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Abstract. The lecture presented a brief review of the current achievementsin
radiation therapy and a description of some of the outstanding problems in this
field related to tumor definition prior to treatment and to tumor tracking during
the treatment.

PACS codes: 87.55.D-, 87.55.Gh, 87.56.Da, 87.57.-s

Vast technological advancements in radiation dosimetry, in radiation delivery
techniques, in patient imaging, and in immobilization and monitoring during
treatment have led to high radiation therapy accuracy [1-4]. This has allowed
increasing of the delivered doses, which resulted in improved treatment efficacy
and survival probability [5]. The development of stereotactic radiosurgery (a
highly accurate radiation therapy procedure performed using athree dimensional
coordinate system for accurate tumor targeting) and the introduction of high
single dose treatments have further contributed to this success[6]. Despite these
advances, not all patient treatments are successful [7]. At the same time the
higher doses pose a higher risk for damaging normal tissue and function [8, 9].
This imposes higher demands on the accuracy with which the position and the
boundaries of the tumor target are defined during three phases of the treatment
process. i) prior to planning for the development of the irradiation treatment
planin aprocedure called treatment simulation; ii) immediately prior to start the
treatment to set-up the patient on the treatment table; and iii) for tumor position
verification during the treatment, a processes al so known as tumor tracking.

The tumor target is defined using the images produced during treatment sim-
ulation. At present state-of-the-art target definition is performed by using im-
ages produced on one of the following imaging devices. Computer Tomography
scanners (CT), combined positron emission tomography (PET) and CT scanners
(PET/CT), Magnetic Resonance Imaging scanners (MRI) and recently combined
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PET/MRI scanners. CT produces high resolution anatomical images which are
not sensitive to lesion metabolism. PET has a very high sensitivity and speci-
ficity for tumor lesion detection sinceit allowsto create images tagged to molec-
ular processes including glycolysis, proliferation and hypoxia [4]. However,
PET has poor spatial resolution and the PET images are also subject to other bi-
ological, physical and technical artifacts [10]. MRI brings very high resolution
and increased contrast between the different soft tissues as well as possibilities
for functional imaging. The above imaging modalities are subject of intensive
research effortsin order to enhancetheir rolein the radiation treatment planning
process.

The images needed to correctly position the tumor when the patient is on the
treatment table and to further verify this position during the treatment, can be
obtained using kV x-ray sourcesand amorphoussilicon or other solid state based
planar detectors. They can produce planar x-ray images for verification of the
patient position prior to or during treatment. If these images and sources are
attached to the gantry which delivers the treatment beam, recording consecu-
tive images during gantry rotation around the patient allows performing a CT
scan, called cone-beam CT (CBCT) due to the divergent x-ray beam. Alterna-
tive approaches for patient set-up and position verification include: e ectronic
portal imaging devices (EPID), which detect the megavoltage beam transmitted
through the patient; infra-red cameras, which observe infrared markers placed
on the patient; stereoscopic visual cameras, which monitor the topology of the
patient skin; ultrasound probes; and electromagnetic transponders implanted in
the tumor.

Disadvantages of the kV and MV imaging devices are that they can image well
only the bones and not so well the soft tissues and that they deliver extradose to
the patient. For this reason, special interest is recently aso given to attaching an
MRI scanner to the radiation therapy machine, which provides the advantage of
identifying the position of the different soft tissuesin real time during treatment.
Varioustechniquesfor stopping the treatment beam when the tumor moves away
from the planned position or for tracking the motion of the tumor dueto respira-
tory motion have been devel oped. Different approachesfor gating of theimaging
procedures with the respiratory cycle have also been implemented [11].

The brief description of the accuracy and limitations of the above technologies
provided in the lecture was intended to identify the areas needing further re-
search and development from the physicist prospective.

References

[1] A Practical Guide To Intensity-Modulated Radiation Therapy (2003) Medical
Physics Publishing, Madison, Wisconsin.

[2] J.T. Bushberg, JA. Seibert, EM.J. Leidholdt, JM. Boone (2002) “The Essential
Physics of Medical Imaging”, Philadelphia: Lippincott Williams & Wilkins.

262



Target Definition and Target Tracking in Radiation Therapy

[3] A. Khan and R.A. Potish (1998) “Treatment Planning in Radiation Oncology”,
Williams & Willkins.
[4] P. Zanzonico (2006) Crit. Rev. Eukaryot. Gene Expr. 16 61.
[5] M.J. Zelefsky, Y. Yamada, Z. Fuks, Z. Zhang, M. Hunt, O. Cahlon, J. Park, A.
Shippy (2008) Int. J. Radiat. Oncol. Biol. Phys. 71 1028.
[6] Y. Yamada, M.H. Bilsky, D.M. Lovelock, E.S. Venkatraman, S. Toner, J. Johnson,
J. Zatcky, M.J. Zelefsky, and Z. Fuks (2008) Int. J. Radiat. Oncol. Biol. Phys. 71
484.
[7] C.C.Ling, E. Yorke, H. Amols, J. Mechalakos, Y. Erdi, S. Leibel, K. Rosenzweig,
A. Jackson (2004) Int. J. Radiat. Oncol. Biol. Phys. 60 3.
[8] PS.Rosg, I. Laufer, PJ. Boland, A. Hanover, M.H. Bilsky, J. Yamada, E. Lis(2009)
J. Clin. Oncal. 27 5075.
[9] D.A. Jeffray, PE. Lindsay, K.K. Brock, J.O. Deasy, W.A. Tome (2010) Int. J. Ra-
diat. Oncol. Biol. Phys. Suppl. 76 S135.
[10] R. Boellaard (2009) J. Nucl. Med. Suppl. 50 11S.
[11] S.A. Nehmeh, Y.E. Erdi (2008) Semin. Nucl. Med. 38 167.

263





