Brachytherapy

Sometimes this is referred to as curietherapy or endocurie therapy. Brachytherapy is a term used to describe the short distance treatment of cancer with radiation from small , encapsulated radionuclide sources. This type of treatment is given by placing sources directly into or near the volume to be treated. The dose is then delivered continuously, either over a short period of time(temporary implants) or over the lifetime of the source to a complete decay (permanent implants). Most common brachytherapy sources emit photons. However, in a few specialized situations beta or neutron emitting sources are used.

There are two main types of brachytherapy treatment:

● Intracavitary, 
in which the sources are placed in body cavities close to the tumour volume.
● Interstitial, 
in which the sources are implanted within the tumour volume.

Intracavitary treatments are always temporary, of short duration, while interstitial treatments may be temporary or permanent. Temporary implants are inserted using either manual or remote afterloading procedures. Other, less common forms of brachytherapy treatments include surface plaque, intraluminal, intraoperative and intravascular source applications; for these treatments either Gamma or Beta emitting sources are used.

The physical advantage of brachytherapy treatments compared with external beam radiotherapy is the improved localized delivery of dose to the target volume of interest. The disadvantage is that brachytherapy can only be used in cases in which the tumour is well localized and relatively small. In a typical radiotherapy department about 10–20% of all radiotherapy patients are treated with brachytherapy.

Several aspects must be considered when giving brachytherapy

treatments. Of importance is the way in which the sources are positioned

relative to the volume to be treated, and several different models have been developed over the past decades for this purpose. The advantage of using a well established model is that one benefits from the long experience associated with such models and that one can take advantage of published results. The use of uniform models and methods in brachytherapy treatments simplifies comparison of treatment results.

A typical treatment in which a model may be used is, for example, the

treatment of cancer of the cervix, in which the dose is given to a specific point A, or low dose rate (LDR) treatments of head and neck cancers using Ir-192 wires. In this latter case the Paris model provides suitable guidelines for calculation of the treatment dose and time. 

For treatments in which dose optimization techniques are used, the treatment times depend on how the sources are positioned relative to the dose calculation points and on the source strength. In situations in which the system to be used is not obvious, the scientific literature should be consulted in order to take full advantage of already existing experience. With the use of a specific method for the brachytherapy treatment and a model for the dose distribution calculation, comparison of results is simplified. The use of a well established dosimetric system for the treatment of cancer gives a common point for such comparisons. However, the use of a model alone is not sufficient to validate results; it is necessary to have a reliable method for determination of the source strength in order for the dose calculation to be accurate. This means that it is necessary for brachytherapy sources to be calibrated, with the calibration traceable to a national or international standards laboratory.

Physical and clinical aspect of Brachytherapy
The important aspects of any brachytherapy treatment are:

● Use of a suitable dosimetric model for the treatment time and dose

calculation;

● Use of calibrated sources.

 A treatment does not reach its goals if the source misses its aimed positions by a large margin; that is, if there are severe geographical misses in placing the sources relative to their intended positions. Owing to the steep dose gradient that characterizes brachytherapy, such geometrical misses may be seriously detrimental to the intended treatment. Thus there is a need for a quality control programme guaranteeing that the treatment is given in accordance with its purposes. From a radiobiological point of view brachytherapy dose delivery can result in complex dose rate effects that may influence the therapeutic outcome.

The continuous delivery of dose will influence the repair of sublethal and potentially lethal damage, cell proliferation and other cell kinetics, all of which can modify the radiation response of tumour and normal tissues.

Brachytherapy treatments can summarize with regard to the type of implant, duration of implant, method of source loading and dose rate. 
Type of implant and description.
Intracavitary
 Sources are placed into body cavities close to the tumour volume

Interstitial 
Sources are implanted surgically within the tumour volume

Surface (mould)
Sources are placed over the tissue to be treated

Intraluminal 
Sources are placed in a lumen 

Intraoperative 
Sources are implanted into the target tissue during surgery

Intravascular 
A single source is placed into small or large arteries

Type of treatment and treatment duration.

Temporary 
Dose is delivered over a short period of time and the sources are removed after the prescribed dose has been reached

Permanent 
Dose is delivered over the lifetime of the source until complete decay
Type of treatment and source loading (Method of loading).
Hot loading 
The applicator is preloaded and contains radioactive sources at the time of placement into the patient

Afterloading 
The applicator is placed first into the target position and the radioactive sources are loaded later, either by hand (manual afterloading) or by a machine (automatic remote afterloading)

Type of treatment and Dose rate.

Low dose rate 
(LDR) 
0.4–2 Gy/h

Medium dose rate 
(MDR) 2–12 Gy/h

High dose rate 
(HDR) >12 Gy/h

( MDR is not in common use. In those few cases in which it has been used, the treatment results have been rather poor compared with LDR or HDR treatments. )
Photon source characteristics
Brachytherapy sources are usually encapsulated; the capsule serves several purposes:
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● Containing the radioactivity;

● Providing source rigidity;

● Absorbing 
Alfa (for photon emitting sources)

Beta radiation produced through the source decay.
The useful radiation fluence from a brachytherapy source generally

consists of:

Gamma  rays, 
which form the most important component of the emitted radiation.
Characteristic X rays,

emitted incidentally through electron capture or internal conversion that occurs in the source.
Characteristic X rays and bremsstrahlung 
that originate in the source capsule.

Selecting an appropriate radionuclide for brachytherapy.

Selecting an appropriate photon emitting radionuclide for a specific brachytherapy treatment depends on several relevant physical and dosimetric characteristics as follows ,
· Photon energies and photon beam penetration into tissue.

· Shielding materials.
· Half-life.
· Half-value layer (HVL) in shielding materials such as lead.
· Specific activity.
· Source strength.
· Inverse square fall-off of dose with distance from the source
( This is the dominant dosimetric effect, because of the very short 
 treatment distances used in brachytherapy).
The photon energy influences penetration into tissue as well as theradiation protection requirements. Dose distributions in tissue, within the short treatment distances of interest, are not influenced much by photon scattering when photon energies are above 300 keV. This is due to the attenuation by tissue being compensated for by scatter buildup of the dose. 

Commonly use radionuclide
	Radionuclide
	Half-  life
	Type of Radiation
	Energy levels
( Mev )
	HVL Pb
(mm) 
	Applications

	Ra - 226
	1600

years
	Gamma
	0.047 – 2.45

(Average 0.83)
	12

	Interstitial

	
	
	
	
	
	IntraCavitory

	Rn - 222
	3.83

years
	Gamma
	0.047 – 2.45

(Average 0.83)
	12

	Interstitial

	Co - 60
	5.26 years
	Gamma
	1.17– 1.33

(Average 1.25)
	11

	Interstitial

	
	
	
	
	
	IntraCavitory

	
	
	
	
	
	SurfaceMould

	Cs - 137
	30

years
	Gamma
	0.662
	5.5


	Interstitial

	
	
	
	
	
	IntraCavitory

	Ir - 192
	73.8

days
	Gamma
	0.136 – 1.06

(Average 0.38)
	2.5


	Interstitial

	
	
	
	
	
	IntraCavitory

	
	
	
	
	
	SurfaceMould

	
	
	
	
	
	Intra Luminal

	Au -198
	2.7
days
	Gamma
	0.412
	2.5
	Interstitial

	I - 125
	59.4
days
	Gamma
	Average 0.028
	0.025
	Interstitial

	Pd - 103
	17
days
	Gamma
	Average 0.021
	0.008
	Interstitial
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