








Ibuprofen Ibufenac

Withdrawal
(hepatotoxicity)

Zolpidem Alpidem

Withdrawal
(hepatotoxicity)

Chen et al., Hepatology (2013) 58, 388-396

Rule of two
1. Daily dose ≥ 100 mg/day
2. logP ≥ 3

Chen et al., Hepatology (2016) 64, 931-940

Khadka et al., ALTEX (2019) 37, 187-196



Name Endpoint Model type License type

ADMET
predictor

Elevation of DILI biomarkers
(ALP, AST, LDH)

Binary classification Commercial software
(GUI program)

Derek
Nexus

Severity of DILI Rule-based classification
with certainty of prediction

Commercial software
(GUI program)

VEGA

Hepatotoxicity Rule-based classification
(Positive / Unknown / Negative)

Freely available
(GUI program)

Liver NOAEL and LOAEL Regression
Hepatic steatosis MIEs

(PXR / PPARα / PPARγ / NRF2)
Binary classification

ProTox –II Hepatotixicty Binary classification
Freely available
(Web program)

ToxSTAR
Cholestasis, Cirrhosis,
Hepatitis, and Steatosis Binary classification

Freely available
(Web program)





Shin et al., Bioinformatics (2022) 38, 4426-4427





Cholestasis Cirrhosis Hepatitis Steatosis

No DILI

FDA post-market reports

PharmaPendium

DILIrank

Positive

Negative Most-DILI
Less-DILI

Ambiguous-DILI
No-DILI

ML/DL
𝑓(𝑥) Positive / Negative

Mechanism of DILI?

*ML: Machine Learning 
*DL: Deep Learning

Fujitsu
ADMEDrug metabolites

Drugs: 4 models
Drug metabolites: 4 models

Drug molecule

Drug metabolites

Shin et al., Front. Pharmacol. (2020) 11, doi: 10.3389/fphar.2020.00067





Liver

Increase hydrophilicity



Endpoint Cholestasis Cirrhosis Hepatitis Steatosis
FP Avalon Avalon MACCS Avalon Avalon MACCS Avalon Layer
ML SVM RF SVM RF RF RF SVM RF

Type Drug Metabolites Drug Metabolites Drug Metabolites Drug Metabolites

SEN
5-fold CV 0.89 0.78 0.83 0.89 0.73 0.86 0.76 0.75

External 0.83 0.94 0.80 0.93 0.70 0.86 0.75 0.83

SPE
5-fold CV 0.89 0.78 0.70 0.92 0.74 0.80 0.91 0.75

External 0.69 0.79 0.70 0.81 0.86 0.88 0.78 0.72

ACC
5-fold CV 0.89 0.78 0.75 0.91 0.74 0.83 0.81 0.75

External 0.71 0.82 0.71 0.83 0.74 0.86 0.77 0.74

MCC
5-fold CV 0.78 0.53 0.52 0.81 0.47 0.66 0.64 0.49

External 0.40 0.63 0.35 0.60 0.50 0.68 0.50 0.44

AUC
5-fold CV 0.89 0.78 0.77 0.91 0.74 0.83 0.84 0.75

External 0.76 0.87 0.75 0.87 0.78 0.87 0.76 0.78

Table 1. DILI indication prediction model (Drugs / Drug metabolites)







Accuracy: 56.5%
Specificity: 80.3%
Sensitivity: 33.3%

HepaRG
Cytotoxicity
(3D assay)

Accuracy: 56.5%
Specificity: 76.3%
Sensitivity: 37.2%

Daphnia

Accuracy: 59.1%
Specificity: 71.1%
Sensitivity: 47.4%

Zebrafish
embryo

Accuracy: 71.4%
Specificity: 82.9%
Sensitivity: 60.3%

Accuracy: 72.1%
Specificity: 72.4%
Sensitivity: 71.8%

Derek
Nexus

In-house models

Incorporation of in vitro, 

in vivo, in silico

DILIrank

DILI No

Pred.
DILI 103 33

No 24 96

Acc: 77.73%, Spe: 74.42%, Sen: 81.10%

Tox21
8303

905206



Shin et al., Toxicological Research (2022) 38, 393-407










