
Take home messages
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Brachy lecture 1

• The most important brachytherapy sources are I-125, Pd-103, Ir-192 
and Cs-137

• They are all, outside of their encapsulation, treated as photon 
sources

• The main production method for brachytherapy sources is neutron 
activation
– Important parameters are the neutron flux, the neutron capture cross section 

of the parent, and the decay time constant of the product
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Brachy lecture 1

• The key phenomenon governing brachytherapy dose distributions is 
the inverse square law
– besides that, photon attenuation and scatter impact the dose

• The relative importance of scatter and attenuation varies with 
energy
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Brachy lecture 2

• For most aspects, brachytherapy divides into two categories
– High and low dose rate
– Interstitial and intracavitary
– Permanent or temporary implants
– High or low energy

• We saw that most procedures are either done with a remote 
afterloader or with manual afterloading

• We saw that two important procedures, prostate permanent 
implants, and GYN afterloader brachytherapy

• We saw that the internal design of remote afterloader sources and 
permanent implant seeds are very different
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Brachy lecture 2

• Source strength is specified by Sk, which we prefer because it is 
measurement based and does not rely on knowledge of the 
emission spectrum

• The standard for Sk is a wide angle free air chamber which is used 
by standards labs to calibrate well chambers

• In the clinic we use well chambers to verify Sk by taking a reading a 
the position of maximum signal
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Brachy lecture 3

• We saw the TG43 protocol which allows calcula6on of the dose of a 
source in a 30 cm radius water sphere

• We saw the TG-43 coordinate system with reference point at 1 cm 
and 90 degrees

• The key parameters are the dose rate constant, the geometry 
func6on, the radial dose func6on and the anisotropy func6on

• We saw on which physical parameters each of these parameters 
depends
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Brachy lecture 3

• TG43 parameters are obtained from Monte Carlo simula;on and 
from dosimetry measurements

• Some parameters combine these, others use measurements as 
valida;on

• We saw that for brachytherapy Monte Carlo simula;ons can neglect 
electron transport and the radia;ve frac;on is very close to 0
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Brachy lecture 4

• In HDR brachytherapy we make a plan by optimizing dwell times at 

dwell positions reconstructed from CT or MRI images

• In LDR brachytherapy planning is done in real time by chosing the 

location of the next needle to insert seeds

• We saw that brachytherapy cumulative DVH are different for the 

CTV than those from EBRT with a high dose tail

• We saw that in brachytherapy the CTV is the PTV, and that margin 

expansions are only possible by adding new seeds. Without adding 

new seeds we simply perform dose escalation by applying margins
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Brachy lecture 5

• Brachytherapy can treat liver cancer, but is a very challenging 
surgical procedure done by an interventional radiologist

• We saw that TG43 has limitations due to tissue heterogeneities 
because it assumes water spheres
– In low energy brachytherapy: very different tissue attenuation and absorption 

(mass energy absorption coefficient), also impact of interseed attenuation
– In high energy brachytherapy: density differences for large organs can cause 

differences, but more importantly the lack of backscatter at tissue/air 
interfaces is an issue

• We saw that brachytherapy is probably less affected by motion than 
EBRT
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Brachy lecture 5

• SIRT is an alternative to brachytherapy for liver cancer which uses 

microspheres coated with Y-90

• Here we use electrons for irradiation, with a range of 4 mm

• We use SPECT with Tc-99m to account for the fraction of 

microspheres diverted to the lungs

• The dosimetry is based on the assumption that the electrons all 

deposit the mean energy of 0.937 MeV in the liver, yielding the 50 

J/GBq factor applied to the activity per unit mass
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Brachy lecture 6

• We saw that electronic brachytherapy makes use of miniature x-ray 
sources at 50 kV which have low energy but high dose rate

• We saw that they can be used for IORT, for example for APBI. But we also 
saw that we can use special mobile electron linacs

• These linacs different from EBRT linacs in terms of stray dose
– Use of beam stop
– lateral shielding
– minimal contact of beam with high Z material (no bending magnets or energy 

selection slits)

• The linacs make use of applicators to shape the electron beam, and give 
90% of the maximum dose to the distal edge of the target
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Brachy lecture 6

• For APBI with electronic sources, we saw that Monte Carlo 
simulations can give very different doses than TG-43

• The largest differences come from scoring Dmm

• We saw QA procedures, including autoradiographs for source 
position and source strength checks with a well chamber
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