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LETTER

Reply to Ciccolini et al.: Using mathematical
modeling to predict response to antiangiogenic
therapy in cancer patients
We thank Ciccolini et al. (1) for their interest
in our report (2) on a clinical study, pub-
lished recently in PNAS. In that paper, we
report that improved tumor vascular func-
tion after anti-VEGF therapy with carboplatin
and nab-paclitaxel associates with survival
in non-small cell lung cancer (NSCLC)
patients. We also suggest that imaging
and circulating markers of vascular nor-
malization could be useful biomarkers of
response to bevacizumab-based therapies
in NSCLC patients.
Although generally in agreement with the

results of our study, the letter by Ciccolini
et al. suggests another strategy for optimizing
the efficacy of antiangiogenic treatment when
combined with chemotherapy (1). Ciccolini
et al.’s strategy would be based on the pre-
dictions of a pharmacokinetic/pharmacody-
namic mathematical model, which could
predict the effect of antiangiogenic treatment
on “vasculature quality and resulting tumor
blood flow” (1). However, the published
model referenced by the authors consists of
a simplified set of ordinary differential equa-
tions, which are based on phenomenological
and not physiological parameters of tumor
pathophysiology. Specifically, the model does
not take into consideration parameters such
as the hyper-permeability and tortuosity of

the tumor vessels, the structure of the vascular
network, the remodeling of the network in
response to the antiangiogenic treatment, as
well as actual calculations of tumor blood
flow. These are important parameters of
structural and functional vascular normaliza-
tion after antiangiogenic treatment. In addi-
tion, tumor blood flow can be calculated only
by solving the equations of fluid flow within
the vascular network. Of note, various groups,
including ours, have previously developed
mathematical models that account for
these parameters and would be useful in
developing a predictive model Ciccolini
et al. (1) propose to develop (3–6). Finally,
a refined pharmacokinetic/pharmacody-
namic model would require rigorous vali-
dation using experimental data before it
could be used as a guide for treatment
planning. The letter by Ciccolini et al. (1)
provides a starting point for the potential
utility of this strategy to predict response to
antiangiogenic therapy in patients.
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