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Reverse

What does this mean?

Translation
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Determinants of Success

Integration of Various 
Scientific Pieces is 

NOT AN EASY TASK!

NATURE REVIEWS | DRUG DISCOVERY V12, DEC 2013, 901



Implementation of QSP is a long and complex process.
QSP cycles are defined by integration of experimental data and 
biological knowledge, generation of hypotheses & testing of those 
hypotheses with experiments.

Leil & Bertz 2015

The Challenge of Multi-Disciplinary Work-Flow



OATP1B1 c.521T>C associated with a 2.6% lower fractional LDL-C reduction per 
allele in <3000 patients treated with rosuvastatin daily (Chasman et al., 2012)!
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Modelling Based on Simulated Concentrations in Liver
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The Challenges: Reference Point (systemic vs organ)





Gaps: Current Status: Information on Specific Drug





Renal elimination of drugs

 Active uptake via OAT1/3, OCT2 paired with efflux transporters
MRP2/4, MATEs

 Proximal tubule cells also express drug metabolising enzymes

 Reabsorption - generally passive, active reabsorption via OAT4,
PEPT1/2

UGT2B7, 
UGT1A9



Neuhoff S, Gaohua L, Burt H, Jamei M, Li L, Tucker G, et al. Accounting 
for Transporters in Renal Clearance: Towards a Mechanistic Kidney Model 
(Mech KiM). In: Sugiyama Y, Steffansen B, editors. Transporters in Drug 
Development: Springer New York; 2013. p. 155-77.

Clinical data
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Physiologically- based models

Bottom-Up and Top-Down Mechanistic CLR



Systematic evaluation of the CKD effect on CYPs

CYP2D6

Effect of CYP1A2, CYP2C8, CYP2C9 and CYP2C19 – Poster Tan et al. 
Yoshida Clin Pharmacol Ther 2016

CYP3A4/3A5

 CYP2D6-mediated clearance decreased in parallel with the severity of CKD

 No apparent relationship between the severity of CKD and CYP3A4/5-
clearance



Effect of CKD on OATP1B1

 Decrease in clearance in parallel with CKD severity

 Challenges: 
 Lack of binding data in RI subjects
 Overlap between CYP2C8 and OATP1B1 model drugs

Poster Tan et al. - ITCW and ASCPT PT-020 



Digoxin mechanistic kidney model verification

Plasma concentration

Urinary excretion rate



Mechanistic digoxin kidney model: prediction of 
CLR in severe renal impairment

Additional mechanisms considered: i) ↓ transporter expression or    
ii) ↓ number of tubular cells 

CLR ratio =
CLR renal impairment
CLR healthy subjects

Change in GFR only
(severe renal impairment;  
GFR = 15 – 30 mL/ min)





What are the challenges? Variable ontogeny (enzymes/transporters)
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Relative Importance of Pathways: “Ratio of Ratios”!

Pathway A in Paediatrics
Pathway A in Adults

Pathway B in Paediatrics

Pathway B in Adults

Relative Ontogeny =
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Ontogeny of Plasma Proteins, Albumin and 
Binding of Diazepam, Cyclosporine and 
Deltamethrin
Sethi; et al 
Pediatric Research accepted article preview online 
16 November 2015;
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Absence of info on free local concentrations: Sensitivity???



An age‐related trend in the magnitude 
of DDIs could not be established. 
However, the study highlighted the 
clear paucity of the data in children 
younger than 2 years. Care should be 
exercised when applying the 
knowledge of DDIs from adults to 
children younger than 2 years of age.

Reasoning?



Regulatory View on Application of IVIVE/PBPK/Paediatrics

http://www.ema.europa.eu/docs/en_
GB/document_library/Scientific_guide
line/2012/07/WC500129606.pdf

5.2.5. Special Populations
An interaction effect may not be directly extrapolated to
specific subpopulations that have a markedly different contribution of the
affected enzyme and/or transporter to the clearance of the investigational
drug. Such subpopulations may include carriers of certain alleles…impaired
renal function…and young paediatric patients (< 2 years)

……It may also be acceptable to use PBPK simulations to
predict the interaction effect in the subpopulation if the simulation is qualified for this
purpose. This includes an adequate prediction of the relative contribution of enzymes
to in vivo clearance. Thus, the results of potent inhibition (or polymorphism) of the
separate enzymes in vivo should be well predicted. ……PBPK simulations
may serve as a basis for treatment recommendations.
However, specific dose recommendations may need support by in vivo interaction
data in the subpopulation.

http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/general_content_000370.jsp&mid=WC0b01ac0580032ec5
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2012/07/WC500129606.pdf


True vs Apparent PD Differences in Paediatrics
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Combining Top-Down and Bottom-Up Modelling



We try never to forget that medicine is 
for the people. It is not for the profits. 
The profits follow, and if we have 
remembered that, they have never 
failed to appear. The better we have 
remembered it, the larger they have 
been. 

George Wilhelm Merck

Take Home Message From over half a a century ago



Drug-Focused vs System-Focused Research & Development



One Size Fit All Mentality

Defining the ROADMAP for SOLVING A PROBLEM
(by the Key Opinion Leaders from the Health Care, Academia and Industry)

“Your shoe fits the size of your foot, so why is your drug 
dose not tailored to your own personal characteristics in 
the same way? Why do drugs all come in one size fits all? 

OK may be only two sizes!”

http://onlinelibrary.wiley.com/doi/10.1002/cpt.v99.1/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/cpt.v99.1/issuetoc


CLINICAL PHARMACOL THERAP 
100(1): 23-25 (2016)

Regulatory Framework



Connectivity of Various Efforts

SECTION I - ENSURING 
THE FFECTIVENESS OF 
THE HUMAN DRUG REVIEW 
PROGRAM

PART J . Enhancing 
Regulatory Decision Tools To 
Support Drug Development 
And Review 
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