a diagnostic marker for depressed liver function;

2) ratio together with prothrombin as a marker to
differentiate between healthy controls and subjects with all
types of NAFLD and NASH. (56)

Prognostic indicator of liver regeneration and injury. Serum
LECT2 levels are inversely proportional to ALT and
decrease at the peak of liver regeneration after
hepatectomy. (57)

Sensitive enzymatic serum marker of liver toxicity
increasing with hepatocelluar damage in preclinical
species. Shown to be elevated in humans with various liver
diseases and to detect mild hepatocyte necrosis in patients
treated with heparin. The biomarker serves two purposes:
1) as an early marker of hepatocellular injury, possibly
preceding ALT on a temporal scale

2) as a specific marker of hepatocellular injury.

(47)

1) early markers of cholestasis, possibly preceding ALP
and ALT on a temporal scale

2) sensitive marker of inhibition of the bile salt export pump
(BSEP), known to be inhibited by several drugs

(58, 59)

3) marker of liver synthetic function

The nine biomarkers selected from the abovable 32 to support issuance of a LoS for the

specified CoUs are detailedsection 2.Junder the respective CoU statemehid3 and C.



DILI BM Summary Data Package Page 16

4 Preclinical Studies

Results of relevant published studies relating to biomarkers that form part of the CoUs
proposed are summarized abovd @ble 32.

A joint work plan between SAFE work package 3 and the Predictive Safety Testing
Consortium Hepatotoxicity Working Group (PSTC HWG) was created in 28fiiies
performed by thePSTC primarily focus on the validation and performance assessrent o
preclinical assays in the rdthe PSTCalso conductstudies in rats, and in some cases dogs,

to assess the performance of potential DILI biomarkers. These studies are intendeds® addre
three areas of need for DILI biomarkers. First, potential biomarkers are being evaluated as
alternatives to ALT for detection of hepatocellular necrosis. These biomarkers would have
improved specificity compared to ALT and are anchored on histopathdlbg second set of
studies is aimed at discovering a biomarker that can discriminate between whether an increase
in ALT is due to potential liver toxicity or if it is due to factors not related to toxicity. These
biomarkers would not track with increas&dT in the absence of microscopic hepatic lesions,

and the synthesis and clearance of the new biomarker would not be regulated by the same
mechanisms as ALT. The third area of interest for PSTC is to investigate specific bile acids,
or combinations of e acids, that can be biomarkess BSERmediated liver injurySAFE

T WP3 and PSTC hawsocollaborated on methods for analysis of some biomarkers in order

to have one method available for all species when possible.

5 Clinical Studies

51 Methods

SAFET WP3 prioritized among a number afovel biomarkers possibly indicating drug
induced liver toxicity. Performance criteria of these new biomarkers included comparison
against traditional i ver mar kers such as
relationto clinical outcome of DILI. Biosamples from healthy volunteers, patients with acute
DILI and patients taking potentially hepatotoxic drugs were used.

5.2 Study design

The various clinical studies in patients can be divided into (i) protocols that recraitedtp
diagnosed with DILI and (ii) protocols that recruited patients without a diagnosis of DILI but
who were on treatment with potentially hepatotoxic drugs and were prospectively monitored
for several months. For all studies, cases with suspectedvidtd ascertained by clinical
judgment of the investigators and, subsequently, by the evaluation of an adjudication
committee. All cases meeting the trial enrollment criteria were adjudicated, the great majority
of those fulfilled the consensus criteria BILI as publishedby Aithal et al. 3) (AL T O

5x ULN, OR ALP O 2xULN; OR ALT O 3xULN wi
bilirubin > 2xULN) . The AAdj udicati on Con
dysfunction accordg to the following criteria:1) an appropriate temporal relationship
between the intake of the drug and the onset of the event, 2) the improvement of liver damage
following the withdrawal of the drug, 3) exclusion of other causes of liver diseasea@geel
following re-exposure when applicable, and 5) previous reports of the adverse reaction. Cases
were further evaluated for causality assessment, by application of the Council for
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International Organizations of Medical Science (CIOMS)/Roussel Uclaf @ usa
Assessment Method (RUCAM) scale

Apart from one patienbnly cases that met the consensus definition at the date of baseline or
within the last 4 weeks before baseline and that were adjudicated as DILI were used in the
analyses for CoU AThe mtiert thatdid not meet the consensus definition of DILI (ALT <
5XULN), was nonetheless adjudicated as DILI caused by chemotherapy for gastric cancer and
was therefore included in the analyses.

Trials that enrolled patients diagnosed with DILI:

1 Protocol 3A: A 12-wk follow-up study investigating the prognostic value of new
biomarkers in patients with DILI. Samples from 98 patients adjudicated as DILI patients
were available for final analysedNo patient progressed to severe DILI during the
observation perid.

1 Swiss DILI study: A 8wk follow-up study investigating the prognostic value of new
biomarkers in patients with DILI. Samples from 28 patients adjudicated as DILI patients
wereavailable for analyse®No patient progressed to severe DILI during the ofaem
period.

1 DILIN : A US prospective registry study including patients within 6 months of DILI onset
(2). Samples from 166 patients taken at a single timepoint within a mean of 2 weeks after
diagnosis of DILI were made awilable to WP3 by the US DILIN network
[http:/mww.dilin.org/]. All cases had been adjudicated previously by DIISAmples for
selected biomarkergere analyzed and results compared with the standard markers of
ALT and bilirubin. The major asset of the DN samples is that a subgroup of patients
developed acute liver failure, thus providing a basis for assessing Context of Use B.

1 Liverpool study (4): A study conducted at two UK hospitals to assess the potential of
novel bobmarkers to identify patients with acetaminopieguced acute liver injury at
first presentation to the hospital. The majority of patients were participants in an ongoing
randomized, controlled study, SNAP (EudraCT number ADOB0010). From a
populaton of 129 subjects who were known to have taken an overdose of acetaminophen,
100 subjects had ALT values below 3 x ULN at the time of hospital admission. Samples
were analyzed for HMGB1, CK18, caspadeaved CK18, nuroRNA122, and GLDH
with respect to thir prognostic valuen predicting any subsequeahanges in ALT and
bilirubin. Raw data from this study were provided by Liverpool and were analyzed by
WP3. The results from this study provide the basis of Context of USé&é&biomarker
HMGB1 (total and hyperacetylated form) was measured at the MRC Centre for Drug
safety Science, University of Liverpool, UK (Head: Prof. Kevin B. Pd#) Values
measured in the SAFE acute DILI samples wercompared with a group of healthy
volunteers from Liverpool, for whom HMGB1 values were already available. The SAFE
T healthy volunteer samples were not additionally measured.

Trials that enrolled patients with normal ALT values who were followed up
while taking drugs known to be potentially hepatotoxic:

1 Protocol 4 A 9 month followup study in tuberculosis patients starting -dnltierculosis
drug therapy. From this studyl patients were included in biomarker analyses. No patient
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in this protocol develogd DILI defined as ALT above 5 x ULN during the observation
period.

1 Protocol 5 A 3-yr follow-up study of rheumatoidrthritis patients with normal ALT at
start. From this study, 92 patients were included in biomarker analyses. No patient
developed DILI déned as ALT above 5 x ULN during the observation period.

Protocols 4 and 5 provided data from a bl patient population for comparison with

healthy volunteers and patients with DILI with pest to biomarker performance.

Healthy volunteer protocols:
1 Tel Aviv (TASMC) HV study: 192 HVs were included in SAFEfrom this study.

1 Liverpool HV group : for biomarker HMGBL1 (total andypemacetylated), measured in
Liverpool, a separate HV control group comprising 154 MMsalready available.

5.3 Biomarker assays

The primary focus of the IMI SARE consortiumwason the clinical qualification of soluble

blood and urine protein biomarkers. Whenever possible, commercial assays and materials
were used. The assays used for measurement of the-BAdample set along ith the
respective assay platforms are listed @ble 51 and rely on gPCR, L®AS, enzyme activity

or sandwich immunoassays. In certain cases it was necessary to genergpeciéoassay
material. Asay development and validation was coordinated, overseen and approved by a
dedicated group of experts within IMI SAFE(WP5).

For ensuring assay quality, a SARFB/alidation proceduré€SVP)was developed based on the
fit-for-purpose concept (60, 61 where technical performance is evaluated against the
predefined purpose and consequently, the stringency of performance verification varies with
the intended use. The validation procedures described in the documbasad on guidelines
issued by the regulatory authoritiesg. EMA, 2009; FDA 2013(62, 63, but also consider

the guidelines available from the Clinical and Laboratory Standards Institute (CLSI) for the
most extensive lpse of assay validation (proof of performartesting). During assay
validation the following parameters were tested: limit of detection, limit of quantification,
intra-/inter-assay precision, parallelism and/or dilutional lineariparallelism, analyte
stability, assay dynamic range, and sgikeecovery, when possible. Validation criteria were
set following common assay validation standard procedures. Appropriate Quality Control
(QC) controls were applied during the sample screening procedure to dasumliability

and data comparability over the different phases of SAFHhe full SAFET assay
validation protocoland SAFET QC g u i d provided asssupplementary material
summary of the validation results for each assay is showalite 51.
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Table 5-1 Assays used for measurement of SAFE-T samples & associated assay
platforms
dilutional

. intra-assay| inter-assay| . X Spike-in - FIT

Analyte Type of Assa; Sample Matrix unit LOD | LLoQ| ULoQ | precision | precision Imeanty of recovery short term Stablm{ (24 stability, 3

analyzed % CV) 6 CV) high conc %) h at RT and 4°C) cycles
sample
acetyl. HMGB1 LC-MS Serum ng/ml 0.2 | 0.06 30 2.7-13.7| 2.1-13.6| 1:2-1:16 90 - 102 ND yes
AFP Immunoassa Serum ng/mL 0.367|0.367| 584 2-16 7-13 1:5- 1:40 99 - 106 yes yes
ARG1 Immunoassa Serum ng/mL 16 | 7.4 800 6.4-11.9| 43-15.7| 1:4-1:256| 84-88 yes yes
ccK18 ELISA Serum u/L 16.2| 62.5| 1000 2.2 57-79| upto1:16 | 112-118 yes yes
CDH5 ELISA Serum ng/mL 0.36| 3.13| 100 6.0 4.7-7.2 | 1:40-1:640| 50 -83 yes yes
GLDH Activity Assay| Serum U/L 0.3 1 80 04-77| 15-6.4 | 1:4-1:256 ND yes, > 6h yes
GST-alpha | Immunoassa Serum ng/mL 1.79| 1.82| 373 1-14 9-11 1:5-1:10 77-94 yes yes
K18 ELISA Serum U/L 20 | 100 | 5000 3.7 6.1-9.4 | upto1:32 | 83-107 yes yes
LECT2 Immunoassay] EDTA Plasma  ng/mL 2 5.56| 300 7.8 11.7-12.6/1:40 - 1:1.28)0 94 - 118 yes yes
L-FABP Immunoassa Serum pg/mL 3.1 | 15.6 | 16000 5.6 6.7-18.1| 1:2-1:2048| 110- 115 yes yes
MCSF-R Immunoassay| EDTA-Plasma  pg/mL 170 | 600 | 10000 | 1.1-13.9| 8.0-28.0|upto 1:3,200 71-79 yes yes
miR-122 gPCR Serum copies/puL | NA | 384 |5089837 1.3 - 12.1] 0.5-25.4 ND ND 2 hrs at RT,5 hrs at 4{C yes
OPN Immunoassa Serum ng/mL 1.25]| 1.25| 1149 1-5 6- 11 1:5-1:10 81-85 yes yes
PON1 Immunoassay] EDTA Plasmg  ng/mL 0.06 | 0.35| 600 5.9 8.3-12.3| 1:20-1:160| 64-82 24hat4°C,4hatRT  Yes
Prothrombin | Immunoassay] EDTA Plasmg  pg/mL 0.8 [ 1.92| 200 4.7 1.7-4.5 | 1:40- 1:320] 79-108 yes yes
SDH Activity Assay| Serum U/L 03| 05 50 0.6-10.6| 1.7-13.4| upto 1:32 ND yes, > 6h yes
54 Clinical data management

Clinical Data Management was performed by Koehler eClinical for 7 studies with an eCRF
defined in OpenClinica. In addition Data Management tasks for 4 trials outside Open Clinica
were covered.

Data Management included the cleaning process for the vartalidesanalyzed.

In addition, data from several external sources were mapped to the clinical eCRF data. Thus,
biomarker results were directly transferred from the screening laboratories to Data
Management for mapping.

For analysis, relevant data were mappe CDISC / Study Data Tabulation Model (SDTM)
format for analysis.

55 Statistical analysis

The main statistical analysis method used is the calculation of Receiver Operating
Characteristics (ROC) for distinguishing the two outcome groups being considdretbes
specifically the calculation of the area under the ROC curve. This has been done using logistic
regression for single predictor variables and single predictor variables with key covariates
added in. The area under the ROC curve has also been tadcwlaen classification trees

have been fitted using many predictor variables and key covariates. To visualize comparison
between two or more outcome groups boxplots have been plotted.

The Random Forest approach was used to give an additional assessnpeatictor
importance to correlate with the results from using single predictor variables.

Summary tables of subject numbers, biomarker and clinical laboratory data have been drawn
up to aid in the interpretation of the data.
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6 Results

6.1 Assay validation
A summary of the validation results for each assay is showiabie 51.

6.2 Clinical sensitivity and specificity

As shown inTable 61 98 patients from protad 3A and 28 cases from the Swiss DILI study
were adjudicated as being DILI. Of these 126 acute DILI cases, 90 (71%) were classified as
hepatocellular, 11 (9%) as cholestatic and 25 (20%) as rAwypedinjury (Table 62). This
classification was based on the standard Council for International Organizations of Medical
Sciences (CIOMS) criterigh4).

Table 6-1 Summary of Number of Patients by Study- Studies: Protocol 3A,
Swiss DILI, HV (Tel Aviv), Protocol 4, Protocol 5 and HV (Liverpool)

Study N

Protocol 3A 98

Swiss DILI 28

HV (Tel Aviv) 192

Protocol 4 81

Protocol 5 92

HV (Liverpool) 154

The type of DILI andfrequency of causative drugs according to arbitrary categares
shown inTable 62.

Table 6-2 Acute DILI Information: Type of DILI and Causative Drug Class-
Studies: Protocol 3A and Swiss DILI

Study N Percent

Protocol 3A 98 100.0

Swiss DILI 28 100.0

Study=Protocol 3A

DILI Type N Percent
Cholestatic 5 5.10
Hepatocellular 69 70.41
Mixed 24 24.49

Study=Swiss DILI

DILI Type N Percent
Cholestatic 6 21.43
Hepatocellular 21 75.00

Mixed 1 3.57
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Study=Protocol 3A

DILI Drug Class N Percent
APAP 13 13.27
APAP + NSAID 1 1.02
NSAID 4 4.08
antibiotics 23 23.47
chemotherapy 7 7.14
flupirtine 14 14.29
others 35 35.71
others + APAP 1 1.02

Study=Swiss DILI

DILI Drug Class N Percent
APAP 6 21.43
anti-Thc 3 10.71
antibiotics 9 32.14
others 10 35.71

As expected, the largest group watibiotics, followed by acetaminophen and flupirtine, a
nontopioid, noARNSAID, nonsteroidal centrally acting analgesic. 14 cases of flupitine
induced DILI were recorded, making this drug the single most frequent cause of DILI in the
two acute DILI protaols. In 2013, EMA imposed a restriction on the use of flupirtine due to
the risk of liver injury.

In addition to the acute DILI cases, two additional protocols prospectively recruited patients
receiving potentially hepatotoxic medicatiofigble 61). Protocol 4 monitored patients with

a diagnosis of tuberculosis who received -amierculosis combination treatment including
isoniazid and rifampicin. 81 patients from protocol 4 were included in the d&malysis:
however, no case of acute DILI as defined by the consensus criteria according to Aithal et al.
(23) was observed. A subgroup of patients developed mild transient elevations of ALT, but
not to the extent that theitAal criteria for DILI were fulfilled. Protocol 5 recruited patients
with a diagnosis of rheumatoid arthritis who received continuous treatment with eisease
modifying antirheumatic drugs including methotrexate. 92 patients from protocol 5 were
included inthe final analysis, however as in protocol 4 no case of acute DILI was
observed. Thus the patients recruited within protocols 4 and 5 were not considered DILI, but
in fact served as an additional control group of patients with a chronic inflammatuadigion

of nonthepatic origin and receiving potentially hepatotoxic drugs.

The actual control group consisted of 192 HV recruited in the Tel Aviv study. Solely for the
evaluation of the two biomarkers HMGB1 and acetylated HMGB1, a different control group
was used, comprising 154 healthy volunteers fiowerpool - the academic partner where
these biomarkers were measured

SeeTable 63, Table 64, andTable 65 for some demographic results per study
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Table 6-3 Demography by Studyi Gender
Study=Protocol 3A

Gender N Percent

Female 57 58.16

Male 41 41.84

Study=Swiss DILI

Gender N Percent

Female 13 46.43

Male 15 53.57

Study=HV (Tel Aviv)

Gender N Percent

Missing 1 .

Female 88 46.07

Male 103 53.93

Study=Protocol 4

Gender N Percent

Female 32 39.51

Male 49 60.49

Study=Protocol 5

Gender N Percent

Female 61 66.30

Male 31 33.70

Study=HV (Liverpool)

Gender N Percent

Female 89 57.79

Male 65 42.21

Table 6-4 Demography by Study - Studies: Protocol 3A, Swiss DILI, HV (Tel

Aviv), Protocol 4, Protocol 5 and HV (Liverpool) i Ethnicity

Study=Protocol 3A

Ethnicity N Percent
Asian 5 5.10
Black or African American 1 1.02
Other 2 2.04

White 90 91.84
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Study=Swiss DILI

Ethnicity N Percent
Black or African American 2 7.14
Other 1 3.57
White 25 89.29

Study=HV (Tel Aviv)

Ethnicity N Percent
Missing 1 0.52
White 191 99.48

Study=Protocol 4

Ethnicity N Percent
Asian 1 1.23
Black or African American 21 25.93
Other 2 2.47
White 57 70.37

Study=Protocol 5

Ethnicity N Percent

Asian 1 1.09

Black or African American 11 11.96

Other 10 10.87

Unknown 2 2.17

White 68 73.91

Table 6-5 Demography by Study - Studies: Protocol 3A, Swiss DILI, HV (Tel
Aviv), Protocol 4, Protocol 5 and HV (Liverpool) - Age (years)

Study N Mean SD Min Q1 Median Q3 Max

Protocol 3A 98 51.9 16.0 19 38 53.0 66 83

Swiss DILI 28 54.6 14.8 24 42 56.0 67 84

HV (Tel Aviv) 191 52.7 14.1 24 42 52.0 62 90

Protocol 4 81 36.5 13.7 18 26 320 44 75

Protocol 5 92 b51.6 128 23 44 525 61 88

HV (Liverpool) 154 34.6 9.9 18 25 350 42 66

6.3 Results supporting the CoU statements

6.3.1 Results pertinent to Context of Use A:

AfBased on preliminary dat a, the foll owing
biomarkers that sponsors may choose to incorporate into their clinical trials to provide
additional information beyond the diagnostic value of ALT and bilirubin accortbinthe

foll owing pathomechanisms (including detect
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a) markers of hepatocyte necrosis (total keratin 18,-a2R, total HMGB1, GLDH,
SDH)

b) apoptosis (caspaseleaved keratin 18)

c) immune activation (hyperacetylated HBQ , MCSFR1) 0
The SAFET acute DILI studies, protocol 3A and the Swiss DILI study, support CoU A.
Inclusion into protocol 3A and Swiss DILI study was based on ALT activity exceeding 3 x
ULN or ALP > 2 x ULN, within the last 4 weeks before the baseline .vis#t detailed in

section 3.1, apart from one subject, Context of Use A evaluated biomarker performance only
in those patients fulfilling the consensus definitionBokl (23).

To address these claims pertaining to CoUh%, subsequent box plotSigure 61 to 612)

show a selection of biomarkers as measured in the initial blood sample obtained at baseline,
i.e. at a point in time when acute liver injury in protocol 3A &wdss DILI study was either

still evident and ALT was elevated or at most 4 weeks following the acute DILI episode. Each
box plot contains four different panels that are defined as follows:

DILI: acute DILI cases recruited in protocol 3A and Swiss Btudy

HV: healthy volunteers recruited in Tel Aviv study 22BIZY

Protocol 4 patients from protocol 4 (neILI)

Protocol 5 patients from protocol 5 (neDILI)

HV Liverpool: healthy volunteers recruited in Liverpool (for HMGB1 on($9)

Figure 6-1 Alanine aminotransferase (ALT) i Boxplot of baseline biomarker data
by study

Figure A7.28 - Boxplot of Baseline Biomarker Data by Study
Studies: Protocol 3A, Swiss DILI, HV (Tel Aviv), Protocol 4 and Protocol 5
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Source Dataset: biomarker.sas7bdat (dated 27th August 2015 09:35)

Run Date and Time of DILI Exploratory Col Figure A7.sas: 15SEP15:07:58:02
IMI SAFE-T DILI Exploratory Analyses
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Figure 6-2

Figure 6-3

Aspartate aminotransferase (AST) Boxplot of baseline biomarker data
by study
Figure A7.30 - Boxplot of Baseline Biomarker Data by Study
Studies: Protocol 3A, Swiss DILI, HV (Tel Aviv), Protocol 4 and Protocol 5
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IMI SAFE-T DILI Exploratory Analyses
Alkaline phosphatase - Boxplot of baseline biomarker data by study
Figure A7.29 - Boxplot of Baseline Biomarker Data by Study
Studies: Protocol 3A, Swiss DILI, HV (Tel Aviv), Protocol 4 and Protocol 5
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Line is the median, Diamond is the mean

Source Dataset: biomarker sas7bdat (dated 27th August 2015 09:35)

Run Date and Time of DILI Exploratory Coll Figure AT sas: 15SEP15:07:58:02
IMI SAFE-T DILI Exploratory Analyses
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Figure 6-4

Total bilirubin- Boxplot of baseline biomarker data by study
Figure A7.31 - Boxplot of Baseline Biomarker Data by Study
Studies: Protocol 3A, Swiss DILI, HV (Tel Aviv), Protocol 4 and Protocol 5
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Run Date and Time of DILI Exploratory ColJ Figure A7.sas: 15SEP15:07:58:02
IMI SAFE-T DILI Exploratory Analyses

Figure 6-5

Total keratin 18 - Boxplot of baseline biomarker data by study

Figure A7.14 - Boxplot of Baseline Biomarker Data by Study
Studies: Protocol 3A, Swiss DILI, HV (Tel Aviv), Protocol 4 and Protocol 5
Total Keratin 18 (U/L)

DILI HV Protocal 4 Protocol 5
el
12
Q
3 10
[
=
f=]
[=]
= 8+
(1]
5 8
© <
pd o 8
6 o
: o
g 2 g
4 . &l 0
o

DILL(N = 113), HV.(N_=.192), Protocol 4 (N.= 81), Protocol 5. (N.=.92)

Line is the median, Diamond is the mean

Source Dataset: biomarker.sas7bdat (dated 27th August 2015 09:35)
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Figure 6-6

Caspase-cleaved keratin 18 (ccK18) - Boxplot of baseline biomarker

data by study

Natural Log Value

Figure A7.4 - Boxplot of Baseline Biomarker Data by Study
Studies: Protocol 3A, Swiss DILI, HV (Tel Aviv), Protocol 4 and Protocol 5
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Source Dataset: biomarker.sas7bdat (dated 27th August 2015 09:35)

Run Date and Time of DILI Exploratory Col Figure A7.sas: 15SEP15:07:58:02
IMI SAFE-T DILI Exploratory Analyses

Figure 6-7

Glutamate dehydrogenase (GLDH) - Boxplot of baseline biomarker

data by study

Figure A7.6 - Boxplot of Baseline Biomarker Data by Study
Studies: Protocol 3A, Swiss DILI, HV (Tel Aviv), Protocol 4 and Protocol 5
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DILL(N = 90), HV (N =.191), Protocol 4 (N = 81), Protacal 5 (N.= 91)
