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The purpose of this research is to develop a radiographic image tracking
system to track respiration-induced tumor motion in real-time for adaptive tumor following radiation
therapy. The tracking system will be able to provide conformable tumor motion information and
allows the treatment device to accurately deliver high-dose conformable radiation to the moving
target during the treatment.
In this research project, a kernel-based algorithm and a level set method-based method have been
developed for tracking the tumor’ s position and its boundary in kilo-voltage (kV) images and
megavoltage (MV) images. The experimental results performed on the phantom and clinical data sets
demonstrated the effectiveness of the systems for clinical application.
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(1) Radiation therapy has been one of the
most effective modalities for cancer treatment.
About half of all cancer patients receive
radiation therapy during the course of
treatment. In a number of common cancers,
such as lung cancer, however, the
respiration-induced tumor motion significantly
degrades the efficiency of radiation delivery
and brings risk to the healthy tissues around
the tumor. Over the past decade, extensive
efforts have been devoted to solve this problem.
Among various solutions, tracking tumor in
real-time plays an important role

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

The objective of this research isto develop
anon-invasive tumor tracking system for IGRT.
Specifically, we attempt to (1) utilize a kV
(measurement beam) and a mega-voltage (MV)
X-ray (treatment beam) imaging systems to
acquire two X-ray image sequences for
monitoring the tumor motion in rea-time
during radiation delivery; (2) develop a
high-accuracy  real-time tumor tracking
algorithm that will be able to track not only the
tumor's position, but aso the tumor's boundary
changing with the respiration; and (3) conduct
sufficient experiments on phantom and clinical
images to evaluate the reiability of our
proposed tracking system.

As shown in Fig 1, the following four
tasks has been done during the past 2 fiscal
years.

(1) Phantom and clinical data acquisitions and
anaysis (Fig 1 (1)). In order to evaluate the
performance of the tumor tracking agorithm,
phantom and clinical radiographic image data
were acquired and collected at the Tohoku
university hospital and Hirosaki university
hospital. On the bases of the current treatment
environment, the four-dimensional computed
tomography (4-D CT), kilo-voltage (kV), and
megavoltage (MV) X-ray image sequences
were acquired in the radiation therapy
treatment. In addition, a 3-D printer-based
phantom experiment was conducted for
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Fig 1. An overview of the research method
and materials.

simulation of tumor motion.

(2) Clinica data andlysis (Fig 1 (2)). A
graphical user interface (GUI) was developed
for analyzing the tumor motion in clinical data.
The tumor motion and its boundary in the kV
and MV X-ray images were drawn manually
by multiple clinicians. As the ground truth, the
result obtained from the clinicians was used for
evauation of tumor tracking accuracy.

(3) Tracking system development (Fig 1 (3)).
A kernel-based tracking algorithm and a level
set method-based tracking algorithm were
developed using MATLAB to track the tumor’s
position and it boundary in kV and MV X-ray
image sequences.

(4) Experiments and system evaluation (Fig 1
(4)). We conducted the tumor tracking
experiments on the phantom, clinical kV and
MYV image date sets. The tracking results were
compared with the clinicians’ analysis results.
For tumor position tracking, the mean and
standard deviation of the tracking error were
used as the evaluation indexes. For the tumor
boundary tracking, an overlap index (OI) was
used as the evaluation index. In addition,
several previous tracking algorithms based on
template matching were implemented, and the
tracking performances were evaluated in

comparison with the previous tracking
methods.
In this research, the following five

achievements have been made during the past
2 fiscal years.
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Fig 2. A GUI application for analyzing the
tumor motion in clinical data.

(1) Phantom and clinical data acquisitions.
During the past 2 fiscal years, a set of phantom
and over 20 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. Fig. 1 (1) shows three examples of
the phantom, clinical kV image, and clinical
MYV images.

(2) Clinical data analysis. 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 2 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.

(3) Development of tumor tracking system.
During the past 2 fiscal years, we have
developed a kernel-based tracking algorithm
and a level set method-based tracking
algorithm using MATLAB to track the tumor’s
position and it boundary in kV and MV X-ray
image sequences. The developed tracking
system, which utilized advanced digital image
processing and visual tracking techniques,
have been tested and evaluated using a set of
phantom and clinical image date. In addition,
several previous tracking methods have been
implemented on the MATLAB. The previous
methods have also been tested and evaluated
using the phantom and clinical image data. For
improving the computational speed, we have
also improved the implementation of the
tracking algorithm based on a GPU
computation platform.

(4) Tumor position tracking experiments and
its evaluation. We have conducted a set of
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Fig 3. Experimental results for
tracking tumor position in kV images.
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Fig 4. A comparison of tracking accuracy
between the proposed method and four
previous template matching-based methods.

experiments to evaluate the kernel-based
tracking method by using clinical kV X-ray
image. Fig. 3 shows two experiments and the
tumors positions obtained from the tracking
system and the ground truths generated by
clinicians. As shown in Fig. 4, the
experimental results conducted on five clinical
kV image sequences demonstrated that the
tracking accuracy of the proposed method is
superior to the conventional template matching
methods. In addition, our proposed method has
a lower computational cost compared with
previous template matching- based methods,
and shows a promising perspective for
real-time tumor tracking in clinical application.

(5) Tumor boundary tracking experiments and
its evaluation. For the tumor boundary tracking
system, we have also conducted a set of
experiments on phantom and clinical MV
X-ray images to evaluate its accuracy. Fig. 5
shows an MV X-ray images and the tumors
boundary obtained from the tracking system.
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Fig 5. An experimental result of tracking
tumor boundary in MV images

As shown in Fig. 5, the experimental results
demonstrated that the tracking results have a
good agreement with the ground truths, and it
shows a  perspective  for  real-time
tumor-following radiation therapy.
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