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INTRODUCTION:
a - Physical Rationale 

Protons have different dosimetric characteristics than photons used in conventional radiation therapy. After a short build-up region, conventional radiation shows an exponentially decreasing energy deposition with increasing depth in tissue. In contrast, protons show an increasing energy deposition with penetration distance leading to a maximum (the “Bragg peak”) near the end of range of the proton beam (Figure 1). 

[image: image1.emf]
                                                    FIGURE 1

Protons moving through tissue slow down loosing energy in atomic or nuclear interaction events. This reduces the energy of the protons, which in turn causes increased interaction with orbiting electrons. Maximum interaction with electrons occurs at the end of range causing maximum energy release within the targeted area. 
This physical characteristic of protons causes an advantage of proton treatment over conventional photons radiation, because the region of maximum energy deposition can be positioned within the target for each beam direction. 
This creates a highly conformal high dose region, created by a spread-out Bragg peak (SOBP), (Figure 2) with the possibility of covering the tumor volume with high accuracy. At the same time this technique delivers lower doses to healthy tissue than conventional photon or electron techniques. However, in addition to the difference in the depth-dose distribution there is a slight difference when considering the lateral penumbra (lateral distance from the 80% dose to the 20% dose level). For large depths the penumbra for proton beams is slightly wider than the one for photon beams by typically a few mm. 
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FIGURE 2
b - Clinical Rationale 

The rationale for the clinical use of proton beams is the feasibility of delivering higher doses to the tumor, leading to an increased tumor control probability (TCP). This is possible due to the irradiation of a smaller volume of normal tissues compared to other modalities. Due to the reduced treatment volume and a lower integral dose, patient tolerance is increased. Like other highly conformal therapy techniques, proton therapy is of particular interest for those tumors located close to serially organized tissues where a small local overdose can cause fatal complication such as most tumors close to the spinal cord. Irregular shaped lesions near critical structures are well suited for protons. 
Proton therapy has been applied for the treatment of various disease sites (Delaney et al., 2003) including paranasal sinus tumors (Thornton et al., 1998), chordoma (Benk et al., 1995; Terahara et al., 1999), chondrosarcoma (Rosenberg et al., 1999), meningioma (Hug et al., 2000; Wenkel et al., 2000), prostate (Hara et al., 2004; Slater et al., 2004), and lung tumors (Shioyama et al., 2003). Clinical gains with protons have long been realized in the treatment of uveal melanomas, sarcomas of the base of skull (Weber et al., 2004), and sarcomas of the paravertebral region. Proton radiosurgery has been used to treat large arterial venous malformations as well as other intracranial lesions (Harsh et al., 1999). 
Treatment plan comparisons show that protons offer potential gains for many sites. Comparisons of treatment modalities (protons vs. photons) have been made on the basis of TCP and NCTP (Normal Tissue Complication Probability) calculations for cranial irradiation of childhood optic nerve gliomas by Fuss et al. (Fuss et al., 2000). Also, advantages of proton plans compared to photon plans have been shown for pediatric optic pathway gliomas (Fuss et al., 1999) and for pediatric meduloblastoma / primitive neuro-ectodermal tumors (Miralbell et al., 1997). Here, proton therapy offered a high degree of conformity to the target volumes and steep dose gradients, thus leading to substantial normal tissue sparing in high- and low-dose areas. Studies on various Central Nervous System tumors and pediatric patients with low-grade astrocytoma revealed that acute or early late side effects were low (McAllister et al., 1997; Hug and Slater, 1999). Another target used for comparative treatment planning is glioblastoma multiforme (Tatsuzaki et al., 1992) where, due to a highly radioresistant tumor mass and due to extensive microscopic invasion, high doses to critical structures are difficult to avoid. A comparison of proton and X-ray treatment planning for prostate cancer has been published by Lee et al. (Lee et al., 1994). Others studied X-ray and proton irradiation of esophageal cancer (Isacsson et al., 1998), locally advanced rectal cancer (Isacsson et al., 1996), and paraspinal tumors (Isacsson et al., 1997) showing that protons have therapeutic advantages over conventional therapy based on TCP and NTCP calculations. Osteo- and chondrogenic tumors of the axial skeleton, rare tumors at high risk for local failure, were studied for combined proton and photon radiation therapy (Hug et al., 1995). The potential advantages of protons has also been discussed for various other types of tumors (Archambeau et al., 1992; Levin, 1992; Miralbell et al., 1992; Nowakowski et al., 1992; Slater et al., 1992; Slater et al., 1992; Smit, 1992; Tatsuzaki et al., 1992; Tatsuzaki et al., 1992; Wambersie et al., 1992; Lee et al., 1994; Lin et al., 2000). 
For advanced head and neck tumors a treatment plan comparison was done by Cozzi et al. (Cozzi et al., 2001) for five patients using 3D conformal and intensity modulated photon therapy and proton therapy. They distinguished between passive and active modulated proton beams.
 They concluded that looking at target coverage and tumor control probability there are only small differences between highly sophisticated techniques like protons or intensity modulated photons if the comparison is made against good conformal treatment modalities with conventional photon beams. The situation was judged to be quite different if organs at risk were considered. 
Due to the reduction in integral dose with protons, the most important benefits can be expected for pediatric patients. In this group of patients there is much to be gained in sparing normal tissue that is still in the development stages. Examples are treatments of retinoblastoma, meduloblastoma, rhabdomyosarcoma and Ewing’s sarcoma. In the treatment of retinoblastoma one attempts to limit the dose to the bone, adjacent brain, contra-lateral eye and the affected eye’s anterior chamber. In the treatment of meduloblastoma the central nervous system including the whole brain and spinal canal are irradiated while sparing the cochlea, pituitary gland and hypothalamus. The benefits of protons are obvious when considering the reduced heart, lung and abdominal doses compared with X-rays. A typical meduloblastoma dose distribution is shown in figure 3 (Bussiere and Adams, 2003). 
This previous text has been taken and edited from a paper to be published by Harald Paganetti and Thomas Bortfeld – Massachusets General Hospital, Boston, MA, USA.
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Figure 3: Sagital color-wash dose display for the treatment of meduloblastoma including the CSI to 23.4 CGE as well as the posterior fossa boost to 54 CGE. (Bussiere and Adams, 2003). It is evident from photon and proton comparisons that even with the rapid development of intensity-modulated dose delivery with electrons and photons, protons are capable of much higher dose conformity, in particular for intensity modulated proton

ACTIVITIES:

a- IN BEAM POSITRON EMISSION TOMOGRAPHY – PET:

Positron emission tomography (PET) imaging of radioactivity distributions induced by therapeutic irradiation is at present the only feasible method for an in situ and non-invasive monitoring of radiooncology treatments with ion beams. Therefore, at the experimental carbon ion therapy facility at the Gesellschaft für Schwerionenforschung Darmstadt, Germany (GSI) a PET scanner has been integrated into the treatment site for quality assurance monitoring simultaneously to the therapeutic irradiation. Although the device has been assembled from components of positron emission tomographs developed for nuclear medicine applications, substantial modifications had to be made for meeting the requirements of ion therapy monitoring. These changes regard the geometrical detector configuration as well as the data acquisition and processing. Since 1997 this technique has been applied to monitor the fractionated irradiation of more than 180 patients predominantly suffering from tumors in the head and neck region. It could be demonstrated that this new PET technique is capable of assessing parameters being relevant for quality assurance of carbon ion therapy, i.e. the particle range in tissue, the position of the irradiated volume with respect to anatomical landmarks and local deviations between the planned and the applied dose distributions (W. Enghardt, P. Crespo,  et al 2004)
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Figure 4: The double head positron camera at the treatment site at GSI Darmstadt. The horizontal carbon ion beam escapes the beam pipe through a 20×20 cm2 window visible in the centre (a). To provide sufficient space for patient positioning, the PET scanner can be moved parallel to the beam between the measuring position displayed and the parking position upbeam (b). For irradiating patients in supine position the detector heads are fixed below and above the patient couch, whereas for future treatments of sitting patients, the detectors can be rotated around the central beam (c).
TERA Foundation at CERN has been working on the development of a new accelerator which will be called CYCLINAC, capable of producing radioisotopes used in the nuclear medicine field and at the same time a very efficient device for delivering proton therapy treatments for superficial and deep seated tumors in both modalities, passive and active scanning. 

Part of the work of the physicist at TERA group is to investigate on the scintillating crystals used as radiation detectors in these PET devices.

By means of a Hybrid Photomultiplier Detector HPMT developed at CERN, we studied the feasibility of coupling some of the crystals most widely used in the world for nuclear medicine and astrophysics applications, like Bismuth Germanate 
[image: image5.wmf] Known as BGO, Cerium-doped Lutetium Oxyorthosilicate 
[image: image6.wmf] known as LSO:Ce , Cesium fluoride 
[image: image7.wmf] and common plastic scintilators.
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Figure 5: Graph obtained using a BGO crystal as scintillator and a 
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 positron emitter source set on top of the crystal. A layer of optical grease with appropriate refraction index was applied in the interface between the crystal and the HPMT window to improve the photons collection efficiency. Axes “x” and “y” represents respectively number of photoelectrons and number of counts.
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Figure 6: Top view of the BGO scintillator crystal and the HPMT window

My main interest in this part of the work was to gain some experience in the field of Scintillation counting since Crystals like Thallium doped Sodium Iodine
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, have been used widely as Gamma detectors and coupling these to a suitable HPMT have shown to be a high resolution Gamma ray spectroscopy system. 

This fact can be of great interest in the medical physics field in Colombia since by means of it, it will be feasible to perform spectroscopy studies of sources used in the hospitals for brachytherapy purposes like
[image: image12.wmf].

b- Learning about Geant4 Simulation Code:

Geant4 is a toolkit for the simulation of the passage of particles through matter. Its areas of application include high energy, nuclear and accelerator physics, as well as studies in medical and space science
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Figure 7: Simulation pictures obtained from Geant4 and Gate which is a special application of Geant4 for Positron Emission Tomography PET.

Monte Carlo simulations codes are a very important tool for the medical physicist. This allows the physicist to have a better understanding of the interaction of radiation with matter and besides it, it is a valuable aid to confront the dosimetric data obtained as a regular quality control program of the radiation machines and overall when commissioning a new machine. For the treatment Planning Software it is a tool of verifying the data, since outcomes of this code are beam profiles and depth dose curves.

c- Learning about Ion and Proton Therapy delivery systems:

There are two ways of delivering ion and proton doses to target volumes. Those are known as “passive” and “active” systems. Innumerable papers have been published about the good conformal outcomes for both techniques. However active spot scanning has emerged as a promising technique since its great conformity to the tumor volume with the corresponding sparing to the healthy tissue, without mentioning the possibility of modulating the intensity of the particles pencil beams. 

This period has been of great professional and personal benefit because I have grasped the main ideas of the heavy particles therapy which as has been mentioned in the introduction constitutes a hope in the fight against cancer throughout the world.

[image: image15.emf]
Figure 8: Schematic representation of the passive Spread Out of the Bragg Pick SOBP - Courtesy of T. Lomax – Paul Scherrer Institute 
[image: image16.emf]
Figure 9: Schematic representation of the active Spreading Out of the Bragg Pick SOBP- Courtesy of T. Lomax – Paul Scherrer Institute 
c- Studying the Lateral Penumbra – Dose Fall off for the spot scanning technique:

For the spot scanning technique, each individual pencil beam is assumed to have a Gaussian profile and the separation of the beam spots on the grid is typically closed to the standard deviation of the Gaussian distribution.

With the supervision of doctor Giulio Magrin – physicist of TERA group and by means of a worksheet developed in Mathematica 5.2, we studied the influence of the separation of beam spots on the flatness of the cross profile, lateral penumbra of the proton beam and the influence of this parameters on the global dose deliver by the arrangement of spots due to their overlapping. 

Results of this study are going to be presented in the next meeting of the group.
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Figure 10: Power point slides from the presentation of Magrin G – Machado H

d- Target volume dose considerations in proton beam treatment for moving organs:

By means of the Mathematica 5.2 tool, we were able to introduce a function on the Gaussian distribution function to simulate the motion organs and some systematic set up errors.

Some papers published on this topic were deeply analyzed, specially the works of Martijn Engelsman from Northeast Proton Therapy Center – Massachusetts.

First approaches of this study will be presented in the next meeting of the group.
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Figure 11: Dose profile obtained from Mathematica for a static “raster” pattern of proton spots distribution 
e- Scientific visits:

     Visit to the Paul Scherrer Institute – Proton Therapy Facility:

On September 8th was carried out this visit to the PSI facility in Villigen Switzerland which is one of the leader institutions in the world with clinical experience on the application of proton beams to superficial and deep seated tumors.

It was a very important experience discussing with doctor Tony Lomax, chief of the medical physics group of Paul Scherrer Institute - PSI, the clinical experience acquired for his group treating eye and deep seated tumors. PSI has been applying the technique of spot scanning and has developed an own treatment planning software for the delivery of 3D conformal and Intensity Modulated Proton Therapy treatments. Also was very instructive to discuss with doctor Eros Pedroni, researcher physicist of the group, about the future plans of the center which include the acquisition of a proton therapy dedicated superconductor cyclotron and the construction of an improved version of the gantry to deliver 3D conformal and IMPT treatments. 

For Colombian National Cancer Institute, the treatment of children eye tumors have been of great concern since in the past, the only option some kids had was the enucleation of the eye.  The last year the NCI acquired an Iodine 125 seeds eye plaques kit which is awaited to be a good solution for the treatment of eye tumors with radiation. Nevertheless, medicine based studies have proved the good results obtained by proton treatments, especially when it comes to the sparing of healthy tissues and is precisely in this field where PSI has cumulated achieved better tumor control, according to the physicians of the team.

[image: image21.emf]
Figure 12: Gantry and couch of the PSI Proton therapy Device. 
     Visit to the Albert Einstein Exhibition in the History Museum of Bern:

Albert Einstein was living in Bern a century ago, when he created the famous formula 
[image: image22.wmf] and revolutionized our ideas about space and time with his Theory of Relativity. His commitment to peace and social justice also made him a role model for man throughout the world.
f- Presentations for TERA group:

· Current situation of the medical physics field in Colombia:

A announcement was given to the group during our weekly meetings to contextualize the current situation of the medical physics field in Colombia, the state of the art of the radiotherapy field, the technology used at the moment for the treatment of cancer disease by mean of ionizing radiation, etcetera.

· Influence of organs motion on the delivery of dose by protons and ions:

Presentation conducted with the physicist Giulio Magrin as a first approach of the dependence of the dose delivery on the motion of organs, especially when the technique used is spot scanning. A sinus function was introduced in the Gaussian function to simulate motion and setup errors.


[image: image23.emf]
Figure 13: Slide of the presentation. 
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