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Il Background

In the conventional radiotherapy process, enhanced CT is used for outlining the visible tumor
target area and lymph node prevention area, while non-contrast CT images are used for
formulating radiotherapy plans.

Dual-energy CT only needs to perform one enhanced scan. The generated virtual non-contrast
(VNC) images can replace true non-contrast (TNC) images for formulating radiotherapy plans,

which significantly reduces the radiation dose.

true non-contrast (TNC) Enhanced CT virtual non-contrast (VNC)



Il Background

literatures comparing the HU differences between VNC and TNC
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Previous studies have conducted analyses using organs or
tissues as the unit.
What would the situation be if we examine the images
layer by layer?

The differences in HU among different organs
and anatomical structures
In most cases, the deviation < +20 HU




Il Purpose

1. Compare VNC and TNC images layer by layer and perform a comprehensive analysis.

2. Assess the correlation between VNC and TNC in regions showing large differences in HU.
3. Study on the feasibility of using VNC instead of TNC for photon and proton radiotherapy dose

calculation in the cranial region.
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Image Acquisition , Image Post-Processing and Data Analysis

Dual-energy CT images were
acquired from 20 patients each for
the cranium, thorax, and abdomen

Develop cranial
photon and proton
radiotherapy plans

Obtain VNC 1mages

Compare the differences
between VNC and TNC
in dose calculation

Subtract VNC and TNC
images layer by layer

Study the correlation of
tissues with large
differences in HU values




Il Introduction to Home-Made Software
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This Home-Made software was
developed in C++ and Qt.

After importing any two sets of
DICOM images of a patient, a
difference image based on layer-by-
layer subtraction of HU values can be

obtained.
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Result 1:Visualize the difference in HU values between VNC and TNC
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Result 2:Correlation analysis results of skull HU values.
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Result 2:Correlation analysis results of vertebrae HU values.
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Result3 : Differences in photon radiotherapy dose calculation between
I‘ VNC and TNC for cranial patients.

* The photon radiotherapy plans for TNC (a, c¢) and
VNC (b, d) in a cranial patient.

* (a) and (b) are transverse slices; (c) and (d) are sagittal
slices.

* The red area 1s the CTV, and the purple and green
areas are the 0.4 cm anterior and posterior expansions of
the CTV.

* The pink, yellow, light green, blue, cyan, and dark blue
1sodose lines correspond to 6300, 6000, 5700, 5400, 5100,
and 4800 cGy, respectively




Differences in photon radiotherapy dose calculation

between VNC and TNC for cranial patients.
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* Dose volume histogram calculated using the TNC and VNC photon radiotherapy plans.

* The DVH curves of the CTV, Ring-p, and Ring-d in the two photon radiotherapy plans almost

overlap and are indistinguishable.



Result 3: Differences in proton radiotherapy dose calculation between
I‘ VNC and TNC for cranial patients.

* The proton radiotherapy plans for
TNC (a, ¢) and VNC (b, d) in a cranial
patient.

* The yellow, cyan, pink, blue and
brown 1sodose lines are 5040, 4356,4032,
3276, 2520, and 1008 cGy, respectively.




Differences in proton radiotherapy dose calculation between VNC

and TNC for cranial patients.
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* Dose volume histogram calculated using the TNC and VNC photon radiotherapy plans.
[ ]

The DVH curves of the CTV 1n the two proton radiotherapy plans almost overlap, while there

are certain differences in the Ring-p and Ring-d regions.



Difference in dose distribution of the TNC and VNC proton radiotherapy plans

Behind the CTV, the maximum dose difference can reach 652.2¢cGy;

and in front of the CTV, the maximum dose difference can reach -145.3cGy.
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I‘ Conclusion:

* The differences between VNC and TNC are mainly concentrated in

the areas containing bones, the skull and vertebrae are the most
prominent.

* There is a strong connection between the HU values of the VNC and
TNC in skull and vertebrae, and the TNC HU values can be predicted
based on VNC HU values in these areas.

* For cranial patients, VNC is not appropriate to replace TNC for

proton radiotherapy dose calculation.
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