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Drug-induced injury and risk 
assessment
•Drug-Induced Injury – tissue or organ 
damage caused by adverse reactions or 
toxic metabolite of a drug.
•Risk Assessment – systematic process 
of evaluating potential adverse effects of 
a substance, activity, or exposure on 
human health or the environment.
•Challenges – Adversity spans through 
a population of patients; generalization 
to a group of drugs; reducing animal 
testing.



Quantitative adverse outcome 
pathways
• Adverse outcome pathway (AOP): sequence of key events (KEs) linking a 

molecular initiating event (MIE) to an adverse outcome (AO) through key event 
relationships (KERs);
• quantitative (q)AOP: mathematical/computational model based on an AOP.

MIE KE1 KE2 AOKE3
𝑑𝐾𝐸 1
𝑑𝑡 = 𝑓 (𝑀𝐼𝐸)

𝑑𝐾𝐸2
𝑑𝑡 = 𝑓 (𝐾𝐸 1) 𝑑𝐾𝐸3

𝑑𝑡 = 𝑓 (𝐾𝐸 2)

• MIE (molecular initiating event): chemical interaction 
between a chemical toxicant and a biological molecule.

• KE (key event):  perturbations of the biological system 
at the cellular level.

• AO (adverse outcome): adverse effects at the tissue, 
organ, individual, population or ecosystem level.



Developing Quantitative Adverse Outcome Pathways: An 
Ordinary Differential Equation-Based Computational Framework – 
Population variability

AOP scheme including positive feedback loop 
from KE2 to KE1.

Bifurcation diagram related to the dose 
parameter k.
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Developing Quantitative Adverse Outcome Pathways: An 
Ordinary Differential Equation-Based Computational Framework – 
Population variability

The ODE-based qAOP framework provides an AO 
prediction over a population of patients. (A-E) AO 
score distribution corresponding to k=0.5 (A), k=0.625 
(B), k=0.75 (C), k=0.875 (D), and k=1 (E).  (F) 
Percentage of AO score values above a threshold of 
0.3 plotted as function of k.
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Platinum – induced nephrotoxicity
• Nephrotoxicity: deterioration in kidney function caused by drugs 

and external stress

Kidney Nephron



Platinum – induced nephrotoxicity
• Platinum-based drugs (Cisplatin, Carboplatin, Nedaplatin, Oxaliplatin, …)
     are used in cancer treatment

• Similar mechanism of action across platinum drugs: cellular uptake,
     aquation, DNA binding and adduct formation
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Input data
1. In Vitro Cisplatin Data (RPTEC/TERT1 Cells)
Time-course gene expression TempO-Seq data

Cell death quantified via propidium iodide (PI) staining

2. In Vivo Cisplatin Data (Rat Study - Wijaya et al.)
Time-course transcriptomics, histopathology, and platinum 
kinetics data.
        Transcriptomics (TempO-Seq) Focused on outer-medulla proximal 
tubules (OMPTs).
        Histopathology: Expert scoring of H&E-stained kidney images in 
severity categories: 
        Absent, Minimal, Mild, Moderate, Marked.



KE mapping – transcriptomics data
• TXG-MAPr based approach applied to transcriptomics data mapping

Brief Bioinform. (2018), 19: 575-592 - van Dam et al.​ Module rKID160, mapping «DNA 
Damage»



Example of KE mapping for DNA 
Damage



KE mapping – histopathology data
• Handling of qualitative scoring of in vivo rat histopathology data

Absent y = 0
Minimal 0 < y ≤ 0.25
Mild 0.25 < y ≤ 0.5
Moderate 0.5 < y ≤ 0.75
Marked 0.75 < y ≤ 1



In vitro qAOP

MIE model adapted from Wilmes A et al. 
(2015).



Baye

ODE model fit to KE data
data mean ± sd 

ODE model 
solution for 
specific 
parameter set
Mean of the 
sampled solutions





MCMC based Bayesian inference
BAYESIAN INFERENCE
: data

Bayes theorem:

: Likelihood function
: prior
: evidence

https://prappleizer.github.io/Tutorials/MCMC/MCMC_Tutorial.htm
l
 &
https://blog.stata.com/2016/11/15/introduction-to-bayesian-sta
tistics-part-2-mcmc-and-the-metropolis-hastings-algorithm/

https://prappleizer.github.io/Tutorials/MCMC/MCMC_Tutorial.html
https://prappleizer.github.io/Tutorials/MCMC/MCMC_Tutorial.html
https://blog.stata.com/2016/11/15/introduction-to-bayesian-statistics-part-2-mcmc-and-the-metropolis-hastings-algorithm/
https://blog.stata.com/2016/11/15/introduction-to-bayesian-statistics-part-2-mcmc-and-the-metropolis-hastings-algorithm/



Posterior results of in vitro qAOP

Trace & posterior density plots



In vivo MIE model

(μg)
(μg/pro

tein)



In vivo qAOP model



In vivo qAOP model
DD: DNA Damage; TXG-MAPr 
based (module active for 
EGs>1.5)
CD: Cell Death; based on 
Necrosis Histopathology
INF: Inflammation; TXG-MAPr 
based
KF: Kidney Failure; based on 
Fibrosis Histopathology



qAOP based QIVIVE

1)Identify in vitro dose 
giving comparable 
Cmax to the in vivo 
case.

2) Dose-response in vivo data shows that Pt 
effective concentration behaves linearly in the 
considered dose range.



qAOP based QIVIVE

3) We can identify in vitro (20 – 90 μM) and in vivo (0 – 10 mg/kg) dose 
ranges causing comparable adverse outcomes.



qAOP based QIVIVE

4) QSAR models can be 
used to make 
predictions on other 
platinum-based 
compounds



Summary
• We enstablished an ODE-based qAOP framework.
• We proposed KE mapping methods for several data types.
• We used ODE – based computational modeling to unravel the 

mechanisms of platinum-induced nephrotoxicity using in vitro 
RPTEC/TERT1 and in vivo rat kidney data after cisplatin exposure.

• We proposed an alternative QIVIVE-based approach to predict 
adverse outcomes of other platinum-based compounds.
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Bij ons leer je dewereldkennen

Thank you for your 
attention! (questions?)
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