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3-D Vessel Length Distribution

Vessels were defined as being from the root of a vascular tree
to the end nodes (Supplementary Figure 1). The vessel length
algorithm traced the lengths of all vessels from the shared root
to all end nodes of a vascular network. The number of vessels
of a vascular tree is identical to the number of end nodes. In the

Supplementary Figure 1 cartoon example, there were six vessels
in the vascular tree. The length measurement was converted from
a voxel number to millimetres by multiplying by 0.016mm. The
algorithm was applied to all images. The vessel length histograms
in the same group were binned together and then normalized by
the total number of vessels.
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Supplementary Figure 1: Vasculature cartoon to illustrate the definitions of the imaging markers.

Green circles represent the end nodes of the vascular tree; red circles represent the branch points of the vascular tree. A vessel
of the vascular tree extends from the root of the tree to one of the end nodes. Accordingly, the number of end nodes is equal to
the number of vessels. A total of six vessels are counted in this 2-D vasculature demonstration. Tortuosity is defined as the true
length of the vessel divided by the shortest length between the ends of the vessel. In the example of Vessel 6, the tortuosity is
equal to the length ratio of the short-dashed line to the long-dashed line. Vessel segments are between two branch points (red

dots) or between a branch point and an end point (green dot).

3-D Vessel Tortuosity Distribution

The tortuosity definition of a single vessel is the ratio of the
true length of the vessel to the shortest distance between the ends
of the vessel (Supplementary Figure 1, Vessel 6 demonstration).
The 3-D tortuosity algorithm calculated the tortuosity value of
all the vessels from a vascular tree. The vessels with tortuosity

equal to one and two were ignored. The tortuosity histograms
from the same group were binned together and normalized by the
total number of vessels. The vessels were further grouped into
three domains: low tortuosity vessels (tortuosity from 3 to 12),
high tortuosity vessels (tortuosity from 13 to 70), and ultrahigh
tortuosity vessels (tortuosity above 70).
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Supplementary Figure 2: Identical vessel branch point fractal dimensions of two tumor vascular networks. Two vasculature
maximum intensity projection images of two-week vehicle mice are shown in this example. Two female CB-17 SCID mice
were implanted with the same number of A549 cells and were housed under identical growth conditions. Clear vascular
morphological distinctions, such as branch point locations and vessel density, between the two vascular structures are
demonstrated. The fractal dimension, DO, from the 3-D branch point locations of vascular tree A was 2.336; the branch point

fractal dimension of vascular tree B was 2.332.

Vascular Volume Estimation

The vascular volume algorithm counted the total number of
voxels of the vascular structure within the threshold. The vascular
volume in voxel numbers was converted to mm? by multiplying by
the physical dimensions of a voxel (0.016 mm)3. One-way ANOVA
was applied to evaluate the significance of the average vascular
volume differences between vehicle and related Sutent-treated

groups.
Micro-Vessel Segment Lumen Surface Area

The cross-sectional area algorithm applied a sample disk to
count the number of pixels perpendicular to the local vessel axis of a
vascular tree. The number of selected pixels represented the cross-
sectional area. The cross-sectional area in units of mm? was derived
by multiplying by the physical area of a pixel (0.016 mm)?2 We used
the circular area formula (7 R?) to derive the circumference. The
product of circumference and slice thickness represents the surface
area. To calculate the precise surface area of micro-vessel segments,
we adopted small sample disks with radii 2,3, and 4 pixels to
evaluate precisely the surface area contribution from segments with
diameters less than 50,70, and 107 p m, respectively.

A segment from a vessel was defined as the part of the vessel
between two branch points or between a branch point and an end
node. The algorithm excluded vessel segments with lengths less
than four pixels. Only segments with average diameters less than
the required threshold were selected. The cross-sectional area and
surface area algorithms were then applied. The total surface area
was the summation of the surface area contributions from all eligible
vessel segments. For the micro-vessel surface area from segments

with diameters less than thresholds of 70 and 107 p m, the same
algorithm was performed with sample disks of radii three and four.

Vessel Segment Diameter Distribution of Vehicle
Groups

Similarly, to the micro-vessel surface area algorithm, the vessel
segment diameter was derived from the vessel segment cross-
sectional area. A sample disk with a radius of 20 pixels was applied
to acquire the cross-sectional area. The average diameter of the
vessel segment was derived from the cross-sectional area via the
circular area formula (7 R?). The maximum diameter based upon
the sample disk radius of 20 pixels was approximately 0.67 mm.
The vessel segment diameter histograms of the one-week and two-
week vehicle groups were summed and then normalized by the total

segment number of the group.

Generalized Fractal Dimension Based Upon Branch
Point Locations

Fractal dimension analysis has been adapted to characterize
the local and global vascular networks (Agaimy et al.,, 2007; Baish
and Jain, 2000; Gazit et al., 1997; Zamir, 2001) and to reveal the
normalization due to anti-angiogenic therapies(Jain, 2003).

Fractal analysis has been applied in other scientific fields
to illustrate the different components of intrinsic nonlinear
properties(Agaimy et al., 2007; Kurths and Herzel, 1987; Wang and
Lee, 1995). Branch points signify blood flow division to more than
one direction. The location of branch points might be related to the
nutrient distribution and delivery efficiency in an organ. Based upon
the above rationale we calculated the generalized fractal dimensions
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from the locations of branch points in a vascular structure. The
generalized fractal dimension algorithm can be found in references
(Grassberger, 1983; Hentschel and Procaccia, 1983; Wang and Lee,
1996). Here we only report the fractal dimension associated with
q=0(Hentschel and Procaccia, 1983).
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