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SUCCESSFUL TREATMENT OF SEVERE
PARACETAMOL OVERDOSAGE WITH

CYSTEAMINE
L. F. PRESCOTT R. W. NrwToNn
C. P. SwAINSON N. WRIGHT
A. R. W. FORREST H. MATTHEW

Regional Poisoning Treatment Centre, and University
Department of Therapeutics, Royal Infirmary,
Edinburgh EH3 YW

Initial dose of cysteamine 29
was given IV over 10 min
followed by 3x 400mg doses
in 500 mL of 5% dextrose
Infused over 4, 8, and 8 hrs.

Total dose of cysteamine 3.2
gover 20 h

Lancet 1977

TREATMENT OF PARACETAMOL
(ACETAMINOPHEN) POISONING WITH
N-ACETYLCYSTEINE

L. F. PRescoTT J. PARK
A. BALLANTYNE . ADRIAENSSENS
A. T. PROUDFOOT

Regional Poisoning Treatment Centre, and University
Department of Therapeutics, Royal Infirmary, Edinburgh
EH3 9YW

Summary  Fifteen patients with paracetamol

(acetaminophen) poisoning were treated
with intravenous N-acetylcysteine (300 mg/kg given
over 20 h). Mean admission and 4 h plasma-paracetamol
concentrations were 262 and 369 ug/ml, respectively,
Liver-function tests remained normal or were only
slightly disturbed in 11 of 12 patients treated within 10 h
of paracetamol ingestion. Severe liver damage devel-
oped in the other patient and in the three in whom treat-
ment was started more than 10 h after paracetamol in-
gestion, In contrast to cysteamine, N-acetylcysteine was
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PAPERS AND ORIGINALS

Intravenous N-acetylcysteine: the treatment of choice for

paracetamol poisoning

L FPRESCOTT, R NILLINGWORTH, JA]JHCRITCHLEY, M]STEWART, R D ADAM,

A T PROUDFOOT

Bricib Medical Tovrnal, 1979, 2, 10971100

P y and taad
One hundred cases of severe par 1 tsonl

»

Introduction

Now that the bioch I mechani 1 hepato-

toxicity are understood' sulphydryl mwmd: such as cystea-
mine, L-methionine, and N-acetylcysteine (acetylcysteine) may
be used successfully to treat severe paracetamol poisoning,*-'*
Nevertheless, the relative eﬁuq of these q«m in protecting

were treated with intravenous N-acetylcysteine (acetyl-
cystelne). There was virtually complete protection

liver damage, renal i i and death is uncertain
and doubts have been raised abour the tdmy of cysteamine and

inst Uver d ge in 40 pad treated within cight
hours after ingestion (mesn i serum alani
transaminase activity 27 IU/1). Only one out of 62 patients
treated within 10 hours developed severe liver damage
compored with 33 out of 57 patients (58%) studied retro-
spectively who received supportive treatment alone.

Early tre with etyl b also prevented
renal Impalrment and death. ‘l'hc crltlul ln.u(lon-
treatment interval for P

severe liver damage was cight hours, Eﬁcacy diminished
progressively thereafter, and treatment after 15 hours
was completely ineffective.
Intravenous acetylcysteine was more effective than
i and hioni and noticcably free of
-dvene effects. It is the treatment of cholce for paracet-
ameol peoisoning.

Regional Polsoning Treatment Contre and University Departments
of Therapewtics and Clinical Pharmacelogy and Clinleal
Chemistry, Royal lafirmsary, Edioburgh EH3 YW

L ¥ FPRESCOTT, Mo, yecran, coasultsst plyvician and rvader in clinicad
phacmacology

R N ILLINGWORTH, »a, mrcr, medical reglstrar (now scaioe registrar,
Acadest and Emergency Depariment, General Infemary, Leeds)

J A ) H CRITCHLEY, b, P, scniur house officer

M ] STEWART, rin, MRcrati, sendor lecturer in clinical chemisery (now
twop-grade biochemist, Departments of Padologicsd Biochemisiey, Royal
Inficmary, Glugow)

R D ADAM, mncr, senior bouse afficer (mow regisirar, Monklands Disteice
Hogénl, Aurdrie)

A T PROUDFOOT, msc, rRcrep, consellant physician

=+ Pusthermore, cyseamine and methionine are
not available commercially for intravenous administracson.
Qur initial findings with intravenous  acetylcysteine were
encouraging,' * and we describe here the results of tresting
100 cases,

Patients and methods

Pam«n-Boghty seven p di ed on 100 with
severe par ng b o ber 1976 and May
1979 were treated vmh intravenous acetyloysteine. Their mean age
was 33 yeuss (range 13-62), and 33 -rn male. Those admitted on
more than one were for each
sdmission.  Forry-cight  patiests <hnn=d h: h-\v taken only
paracetamol, 31 ook it in combenation with dextropropoxyphene as
Distalgesic, and the remainder also took one or more other drugs,
ususlly bmwqunna or aspirin. All parients were admitted within
24 hours after ingestion and had plasma parscetamol concentrations
above a treatment line joming plots of 200 mg/! at four hours and
N mg/l ac 15 hours on & semilogarithmic graph. More-severely
poiscecd paticnts with plasna parscetamol comcentrations sbove &
similar Jine joining 300 mg/| at four hours and 45 mg/l »t 13 hours
were defined as “high-risk" cases. Pstients with values between
these two lines were 1 % an " d risk" group.
When pecessary the limes were extrapolated to 24 hours.

Gleneral manay —Gastric asp and lavage were performed
on patients admitted within four howrs of mgestion and thoss in
coma, Patients with persistent nsuses snd yomiting were given
intravencus Suid replacement and  sntiemetics. Impending or

estsblished hepatic failure was truud cowvmoumny Twency-ome
patients who ook Distal 20 were in decp
coma, and respiratory acrest had cocuxd in 10,

7 ik [’ ) ine was given

io an inicial dose of 150 mg/kg in 200 mi 59 dextrose over 15 minutes

Acetylcysteine
“Prescott Regimen”

150mg/kg over 15 min
50mg/kg over 4 hr:

100mg/kg over 16 hr:

BMJ 1979
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Background:

Clinical situation: Paracetamol overdose epidemiology in UK

: POD incidence in EU5 and US - Hospital visits 2018
Someone presents to hospital

following a paracetamol overdose
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Precision medicine approach to acute liver failure
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Precision medicine approach to acute liver failure

Clinical High APAP ++
Features Normal ALT
Within 8h
Disease EARLY
Phenotype PRESENTER
Mechanism | | APAP metabolism

|

Acetylcysteine

HiSNAP Trial
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Precision medicine approach to acute liver failure

Clinical High APAP ++
Features Normal ALT
= Within 8h
Disease EARLY
Phenotype PRESENTER
Mechanism | | APAP metabolism

Acetylcysteine

High APAP +
Normal/High ALT
8-24h

Oxidative stress
Mitochondrial injury

|

Acetylcysteine

ALBATROS Trial

EG=TIS
TH=RAPEUTICS



Precision medicine approach to acute liver failure

Clinical High APAP ++ High APAP + Lower/No APAP No APAP
Features Normal ALT Normal/High ALT High ALT High ALT, INR, Creat
Within 8h 8-24h >24h Encephalopathy
Disease EARLY /f
Phenotype PRESENTER R| ; ER
Mechanism APAP metabolism Oxidative stress Inflammation, cell death, regeneration
Mitochondrial injury ‘
Acetylcysteine Acetylcysteine Acetylcysteine
MAIL Trial

Medical
MRC DPFS funded Research

MRC Council




Precision medicine approach to acute liver failure

Clinical High APAP ++ High APAP + Lower/No APAP No APAP
Features Normal ALT Normal/High ALT High ALT High ALT, INR, Creat
Within 8h 8-24h >24h Encephalopathy
Disease FA A If
ALY PRESENTER 5"7— 3
Mechanism | | APAP metabolism Oxidative stress Inflammation, cell death, regeneration

Mitochondrial injury

Medical

MRC DPFS funded Research

MRC Council

Precision Medicine

Biomarker Driven

POC-DILI Trial




SNAP regimen

EARLY PRESENTER

controlled trial

Reduction of adverse effects from intravenous acetylcysteine
treatment for paracetamol poisoning: a randomised

Lancet 2014

[ Nicholas Bateman, james W Dear, H K Buben Thanacoody, Simon H L Thomas, Michae! Eddieston, Euan A Sandilands, fudy Coyle,
Jamie G Cooper, Aryelly Rodriguez, [sabelta Butcher, Steff C Lewis, A D Bastioon Viiegenthart, Aravindan Vieiraiah, David | Webb, Alasdair Gray
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Patients at risk
Ondanstron/Modified 54 53 50 50 50 50 50
Ondanstron/Conventional 55 43 40 40 40 40 40
Placebo/Modified 55 55 51 51 50 50 50
Placebo/Conventional 54 41 41 39 38 38 37

Ondansetron / Modified
=== Ondansetron / Conventional
Placebo / Modified

=== Placebo/ Conventional

100 mg/kg NAC over 2 hrs
Then

200 mg/kg NAC over 10 hrs
Then blood tests
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EClinicalMedicine 11 (2019) 11-17
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Paracetamol concentration vs liver injury despite

Admission paracetamol concentration (mg/L)
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Should we give a higher dose of NAC?

Paracetamol Concentration (mg/L)

No robust evidence
SNAP will give more NAC in first 21h (500 mg/kg vs 300 mg/kg)
Theoretical modelling supports higher NAC in larger OD

Observational data suggest benefit

Need RCT to assess efficacy and safety

Patients treated with standard dose of NAC

(B)

Triple Nomogram Line
"%+ .- Double Nomogram Line

Paracetamol Concentration (mg/L)

. Nomogram Line
(150mg/L at4 h)
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Increased NAC had a decreased risk of
hepatotoxicity [OR:0.27 (95% CI: 0.08-0.94)]

4
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O Hepatotoxicity prevented by treatment - Patient developed hepatotoxicity

Massive paracetamol overdose: an observational study of the
effect of activated charcoal and increased acetylcysteine dose
(ATOM-2)

Angela L. Chiew B8 Geoffrey K Isbister, Kat e A, Kirtry, Codin B. Page, Betty S. H. Chan ich




HiSNAP Trial| EARLY PRESENTER

controlled trial

Reduction of adverse effects from intravenous acetylcysteine
treatment for paracetamol poisoning: a randomised

Lancet 2014

High
paracetamol
level

N=90

[ Nicholas Bateman, james W Dear, H K Buben Thanacoody, Simon H L Thomas, Michae! Eddieston, Euan A Sandilands, fudy Coyle,
Jamie G Cooper, Aryelly Rodriguez, [sabelta Butcher, Steff C Lewis, A D Bastioon Viiegenthart, Aravindan Vieiraiah, David | Webb, Alasdair Gray
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HiSNAP Trial
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HiSNAP Trial| EARLY PRESENTER

ARTICLES

Circulating Acetaminophen Metabolites Are
Toxicokinetic Biomarkers of Acute Liver Injury

ADB Vliegcnthartl, RA Kimmittl,JH Seymourl, NZ Homerl,JI Clarkez, M Edd]cstonl, A Gray3,

DM Wood™®, PI Dargan{*’s, ]G Cooperé, DJ Antoine’, DJ Webb', SC Lewis’, DN Bateman' and Bastiaan Vliegentha rt
JW Dear’
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HiSNAP Trial

Identify patients

Recruitment

Baseline

Pre-treatment

Treatment

Post-treatment

Follow up

EARLY PRESENTER

Review of patients in ED/AMU by treating clinician or nurse to identify potential
participants

High
paracetamol
level

N=90

y

Acetylcysteine
(450mg/kg)

Acetylcysteine
(300mg/kg)

Acetylcysteine
(600mg/kg)

Research team assess study eligibility

—

Patient Approached, Consent, Confirm Eligibility (incl. pregnancy test),
Randomisation

v

Medical History, results of clinical bloods, AEs

&

Study specific blood and urine, AEs

y v v

NAC NAC NAC
300mg/kg 450mg/kg 600mg/kg

v ¥ i

Study specific blood and urine, AEs

¥

Day 7 Follow Up from medical records

Primary endpoint
Paracetamol metabolites

Key secondary
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ALBATROS Trial

LATE PRESENTER

®_—. . Pivotal Phase II/lll study for US/EU regulatory submission

Cohort 3
CaM 10 pumol/kg
\ add-on to NAC (N=6)
/ NAC alone |
Cohort 2 L4
CaM 5 pmol/kg Treatment period 90 days
add-on to NAC (N=6) (up to 22h) follow-up
NAC alone
(N=2)
Cohort 1 ® ® °
ki Treatment period 90 days
(Gl 2 vl (up to 22h) follow-up
add-on to NAC (N=6)
NAC alone
(N=2)
@
Treatment period 90 days
(up to 22h) follow-up

K1{ Keratin-18

101

Relative change from baseline

€@ NAC alone
< NAC and 2umol/kg
48 NAC and 5umol/kg

¥ NAC and 10umol/kg

0.1

0 10 20
Time (hours)

Late presenting
patients

N=250

Double blind, Randomised

Placebo and
acetylcysteine

Calmangafodipir Calmangafodipir

(5umol/kg ) and
acetylcysteine

(1umol/kg ) and
acetylcysteine

Calmangafodipir
(10pumol/kg) and
acetylcysteine

Primary endpoint
Prevention of liver injury




ALBATROSS Trial

Seamless Phase lib/Ill design

LATE PRESENTER

Based on the acetaminophen/paracetamol levels eligible patients will be randomised in a 1:1:1:1 ratio to one of
the 4 treatment arms in combination with NAC:

Aladote Low Dose
1 umol/kg and NAC

Aladote Medium Dose
5 umol/kg and NAC

Aladote High Dose
10 umol/kg and NAC

Placebo and NAC

Best Dose
140 pts
interim
analysis
y Placebo

4

* Stop the study for futility; or

* Continue the study with the most effective of the 3
doses and placebo up to the preplanned sample size; or

* Increase the sample size in the arm with the most
effective dose and the placebo arm to boost the power

Primary endpoint:
Patients w/o hepatic injury
INR<1.3and ALT <50 or

INR < 1.3 and ALT > 50 but not
increased by >10% up to 20h %3




MAIL Trial | LIVER INJURY Y 4

MAIL
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MAIL Trial

LIVER INJURY

Step 1
Starting material volume assessment

DaysOto5

Step 2
CD14+ monocytes selection

Y

Step 3
Cell differentiation

v

Day 5

Step 4
Macrophage polarisation

Day 6

Step 5
Cell harvest
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LIVER INJURY

MAIL Trial

% Stuart Forbes

John Campbell

Chris Weir
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Biomarkers of liver toxicity
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Paracetamol
metabolites
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Paracetamol
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Paracetamol
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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

BJCP British Journal of Clinical DOE10.1111/bcp.12214

Letter to the Editors

Early detection of paracetamol toxicity using
circulating liver microRNA and markers of
cell necrosis

James W. Dear,'? Daniel J. Antoine,? Philip Starkey-Lewis,> Christopher E. Goldring® &
B. Kevin Park’

'National Poisons Information Service Edinburgh, Royal Infirmary of Edinburgh, Edinburgh, *University of Edinburgh/British
Heart Foundation Centre for Cardiovascular Science, Edinburgh and *MRC Centre for Drug Safety Science, Department of
Molecular & Clinical Pharmacology, University of Liverpool, Liverpool, UK

Time from OD (h) 4.5

Paracetamol (mg/L) | 107

ALT (U/L) 34
(ULN 50)
INR 1.0

British Journal of Clinical Pharmacology 2014




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
Represgnted to ho:<;p|tal 43h after OD ALT (U/L) 34 11314
Lethargic and vomiting (ULN 50)
Tender abdomen
INR 1.0 2.1
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Early detection of paracetamol toxicity using
circulating liver microRNA and markers of
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'National Poisons Inf ion Service Edinburgh, Royal Infirmary of Edinburgh, Edinburgh, *University of Edinburgh/British
Heart Foundation Centre for Cardiovascular Science, Edinburgh and *MRC Centre for Drug Safety Science, Department of
Molecular & Clinical Pharmacology, University of Liverpool, 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
Represented to hospital 43h after OD Paracetamol (me/L) | 107 >
Lethargic and vomiting ALT (U/L) 34 11314
Tender abdomen J&N 59)
INR 1.0 2.1
NEW MARKERS CORRECTLY o yleTdl 1261 (x50)
IDENTIFIED Necros.'s K18 (U/L) 4018 (x8)
| X
LIFE THREATENING (ULN 480+)
HEPATOTOXICITY MISSED
BY CURRENT TESTS

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



POC-DILI Trial

Necosis

CK18
Necrotic cell
Nucleus

Leakage of
full-length CK18

Mechanism of Cell Death — cytokeratin-18

Intact CK18

_.\,-./vl,.‘\_

DILI

Study Cause of liver N ROC-AUC Spec at 95% Sens Reference
injury (95%Cl)
Hepatology 2013 Paracetamol 129 0.94 0.90 Hepatology 2013.
(0.87-1.0) PMID 23390034
e MAPP Paracetamol 985 0.94 0.91 Lancet Gastro 2018.
(0.89-0.99) PMID 29146439
:u“feus ) BIOPAR Paracetamol 202 0.93 0.90 Lancet Gastro 2018.
e (0.81-1.00) PMID 29146439
Hepatology 2019 Non 689 0.95 Not reported Hepatology 2019.
paracetamol (0.93-0.97) PMID 29357190
DILI
Edinburgh/Pfizer Paracetamol 198 0.98 0.94 Toxicol Sci 2021
2020 (0.95-0.99) PMID 33483742
Nature Comms Non 142 0.96 Not reported Nature Comms 2023
paracetamol (0.92-0.99) PMID 36869085
DILI
Apoptotic cell Nature Comms Non 75 0.97 Not reported Nature Comms 2023
Caspase closvogs paracetamol (0.94-1) PMID 36869085
of CK18 DILI
Caspase Spanish DILI Non 109 0.96 Not reported Brit Journal of
Pismtelzsguor; cérKaInp;’nfmc bodies Registry paracetamol (0.91-1) Clinical
and release of 8 fragments D|L| Pharmacology 2023
PMID 36965054
POC-DILI Paracetamol 100 ? ? MRC DPFS
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SERS-LFIA Device for Emergency Department

Quantitative — Rapid Point of care
Reproducible SERS = Provide 20 minutes Run test and
results for climically * after sample taken deliver results

relevant K13 from patient next to patient

concentration in serum

Wasatch JPhotonics




Blinded Clinical Study

LFIA Output Distribution Receiver Operating Curve (ROC)
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1 - Specificity (False positives)

e High combination of sensitivity (95%) and specificity (88%) was achieved.
* Receiver operating characteristic (ROC) curve gives an area under the curve (AUC) of 0.946. ,,



Blinded Clinical Study

LFIA Output Distribution Receiver Operating Curve (ROC)
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Biomarker Developmental Pathway
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