BHF
Centre of

British Heart IAGECCIEe)
Foundation Excellence

National Poisons
Information Service

Paracetamol and precision toxicology

Dr James Dear
Reader in Clinical Pharmacology

Y

EdinC

linTo

ir h Clinical Texicology



Who am I?

Enquiries from Enguiries fram professional
the public colleagues
{generally acute trust
NHS staff/DH)

NHS Direct/111 or NHE 24

¥

TOXBASE |

1
'
Edinburgh ' {www.toxbase.org) ‘
e ?
Newcastle i
i 1
: \
‘ MPIS information scientists |
®

Birmingham NPIS clinical consultants |

I

PHE CRCE Chilton |

FIGURE 2.1 How poisons enquiries are answered




Acetaminophen (paracetamol)

Recommended dose - 4g. Toxic dose >4g

Most common form DILI in US & UK

Treatment with acetylcysteine

Cannot design out toxicity

Cleary defined chemical insult

Multiple mechanisms reported —
apoptosis, necrosis, mitochondrial

dysfunction, inflammation

Bioactivation
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Edinburgh and Liverpool biomarker panel
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Edinburgh and Liverpool biomarker panel
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Edinburgh and Liverpool biomarker panel
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PARACETAMOL QUESTION 1:

Who needs treatment?

- Improved early patient stratification



Why paracetamol?

Hospital Episode Statistics

Reason for admission

Emergency admissions (England)

Paracetamol 41,778
Fracture of neck of femur 42,616
Congestive heart failure 37,148
Acute myocardial infarction 26,967

Acute exacerbation of COPD

44,969




Risk assessment — paracetamol concentration

UK USA
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microRNA-122

Circulating MicroRNAs as Potential Markers of Human
Drug-Induced Liver Injury

Philip J. Starloey Lewis,'* Jromes Dear,™ Vivien Platt,' Kenneth J. Simpson,” Darren G.N, Craig,”
Daniel ). Antoine,' Neil 8. French,! Neeryj Dhaun,” David ). Webb," Eithne M. Costello,”
John P, Neoptolemos,® Jonathan Moggs™  Chris E. Goldring,'t and B Kevin Park!

H epatology 2011

Mechanistic Biomarkers Provide Early and Sensitive
Detection of Acetaminophen-Induced Acute Liver Dan Antoine
Injury at First Presentation to Hospital

Daniel J. Antoine,'* James W, Dear, ™™ Philip Starkev-Lewts,'* Vivien Platt' Judy Covle,* Movra Masson,”
Fuben H. Tl'ranuﬂndy.‘ Absdair ]. Gray,” David ] ‘il-=ehh.:""j1nuﬂ':1n [t hhggﬁ:“ 1. Nicholss Bateman,”
Chrisopher E Goldring,’ and B. Kevin Park'

Hepatology 2013

miR-122 is specific for the hepatocyte
And detectable earlier than ALT -sensitive




microRNA

Biogenesis of MicroRN

_ DROSHA
DGCRB

Pre-miRNA ', ) _,

Cytoplasm

mRNA
Degradation

MRNA
Translational Repression



microRNASelease$rom%hekellS

Hepatocyte*
Apopto-ticbodv
 Microparticle I
miRNA-‘vesicEes
miRNA-proteins
(Lipoprotein, Ago)
BloodYessel*

Blood vessel

miRNA-vesicles
(exosome,
microparticle,
apoptotic body)



Biomarker
microRNA-122 (miR-122)

Hepatocyte : Cholesterol

differentiation /", \ and fatty acid
synthesis

Binding to HCV
5UTR

' Binding to HBV
pregenomic
RNA
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Biomarker

Mechanism of Cell Death - Biomarkers

\Heochs  Hepatocytes
= Cytokeratin 18 — abundant in

) hepatocytes

o % NCOCH,4 @ |
| = |s cleared by caspases

I ¥ = Fragment released into
GSH depletion plasma
Adduct formation
A HMGBL1 - released by necrotic

| |
Ca?* protein ‘

The Journal of Clinical Investigaton ~~ RESEARCH ARTICLE

The HMGB1/RAGE axis triggers neutrophil-mediated
injury amplification following necrosis

Peter Huebener, Jean-Philippe Pradere,’ Celine Hernandez,’ Geum-Youn Gwak," jorge Matias Caviglia," Xueru Mu,’ john D. Loike,?
Rosalind E. Jenkins,” Daniel J. Antoine,” and Robert F. Schwabe'

uuuuuuuuuuuu iversity, New ork, New York, USA, MR Cent

*Mitochondrial DNA and Enzymes (GLDH)
=Reflect mitochondrial damage



HMGB1 — a biomarker for necrosis and
inflammation

K173
- HMGBL1 - 42 lysine
- 8 modified residues within the nuclear localisation sequence K177 K180
-Lysine acetylation directs for active release to act as a cytokine K172 ‘ / K182-185
'\ /
HN+—H— t 1 1 B 1 1 H]H] I COOH
\ J \ J
| |
NHCOCH, Cytokine Nuclear
domain Localisation
sequence
@)
INNATE
IMMUNE
SYSTEM
CELLS
J

ACETYL
HMGB1 '

INFLAMMATION?



Mechanism of Cell Death - Biomarkers

0
L4

g

;
[y

*% e W
[ I X ]

kK
* % *
N %k
*% —_—
I_‘_I
100000 100
S ®ecee £E\ ° E H
3 °0°°, s ° .0:.
o 10000 Seegs £ 10 8
— 0es% o0 — ° .
< s3e3l @ i
e | n=31,678 | & ...
oe LS By P °
£ 1000 oo’ T 1 feegtt J .
[ X ] —_— [ ] °
8_ ° : : : e g °%ee’ ®
< $0g%% e o o® oo =
o °
100 ot . — 01 ‘
o N > o N
'&4’\0‘2} ovy ny S A’@é ¢:>vy
‘2@ \0(‘ 'é Qv. Q\Q \\)Q oé
R v Q©° 4
Q¥ QY
e Lot * %k
= l_;\
_ 0)
5 — 15% Apoptosis 100000
85 — 95% Necrosis
é 10000
2
Molecular forms of HMGB1 and keratin-18 % 1000
as mechanistic biomarkers for mode of cell death and prognosis ©
during clinical acetaminophen hepatotoxicity E 100
®
Daniel |. Antoine'*, Rosalind E. Jenkins', James W. Dear?, Dominic P. Williams!, ° .iiﬁ.:w  ee’
Mitchell R. McGill®, Matthew R. Sharpe®, Darren G. Craig®, Kenneth ]. Simpson®, pld %
Hartmut Jaeschke®, B. Kevin Park’ 10— —
o \
S
E ;
J Hepatology 2012 ¥ &



Mechanistic Biomarkers Provide Early and Sensitive
Detection of Acetaminophen-Induced Acute Liver

Ininnru at Firel Dracantation #n Hacenital
.ll’“l, Gt | IIOIL | I VvIviinuuvII WV ll\lal.lll.ul

Daniel J. Antoine, ' James W. Dear,% Philip Starkey Lewis, " Vivien Platt,! Judy Coyle‘4 Moyra Masson,“
Ruben H. Thanztcoody,; Alasdair J. Gray,* David J. Webb,>? Jonathan G. Moggs,(‘ D. Nicholas Bateman,?
Christopher E. Goldring,' and B. Kevin Park’
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predicting acute liver injury (N= 98)
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UK wide prospective APAP study — Early risk
stratification of liver injury and dysfunction

m  Mechanistic biomarkers offers earlier

detection of ALI following APAP overdose

® Need for prospectively designed studies in

man
» All APAP subgroups

» Define biomarker performance at

front door
» Risk Stratification

» Possible entry into novel intervention

trials
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Patient journey — Primary and secondary outcome

rates
Detect early liver injury/dysfunction
Currentrisk ; and risk stratify better in all patient
Stratification |’ groups despite NAC being given?
Pt
NAC given ' 55%
v l
TIME Hospital Presentation Hospital Stay >
| ALT>50
"| (N=110, 11.2%
MAPP study ( ) | ALT<100
(N=985) | ALT <50 (N=825, 83.7%) | ALT>1000
M N 0 "| (N=18, 1.8%
(N=875, 88.8%) ALT 5100 (N=18, 1.8%)
(N=50, 5.1%)
| INR >1.5
" (N=26, 2.6%)
ALT >50
N=26, 12.9%
BIOPAR study ( ) | ALT<100
— = - 0
(N=202) - ALT <50 (N=163, 80.7%) ALT >1000
i = 0, = 0,
(N=176, 87.1%) [ AT o100 (N=4, 2%)
| (N=13, 6.4%) NR LS
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Prospective biomarker study — Results

Presentation and association with primary outcome — easily spot delayed
hepatotoxicity cases missed by current tests

Derivation cohort (N=985) Validation cohort (N=202)
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Prediction of reaching primary endpoint in those with normal ALT at presentation

MAPP

BIOPAR

Biomarker ROC-AUC (95% CI) P Sens at 95% Spec (95% CI)
miR-122 0.96 (0.93 - 0.99) <0.0001 0.84 (0.71-0.92)
HMGB1 0.94 (0.89 - 0.98) <0.0001 0.88 (0.76 - 0.95)
Necrosis K18 0.94 (0.89 - 0.99) <0.0001 0.88 (0.76 - 0.95)
Apoptosis K18 0.79 (0.70 - 0.88) <0.0001 0.60 (0.45 - 0.74)
GLDH 0.74 (0.67 - 0.82) <0.0001 0.30 (0.18 - 0.44)

Biomarker ROC-AUC (95% CI) P Sens at 95% Spec (95% CI)
HMGB1 0.98 (0.97 - 1.00) <0.0001 0.92 (0.64 - 0.99)
miR-122 0.97 (0.94 - 1.00) <0.0001 0.92 (0.63 - 0.99)
Necrosis K18 0.93 (0.81 - 1.00) <0.0001 0.84 (0.54 - 0.98)
Apoptosis K18 0.80 (0.63 - 0.97) 0.0003 0.69 (0.38 - 0.90)

GLDH 0.65 (0.49 - 0.81) 0.0068 0.09 (0.002 - 0.36)

NORMAL ALT ON PRESENTATION

MAPP N=875
BIOPAR N=176




Multivariable logistic regression analysis — MAPP cohort

Model ALI Correctly Non-ALI Correctly
Identified Identified
miR-122 44 735
+necrosis.K18 46 811
+apoptosis.K18 47 823
+HMGB1 48 823
Total 50 825

Only 4 from 875
patients misclassified

NORMAL ALT ON PRESENTATION



Prediction of reaching primary endpoint in staggered overdose

Biomarker Derivation cohort Validation cohort
ROC-AUC P Specificity | Sensitivity [ PPV NPV | ROC-AUC P Specificity | Sensitivity | PPV | NPV
ALT 0.63 0.1342 0.95 0.38 294 | 958 0.57 0.6203 0.95 0.50 50.0 | 96.0
(0.48- (0.23-
0.77) 0.91)
APAP 0.57 0.3451 0.95 0.15 20.0 | 94.5 0.67 0.1019 0.95 0.25 25.0 [ 94.0
concentration (0.38- (0.52-
0.77) 0.81)
miR-122 1.00 <0.0001 0.95 1.00 54.2 | 100.0 1.00 <0.0001 0.95 1.00 66.7 | 100.0
(1.00- (1.00-
1.00) 1.00)
HMGB1 1.00 <0.0001 0.95 1.00 59.1 | 100.0 0.98 <0.0001 0.95 1.00 57.2 | 100.0
(1.00- (0.94-
1.00) 1.00)
FL-K18 0.99 <0.0001 0.95 0.92 54.5 99.4 0.76 0.0800 0.95 0.75 50.0 | 979
(0.98- (0.37-
1.00) 1.00)
cc-K18 0.77 0.0011 0.95 0.62 444 | 97.3 0.63 0.3905 0.95 0.50 40.0 | 95.9
(0.59- (0.22-
0.95) 1.00)
GLDH 0.78 0.0009 0.95 0.53 36.8 | 96.8 0.70 0.1757 0.95 0.25 25.0 | 94.0
(0.62- (0.47-
0.93) 0.93)




Prediction of INR >1.5 in those with normal ALT and INR at presentation

Biomarker Derivation cohort Validation cohort
ROC-AUC P Specificity | Sensitivity | PPV | NPV | ROC-AUC P Specificity | Sensitivity | PPV | NPV
ALT 0.55 0.473 0.95 0.23 70.0 52.5 0.57 0.369 0.95 0.25 0.0 63.6
(0.39- (0.31-
0.72) 0.80)
APAP 0.53 0.699 0.95 0.00 0.0 45.8 0.55 0.773 0.95 0.00 0.0 66.7
concentration (0.36- (0.40-
0.70) 0.79)
miR-122 0.73 0.0043 0.95 0.46 92.3 62.2 0.75 0.016 0.95 0.50 66.7 | 80.0
(0.59- (0.41-
0.88) 1.00)
HMGB1 0.94 <0.0001 0.95 0.88 92.0 | 88.0 0.90 0.025 0.95 0.65 75.0 | 88.9
(0.88- (0.73-
1.00) 1.00)
FL-K18 0.81 0.0001 0.95 0.27 87.5 54.8 0.86 0.045 0.95 0.25 50.0 | 72.3
(0.69- (0.65-
0.93) 1.00)
cc-K18 0.82 <0.0001 0.95 0.27 77.8 53.7 0.81 0.008 0.95 0.25 50.0 | 72.3
(0.70- (0.55-
0.94) 1.00)
GLDH 0.66 0.042 0.95 0.42 73.3 57.1 0.58 0.643 0.95 0.25 0.0 66.7
(0.51- (0.26-
0.82) 0.88)




CASE REPORT:

25 year old male

Single overdose of 35g paracetamol at 02:30 (timing supported by Facebook message)
Assessed 4.5h after OD

No risk factors for hepatotoxicity. Paracetamol level 107 mg/L (below nomogram)
Normal biochemical evidence of liver injury

Assessed by senior doctor and not treated

Discharged after psychiatry review

Time from OD (h) 4.5
Paracetamol (mg/L) 107
ALT (U/L) 34

(ULN 50)

INR 1.0

BJCP British Journal of Clinical

Pharmacology

Letter to the Editors

Early detection of paracetamol toxicity using

circulating liver microRNA and markers of
cell necrosis

BritiSh Journal Of Cll-n Pharm 20 14; 77 :904_5 . Lal.rrll(zfli\:\‘l.r’lz?;r,"z Daniel ). Antoine,’ Philip Starkey-Lewis,® Christopher E. Goldring® &

"National Poisons Inf ion Service Edinb R y II Infirmary of Edinburgh, Edinburgh, *Uni ry of Edinburgh/British
Heart Foundation Centre for Cardi uIarS ‘gh and *MRC Centre for Drug Safe ftyS e, Department of
Molecular & Clinical Pharmacology, University o f L p ol, Liverpool, UK




CASE REPORT:

25 year old male

Single overdose of 35g paracetamol at 02:30 (timing supported by Facebook message)
Assessed 4.5h after OD

No risk factors for hepatotoxicity. Paracetamol level 107 mg/L (below nomogram)
Normal biochemical evidence of liver injury

Assessed by senior doctor and not treated

Discharged after psychiatry review

Time from OD (h) 4.5 43
Paracetamol (mg/L) 107 9
Represented to hospital 43h after OD
Lethareic and i ALT (U/L) 34 11314
ethargic and vomiting (ULN 50)
Tender abdomen
INR 1.0 2.1

BJCP British Journal of Clinical

Pharmacology

Letter to the Editors

Early detection of paracetamol toxicity using

circulating liver microRNA and markers of
cell necrosis

BritiSh Journal Of Cll-n Pharm 20 14; 77 :904_5 . Lal.rrll(zfli\:\‘l.r’lz?;r,"z Daniel ). Antoine,’ Philip Starkey-Lewis,® Christopher E. Goldring® &

"National Poisons Inf ion Service Edinb R y II Infirmary of Edinburgh, Edinburgh, *Uni ry of Edinburgh/British
Heart Foundation Centre for Cardi uIarS ‘gh and *MRC Centre for Drug Safe ftyS e, Department of
Molecular & Clinical Pharmacology, University o f L p ol, Liverpool, UK




CASE REPORT:

25 year old male

Single overdose of 35g paracetamol at 02:30 (timing supported by Facebook message)
Assessed 4.5h after OD

No risk factors for hepatotoxicity. Paracetamol level 107 mg/L (below nomogram)
Normal biochemical evidence of liver injury

Assessed by senior doctor and not treated

Discharged after psychiatry review

Time from OD (h) 4.5 43
Paracetamol (mg/L) 107 9
Represented to hospital 43h after OD
: .t ALT (U/L) 34 11314
Lethargic and vomiting
(ULN 50)
Tender abdomen
INR 1.0 2.1
iR- let-7d
NEW MARKERS CORRECTLY oyt 1261 (x50)
LIFE THREATENING (ULN 0.9%)
HEPATOTOXICITY MISSED Necrosis K18 (U/L) 4018 (x8)
BY CURRENT TESTS (ULN 480)

*95% prediction interval — no liver injury after overdose
n=82 Hepatology 2013



Paracetamol metabolites
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Oxidative stress
and hepatocyte death

Clinical Pharmacology
& Therapeutics

[@ASCPT

ARTICLES

Metabolite/Biomarker | Roc-AUC(95% CI) | Pvalue | SENs(95%c1) | PPv (%) | NPV (%) | ROC-AUC (95% CI) | Pvalue | SENS(95%cCl) | PPV (%) | NPV (%)
APAP-CYS/APAP-Sul 0.91(0.83-0.98) | <0.0001 | 0.71(0.42-0.92) | 50 96 076 (0.63-0.88) | 0.0003 | 0.43(0.35-0.52) 38 92
CYP% 0.78(0.67-0.90) | 0.0006 | 0.36(0.13-065) | 33 91 0.66 (0.51-0.82) 0.02 | 0.11(0.060.17) 14 87
Sum CYP metabolites 0.75 (0.61-0.88) 0.003 | 048(0.38-058) | 40 93 0.83(0.71-0.94) | <0.0001 | 0.44(0.36-0.53) 39 92
APAP-CYS 0.75 (0.61-0.88) 0.003 | 036(0.13-065) | 33 91 0.82(0.71-0.94) | <0.0001 | 0.44(0.35-0.52) 39 92
INR 0.70 (0.54-0.86) 003 | 023(0.05054) | 24 89 0.71(0.57-0.85) 0.005 | 0.07(0.03-0.13) 9 87
ALT 0.67 (0.50-0.84) 004 | 029(0.08058) | 28 90 051 (0.35-0.67) 0.86 | 0.16(0.03-0.40) 19 88
APAP-Sul 0.65 (0.48-0.82) 006 | 050(0.23077)| 41 93 0.53 (0.38-0.67) 0.75 | 0.11(0.06-0.17) 14 87
APAP-Glu 0.63 (0.44-0.82) 011 | 036(0.13-065 [ 33 91 0.61 (0.47-0.76) 011 | 011(0.06-0.17) 14 87
APAP-GSH 0.61 (0.46-0.76) 019 | 021(0.05051) | 22 89 067 (0.61-0.74) 0.004 | 0.41(0.21-0.64) 37 91
APAP-Mer 0.59 (0.40-0.77) 029 | 021(0.05051) | 22 89 0.76 (0.62-0.90) | 0.0003 | 0.26(0.19-0.34) 27 89
APAP LC/MS 0.50 (0.33-0.67) 0.97 | 0.14(0.02:0.43) 16 88 057 (0.41-0.73) 032 | 0.05(0.02:0.11) 7 87
APAP hospital lab 0.55 (0.37-0.73) 0.78 | 0.00(0.00-0.04) 0 87 0.58 (0.42-0.73) 0.29 | 0.09(0.04-0.15) 12 87

Circulating Acetaminophen Metabolites Are
Toxicokinetic Biomarkers of Acute Liver Injury
ADB Vliegenthart', RA Kimmitt', JH Seymour’, NZ Homer", JI Clarke?, M Eddleston', A Gray®,

DM Wood*%, PI Dargan®?, JG Cooper®, DJ Antoine?, DJ Webb', SC Lewis’, DN Bateman' and
JW Dear'




PARACETAMOL QUESTION 2:

Who has a serious ALT rise?

- Improved prognostic stratification



Acetylated HMGB1 —
biomarker of immune cell activation
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Acetylated HMGB1 — outcome prediction

e (Clinical APAP overdose

Acetylated HMGB1 (ng/ml)

100 -

0.1 +

0.01 +

Molecular forms of HMGB1 and keratin-18

as mechanistic biomarkers for mode of cell death and prognosis

during clinical acetaminophen hepatotoxicity

Daniel |. Antoine!*, Rosalind E. Jenkins', James W. Dear?, Dominic P. Williams!,
Mitchell R. McGill®, Matthew R. Sharpe®, Darren G. Craig®, Kenneth ]. Simpson®,
Hartmut Jaeschke®, B. Kevin Park’

ﬁ?’.‘-— Died / Required Liver transplant

0000000

Spontaneous survivors

0.001

 potential novel biomarker

e evidence in man for innate immune
system

o Multi-cellular event



Biomarkers of hepatic regeneration & survival

m CSF-1

® Promotes Macrophage recruitment
and hepatic regeneration

BASIC AND TRANSLATIONAL—LIVER

Activated hepatic stellate cell

i Tl CSF1 Restores Innate Immunity After Liver Injury in Mice
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Biomarkers of hepatic regeneration & survival

m CSF-1

and hepatic regeneration
® APAP overdose
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Acute kidney injury is a key predictor
of poor outcome with DILI

Eur J Clin Pharmacol (2009) 65:163-168
DOI 10.1007/s00228-008-0580-9

PHARMACODYNAMICS

Renal injury at first presentation as a predictor
for poor outcome in severe paracetamol poisoning
referred to a liver transplant unit

N. Pakravan - K. J. Simpson - W. S. Waring -
C. M. Bates - D. N. Bateman

Problems with creatinine

1. Slow to report AKI

2. Non specific

3. No mechanistic
information

100 S

80

60

40 -

Sensitivity (%)

20

0 | I | T T
0 20 40 60 80 100

100-Specificity (%)

Fig. 1 The receiver operating characteristic (ROC) curve for referral
creatinine versus "King’s College poor outcome" area under the ROC
curve (AUC)=74.3% [95% confidence interval (CI) 70.1-78.1%,
significance level p=0.0001 (versus 0.5 line by z test)]. The most
“accurate’ predictor” is referral creatinine >123 pmol/l, sensitivity=
71.3% (95% CI 62.7-78.9%) and specificity=73.3% (95% CI 68.3—
77.9%)



| The Kidney Injury Molecule-1 (Kim-1)
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Blood Kidney Injury Molecule-1 Is a Biomarker of
Acute and Chronic Kidney Injury and Predicts
Progression to ESRD in Type | Diabetes

Venkata S. Sabbisetti,* Sushrut S. Waikar,* Daniel J. Antoine,’ Adam Smiles,* Chang Wang,*
Abinaya Ravisankar,* Kazumi Ito,* Sahil Sharma,* Swetha Ramadesikan,* Michelle Lee,$

Rebeccah Briskin,® Philip L. De Jager,® Thanh Thu Ngo,* Mark Radlinski,* James W. Dear,!
Kevin B. Park,™ Rebecca Betensky,” Andrzej S. Krolewski,* and Joseph V. Bonventre*
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Plasma KIM-1 outperforms serum creatinine in the prognostic assessment of patient
outcome following paracetamol overdose
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LIVER INJURY/REGENERATION

Circulating Kidney Injury Molecule 1 Predicts
Prognosis and Poor Outcome in Patients With
Acetaminophen-Induced Liver Injury

Daniel J. Antoine,"? Venkata S. Sabbisetti,” Ben Francis,” Andrea L. Jorgensen,® Darren G.N. (}rm‘g,“
Kenneth J. Simpson,” Joseph V. Bonventre,” B. Kevin Park,' and James W. Dear®

N=74

Hepatology 2015;62:591-9



Regulatory endorsement for further qualification

e,

e

C DEPARTMENT OF HEALTH & HUMAN SERVICES

o 'l_":L_‘BLFC HEALTH SERVICE
Food and Drug Administration
Center for Drug Evaluation and Rescarch
10903 New Hampshire Avenue
Silver Spring, MDD 20993

Date: July 25,2016

ATTN: Safer and Faster Evidence-based Translation (SAFE-T) Consortium
Fanny Gaby, Firalis
Gerd Kullak-Ublick, Novartis
Angelika Hoenlinger, Novartis

Subject: Letter of Support for Drug-Induced Liver Injury (DILI) Biomarker(s)

Dear Safe-T Consortium,

We are issuing this Letter of Support to the SAFE-T Consortium to encourage the further development and
exploratory use of :

& Cytokeratin 18 (CK-18)

s Total and hyperacetylated high mobility group protein B1 (HIMGR1)
s Osleopontin

= Macrophage colony-stimulating factor | receptor (CSFIR)

alone or in combination as soluble monitoring biomarkers to assess the risk of progression of drug-
liver injury (DILI) in patients in whom an initial DILI diagnosis has been established based on elevations of
the standard biomarkers alanine aminotransferase (ALT) alone or in combination with total biliubin (TBIL)
as a clinical safety assessment in clinical trials in a drug development context,

Due to the rarity and severity of idiosyneratic DILL this adverse drug reaction remains an important cause of
drug development late stage failures and post-marketing withdrawals. Current standard biochemical
detection and assessment of DILI includes measuring serum enzyme activitics of ALT, aspartate
aminotransferase (AST), alkaline phosphatase (ALP), and gamma glutamyl transferase (GGT) as measures
of hepatocellular or cholestatic injury. In addition, TRIL concentrations, serum albumin and prothrombin
time are used as functional measures of liver activity. Some of these standard biomarker measures have been
used in combination via Hy’s Law® ta identify liver dysfunction and patients with DILI, However, the
sensitivity and specificity of Hy's Law are challenged by commaonly observed mild elevations of bilirubin
and inadequate early detection of injury. For a Hy's Law assessment to be positive, a significant amount of
liver damage has already occurred. In contrast, changes in aminotransferase activities, particularly ALT,
withoul bilirubin elevations are more sensitive, but not sufficiently specific for drug-related liver injury due

* Reference numbers for all entities listed in the letter are provided in the appendix to cnsure clarity and aflow for
consistency in fulure studies.

* Defined biochemically as clevation of ALT = 3x upper limit of normal range with concomitant elevation of serum
tutal hilirubin > 2x upper limit of normal mnge.

EUROPEAN MEDICINES AGENCY

SCIENCE MEDICINES HEALTH

30 Seprember 2016
EMA/423870/2016
Executive Director

Letter of support for drug-induced liver injury (DILT)
biomarker

Summary

The Drug-Induced Liver Injury (DILI) work package 3 (WP3) of the SAFE-T consertium specifically
aimed to address the current lack of sensitive and specific clinical tests to diagnose, predict and
monitor drug-induced injury to the liver, which is 2 major hurdle in drug development.

The objectives of DILT WP3 were to qualify one or a set of new biomarkers with respect to:
- an early or earlier diagnosis of DILI as compared to current diagnestic rules

- the sbility to predict DILI cutcome, with particular emphasis on severe DILI/acute liver failure
- the prognosis and menitoring of progression and regression of DILT

- the differentiation between patients who incur true drug-induced liver injury from those who
recover from the initial injury despite ongoing drug treatment (adaptors)

Originally, the cverall strategy for biomarker sslaction was ambitious with regard to the initis|
sslection, further exploration, and final confirmation within a variety of clinical trials.

However, given time constraints and the limited number of patients available by the end of 2014, the
DILI-WP decided to investigate 16 new biomarkers selected largely from the first stage gate analysis in
one subsequent analysis using all available datasets and to no longer separate an explorstory from =
confirmatory phase. Trus confirmatery data which could support a Qualification Opinion are thersfore
currently not available. All results submitted now are considered exploratory in nature,

Scientific discussion

During the development, the applicant have conducted or evaluated (1) protocols that recruited
patients diagnosed with DILT and (2) protocols that recruited patients without a diagnosis of DILI but
who were on treatment with potentially hepatotoxic drugs and vere prospectively monitored for
several months. For all studies, cases with suspected DILI were ascertained by clinical judgment of the
investigators and, subsequently, by the evalustion of an adjudication committee. All cases mesting the
trial enrolment criteria were adjudicated, the great majority of those fulfilled the consensus criteria for

30 Churchill Flace » Canary Whart = London E14 SEU » United Kingdom
Teiepnane —a4 (0120 3850 5000 Facaimile =44 (0120 3880 5553
SN 3 QUESTION VI3 BUr WGDSIES wiv, £M3.2UrOEa. SU/IRtaCE e sganey o s Burapean tnian

© Eurapean Medicines Agency, 2016. Reproduction Is autharised pravided the saurce s acknowledged




Translation to point of care



Biomarker can be measured in a blood drop from a standard clinical finger prick
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Destina genomics — a rapid sensitive PCR free detection system
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Biomarker Developmental Pathway

Paracetamol poisoning as model of acute organ injury

Combination with
therapeutic in
stratified clinical trial

@ Clinical Translation
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PARACETAMOL QUESTION 3:

How should patients be treated?
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Reduction of adverse effects from intravenous acetylcysteine

treatment for paracetamol poisoning: a randomised
controlled trial

£ Nichotas Bateman, James W Dear, H K Ruben hanacoody, simon H L Thomas, Michael Edeieston, Euan A Sandnands, judy Coye
jamie & Coaper, Aryefly Rodriguez, [sabefla Butcher, Steff C Lewis, A D Bastiaan Viiegenthart, Aravindan Veiraiah, David | Webb, Alsdair Gray

Loncet 2004; $83: 69,704

With standard NAC regimen 31 of 100 had severe
anaphylactoid reactions.

All 31 needed treatment of reaction and 26 needed
interruption of NAC treatment




Current Regimen for Acetaminophen Poisoning

300 mg/kg over 21h

Blood sampling
20h

Bag1l
150mg/kg
over 1h

Bag 2
50mg/kg
over 4h

Bag 3
100mg/kg
over 16h

Modified SNAP Regimen

300 mg/kg over 12h

10h

Blood sampling

Discontinue acetylcysteine if:

INR 1.3 or less
and ALT <100 U/L
and ALT not doubled

Blood sampling
20h

——

Bag1l
100mg/kg
over 2h

Bag 2
200mg/kg
over 10h

INR1.3 or less
and ALT <100 U/L
and ALT not doubled
and paracetamol <20 mg/L

Discontinue
acetylcysteine

at the end of bag 2




Current Regimen for Acetaminophen Poisoning

300 mg/kg over 21h

Blood sampling
20h

Bag1l
150mg/kg
over 1h

Bag 2
50mg/kg
over 4h

Bag 3
100mg/kg
over 16h

Modified SNAP Regimen

300 mg/kg over 12h

Blood sampling

10h

Discontinue acetylcysteine if:

INR 1.3 or less
and ALT <100 U/L
and ALT not doubled

Blood sampling
20h

Bag1l
100mg/kg
over 2h

Bag 2
200mg/kg
over 10h

/

INR >1.3
or ALT >100 U/L
or ALT doubled
or paracetamol >20 mg/L

Extra Bag
200mg/kg
Over 10h




Patients Screened Patients not requiring NAC treatment 1772
3311 (57.4% of screened)

Exclusion: Fulfil exclusion criterion or other reason

for non-participation:
— - 490 staggered OD
Patients pOtentla”y 146 intoxicated, unable to consent
requiring NAC 116 pres.ented .beyond recruitment interval
90 unreliable history
1539 69 vomiting requiring antiemetic prior to randomisation
(42.6% of screened) 60 patient refused
57 previous participant in SNAP
89 other pre-specified exclusion?

53 other reasons (eg self-discharged) Total 1170

No clinician available to consent

Eligible 369 147
Failed to complete or withdrawn, time and
allocation
Randomised 222 4 before 2h (1 ond/mod, 1 ond/cony,
(67% of eligible ) Zplac/con)

8 after 2h; 2 in each arm)

2 after 4h (ond/conv)

5 after 12h (1 ond/mod; 2 ond/ conv; 2 plac/
mod)

Included in 1ry
endpoint 217

Trial ran Sept 2010- Dec 31 2012
Completed Trial

203




Trial Safety

Anaphylactoid reaction:
Grade 3 responses — interruption or medication

(proportional odds regression)

ONAP

Comparison | Treatment Number | Total Odds 97.5% P-value
Group with number | Ratio confidence
outcome interval
NAC Modified 5 108 0.2 0.1-0.4 <0.0001
Regimen
Conventional |31 100




Real world data — Royal Infirmary of Edinburgh

Standard 21h regimen group
18 Months
Admissions n=985
Treated n=786
Modified 12h regimen group

- 18 Months
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Real world safety

Standard Modified
21h Regimen 12h Regimen | Absolute
18 months 18 months Reduction
N=786 N=855 (95% CI)
n % n %
Anaphylactoid reactions 88 11 12 2 10
phy (8 - 12)

Only need to treat 10 people to

prevent one anaphylactoid reaction



Real world safety —

repeat presenters (N=41)

Standard Modified Absolute
21h Regimen 12h Regimen .
85 treatments 125 treatments Reduction
(95% CI)
n % n %
Anaphylactoid reactions 8 9 1 1 J

(3-17)




Trial Efficacy SNAP

50% rise in ALT at 20.25 h
Present in 22/201 (10.9%)
NAC modified v conventional OR 0.603, 97.5% Cl| 0.199-1.831

miR-122 in subset Edinburgh patients (124) (median and IQR)
NAC modified 1.1 (0.4-2.4) v conventional 0.5 (0.2-3.4) p=0.789

Doubling ALT (19/201)

NAC modified (10) v conventional (11) OR 0.653 97.5 % Cl 0.195-
2.183 p=0.4283

Extra acetylcysteine beyond 20.25 h in 17 patients
NAC regime, OR 2.2 (97.5% Cl 0.6 to 7.8) P=0.18



Trial Efficacy

50% rise in ALT at 20.25 h
Present in 22/201 (10.9%)

There is no sighal of reduced efficacy

Extra acetylcysteine beyond 20.25 h in 17 patients
NAC regime, OR 2.2 (97.5% Cl 0.6 to 7.8) P=0.18



Real world efficacy

Modified
Discontinue acetylcysteine if: Standa_‘rd 12h Absolute
21h Regimen Redi Reducti
INR 1.3 or less N=786 egimen eduction
and ALT <100 U/L N=855 (95% CiI)
and ALT not doubled
0
n %0 n %
Acute liver injury
0)
Treatment beyond 21h 81 10 88 10
(-3-3)
0)
ALT > 1000 U/L 23 3 24 3

(-1.5— 1.8)




Real world efficacy

Modified

Standard

There is no sighal of reduced efficacy




Single overdose above 150 line

Standard
21h Regimen
N=277

n %

Modified
12h
Regimen
N=267

n %

Absolute
Reduction
(95% CI)

Acute liver injury

ALT > 1000 U/L




Single overdose above 150 line

Standard MOd'fed

There is no sighal of reduced efficacy




Health economic benefits

Length of Treatment of Standard and Modified Regime

g US $13 million
5 saved per year

: in UK
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Length of Treatment (hours)
Modified Regime Standard Regime

Estimated Time of Day of Discharge Immediately After Treatment

“ Day time

Number of Patients
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Conclusions

12h regimen Is associated with:

« Significantly less adverse effects

* No increase In liver injury

e Current 10h blood rule out criteria appear safe



Conclusions

Biomarker tool kit can stratify patients

Activity Is underway with regard to point of
care / clinical assays

New NAC regimen is safer and shorter
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