Focusing on the essential dynamics of systems
pharmacology models by exploiting an
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Motivation Definition of the input-response index

| o | , | The input-response index ir; of the 1th state at time t* is then defined
Continuous insight into biological processes has led to the development

of large-scale, mechanistic systems biology models of pharmacologically .
relevant networks. While these models are typically designed to study the i2(4) = / h (St PN dt - S (1,0 with S (, s) =
impact of diverse stimuli or perturbations on multiple system variables, t*

the focus in pharmacological research is often on a specific input, e.g.,
the dose of a drug, and a specific output related to the drug effect or
response in terms of some surrogate marker. To study a chosen input-

as the product of two sensitivity coeflicients:

0 [Pz,
(%j

ZC:Iref(S)

Input-response indices of the brown snake venom-fibrinogen
system during the first hour after envenomation
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output pair, the complexity of the interactions as well as the size of the / 100 o | |
models hinders an easy access and understanding of the details of the 6| i | einsight 1@0 coordinate action of
input-output relationship. | ‘I state variables — most relevant
S o path is elucidated
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Meth

ethods Two-step automated model reduction technique based on
By considering the drug administration or some other entity as a model input-response indices

input v and the drug effect or some surrogate as the output y, we obtained

i) test all states recursively for elimination in the order of increasing
the following control-theoretical input-output problem setting.

maximal ir; value by considering them as

dz(t) f(:E ( t)) 2(0) = 20+ u - environmental states: considered to be constant in time and
dt ’ -
Y(t) = h(:z:(t)) - negligible states: considered unimportant and set to be constant
zero, thereby neglected in the model.

identical to their initial value or

where x(t) are the time-dependent state variables. The function f repres-
ents the systems pharmacology model of interest, and the function A maps
the state vector x(t) to the output y(t) of interest.

ii) apply proper lumping technique of the remaining reduced model

e reduction from 62 state variables
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We have chosen the blood coagulation network model |3, 1], in specific the to 8 state variables in first step

brown snake venom-fibrinogen relationship, to illustrate our approach. e finally reduction to 5 state varia-

ble model |2

e no manual post-processing requi-

red/no parameter adjustment (as
in [1])

e clear gain in understanding of the
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Example: PT test (input: TF, output: F)
(A) Low TF (B) High TF

Results

Derivation of sensitivity based input-response indices *M
We aim to introduce a measure that quantifies the importance of a given L v 7 N e .
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state x; for the input-response relationship relative to a reference trajec- \
tory x.f and reference output ypef = h(Zref).
The input-response indices are based on two constituents that characterise
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1) to what extent the input has an impact on the state x; at some time
t* € |0, tena] ((How does the input affect a state?’)

. i t*,O . °
Characterised by 0 |® x]z /Ox; . Conclusion
2) to what extent variations in x; impact the output y on the remai- The input-response indices are a powerful tool for a very eficient model
ning time interval [t*, teq] ("How does a state impact the output?’) order reduction and thus an important step towards translating insight
Characterised by 0 [@t,t*x] o, of the biological process, incorporated in detailed systems pharmacology
Literature o models, to the population analysis of clinical data.
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