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研究成果の概要（和文）：本研究の目的は動体追尾放射線治療の照射の精度向上するために，照射中に腫瘍の位
置，形状などの追跡システムの開発である。本研究の提案手法では，輝度値を基本とする一般的手法よりも雑音
に対して頑強なアルゴリズムを提案し，高精度と高速な腫瘍位置・輪郭の追跡手法を開発した。臨床データを用
いた性能検証により，提案法は従来法よりも正確かつ高速な画像計測が可能であることを実証した。

研究成果の概要（英文）：This research focused on developing 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
 phantom and clinical data demonstrated that the effectiveness of the tracking systems for clinical 
application.

研究分野：医用画像処理

キーワード： 画像誘導放射線治療　マーカレス追尾照射

  １版

令和

研究成果の学術的意義や社会的意義
放射線治療において，治療効果を高めつつ副作用を避けるためには，病巣周辺の健康な組織への照射を極力避
け，腫瘍のみへの正確な照射が要求される。提案手法を用いて，実際に放射線治療を行っている際の腫瘍位置や
形状などを自動的にリアルタイムに把握することは，正常組織障害の低減の同時に、放射線治療の精度を向上で
きると考えられる。

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属されます。
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１．研究開始当初の背景 

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. 
 
２．研究の目的 

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. 

 
３．研究の方法 

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 
sequences, 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 kilo-

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 
  
４．研究成果 

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. 

 
              

Fig 2. A GUI application for generating the ground truth of tumor motion in clinical data. 
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(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. 

 
 

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. 

 
 

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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