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While the benefits of QSP models are many, several challenges exist [ …] the building of a QSP model 

often requires a significant investment in time and resources […] the need to evaluate and prioritize 
exploratory targets quickly often justifies the “platform” over “fit-for-purpose” modeling approach in 
early stages of discovery and development […] The platform approach to QSP brings other unique
challenges, beyond the aforementioned up-front investment. An ongoing issue […] relates to establishing 
confidence in model predictions, by both internal and external stakeholders and/or scientific audiences. 
The “validity” of large systems models may be difficult to assess, not only due to their size (e.g., the 
PhysioLab consists of over 1000 differential equations) but also due in part to their broad scope, multiple 
underlying assumptions, and lack of parsimony […] We found that close collaboration and open 
communications were key in this process. Importantly, simulation results were discussed along with 
model limitations and assumptions during frequent meetings with our biologists, clinical pharmacologists, 
and translational modelers to facilitate open discussions and “pressure-testing” of results during the course 
of the project. Peer-reviewed publication of systems models may help to improve confidence in model 
predictions. However, this may not be feasible due to the model's size and/or, in this example, its 
proprietary status […] details on the implementation of new biology are difficult to describe in the 
context of a larger, pre-existing systems model structure […]
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Materials molecular modeling:
Gaps and barriers to impact

Modeling technologies are still the subject of 
ongoing research.

Mechanistic design approach requires a 
framework (competencies, workforce and 
mindset) that is rarely found in either industry or 
academia. Typically modelers are not part of the 
team in the first (and crucial) phase of a project.

Product recipes are, after a long history of 
optimization steps, typically very complex. Many 
fundamental aspects of the product and 
processing are not fully understood, making it 
difficult for the fundamental approaches to set in.
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Materials molecular modeling:
What needs to be done

The scope of properties to be computed must be clearly defined 
in order to develop tools directed at these properties.
Software and analysis tools must be intergraded to compute the 
properties required using the best methods.
The coverage of force fields must be improved to encompass the 
range of molecules and state points identified by industry as 
being important. Repositories must also be developed to store 
and distribute those force fields.
To support validation, procedures must be developed whereby 
the calculation results can be archived and compared against 
experimental data and other benchmark calculations.
A database of molecules and equilibrate structures similar to the 
Protein Data Bank – should be created to reduce the time 
wasted in generating initial structures
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Quantitative Systems Pharm: 
A systems perspective

I will refrain from providing a definition of the term
QSP encompasses system-level analyses of in 

silico models to rationalize drug action
QSP provides critical insight during the late pre-

clinical stages, sometimes during discovery
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The evolving role of modeling 
in pharmacology

JPP, 42:429 (2015)
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PKPD has been used 
to link drugs to cells 

Sulforaphane(Phase II antioxidant enzyme) in rat 
lymphocytes

Mol. Pharm., 9:2819 (2012)
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Carvedilol (beta blocker) for managing hypertension

Acta Pharm. Sinica, 4:406 (2009)

PKPD has been used 
to link drugs to outcome 
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… through the magic of indirect 
response models

J. Clin. Pharma, 45:229 (1998)
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Accounting for some physiology
pERK inhibition, cell proliferation and tumor growth

AAPS, 13:111 (2011)

Tumor
Growth
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Accounting for more physiology

EJPS, 94(30):15 (2016)

Minimal PBPK tailored PBPK
JPKPD, 39:711 (2012)
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CTS, 2:228 (2009)

Accounting a lot of physiology
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Anti-inflammatory and immunosuppressive properties 
magnifying the actions of endogenous glucocorticoids

• Long-term use adverse affects

Methylprednisolone
MPL cortisol

JPET, 307:1 (2003)
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MPL Pharmacogenomics

Mol Pharm, 5(2):328 (2008)

PK

PD

PG
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From the tree to the forest (WJJ, RRA)
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Complex MPL dynamics: Tissues

BMC Bionf., 11:515, 2010



July

Complex MPL dynamics: Dosing

Gene Regul Syst Bio., 8:75, 2014

Acute                         Chronic



July

Integrative MPL –omics

OMICS, 19:2 (2016)
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Towards –omics PKPD
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Towards –omics PKPD

Frontiers Pharm. (subm)
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Amplitude loss
Phase shift
Adrenal insufficiency  

Dynamics of the disease

AJP Endo. Metab., 311:10, 2016
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Drug

Response
(R)

QSP extends the PKPD 
paradigm

How ?
 (small) Networks
 Mathematical models & ODE
 Mass actions kinetics

 Balance equations
 Ligand-receptor equilibrium
 Turn-over rates etc …

But is QSP “more of the same” ?
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If modeling is not something 
new, then what about QSP ?

“have been doing QSP my entire life and did 
not know it” (HK)

(Quantitative) Systems pharmacology 
enabled us to:

• Increase model complexity
• Expand pathways and modes of action
• Account for (some) physiology
• Systematize and expand model analysis
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QSP: A framework for context
Allow me to digress for a moment …
Big data is just statistics. But is it?

– Large data and data mining enabled us to look 
at data in different ways and ask different 
questions

Bioinformatics is just statistics. But is it?
– Bioinformatics allowed us to look at large scale 

biological data in different ways
QSP is just modeling. But is it?

–The QSP framework is enabling us to place 
drugs in their appropriate context
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QSP: A framework for context
Learn from the “systems” community
o Integration of systems concepts, 

principles and methods 
o Parameterization, sensitivity, 

uncertainty, optimization, 
multi-scale modeling

o Seamless integration a diverse 
models and data

o Flexibility of computational 
environments

o Model (+data) standardization
o Standardization implies uniform 

representation of ubiquitous models 

Systems Pharmacology & Pharmacodynamics, (2016)

CPT, doi:10.1002/cpt.528 (2016)
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Standardization in PKPD/PBPK
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How do we standardize this? 
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Grammar not syntax: not how 
but what
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Lack of standardization at a 
higher level

The underlying network may be unique, 
however, but it is partially revealed depending 
on how it is activated
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QSP driver Drug targets are embedded within broader 
mechanisms

Context  The intrinsic dynamics of the broader mechanism is 
driven by numerous factors

o Physiology
o Sleep/wake, light/dark cycles
o Circadian, season variations
o Age and sex
o Comorbities and disease state
o Exposure
o Dose, type and schedule of therapy
o Delivery mechanisms
o Formulation and manufacturing

What defines the boundaries of the system ?
Can we move away, and how far, from the cell ?

QSP: A framework for context
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Photoperiod and immunity

Physiol. Gen., 46:768 (2014)
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Seasonality and 
immunity

Phys Gen, 48:00 (2016)
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Metabolic 
entrainment
of immune 
components

Gene Reg Sys Biol (subm)
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It is about emergent 
dynamics, not parameters

Normal does not exist in the 
parameter space

Gender 
effects
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Gender-dependent PBPK
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From manufacturing to 
bioavailability

Exp. 
(mm)

Sim. 
(mm) Exp. Sim. Exp. 

(MPa)
Sim. 
(MPa)

Exp. 
(kp)

Sim. 
(kp)

1 3.37 3.41 0.170 0.163 0.71 0.72 3.82 3.95 36.2 73.5
2 3.37 3.41 0.164 0.163 0.74 0.72 3.97 3.95 53.1 73.6
3 3.37 3.41 0.161 0.163 0.72 0.72 3.93 3.95 57.4 72.5
4 3.16 3.22 0.114 0.114 1.76 1.83 8.88 9.45 68.8 61.13
5 3.16 3.22 0.112 0.114 1.98 1.83 10.02 9.45 73.5 62.7
6 3.16 3.22 0.119 0.114 1.78 1.83 9.05 9.45 86.7 62
7 3.08 3.13 0.088 0.087 2.6 2.52 12.75 12.65 89.7 60
8 3.08 3.13 0.085 0.087 2.58 2.52 12.75 12.65 91.8 60.2
9 3.08 3.13 0.084 0.087 2.49 2.52 12.37 12.65 98.9 59.32

Porosity Tensile Strength Hardness Calibration 
 Variable F2Form.

Thickness 
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Building a model vs 
developing modeling principles
Model The mapping of biological and physiological 

data onto appropriate mathematical structures
–Quantitative assessment requires data Industry

Modeling principles What are these structures, 
their characteristics, their limits? How much can we 
get out of the available data? What data are 
needed? 

–Lack of data leads to balance between quantitative 
and qualitative assessment Academia
Developing modeling principles requires an 

appropriate culture and education, not just training 
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Modeling principles
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Math. Biosc., 260:54 (2014) JTB, 264:1068 (2010)

Modeling principles extended
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Final words
This is all very nice, but we do not have the            

biology, pharmacology, physiology, data ... 
QSP approaches provide the evolving framework for 

analyzing complex systems
QSP provides the opportunity to a holistic view evaluating 

synergistic and emerging responses
Relax some of our pre-conceived notions
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