
Rosa webinar 
July 2017 

Valeriu Damian 

Quantitative  

Systems  

Pharmacology 

QSP  
What’s in it for me 



Rosa webinar 2017                  Valeriu Damian                            QSP: What’s in it for me 

One Drug-One Target-One Disease 

Philosophy 

Target Disease 
Biological 

Process 

Design 

drug to fit 

the target 

Measure some 

surrogate marker to 

indicate modulation of 

biological activity  

Measure clinical 

outcome 

Design formulation 

to get the drug to 

the target 
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Unfortunately biology is a little more 

complicated than that . . . . 

Target 1 

Disease 

Biological 

Process 1 

Target 2 
Biological 

Process 2 

Target 3 
Biological 

Process 3 

Target 4 

Disease 

Biological 

Process 4 

Disease is heterogeneous 
Multiple interactive biological 

processes are in play: 

• Redundancy 

• Switching 

• Feedback 



Rosa webinar 2017                  Valeriu Damian                            QSP: What’s in it for me 

An example of complex disease biology 

RAF 

MEK 

ERK 

RSK 

• pH can also affect enzyme 

reaction in general (binding 

and/or ionization of substrates) 

VEGF 

receptor 

Other 

receptors 

P 

AKT 

P 

ERK 
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RAF 

P 
ERK 
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RSK 
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MEK 

Lack of 

blood 

vessels 

Hypoxia 

Tumor 

growth 

Tumor-

signaling 

HIF-1 

Signaling 

VEGF promote growth 

of blood vessels  

• Increased 

VEGF binding 

can trigger 

signaling 

cascade 
Transcription 

of VEGF 

Drug boosting 

immune-system 

Cyto-toxic drug 

Kinase 

inhibitors 

Drug enhances 

effector-tumor 

binding 

ATP 

Depletion 

• Hypoxia depletes cellular ATP 

level, which is required for 

phosphorylation. 

Extreme ATP depletion 

can impede protein 

synthesis & induce 

apoptosis 

Tumor 

triggered 

immune 

responses 

Immun-

System 

Response 

apoptosis 

direct killing 

Caspase signaling 

Effectors 

• NK cells 

• Activated T cells 

Changes in ERK and AKT 

activation cause tumor death 

and/or reduced growth   
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What happens when we ignore this complexity 

5 

Many drug candidate fail due to lack of efficacy 

Arrowsmith, John. Nature Reviews Drug Discovery 10.5 (2011): 328-329 

 

Phase II Failures 2008-2010 Phase III Failures 2007-2010 

Total of 108 failures Total of 83 failures 

Vicini, P. and van der Graaf, P. H. (2013), Systems Pharmacology for Drug Discovery and Development: Paradigm Shift or Flash in the Pan?. Clinical Pharmacology & Therapeutics, 93: 

379–381. doi:10.1038/clpt.2013.40 

Arrowsmith, John. Nature Reviews Drug Discovery 10.2 (2011): 87-87. 

 

Solution QSP 
  PBPK 
    PK/PD 
       PBPK/PD  

         PK/QSP 
            PBPK/QSP 
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PBPK vs PK/PD vs QSP 
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Dose 
Biological 

Response 

PBPK QSP & QST 

PK & TK PD & TD 

Mechanistic      (knowledge  model  qualify/validate) 

Empirical                                      (data  model) 

Exposure 

Mechanistic modeling approach to 

predict tissue exposure and translate 

between species 

Mechanistic mathematical modeling 

approach to predict the effect of 

target modulation on clinical 

outcomes 

A simple model used to describe observed 

data linking exposure to a downstream 

effect (biomarker).  

A simple model used to describe observed 

data linking dose to (typically systemic) 

exposure.  
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widely accepted  

knowledge 

Regulatory  

acceptance 

widely accepted  

knowledge 

Regulatory  

acceptance 

Data vs knowledge based models  
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Classification and regulatory acceptance 

Domain 

Knowledge 

Data 
(drug related) 

averaging 

first   

principle  

models 

System 

Biology 

Virtual 

human 

• Very complex 

• Very hard to build  

• Require a huge amount 

of knowledge  

• Difficult to understand 

• Huge mechanistic 

insights 

Organ 

models 

Molecular 

dynamics 

“Bottom-up” 

PBPK 
Absorption 

models 

Delivery 

models 

Macro 

molecules 

• Good extrapolation  

• Need little data  

• Provide mechanistic 

understanding 

• Complex models 

• Harder to build  

• Harder to defend 

“Middle-out” 

• Simpler models  

• Easier to build and understand 

• Easier to defend 

• Require lots of costly data 

• Limited power of extrapolation 

PK/PD 

PK,TK 

Pop 

PK/PD 

“Top-down” 

Pharmaco  

metrics 

QSP 
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Data vs knowledge driven models 
Model complexity in drug discovery and development 

Increased cost , risk tolerance, and need to justify decisions 

Data 
‘omics 

Animal PK  

and efficacy 

Pre clinical 

ADME, PK, TK 

Human  

Safety 

PK 

Efficacy 

Dose 

PK/PD 

Large scale 

Efficacy 

potency 

phys chem 

Throughput 

High  

throughput 

screening 

M
o

d
e
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c

o
m

p
le

x
it

y
 

Systems biology 

Disease models 

Molecular dynamics 
QSAR 

PK/PD 

Physiology and  

Mechanism 

Based PK/PD 

Population PK/PD and  

clinical trial design 

Large scale  

Population  

PK/PD 

QSP 
Right dose 

QSP 
Right trial 

QSP 
Right target 

(pathway) 

QSP 
Right label 

Guide 

decisions 

Support 

Label 

Claims 

Guide 

decisions 

Guide 

decisions 
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Biological 

process 

Biological 

process 

Biological 

process 

Quantitative System Pharmacology 
Lining drug action at target with clinical outcomes 

Systems 

  

Biology 

Biological 

process 
Targets 

Molecular and Cellular level 

Marketed 

drug 

Standard  

of care 

Tool 

compounds 

New MOA 

New 

compound 

Target 

Target 

Target 

Target 

Simplify and focus 

In-vitro data 

Patient 

Outcomes 

Patient 

Outcomes 

Toxicity 

Fit based  

on available  

clinical data 

Disease 
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QSP model for PTH-mediated effects on bone 
Laura Potter and Vincent Lemaire 
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-

-

-

OPG pathway

Apoptosis
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25D
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.

-

PTH:R:GqPTH:R:Gs

Activation of 

adenylate cyclase

cAMP production

Activation of

 protein kinase A

Activation of

phospholipase C

Activation of

protein kinase C

Hydrolysis of 

phosphatidylinositol 

3,4-bisphosphate

Production of IGF-I

Cell proliferation

PTH1R kinetics 

Signal transduction 

Bone remodeling 

 

2003 
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QSP model for PTH-mediated effects on bone 
Laura Potter and Vincent Lemaire 

 

 

2003 

First FDA approval  supported 

in part by QSP model 
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Add  

parameters 

QSP journey 
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 Publish 
 Regulatory acceptance 
 Waived trials 
 Better drugs to patients 

Effort 

Benefit 

Map  
Add  

equations  

Simple 

simulations 

Use 

model 

No QSP 

B: Identify key processes 
 Identify data/references 
M: Brainstorming sessions 
 Generate diagram  

Get the big picture (systems view) 
Framework  to identify data and gaps 
Networking and info sharing 
Start to focus on approach 

M: Refine and focus the model 
 Identify key states for each process 
 Document the map 
B: Point to the most relevant data/facts 
 Help prioritize 

Conceptual  

diagram 

Full model structure 
Knowledge repository 
Easy to navigate and interogate 

Ask  key/better questions   
Get a glimpse on relevant pathways 

M: Significant work  
 Incorporate data 
 Generate equation 
B: Point to data/facts 
 Partner, sounding board 

M: Significant work  
 Engineer and code the model 
 Run sub-models and fit to data 
B: Collect clinical data for validation 
 Partner, sounding board 

Model reproduces known biology 
Start to generate novel hypothesis 
AHA  moments 
May already start to drive decisions 

Increase trust in the model 
Drive prioritization 

M: Significant work 
 Calibrate patient outcomes 
 Reproduce known trials  
 Check and calibrate model 
 Start generating virtual patients 
 Sensitivity analysis 
 Key pathways 
B: Ask new questions 
 Constructive criticism 

Qualify  

model 

(validation) 

Better decision 
Reduce attrition  
Drive prioritization 
Set doses 
Design better trials  

M: Incorporate novel targets 
 incorporate novel drugs 
 Create virtual patients 
 Simulate clinical trials 
 Support decisions 
 Expand the model 
 Publish … 
B: Ask new questions 
 Use the model 
 Publish … 
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Tissue 

Molecular 

Organism 
(population) 

Tissue 

Multidisciplinary and multiscale nature of QSP models 
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Organism 

Target 
engagement 

Pathway Cell/Tissue Outcome 
(biomarker) 

Drug  
@ target 

Drug  
in plasma 

Dose 

• Clinical development scientist / leader 

• Link dose with clinical outcome (efficacy and safety) 

• Patient stratification   

  

Chemistry Biology 

• Pre-clinical leader 

• DMPK, safety 

• Species translation 

  

• Biologist 

• Target validation 

  

• Medicinal Chemist 

• Potency, Phys Chem 
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Quantitative Pharmacology (QP) toolbox 

14 
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QSP during early discovery (target validation) 

15 
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QSP early stage clinical development 

16 
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QSP – clinical development after FTIH 

17 
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QSP – late stage clinical trial 

18 
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What’s in it for me? 

19 

  

• TE requirements 

• Human efficacious dose 

• Reasons to believe 

• Translational biomarkers 

• Clinical trial design 

• Identify responders 

• Dosing regiment 

• Biomarkers  

Pre-clinical 
development 

(project leader) 

Clinical 
development 

(clinical 
pharmacologist/    
project leader) 

• Prioritize targets 

• Validate targets 

• Compare binding domains 

• Standard of care comparison 

Target 
validation 

(program/biology 
leader) 



Modeling done by Loveleena Bansal (GSK)  

QSP Model for Acne 

20 
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Conceptual QSP model for ACNE 

 

21 

Clindamycin 

Isotretinoin 

Inflammation 
score 

New drug 

Lesion 
severity 

P. acnes 

Treatments Biological processes Clinical outcomes 
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Conceptual QSP model for ACNE 
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Sebocyte  
proliferation 

Sebum  
Inflammatory 

lipids  

Clindamycin 

Isotretinoin 

Inflammatory  
mediators  

Immune cell 
recruitment 

Inflammation 
score 

New drug 

Lesion 
severity 

External Trigger 
Androgens 

P. acnes 
P. acnes 

proliferation  

Keratinocyte 
proliferation  

Comedogenesis  

Treatments Biological processes Clinical outcomes 

Sheboreea 

P. acnes 

Comedogenesis 

Inflammation 
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Acne QSP Model Building Process 

23 

Sebocyte
proliferation

Sebum 
Inflammatory

lipids 

Clindamycin

Isotretinoin

Inflammatory 
mediators 

Immune cell
recruitment

Inflammation 
score

IL17 inhibitor

Lesion
severity

External Trigger
Androgens

P. acnes
P. acnes

proliferation 

Keratinocyte
proliferation 

Comedogenesis

Treatments Biological processes Clinical outcomes

Sheboreea

P. acnes

Comedogenesis

Inflammation
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Acne QSP Model Building Process 

24 
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Acne QSP Model Building Process 

25 
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Acne QSP Model Building Process 

26 

healthy acne Clinda SA Retino Isotre BPO
0

2

4

6
Lesion_Severity

healthy acne Clinda SA Retino Isotre BPO
0

5

10
Inflammation_Score

Evaluation of 

Novel Targets for 

Acne 
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Evaluation of Acne Targets 

27 

Sebum reduction has the 

most  significant effect in 

reducing Lesion Severity 

 80-90% reduction in Sebum 

is required for maximum 

efficacy 

Complete inhibition  of IL17 or 

Keratinocyte  activation 

provide only a  moderate 

reduction in  Lesion Severity  
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Virtual Patients for Acne  

28 

Two sets of Virtual Patients 

High Inflammatory Lipids  

Patients with increased inflammatory lipid 

production 

High P. acnes  

Patients with increased P. acnes proliferation 

and macrophages in the skin  
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Effect of Treatments 

Accounting for patient and disease heterogeneity 

29 

Patients with high P. acnes 

 

Patients with high 

Inflammatory Lipids 
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What’s in it for me? 

30 

  

• Prioritize targets 

• Validate targets 

• Compare binding domains 

• Standard of care comparison 

• Clinical trial design 

• Identify responders 

• Dosing regiment 

• Biomarkers  

Target 
validation 

(program/biology 
leader) 

Clinical 
development 

(clinical 
pharmacologist/    
project leader) 

• TE requirements 

• Human efficacious dose 

• Reasons to believe 

• Translational biomarkers 

Pre-clinical 
development 

(project leader) 
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Treatment Simulations 

31 

Effect of compounds X,Y and Z modeled based mainly on in-vitro data 

 

 

TARGET(s) already in the model 

 Compounds  Z has:  

 several of anti-inflammatory effects 

 Modeled using  measured  inhibition 

against its targets 

New TARGET 

 Compounds X & Y  have: 

  anti-inflammatory 

 anti-lipogenic activity 

 Modeled using measured effect 

on  downstream targets 
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Exposure required at target for efficacy 

32 

Clear 

Almost  

Clear 

Mild 

Moderate 

 Comp Z leads to reduction in lesion severity even at lower  skin concentrations, however the effect saturates and cannot 

be reduced to <1 even at very high skin concentrations.  

 Comp X can reduce lesion severity to 0 but high concentrations in the skin are required.  

 Comp Y is most “potent” and efficacious at even lower skin concentrations. Lesion Severity is reduced to the level of 

SoC at free concentration of about 5 μM.  

 Isotretinoin, which is most effective treatment for acne, is a systemic treatment with a number of side effects.   

Response is shown at SS 

Comp X 

Comp Y 

Comp Z 
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QSP early stage clinical development 

33 



Rosa webinar 2017                  Valeriu Damian                            QSP: What’s in it for me 

Surface area 

of  skin 

Surface area 

 of hair 

Surface area 

of follicles 

 

Modeling dermal formulations 
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vCP 

Evaporation 
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absorption  
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and vDP  

diffusion and 

partitioning 
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       vDP 
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Three dimensional finite element skin model 

35 

Attempting to model the 3D skin complex structure 

https://classconnection.s3.amazonaws.com/993/flashcards/253

993/jpg/bloodvessels_large1313943640766.jpg 

Dermis 

Epidermis 

Formulation 

H
a
ir

 

Formulation 

 

Blood  

capillaries 

Capillaries near root of hair follicle 

Sytratum 

Corneum 

Sebum 

thanks Sumeet Thete 

Blood  

capillaries 
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Sample simulation 

36 

3D finite element model (2D axial symmetry) 

MW = 250, logP = 5, no vehicle partitioning, high systemic absorption 
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What’s in it for me? 
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• Prioritize targets 

• Validate targets 

• Compare binding domains 

• Standard of care comparison 

• TE requirements 

• Human efficacious dose 

• Reasons to believe 

• Translational biomarkers 

Target 
validation 

(program/biology 
leader) 

Pre-clinical 
development 

(project leader) 

• Clinical trial design 

• Identify responders 

• Dosing regiment 

• Biomarkers  

Clinical 
development 

(clinical 
pharmacologist/    
project leader) 



QSP Model for Psoriasis 

 

Work in progress 

within  PSORT consortium   

Modeling done by 
Loveleena Bansal (GSK)  

38 

Nestle et al. 2009, NEJM 
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Layout of the Model 

Cell Types 

Keratinocytes 

Th1 Cells  

Th17 Cells  

γδ T cells 

Myeloid 

Dendritic Cells  

Plasmacytoid 

Dendritic Cells 

Cell Types and Other Components 
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Cytokines 

IL-17 

IL-22 

TNF-α  

IL23 

IFNγ 

IL-1β 

Chemokines & 

AMPs 

CCL20 

CXCR3 Ligands 

CCR4 Ligands 

hBD-2 

Skin 

 
Cell Types 

Th1 Cells  

Th17 Cells  

γδ T cells 

Systemic Circulation 

 Cell Types 

Naïve T cells 

Th1 Cells  

Th17 Cells  

γδ T cells 

Lymph Node 

Cell Types 

Myeloid 

Dendritic Cells  

Plasmacytoid 

Dendritic Cells 

Cell Types 

Myeloid 

Dendritic Cells  

Plasmacytoid 

Dendritic Cells 

Skin Resident T 

cells 

Skin Resident 

Dendritic Cells 
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Layout of the Model 

Disease Mechanisms in Psoriasis 
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“Active” KCs 

 

 

Th1 cells 

Resident DCs 

Normal KCs Naïve Tcells 

γδ T cells 
Active DCs 

Active DCs 

 

TNFα 

IL-1β 

Activation of KCs 

 Production of 

Inflammatory 

Cytokines by KCs 

 Transfer of Active 

DCs to LN 

Priming of  

Naïve Tcells 

Transfer of “Activated”  

T cells from LN to  

Systemic Circulation 

γδ T cells Th1 cells DCs 

Th17 cells 

DCs 

Activation  

of DCs 

Th17 cells 

γδ T cells Th1 cells Th17 cells 

 

Recruitment from Blood to Skin  

IFNγ 

IL17 

IL22 

TNFα 

Further activation  

of KCs 

CCL20 

 hBD2 

 Production of 

Chemokines & AMPs 

CXCLs 

Undiff. KCs  

and Scales 

Skin Lymph Node (LN) 

Systemic Circulation 

 Production of 

Inflammatory 

Cytokines by Tcells 

Plaque formation 

IL23 

IL-1β 

Resident  

Tcells 
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Parameter Estimation 

Over 200 literature references have been reviewed to obtain or estimate  

the parameters for the Psoriasis model  

“Activation/ Upregulation” Parameters  

 

41 

Activation/ Upregulation Parameters for  
- Activation of Immune cells/ Keratinocytes by Cytokines 

- Recruitment of Immune cells into the skin etc.  
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Cytokine Inhibition 

Model Predictions Clinical Evidence Comments 

Inhibition of IL17 and TNFa leads to a 

significant reduction in active KCs 

Anti-IL7 and anti-TNFa treatments have been 

extremely effective: secukinumab, Etanercept etc. 

Reduction in IL22 has some effect on 

reducing active KCs. 

Inhibition of IL23 does not have a 

significant effect on reducing active KCs 

Anti IL23 treatments have been shown to be 

effective: Ustekinumab, Tildrakizumab etc. 

The effect of IL23 is mediated 

by DCs in number of reactions 

Inhibition of chemokines like CCL20 

and hBD2 does not reduce active KCs. 

Partial  validation - Model development in progress 

43 
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Multiscale Model and Data Integration in PSORT 

44 
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What’s in it for me? 
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• Prioritize targets 

• Validate targets 

• Compare binding domains 

• Standard of care comparison 

• TE requirements 

• Human efficacious dose 

• Reasons to believe 

• Translational biomarkers 

• Clinical trial design 

• Identify responders 

• Dosing regiment 

• Biomarkers  

Target 
validation 

(program/biology 
leader) 

Pre-clinical 
development 

(project leader) 

Clinical 
development 

(clinical 
pharmacologist/    
project leader) 
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