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This research focused on developin? a radiographic image tracking system to
track the tumor motion in real-time for adaptive tumor following radiation therapy. In this research
projects, we have developed a robust tracking system that is capable of tracking the tracking the
tumor’ s position and its boundary in radiographic images. The experimental results performed on the
ph?ntom_and clinical data demonstrated that the effectiveness of the tracking systems for clinical

application.



In radiation therapy, the respiration-induced tumor motion significantly degrades the
efficiency of radiation delivery and brings risk to the healthy tissues around the tumor. To
solve this problem, extensive efforts on tracking tumor in real-time during the radiation
delivery have been devoted over the past decade.

Conventional tracking systems utilize external or implanted markers as the surrogate of
tumor motion. A common disadvantage is that the tracking results are inaccurate since the
motions of the external and implanted markers are uncorrelated with the tumor motion
frequently. In addition, due to the non-continuous irradiation, the treatment process is
ineffective and time-consuming.

The purpose of this research is to develope a markerless tracking system that can track
the respiration-induced tumor motion automatically in real-time during radiation delivery.
This tracking system will be able to provide conformable tumor motion information and to
allow the treatment device to deliver high-dose conformable radiation to the moving target
accurately.

The following three tasks have been carried out during this project:

(1) [FY2017~FY2019]: Phantom and clinical data acquisitions and analysis.

During this project, we have collected a set of radiographic images, including the four-
dimensional computed tomography (4-D CT), kilo-voltage (kV), and megavoltage (MV) X-ray image
seguences, in phantom experiments and clinical treatment. These data have been used for evaluation
of our tumor tracking system extensively.

(2) [FY2017~FY2018]: Preliminary implement and evaluation of tracking algorithms.

Several visual tracking algorithms have been developed for tracking tumor in Kkilo-
voltage (kV), and megavoltage (MV) X-ray image sequences. A tentative study, which use a
statistic approach to extract the tumor in the image sequences, was carried out for improving
the tumor tracking accuracy.

(3) [FY2019]: Tracking system development and experimental evaluation

The following three achievements have been made in this project.

(1) During the past 3 fiscal years, a set of phantom and more than 30 clinical
radiographic image data, including 4D-CT, kilo-voltage (kV), and megavoltage (MV), for lung
cancer treatment have been acquired and collected at the Tohoku university hospital and
Hirosaki university hospital. The usage of clinical data has been approved by the Committee
of Medical Ethics of Hirosaki University Graduate School of Medicine. A radiographic image
database with ground truth have been established at the Tohoku university.

(2) A graphical user interface (GUI) has been developed using MATLAB for analyzing
the tumor motion in clinical data. The tumor motion and its boundary can be drawn
manually by clinicians as the ground truths for tracking system evaluation. Fig 1 shows the
developed GUI application in which tumor boundary in an MV image sequence can be
manually drawn by the clinicians and its isocenter can be automatically recorded.
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Fig 2. AGUI application for generating the ground truth of tumor motion in clinical data.



(3) Development of tumor tracking system.

A key-point based real-time tracking method has been proposed for tracking the tumor
in kV an MV images in real time. The experimental results showed that the average of the
root mean square errors of tracking were 2.46 mm (1.89 mm) and 1.53 mm (0.38 mm) for kV
and MV x-ray image sequences, respectively. This tracking performance was more accurate
than previous tracking methods. In addition, the average processing times for each frame
were 0.014 s (0.012 s) and 0.050 s (0.021 s) for kV and MV image sequences, respectively, and
the proposed method was faster than previous methods as well as shorter than frame
acquisition interval. Therefore, the proposed method has the potential for both highly
accurate and fast tumor tracking in clinical applications. This work has been published on
Medical Physics in 2018. Fig 2 shows an evaluation of the proposed method in comparison
with existing methods.

In addition, a hidden Markov Model-based method has been proposed for extraction of
tumor in X-ray image sequence. Experimental results demonstrated that tracking
performance of the proposed method is superior to that of conventional tumor enhancement
method and raw images. Therefore, the proposed method has potential for contributing to
effectively observe internal organ motion for Lung Radiation Therapy. Fig. 3 shows an
example of tumor extraction in X-ray image.
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Fig 2. RMS tracking errors RMSE (mm) on (top) kV x-ray image sequences (data #1-8) and
(bottom) MV x-ray image sequences (data #9-12) for the proposed method, STiL, and SIFT-
based method, respectively. Each error bar shows the 95% confidence interval (mm) of
RMSE. The tracking error of the proposed method was slightly smaller than the error by

two tracking methods in average of datasets.
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Fig 3. Examples of experimental data and results on patient data. (a) Observed images
(Patient #1). (b) Observed images (Patient #2). (c) Result of proposed method (Patient #1).
(d) Result of proposed method (Patient #2). (e) Result of conventional method (Patient #1).
(f) Result of conventional method (Patient #2).
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