 PLANNING AND DELIVERY OF RADIATION THERAPY
Hamilton Regional Cancer Centre Foundation is the only cancer treatment facility in the Central West Ontario (Hamilton, Burlington, Kitchener and Niagara region) an area serving nearly three million people. It is fully equipped to perform different types of radiation therapies and provides treatment to more than 7,000 new patients each year. The pretreatment imaging, treatment plans and radiation therapies available at the Cancer Centre are detailed below.

CT (Computed Tomography) Scan, also known as CAT (Computed Axial Tomography) scan, is one of the imaging/diagnostic techniques in which the combined use of a computer and X-rays passed through the body at different angles produces clear cross-sectional images (slices) of the tissue being examined. This method provides clearer and more detailed information than X-rays used by themselves. CT scan also has the advantage of minimizing the amount of radiation exposure. Before the scan is carried out, a contrast medium may be injected to make blood vessels, organs, or abnormalities show up more clearly; a drink of contrast medium may be given to highlight loops of intestine: Before any treatment planning can begin, a pretreatment CT scan is often performed. This scan allows the radiation oncologist to identify both tumour and surrounding normal structures.

CT Simulation The cancer center has combined CT and simulation into a single diagnostic-treatment planning unit, known as a CT simulator. The major advantage of this combination is that both procedures are performed by one unit and, thus, the patient does not have to make two separate visits to the clinic. Also, CT simulation brings the radiation clinic into the digital age that has increased the speed, efficiency, and accuracy of treatment planning and delivery.

Guides for treatment field placement Small skin marks, or tattoos, are placed on the patient following proper positioning in simulation. These tattoos will guide the placement of treatment fields and give the physician a permanent record of past fields should the patient need additional treatment in the future. It is imperative that the patient be treated in a reproducible manner each day. To facilitate this, casts that conform to the patient’s contour and place the patient in the same position for each treatment are constructed. Lasers help lineup the patient during treatment.

Procedure In the first step of this procedure, the patient is placed on the CT simulator table and undergoes a normal CT study. The physician has the capability of outlining the tumor and any normal structures on each CT slice. A computer using PINNACLE Planning System Software performs a three-dimensional (3D) transformation of the CT slices and creates a digitally reconstructed radiograph (DRR). The DRR resembles a normal diagnostic film, except that it is digital and can be manipulated to achieve better contrast and detail than regular film. The outlines of the tumor and organs are displayed on the DRR for any viewing angle. The physician can then draw blocks on the DRR with a more accurate idea of where the tumor and normal tissues actually lie. The DRR is digitized into the treatment-planning computer, and any CT slices and their contours drawn by the physician are transferred as well. This DRR is sent to the mold room for block construction.

Determining optimal dose distribution The medical physicist or dosimetrist uses the information from CT and simulation to plan the treatment on a computer. A complete collection of machine data, including depth dose and beam profile information, is stored in the computer. The physics staff aids the radiation oncologist in deciding the number of beams (usually two to four) and angles of entry. The goal is to maximize the dose to the tumor while minimizing the dose to surrounding normal structures. Several treatment plans are generated, and the radiation oncologist chooses the optimal dose distribution. The beam-modifying devices such as blocks and wedges may be used to optimize the dose distribution around the tumor.

Establishing the treatment plan The planning computer will calculate the amount of time each beam should be on during treatment. All pertinent data, such as beam-on time, beam angles, blocks, and wedges, are recorded in the patient’s treatment chart and sent to the treatment machine. The radiation therapist uses this information, as well as any casts, tattoos, and lasers, to set up and treat the patient consistently and accurately each day. 

Conformal Radiation Therapy Conformal radiation therapy is a geometric shaping of the radiation beam that conforms with the beam’s eye view of the tumor. Conformal therapy utilizes the outlining capabilities of the CT simulator. The physician outlines the tumor volume, generates DRRs, and draws an appropriate margin from 1-2 cm around the tumor. These fields conform closely to the shape of the tumor and, thus, shield more critical structures than do normal blocks. The margin allows for setup errors of a few millimeters each day. Appropriate immobilization of the target volume must be achieved in each patient through the use of devices that constrain movement (“casts”) so that the target is accurately localized. Films are sent to the mold room for block construction. Since the fields are “tighter” around the tumor, the prescribed dose can be increased. By increasing the dose to the tumor, local control will be improved.

Treatment Machines High-energy radiation is delivered to tumors by means of AECL/ Varian Linear Accelerators. A beam of electrons is generated and accelerated through a waveguide that increases their energy to the keV to MeV range. These electrons strike a tungsten target and produce X-rays. The Varian linear accelerator’s production of X-rays is identical to that of lower-energy machines. However, the energy range of this Varian unit is quite broad from 6 to 18 MeV. The depth of the maximum dose in this energy range is 1.5-3.5 cm. The dose to the skin is about 30%- 40% of the maximum dose. This linear accelerator also has electron-beam capabilities, usually in the energy range of about 5-20 MeV. To produce an electron beam, the tungsten target is moved away from the path of the beam. The original electron beam that was aimed at the tungsten target is now the electron beam used for treatment. Unlike that of photons, the electron skin dose is quite high, about 80%-95% of the maximum dose. A rule of thumb regarding the depth of penetration of electrons is that 80% of the dose is delivered at a depth (in cm) corresponding to one-third of the electron energy (in MeV). Thus, a 12-MeV beam will deliver 80% of the dose at a depth of 4 cm. 

Altering beam intensity, field size and Shielding normal tissue When measurements are made at the point just past the target, the beam is more intense in the center than at the edges. Optimal treatment planning is obtained with a relatively constant intensity across the width of the beam. This process is accomplished by placing a flattening filter below the target. For the radiation beam to conform to a certain size, high atomic number collimators are installed in the machine. They can vary the field size from 2×2cm to 40×40cm at a distance of 100cms from the target, which is the distance at which most treatments are performed. If it is decided that a beam should be more intense on one side than the other, high atomic number filters, known as wedges, are placed in the beam. These filters can shift the dose distribution surrounding the tumor by 15º-60º. Wedges can also be used to optimize the dose distribution if the treatment surface is curved or irregular. Once the collimators have been opened to the desired field size that encompasses the tumor, the physician may decide to block out some normal tissue that remains in the treatment field. This is accomplished by placing blocks (Cerrobend), constructed of a combination of bismuth, tin, cadmium, and lead, in the path of the beam. In this way, normal tissues are shielded, and the dose can be delivered to the tumor at a higher level than if the normal structures were in the field. These individually constructed blocks are used in both X-ray and electron treatments.

Conclusion The Hamilton Regional Cancer Centre is a place of healing and compassion. But most of all, it is a place of hope for cancer patients. 






PAGE  
1

