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* CML — Cancer Vaccines

e CML - Signature of the (Individual) Immune Response
* Solid Tumors

* Complexity
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Dynamics and Potential Impact of the Immune Response
to Chronic Myelogenous Leukemia

Peter S. Kim?, Peter P. Lee?*, Doron Levy>*

1 Laboratoire des Sgnaux et Systemes, Ecole Supérieure d’Bectricité, Gif-sur-Yvette, France, 2 Division of Hematology, Department of Medicine, Sanford University,
Sanford, California, United Sates of America, 3 Department of Mathematics and Center for Scientific Computation and Mathematical Modeling (CSCAMM), University of
Maryland, College Park, Maryland, United Sates of America

Abstract

Recent mathematical models have been developed to study the dynamics of chronic myelogenous leukemia (CML) under
imatinib treatment. None of these models incorporates the anti-leukemia immune response. Recent experimental data
show that imatinib treatment may promote the development of anti-leukemia immune responses as patients enter
remission. Using these experimental data we develop a mathematical model to gain insights into the dynamics and
potential impact of the resulting anti-leukemia immune response on CML. We model the immune response using a system
of delay differential equations, where the delay term accounts for the duration of cell division. The mathematical model
suggests that anti-leukemia T cell responses may play a critical role in maintaining CML patients in remission under imatinib
therapy. Furthermore, it proposes a novel concept of an “optimal load zone” for leukemic cells in which the anti-leukemia
immune response is most effective. Imatinib therapy may drive leukemic cell populations to enter and fall below this
optimal load zone too rapidly to sustain the anti-leukemia T cell response. As a potential therapeutic strategy, the model

shows that vaccination approaches in combination with imatinib therapy may optimally sustain the anti-leukemia T cell
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Figure 1-3 Immunobiology, 6/e.(© Garland Science 2005)
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Bone marrow

e Converting the flowchart into a mathematical model
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* Red = Michor et al. (Nature ‘05). Blue = Kim et al. (PLoS Comp Bio ‘08)
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* CML Patients (Nicolini, Lyon) 1=y
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* Signature of the immune response

* 6 parameters
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1) Migration of APCs to lymph node 4) APC-driven proliferation of CD4+ cells.
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* Cho & Levy
(BMB & JTB, 2018) ~*°
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* Math complements other quantitative approaches

* Interdisciplinary: experiments/clinical/quantitative sciences
* Math can be useful in modeling dynamics

* Quantifying the Timing + Dosage

* Personalized medicine



