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First applications at the    
Institut du Radium  

Dr Claudius Regaud
In 1912

Brachytherapy (or Curiethérapie)
is a technique of treatment by irradiation 

using radioactive elements placed
close or inside the tissues.

Pavillon Pasteur



Patterns of care for Brachytherapy (PCB) 2002

• 1064 European radiotherapy centres 

• 42% (450) provide brachytherapy.

• 41,130 patients were treated with brachytherapy



Advantages of brachytherapy

To deliver a high dose to the primary
– Rapid fall-off at periphery

• To spare the critical normal tissues

– On a small volume 
• movements of the patients and of the organs

– Continuous low dose rate
• To improve the therapeutic index 

– Short overall treatment duration
• To avoid repopulation  
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Main Brachytherapy indications 

Head and neck

Prostate

Breast

Uterus

Cervix
Anus 

•Rectum
•sarcomas

•Skin
• lung



radium radium needlesneedles and tubesand tubes



“ Hot Holding” of radium needles and tubes 



Man-made new isotopes in wires and/or 
discrete encapsulated sources:

• Short 1/2 life
• Miniaturised
• Afterloading techniques 

Radium 226 abandoned
1/2 life  1600 years
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wire-type source guiding needles

Iridium 192

1 mm

After loading



Rules for implantation (Paris System)



Acute Mucositis

High curative dose
�65 Gy

Low dose
Sparing NT

Healing at 2 Months



Preparation of Ir192 sources 
and manual afterloading

Reduce the exposure as much as possible

distance

time

shielding



Cesium 137 sources , tandems ,
and afterloaders

Reduce the exposure as much as possible



Afterloaders

Reduce the exposure as much as possible



Low dose-rate < 2 Gy / h

0 24 h12 h
– Bas débit de dose

– Débit pulsé

– Haut Débit de Dose

LDR



Tumour control



5-10 years Late effects

Total Dose 
Dose rate 



LDR became a standard



LDR improved but …
no real innovations



Stepping source technology

•Ponctual source of Ir192
•High activity 370 GBq (10 Ci)
•Drive cable
•Step by step
•Several channels

HDR

•Dwell positions / Dwell times 
•Piloted by a computer 
•Mimiking trains of sources  or wires
•Optimisation 

New Techniques



High dose Rate HDR > 12 Gy/ h

0 24 h12 h
– Bas débit de dose

– Débit pulsé

– Haut Débit de DoseHDR                             

LDR                                

New Techniques



HDR was innovative

But potentially dangerous , due to the biological effects on normal tissues 

New Techniques



Sources and 
afterloaders

New Techniques

> 1 500 afterloaders in the World
10 000 sources per year

> 500 000 procedures per year

New technology
High Number of patients 

Out patient treatment



Radium

Iridium 
Dosimetry
Predictive rules

Technology
3D imaging
Optimisation

Afterloading

Stepping sources

Clinical knowledge

New Techniques

Biological effect



Pulsed dose Rate 

0 24 h12 h
– Bas débit de dose

– Débit pulsé

– Haut Débit de Dose

LDR                                

Pulsed dose Rate PDR

HDR                             

New Techniques



PULSED (LOW) DOSE RATE

THE BEST OF BOTH WORLDS !

New Techniques



3 D imaging

Volumes

Implantation

Optimisation

3 D dosimetry

DVH

Improved clinical
Results

Dose Rate

Conformal pulsed (low) dose rate
New Techniques



Permanent implants

combined

• a short half life

• with low energy

Miniature seed sources, low energy photons

New Techniques
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Iode 125 seeds

• Activity = 0,5 mCi
• 1/2 life = 60 days
• Energy = 27-35 KeV
• ½ layer lead: 0.03 mm

New Techniques



US Market
Prostate Brachytherapy Cases
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Direct insertion under Ultrasonography

New Techniques



Post implant CT-Scan

Base

Apex

New Techniques



To avoid sources to be lost

Even sources lost in the patient 

Newbenefits



• Exclusive Brachytherapy
• Dose effect: Brachytherapy D. > 62.5 Gy
• Dose rate 0.3-0.5 Gy/h

Mazeron et al : Radioth Oncol 1991;21;39–47
Coche-Dequeant et al : Bull Cancer / Radiother 1995;82:203
Pernot et al : IJROBP 1994;29:673–679

• (Pre-) Concept of quality index:
Treated V. > 120 % of GTV (2D concept)

5 y - local control:  75 % vs 52 % 
Pernot et al : IJROBP 1994;29:673–679

M.Tongue: Prognostic factors for local control

To prescribe the dose-rate

New benefits



To Optimise the treated volume

Ref: F. Ahmad, Radiother Oncol 2004

New benefits



Non optimised

Optimised

To Optimise the treated volume
Tonsil

New benefits



Tonsil
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Non optimised
Optimised

- 30 %

Ref: F. Ahmad, M. Lapeyre 2004

To Optimise the treated volume

New benefits



3D-CRT

Dynamic IMRT 

Brachytherapy

Brachy Versus IMRT?

New benefits



IMRT

CRT

20 Gy
10 Gy
5 Gy
2 Gy2 Gy

Brachy

Sagittal 



Doses to OAR

Dose escalation

limiting

factors

Brachy Versus IMRT?
Cervix Brachytherapy

New benefits



18%
22%

Vienne: 145 patientes

New benefits



High is the temptation….
New benefits



I 125 Permanent implants 

New benefits



I 125 Permanent implants 

for low risk Prostate Ca
• Same resuts than Surgery

or EBI
• Out patient procedure
• No incontinence
• No rectal bleeding
• Few erectile dysfunction

New benefits



risk perception

• LDR techniques with
low risks ?

• HDR and High tech with
High risks ?

New Risks

Risk of overdosage ?
Risk of underdosage ?



•Applicator insertion
•Dose computation
•Source preparation
•Source insertion
•Radiation protection
•Source removal

New risks

Same errors but different dose rate



• Misposition of the sources for a seed afterloader

New risks



Recommandations of the International 
Commission on Radiological Protection 

Working Group 53
– HDR brachytherapy

• ICRP Publication 97 (approved 2004)
• Chairman: L Pinillos-Ashton

– Prostate implants 
• ICRP Publication 98 
• Chairman:  J.M.Cosset

New risks



??????
DVH

Dose-rate/fractionation
Pronostic factors

High Tech

New risks



• QA program
• Proper Training
• Written protocols

New risks

Brachytherapists use high technology
and need a trained team 

No improvisation
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