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Tumor growth

What are minimal biological processes able to recover the kinetics of (experimental) tumor
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Population approach and its use for prediction

No a priori
Nonlinear mixed-effects statistical modeling
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Concomitant tumor resistance
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- Inhibition of secondary growth by a primary mass e

(Day 14)

1mm

- Critical clinical implications in terms of post-surgery
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Figure 2. The Presence of a Primary Tumor is Associated with an Inhibition of Neovascularization and Growth of its Metastases
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Questions and experiment

Questions

- Quantitatively distinguish between qualitatively valid theories of tumor-
tumor interactions

- Establish and validate a minimal model able to simulate tumor-tumor
interactions

Experiment
Injection s.c. of two tumors of 106 LLC cells in C57/BL6 mice
Two groups
— Control: only one tumor

- Group S: simultaneous injection of cells in two different sites



A mouse with two tumors
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Single-tumor growth
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Two-tumors models Competition

4_dt aVi In i1, Vit =0)="Vy4
dVZ—Vl( K ) V,(t=0)=V,
Requirements: (ae =@y =0 ="V,

Symmetry: same parameters for tumor 1 and Angiogenesis inhibition

tumor 2

Should resume to single tumor growth in the %= aVyln (%) it =0)=Vo,

absence of the other tumor A by, - WK, — eyl Kat=0) = Ko

Vdv, K,
Main assumption for the difference between the two T (722) Vale =0) = Vo
tumors: difference in the initial take (Vo1 = 1, Vo2 = %z bV, = ARy~ eViligoy Kot =0) =Ko
0.75)
Difference in the growth kinetics should not result Proliferation inhibition
from difference in Vo % = aP, — (BP, +y(Py + P))1p oo, Py(t=0) = Vo,
Model selection (rejection) criteria: goodness-of-fit + % = BP, + y(P; + P,), Q:(t=0)=0
parameter identifiability < % = aPy — (8P, + y(Py + Py))1p,50, Py(t =0) =V,
L% = BP, +y(P, + Py), Q,(t=0)=0

Benzekry et al., Cancer Res, 2017
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Tumor 1

Q1

quiescent

P

Systemic
circulation

The « inhibition of proliferation » model fitted best

Tumor 2
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Summary

- « Proliferation inhibition » model was able to adequately fit the data and provides

with a simple (3 parameters), identifiable, biologically grounded model.

* « Angiogenesis inhibition » model was also able to fit the data, but to a lesser

extent.

- « Competition model » was not able to fit the data, thus allowing to reject this

theory/model as being sufficient to explain the data.

- Our model gives a dynamical valid explanation of the CR paradox (= if a tumor

is able to inhibit the growth of a distant one, how can it grow at the same time?)

Perspective: integrate this model for tumor-tumor interactions into the

organisme-level for the dynamics of the metastatic population



Conclusion

A general modeling framework for modeling metastases

Simplified model (growth + dissemination) able to describe available clinically

relevant preclinical data of dynamics of total metastatic burden

Quantitative exploration of classical theories for metastatic colonization and

tumor-tumor interactions and st

A patient-specific key parameter py was critical in the quantification of patient-

specific metastatic aggressiveness
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