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NextGEN Brachytherapy?

• Do what we are currently doing but better…

– Clinical adoption of better dose calc. algo.

• Potentially do differently

– New applicators

– New sources

– New brachytherapy procedures / sites



From Rivard

≠

Never again



Interstitial Contura

Mammo SAVI

Patient and technique dependent!



Xoft eBx

White et al : Med. Phys. 2014

Low Energy Breast Brachytherapy:

Seed/Xoft (…and IntraBeam, …)



Eye Plaque

Melhus and Rivard, Med Phys 35 (2008)

Rivard et al, Med Phys 38 (2011) :  

20-30% point of interests in the eye; 

up to 90% decrease off axis



Extreme BT Shielding: HDR 192Ir & 103Pd

Han et al, IJROBP 89, 666-673 (2014)

From MJ Rivard, Work in Progress

2.5 mm diam.

CivaSheet



Targeted Therapy / Theragnostic

CdSe (1.60 nm)

CdS (0.68 nm)

CdZnS (0.98 nm)

ZnS (0.63 nm)



Sensitivity of Anatomic Sites to Dosimetric Limitations 

of Current Planning Systems

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

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



Enabling clinical use of advanced 
dose calculation algorithms
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1. recommendations to MBDCA early-adopters to evaluate:

• phantom size effect

• inter-seed attenuation

• material heterogeneities within the body

• interface and shielded applicators

2. commissioning process to maintain inter-institutional consistency

3. patient-related input data

4. research is needed on:

• tissue composition standards

• segmentation methods

• CT artifact removal

Beaulieu, et al., Med. Phys. 39, 6209-6236 (2012)



Specific commissioning process

• MBDCA specific tasks

“Currently, only careful comparison to Monte Carlo 
with or w/o experimental measurements can fully test 
the advanced features of these codes”.

• This is not sustainable for the clinical physicists.



You cannot beat the house!
DeWerd et al, AAPM/ESTRO TG138



Specific commissioning process

• MBDCA specific tasks

“Currently, only careful comparison to Monte Carlo 
with or w/o experimental measurements can fully test 
the advanced features of these codes”.

• This is not sustainable for the clinical physicists.

 Led to a concerted international effort



Vision 20/20 Paper: 2010

Rivard, Beaulieu, Mourtada, Med. Phys. 37, 2645-2658 (2010)

V. NEEDED INFRASTRUCTURE
While MBDCAs are expected to produce more
accurate dosimetric results than the current TG-43
formalism, the authors feel that the medical
community should not immediately replace the
current approach without careful consideration for
widespread integration. Assessment of the current
infrastructure is needed before assigning new
resources, with opportunity for further cooperation
of national and international professional societies.

V.A. Centralized dataset management
Societal recommendations and reference data do the
clinical physicist no good if they cannot be readily
implemented. Having quantitative data available
beyond the scientific, peer-reviewed literature may
be accomplished through expansion of the joint
AAPM/RPC Brachytherapy Source Registry. An
independent repository such as the Registry to house
the reference data would facilitate this process–
especially with international accessibility.



TG186 Commissioning Proposal

Level 1: TG43 like calc.

Level 2: 
Advanced 
dose calc.



STD (320/180)

8 dwell positions1 dwell position

Super High 
(1620/180)

ACE vs TG43: TG-43 conditions (L1)

Ma et al. Brachytherapy 
2015;14:939–52







DICOM (512 mm)3

(1 mm)3 voxel
Generic HDR 

192Ir source

Shielded GYN applicator

Material Elemental composition Mass Density (g/cm3)

Body PMMA C5O2H8 1.19

Shield Densimet D176 Fe (2.5%), Ni (5%), W (92.5%) 17.6

Ballester et al., Med. Phys. 42, 3048-3062 (2015)

Ma, Vijande et al. Med Phys 2017 (In Press)

Test cases (tools)



• Test case 1
Voxels 511X511X511 and 1mmX1mmX1mm
HU=0

• Test case 2

(source not to scale)

Test cases

From J. Vijande



• Test case 3 • Test case 4

(source not to scale)

Test cases

From J. Vijande



From R. Sloboda

1. Access the Registry

2. Download (a) a test plan 
and (b) MC reference dose 
distribution (DICOM)

3. Import DICOM objects

4. Calculate dose locally 
using the plan and MBDCA

5. Compare & evaluate 
MBDCA and reference dose 
distributions

Commissioning Workflow



Main Steps

Set up for 
local dose 
calculation

Case 4

From Sloboda, 2017



Main Steps

4. Calculate dose locally using the MBDCA

Case 4



Main Steps

5. Compare & evaluate TPS and Ref. doses

Case 4

TPS REF
OCB dose 
profiles



Main Steps

OCB dose difference map, point dose query

Case 4



Does it make clinical differences?

The case of prostate calcifications:

LDR Seed Implants



PROSTATE LDR BRACHYTHERAPY

JF Carrier et al., IJROBP 2007

≈ 4% ↓

≈ 3% ↓



Interseed Attenuation

JF Carrier et al., Med Phys 2006

0.38 U

0.76 U

Afsharpour et al., Med Phys 2008



CALCIFICATIONS

 Chibani & Williamson, Med. Phys. 2005



CA Collins-Fekete et al., Radiother Oncol 2014

CALCIFICATIONS



Retrospective Cohort

• CHU de Quebec performs seeds implants since 
1994

• Needs patients with: 

– post-implant CT 

– DICOM-RT export

• 613 usable cases in the research database out of 
about 1500

Cohort: Martin et al, IJROBP 67 (2007): 334–41; Martell et al, IJROBP (2017) In Press.
Physics: Collins-Fekete et al, Rad Onc 114 (2015) 339-344; Miksys et al IJROBP 97 (2017) 
606-615; Miksys et al, Med Phys 44 (2017) 4329-4340.



609             551             464             338             215             135                51                0       0                                                                                                                    

Patients at risk

5-years BFFS: 96.8%

7-years BFFS: 94.1%

10-years BFFS: 90.6%

Outcome for this cohort: bRFS



AVERAGE OF 42 SELECTED PATIENTS 
WITH VISIBLE CALCIFICATIONS

CA Collins-Fekete et al., Radiother Oncol 2015

D_WATER D_CALCI D_FULL_MC

D10% 98.7±0.4 94.8±08.8 92.3±08.4

D90% 98.4±0.4 88.6±12.1 86.8±09.2

V100% 99.6±1.1 93.5±18.4 93.8±17.7

V150% 99.1±0.6 92.1±12.0 90.7±10.2

V200% 97.2±1.1 84.9±13.3 80.8±12.6

TABLE: Dosimetric indices differences to TG-43



Miksys et al., IJROBP 97 (2017) 606-615

CALCIFICATIONS



Miksys et al., IJROBP 97 (2017) 606-615

CALCIFICATIONS



IMPACT ON RADIOBIOLOGICAL 
DOSE?



Miksys et al, Med Phys 2017

Slide by Rowan Thomson



Preliminary Results: bRFS

p=0.031

68         60           47         37          18            9            5             0            0                       

Patients at risk

Calcification: yes

Calcification: no

541      518        417        301       197        126         46            0            0                                 



CONCLUSION

 Monte Carlo: essential for clinical adoption of 

MBDCA

 NextGEN Brachytherapy needs MC

• R&D, validation, …

 Better dose calculations do make a difference

• Dose-outcome relationships

• Radiobiology

• …



Grazie!

www.physmed.fsg.ulaval.ca


