Radiation Therapy Techniques

Radiation therapy for cancer involves the delivery of ionizing irradiation for tumor control while minimizing the exposure of normal tissues.  Depending on the clinical situation, several techniques for radiation delivery are possible.

Three-dimensional conformal radiation therapy (3DCRT): 3DCRT involves the use of computed tomography (CT) imaging in the planning of radiation therapy. The CT scan provides not only 3-dimensional imaging of the target and surrounding normal tissues, but also information about tissue density and tissue depth from the skin to the target. These parameters are critical in calculating the dose distribution. In addition to CT, supplemental imaging modalities, such as magnetic resonance imaging or positron emission tomography, can be used to improve target delineation. With 3DCRT, conformal beams are used to shape the dose delivered to the target, and wedges or compensators can be used to optimize the dose distribution. Conformal beams are shaped either with a high-density material (e.g., Cerrobend) that allows beam contouring, or via multi-leaf collimators, which are an array of high-density leaves (usually tungsten) situated in the head of the linear accelerator (LINAC), whose position is controlled via independent stepping motors that allow beam shaping. Wedges are high-density devices that are placed on the head of the LINAC to act as a tissue compensator and/or beam modifier. The effect of a wedge can be created by a moving jaw at the head of the LINAC. With 3DCRT, variable field weighting and/or use of different energies (higher energies are more penetrating) are additional tools that enable optimization of the dose distribution.
 
Intensity-modulated radiation therapy (IMRT): IMRT is a 3-dimensional conformal radiation therapy (3DCRT) planning and delivery tool that shapes the radiation dose distribution and minimizes the dose to normal structures. IMRT implies inverse planning algorithms, i.e., the physician determines radiation treatment parameters to maximize dose to the target and minimize dose to normal tissues, and the planning algorithm maximizes the adherence to these parameters by modifying the beam spatially and/or temporally.  Spatial and temporal beam modification is often achieved by dynamically moving multi-leaf collimators (see 3DCRT). IMRT can also be achieved via custom-made beam compensators, which are derived from inverse planning algorithms. A novel way to deliver IMRT is tomotherapy, in which a bank of collimated leaves shutter open and closed while rotating around the patient in a spiral manner. The unifying principle of all IMRT planning and delivery methods is inverse planning.  IMRT results in a greater deposition of low doses to normal tissue, which may increase the risk of second malignancies.
 
Stereotactic radiation therapy (SRT): Stereotactic is derived from the Greek words stereos, meaning solid (as in three-dimensional) and taxis, meaning arrangement, order, or orientation. SRT implies the use of technologies which improve targeting accuracy, and allow for hypofractionated radiation delivery. Generally, a three-dimensional coordinate system is used to localize the target(s) most accurately. Stereotactic techniques can be used with conventional fractionation (1.8–2 Gy per day), but because of improved targeting accuracy, SRT allows for hypofractionated radiation (larger doses per fraction, fewer number of fractions, and a shorter treatment course).
 
Stereotactic radiosurgery (SRS): SRS implies the delivery of a single, high dose of radiation using stereotactic techniques (see above). Classically, for cranial SRS, a rigid neurosurgical frame is attached to the patient’s skull, and a stereotactic localizing device is attached to the frame to allow for improved targeting accuracy. Commercial SRS systems are available in which immobilization is achieved without a rigid neurosurgical frame. While there are innumerable commercial SRS and stereotactic radiation therapy systems, all of these systems utilize the same underlying principles:

· Patient immobilization.

· Targeting accuracy.

· Delivery of high doses of radiation.

· Heterogeneous dose distribution with a steep dose gradient.

Commercial SRS systems include Gamma-knife ®, which utilizes 201 radioactive cobalt sources positioned in a semispherical array, and Cyberknife ®, which utilizes robotics technology allowing the linear accelerator (LINAC) to track the patient position in real-time during treatment. A standard LINAC can be equipped with cones attached to its head, allowing for circular collimation of the beam. The dose distribution from Gamma-knife ®, Cyberknife ®, or a standard LINAC equipped with cones is spherical, and thus treating nonspherically shaped targets requires the superposition of multiple spherical dose distributions. A LINAC equipped with multi-leaf collimators can also be used for SRS, which allows more conformal beam shaping.
 
Proton and charged-particle therapy: Charged particles (such as protons and carbon) can be used to deliver therapeutic radiation. A proton is the charged nucleus of a hydrogen atom (hydrogen atom minus an electron).  Standard radiation is delivered with a linear accelerator (LINAC) that delivers photon therapy (akin to high energy light), while protons and other charged particles are generated from a cyclotron. The difference between charged-particle and photon irradiation is that charged particles stop abruptly in the tissue (Bragg peak) so there is less exit dose through normal tissue. A disadvantage of charged-particle therapy is the greater neutron exposure compared to essentially none using photons, and thus the benefit of protons in reducing radiation-associated malignancies is not known and controversial. Proton therapy can be used to deliver intensity-modulated radiation therapy, stereotactic radiation therapy, or stereotactic radiosurgery.
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