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Who am I?



Acetaminophen (paracetamol)

Bioactivation

Detoxication
GLUCURONIDE

SULPHATE

GSH

COVALENT BINDING ⇒ TOXICITY

Overdose

• 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
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Who needs treatment?

- Improved early patient stratification

PARACETAMOL QUESTION 1:



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

Why paracetamol?



Risk assessment – paracetamol concentration
UK USA



miR-122 – hepatocyte biomarker

Philip Starkey Lewis

Dan Antoine

Hepatology 2013Hepatology 2013

Hepatology 2011Hepatology 2011

miR-122 is  specific for the hepatocyte

And detectable earlier than ALT -sensitive

microRNA-122 

Kevin Park



microRNA



Hepatocyte**

Blood$vessel**

microRNA$release$from$the$cell$



microRNA-122 (miR-122)

Biomarker
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Mechanism of Cell Death - Biomarkers 

Hepatocytes  

Cytokeratin 18 – abundant in 
hepatocytes 

Is cleared by caspases 

Fragment released into 

plasma  

 

  

    

 

HMGB1 - released by necrotic 

cells 

But NOT by apoptotic cells 

 

 

    
�Mitochondrial DNA and Enzymes (GLDH)

�Reflect mitochondrial damage

Biomarker



HMGB1 – a  biomarker for necrosis and

inflammation

K182-185
K180K177

K172

K173

COOHH2N

Nuclear

Localisation

sequence

Cytokine

domain

HMGB1HMGB1

ACETYL

HMGB1
HMGB1

- HMGB1 - 42 lysine

- 8 modified residues within the nuclear localisation sequence

-Lysine acetylation directs for active release to act as a cytokine

TLR9

RAGE

TLR4 INNATE

IMMUNE

SYSTEM

CELLS

INFLAMMATION?
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Mechanism of Cell Death - Biomarkers
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AUC 0.97
P < 0.0001
SENS 0.91

Necrosis K18
AUC 0.94
P < 0.0001
SENS 0.90

Apoptosis K18
AUC 0.77
P = 0.0009
SENS 0.21

GLDH
AUC 0.80
P = 0.0003
SENS 0.19

Performance of first presentation biomarkers at 

predicting acute liver injury (N= 98)
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2013



� 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

MAPP (8 centres) N = 985

BIOPAR (10 centres) N = 202, 200 HV

UK wide prospective APAP study – Early risk 

stratification of liver injury and dysfunction 



Patient journey – Primary and secondary outcome 

rates

MAPP study 
(N=985)

Current risk 
Stratification

NAC given

Detect early liver injury/dysfunction 

and risk stratify better in all patient 

groups despite NAC being given?

Detect early liver injury/dysfunction 

and risk stratify better in all patient 

groups despite NAC being given?

ALT >1000
(N=18, 1.8%)

INR >1.5
(N=26, 2.6%)

ALT >100
(N=50, 5.1%)

ALT <100
(N=825, 83.7%)

ALT <50
(N=875, 88.8%)

ALT >50
(N=110, 11.2%)

BIOPAR study 
(N=202)

ALT >1000
(N=4, 2%)

INR >1.5
(N=4, 2%)

ALT >100
(N=13, 6.4%)

ALT <100
(N=163, 80.7%)

ALT <50
(N=176, 87.1%)

ALT >50
(N=26, 12.9%)

Hospital Presentation Hospital StayTIME
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Prospective biomarker study – Results

Presentation and association with primary outcome – easily spot delayed 
hepatotoxicity cases missed by current tests 
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miR-122, HMGB1 and 

necrosis K18 are higher in 

patients who develop ALI

NORMAL ALT

ON PRESENTATION

MAPP N=875

BIOPAR N=176



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)	

	

Prediction of reaching primary endpoint in those with normal ALT at presentation

MAPP

BIOPAR

NORMAL ALT ON PRESENTATION
MAPP N=875

BIOPAR N=176



Model	 ALI	Correctly	

Identified	

Non-ALI	Correctly	

Identified	

miR-122	 44	 735	

+necrosis.K18	 46	 811	

+apoptosis.K18	 47	 823	

+HMGB1	 48	 823	

	 50 825

NORMAL ALT ON PRESENTATION

Multivariable logistic regression analysis – MAPP cohort 

Total
Only 4 from 875 

patients misclassified



Biomarker	 Derivation	cohort	 Validation	cohort	

ROC-AUC	 P	 Specificity	 Sensitivity	 PPV	 NPV	 ROC-AUC	 P	 Specificity	 Sensitivity	 PPV	 NPV	

ALT	 0.63	

(0.48-

0.77)	

0.1342	 0.95	 0.38	 29.4	 95.8	 0.57	

(0.23-

0.91)	

0.6203	 0.95	 0.50	 50.0	 96.0	

APAP	

concentration	

0.57	

(0.38-

0.77)	

0.3451	 0.95	 0.15	 20.0	 94.5	 0.67	

(0.52-

0.81)	

0.1019	 0.95	 0.25	 25.0	 94.0	

miR-122	 1.00	

(1.00-

1.00)	

<0.0001	 0.95	 1.00	 54.2	 100.0	 1.00	

(1.00-

1.00)	

<0.0001	 0.95	 1.00	 66.7	 100.0	

HMGB1	 1.00	

(1.00-

1.00)	

<0.0001	 0.95	 1.00	 59.1	 100.0	 0.98	

(0.94-

1.00)	

<0.0001	 0.95	 1.00	 57.2	 100.0	

FL-K18	 0.99	

(0.98-

1.00)	

<0.0001	 0.95	 0.92	 54.5	 99.4	 0.76	

(0.37-

1.00)	

0.0800	 0.95	 0.75	 50.0	 97.9	

cc-K18	 0.77	

(0.59-

0.95)	

0.0011	 0.95	 0.62	 44.4	 97.3	 0.63	

(0.22-

1.00)	

0.3905	 0.95	 0.50	 40.0	 95.9	

GLDH	 0.78	

(0.62-

0.93)	

0.0009	 0.95	 0.53	 36.8	 96.8	 0.70	

(0.47-

0.93)	

0.1757	 0.95	 0.25	 25.0	 94.0	

	

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	 0.55	

(0.39-

0.72)	

0.473	 0.95	 0.23	 70.0	 52.5	 0.57	

(0.31-

0.80)	

0.369	 0.95	 0.25	 0.0	 63.6	

APAP	

concentration	

0.53	

(0.36-

0.70)	

0.699	 0.95	 0.00	 0.0	 45.8	 0.55	

(0.40-

0.79)	

0.773	 0.95	 0.00	 0.0	 66.7	

miR-122	 0.73	

(0.59-

0.88)	

0.0043	 0.95	 0.46	 92.3	 62.2	 0.75	

(0.41-

1.00)	

0.016	 0.95	 0.50	 66.7	 80.0	

HMGB1	 0.94	

(0.88-

1.00)	

<0.0001	 0.95	 0.88	 92.0	 88.0	 0.90	

(0.73-

1.00)	

0.025	 0.95	 0.65	 75.0	 88.9	

FL-K18	 0.81	

(0.69-

0.93)	

0.0001	 0.95	 0.27	 87.5	 54.8	 0.86	

(0.65-

1.00)	

0.045	 0.95	 0.25	 50.0	 72.3	

cc-K18	 0.82	

(0.70-

0.94)	

<0.0001	 0.95	 0.27	 77.8	 53.7	 0.81	

(0.55-

1.00)	

0.008	 0.95	 0.25	 50.0	 72.3	

GLDH	 0.66	

(0.51-

0.82)	

0.042	 0.95	 0.42	 73.3	 57.1	 0.58	

(0.26-

0.88)	

0.643	 0.95	 0.25	 0.0	 66.7	

	

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



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

Represented to hospital 43h after OD

Lethargic and vomiting

Tender abdomen 

Time from OD (h) 4.5 43

Paracetamol (mg/L) 107 9

ALT (U/L) 

(ULN 50)

34 11314

INR 1.0 2.1

miR-122 (/ let-7d) 

(ULN 5.2*)
261     (x50)

HMGB1 (ng/ml)

(ULN 0.9*)
7.2    (x8)

Necrosis K18 (U/L)

(ULN 480*)
4018   (x8)

NEW MARKERS CORRECTLY 

IDENTIFIED

LIFE THREATENING 

HEPATOTOXICITY MISSED

BY CURRENT TESTS
*95% prediction interval – no liver injury after overdose 

n=82 Hepatology 2013

British Journal of Clin Pharm 2014;77:904-5.
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Paracetamol metabolites
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Who has a serious ALT rise?

- Improved prognostic stratification

PARACETAMOL QUESTION 2:



Acetylated HMGB1 –

biomarker of immune cell activation

• Clinical APAP overdose
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Acetylated HMGB1 – outcome prediction

• Clinical APAP overdose
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• potential novel biomarker

• evidence in man for innate immune 
system
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Biomarkers of hepatic regeneration & survival

� CSF-1

� Promotes Macrophage recruitment 

and hepatic regeneration

Gastroenterology 2015



Biomarkers of hepatic regeneration & survival

� CSF-1

� Promotes Macrophage recruitment 

and hepatic regeneration

� APAP overdose

***

***



Acute kidney injury is a key predictor 

of poor outcome with DILI

Problems with creatinine

1. Slow to report AKI

2. Non specific

3. No mechanistic 

information



J Am Soc Nephrol. 2014;25:2177-86 
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0.003

Plasma KIM-1 outperforms serum creatinine in the prognostic assessment of patient 

outcome following paracetamol overdose 

Hepatology 2015;62:591-9

N=74



Regulatory endorsement for further qualification 



Translation to point of care 



Point of care
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Biomarker can be measured in a blood drop from a standard clinical finger prick

Vliegenthart et al BJCP 2017 – published online
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Destina genomics – a rapid sensitive PCR free detection system

PLoS One – in press



Biomarker Developmental Pathway

Biomarker 

discovery in 

model 

systems 

Biomarker 

qualification in 

animal models

Proof of 

concept in 

humans

Biomarker 

qualification 

in humans

Combination with 

therapeutic in 

stratified clinical trial

Translation to other 

causes of human 

organ injury 

Qualification as tool 

in preclinical and 

clinical drug 

development

Paracetamol poisoning as model of acute organ injury 

Completed Completed Completed

Clinical Translation

Commercial

Translation





How should patients be treated?

PARACETAMOL QUESTION 3:







 

With standard NAC regimen 31 of 100 had severe

anaphylactoid reactions.

All 31 needed treatment of reaction and 26 needed

interruption of NAC treatment



Bag 1

150mg/kg 

over 1h

Bag 3

100mg/kg

over 16h

Bag 2 

50mg/kg 

over 4h

Bag 1

100mg/kg 

over 2h

Bag 2

200mg/kg

over 10h

Modified SNAP Regimen
300 mg/kg over 12h

Blood sampling

20h

Blood sampling

20h

Blood sampling

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

Discontinue acetylcysteine if:

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

Current Regimen for Acetaminophen Poisoning
300 mg/kg over 21h



Bag 1

150mg/kg 

over 1h

Bag 3

100mg/kg

over 16h

Bag 2 

50mg/kg 

over 4h

Bag 1

100mg/kg 

over 2h

Bag 2

200mg/kg

over 10h

Blood sampling

20h

Blood sampling

20h

Blood sampling

10h

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

Extra Bag

200mg/kg

Over 10h

Discontinue acetylcysteine if:

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

Modified SNAP Regimen
300 mg/kg over 12h

Current Regimen for Acetaminophen Poisoning
300 mg/kg over 21h



Patients Screened 

3311
Patients not requiring NAC treatment 1772

(57.4% of screened)

Patients potentially 

requiring NAC

1539

(42.6% of screened)

Exclusion: Fulfil exclusion criterion or other reason 

for non-participation:
490 staggered OD

146 intoxicated, unable to consent 

116 presented beyond recruitment interval

90 unreliable history

69 vomiting requiring antiemetic prior to randomisation

60 patient refused

57 previous participant in SNAP

89 other pre-specified exclusiona

53 other reasons (eg self-discharged) Total 1170

Failed to complete or withdrawn, time and 

allocation

4 before 2h (1 ond/mod, 1 ond/conv, 

2plac/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)

Randomised 222

(67% of eligible )

No clinician available to consent 

147Eligible 369

Included in 1ry  

endpoint 217

Completed Trial 

203

Trial ran Sept 2010- Dec 31 2012



Anaphylactoid reaction: 

Grade 3 responses – interruption or medication
(proportional odds regression)  

Comparison Treatment 

Group

Number 

with 

outcome

Total 

number

Odds 

Ratio

97.5% 

confidence 

interval

P-value

NAC 

Regimen

Modified 5 108 0.2 0.1-0.4 <0.0001

Conventional 31 100

Trial Safety



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
Admissions n=984

Treated  n=855



Newcastle London

Not just Edinburgh



Real world safety

Standard 
21h Regimen

18 months
N=786

n            %

Modified
12h Regimen

18 months
N=855

n %

Absolute
Reduction
(95% CI)

Anaphylactoid reactions 88          11         12           2         
10

(8 - 12)

Only need to treat 10 people to

prevent one anaphylactoid reaction



Real world safety –
repeat presenters (N=41)

Standard 
21h Regimen
85 treatments

n            %

Modified
12h Regimen

125 treatments

n %

Absolute
Reduction
(95% CI)

Anaphylactoid reactions 8         9         1           1         
9

(3 - 17)



Trial Efficacy
50% rise in ALT at 20.25 h

Present in 22/201 (10.9%)

NAC modified v conventional OR 0.603, 97.5% CI 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 % CI 0.195-

2.183 p=0.4283

Extra acetylcysteine beyond 20.25 h in 17 patients

NAC regime, OR 2.2 (97.5% CI 0.6 to 7.8) P=0.18  



Trial Efficacy
50% rise in ALT at 20.25 h

Present in 22/201 (10.9%)

NAC modified v conventional OR 0.603, 97.5% CI 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 % CI 0.195-

2.183 p=0.4283

Extra acetylcysteine beyond 20.25 h in 17 patients

NAC regime, OR 2.2 (97.5% CI 0.6 to 7.8) P=0.18  

There is no signal of reduced efficacy



Real world efficacy
Standard 

21h Regimen
N=786

n            %

Modified
12h 

Regimen
N=855

n %

Absolute
Reduction
(95% CI)

Acute liver injury 

Treatment beyond 21h 81     10 88    10
0

(-3 – 3)

ALT > 1000 U/L 23      3 24      3
0

(-1.5 – 1.8)

Discontinue acetylcysteine if:

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



Real world efficacy
Standard 

21h Regimen
N=786

n            %

Modified
12h 

Regimen
N=855

n %

Point 
estimate
(95% CI)

Acute liver injury 

Treatment beyond 21h 81     10 88    10
0.01

(-3 – 3)

ALT > 1000 U/L 22      3 24      3
0.1

(-1.5 – 1.8)

There is no signal 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 11      3 11      3
0

(-4 – 3)



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 11      3 11      3
0

(-4 – 3)

There is no signal of reduced efficacy



Health economic benefits

US $13 million 

saved per year 

in UK

Day time



Conclusions

12h regimen is associated with:

• Significantly less adverse effects

• No increase in liver injury

• 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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