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INTRODUCTION AlM IN-SILICO TESTING PRE-CLINICAL TESTING

Pharmacokinetic models, in conjunction with DCE-MRI, allow the Develop the Cross-Voxel Exchange Model (CVXM) to describe + Simulations: Data generated using CVXM with varying diffusion, convection and extravasation » Tumor Model: TS-415 human cervical carcinoma®.
estimation of transport properties of drugs in tumor tissue. extravascular diffusion and convection, in addition to the parameters.

: exchange of tracer between the blood vessels and tumor tissue. Transport Mechanisms: Transpor hschanisms + Data Acquisition: DCE-MRI recorded using a 1.5-T whole body scanner (Signa, General
Normal Tissue A D

SR Diffusion, Extravasation Dittusion, Extravasation + Convection at Tumor Pariphery ElectriC) over a period Of 15 mina_
Blood Fiow? Investigate the impact of cross-voxel transport on the

interpretation of Tofts’ perfusion parameters using in-silico
datasets.

Tumor Tissue

* Model fitting: TM and CVXM fitted to DCE-MRI data to produce an estimate of TM and CVXM
parameters.
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Test the feasibility of using CVXM in a practical setting. Derive
transport parameters from DCE-MRI of a TS-415 human cervical
carcinoma xenograft by using TM and CVXM.
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MATHEMATICAL MODELLING

1.5 2 25 3 3.5

Distance x (cm) Time t [min) Distance from Tumor Center (mm)

Development of the Cross-Voxel Exchange Model (CVXM)

Figure 3: Numerical solutions of tissue concentration for Tissue Models.

dc(r,t) * Fitting: TM fitted to the simulated data to produce an estimate of Tofts’ perfusion parameters
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Figure 1: DCE-MRI and DCE-CT jmages are time-sequenced scans that record the extravasation of a CA from the Con\,’ection D ifoS i[} n E)(Change b|00d vesse IS*tiSSUe

intravascular netwark into the extravascular space. The change of tracer concentration over time is captured in an array of B y = = = Concentration Measurements
discrete elements, voxels. d CVXM Fitted Curve
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Drugs are transported to the tumor tissue via 3 mechanisms: diffusion,

. . C concentration of the tracer in plasma
convection and extravasation.

v velocity of fluid flow in the tumor tissue

1 2 3 4 0 1 2 3 4 0 1 2 Figure 5: Transport parameters derived from DCE-MR! of a T5-415 human cervical carcinoma xenagraft by using TM and CVXM.
D diffusivity of the tracer in the tumor tissue x (cm) x (em) X (em)

. . . . . Figure 4: Results of fitting TM to the simulated data. Left: plots comparing the fitted K. profiles to the input parameters Kext {(black line). Middle:
Kgxt extravasation paral'l'leter funCTIDFI Of the Caplllary perl'l'leablhty in at corresponding plots of the fitted v, profiles. Right: ¥, plots generated using equation developed to predict the impact of cross-voxel transport on Tofts” V.

the boundary Of Capillaries (0 Otherwise) Colors correspond to the fitting results of data simulated with varying velocity profiles with peak v=0(e), 0.1 (m), 1 (¢}, 5 (") and 10(2) um/s.
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= CVXM Cross-Voxel Exchange Model CVXM, paired with DCE-MRI, allows for a more accurate understanding of physical
7 DCE-MRI  Dynamic Contrast Enhanced Magnetic Resonance Imaging mechanisms driving tracer transport in the tumor microenvironment RE FE RENCES
™ Tofts Model »»» Better informed and more personalized treatment choices.

Tofts’ ext fi t flect th ffects of int | diffusi d ti . Luypaert R, Sourbron S, de Mey J. Validity of perfusion parameters obtained using the modified Tofts model: a
Figure 2: The variation of concentration in each voxel illustrates the exchange of tracer within a voxel {extravasation) as Ofts extravasation parame ers retiec € eliecls of Inter-voxe lffusion ana convection, simulation study. Magn Reson Med. 2011 ,65(5)1491 -7.
well as a cross-voxel exchange (convection and diffusion) in tumor tissue. The fitting of transpart models to these time-

even though TM does not include these effects (in-silico testing).
concentration curves allows the quantification of transport parameters. c 0 NTACT IN Fo R MATI o N . Woodall RT, Barnes SL! Hormuth DA! Sorace AG! Quarles CC, Yankeelov TE. The effects of intravoxel contrast
L agent diffusion on the analysis of DCE-MRI data in realistic tissue domains. Magn Reson Med. 2018;80(1):330-40.
Tofts Model (TM), most commonly used pharmacokinetic model. The

application of TM assumes no cross-voxel transport of tracer leading to ] ) )
the misinterpretation of tracer perfusion in tumors?2. E-mail: noha.sinno@mail.utoronto.ca

Fitting TM and CVXM to DCE-MRI data of TS-415 cervical carcinoma xenografts reveals

. : . Hompland T, Ellingsen C, @vreba KM, Rofstad EK. Interstitial fluid pressure and associated lymph node metastasis
:E?T:O?:XM parameters are a more accurate representation of transport parameters in revealed in tumors by dynamic contrast-enhanced MRI. Cancer Research. 2012;72(19):4899-908.



http://www.tcpdf.org

