QUANTITATIVE SYSTEMS PHARMACOLOGY
CONCEPTS AND CHALLENGES
R. Maithreye and Rukmini Kumar
Vantage Research, Chennai
What is QSP?
The NIH White paper on QSP (1) defines it as “an emerging discipline focused on identifying and validating drug targets, understanding existing
therapeutics and discovering new ones. The goal of QSP is to understand, in a precise, predictive manner, how drugs modulate cellular
networks in space and time and how they impact human pathophysiology. It aims to develop formal mathematical and computational models
that incorporate data at several temporal and spatial scales; these models will focus on interactions among multiple elements (biomolecules,
cells, tissues etc.) as a means to understand and predict therapeutic and toxic effects of drugs. “

Example of a QSP model
Case Study of Hypertension model developed by Entelos Inc.*
STEP1 : MODEL DEVELOPMENT
•

STEP 3: DEVELOPMENT OF ‘VIRTUAL POPULATIONS’

Survey the literature to identify physiology relevant to research goal of the model.
Identify the clinical read-outs of interest and how changes in underlying physiology
changes them. In the case of the Hypertension Platform, a pre-existing model was
used as a starting point (2).

•
•
•
•

Fig 1: Representation of the
Guyton model of
circulation showing the
subsystems modeled.
(Taken from(2))

Using the results of the parameter sensitivity analysis (Fig. 4), select parameters
which introduce ‘pathophysiologies’ that cause MAP to increase
Vary them singly and in combination to generate a ‘virtual patients’ that are
hypertensives
Categorize VPs into different sub-classes depending on severity or disease
etiology e.g. severe hypertensive, hypertensive with diabetes etc.
Fit VPs to patient population in a clinical trial of interest e.g., if a clinical trial
includes 100 patients with MAP in the range of 100-130 and glomerular filtration
rate of >60ml/min, then select 100 VPs who would correspond to these criteria.

Fig 5: The distribution of
some parameters
associated with
Hypertension in the VPs
generated by the
Entelos Hypertension
model (3).

Fig 2: Simplified model of
circulation and blood pressure
regulation, focusing on the Renin
Angiotensin Aldosterone System,
developed by Entelos.

STEP 2: CALIBRATE/QUANTIFY MODEL
• Quantify model by translating underlying mechanisms into mathematical
equations (in this case Ordinary Differential Equations)
• Focus on sub-systems of interest, simplify, modify existing model
• Estimate parameters by (i) identifying physiological ranges from basic science
literature including in vitro and preclinical studies and (ii) use expected model
behavior to calibrate and/or narrow down parameter ranges
• Calibrate the model to fit experimental results. e.g. for the hypertension model
clinical readouts such as Mean Arterial Pressure, Glomerular Filtration Rate,
aldosterone concentration etc. were matched so that they fall into the
physiological range at ‘steady-state’ conditions
Data
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Fig 3: Simulated values of
key model parameters
fall within the
physiologically accepted
range when baseline
parameters are used in
simulation.

• Characterize sensitivity of the clinical readouts to parameter variations so that
limits of variation can be set.
Fig 4: Effect of individual
hypertensive mechanisms on mean
arterial pressure (MAP). Vertical line
shows the steady-state model value
with the baseline parameterization.
Horizontal bars show how MAP
varies as a given parameter is varied
over the range specified in brackets.
(taken from (3)).
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•
•

Simulate and evaluate the fit of clinical trial data (with and without different
therapies) with simulation results.
Refine model if necessary.

Fig 6: Simulation with the final calibrated model shows that it fits with Plasma Renin
Activity (PRA) (A) and Plasma Renin Concentration log(PRC) (B) response to a range of
antihypertensive monotherapies. The calibrated model accurately predicts the non-linear
rise in PRC with the combination of Aliskerin and Valsartan. (Taken from (3)).

STEP 4: USE MODEL TO AID DECISION MAKING IN
DEVELOPMENT OF NOVEL THERAPEUTICS
 Use simulations to predict efficacy of novel interventions in virtual populations
 Compare with newly available data
 Suggest experiments, compare with results, update model as needed
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