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INTRODUCTION

Tumor-associated angiogenesis is an indispensable

factor for the progression of solid tumors beyond a - - [ ' ' 1 -

minimal size (1-2 mm?3). The unprecedented advances in 1000 :

automated microscopic imaging allow the accurate 3D \

visualization of the morphology of individual vessels in 800 ‘
600 -

tumors and the description of their function. Therefore, it
IS crucial to elucidate the dynamics of tumor blood flow
to understand its role in drug delivery. This also provides
a great opportunity to mathematical modelers to
estimate hemodynamic properties in a great detail
compared to bulk estimates for the “whole-tumor”
vasculature. High-resolution techniques such as uCT
(micro-computed tomography) can provide these 3D
data with high fidelity, and pave the way for the use of
blood flow models in translational and personalized
medicine.

Overall, this study describes a novel bioimage
iInformatics methodology for the reconstruction of high-
resolution “wide-area” 3D vessel geometry from uCT
data. Computational modeling allows the generation of
detailed and discretized blood perfusion maps for the
entire tumor vasculature. The comparison of
morphological and hemodynamic indices among regions
of interest (ROI) gives insights into perfusion
heterogeneity in solid tumors.
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MATERIALS AND METHODS

High-Resolution Imaging

Sample 1

« Human triple-negative breast cancer xenograft (MDA MB-231
cells).

« The xenografts were derived by orthotopical inoculation of the
cells in the mammary fat pad of female NCr-nu/nu mice.

* Mice were perfused with a silicone rubber compound
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Figure 1. Morphological Vascular Network
Characteristics.

A. Frequency distribution of segment A. Module 1+2.
diameters for the tumor vascular network. ~ B- Module 1+2+Raw Data.
B. Frequency distribution of segment lengths ~ ©- Module 3.
D. Module 1+2+3.

for the tumor vascular network.

Table 1. Comparison of Morphological
Measures among ROIL.

Properties Core-1 Rim-1 Core-2 Rim-2 Core-3 Rim-3
(MICROFIL). Module 1+2 57,447 4,430
* Ex-vivo imaging .of the co.mplete.tumor.vascular r\etwork using Module 3 453,166 41,095 VOI.ume 58 24 688 968 09 e
UCT technique with 8 um isotropic spatial resolution. Density (%)
Module 1+2+3 510,613 45,525 o Length
n ] u =~ i
Reconstruction of “Wide-Area” 3D Microvascular c bensity 207 1011 107 648 873 3738
Network and Blood Flow Modeling £ (mm/mm?)
Figure 3. Segments and Nodes Mean
e Msvé’mléy Tracked by the 3D Bioimage Diameter  16.6 15.12 179 157 19.24 14.15
Informatics Algorithm. (um)
Hematocrit [«
Meanlength 16 039 026 033 022 0.3
(mm) . . . . . .
B —_— | | . .
m{ [ ] Figure 4. Selection "
e — s of ROI. The regions ean
| "~ - {otinzton et B Extravasc. 124 561 172 70 191  92.3
I extracted from the :
No : Distance (um)
I rim and the cores
I are color-coded by Fractal 146 145 11 155 101 1.29
: Ve velocity (mm/s). Dimension ' | ' | |
Non-linear
I Bods Tortuosity 1.47 1.42 14 142 144 1.4
|
I
! >1 Table 2. Comparison of Hemodynamic
: 1 Measures among ROI.
. . . . I
Bioimage informatics algorithm. I 09 Properties Core-1 Rim-1 Core-2 Rim-2 Core-3 Rim-3
Poiseuille-like law for pressure  Blind Perfusion
drop in segments. Ends - 08 (mifgfmin) 00014 02 014 084 0001 198
Pressure boundary conditions - 07 Velocity
. . . 025 020 012 0.8 012 0.17
were imposed in the blind ends. - (mm/s)
* Nonlinear Optimization algorithm .;
to adjust boundary pressures and - 05 Shear Stress 169 0.84 133 069 1.24
ensure mass balance. N, (dyn/cm?)
. The_ sparse linearized system of .. Mean Flow-
equations was solved for pressure ' weighted
Pin branching pOintS USing 3 0.9 Path Length - 052 036 014 042 0.18 0.14
Krylov Subspace Iterative Method MPL (mm)
(GMRES). 2
* Pries and Secomb 0 Vascular
hemorheological equations. _ ) i _ CBMENt 64 66 48 445 71 124
Figure 5. "Whole-Tumor™ 3D Perfusion Map for Transit Time -
Sample 1. Figure 7. “3D Realization of the VSTT (s)
CONCLUSIONS “Whole-Tumor with ROI color-coded
| | | | 0B | by perfusion velocity. fypoperfus. 14 30 17 16 29 127
 This study provides a methodology for the analysis of high 0.8 : Vessels (%)
resolution imaging data and extraction of useful biological o 07 | * Volume and length density of
. . . . | S | | .
information regarding tumor heterogeneity. 9 0.6¢ | peripheral ROl are elevated compared
.. . . . += 05 : :
« A bioimage informatics algorithm has been developed to g 0al . _ to the core ROI.
@ « Perfusion in peripheral ROl is
track and reconstruct the whole tumor vascular network. L o3 | - - perip o o REFERENCES
» Such a platform can facilitate the hemodynamic and 021 I ' clevated compared 1o core RUI. o  SK KimE. Pathak AP Pooel AS
. s 0.1 i - +  Perfusion in Rim-3 exhibits the best 0 ! =y P2 al 1 FOPELAS,
structural evaluation of tumor vasculature in various ol T _ Microvascular Research. 91: 8-21

stages and under different antitumorigenic treatment
conditions.

Figure 6. Boxplot of Hematocrit
Variation of Transport Vessels.

regional perfusion.
 MPL does not provide meaningful
regional information.
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