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Brachytherapy

� Foundation of all radiotherapy

� 1898: Discovery of Radium

� Classical treatment planning methods based on 
tabulated activity data

� Corrections for radionuclide and source encapsulation

Brachytherapy

� “Modern” treatment planning

� TG-43 formalism

� Parameters account for source attenuation and 
geometry

� Assumption of an infinite water environment

Rivard et al, Med Phys 31, 633-674 (2004)

Humans are not water

� Mostly  water

� What do we do?

� Analytical solutions

� Discretize parameters

� Energy

� Angle

� Composition

Images Courtesy of: www.physiologyforwards.wordpress.com and www.graphics.stanford.edu accessed of 25 May 15
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Physics of heterogeneity corrections

Papagiannis , Pantelis, Karaiskos, Br J Radiol, 87, 20141063 (2014) 

✔ Trivial!

✖ No analytical solution

• The Linear Boltzmann Equation or LTBE

Treatment planning - today
� Commercially available approaches

� CPE assumed (Dose = Kerma): Primary dose = analytical using ray-
tracing with scaling; 1st scatter dose, estimated from Scerma.

� Scatter dose:

� Grid-Based Boltzmann Solves (GBBS):  iteratively solve the LTBE by space 
(finite elements), angles (discrete ordinate) and energy (energy groups) 
discretization.

� Acuros – BrachyVision (Varian Medical Systems)

� Collapsed Cone Superposition: Scatter dose is separated into 1st and 
multiple scatter contributions. MC-derived point kernels and 
angular discretization ensure that every voxel in the geometry is 
intercepted at least once.

� Advanced Collapsed-cone Engine - ACE, Elekta

Does it matter?
� Clinical results show we are doing something right

� But do we really know what we are delivering? (TG-43)

� Novel sources on the market

� Electronic brachytherapy (eBT)
� Xoft® - 29 keV

� Esteya® - 41 keV

� Radionuclides  
�

57Co – 124 keV

�
153 Gd – 61 keV

�
169 Yb – 93 keV
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Sensitivity of dosimetry for novel radionuclides and eBT sources to material 

heterogeneities and general differences with TG-43

Rivard, Venselaar, Beaulieu, Med Phys 36, 2136-2153 (2009)

103Pd 21 keV
125I 28 keV
131Cs 30 keV

Xoft 29 keV

esteya41 keV

192Ir  0.3 MeV 60Co  1 MeV

153Gd 61 keV
170Tm 66 keV
169Yb 93 keV
101Rh 121 keV
57Co 124 keV

Does it matter? - YES

anatomic 

site

photon  

energy

absorbed  

dose
attenuation shielding scattering

beta/kerma 

dose

prostate
high

low XXX XXX XXX

breast
high XXX

low XXX XXX XXX

GYN
high XXX

low XXX XXX

skin
high XXX XXX

low XXX XXX XXX

lung
high XXX XXX

low XXX XXX XXX

penis
high XXX

low XXX XXX

eye
high XXX XXX XXX

low XXX XXX XXX XXX

Vision 20/20 paper

Rivard, Venselaar, Beaulieu, Med Phys 36, 2136-2153 (2009)

Current state of affairs

� Commercially available algorithms – 192Ir only

� Monte Carlo methods – random sampling of 
probability distribution functions of physics processes
� EGSnrc/BrachyDose, Geant4, MCNP

� TG-186 – Model-based dose calculation methods
� Level 1 – Reproducing TG-43 parameters

� Level 2 – Testing capabilities of MBCDAs
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Acuros vs TG43: TG-43 conditions

Difference in 

source modeling

TG43 anisotropy

function

Papagiannis, Pantelis, Karaiskos, Br J Radiol, 87, 20141063 (2014) 

Single catheter esophagus in phantom

Papagiannis, Pantelis, Karaiskos, Br J Radiol, 87, 20141063 (2014) 

Heterogeneous geometry

Papagiannis, Pantelis, Karaiskos, Br J Radiol, 87, 20141063 (2014) 
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Heterogeneous geometry

Papagiannis, Pantelis, Karaiskos, Br J Radiol, 87, 20141063 (2014) 

Clinical example: APBI

Images Courtesy of: Dr. Firas Mourtada

Clinical example: APBI

� Dose perturbations due to contrast 
medium and air

� The effect of patient inhomogeneities

� Air bubbles 

� Dose to skin

� Chest wall/rib dose 

� Patient specific planning vs. class 
solutions to estimate the effect

Rivard, “Brachytherapy Dose Calculation Formalism Dataset 

Evaluation, and treatment planning system Implementation 

(AAPMSS 2009)
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Contrast recommendations were made!

Contrast

Kassas, Mourtada, Horton, Lane, Med. Phys 31(7),1976-1979 (2004). 

Papagiannis , Pantelis, Karaiskos, Br J Radiol, 87, 20141063 (2014) 

Air

Richardson, Ramino, Med Phys, 37(8), 3919-3926  (2010) 

00--4%4%

00--6%6%

00--9%9%
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Clinical example: GYN

� Shielding

� Scatter

�Packing

�Attenuation

Fletcher-Williamson 

T&O

Rectal 

shield

Standard Cylinder

Regular or 

shielded

Interstitial

Images Courtesy of: Dr. Luc Beaulieu 

Shielded applicators with cap

Price, Horton, Eifel, Mourtada, ABS annual meeting, 2007

air

MCNPX 2.5 simulations compared with 

TG-43 predicted doses (Plato TPS)

Ye, Brezovich, Shen, Duan, Popple, Pareek, Med Phys, 31 (7), 2097-2106 (2004) 
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Rectal/Bladder Shields

cGycGy/hr Comparison/hr Comparison

• PDR (red) PDR (red) 

•• LDR (LDR (blackblack))

•• XZXZ--planeplane

•• 20mg equivalent20mg equivalent

Mourtada, Horton, 2004
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Clinical example: Skin

� Shielding

� Collimation

� Electron contamination

� Positioning 
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Clinical needs

� LDR prostate implants (125I, 103Pd)

� Seed geometry

� Inter-seed effects

� Cross-section (Energy)

� Low-energy x-ray sources (Xoft, Intrabeam)

� Source geometry and composition

� Cross-section (Energy)

29

Summary

� Dosimetry and planning methods have made huge 
strides since the inception of brachytherapy

�
192Ir is the only radionuclide available for use in 
commercialized treatment planning systems to date

� A large cohort of TG-43 data exists for the creation of 
retrospective studies (data is needed: H&N, skin)

� Stay tuned for specific clinical results…


