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The birth of QSP?

https://www.nigms.nih.gov/Training/Documents/SystemsPharmaWPSorger2011.pdf

https://www.nigms.nih.gov/Training/Documents/SystemsPharmaWPSorger2011.pdf


NIH Workshop follow up



Earlier versions of Systems Pharmacology



Even earlier versions of Systems Pharmacology



QSP: An established discipline

2012 2016

Journal Book Networks and Communities



…and a meeting!



Application of QSP in Regulatory Review: FDA

Placebo

Proposed regimen

QSP suggested 
regimen



Application of QSP in Regulatory Review: EMA



Still some way to go: comparison with PBPK

FDA submissions using PBPK modelling

Ping Zhao

41 Labels with in-silico
substitutes for clinical data 

informed by Simcyp

Currently ~10 FDA submissions containing QSP per year

QSP:  Dose (regimen) prediction and Target validation?



QSP definition: confusion?





PMxQSP
Extrapolation Interpolation

EXAMPLES
• Efficacy/Safety of novel MOA
• Preclinical  Clinical (dose; schedule)
• Novel combination therapy
• Biomarker identification
• Novel patient populations
• Novel indications



QSP case study: Immunogenicity (IG)

IG Model

IG Simulator



(error bars = median absolute deviation)

Example: Adalimumab

PharmacokineticsADA response

ADA+ Cohort Model Data
ADA+ 12-100AU/ml 60% 59%
Strong ADA+ >100AU/ml 40% 41%

Bartelds et al., doi:10.1001/jama.2011.406 



Change System
Compound X (adalimumab-like)



Change Compound
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Compound Y



Applications: Extrapolation
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Extrapolation to population with 
different HLA allele frequencies.

IG Management: Extrapolation to 
different dosing regimes.

Extrapolation to larger populations. 
(Phase III, IV)

Personalised & Precision medicine: 
Prediction of PK and IG for 
genotyped individual.

Extrapolation to paediatric population 
or individual children.

Extrapolation to disease population.

Extrapolation to age group.

Prediction of the effect of co-therapy



Some additional Points for Consideration

• Open Source?

• Experimentation?

• Pharmacometrics QSP?

• …..



Open Source?
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Open Science
• Sharing knowledge/resources/data

• Consensus on science and common tools/standards

• Engaging pharma, academics and regulators through 
publication & education

• Rigorous approach to IT and QA: interoperable, future 
proof and meeting regulatory requirements

• Ability to integrate confidential data/knowledge/models 
in a seamless and incremental manner



Open Science example: literature mining

0

Immuno-OncologyNeurodegeneration

PAGE 2019



Open Science example: organ size

0

• Impact of variable organ size (age,
gender etc.) well-established in
PBPK

• Similar scholarship needs to be
developed for QSP

• Example: Brain volume in models
of AD

PAGE 27 (2018) Abstr 8504 [www.page-meeting.org/?abstract=8504]



Open Science example: target expression
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Experimentation?

High Throughput

High Content
Slope

NH (observed) 2.3-2.7

N1 & N2 ~0.5-0.7

N3 4



Pharmacometrics QSP?

My model is better than yours



Pharmacometrics QSP?

228 PSP papers 2012-2017:
19% iPSP

Integrated Pharmacometrics and Systems Pharmacology (iPSP)

Linking QSP to Clinical Endpoints

QSP meets MBMA

Model Reduction



CPT: PSP 2.0



Backups
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PBPK guidelines a template for QSP?
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PBPK guidelines a template for QSP?
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Model reduction



NGF model reduction
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