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¥ R H Image quality improvement of cone—beam computed tomography for

B

positioning using generative artificial intelligence toward

adaptive radiation therapy

Radiation therapy (RT) is a cancer treatment that uses high—energy X-rays, electron,
or heavy—particle to damage tumor DNA. The fundamental principle of RT is to deliver a
concentrated dose to the tumor while minimizing the exposure to the surrounding normal
tissues. However, anatomical changes during treatment, such as organ motion and variations
in tumor size, can lead to underdosing of tumor tissues and overdosing of the surrounding
normal tissues. This can result in discrepancies between actual and planned dose
distributions. Adaptive Radiation Therapy (ART) addresses this issue by dynamically
updating the treatment plan based on real-time imaging data and ensuring accurate dose
delivery that adapts to anatomical changes during the treatment process.

Cone—beam computed tomography (CBCT) for positioning is useful for ART because it
provides patient anatomical configuration on treatment table. However, CBCT has poorer
image quality than planning CT (pCT) owing to artifacts, scatter, and patient motion.
To improve the fidelity of CBCI, correction techniques such as Monte Carlo simulation

and analytical methods have been developed, but these methods have limitations in
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computation time and accuracy. In recent vears, deep learning-based approaches have
improved the accuracy of correction. However, a new problem has emerged, in which the
CBCT structures are distorted during the training process.

In this study, we proposed a new method for improving CBCT image quality using a
conditional dencising diffusion- probability model (CDDPM). This method improves the
accuracy of dose calculation by generating synthetic CT (sCT) data with the same
quantitative properties as pCl, while preserving the organ shape. The performance of the
proposed sCT was evaluated using mean absolute error (MAE), peak signal-to—noise ratio|
(PSNR), Dice and Jaccard coefficients, and dose-distribution analysis. The MAE were
81.19+19.62 HU for CBCT, reduced to 24. 8916, 94 HU for the proposed sCI. The PSNR was
31.20-+1. 87 dB for CBCT and was improved to 33.81£2. 07 dB for the proposed sCI. The Dice
and Jaccard coefficients between CBCT and sCT for the colon, prostate, and bladder ranged
from 0.69 to 0.91. The proposéd sCl was also compared with other deep—learning models
and demonstrated superior performance in terms of quantitativeness and preservation of
the anatomical configuration. Furthermore, the dose distribution analysis showed that
the dose distributions of sCT and pCT were almost consistent. The gamma pass rate exceeded
90% across all the standard criteria, confirming that the clipical guidelines were met.

The approach pr'oposed in this study accurately preserved anatomical shapes, ensured
precise RT plamning, and significantly enhanced the accuracy and safety of ART. Future
developments will focus on further advancing ART in clinical applications by improving

the reproducibility of pseudo—CBCT and training models to volume data.
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