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Βραχυθεραπεια

• Brachus = short by

� Interstitial brachytherapy

� Contact brachytherapy� Contact brachytherapy
→ surface mould

→ intracavitary

→ endoluminal



History of Brachytherapy (1)

1896 Becquerel

1898 Marie Sklodowska-Curie

1901 Danlos and Block : Paris

1905 Abbe : US Radium implantations1905 Abbe : US Radium implantations



History of Brachytherapy (2)

Radium 226  tubes and needles



Different schools of brachytherapy

• Radiumhemmet Stockholm• Radiumhemmet Stockholm

• Memorial Hospital New York

• Institut du Radium Paris



Different schools of 

brachytherapy

• Radiumhemmet Stockholm

• Memorial Hospital New York• Memorial Hospital New York

• Institut du Radium Paris

Different empirical methods and rules

• Stockholm method for Gyne (1914)

• Paris method for Gyne (1919)

• Manchester system (1934) Paterson-Parker,Meredith

• Paris System for IS  : Pierquin,Chassagne,Dutreix



History of Brachytherapy (3)

Discovery of artificial radioactive isotopes

• 1934 Irene Curie - Fréderic Joliot• 1934 Irene Curie - Fréderic Joliot

• 1958 Iridium I92: U. Henschke

Development of afterloading concept

• 58 - 65 U. Henschke - D. Chassagne

Development of 3D dosimetry and fundamental

rules of dosimetry

• 1965 B. Pierquin - D. Chassagne - A. Dutreix



Artificial Isotopes

Radium 226       Iridium 192

• Half life 1640 years 72.4 days

• Radioprotection:

� HVL 20 mm Pb 6 mm Pb

� Consistency powder metal wires

Radon gas non contaminatingRadon gas non contaminating

• Accessibility Rigid sources flexible sources

large diameter small sizes



Artificial Isotopes

Radium 226     Iridium 192



Iridium 192  versus    Radium 226



Iridium 192  versus    Radium 226



Place of Brachytherapy

• Organ sparing, curative treatment

• Ballistic selectivity : limited target volumes



Place of Brachytherapy

• Organ sparing, curative treatment

• Ballistic selectivity : limited target volumes



Volume effect of CTV=PTV

PTV margin:        + 5mm        + 10 mm 

6cm

4cm

3
 c

m

5
  
c
m

PTV margin:        + 5mm        + 10 mm 

CTV 48 cm³ 48  cm³

PTV 100 cm³ 180cm³



General indications of 

brachytherapy

• Organ sparing possibility versus surgery• Organ sparing possibility versus surgery

• Ballistic selectivity CTV = PTV

• Small conformal treated volumes

• Critical position of organs at risk

• Accessible for application or implantation• Accessible for application or implantation
technique

• Growing interest because of progress in 
technology : image guided brachytherapy



Types of BT

Temporary implants

Dose rates : LDR 0.4 – 1 Gy/hDose rates : LDR 0.4 – 1 Gy/h

MDR 1 - 12Gy/h

HDR > 12 Gy/h

PDR 0.5 – 2Gy/h

Permanent implants

VLDR



Advantages of afterloading

technique

• Radioprotection• Radioprotection
- medical staff
- nurses
- visitors

• Quality of the implant• Quality of the implant
- careful placement of source carriers

- adjustments possible



Remote control afterloaders

Mechanical (Cs)Mechanical (Cs)

Pneumatical (Cs)

Stepping source
Ir 192, Co 60, …..



Stepping source afterloaders

- Gammamed - Varisource - Multisource - Microselectron - Flexitron



Stepping Source afterloaders



Advantages of stepping

source technology

Full radioprotection

Only one source replacement needed

Easy individual adaption of source track lengthsEasy individual adaption of source track lengths

Optimization possibilities

HDR and PDR



Afterloading techniques

• Remote control afterloading

a hugh variety in dedicated applicator types

gyne applicators
guide needles : straight and curved
plastic tubes , plastic needles
moulds, masks with plastic tubesmoulds, masks with plastic tubes
skin surface applicators
endoluminal catheters



Intrauterine-vaginal applicators

• Fletcher - Suit - Delclos• Fletcher - Suit - Delclos

Tandem + ovoids

• Stockholm derived
Tandem + ring

• Personalised moulds• Personalised moulds
Pierquin – Chassagne

Shielded or not shielded



IU-IV Applicators



Guide  needles

• Metal or Rigid plastic needles• Metal or Rigid plastic needles

• External diameter 1.6 - 2 mm

• HDR, PDR afterloaders

• Used in : breast

anal canalanal canal

interstitial gyne



Guide needles



Plastic tubes, plastic needles

• Thin and supple tubes

1.6 to 1.9 mm thick1.6 to 1.9 mm thick

Head and Neck

Soft Tissue Sarcomas

Bladder

CORT

• Rigid needles

Interstitial Gyne

Prostate

Anal canal



Plastic tubes



Plastic tubes



Mould applicators







Leipzig Applicator



Permanent Seeds

• Permanent implant• Permanent implant

• Very low dose rate

• Iodine 125, Palladium 103



Endoluminal afterloading

applicators

• Bronchus

• Esophagus

• Biliary tract• Biliary tract



Dwell time optimization can

make a good implant better

ASL 70mm: Target covered

Skin doses too high

ASL 60 mm: Target covered

Skin doses acceptable



Dwell time optimization can

make a good implant better

GeometricalGeometrical

optimization

Manual

optimization



Correction of slight deviations

Slight divergence of 

source carriers



Dwell time optimization can never 

make a bad implant good



Modern Image guided 3D 

brachytherapy

• Modern imaging techniques:• Modern imaging techniques:

- US, CT, MRI 

• 3D dosimetry
- more accurate dose distribution- more accurate dose distribution
- DVH relation to outcome

for target + OAR



Ultra sono guided brachytherapy



3D CT guidance2D X Rays



MRI guidance



MRI compatible applicators





Different schools in 

brachytherapy

“a system”
• based on large experience

- patient selection

- special applicator types and techniques

- specific loading patterns

- specific dose rates- specific dose rates

• be carefull with “own modifications”



- mgh

- doses to selected points : 

Endocavitary brachytherapy

- doses to selected points : 

Manchester A – B

- doses to reference volumes 

reference points in critical organs

ICRU 38ICRU 38

- doses to 3D target ( image guided)



Interstitial brachytherapy

• Patterson and Parker

• Quimby system

• Paris system



Common Language

• Different schools

• Common language needed for recording and reporting• Common language needed for recording and reporting

• General philosophy

prescribe dose according to school – system

report according to international accepted

reference points and volumesreference points and volumes



Recommendations for recording and 

reporting

1985 ICRU 38 : Gynecological brachytherapy

1997 ICRU 58 : Interstitial and intraluminal brachytherapy

2000 GEC-ESTRO Rec:   Prostate Permanent Implants

2001 GEC-ESTRO Rec:   Endovascular brachytherapy

2005 GEC-ESTRO Rec :  Prostate Temporary Implants

2005 GEC-ESTRO Rec :  3D GYNE (1)

2006 GEC-ESTRO Rec :  3D GYNE (2)

2008 GEC-ESTRO Rec:   Head and Neck2008 GEC-ESTRO Rec:   Head and Neck

2010 GEC-ESTRO Rec:  Selection criteria APBI

2015 GEC-ESTRO Rec:   Target delineation on Breast Ca

2015 ICRU 88 -GEC-ESTRO Rec:  Recording and reporting on Gyn BT



Conclusion 1

Modern brachytherapy with is high 

ballistic selectivity and adaptivity

is a competitive tool

in thein the

multidisciplinary

treatment of cancer patients



A strong collaboration between

Conclusion 2

A strong collaboration between

- radiation oncologists

- organ specialists

- medical physicists

- radiation technologists- radiation technologists

is necessary to obtain optimal

results for the patient(s)



To fully exploit the strength of BT, 

Specific training in

Conclusion 3

Specific training in

- radiation oncology

- medical physics

- radiobiology

- techniques- techniques

is needed for all members of the

“brachytherapy team”



Florence, March 13-16 2016

Modern Brachytherapy Modern Brachytherapy 

Techniques



Sources and Afterloaders Used in Sources and Afterloaders Used in 
BrachytherapyBrachytherapyBrachytherapyBrachytherapy

ESTRO Teaching CourseESTRO Teaching Course

Florence, Florence, 20162016

Dimos BaltasDimos Baltas

EE--mail: dimos.baltas@uniklinikmail: dimos.baltas@uniklinik--freiburg.defreiburg.de

mailto:dimos.baltas@uniklinik-freiburg.de


TopicsTopics

���� Some HistorySome History

�� RadionuclidesRadionuclides

�� Does it mater which Radionuclide?Does it mater which Radionuclide?

�� Sources and Source TypesSources and Source Types�� Sources and Source TypesSources and Source Types

�� AfterloadersAfterloaders

�� New DevelopmentsNew Developments



History: Radioactivity & RadiumHistory: Radioactivity & Radium

Discovery of RadioactivityDiscovery of Radioactivity
1st March 18961st March 18961st March 18961st March 1896

(photographic film blackening that (photographic film blackening that 
proved the existence of the emission of proved the existence of the emission of 
spontaneous radiations from uranium)spontaneous radiations from uranium)



History: Radioactivity & RadiumHistory: Radioactivity & Radium

Discovery of RadiumDiscovery of Radium
December 1898December 1898

Pierre and Marie Pierre and Marie 
CurieCurieCurieCurie

Curies in their Laboratory where Curies in their Laboratory where 
Radium was discoveredRadium was discovered



History: Radioactivity & RadiumHistory: Radioactivity & Radium

A view of the extraction of Radium in the old A view of the extraction of Radium in the old 
shed where the first Radium was obtainedshed where the first Radium was obtained



1903, two years later and 
completely

independent from 

History: The Birth of (Interstitial) BrachytherapyHistory: The Birth of (Interstitial) Brachytherapy

independent from 
Pierre Curie,

Alexander Graham Bell 
proposed 

the Publisher of Archives 

Roentgen Ray,

to place radioactive 
material in form

of thin fragments of 
Radium and

encapsulated in thin glass 

tubes,
directly into the tumour 

tissue. 



History: Radioactivity & RadiumHistory: Radioactivity & Radium

radium needles and tubes (original design)radium needles and tubes (original design)



TopicsTopics

���� Some HistorySome History

�� RadionuclidesRadionuclides

�� Does it mater which Radionuclide?Does it mater which Radionuclide?

�� Sources and Source TypesSources and Source Types�� Sources and Source TypesSources and Source Types

�� AfterloadersAfterloaders

�� New DevelopmentsNew Developments



Radium Sources: Financial Point of ViewRadium Sources: Financial Point of View

History: Radioactivity & RadiumHistory: Radioactivity & Radium

1g pure Gold 19001g pure Gold 1900--1923: 0.67 U.S. Dollars1923: 0.67 U.S. Dollars

1 Ounce= 28,3495231 Gramm



Radionuclides: the different Radionuclides: the different 
“Characters”“Characters”“Characters”“Characters”



Radionuclides: All we have ?Radionuclides: All we have ?



ActivityActivity

Definition of 1Ci: Activity contained in 1g Definition of 1Ci: Activity contained in 1g 226226RaRa



ActivityActivity

•• Molar mass of Molar mass of 226226Ra is 226,02 g/molRa is 226,02 g/mol

•• TT1/21/2 of decay for of decay for 226226Ra is 1600 aRa is 1600 a•• TT1/21/2 of decay for of decay for 226226Ra is 1600 aRa is 1600 a

•• Thus considering 1a = 365x24x60x60sThus considering 1a = 365x24x60x60s

•• and Nand NAA = 6,022 x10= 6,022 x102323 molmol--1 1 (Avogadro(Avogadro--Number)Number)

•• AAspecspec for for 226226Ra is 3,7x10Ra is 3,7x101010 BqBq/g = 37GBq/g =1Ci/g/g = 37GBq/g =1Ci/g



6060Co:Co: containing radioactive needles, Wiiliam Myers, Ohio State University 1947 
(cobanic: 45% Co & 55% Ni): 1mm small diameter and could be bent!

Radionuclides: A ReviewRadionuclides: A Review

137137Cs: Cs: Longer half life than 60Co (30 vs. 5 years), lower energy than 60Co137137Cs: Cs: Longer half life than 60Co (30 vs. 5 years), lower energy than 60Co
(0.662 vs. 1.25 MeV)

198198AuAu: replaces 222Rn seeds since 1910. 

192192Ir: Ir: since 1958 as seed by Ulrich Henscke. From early 1960s mainly
as wire (IGR, Paris-group).  High speicifc activity and thus appropriate as
Miniaturized stepping source. 

125125I: I: since late 60s as seeds for interstitial applications.

103103Pd: Pd: shorter half life than 125I (17 vs. 59 days) and very high specific activity.



Radionuclides: A ReviewRadionuclides: A Review



Sources: Sources: 6060CoCo

Radionuclides: A ReviewRadionuclides: A Review



Sources: Sources: 6060CoCo

Radionuclides: A ReviewRadionuclides: A Review



Sources: Sources: 6060CoCo

Radionuclides: A ReviewRadionuclides: A Review



Radionuclides: A ReviewRadionuclides: A Review

Sources: Sources: 137137CsCs



Sources: Sources: 137137CsCs

Radionuclides: A ReviewRadionuclides: A Review



Sources: Sources: 198198AuAu

Radionuclides: A ReviewRadionuclides: A Review



Sources: Sources: 198198AuAu

Radionuclides: A ReviewRadionuclides: A Review



Sources: Sources: 192192IrIr

Radionuclides: A ReviewRadionuclides: A Review



Sources: Sources: 192192IrIr

Radionuclides: A ReviewRadionuclides: A Review



Sources: Sources: 192192IrIr

Radionuclides: A ReviewRadionuclides: A Review



Sources: Sources: 125125II

Radionuclides: A ReviewRadionuclides: A Review



Sources: Sources: 125125II

Radionuclides: A ReviewRadionuclides: A Review



Sources: Sources: 103103PdPd



Sources: Sources: 103103PdPd

Radionuclides: A ReviewRadionuclides: A Review



TopicsTopics

���� Some HistorySome History

�� RadionuclidesRadionuclides

�� Does it mater which Radionuclide?Does it mater which Radionuclide?

�� Sources and Source TypesSources and Source Types�� Sources and Source TypesSources and Source Types

�� AfterloadersAfterloaders

�� New DevelopmentsNew Developments



Many different radionuclidesMany different radionuclides

����Does it matter which Radionuclide?Does it matter which Radionuclide?

Let’s have a closer look at some issuesLet’s have a closer look at some issuesLet’s have a closer look at some issuesLet’s have a closer look at some issues



Does it matter which Radionuclide?Does it matter which Radionuclide?

Emission type:Emission type:

�� Photon radiation:   +++ Photon radiation:   +++ (penetration)(penetration)�� Photon radiation:   +++ Photon radiation:   +++ (penetration)(penetration)

�� Electrons:                Electrons:                -- -- -- (dose near the source;(dose near the source;

used in endovascular)used in endovascular)

Emission energy:Emission energy:

�� High energy photons useful in temporary implants, at the High energy photons useful in temporary implants, at the ��

expense of higher shielding costs.expense of higher shielding costs.

�� Low energy photons useful in permanent implants, with Low energy photons useful in permanent implants, with 

limited radiation to the surrounding of the patient.limited radiation to the surrounding of the patient.



Radionuclides: Related Costs, shieldingRadionuclides: Related Costs, shielding



Shielding calculations in brachytherapyShielding calculations in brachytherapy



192Ir versus 169Yb

Energy  Energy  ���� Radiation ProtectionRadiation Protection

Mobility / Flexibility / CostsMobility / Flexibility / Costs

Radionuclides: Related Costs, shieldingRadionuclides: Related Costs, shielding

0.30 Gy / week
0.02 mSv / week

3.5 cm vs. 1.0 cm Pb

ca. 45 k€

20 cm concrete

192Ir versus 170Tm4
.0

 m

3.5 cm vs. 0.5 cm Pb

only Material Costs
of ca. 52 k€

5.0 m



Does it matter which Radionuclide?Does it matter which Radionuclide?

Long half life:Long half life:

�� Associated with low specific activity AAssociated with low specific activity Aspecspec (Bq/g)(Bq/g)�� Associated with low specific activity AAssociated with low specific activity Aspecspec (Bq/g)(Bq/g)

�� Radioactive wasteRadioactive waste

�� If too long, not useful with permanent implantsIf too long, not useful with permanent implants

Short half life:Short half life:

�� Smaller source size possible (high ASmaller source size possible (high Aspecspec))�� specspec

�� More frequent source exchangeMore frequent source exchange

�� Possible higher radiobiological responsePossible higher radiobiological response



Many different radionuclidesMany different radionuclides

���� Does it matter which Radionuclide?Does it matter which Radionuclide?

A forgotten Perspective A forgotten Perspective -- RBERBEA forgotten Perspective A forgotten Perspective -- RBERBE



RBERBE

ERTERT BRTBRT

Does it mater which Radionuclide?Does it mater which Radionuclide?
A forgotten Perspective A forgotten Perspective -- RBERBE

ERTERT

MVMV--XX--rays  = 1.0rays  = 1.0
pp++ ≈≈ 1.11.1

CC--ionsions ≈ 2.0≈ 2.0--4.04.0

BRTBRT

6060Co  Co  = 1.0= 1.0
192192IrIr ≈≈ 1.31.3aa

241241AmAm ≈ 2.1≈ 2.1aa

125125II ≈ 2.1≈ 2.1aa -- 1.41.4bb

103103PdPd ≈ 2.3≈ 2.3aa -- 1.91.9bb103103PdPd ≈ 2.3≈ 2.3aa -- 1.91.9bb

4040--50 50 kVpkVp XX ≈ 1.4 ≈ 1.4 -- 1.51.5cc

aa WuuWuu et al., et al., IntInt J J RadRad OncolOncol BiolBiol PhysPhys, 36, 689, 36, 689--697, 1996697, 1996
bb Ling et al., Ling et al., IntInt J J RadRad OncolOncol BiolBiol PhysPhys, 32, 373, 32, 373--378, 1995378, 1995
cc Reniers et al., Reniers et al., Phys Med Phys Med BiolBiol, 53, 7125, 53, 7125--7135, 20087135, 2008



RBE and Energy ShiftRBE and Energy Shift

“Compton”“Compton”
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RBE and Energy ShiftRBE and Energy Shift

“Compton”“Compton”
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RBE and Energy ShiftRBE and Energy Shift

ee-- ≈≈ 81 81 keVkeV
LETLET≈≈0.48 0.48 keVkeV/µm/µm ee-- ≈≈ 14 14 keVkeV

LETLET≈≈1.6 1.6 keVkeV/µm/µm

192192IrIr

169169YbYb

ee-- ≈≈ 43 43 keVkeV
LETLET≈≈0.78 0.78 keVkeV/µm/µm

LETLET≈≈1.6 1.6 keVkeV/µm/µm

LETLET≈≈0.78 0.78 keVkeV/µm/µm

ee-- ≈≈ 10 10 keVkeV

LETLET≈≈2.3 2.3 keVkeV/µm/µm



A Summary of the Basic Physics behind A Summary of the Basic Physics behind 
Sources and Dosimetry in Brachytherapy:Sources and Dosimetry in Brachytherapy:Sources and Dosimetry in Brachytherapy:Sources and Dosimetry in Brachytherapy:

The Role of EnergyThe Role of Energy
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The Role of Specific Activity andThe Role of Specific Activity and Density Density ρρ

and Energyand Energy

Maximal Maximal SSkk from 1 mm³ of Radionuclide Materialfrom 1 mm³ of Radionuclide Materialkk

•• 192192IrIr �� 1.0 (7.7 1.0 (7.7 TBqTBq)) �� 1.01.0 (834 mGy.h(834 mGy.h--11.m²).m²)

•• 137137Cs  Cs  �� 8 x 108 x 10--44 �� 66 x 10x 10--44

•• 6060CoCo �� 5 x 105 x 10--22 �� 0.1 x0.1 x

•• 198198AuAu �� 23 x 23 x �� 11 x11 x11

22

11

22

4455

6677

•• 170170TmTm �� 0.3 x 0.3 x �� 1010--33

•• 169169YbYb �� 0.8 x0.8 x �� 0.3 x0.3 x

•• 204204TlTl �� 3 x 103 x 10--22 �� 4 x 104 x 10--55

33 33

44 55

66 77



The Tissue (water) Effect

10 %
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Sources & Source Types:Sources & Source Types:
Sealed SourcesSealed Sources
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Example of a 2 cm length tube source, CsExample of a 2 cm length tube source, Cs--137137
Note the difference in active length and external lengthNote the difference in active length and external length

Sources & Source Types:Sources & Source Types:
Sealed SourcesSealed Sources



Special forms of Special forms of 192192Ir sourcesIr sources

Sources & Source Types:Sources & Source Types:
Sealed SourcesSealed Sources

Left: example of a wire-type source, in the form of a “hairpin”, Ir-192 (low dose rate, e.g., for tongue 

implants)         Right: guiding needles for “hairpin”



Ø 1,1mm

Ø 1,1mm

Gammamed 1972

Sources & Source Types:Sources & Source Types:
Sealed Sources Sealed Sources -- Afterloading Afterloading -- 192192IrIr

Ø 0,9mm

µSelectron 1986

µSelectron 1992

Ø 0,9mm

µSelectron  1997

HDR & PDR have identical dimensions

Currently most Systems

Laser welded

Flexitron 2005

µSelectron  1997



Example of design of a miniaturized high dose rate (HDR) 192Ir-source, 

welded to the end of a drive cable

Sources & Source Types:Sources & Source Types:
Sealed Sources Sealed Sources -- AfterloadingAfterloading

welded to the end of a drive cable

Welded top

Drive cable (wire)

Stainless steel



Permanent implants

e.g., for prostate

Sources & Source Types:Sources & Source Types:
Sealed SourcesSealed Sources

e.g., for prostate

These sources are using Radionuclides 
combining a short half life with low 
energy

Examples:Examples:

125125II (59.5 days; 28 keV)

103103PdPd (17 days; 21 keV)



Details of Details of 125125I seed sourcesI seed sources

Sources & Source Types:Sources & Source Types:
Sealed SourcesSealed Sources

Two examples of 125I sources for permanent implants:
Left: model 6711 (silver rod acts as X-ray marker)

Right: model 6702 (no X-ray marker)



But, there are many, many But, there are many, many 
125I and 103Pd source types 

commercially available….

So, take care of using the So, take care of using the 

Sources and 
afterloaders

So, take care of using the So, take care of using the 

correct correct dosimetricdosimetric datadata



“stranded” seeds“stranded” seeds

Sources & Source Types:Sources & Source Types:
Sealed SourcesSealed Sources

A “A “RapidstrandRapidstrand” seed ” seed 
ribbon technique with ribbon technique with 

the the 125125I sources I sources the the 125125I sources I sources 
connected in a sutureconnected in a suture



Details of Details of 103103Pd seed sourcePd seed source

Sources & Source Types:Sources & Source Types:
Sealed SourcesSealed Sources

Example of a Palladium-103 seed source containing 2 
active pellets separated by a lead marker



physical length

Definition of “length”Definition of “length”

active length

tube

wire

active length

=

physical length



Definition of “length”Definition of “length”



BEBIG 60Co-60 HDR – Model 

Possible “revival” of  Possible “revival” of  6060CoCo??

BEBIG 60Co-60 HDR – Model 
Co0.A86

Manufactured by Eckert & Ziegler BEBIG GmbH
Berlin, Germany
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Possible “revival” of  Possible “revival” of  6060CoCo??

0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4

Photon Energy   (MeV)

Table taken from:

Comparison of the dosimetric characteristics of Ir-192 vs Co-60 HDR sources

An older paper with similar contents:



Possible “revival” of  Possible “revival” of  6060CoCo??

Advantage:     Advantage:     Long HalfLong Half--TimeTimeAdvantage:     Advantage:     Long HalfLong Half--TimeTime
Source Exchange every few yearsSource Exchange every few years
(simplified logistics)(simplified logistics)

Disadvantage:Disadvantage: High EnergyHigh Energy
Radiation ProtectionRadiation ProtectionRadiation ProtectionRadiation Protection
International RegulationsInternational Regulations



TopicsTopics

���� Some HistorySome History

�� RadionuclidesRadionuclides

�� Does it mater which Radionuclide?Does it mater which Radionuclide?

�� Sources and Source TypesSources and Source Types�� Sources and Source TypesSources and Source Types

�� AfterloadersAfterloaders

�� New DevelopmentsNew Developments



ContentsContents

•Some history

•Afterloaders

Dose DistributionDose Distribution

•Afterloaders

•Radionuclides

•Sources

The main principle of the afterloaderThe main principle of the afterloader



Application Room /Application Room /
TreatmentTreatment RoomRoom

Treatment Control RoomTreatment Control Room

Afterloaders: The Main PrincipleAfterloaders: The Main Principle

Planning RoomPlanning Room



Selectron LDR

3 or 6 channels

Maximum:

AfterloadersAfterloaders

Maximum:

48 Cs-137 sources

(pellets of 2.5 mm)

CsCs--137 pellet source afterloader137 pellet source afterloader



Afterloaders: Overview (HDR & PDR)Afterloaders: Overview (HDR & PDR)

Varian, GammaMed Plus Varian, Varisource
Nucletron, FlexitronNucletron, MicroSelectron Vs. 3

Varian, Varisource
Nucletron, FlexitronNucletron, MicroSelectron Vs. 3

BEBIG, MultiSourceBEBIG, SagiNova®



Modern Afterloaders: Some DetailsModern Afterloaders: Some Details

Nucletron, MicroSelectron Vs. 3Nucletron, MicroSelectron Vs. 3



Afterloaders: propertiesAfterloaders: properties

Refs:Refs:

Thomadsen 2000, Achieving Quality in Brachytherapy.Thomadsen 2000, Achieving Quality in Brachytherapy.

ESTRO Booklet 8 2004, A Practical Guide to QC of Brachytherapy Equipment.ESTRO Booklet 8 2004, A Practical Guide to QC of Brachytherapy Equipment.

Table taken from chapter 2 of: Comprehensive Brachytherapy 2013, (Eds. Venselaar, Baltas, Meigooni, Hoskin).Table taken from chapter 2 of: Comprehensive Brachytherapy 2013, (Eds. Venselaar, Baltas, Meigooni, Hoskin).



And 2 pages more……And 2 pages more……



AfterloadersAfterloaders: Overview (HDR & PDR): Overview (HDR & PDR)

Stand, 2015Stand, 2015



A seed Afterloader in Prostate Brachytherapy:A seed Afterloader in Prostate Brachytherapy:
Robotic Assisted Seed DeliveryRobotic Assisted Seed Delivery

Afterloaders: Special SolutionsAfterloaders: Special Solutions

Seed Selectron, a development designed specifically for 
permanent prostate  afterloading

(by Nucletron B.V., The Netherlands)



Principle of loading of a needlePrinciple of loading of a needle

Afterloaders: Special SolutionsAfterloaders: Special Solutions

A seed Afterloader in Prostate Brachytherapy:A seed Afterloader in Prostate Brachytherapy:
Robotic Assisted Seed DeliveryRobotic Assisted Seed Delivery

Application of the seed afterloaderApplication of the seed afterloader

Principle of loading of a needlePrinciple of loading of a needle

Cassettes with 125I 
sources and spacers



TopicsTopics

���� Some HistorySome History

�� RadionuclidesRadionuclides

�� Does it mater which Radionuclide?Does it mater which Radionuclide?

�� Sources and Source TypesSources and Source Types�� Sources and Source TypesSources and Source Types

�� AfterloadersAfterloaders

�� New DevelopmentsNew Developments



New Developments in Sources in New Developments in Sources in 
Brachytherapy: RadionuclidesBrachytherapy: RadionuclidesBrachytherapy: RadionuclidesBrachytherapy: Radionuclides

Part I:Part I: Energy Energy 

�� HomogeneityHomogeneity
�� Conformity (PTV, OARs)Conformity (PTV, OARs)

�� Shielding CostsShielding Costs
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New Developments in Sources in New Developments in Sources in 
Brachytherapy (Radionuclides):Brachytherapy (Radionuclides):Brachytherapy (Radionuclides):Brachytherapy (Radionuclides):

Part II:Part II: HalfHalf--Life TLife T1/21/2

�� Better Adaptation to TumourBetter Adaptation to Tumour
RadiobiologyRadiobiology
(permanent implants)(permanent implants)(permanent implants)(permanent implants)

�� Logistics/ComplexityLogistics/Complexity
(source exchanges/year,(source exchanges/year,
authorities/legal issues)authorities/legal issues)



New Developments in Sources in New Developments in Sources in 
Brachytherapy (permanent implants):Brachytherapy (permanent implants):Brachytherapy (permanent implants):Brachytherapy (permanent implants):

Example:Example: 131131Cs  Cs  versus versus 125125I & I & 103103PdPd



Seeds with Seeds with 131131Cs Radioactive IsotopeCs Radioactive Isotope

•• 131131Cs isotope was suggested for BRT use back in 1960sCs isotope was suggested for BRT use back in 1960s
((HenschkeHenschke & Lawrence 1965)& Lawrence 1965)

•• Based on Invention made by Donald C. Lawrence in 1967Based on Invention made by Donald C. Lawrence in 1967

•• Developed by Developed by IsoRayIsoRay, Inc. (Richland, WA, USA), Inc. (Richland, WA, USA)

•• Received FDA 510(k) clearance in 2003Received FDA 510(k) clearance in 2003

•• In 2009 FDA clearance for head & neck, lung and otherIn 2009 FDA clearance for head & neck, lung and other

sites (sites (ProxcelanProxcelan™ ™ 131131Cs Brachytherapy SeedsCs Brachytherapy Seeds))



Seeds with Seeds with 131131CsCs

RadioactiveRadioactive
IsotopeIsotope



Seeds withSeeds with
131131CsCs
RadioactiveRadioactive
IsotopeIsotope



Seeds with Seeds with 131131Cs Radioactive IsotopeCs Radioactive Isotope
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Seeds with Seeds with 131131Cs Radioactive IsotopeCs Radioactive Isotope

•• Shorter TShorter T1/21/2 compared to compared to 125125I and I and 103103PdPd
9.689d   9.689d   vs.vs. 59.49d  and  16.991d59.49d  and  16.991d

•• Higher EnergyHigher Energy

30keV   30keV   vsvs.  28keV  and  21keV.  28keV  and  21keV

BiologicalBiological
EffectivenessEffectiveness

DoseDose
HomogeneityHomogeneity

•• Apparent Activity Conversion FactorApparent Activity Conversion Factor

0.638 U.mCi0.638 U.mCi--11

versusversus

1.27 U.mCi1.27 U.mCi--11 for for 125125I and 1.29 U.mCiI and 1.29 U.mCi--11 for for 103103Pd  Pd  



• Apparent Activity Conversion Factor

Seeds with Seeds with 131131Cs Radioactive IsotopeCs Radioactive Isotope

• Apparent Activity Conversion Factor

0.638 U.mCi-1

versus

1.27 U.mCi-1 for 125I and 1.29 U.mCi-1 for 103Pd  

•• Initial Dose Rate (at the prostate surface)Initial Dose Rate (at the prostate surface)

30 cGy.h30 cGy.h--1130 cGy.h30 cGy.h--11

versusversus

7 cGy.h7 cGy.h--11 for for 125125I and 20 cGy.hI and 20 cGy.h--11 for for 103103Pd  Pd  



Seeds with Seeds with 131131Cs Radioactive IsotopeCs Radioactive Isotope

•• Biological EffectivenessBiological Effectiveness
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•• Biological EffectivenessBiological Effectiveness
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•• Initial Dose Rate (at the prostate surface)Initial Dose Rate (at the prostate surface)
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versusversus
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Seeds with Seeds with 131131Cs Radioactive IsotopeCs Radioactive Isotope

•• Dose HomogeneityDose Homogeneity•• Dose HomogeneityDose Homogeneity



Seeds with Seeds with 131131Cs Radioactive IsotopeCs Radioactive Isotope

•• RecommendationsRecommendations•• RecommendationsRecommendations



Seeds with Seeds with 131131CsCs
RadioactiveRadioactive
IsotopeIsotope

22

11



New Developments in Sources inNew Developments in Sources in

Brachytherapy (Afterloading Technology):Brachytherapy (Afterloading Technology):

•• Radionuclides / Sources of intermediate Radionuclides / Sources of intermediate 
& low Energy (& low Energy (≤≤100 100 keVkeV))

•• Miniaturised XMiniaturised X--RayRay--Sources Sources •• Miniaturised XMiniaturised X--RayRay--Sources Sources 



New Developments in Sources inNew Developments in Sources in

Brachytherapy (Afterloading Technology):Brachytherapy (Afterloading Technology):

Radionuclides / Sources of Radionuclides / Sources of 
intermediate & low Energyintermediate & low Energy

�� Lower Energy than Lower Energy than 192192IrIr

�� HalfHalf--Life TLife T1/21/2 ??

(source exchanges/year)(source exchanges/year)



Energy  Energy  ���� Radiation ProtectionRadiation Protection

Mobility / Flexibility / CostsMobility / Flexibility / Costs



New Developments in Sources inNew Developments in Sources in

Brachytherapy (Afterloading Technology):Brachytherapy (Afterloading Technology):

Radionuclides / Sources of Radionuclides / Sources of 
intermediate & low Energyintermediate & low Energy

�� 169169YbYb

�� 170170TmTm

�� 204204TlTl

�� 101101RhRh



Ytterbium was discovered in 1878 from Ytterbium was discovered in 1878 from 
the Swiss Chemist Jean Charles 
Galissard de Marignac.



euxenite Ytterbium

Ytterbium is never found in nature as free element. Its abundance in Earth's crust by is weight
of 3200 ppb (parts per billion – 109). Ytterbium is found in the ore monazite sand [(Ce, La,
etc.)PO4] and an ore containing small amounts of all the rare earth metals. It is also found in
the ores euxenite and xenotime. It is difficult to separate from other rare earth elements.the ores euxenite and xenotime. It is difficult to separate from other rare earth elements.
Ion exchange and solvent extraction techniques developed since the 1940's have lowered the
cost of production.

Natural abundance: 168Yb 0.13%, 170Yb 3.04%, 171Yb 14.28%, 172Yb 21.83%,
173Yb 16.13%, 174Yb 31.83%, 176Yb 12.76%

Melting point: 824 °C, Density: 6.73 g.cm-3

http://g.cm/


Sources: Sources: 169169YbYb



Sources: Sources: 169169YbYb
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New Developments in Sources inNew Developments in Sources in
Brachytherapy (Afterloading Technology):Brachytherapy (Afterloading Technology):

Pakravan, Ghorbani, Meigooni, Journal Contemp Brachytherapy 7 (2), 171-180- (2015)



Neues in der Physik der Brachytherapie:
Radionuklide / Strahler 

1 cm

5 cm

Pakravan, Ghorbani, Meigooni, Journal Contemp Brachytherapy 7 (2), 171-180- (2015)

5 cm



New Developments in Sources inNew Developments in Sources in

Brachytherapy (Afterloading Technology):Brachytherapy (Afterloading Technology):

Miniaturised XMiniaturised X--RayRay--Sources Sources 

(Electronic Brachytherapy, (Electronic Brachytherapy, eBXeBX))



AfterloadersAfterloaders:  electronic :  electronic BrachytherapyBrachytherapy ((eBxeBx))

Miniaturized X-ray sources

Intrabeam

Xoft Inc.

Carl Zeiss Meditec. Inc.



Electronic Brachytherapy (Electronic Brachytherapy (eBxeBx))

MiniaturisedMiniaturised XX--RayRay--Source Source 

Miniaturized X-ray sources



Electronic Brachytherapy (Electronic Brachytherapy (eBxeBx))

MiniaturisedMiniaturised XX--RayRay--Source Source 

X-ray tube size

Light emission from e–

and x-ray interactions 
with anode

X-ray source in cooling catheter

XoftXoft Inc.Inc.



Electronic Brachytherapy (Electronic Brachytherapy (eBxeBx))

MiniaturisedMiniaturised XX--RayRay--Source Source 

XoftXoft Inc.Inc.

APBI System ComponentsAPBI System Components



Similarities of Modern Teletherapy and Electronic Brachytherapy

Electronic Brachytherapy (Electronic Brachytherapy (eBxeBx))

MiniaturisedMiniaturised XX--RayRay--Source Source 

AxxentRadionuclidesLinacs60Co

�O�ONo radionuclide handling/waste

����IORT capable

���ODose conformity

BrachytherapyTeletherapyFeature

�O�OEasily adjustable dose rates

�O�OHas selectable energies

�O�OCan turn on and off easily

�O�O



A recent point / 
counterpoint 

discussion in discussion in 
Medical Physics



Further readingFurther reading
A Century of X-Rays and Radioactivity in Medicine. 2003. R.F. Mould. CRC Press.

Achieving Quality in Brachytherapy. 2000. B.R. Thomadsen. Institute of Physics Publishing. Medical 
Science Series. Bristol and Philadelphia.

A Practical Guide to QC of Brachytherapy Equipment. 2004. J. Venselaar, J. Perez-Calatayud (eds). 
ESTRO Booklet 8. ESTRO, Brussels.

Comprehensive Brachytherapy; Physical and Clinical Aspects. 2013. J. Venselaar et al (eds). CRC 
Press, Taylor&Francis Group. Boca Raton (FL): Chapt 2 Standard Technology in Brachytherapy 9-
28. Chapt 3 Radionuclides in Brachytherapy: Current and Potential New Sources 29-42. Chapt 26 
Special Brachytherapy Modalities 397-408. Chapt 27 Advanced Brachytherapy Technologies: 
Encapsulation, Ultrasound, and Robotics 409-26.

The Physics of Modern Brachytherapy for Oncology. 2007. D. Baltas, S. Sakelliou, N. Zamboglou. 
CRC Press, Taylor&Francis Group, New York. 

Radiation Transmission Data for Radionuclides and Materials Relevant to Brachytherapy Facility 
Shielding. 2008. P. Papagiannis et al. Med Phys 35(11): 4898-906. Shielding. 2008. P. Papagiannis et al. Med Phys 35(11): 4898-906. 

Comparison of 60Cobalt and 192Iridium Sources in High Dose Rate Afterloading Brachytherapy. 
2008.  J. Richter et al. Strahlentherapie No 4.

Brachytherapy with Miniature Electronic X-ray Sources. 2005. M.J. Rivard, L.A. DeWerd, H.D. 
Zinkin. Chapter 51 in: Brachytherapy Physics, Second edition, Proceedings AAPM/ABS Summer 
school. Medical Physics Monograph No 3: 889-900.



Further readingFurther reading





Radiobiology of LDR – HDR Brachytherapy

Erik Van Limbergen, MD, PhD

GEC-ESTRO Teaching Course

Firenze  2016Firenze  2016



Time Scale of Effects of ionising

radiation

• Physical phase 10 -18 - 10 -12 sec• Physical phase 10 -18 - 10 -12 sec

� excitation

� ionisation

• Chemical phase 10 -12 - 10 - 6 sec

• Biological phase

� enzyme reactions� enzyme reactions

� repair processes hours

� cell repopulation days - weeks



DNA Damage by

ionising irradiation

Physical phase

excitation

ionisation

Photoelectric absorbtion

Compton effectCompton effect

Pair formation



DNA Damage by

ionising irradiation

Chemical phaseChemical phase

direct and indirect 

action

free radicals

damage fixation





Radiation damage to a cell

Consequences:

repair mis-repair not repaired

mutation

viable 

cell cancer

cell 

death



Clonogenic Cell kill by radiation

• Mitotic catastrophy

Direct or delayed

• Intermitotic cell death

ApoptosisApoptosis

Autophagy

Senescence

Necrosis



4 R’S of Radiobiology

Redistribution in the cell cycle

Repair of sublethal damage

Reoxygenation

Repopulation



Redistribution

• It might be the most important process 

below 1 Gy/min. 

• It can lead to cell synchronisation in G2 and 

M stages (G2 block), and consequently to 

an increase in radiosensitivity, an increase in radiosensitivity, 



Reoxygenation

• is a relatively slow process, that could be a 

disadvantage in low dose rate 

irradiation.The total duration of the 

irradiation usually does not exceed a few 

days, that is not sufficient to allow the days, that is not sufficient to allow the 

tumour to significantly shrink. 



Repopulation

• is the slowest process and is of significance only below 1 

Gy/minGy/min

• Important in early reactions

not occurring in late responding NT during the 6-7 weeks 

irradiation,

• little effect in tumours for TT < 3 - 4 weeks, 

past this period, accelerated repopulation of fast-growing 

tumours can be observed



Dose M to compensate for 

repopulation

TimeTime

Tpot 5 d 10 d 20 d 30 d 40 d

2 d 5 Gy 10 Gy 20 Gy 30 Gy 40 Gy

5 d 2 Gy 4 Gy 8 Gy 12 Gy 16 Gy

10 d 1 Gy 2 Gy 4 Gy 6 Gy 8 Gy

With M = 2 Gy.T/Tpot



Effects of repopulation

• During one-week irradiation: 

0 Gy

• During 4-8 week irradiation:• During 4-8 week irradiation:

tumour: 15 Gy

late effects: 0 Gy



Survival   

fraction
Linear component

LQ Repair -Model

Linear quadratic

Quadratic component



Linear quadratic model

E =  α D        lethal non repairable linear termE =  α D        lethal non repairable linear term

E =  β D ² sublethal repairable quadratic term

Total Effect  E =  α D +  β D ² Total Effect  E =  α D +  β D ² 



Repaircapacity : α/β ratio



Repair capacity

• The shoulder reflects the relative • The shoulder reflects the relative 

importance of repair capacity

• A large shoulder means a large repair 

capacity capacity 

• And thus a large sensibility to changes 

in dose per fraction



BE of EBRT and BT

• The biological effects strongly depend on• The biological effects strongly depend on

� Total dose

� Fraction size

� Dose Rate 

� Total Treatment Time

� Treated Volume

� Dose Distribution



Radiobiological effects

Strongly different for  BT 

as compared to EBRT



DOSE - VOLUME Differences  BT- EBRT

EBRT

• Volume Treated usually quite large.

• Variation in Dose is kept minimal 

- homogeneous dose distribution- homogeneous dose distribution

- with < 5% lower doses 

and  < 7% higher doses in TV



DOSE- VOLUME Differences BT-EBRT

BT

• Treated Volume is rather small

• Dose  prescribed to a MT isodose

encompassing the PTV, 

• Very inhomogeneous dose 

distribution within the TV





DOSE-VOLUME Differences 

BT-EBRT

• The integral dose given by BT is much 

higher than the prescribed dose

• Never been tolerated by normal tissues in 

volume as large as treated with EBRT,     volume as large as treated with EBRT,     

because of the volume-effect relationship



DOSE RATE  and

OVERALL TREATMENT TIME

• EBRT, small HDR fractions over several weeks, 

with  full repair between fractions,

• BT dose delivered at                   

- continuous LDR - -- continuous LDR - -

- or PDR, with incomplete repair                           

- or large HDR fractions                     

• over a short treatment time (a few days)



Dose Rate Effects



Dose Rate Effect

Dose Rate effect

Dose Rate Effect



Dose Rate Effect

ICRU – GEC ESTRO 

report 88report 88

Dose Rate definitions

LDR 0.4 - 1 Gy/h

MDR 1 Gy - 12 Gy/hMDR 1 Gy - 12 Gy/h

HDR ≥ 12 Gy/h

(≥ 0.2 Gy/min) 



Changing Dose Rate in ICBT

Different  spatial effect

of changing DR in ICBT Van Limbergen et al 1985



HDRHDR



Dose Rate Effect

HDR
≥ 12 Gy/h

(≥ 0.2Gy/min)

HDR

(≥ 0.2Gy/min)



High dose rate (HDR) 
brachytherapy



HDR BT  cervixca

Importance of fraction size (to point A)Importance of fraction size (to point A)

Complications: < 7 Gy > 7Gy

G 2 - 4 7.6% 11.2%

G 3 - 4                  1.3%             3.4%

Orton, 1991



LDR



Dose Rate Effect

LDRLDR
0.4 - 1 Gy/h

LDR



LDR brachytherapy

• SLD Repair is the fastest process, that

takes place  at < 1Gy/min

• is the most significant effect

between 1 Gy/min, and 1Gy/hbetween 1 Gy/min, and 1Gy/h



Dose Rate Effect

Dose Rate

effect

Dose Rate Effect



Linear quadratic model

E =  α D + g β D ²E =  α D + g β D ²

g = 2 ( µ t - 1 + e (- µ t) )

( µ t )
²

µ =   0.693 / T½



Low dose rate brachytherapy

HDR

REPOPULATION +

O.3 - 0.9 Gy/h

REDISTRIBUTION (PROGRESSION IN CELL CYCLE) ++

0.006 0.06 0.6 6 60 600 
DOSE RATE (Gy/hr)

REPAIR OF SUBLETHAL DAMAGE +++



1 CELL

Low dose rate

0.1 

1 CELL
SURVIVAL

EFFECT DUE TO 
PROLIFERATION

EFFECT DUE TO G2 

0.001 

0.01 

DOSE

EFFECT DUE TO SLD REPAIR

EFFECT DUE TO G2 
BLOCK



French Cooperative Study

Grade 3-4 complications (%) Grade 3-4 complications (%) 

related to Dose Rate

< 60 cGy/h    > 60 cGy/h

Ref. bladder dose 0.8 % 5.3 %              p = 0.001

Ref. rectal dose 1.7 % 6.5 % p = 0.01

Mean rectal dose 2.3 % 8.5 % p = 0.01Mean rectal dose 2.3 % 8.5 % p = 0.01

J.C. Horiot,ea 1993



IGR phase III trial

CONCLUSIONS : 

Cs 37 cGy/h versus 73 cGy/hCs 37 cGy/h versus 73 cGy/h

• No DRE for surgical difficulties at operation except

for delayed surgery in stage II

• No DRE for tumor sterilisation in specimen except

for medium size tumorsfor medium size tumors

• No DRE for relapse free survical

• Higher complications prevalence in the higher dose

rate group

Haie et al., 1994





Van Limbergen etalVan Limbergen etal



lipca



Mobile tongue and floor of mouth

Iridium 192 alone local failure necrosisIridium 192 alone local failure necrosis

> 62.5 Gy - > 0.5 Gy/h             7 %                  44 %

> 62.5 Gy - < 0.5 Gy/h           13 %                  19 %

< 62.5 Gy - > 0.5 Gy/h            21 %                 37 %

< 62.5 Gy - < 0.5 Gy/h            48 %                   5 %< 62.5 Gy - < 0.5 Gy/h            48 %                   5 %

J.J. Mazeron et al, Radiother. Oncol. 21, 39, 1991



Grade 2-3 complications:

Faucial arch tumors

Grade 2-3 complications:

Dose rate < 0.6 Gy/h (288 pts) 6 %

Dose rate > 0.6 Gy/h (52 pts) 10 %

p = 0.006

M. Pernot, et al., IJROBP, 30, 1051, 1994



Clinical data on DRE in LDR 
brachytherapy

� No large DRE on tumor control

� No DRE for early complications

� Significant DRE for late complications� Significant DRE for late complications

Magnitude ? - Dose specification

- Dose - Dose Rate correlated



Effect of dose rate

IN PRACTICE :

• Dose adjustments are unnecessary in the 

range 0.3-0.9 Gy/hr.

• A decrease in dose rate may be beneficial to 

normal tissue tolerance without significantly 

affecting local control.





HDR- ICBT:  late complications

• Clinical Data HDR  vs LDR

� Review  literature *

(Fu and Phillips 1990)          G2-4     12  %       18  %

� Meta-analysis  17 068 pts

(Orton 1991)                        G3-4      2.2%        5.3%   p<0.001

� Randomised Phase III� Randomised Phase III

(Patel 1994) G1-4      6.4%      19.9%   p<0.001

G3-4      0.4%        2.4%  p> 0.05
* majority Fx 7.8 Gy to point A



Conclusion HDR

• Main factors are

� TOTAL DOSE� TOTAL DOSE

� FRACTION SIZE

� TOTAL TREATMENT TIME

• TE =  ( d + α/β) D

• M =    2 Gy .  T/ Tpot



Conclusion LDR

• Main factors are
� TOTAL DOSE

� DOSE RATE

• TE = (α/β + 2.9.T½.DR)D• TE = (α/β + 2.9.T½.DR)D

2.9.T�.DR


Common Language  EQD2

EQD2 = D (α/β + d) / (α/β + 2)



Biologically equivalent dosis
of 30 Gy / 10 fractions
Reference: 2 Gy / fraction

• EQD2 = 30 (α/β + 3) / (α/β + 2) 

• Tumour (Squamous cell ca – early responding 

normal tissues):α/β = 10 Gy EQD2 = 30 x 13 / 12 = 

32.5 Gy

• Late responding normal tissues: α/β = 3 Gy EQD2 

= 30 x 6 / 5      = 36 Gy



Equivalence formula : carcinoma

T1/2 = 1 hrT1/2 = 1 hr

d =  2.89 . T1/2 . DR

3 Gy / fraction      = 1 Gy / hr

1.8 Gy / fraction  = 0.6 Gy / hr

1.2 Gy / fraction  = 0.4 Gy / hr



Equivalence formula : late effects

T1/2 = 1.5 hrT1/2 = 1.5 hr

d =  2.89 . T1/2 . DR

• 4.5 Gy / fraction = 1 Gy / hr

• 2.4 Gy / fraction = 0.6 Gy / hr

• 1.8 Gy / fraction = 0.4 Gy / hr







Muscle-Invasive Bladder Cancer

TURB / Partial CystectomyTURB / Partial Cystectomy

EBRT + Brachytherapy

B. Pieters

Academic Medical Center / University of Amsterdam



Pioneers

• Herberger & Sauer, 1941• Herberger & Sauer, 1941

• Barringer, 1947

• Breur, 1951

• van der Werf-Messing, 1965



MIBC

Standard Radical Standard

Alternative in 

Radical 

cystectomy

± neo-adjuvant 

chemotherapy

Bladder Alternative in 

selected 

cases

Bladder 

preserving 

treatment



Bladder preservation

Local progression-free survival with a bladder 
distribution of 99 patients with muscle-

Herr, H. W. J Clin Oncol; 19:89-93 2001

distribution of 99 patients with muscle-
invasive bladder cancer treated by TUR, 

stratified by no tumor (T0) or non-muscle-
invasive tumor (T1) on restaging TUR

TURB alone if invasion limited to superfcial muscle layers.

TURB alone is not a curative option in most patients

EAU guidelines 2014



Improvement in bladder sparing approaches
External Beam Radiotherapy

1 ) Chemoradiation, - addition of sensitizing chemotherapy to
radiationradiation

2) Improved radiation techniques

- Improved tumor delineation, 

- Improved RT accuracy and

- Improved dosimetry- Improved dosimetry



Chemoradiationr

Analysis of Survival.

C

James ND et al. N Engl J Med 2012;366:1477-1488.



Use of fiducial markers: � improved tumordelineation
� positional verification possible



Daily match on tumorposition

Bony 

matchmatch

Tumor 

match



IMRT



Bladder Preservation

with

Brachytherapy

Techniques

• Sectio alta

• Laparoscopic



SECTIO ALTASECTIO ALTA





















LAPAROSCOPICLAPAROSCOPIC

ROBOT-ASSISTED



Courtesey of:

G. Smits

E. Van der Steen-Banasik



Courtesey of:

G. Smits

E. van der Steen-Banasik



Courtesey of G. Smits



Laparoscopic view

Cystoscopic view

Courtesey of G. Smits





Laparoscopic implant

Courtesey of E. van der Steen-Banasik



Treatment Planning







Sigmoid

S

R PS



Non-paralel



Indication
�Solitary tumors

� ≤ 5 cm� ≤ 5 cm

� pT1-2, (small pT3)

�Preferably not located in the bladder neck for 

sectio alta technique. For robot-assisted less sectio alta technique. For robot-assisted less 

problematic



Author Reference Year Number of  5-year 

Recent Publications

Results

Author Reference Year Number of 

patients 

 5-year 

     Local 
control 

Cause-
specific 

survival 

Overall 
survival 

De Crevoisier (33) 2004 58 T1 
T2 

T3 

100% 
65% 

62% 

100% 
70% 

38% 

69% 
60% 

38% 

Nieuwenhuijzen (30) 2005 108 T1-T2 - 75% 65% 

Blank (20) 2007 122 T1-T3 76%  73% 

Onna (34) 2008 111 T1-T2 - 82% 70% 

van der Steen- (22) 2009 89 T1-T2 - 71% 57% van der Steen-
Banasik 

(22) 2009 89 T1-T2 - 71% 57% 

Koning (21) 2012 1040 T1-T3 75% - 62% 

Aluwini (31) 2013 192 T2-T3 80% 75% 66% 

 





Tumor characteristics

≤ 3 cm > 3 cm, ≤5cm > 5cm unknown

Tumor size 725 (70%) 224(22%) 10(1%) 61(5,9%)

pT1 pT2 pT3 pTx/T4

pTNM 126(12%) 797(77%) 100(9,5%) 15(1,5%)

Differentiation Well diff Mod diff Poorly  diff

13(1,3%) 167(16%) 824(79%)

Histology Transitional cc Papillair trans adenocaHistology Transitional cc Papillair trans adenoca

863(83%) 114(11%) 37(3.6%)
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Treatment

Suprapubic cystotomy 791 (76%)

Partial cystectomy 247 (24%)



Treatment Schedule

Low grade / low stage tumors

pT1 G1-3

pT2 G1-2 and < 3 cm

Low grade / low stage tumors

High grade small tumors

EBRT 10 Gy

Brachytherapy 50-60 Gy



Treatment Schedule

pT1 G3 and > 3 cm pT2 G1-2 and > 3 cm 

pT2 G3

High grade large tumors

Low grade / low stage, large tumors

High stage 

pT2 G3

small pT3

EBRT 30-40 Gy

Brachytherapy 25-40 Gy



Multivariate analysis

Results

Local recurrences: brachytherapy technique 

(P<0.005)

Metastasis:  tumor diameter and tumor grade 

(P=0.05 and P< 0.001)

Overall survival: age, grade and tumor diameter 

( P< 0.001, P=0.02, P=0.02)



Results Dutch Cohort Study

Local recurrence free survival

1040 Patients

1 y 95%1 y 95%

3 y 80%

5 y 75%

Koning et al. Ann Oncol 2012;23:2948-2953



61%

Disease free survival

1040 Patients

Results Dutch Cohort Study

68%

1 y 85%1 y 85%

3 y 68%

5 y 61%

Koning et al. Ann Oncol 2012



Overall survival

1040 Patients

Results Dutch Cohort Study

1 91%1 91%

3 y 74%

5 y 62%

Koning et al. Ann Oncol 2012



Cystectomy series

Year N 5y RFS 

(%)

10 y OS 

(%)

Local

recurrence

only (%)

Stein 2001 1176 68 43 7

Madersbacher 2003 552 62 37 8

Hautmann 2006 841 65 45 9Hautmann 2006 841 65 45 9



232 (22%) bladder relapses
Relapse

24%

22%

41%

13%

24%

8% invasive relapses



Cumulative incidence

Results Late Toxicity

2.3% 13.8% 8.9%



ConclusionConclusion

Largest cohort on bladder brachytherapy

Local control at 5 years: 75%Local control at 5 years: 75%

Comparable to cystectomy series

Brachytherapy should be offered and discussed with patients



Conclusion

• Bladder brachytherapy a solution for bladder • Bladder brachytherapy a solution for bladder 
preservation in MIBC

• Laparoscopic / Robot-assisted technique is emerging

• Start a team-work with an urologist and radiation
oncologist



The AMORE Protocol:The AMORE Protocol:

a concept for local treatment of 

Orbital and H&N RMS of childhood

Bradley Pieters

Academic Medical Center / University of Amsterdam



Outline

1. The AMORE concept

2. Examples2. Examples

3. Results Up-front AMORE 1993-2007

4. AMORE as Salvage treatment

5. Conclusions



The AMORE Concept

• Ablatio

• MOld technique Brachytherapy

• REconstruction• REconstruction

in 1 week



Dilemmas in local therapy of non-orbital 

HNRMS

• 1. Naive patients:

-delayed surgery

risk of mutilationrisk of mutilation

difficult accessibility parameningeal sites

-external beam radiation therapy (EBRT)

high-doses, wide fields, young children

serious sequelae

• 2. Relapsed patients:• 2. Relapsed patients:

-effective salvage strategies lacking!



Methods AMORE: First Surgical Session Day 1

• Macroscopically complete resection (microscopic residual)• Macroscopically complete resection (microscopic residual)

• Sparing normal tissue

• Adequate exposure brachytherapy

• Insert brachytherapy mold(s)

material: -Gutta Percha

-FastForm Percha (polymer; FastForm Research Ltd)-FastForm Percha (polymer; FastForm Research Ltd)

-Flexible catheters (Polyethylene)



RMS in left pterygoid fossa



Ablatio



MOld placement



Postoperative AMORE Day 1



Planning of dose distribution



Brachytherapy (day 3-5)

• Verification mold position in relation to Clinical Target • Verification mold position in relation to Clinical Target 
Volume

• Computer-aided dose planning (LDR/PDR)

40-45 Gy to CTV

5mm from surface of the mold

• Afterloading Iridium192 

dose delivery 3-4 days



REconstruction: AMORE II

• Remove mold• Remove mold

• Surgical reconstruction

-Free vascularised (microanastomosis) 

or -Transpositional muscle flap



REconstrucion



Mold

100% isodose

200% isodose

Mold





FastForm Percha

FastForm Research Ltd





Recurrence after chemotherapy and EBRT

Before salvage chemotherapy



After salvage chemotherapy





Orbital RMS

Before chemotherapy



After chemotherapy





Recurrence after chemotherapy and EBRT

Before salvage chemotherapy



After salvage chemotherapy





Undifferentiated sarcoma

After Chemotherapy





Results Up-front AMORE 1993-2007

Int J Rad Onc Biol Phys 2009; 24(5):1555-1562

Eur J Cancer 2003, 39 (11) 1594 -1602



31 Patients

• 13 females and 18 males

• Age: 1.2-13.6 years, mean 6.1 years

• 25 the Netherlands, 6 abroad• 25 the Netherlands, 6 abroad

• 24 PMN, 7 non-PMN

• TNM stage I (2), II (21), III (8)

• 26 Embryonal, 3 Alveolar, 2 NOS



Chemotherapy

• 10 MMT-89• 10 MMT-89

• 18 MMT-95

• 1 CWS-91, 1 COG-D9803, 1 EpSSG-2005

• Total of 4-8 courses pre-AMORE

• All completed chemotherapy according  to protocols



Ablatio

• 22 macroscopic radical resection

• 6 compartment resection or explorative surgery

• 1 macroscopically irradical resection• 1 macroscopically irradical resection

• 2 patients exact surgical report missing



Brachytherapy

• Low-dose rate technique: 1993-2001• Low-dose rate technique: 1993-2001

• Pulsed Dose Rate technique: 2002-2007

• CTV: 5 mm of tissue starting from surface of the 
mold encompassing the microscopically residual 
tumor volume

• Dose: 40-50 Gy depending on peroperative findings • Dose: 40-50 Gy depending on peroperative findings 
regarding vital structures 



REconstruction

• 26 patients

• Majority free vascularized flaps 

• Minority pedicled flaps• Minority pedicled flaps



Follow-up

• 0.2-14.5 years (mean 5.7)

• Analysis performed October 2007



Survival of 24 PMN

• 1 distant relapse

• 5 local relapse (2 AWD > 4 years after)

• 3 combined local/distal relapse

• 7 Died of disease

• 1 Mucoepidermoid carcinoma contralateral parotid gland 4.8 

yrs after AWD 7 years later

• 5-year DFS 59%

• 5-year OS 65%• 5-year OS 65%



Survival of 7 Non-PMN

• One local recurrence with pulmonary metastases died

• 5-year DFS 90%

• 5-year OAS 90%• 5-year OAS 90%



Late effects

• Partial N. VII palsy: 4

• N. IX, N. XI lesion: 1 each• N. IX, N. XI lesion: 1 each

• Malocclusion: 3

• Dental problems: 4

• Trismus: 1

• Severe fibrosis, xerostomia or osteonecrosis: not 

observedobserved



AMORE as Salvage Treatment

1993-2007

Int J Rad Onc Biol Phys, 2009; 24(5):1555-1562

Eur J Surg Oncol 2004; 30(8):884-892



11 Salvage patients

• 5 PMN: 2 Residual disease• 5 PMN: 2 Residual disease

3 LR (1 second LR; 1 with single lung met)

All had previous EBRT

• 6 Non-PM: All LR (1 second LR after previous EBRT)



11 Salvage patients

• 5 females, 6 males

• Age: 2.4-16.9 years (mean 7.7)

• Follow-up: 0.7-14.1 years (mean 6.3)• Follow-up: 0.7-14.1 years (mean 6.3)



Results AMORE as Salvage

• 2 distant metastasis

� One with local recurrence

• 5-y DFS and OS: 82%



Conclusions AMORE as Salvage

• 5-year disease-free and OAS 82%

• Feasible, even after prior external beam

• Limited complications AMORE without prior EBRT• Limited complications AMORE without prior EBRT

• Promising local control rate



Overall Conclusions AMORE

• Feasible technique (!Experienced multidisciplinary team!)• Feasible technique (!Experienced multidisciplinary team!)

• Adequate concept

• Local control upfront treatment compares to conventional 
strategies

• Promising results salvage treatment even after EBRT

• Low incidence disorders craniofacial growth

• Further evaluation late effects in progress• Further evaluation late effects in progress



Florence, March 13-16 2016

Modern Brachytherapy Modern Brachytherapy 

Techniques



Physics and Dose Calculation inPhysics and Dose Calculation in

BrachytherapyBrachytherapyBrachytherapyBrachytherapy

ESTRO Teaching CourseESTRO Teaching Course

Florence, Florence, 20162016

Dimos BaltasDimos Baltas

EE--mail: dimos.baltas@uniklinikmail: dimos.baltas@uniklinik--freiburg.defreiburg.de

mailto:dimos.baltas@uniklinik-freiburg.de


ERT ERT versusversus BRT from Technology BRT from Technology 

and Physics/and Physics/DosimetryDosimetryand Physics/and Physics/DosimetryDosimetry

Point of View:Point of View:

Similarities and DifferencesSimilarities and Differences



ERT BRT

5 -10 mm



ERTERT

The Field / Beam:The Field / Beam:

Modern Radiation TherapyModern Radiation Therapy

BRTBRTERTERT

11

3333 1: Catheter / Needle1: Catheter / Needle

3D3D
3D3D



FieldField Needle/CatheterNeedle/Catheter

Beam Shaping: PlaneBeam Shaping: Plane

Modern Radiation TherapyModern Radiation Therapy

FieldField Needle/CatheterNeedle/Catheter

•• 2.5 mm2.5 mm

•• 5.0 mm5.0 mm

•• 10.0 mm10.0 mm

MSSMSSMLCMLC
2.5 mm2.5 mm

oror

5.0 mm5.0 mm

•• 1.0 mm1.0 mm

ERTERT BRTBRT

•• 10.0 mm10.0 mm5.0 mm5.0 mm

oror

10.0 mm10.0 mm •• ?? mm?? mm



Dosimetric KernelDosimetric Kernel

ERTERT 10 : 110 : 1

Modern Radiation TherapyModern Radiation Therapy
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Dosimetric KernelDosimetric Kernel
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Modern Radiation TherapyModern Radiation Therapy
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MSS: Step & ShootMSS: Step & Shoot

Dose Shaping: Intensity Modulation (2D)Dose Shaping: Intensity Modulation (2D)

Modern Radiation TherapyModern Radiation Therapy
E

R
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E
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T
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R
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MSS: Step & ShootMSS: Step & Shoot

““BixelBixel” ” �� Dwell PositionDwell Position

“MUs”  “MUs”  �� Dwell TimeDwell Time



MSS: Step & ShootMSS: Step & Shoot

Dose Shaping: Intensity Modulation (2D)Dose Shaping: Intensity Modulation (2D)

MSS: Step & ShootMSS: Step & Shoot

”Spot””Spot”



Step and Shoot in BRT:Step and Shoot in BRT:Step and Shoot in BRT:Step and Shoot in BRT:

How does it work ?How does it work ?



Spot = ShootSpot = Shoot

Treatment DeliveryTreatment Delivery

TargetTargetSpot = ShootSpot = Shoot

IntensityIntensity

Pattern Pattern 

TargetTarget

Pattern Pattern 



Treatment Delivery => Step and ShootTreatment Delivery => Step and Shoot



Treatment Delivery => Step and ShootTreatment Delivery => Step and Shoot



Treatment Delivery => Step and ShootTreatment Delivery => Step and Shoot



Treatment Delivery => Step and ShootTreatment Delivery => Step and Shoot



Treatment Delivery => Step and ShootTreatment Delivery => Step and Shoot



Treatment Delivery => Step and ShootTreatment Delivery => Step and Shoot



Treatment Delivery => Step and ShootTreatment Delivery => Step and Shoot



Treatment Delivery => Step and ShootTreatment Delivery => Step and Shoot



Treatment Delivery => Step and ShootTreatment Delivery => Step and Shoot



Treatment Delivery => Step and ShootTreatment Delivery => Step and Shoot



Treatment Delivery => Step and ShootTreatment Delivery => Step and Shoot



Treatment Delivery => Step and ShootTreatment Delivery => Step and Shoot



Treatment Delivery => Step and ShootTreatment Delivery => Step and Shoot



Treatment Delivery => Step and ShootTreatment Delivery => Step and Shoot



Topics:Topics:

� Definition of Quantities

� Dosimetry and Dose Calculation 

(for a one-source geometry)

� Localization techniques

(…only if there is enough time)(…only if there is enough time)



Relevant Quantities:

• Source Decay

• Source Strength:

Activity (mCi, GBq), Exposure Rate,

Air Kerma Rate (Ka, SK)

• Absorbed Dose Rate• Absorbed Dose Rate
Attenuation and Diffusion

(Absorption and Scatter)

• Absorbed Dose



Radioactivity, decay calculation:

• Number of nuclei prone to decay:

N(t) = N � e-λtN(t) = N0 � e-λt

• Activity:

A(t) = -∆N(t) / ∆t  ≈ N(t)

A(t) = A0. e
-λt

• Decay constant:• Decay constant:

λ = ln(2) / T½ = 0.693 / T½

• Half life of the source:

A(t = T½) = ½ � A0



Half Life T1/2 of Radionuclides



Previously, source strength specification was based on 

“contents”, # of disintegrations per time unit

The “Strength” of a Source

“contents”, # of disintegrations per time unit

� By Definition: 1 Ci (3.7 x 1010 s-1) Activity of 1 g Ra-226 

� In SI-units: 1 Disintegration per s = 1 Bq

(mostly using a prefix: MBq, GBq)(mostly using a prefix: MBq, GBq)

Example: 1 mCi = 37 MBq



Now, Specification of Sources in terms of Energy 

Deposition, per unit of time at a given distance:

The “Strength” of a Source

Deposition, per unit of time at a given distance:

• exposure rate: R. h-1 @ 1cm

• in Air Kerma Rate: µGy . h-1 @ 1 m

For linear sources this can be expressed in For linear sources this can be expressed in 

• exposure rate per unit of length, or

• Air Kerma Rate units per unit of length



Reference Air Reference Air KermaKerma Rate KRate KRR

The “Strength” of a Source

KKRR =  =  KKaa(r = 1m)(r = 1m)

r = 1mr = 1m

air



Air Air KermaKerma Strength SStrength SKK

AAPM,AAPM,

The “Strength” of a Source

AAPM,AAPM,

North AmericaNorth America

If r = 1m then we have in the above Equation

the Reference Air Kerma Rate KR



Air Kerma Rate Constant

The “Strength” of a Source

For monoenergetic Source:For monoenergetic Source:

For Source with known Spectrum:



The “Strength” of a Source



Baltas et al., Taylor & Francis, 2007



Units and Conversion Factors

The “Strength” of a Source

Baltas et al., Taylor & Francis, 2007



Apparent Activity Aapp: SK

The “Strength” of a Source

usually in usually in MBqMBq



Note:Note:

Reference Air Reference Air KermaKerma Rate KRate KRR

Air Air KermaKerma Strength SStrength SKK

The “Strength” of a Source

Note:Note:

The quantity of preference to specify the 

source strength would be the “absorbed dose to 

water at a specified distance in a full water 

geometry” (as it is the case for ERT). This is, 

however, until now not achievable in practice.

!!
Currently the dosimetry systems (e.g. Well Type 

Chambers) are calibrated at least for Reference Air 

Kerma Rate KR or equivalently for Air Kerma Strength 

SK.

!!



Dosimetry of Sealed Radioactive Dosimetry of Sealed Radioactive 

Sources*Sources*Sources*Sources*

��

Dose Calculation around a Sealed Dose Calculation around a Sealed 

Source* Source* Source* Source* 

*Photon emitting sources



Dosimetry in homogeneous, full 

scatter phantom:

This is what we want to know:

Absorbed Dose-to-water at a point P in 

water medium, taking into account scatter 

and absorption  (ideal point source)
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P

point source

water
water

distance r
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This is what we know:

Absorbed Dose-to-water

vacuo
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distance r
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Absorbed Dose-to-water
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Absorbed Dose-to-water
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Absorbed Dose-to-water
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Absorbed Dose-to-water

fas,w(r) is the correction for the absorption and 

scattering effects of the photons emitted from the 

source at the distance r in water, when compared 

S
te

p
 

S
te

p
 --

44

source at the distance r in water, when compared 

to the same point in vacuo.

P

point source

water
water

distance r

S
te

p
 

S
te

p
 



Absorbed DoseAbsorbed Dose--toto--waterwater

ca. 10%ca. 10%



Absorbed Dose-to-water

Real SourcesReal Sources
Spatial distribution Spatial distribution 



Absorbed Dose-to-water

Real SourcesReal Sources
Spatial distribution Spatial distribution 

!!



Absorbed Dose-to-water

Real SourcesReal Sources

P

real source

water
water

distance r



Absorbed Dose-to-water

Real Sources: Cylindrical GeometryReal Sources: Cylindrical Geometry

P

real source

water
water

distance r



Absorbed Dose-to-water

Note: these expressions can be found in text books, are 

very helpful to understand the underlying Physics, but !!very helpful to understand the underlying Physics, but 

are not recommended and have been essentially 

replaced in commercial TPSs with the AAPM TG43 

formalism….

!!



Dose calculation Dose calculation –– TG43TG43

A short introduction to the A short introduction to the 

AAPMAAPM--TG43 FormalismTG43 Formalism



Dose calculation – AAPM-TG43

AAPM-TG43 formalism

The generally accepted formalism for brachytherapy

Applied for Afterloader, Seeds, Wires, TubesApplied for Afterloader, Seeds, Wires, Tubes

(Medical Physics in 1995, revised Version in 2004, 

> 50keV in 2012)

Why this formalism???

• Introduction of revised calibration standards

• Source strength specification quantities• Source strength specification quantities

• Dose calculation formalisms

• Confusion with regard to dosimetric data

• Only quantities from dose rates in water  

medium near the actual source to be used



Dose calculation – AAPM-TG43

Avoid Confusion !!!!!!Avoid Confusion !!!!!!

45%!!12%!!
52%



Dose calculation – AAPM-TG43

5 x Multiplications

1 x Division
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Dose calculation – AAPM-TG43:

More Details …..



Dose calculation – AAPM-TG43

That is, the air kerma strength, SK, defined as the product of the air 

kerma rate in free space at a measurement distance r from the source 

center along the perpendicular bisector, Ka(r), and the square of the 

distance r.



Dose calculation – AAPM-TG43

The dose rate constant, ΛΛ, is defined as the dose rate to water in water 

at the reference point, namely at a distance of r0 = 1 cm on the 

transverse axis (θθ = 90 ), per unit air kerma strength, S :
0

transverse axis (θθ = 90°), per unit air kerma strength, SK:

r0=1cm



Dose calculation – AAPM-TG43

!!



Dose calculation – AAPM-TG43

G(r,θθ):  The geometry function at radial distance r and polar angle θθ.. It is 

a dimensionless quantity.

• From a physics point of view the geometry function simply provides an

effective inverse square-law correction based upon the spatial

distribution of radioactivity within the source core.distribution of radioactivity within the source core.

• It depends only on the 3D volume shape of the active core of the source

and not on the radionuclide, nor on the encapsulation!

• It neglects scattering and attenuation!



Dose calculation – AAPM-TG43

Point Source

Approximation
GGPP(r,(r,θθ))
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Line Source

Approximation
GGLL(r,(r,θθ))
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Dose calculation – AAPM-TG43

The geometry function G(r,The geometry function G(r,θθ))

Ls = 0.35 cm Ls = 0.5 cm

!!Ls = 1.0 cm !!



Dose calculation – AAPM-TG43

The geometry function GThe geometry function GLL(r,(r,θθ))

HEBD > 50keV in 2012



Dose calculation – AAPM-TG43

g(r):  The radial dose function that considers the distance dependence

of absorption and scatter of the photon rays in the water medium

along the transversal axis, that is the y-axis or equivalently for

θ =90°. g(r) is a dimensionless quantity.

It is always g(r=1cm) = 1.00!! It is always g(r=1cm) = 1.00!!
g(r)g(r)



Dose calculation – AAPM-TG43

192192Ir Ir –– HDR SourcesHDR Sources
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Dose calculation – AAPM-TG43

F(r, θ):  The anisotropy function that considers the effect of absorption

and scatter of the photons within the source active core and

encapsulation material as well as part of the driving cable if any.

F(r, θ) is a dimensionless quantity.

It is always F(r, θ=90°) = 1.00!! It is always F(r, θ=90°) = 1.00!!
F(r, F(r, θθ))



Dose calculation – AAPM-TG43

SummarySummary::

�� ItIt isis aa TwoTwo--StepStep 22DD -- CalculationCalculation MethodMethod�� ItIt isis aa TwoTwo--StepStep 22DD -- CalculationCalculation MethodMethod

(r0, θ0): (1.0cm, 90°)



Dose calculation – AAPM-TG43

The 1D Approximation

Anisotropy factor:

Independent of orientationIndependent of orientation

With randomly oriented seeds, 

orientation is not known:

use φan(r) instead of F(r, θ).!!



Dose calculation – AAPM-TG43

The 1D Approximation

The anisotropy factor φan(r) is thus defined as the ratio of the dose rate

at distance r, averaged with respect to solid angle, to the dose rate on the

transverse y-axis (θ = θ0 = 90°) ) at the same distance.



Dose calculation – AAPM-TG43



Dose calculation – AAPM-TG43



Dose calculation – AAPM-TG43



Dose calculation – AAPM-TG43



Dose calculation – AAPM-TG43



Dose calculation – AAPM-TG43



Dose calculation – AAPM-TG43

SummarySummary::

� 2D Method� 2D Method

� 1D Approximation if Source Orientation missing

� Requires individual Parameters for each Source
design

� It is based on measured or MC-calculated and� It is based on measured or MC-calculated and

experimentally verified data !

� It is based on Air Kerma Strength SK



Dose from DoseDose from Dose--RateRate

TGTG--4343 derivesderives thethe DoseDose RateRate

tt00 :  is the time of the begin of the treatment:  is the time of the begin of the treatment

ττ = T= T1/21/2 / ln2 ,   with T/ ln2 ,   with T1/21/2 the halfthe half--life of the Radionuclidelife of the Radionuclide

T :  is the duration of the Treatment (placement of the source)T :  is the duration of the Treatment (placement of the source)



Dose from DoseDose from Dose--RateRate

TGTG--4343 derivesderives thethe DoseDose RateRate:: TT <<<< ττ

kkuu :  is a units conversion factor to convert the dose rate:  is a units conversion factor to convert the dose rate

expressed in expressed in cGycGy hh--11 and considering the time unitand considering the time unit

This is e.g. the case for HDR or PDR treatments with This is e.g. the case for HDR or PDR treatments with 192192IrIr

or HDR treatments with or HDR treatments with 6060CoCo!!

expressed in expressed in cGycGy hh and considering the time unitand considering the time unit

of the value T to the desired dose unit, of the value T to the desired dose unit, GyGy or or cGycGy..



Dose from DoseDose from Dose--RateRate

TGTG--4343 derivesderives thethe DoseDose RateRate:: TT >>>> ττ

kkuu :  is a units conversion factor to convert the dose rate:  is a units conversion factor to convert the dose rate

expressed in expressed in cGycGy hh--11 and considering the time unitand considering the time unit

of the value T to the desired dose unit, of the value T to the desired dose unit, GyGy or or cGycGy..

This is e.g. the case for permanent implants with This is e.g. the case for permanent implants with 125125II

or or 103103PdPd!!

of the value T to the desired dose unit, of the value T to the desired dose unit, GyGy or or cGycGy..

ττ = = TT1/21/2 / ln2 ,   with T/ ln2 ,   with T1/21/2 the halfthe half--life of the Radionuclidelife of the Radionuclide
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Dose from DoseDose from Dose--RateRate

Baltas et al., Taylor & Francis, 2007



Practical Example: Practical Example: BebigBebig 192192IrIr--HDR Source HDR Source 

z

θ = 40°

y

R = 3.0cm

L
s

=
 3

.5
 m

m

Λ = 1,108 cGy/(hU) 

SK = 40.000 U 

G(r0, θ0) = G(1cm, 90o)  =  0,99 cm-2

G(r, θ) = G(3cm, 40o)  = 1/r² = 1/9 cm-2 = 0,11111 cm-2

G(r, θ) / G(r0, θ0) = 0,012346 cm-2 / 0,99 cm-2 = 0,1122334



Practical Example: Practical Example: BebigBebig 192192IrIr--HDR Source HDR Source 

z

θ = 40°

S = 40.000 U 

y

R = 3.0cm

L
s

=
 3

.5
 m

m

Λ = 1,108 cGy/(hU) 

SK = 40.000 U 

G(r, θ) / G(r0, θ0) = 0,1122334

g(r=3.0cm) = 1,0052



Practical Example: Practical Example: BebigBebig 192192IrIr--HDR Source HDR Source 

z

θ = 40°

S = 40.000 U 

y

R = 3.0cm

L
s

=
 3

.5
 m

m

Λ = 1,108 cGy/(hU) 

SK = 40.000 U 

G(r, θ) / G(r0, θ0) = 0,1122334

g(r=3.0cm) = 1,0052

F(r=3.0cm, 40o) = 0,951



Practical Example: Practical Example: BebigBebig 192192IrIr--HDR Source HDR Source 

z

θ = 40°

S = 40.000 U 

y

R = 3.0cm

L
s

=
 3

.5
 m

m

Λ = 1,108 cGy/(hU) 

SK = 40.000 U 

G(r, θ) / G(r0, θ0) = 0,1122334

g(r=3.0cm) = 1,0052

F(r=3.0cm, 40o) = 0,951



Complexity …..Complexity …..

Many Catheters/Needles, Many Sources …Many Catheters/Needles, Many Sources …



3D Localization 3D Localization ��

We have to identify our fields We have to identify our fields 

and the related Anatomy ….and the related Anatomy ….

OARsOARs

PTVPTV

3D Localization 3D Localization ��

Catheters/Catheters/

BeamsBeams



Dose / Dose Rate Dose / Dose Rate CalculationCalculation atat a Pointa Point

192192Ir Ir 

D = ?D = ?

OARsOARs

PTVPTV

PP

HH22OO

Ir Ir 
6060CoCo
169169YbYb

……



2D Dose Distribution2D Dose Distribution

OARsOARs

HH22OO HH22OO
PTVPTV

192192Ir Ir 
6060CoCo
169169YbYb

……



3D Dose Distribution3D Dose Distribution

HH22OO
OARsOARs

PTVPTV

HH22OO

192192Ir Ir 
6060CoCo
169169YbYb

……



Limitations of TG-43 based Dose Calculation

Assumptions !!!

≠
H2O



Limitations of TG-43 based Dose Calculation

or 2D versus 3D Dose Calculation

3D - Glasses 

Figures from: Baltas, Sakelliou, Zamboglou (Eds), The Physics of modern brachytherapy for oncology, 

Taylor & Francis Books Inc, 2006  / TG186: Beaulieu et al , Med. Phys. 39(10), 6208 (2012)



anatomic site
photon  

energy

absorbed  

dose
attenuation shielding scattering

beta/kerma

dose

Sensitivity of Anatomic Sites to Dosimetric Limitations of Current Planning 

Systems

Limitations of TG-43 based Dose Calculation

or 2D versus 3D Dose Calculation

energy dose dose

prostate
high

low XXX XXX XXX

breast
High X XXX

low XXX XXX XXX

GYN
high XXX

low XXX XXX

skin
high XXX XXX

low XXX XXX XXX

lung
high XXX XXX

lung
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)



Site / Application Importance

Is that important for the Clinic?

Limitations of TG-43 based Dose Calculation

or 2D versus 3D Dose Calculation

Site / Application Importance

Shielded Applicators Huge

Eye plaque -10 to -30% (TG129)

Breast Brachy -5% to -40%

Prostate Brachy -2 to -15% on D90Prostate Brachy -2 to -15% on D90

GYN Depends on applicators

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

• Beaulieu et al (TG-186), Med Phys 39, 2012



Rule of thumb

Energy Range Effect

Limitations of TG-43 based Dose Calculation

or 2D versus 3D Dose Calculation

Energy Range Effect

192Ir Scatter condition

Shielding (applicator related)

103Pd / 125I / eBx Absorbed dose (μen/ρ)

Attenuation (μ/ρ)Attenuation (μ/ρ)

Shielding (applicator, source)

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



Thank you very muchThank you very much

for your Attentionfor your Attention





THE PARIS SYSTEMTHE PARIS SYSTEM

Interstitial brachytherapy

Renaud Mazeron

Gustave Roussy



Paris System

• Dedicated to interstitial brachytherapy

• ≠ Paris Method (Gyne) / isodose envelop• ≠ Paris Method (Gyne) / isodose envelop

• Developped in the 1960s / complete system

• Created for I 192 wires

• Set of rules tacking into account

� The geometry and method of application

� the source strength

� In order to get a suitable dose distribution

3



Predictive implant system

Forecast dosimetry

CTV 
dimensions

Geometric
implantation data

Dimensions of the 
treated volume

4



1. Linear activity is (LDR):

Paris system: Basic principles (1)

1. Linear activity is (LDR):

- uniform along each line
- identical for all the lines

2. Radioactive sources are:

- parallel- parallel
- straight
- equidistant

5





3. Dose specification Central plane 

Paris system: Basic principles (2)

3. Dose specification Central plane 

the plane on which the mid-points of 
the sources lie, should be at the right angle
to the axis of each source

Central plane

7

PS: Sources are equally separated but source separation 

varies from one implant to an other



•Tumoral thickness determination

If >12 mm: 2 or more planes as implantation pattern

Paris system: Forecast dosimetry

Tumor shape determines whether an implantation is arranged

in «squares» or in «triangles». 

d
2

3

8

d

d



Templates

Kamsu-Kom Clin Oncol 2015



4. Source spacing is a function of thickness

- Single plane

Ratios of source spacing to target thickness and
source length to target length

- Spacing =  2 x target thickness (2 sources)
- Spacing =  1.67 x target thickness (3 or more sources)

- Double plane

- Square spacing =  0.62 to 0.64 x target thickness- Square spacing =  0.62 to 0.64 x target thickness
- Triangles spacing =  0.75 to 0.79 x target thickness

5. Source length is a function of target length

- radio active Length = 1.33 to 1.54 x target length

10



Paris system forecast relationships

Implant type

Treated 

length /

radioactive

length

Treated

thickness/

spacing

Lateral 

margin /

spacing

Safety

margin /

spacing
length

2 lines 0.7 0.5 0.37 -

n lines in 1 plane 0.7 0.6 0.33 -

1.55 -
n lines in «square» 0.7

1.55 -

1.60
- 0.27

n lines in triangle 0.7 1.3 - 0.20

11



Empirical relation between the treated volume 
(in cm3) and the geometric implantation data

Paris system: V100%

VT =  k.N.E2.L

(in cm ) and the geometric implantation data

N =   number of lines
E =   spacing of lines (cm)
L =   active lengthL =   active length
k =  0.47 for planar implants and for patterns in « triangles »

0.57 for patterns in « squares »

12
A Bridier



Validity limits for the Paris system

Active length 
Minimum 

Separation 

Maximum 

Separation 
Active length 

(mm) 
Separation 

(mm) 

Separation 

(mm) 

 

10 to 40 

 

8 

 

15 

 

50 to 90 

 

10 

 

20 50 to 90 10 20 

 

≥ 100 

 

15 

 

25 
 

 

13



Is the Paris system valid for stepping sources?



� Recalculation of the ratios with stepping sources

Method

� Length / width / margins

� Single plan / triangle / square

� Comparison to those reported orgininally with

I
192

wiresI wires

(Dutreix et al. – Dosimétrie en curiethérapie – Ed. Masson, 1982)

F Martinetti



Active length

Treated lengthLateral margin (LM)

LM

Treated width

Treated Thickness (TT)

LM  LM  
TT  



Active length

Equivalent active length

5 cm

Equivalent active length

Equivalent active length

5 cm 5,5 cm
AL= EAL= AL= EAL= n x sn x s

5 cm 5,5 cm

Stepping source

Ir-192 wire

AL = 5 cm

EAL = n x s = 11 x 0,5 cm

= 5,5 cm



Ratio Treated length/ Active lenght

Ecartement L/LAe [Stepping source] L/LAe [Dutreix et al.]

1 0,80 0,77

1,2 0,78 0,75

Arrangement

1 Plan Triangle Square

TL/AL 0,7

Th/Sp 0,6 1,3 1,6

LM/Sp 0,35 / /

SM/Sp / 0,2 0,27

Paris System

1,2 0,78 0,75

1,4 0,74 0,74

1,6 0,73 0,72

1,8 0,70 0,70

2 0,69 0,69

Moyenne 0,74 0,73
Ecart type 0,04 0,03

1 0,74 0,73

1,2 0,71 0,72

1,4 0,69 0,70

1,6 0,67 0,69

1,8 0,66 0,67

1
 P

LA
N

1
 C

A
R

R
E

1,8 0,66 0,67

2 0,65 0,66

Moyenne 0,69 0,70
Ecart type 0,03 0,03

1 0,77 0,75

1,2 0,74 0,73

1,4 0,72 0,71

1,6 0,70 0,70

1,8 0,69 0,69

2 0,67 0,67

Moyenne 0,71 0,71
Ecart type 0,04 0,03

1
 T

ri
a

n
g
le

1
 C

A
R

R
E



Ecartement L/LAe [Stepping source] L/LAe [Dutreix et al.] L/LA [Stepping source]

1 0,80 0,77 0,88

1,2 0,78 0,75 0,86

Paris system
Arrangement

1 Plan Triangle Square

TL/AL 0,7

Th/Sp 0,6 1,3 1,6

LM/Sp 0,35 / /

SM/Sp / 0,2 0,27
Ratio Treated length/ Active lenght

1,2 0,78 0,75 0,86

1,4 0,74 0,74 0,82

1,6 0,73 0,72 0,80

1,8 0,70 0,70 0,77

2 0,69 0,69 0,75

Moyenne 0,74 0,73 0,81
Ecart type 0,04 0,03 0,05

1 0,74 0,73 0,81

1,2 0,71 0,72 0,78

1,4 0,69 0,70 0,76

1,6 0,67 0,69 0,74

1,8 0,66 0,67 0,73

1
 P

LA
N

1
 C

A
R

R
E ≈ 0,8

19

1,8 0,66 0,67 0,73

2 0,65 0,66 0,71

Moyenne 0,69 0,70 0,76
Ecart type 0,03 0,03 0,04

1 0,77 0,75 0,85

1,2 0,74 0,73 0,81

1,4 0,72 0,71 0,79

1,6 0,70 0,70 0,77

1,8 0,69 0,69 0,76

2 0,67 0,67 0,73

Moyenne 0,71 0,71 0,79
Ecart type 0,04 0,03 0,04

1
 T

ri
a

n
g
le

1
 C

A
R

R
E ≈ 0,8



Treated Thickness / Spacing

Ecartement Ep/Ec [Stepping source] Ep/Ec [Dutreix et al.]

1 0,60 0,58

1,2 0,58 0,57

Paris system
Arrangement

1 Plan Triangle Square

TL/AL 0,7

Th/Sp 0,6 1,3 1,6

LM/Sp 0,35 / /

SM/Sp / 0,2 0,27

1,2 0,58 0,57

1,4 0,57 0,56

1,6 0,56 0,55

1,8 0,56 0,54

2 0,55 0,54

Moyenne 0,57 0,56
Ecart type 0,02 0,02

1 1,58 1,57

1,2 1,58 1,57

1,4 1,57 1,56

1,6 1,56 1,56

1,8 1,56 1,56

1
 P

LA
N

1
 C

A
R

R
E

≈ 0,6

1,8 1,56 1,56

2 1,56 1,55

Moyenne 1,57 1,56
Ecart type 0,01 0,01

1 1,46 1,29

1,2 1,45 1,29

1,4 1,43 1,28

1,6 1,45 1,28

1,8 1,42 1,27

2 1,44 1,27

Moyenne 1,44 1,28
Ecart type 0,01 0,01

1
 C

A
R

R
E

1
 T

ri
a

n
g
le

≈ 1,55-1,6

??



Treated thickness / Spacing

Arrangement

1 Plan Triangle Square

TL/AL 0,7

Th/Sp 0,6 1,3 1,6

LM/Sp 0,35 / /

SM/Sp / 0,2 0,27

Paris system

21

Ecart type 0,01 0,01
1 1,46 1,29

1,2 1,45 1,29

1,4 1,43 1,28

1,6 1,45 1,28

1,8 1,42 1,27

2 1,44 1,27

Moyenne 1,44 1,28
Ecart type 0,01 0,01

1
 T

ri
a

n
g
le

Ecartement Ep/Ec [Stepping source] Ep/Ec [Dutreix et al.]



Ecartement MS/Ec [Stepping source] MS/Ec  [Dutreix et al.]

1 0,350 0,330

Safety margins / Spacing

Paris system
Arrangement

1 Plan Triangle Square

TL/AL 0,7

Th/Sp 0,6 1,3 1,6

LM/Sp 0,35 / /

SM/Sp / 0,2 0,27

1 0,350 0,330

1,2 0,358 0,338

1,4 0,350 0,346

1,6 0,363 0,354

1,8 0,356 0,362

2 0,370 0,370

Moyenne 0,36 0,35
Ecart type 0,008 0,015

1 0,300 0,282

1,2 0,283 0,281

1,4 0,271 0,279

1,6 0,281 0,278

1,8 0,272 0,276

1
 P

LA
N

1
 C

A
R

R
E

≈ 0,35

1,8 0,272 0,276

2 0,265 0,275

Moyenne 0,28 0,28
Ecart type 0,012 0,003

1 0,230 0,240

1,2 0,233 0,237

1,4 0,250 0,234

1,6 0,213 0,231

1,8 0,228 0,228

2 0,220 0,225

Moyenne 0,23 0,23
Ecart type 0,013 0,006

1
 C

A
R

R
E

1
 T

ri
a

n
g

le

0,28

0,23



Paris system forecast relationship
--

Stepping source 

Implant 

type

Treated 

length /

radioactive

Treated

thickness

Lateral 

margin /

Safety 

margin /
type radioactive

length

thickness

/spacing spacing spacing

2 lines 0.8 0.5 0.37 -

n lines in 

one plane
0.8 0.6 0.33 -

n lines in 

«square»
0.8

1.55 to 

1.60
- 0.27

n lines in 

triangle
0.8 1.3 - 0.20
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Paris system

Practical example 

Basal cell carcinoma
CTV : 16 mm x 14 mm x 5 mmCTV : 16 mm x 14 mm x 5 mm

L     x     W     x     T

16 mm

5 mm

16 mm

14 mm

24



1st Step: number of planes

Tumoral thickness determination 

CTV : 16 mm x 14 mm x 5 mm
L     x    W     x     T

25



1st Step

Tumoral thickness determination 

If it exceeds 12 mm: two or more planes as 

implantation pattern.

CTV : 16 mm x 14 mm x 5 mm
L     x    W     x     T

26



1st Step

Tumoral thickness determination 

If it exceeds 12 mm: two or more planes as 

implantation pattern.

CTV : 16 mm x 14 mm x 5 mm
L     x    W     x     T

27



2nd Step: spacing

Source spacing selection as a function of 

tumoral thickness total line number

deduction

CTV : 16 mm x 14 mm x 5 mm
L   x    W     x     T

28



Paris system forecast relationship 2.0

Implant 

type

Treated 

length /

radioactive

length

Treated

thickness

/spacing

Lateral 

margin /

spacing

Safety 

margin /

spacing
length

/spacing spacing spacing

2 lines 0.8 0.5 0.37 -

n lines in 

one plane
0.8 0.6 0.33 -

n lines in 1.55 to n lines in 

«square»
0.8

1.55 to 

1.60
- 0.27

n lines in 

triangle
0.8 1.3 - 0.20

29



2nd Step: spacing

Source spacing selection as a function of 

tumoral thickness total line number

deduction

CTV : 16 mm x 14 mm x 5 mm

Source spacing

- Single plane : T (5)/ spacing = 0.5
- Spacing = 2 x target thickness (2 sources)30

CTV : 16 mm x 14 mm x 5 mm
L   x    W     x     T



2nd Step: spacing

Source spacing selection as a function of 

tumoral thickness total line number

deduction

CTV : 16 mm x 14 mm x 5 mm

Source spacing

- Single plane : T (5)/ spacing = 0.5
- Spacing = 2 x target thickness (2 sources)31

CTV : 16 mm x 14 mm x 5 mm
L   x    W     x     T



2nd Step: spacing

Source spacing selection as a function of 

tumoral thickness total line number

deduction

CTV : 16 mm x 14 mm x 5 mm

32

CTV : 16 mm x 14 mm x 5 mm
L   x    W     x     T

Source spacing

- Single plane
- Spacing = 2 x 5mm (2 sources)



2nd Step

Line spacing to treated 5 mm: 10 mm

What will be the treated width?

Is 10 mm enough?

CTV : 16 mm x 14 mm x 5 mm
L   x    W x     T

Is 10 mm enough?

33



Lateral Margins

? ?

m  m  

34

Line spacing

Treated width



Paris system forecast relationship

Implant 

type

Treated 

length /

radioactive

length

Treated

thickness

/spacing

Lateral

margin /

spacing

Safety 

margin /

spacing
length

2 lines 0.7 0.5 0.37 -

n lines in 

one plane
0.7 0.6 0.33 -

1.55 to n lines in 

«square»
0.7

1.55 to 

1.60
- 0.27

n lines in 

triangle
0.7 1.3 - 0.20

35



2nd Step

Line spacing : 10 mm

This spacing corresponds to a lateral margin of 3.7mm

The treated width is :
10 mm + 2 x (3.7 mm) = 17 mm

Ratio Lateral margin/separation = 0.37

CTV : 16 mm x 14 mm x 5 mm
L   x    W x     T

10 mm + 2 x (3.7 mm) = 17 mm

36



3rd Step
Implant 

type

Treated 

length /

Radioactive

length

CTV : 16 mm x 14 mm x 5 mm
L x    W     x     T

What is the required radioactive 
length? 

2 lines 0.8

n lines in 

one plane
0.8

n lines in L x    W     x     T n lines in 

«square»
0.8

n lines in 

triangle
0.8

The radioactive length is:
16 mm / 0.8 = 20 mm

37



Paris system

CTV : 16 mm x 14 mm x 5 mm
L     x     W     x     TL     x     W     x     T

2 lines :
10 mm apart
20 mm long 20 mm long 

38



Practical example 2

Lip cancerLip cancer
Squamous cell carcinoma

CTV : 2.5 cm x 1.5 cm x 1.3 cm
L       x   T      x    W

39



Lip cancer
Squamous cell carcinoma

1st Step: number of planes?

Squamous cell carcinoma
CTV : 2.5 cm x 1.5 cm x 1.3 cm

L       x   T      x    W

40



Tumoral thickness determination 

1st Step

Tumoral thickness determination 

If it exceeds 12 mm, two or more 

planes as implantation pattern

Lip cancer
Squamous cell carcinomaSquamous cell carcinoma

CTV : 25 mm x 15 mm x 13 mm
L       x   T x    W

41



Tumoral thickness determination 

1st Step

Tumoral thickness determination 

If it exceeds 12 mm, two or more 

planes as implantation pattern

Lip cancer
Squamous cell carcinomaSquamous cell carcinoma

CTV : 25 mm x 15 mm x 13 mm
L       x   T x    W

42



1st Step: geometry

Lip cancer

Tumoral thickness determination   

Square or triangle ?

Lip cancer
Squamous cell carcinoma

CTV : 25 mm x 15 mm x 13 mm
L       x   T x    W

43



Geometry = shape

44



2nd Step: Spacing

Source spacing selection as a function of 

Lip cancer
Squamous cell carcinoma

CTV : 25 mm x 15 mm x 13 mm

Source spacing selection as a function of 

tumoral thickness

CTV : 25 mm x 15 mm x 13 mm
L       x   T x    W

45



Paris system forecast relationship

Implant 

type

Treated 

length /

radioactive

length

Treated 

thickness

/spacing

Lateral 

margin /

spacing

Safety 

margin /

spacing
length

spacing spacing

2 lines 0.8 0.5 0.37 -

n lines in 

one plane
0.8 0.6 0.33 -

n lines in 

«square»
0.8

1.55 to 

1.60
- 0.27

n lines in 

triangle
0.8 1.3 - 0.20

46



2nd Step: Spacing

Source spacing selection as a function of 

Lip cancer
Squamous cell carcinoma

CTV : 25 mm x 15 mm x 13 mm

Source spacing selection as a function of 

tumoral thickness              

CTV : 25 mm x 15 mm x 13 mm
L       x   T x    W Source spacing:

15 / 1.3 = 12 mm

47



3rd Step: lengh

Lip cancer
Squamous cell carcinoma

Radioactive length ?              

Squamous cell carcinoma
CTV : 25 mm x 15 mm x 13 mm

L x   T      x    W

48



Paris system forecast relationship

Implant 

type

Treated 

length /

radioactive

length

Treated 

thickness

/spacing

Lateral 

margin /

spacing

Safety 

margin /

spacing
length

/spacing spacing spacing

2 lines 0.8 0.5 0.37 -

n lines in 

one plane
0.8 0.6 0.33 -

n lines in 

«square»
0.8

1.55 to 

1.60
- 0.27

n lines in 

triangle
0.8 1.3 - 0.20

49



3rd Step: lenght

Radioactive length ?

25 / 0.8 = 31.3 mm 

Lip cancer
Squamous cell carcinoma

CTV : 25 mm x 15 mm x 13 mm
L x   T      x    W

50



Safety margins?

Lip cancer
Squamous cell carcinoma

CTV : 25 mm x 15 mm x 13 mm
L x   T      x    W

51



Paris system forecast relationship

Implant 

type

Treated 

length /

radioactive

length

Treated 

thickness

/spacing

Lateral 

margin /

spacing

Safety 

margin /

spacing
length

/spacing spacing spacing

2 lines 0.7 0.5 0.37 -

n lines in 

one plane
0.7 0.6 0.33 -

n lines in 

«square»
0.7

1.55 to 

1.60
- 0.27

n lines in 

triangle
0.7 1.3 - 0.20

52



Lip cancer
Squamous cell carcinoma

Safety margins?

Squamous cell carcinoma
CTV : 25 mm x 15 mm x 13 mm

L x   T      x    W

Safety margins:
12 x 0.2 = 2.4 mm12 x 0.2 = 2.4 mm

Treated width:
12 + (2x2.4)=16.8 mm

53
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• Is based on the dose-rate in the central plane of the 

treatment volume as implanted.

Paris system: Dosimetry

treatment volume as implanted.

• The basal dose-rate is the minimum dose-rate 

between a group of sources in the central plane

TRIANGLE SQUARE

55

1BD
&

2BD
& 3BD

&

1BD
&

2BD
&

TRIANGLE SQUARE



Basal dose rate calculation

Dose distribution in Dose distribution in 
the central plane and

in the plane of 
three linear and 
coplanar sourcescoplanar sources

56



Paris system

BD

57



Paris system: Triangle

The basal dose rate
is calculated at the
intersection point of 
the perpendicular

bisectors of bisectors of 
the triangle sides

58



Multiple squares / triangles

a : triangles
b : squares

59



BD points definitions



Basal/reference dose rate calculation

Example with curved
plane line arrangement

61



Paris system

Reference dose-rate : DR

DR =  0.85 x DB

Treatment volume = volume enclosed
by the 85 % reference isodose

62



Why 85%?

BREF
DD && ×= 85,0

� Based on clinical experience + compromise!

� High isodose

� Good homogeneity

� Low isodose

�Shape / coverage

63

�Shape / coverage

�Measurements on real cases



DRef =  0.85 x BD 

64





• Imaging: CT / MRI / X-rays

•Source distribution determination in the central plane

Steps after the implantation 

•Source distribution determination in the central plane

- catheter localization from Images
- Slice through the central plane

• Basal dose-rate points definition

• Reference dose-rate calculation• Reference dose-rate calculation

• Total duration for the implant

• Radioactive decay correction (Iridium, LDR)

66



Example: 70 Gy (lip tumor)

• Reference dose rate = 0.52 Gy / hour

• 70 (Gy) / 0.52 (Gy /h) = 134.6 hours

• = 5.6 days (5 days and 14 hours and 24 minutes)• = 5.6 days (5 days and 14 hours and 24 minutes)

• Time adjustment: 3 hours

• Treatment time = 5 days 18 hours 

• decay = 1.5 – 2 Gy….

67



Is optimization required?

• Strict following of the rules

� Good coverage of the target

� Homogeneity� Homogeneity

� Conformity to LDR experience

• Optimizing

� Contra balance geometrical limits

� Anatomical constraints (parallelism)

� Material : plastic tubes (divergence / convergence)

� Skills (operator)� Skills (operator)

� impossibility of using templates

� Adaptive BT

� Planning aims

� Boosts (GTV/CTV)



Always start with a good implant!

And then

IMPROVE IT 

with optimization!!!

Don’t optimize to correct a bad implant!



Paris system

An implant is considered An implant is considered 

acceptable when :

BD - 10% < BD i < BD + 10%BD - 10% < BD i < BD + 10%

70



Basal dose rate calculation

implants with
imperfect geometry

Acceptable if
0.9 BD<BDi<1.10 BD0.9 BD<BDi<1.10 BD

71



Paris system

In a perfect implantation, triangles should be equilateral

Applications might be considered as unacceptable whenApplications might be considered as unacceptable when
triangles have an obtuse angle

inevitable underdosage of the area of the longest triangle 
side

Hyperdosage along the catheters to compensateHyperdosage along the catheters to compensate

72



ICRU Report 58 (1997)

« Dose and volume specification for« Dose and volume specification for

reporting interstitial therapy »

• A. DUTREIX, D. CHASSAGNE• A. DUTREIX, D. CHASSAGNE
• D. ASH, W.F. HANSON
• A.G. VISSER, J.F. WILSON
• A. WAMBERSIE

73



AIM was

ICRU Report 58

• to develop a common language

• to provide a method of dose and volume specification and 
reporting which can be used for implants of all types 
and common to interstitial therapy performers

• description of what has been performed,• description of what has been performed,
possible intercomparison

74



ICRU report 58

Recommended parameters for reporting are closely related to 
the Paris system : reported doses defined in the central plane

Basal dose = Mean Central Dose

Reference dose = Minimum Target Dose  Reference dose = Minimum Target Dose  

75



Characteristics of brachytherapy doses for the

LDR/HDR - boost treatment

Radiother Oncol 63:47-58;200276



Interstitial breast brachytherapy central plane  
dose recording*- implant with 7 needles -

9mm 18mm 9mm18mm

54 mm

85% isodose

1
6

m
m

9
m

m

3
2

m
m

9mm 18mm 9mm18mm

Prescribed dose 

basal dose points

7mm 18mm 18mm 18mm 7mm

68mm
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Characteristics of brachytherapy doses for the

LDR - boost treatment : 410 patients

doses in Gy                                      mean + s                rangedoses in Gy                                      mean + s                range

„prescribed dose“ rate / hour 0,7 + 0,2             0,3 - 1,1      

„total prescribed dose“                       19,9 + 4,9 9,9 - 27,0 

mean central dose / hour 1,0 + 0,3            0,4 - 1,5 

total mean central dose                       27,9 + 7,1              12,6 - 39,4

85% of mean central dose

dose rate per hour 0,9 + 0,3               0,3  - 1,3 

total 85 % of mean central dose         23,7 + 6,0 10,7 - 33,5               
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Paris system conclusion

Implant type

Treated length /

radioactive

length

Treated 

thickness/spa

cing

Lateral 

margin /

spacing

Safety margin

/

spacinglength cing spacing spacing

2 lines 0.8 0.5 0.37 -

n lines in one 

plane
0.8 0.6 0.33 -

79

n lines in 

«square»
0.8 1.55 - 1.60 - 0.27

n lines in 

triangle
0.8 1.3 - 0.20



Paris system

� Relationships confirmed for stepping sources

� Treated length / active length = 0.8

The Paris system is:� The Paris system is:

� Old (B. Pierquin, ‘60)

� Simple

� Robust

� Ingenious

80

� Ingenious

� Provisional

� Safe

� outdated 

� Only valid fo Ir-192 wires



Image Guided Brachytherapy

Bradley Pieters

Academic Medical Center / University of Amsterdam



Image Guided Brachytherapy

Imaging in Brachytherapy: General Introduction

Image Guided Determination Target and Organs at Risk

Image Guided Evaluation of Target and OAR 

Image Guided Application

Uncertainties when using BT ImagingUncertainties when using BT Imaging

Clinical Relevance: Prostate, Gynaecology

New Developments



Imaging in Brachytherapy
clinical examination remains important (!)

IMAGE ASSISTED PROVISIONAL TREATMENT PLANNING

(treatment simulation and provisional dose calculation)

conventional radiography (CR); conventional radiography (CR); 

sectional imaging: MRI, CT, US, (PET)

light imaging: endoscopy (ES)

IMAGE GUIDED APPLICATION
CR, MRI, CT, US, ES  (with or without on-line treatment planning)

IMAGE ASSISTED DEFINITIVE TREATMENT PLANNING (“guided”)

Imaging after application for definitive treatment planning Imaging after application for definitive treatment planning 

(CR, US, CT, MRI, PET)

IMAGE ASSISTED QUALITY CONTROL OF DOSE DELIVERY

Imaging for quality control during or after brachytherapy 

(CR, CT, MRI)

GEC ESTRO 

Handbook of Brachytherapy 2002



Imaging in brachytherapy

„Treatment machine“ „Treatment machine“ 

Applicator/sources

plus GTV, CTV….

plus Organs at Risk

Imaged at the same time

Depicted on the same image



Applicator Impact on 

Imaging in brachytherapy (I)

on adjacent topography

GTV, CTV and OAR 

dilatation (endoluminal BT)

oedema (interstitial BT, time factor)

cervix/vaginal topography (intracavitary BT)



muscularis 

circular/longitudinal 
Mucosa Mucosa 

Submucosa Submucosa 

Muscularis 

mucosa
Muscularis 

mucosa

1
5
 m

m

1
3
 m

m

15 mm

20 - 25 mm

20 mm

Oesophageal Topography 

Without and with applicator
GEC ESTRO Handbook 

of Brachytherapy 2002



sagittal transverse

day0 day30 day0 day30

Decongest prostate edema: decreasing the volume 

coronal

Day 0: 70cm3

Day30: 39cm3

137Gy

197Gy

87%

99%

Volume D90 V100

coronal
day0 day30



Impact of insertion of a Tandem-Ring Applicator on topography

before brachytherapyduring brachytherapy

transverse sagittal

without/with applicator



Applicator Impact on 

Imaging in brachytherapy (II)

Interdependence between

Applicator and Imaging System: 

X-ray, CT, MRI, US, …. 

feasibility of imaging (e.g. metallic tubes)

visibility (dependent on image system)

validity



Computed tomography

Applicator depiction

Metallic Applicator Artefacts
CT-compatible applicator

optimal depiction quality

Steggerda et al. J. Brachytherapy Int. 1998



Needle Depiction

T2 - weighted T2 - weighted

excellent depiction

FISP - sequence

poor quality

Proton weighted

improvement for needles / loss of

soft tissue depiction quality



Imaging in brachytherapy

Orientation of imaging

aim: „systematic“ relation (according to „axes“)

source position(s) and adjacent anatomy

„Brachytherapy Eye View“ („BEV“)

Allowing for

Precise and reproducible source allocation



PLANE COVERAGE-BORDERS

T2 axial discus L5

inferior border pubis

of symphysis

3D-MRI assisted image acquisition 

Multiplanar capability-specific protocol

Parasagittal orientation

Axial Sagittal Frontal

T2 axial discus L5 of symphysis

T2 sagittal pelvic wall (obturator muscle) pelvic wall (obturator muscle)

T2 frontal or 

frontal oblique

entire uterus - cervix - vagina -

tumor

Paratransverse orientation

Slice orientation parallel/orthogonal

to applicator axis

Paracoronal orientation



Bladder

1 2
3 4 5

6

Rectum

5 mm steps

5 mm image width

Rectum



Bladder

RECTUMRECTUM



Image Guidance

F.A. Vicini. Int J Radiat Oncol Biol Phys, 1998;40:629-635





Lumpectomy cavity

R.K. Das Int J Radiat Oncol Biol Phys, 2004;59:1224-1228

CTV

Lumpectomy cavity





Courtesy of E. Steen-Banasik, Arnhems Radiotherapeutisch Instituut



Present

Past

Dose evaluation



Dose evaluation



Errors

Deviations

Distorsions

Spatial and Temporal Uncertainties

Image processing and usageImage processing and usage



BRAPHYQS, Geometric test
Reconstruction method 1 

(absolute values of deviations)

2.0

3.0

4.0

5.0

S
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v
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) 
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 m

m

Results OK

Reconstruction method 2 

(absolute values of deviations)

1.0

2.0

3.0

4.0

5.0
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m

0.0

1.0

0 20 40 60 80 100 120 140 160

Distance in mm

A
B

S

EUROPEAN COMMISSION

Directorate General Health and Consumer Protection

- Europe Against Cancer Programme

ESQUIRE Project:

Education, Science and QUality assurance In Radiotherapy in Europe

0.0

1.0

0 20 40 60 80 100 120 140 160

Distance in mm

A
B

Results not OK

Roué, R&O, 2006;78:78-83



Contouring Uncertainties



WHERE do observers differ?

By courtesy of Petric



How big is 1mm in terms of Dose?

140

160

180

D
9
0
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G
y
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a
n

d
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1
0
0
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%
) 

referenceD90

0

20
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%
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-10  -9   -8    -7    -6    -5    -4    -3    -2    -1    0     1     2     3     4     5     6     7     8     9   10

V100

Variation per mm lateral contour displacement*

D90: 3 % – 8 % (nominal ∼ 0.5 – 2 Gy)

V100: up to 3%

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Deviation from Reference Contour (mm)

-10  -9   -8    -7    -6    -5    -4    -3    -2    -1    0     1     2     3     4     5     6     7     8     9   10

*Estimation! Valid for this example By courtesy of Petric



LJU1

Reference

Gy

Mean (Gy) 6,61 9,18 5,13 7,59 3,19 4,88 5,21 3,39 4,45

SD (Gy) 0,62 0,71 0,45 0,38 0,44 0,45 0,20 0,45 0,47

Rel.SD (%) 9,3 7,7 8,8 5,0 13,6 9,1 3,9 13,3 10,6

By courtesy of Hellebust

http://rel.sd/


Case GTV D100 GTV D90 HR-CTV D100 HR-CTV D90 IR-CTV D100 IR-CTV D90 Bladder D2cc Rektum D2cc Sigmoid D2cc

SD (in %) for all cases

Not including reference value and STAPLE

LJU1 9,3 7,7 8,8 5,0 13,6 9,1 3,9 13,3 10,6

LJU2 17,3 8,6 16,8 10,3 15,6 13,5 3,6 3,6 21,6

LJU3 11,8 7,8 24,4 12,5 20,6 10,9 8,7 17,1 7,9

VIE1 26,7 13,3 27,2 12,7 20,5 19,3 6,2 2,4 8,9

VIE2 16,5 7,6 18,3 7,9 16,8 11,6 4,9 4,0 4,6

VIE3 18,3 11,5 20,3 11,7 24,8 13,6 5,2 4,8 13,3

Range 9,3 – 26,7 7,6 – 13,3 8,8 – 27,2 5,0 – 12,7 13,6 – 24,8 9,1 – 19,2 3,6 – 8,7 2,4 – 13,3 4,6 – 21,6

By courtesey of Hellebust



Contouring Uncertainty Prostate

De Brabandere, R&O 2012; 104,192-198



De Brabandere, R&O 2012; 104,192-198



Comparison Treatment Planning on CT vs MR

PTV-MRI vs PTV-CT

A. Dinkla, Acta Oncol 2013;52:658-665



Example

CT-plan, projected on MRI contours:

– Missing coverage ventral side (1)

– At basal side of prostate (2)– At basal side of prostate (2)

(1) (2)



Example: Improved coverage with MRI-based planning

CT-

based

plan

MRI-

Based

planplan



TCP vs V100% for α/β = 1.5 Gy

Mean TCP for the MRI-plans 6%-10% higher



Viswanathan et al, Int J Radiat Oncol Biol Phys 2007;68:491-498



Applicator reconstruction

Target and OAR delineation on T2 MRI

Reconstruction on MRI only possible if applicator 

position and orientation is clearly visible



Intracavitary Applicator Reconstruction Uncertainties

Tanderup Radiother Oncol 2008

caudal cranial anterior posteriorleft right



Visible MRI dummy sources for reconstrucion

of source positions

Perez-Calatayud Radiother Oncol 2009

Dose calculation is based on the geometry of 

the source positions!



Seed Reconstruction Prostate Brachytherapy

De Brabandere, R&O 2012; 104,192-198



Positioning Deviation

Comparison of CT and MR seed imaging for 5 consecutive slices

taken with 5 mm interslice distance

de Brabandere et al. R&O 2006;79:190-197



Direct reconstruction by using CT or MR images

the first dwell position is a problem !the first dwell position is a problem !
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X-ray dummy marker



MR Distorsions

T1W MRI

CT

Titanium applicator

CT

Haack et al. Radiother Oncol 2009;91:187



MR Distorsions

Wills et al. Radiother Oncol 2009;94:346-352



Uncertainties and Errors

Systematic errors
– Have the same influence in every brachytherapy fraction

• Errors in application commissioning process• Errors in application commissioning process

• MR distorsions

• Incorrect reconstruction procedure

• Magnification errors

Random errors
– Uncertainties that differ between brachytherapy sessions– Uncertainties that differ between brachytherapy sessions

• Visibility of the applicator

• Accuracy of image fusion

• MR distorsions related to patient specific interaction with 
magnetic field



1 fraction

Tanderup Radiother Oncol 2008

4 fractions



Temporal Uncertainties

Inter-application variation

Variation occuring between subsequent Variation occuring between subsequent 

applications

Intra-application variation

Variation during the same applicator insertion

Variation between imaging and dose delivery
• LDR and PDR brachytherapy

• Fractionated HDR brachytherapy (prostate/Gyn)



1st fraction – optimized plan 4th fraction – plan of 1st fraction

Inter-application variation

4th fraction – individual plan
Rectum D ICRU

4 fraction – individual plan
Rectum D2cc ICRU

[Gy] [Gy]

1st fraction 4.7 3.3

4th fraction

plan of 1st frac.8.3 6.5

individual plan 4.9 3.6
Kirisits et al. Radiother Oncol 2006;81:269



Rectum Dose Variation

I

By courtesy of A. Dinkla



Rectum Dose Variation

II

By courtesy of A. Dinkla



Variation rectum D2cc
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A. Dinkla. Radiother Oncol 2013;107: 106-111



Fractionated HDR afterloading BT for prostate cancer:

intra-application variation: 

catheter and gland movement between fractions

PJ Hoskin et al 2003 R&O



Catheter Displacement

20%

30%

40%

50%

60%

Day 2

Day 3

602 measurements

Mean absolute displacement

Day 2: 1.0 mm

0%

10%

20%

0 2 4 6

Absolute displacement (mm)

Day 2: 1.0 mm

Day 3: 1.2 mm

Pieters et al, R&O, 2006;80:69



No shift of dwell positions during

treatment 

By courtesy of A. Dinkla



Planned dose vs averaged over 3 scans

PTV remains constant 

V100 and D90 lower on follow-up scans

No large decrease in V100

Planning CT Average Mean difference p

V100 (%) 95.5 [94.1-96.9] 94.2 [93.0-95.3] -1.2 [-1.9:-0.6] NA

V100 (cc) 32.4 [28.6-36.1] 31.8 [28.3-35.4] -0.5 [-0.9:-0.1] 0.02

D90 (cGy) 132.1 [129.6:134.7] 128.9 [126.8:130.9] -3.3 [-4.8:-1.8] 0.00

No large decrease in V100

A. Dinkla. Radiother Oncol 2013;107: 106-111



Structure ΔD2cm3 between 2 acquisitions [%] (fixed plan, variable anatomy)

Intra-application only Inter-application only Total

Dosimetric impact of inter- and intra-

fractional anatomical variations

Intra-application only Inter-application only Total

Mean SD Mean SD Mean SD

Bladder 1.3 ±17.7 -0.1 ±21.2 0.6 ±19.5

Rectum⁎ 3.8 ±20.5 4.3 ±22.8 4.1 ±21.7

Sigmoid -2.3 ±23.5 6.8 ±30.2 1.6 ±26.8

ΔD90 between 2 acquisitions [%] (fixed plan, variable anatomy)

Intra-application only Inter-application only Total

Mean SD Mean SD Mean SD

HR CTV -2.5 ±10.8 0.4 ±15.1 -1.1 ±13.1

Nesvacil et al. Radiother Oncol 2013;107:20-25  

Cervix cancer

SystematicRandom



Image Guided Brachytherapy

basic issues

„CTV is equal to PTV“:

Applicators/sources move with the target as they are fixed into the Applicators/sources move with the target as they are fixed into the 
target tissue

Minor geometric uncertainties

Consider

Contouring uncertainties 

Reconstruction uncertainties/errorsReconstruction uncertainties/errors

Distorsions



Image Guided Brachytherapy

basic issues

Internal Organ motion and changes induced by intervention
represent major uncertainties:represent major uncertainties:

oedema (prostate/Gyn), 

organ filling status: bladder, (rectum), sigmoid, bowel

organ movement: sigmoid, bowel

Consider

Interapplication variationInterapplication variation

Interfractional variation



Results Retropubic Prostate Implants

MSKCC

– Local failure 48%

NKI

– Local failure 52%

Poor seed distribution. Quality of implant poor. 
Abandonment in early 80sAbandonment in early 80s



Biochemical control in low risk prostate cancer 

treated by seeds implant

D’Amico 1998 85%D Amico 1998 85%

Blasko 2000 92%

Merrick 2001 96%

Potters 1999 92%

Zelefsky 2000 88%Zelefsky 2000 88%

Blank 2000 95%

Grimm 2001 85%



Dose Optimization with MRI Based Planning

X-ray MRI/optimizedX-ray MRI/optimized

HR-CTV D90 76 Gy 79 Gy

IR-CTV D90 65 Gy 69 Gy

Bladder D2cc 86 Gy 82 Gy

Rectum D2cc 59 Gy 62 GyRectum D2cc 59 Gy 62 Gy

Sigmoid D2cc 70 Gy 68 Gy

De Brabandere Radiother Oncol 2008

Mean values



2-5cm (01-03)

2-5cm (98-00)

Cervix Cancer: MRI based Brachytherapy + 3D CRT +/- Chth

Vienna series 1998-2003: n=145

CCR true pelvis / treatment period and tumor size

>5cm (01-03)

2-5cm (98-00)

>5cm (98-00)
2-5cm (01-03): n=34,   1 event, 96%

2-5cm (98-00): n=33,   1 event, 96%

>5cm (01-03): n=34, 3 events, 90%

>5cm (98-00): n=37, 9 events, 71%

(32)                    (28)                  (25)(32)                    (28)                  (25)

(30)                    (23)                  (10)

(26)                    (22)                  (14)

(22)                    (14)                  (11)

Pötter et al. R&O, 2007;83:148-155



Pötter et al. Radiother Oncol, 2011;100:116-123



Local recurrence-free survival

Charra-Brunaud, R&O 2012;103, 305-313

Multicenter French study



Cumulative toxicity

Charra-Brunaud, R&O 2012;103, 305-313

Multicenter French study



Dose-effect relationship

Dimopoulos et al., Radiother Oncol 2009;93:311



New Developments

Image-guided Brachytherapy



DCE-MRI

Flow

Microvessels in carcinoma versus benign tissue: ratio 2.0

Probably due to angiogenesis
(Bigler 1993)

Resolution: high

Measuring time: short (5 min)
ROI high Flow

Degree of vascularization corresponds with 

• aggressive behavior

• risk of metastasis

Measuring time: short (5 min)

Treshold e.g.Flow > 20 ml/100g

ROI high Flow

By courtesy of van Vulpen



DWI-MRI

Is water diffusion in tissue

decreased diffusion = 

ADC

increased cell density = 

higher malignancy grade

Resolution: high

Measuring time: short (4 min) ROI low ADC

Treshold e.g. ADC < 10-3 mm2/s

By courtesy of van Vulpen



Establish a I-125 dose effect relationship

By courtesy of van Vulpen



Focal salvage using HDR

Many focal salvage possibillities:

HDR

I-125

Cryo

MRI guided:

-robot?

-by hand?
Cryo

HYFU

Etc…

-by hand?

(Moman 2009)

By courtesy of van Vulpen



Brachytherapy: MRI compatible robot

MRI guided inverse planning

– Avoid bulbus + neurovasc. bundle 

MRI guided brachytherapyMRI guided brachytherapy

– HDR

– LDR (I-125)

MRI guided biopsies

skin

prostate

pubic bone

prostate
Rotation 
point

rectum

By courtesy of van Vulpen



Sonovue (Bracco) contrast agent 

Philips IU22 ultrasound device



Contrast Enhanced Ultrasound

Microvessel Imaging



Treatment Plan / Target

Langley et al. BJU International 2012 





Brachytherapy for breast

cancercancer

E. Van Limbergen MD, PhD

University Hospital

Gasthuisberg

Leuven, Belgium



Brachytherapy for breast

cancer

• BT- Boost Irradiation
� Postoperative

� Peroperative

• Accelerated Partial Breast Irradiation
� Interstitial

� Intracavitary Balloon



THE RISK FOR LOCAL RECURRENCE

DECREASES BY A FACTOR 2DECREASES BY A FACTOR 2

FOR EVERY 15 GY INCREASE IN DOSE.



Local recurrences after BCS + RT

BOOST versus NO BOOST

Randomised Trials no boost    boost H.R. :Randomised Trials no boost    boost H.R. :
• Lyon 5 y 4.5 %        3.6 %  (10 Gy)      0.8           

n = 1024 p = 0.044

• French M.C. 5 y 6.8 %         3.6 %  (16Gy)    0.53    

n = 664 p = 0.13

• EORTC 10801a   5 y 6.8 %              3.4% (15Gy)      0.59• EORTC 10801a   5 y 6.8 %              3.4% (15Gy)      0.59

n = 5569 p = 0.0001

•

EORTC  10801b 7y             19%(10 Gy)   9% ( 25Gy)    
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EORTC
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p=0.0001, HR=0.59, 99%CI: (0.43 - 0.81)

At 5 years:

No boost: 93.2% (92.2 - 94.3)

Boost : 95.7% (94.8 - 96.6)

(years)
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p<0.01
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Age 41-50

p=0.02

Local failure by age: boost vs no boost
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Global score by boost treatment

100%
86%

30

40

50

60

70

80

90

Excellent/Good

Fair/Poor

71%

29%

86%

No boost Boost

0

10

20
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14%



COSMETIC DAMAGE BY 

RADIOTHERAPY

�RADIATION FIBROSIS VISIBLE SKIN   �RADIATION FIBROSIS

BREAST RETRACTION

VISIBLE SKIN   

TELEANGIECTASES



FIBROSIS

• DOSE DEPENDENT• DOSE DEPENDENT

Leuven 1968-1980

• VOLUME DEPENDENT• VOLUME DEPENDENT

Amsterdam 1985-1989



BOOST MODALITIES

Photons

Brachytherapy

Electrons

Brachytherapy

• Conformally covering the target

• As small volumes as possible

• As much skin sparing as possible



BALLISTIC SELECTIVITY OF 

BOOST MODALITIES

Electrons InterstitialElectrons Interstitial

EORTC TRIAL 10882

M. Ptaszynski 1995 50 - 300 cm3 25 - 90 cm3

AMC DATA

G. Van Tienhoven 1995 150 cm3 48(12-76) cm3G. Van Tienhoven 1995 150 cm3 48(12-76) cm3

GRAZ-LINZ STUDY

Hammer et Al. 1995 70 - 130 cm3 26 - 64 cm3



BCT local failure rates

EB versus BT boost

• RT ONLY EBB BTB

Fourquet 1995 5y 30% 16%Fourquet 1995 5y 30% 16%

• BCS + RT

Mansfield 1990    5y          8.0% 7.0%

10y       18.0% 8.0%     p= 0.2

Touboul 1995 5y 8.8% 5.5%  p= 0.32

Hammer 1995 5y 8.2%     4.3% p= 0.03Hammer 1995 5y 8.2%     4.3% p= 0.03

Hammer  2010 10y 7,2%     5,9%

Van Tienhoven 1995 5y 8.2% 2.8%

EORTC 2001 5y 4.5% 2.5% p= 0.09

Polgar 2001 5y 5.8% 7.7% p= 0.69

Verhoeven 2015 10y 2.5% 0.7% p= 0.0
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Local control by Type of Boost

EORTC

10882
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Overall Logrank test: p=0.09

5y LFR 

BT Boost  2.5 % 

Ext Boost 4,5 %
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97,5%

98,7%   p=0,11

99,3% 



GRAZ-LINZ STUDY

420 PTS T1-T2

Electrons InterstitialElectrons Interstitial

BOOST DOSE 5,6 X 1,8 GY-2 GY 10 Gy HDR

VOLUME 70-130 cm3 21 - 64 cm3

LOC REC (5 Y) 8.2 % 4.3 %

MEAN COSMETIC SCORE 1.49 1.15         

P<0.0005P<0.0005

GOOD TO EXCELLENT 70 % 88 %        

p<0.001

FIBROSIS 29 % 17 %

TELEANGIECTASES 28 % 9 %



Linz II study ( Courtesy Joe Hammer )

1

1635 cases

Local Control EB ≥1992 vs. Ir ≥1992

0,4

0,6

0,8

1

Ir ≥92

EB ≥92

JH – BHS Linz

pat. at risk

607 504 50      EB ≥92

401 356 62      Ir ≥92

0

0,2

0,4

0 24 48 72 96 120 144  months



Linz II study ( Courtesy Joe Hammer )

1635 cases

Cosmetic Evaluation Score 1 to 4
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Depth of blood vessels in Breast 

Skin

Van Limbergen et al Int.J. Rad. Onc.Phys,1989
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INCIDENCE OF SKIN 

TELEANGIECTASES (at 5 y)

50 Gy 60 Gy50 Gy 60 Gy

Score > 1 30 % 60 %

Score > 2 12 % 30 %

Score > 3 0 % 5 %

Turesson and Notter Int. J. Rad. Onc. Biol. Ph. 10, 599-606, 1984.





Boost Target volume

15 mm breast tissue ico IDA15 mm breast tissue ico IDA

20 mm in case of EIDC or positive margins

NOT the skin

NOT the pectoral muscle or thoracic wallwall





Boost target localisation

• Clinical examination• Clinical examination

• Preoperative mammograms

• Surgical - pathological reports

• Scar position

• Clips• Clips

• Ultrasound

• CAT-scan



Closed vs Open cavity



GEC-ESTRO Breast Working Group Recommendations

Strnad et al  Rad Onc 2015







For target delineation after closed cavity 

surgery GEC-ESTRO recommend the 

following steps

• 1. Perform a CT with marks on the scar.• 1. Perform a CT with marks on the scar.

• 2. Delineation of clips.

• 3. Delineation of surgical bed – whole surgical scar 

(WS) inside breast.

• 4. Delineation of ImTV (Imaging correlated Target 

Volume).

• 5. Delineation of ETB (Estimated Tumour Bed).

• 6. Delineation of CTV (Clinical Target Volume).

• 7. Delineation of PTV (Planning Target Volume).



MCBT after Oncoplastic surgery

• In case of oncoplastic surgery 

no recommendations can be 

given. 

• Only in selected cases of limited 

rotational flaps the CTV can be 

defined as the sum of the 

clipped area (CA) and the 

distance of 20 mm minus the 

smallest surgical free margin smallest surgical free margin 

(SFM) defined by the pathologist 

(CTV = CA + (20-SFM). 

• The PTV is defined as the 

CTV + 10 mm.



Localisation of needle entrance

and exit points :

Define implant isocentre:

mammography

clips

CAT











Tilting of 

coronal plane



Rotation of 

implantation axis



Single planes MSM = 0.4 (E + 1) mm

Squares MSM = 0.4 E mm

Triangles MSM = 0.4 (E - 1) mm*Triangles MSM = 0.4 (E - 1) mm*



The Skin Source Measuring Bridge

Van Limbergen et al 

Int. J. Rad.Onc. Biol. Phys 1989



8.5 Gy HDR

on D90 CTV BOOST
Skin Max Dose < 7.5 Gy



Optimization of Breast implant

Target covered

with 70mm ASL

Skin doses too high

Target covered

with 50mm ASL

Skin doses acceptable



LEUVEN  Data

Material - Methods

426 T1-2 N0N1 breast ca pts,

Treated between 1983 - 1996

with BCS + Radiotherapy (442 Breasts)

Age         45  y (27-82 y)



Breast Brachytherapy Boost

Leuven 1983 - 1996

Teleangiectases in the breast skin

no bridge       bridge 15 Gy bridge 

Above implant     60 % 11.0 % 4.5 %Above implant     60 % 11.0 % 4.5 %

Exit points 22 % 5.5 % 2.8 %



Boost target localisation

Intraoperative Boost

• Direct visualisation

- no geographical miss ?

- better cosmesis ?

• Shorter treatment time

• Reduced hospitalisation time



Intra-operative Boost

Local recurrences

local failureslocal failures

n 5 y         10 y

Hennequin LDR 954 7  % 16 %

HDR 108 5.1 %

Mansfield LDR 1070 7  % 15 %Mansfield LDR 20 Gy 1070 7  % 15 %

Krishnan No long term data         2 /102 at 36 mos



Cosmesis

Intra - operative Boost

Eo Fair PoorEo Fair Poor

Hennequin: LDR 49 % 40 % 11 %

HDR 63.2 % 31 %

postop 79.5 %

perop 54.0 %perop 54.0 %

p=0.042



Challenges to 3D-C MCBT

• Technically more demanding

• More complex treatment planning

• Considerable training  and experience are 
essentialessential

• No commercial hype   as for MSB





Initially :  skin – balloon  spacing > 5mm is recommended

( Our prediction was :  spacing should be at least 15 mm)

2004: Keish et al 34 % teles at 3 year spacing should

be > 6mmbe > 6mm

2005: Chao et al recommend >7 mm

2006: Jerusz et al recommend > 7mm

2006: Niehoff > 5mm : 16 % in boost and 36.5% in APBI

2007: Belcacémy > 17mm is needed to avoid any TA



Comparison of dose distributions

MammoSite Interstitial brachytherapy

100.0 %

50.0 %

Max. skin dose > 100% Max. skin dose = 50%



Conclusion

• MCBT  has a high ballistic selectivity

and potentially for the same nominal dose :and potentially for the same nominal dose :

Better local control rates

Less fibrosis ( volume effect)

Less teleangiectasia ( skin dose)

• Technical performance is critical :

Target localisation

Avoidance of skin irradiation



Accelerated Partial Breast Irradiation

(APBI)

Peter Hoskin

Mount Vernon Cancer Centre







Rationale for APBI

• WLE and WB RT results in low rates of local 

recurrence

• Most local recurrences (up to 85%) occur near • Most local recurrences (up to 85%) occur near 

the original tumour bed

• WB RT results in significant morbidity



Patient selection for APBI



Patient selection for APBI
ASTRO consensus statement



Patient selection for APBI



……..choosing the wrong patients for APBI



……..choosing the right patients for APBI



Treatment modalities for APBI

• External beam radiotherapy

– 3D CRT

– IMRT

– SBRT

• Brachytherapy• Brachytherapy

– Interstitial multicatheter

– Balloon catheter

• Intra-operative radiotherapy

– TARGIT

– electrons



• NSABP-B39/RTOG Phase III Trial

• External Beam 50-50.4Gy (1.8-2.0Gy per #)

vs

Radiotherapy & Oncology 2007

vs

• ABPI
Multicatheter interstitial MCT): 34Gy     10f  5days

Mammosite (MST): 34Gy     10f  5days

External beam (3DCRT): 38.5Gy  10f  5days 



Radiotherapy & Oncology 2007





21Gy single dose50Gy in 25 fractions

+ 10Gy boost





APBI with external beam techniques



WBI: 1065

42.5Gy/16f

50Gy/25f

±10Gy/5f

APBI: 1065

38Gy/10f

(EQD2 51.7Gy

αβ=3)



APBI: 3 to 5 non coplanar fields



Treatment modalities for APBI……

A. Intraoperative electrons 
are equivalent to EBRT

B. Intrabeam penetration 
is 50% at 10mm

C. 3DCRT gives higher dose 

20% 20% 20%20%20%

C. 3DCRT gives higher dose 
to the breast than BT

D. Mammosite gives a 
more conformal dose 
than BT

E. Multicatheter BT gives 
the lowest skin dose
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Treatment modalities for APBI

• External beam radiotherapy

– 3D CRT

– IMRT

– SBRT

• Brachytherapy• Brachytherapy

– Interstitial multicatheter

– Balloon catheter

• Intra-operative radiotherapy

– TARGIT

– electrons



Smitt & Landis classification



Recommendations



Limited to chest wall and 

5mm from skin

Tumour margins defined by preresection CT 

and post resection clips



Brachytherapy with interstitial catheters



Brachytherapy with balloon catheters

Mammosite

Multi-lumen catheters



APBI phase III trials



et al

50-50.4Gy in 25-28#

+ 10Gy boost

32Gy in 8#

30.3Gy in 7#

50Gy PDR 0.6-0.8Gy/hr



et al

Late Toxicity WBRT ABPI

Grade 2/3 skin 6% 3%

Grade 2/3 subcut 6% 8%

Grade 3 fibrosis 0.23% 0

NO grade 4 events



Florence, March 13-16 2016

Modern Brachytherapy Modern Brachytherapy 

Techniques



Optimization in Interstitial Treatment PlansOptimization in Interstitial Treatment Plans

ESTRO Teaching CourseESTRO Teaching Course

Florence, Florence, 20162016

Dimos BaltasDimos Baltas

EE--mail: dimos.baltas@uniklinikmail: dimos.baltas@uniklinik--freiburg.defreiburg.de

mailto:dimos.baltas@uniklinik-freiburg.de


What do we really mean with Optimisation,What do we really mean with Optimisation,

Introduction on Dose OptimizationIntroduction on Dose Optimization

What do we really mean with Optimisation,What do we really mean with Optimisation,

Inverse Optimisation orInverse Optimisation or

Inverse Planning ?Inverse Planning ?



Introduction on Introduction on DoseDose OptimizationOptimization

Bridge "inverter"between China and Hong Kong, since the traffic flows in Hong Kong on the left.



Optimization in interstitial

Brachytherapy

•• Temporary interstitial Temporary interstitial 

brachytherapybrachytherapybrachytherapybrachytherapy

•• HDR and PDR afterloading HDR and PDR afterloading 

techniquestechniques

•• Single stepping IridiumSingle stepping Iridium--192 192 

source (source (6060Co):Co):

−− positioned at positioned at dwell positionsdwell positions

−− dwell times dwell times freely chosenfreely chosen−− dwell times dwell times freely chosenfreely chosen



TopicsTopics

�� Introduction on Dose Optimization in Brachytherapy Introduction on Dose Optimization in Brachytherapy 

�� Forward Planning & TechniquesForward Planning & Techniques

�� Inverse Optimization and PlanningInverse Optimization and Planning

�� Dose EvaluationDose Evaluation�� Dose EvaluationDose Evaluation
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The The ForwardForward and the and the InverseInverse ProblemProblem

Introduction on Dose OptimizationIntroduction on Dose Optimization

Physical Theories allow us to make

Predictions:

Given a complete Description of a Physical

System =>System =>

We can predict the Outcome

of some Measurements.
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Given a complete Description of a Physical

System =>

We can predict the Outcome

of some Measurements.

AA
RRII

Ohm’s Law: For given R and known V

VV

AA
Ohm’s Law: For given R and known V

we can predict the measurement

of current I:

I = V / RI = V / R
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The The ForwardForward and the and the InverseInverse ProblemProblem

This Problem of Predicting the Result of 

a Measurement is called:

The Modelization Problem or

The The ForwardForward and the and the InverseInverse ProblemProblem

The Modelization Problem or

The Simulation Problem or

The Forward Problem.
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The The ForwardForward and the and the InverseInverse ProblemProblem

The Inverse problem consists of using

the actual Result of some Measurements 

to infer the values of the Parameters that

characterize the System:

The The InverseInverse Problem.Problem.
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The Inverse problem consists of usingThe Inverse problem consists of using

the actual Result of some Measurements 

to infer the values of the Parameters that

characterize the System:

AA
RRII

For a measured value of current I

infer values of the parameters R and V:

V = I x R

AA



Our “System” in BrachytherapyOur “System” in Brachytherapy
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Introduction on Dose OptimizationIntroduction on Dose Optimization
Our “Result” in BrachytherapyOur “Result” in Brachytherapy
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The “SystemThe “System--Law” in Brachytherapy: the Dosimetric KernelLaw” in Brachytherapy: the Dosimetric Kernel
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SK : Source Strength

Λ: Dose Rate Constant

TGTG--43, 43, Nath R et al, 1995Nath R et al, 1995

TGTG--43 U1, 43 U1, Rivard MRivard M et al, 2004et al, 2004

Λ: Dose Rate Constant

G(r,θ): Geometry Function

g(r): Radial Dose Function

F(r,θ): Anisotropy Function

(r0, θ0): (1.0cm, 90°)
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10

The “SystemThe “System--Law” in Brachytherapy: the Dosimetric KernelLaw” in Brachytherapy: the Dosimetric Kernel
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and inversely proportional with square of and inversely proportional with square of 

distancedistance
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The “Ohm’sThe “Ohm’s--Law” in Brachytherapy: the Dosimetric KernelLaw” in Brachytherapy: the Dosimetric Kernel
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G(r,θ): Geometry Function

g(r): Radial Dose Function

F(r,θ): Anisotropy Function
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The “Ohm’sThe “Ohm’s--Law” in Brachytherapy: the Dosimetric KernelLaw” in Brachytherapy: the Dosimetric Kernel
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CatheterCatheter

Dose Calculation at a Point DDose Calculation at a Point Daa
Source dwellSource dwell

position Noposition No
11

22

33

44

Dose Calculation at a Point DDose Calculation at a Point Daa
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TT11, T, T22,… T,… T55 are the dwell times ofare the dwell times of

the source at the 5 dwell positionsthe source at the 5 dwell positions
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CatheterCatheter

Dose Calculation at a Point DDose Calculation at a Point Daa

Source dwellSource dwell

position Noposition No
11

22

33

44

�� Catheters and Source DwellCatheters and Source Dwell

Positions are givenPositions are givenaa

rr1a1a

rr

�� The free adjustableThe free adjustable

Parameters for varyingParameters for varying44

55

rr5a5a
Parameters for varyingParameters for varying

the Dose Dthe Dose Daa at the Point “a”at the Point “a”

are the Dwell Times of theare the Dwell Times of the

Source TSource Tii

�� What are the adequate Source Dwell Times What are the adequate Source Dwell Times TTii ??
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Lets summarize:Lets summarize:

�� The “SystemThe “System--Law” is given:Law” is given:

�� The known System parameters (mandatory) are theThe known System parameters (mandatory) are the

Source Dwell Positions (SDPs) in 3D space { (x, y, z)Source Dwell Positions (SDPs) in 3D space { (x, y, z)ii }}

2

1

r
TD ⋅≈

Lets summarize:Lets summarize:

�� What are the adequate Source Dwell Times TWhat are the adequate Source Dwell Times Ti i ??
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�� To answer this Question, we have to define ourTo answer this Question, we have to define our�� To answer this Question, we have to define ourTo answer this Question, we have to define our

wished “Result”, the wished “Result”, the wished dose distribution,wished dose distribution,

our “Goal”.our “Goal”.

�� Then the Dwell Times of the Source, TThen the Dwell Times of the Source, Tii, have to be , have to be 

adjusted so that the wished dose distribution isadjusted so that the wished dose distribution isadjusted so that the wished dose distribution isadjusted so that the wished dose distribution is

resulted.resulted.

This “Adjustment” of Dwell Times to achieve ourThis “Adjustment” of Dwell Times to achieve our

“Goal” is called “Optimization”.“Goal” is called “Optimization”.
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All developed methods and algorithms in the pastAll developed methods and algorithms in the past

20 years have been influenced by the following factors:20 years have been influenced by the following factors:20 years have been influenced by the following factors:20 years have been influenced by the following factors:

� A detailed 3D description of the implanted catheters is pre-assumed

and is mandatory (reconstruction, SDPs)

� Is a detailed 3D description of the relevant anatomy (Targets, OARs)

available (3D anatomy model)?

� Can the wished dose distribution be expressed in numbers?

(Computers and Algorithms understand only numbers not “thoughts”)
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(Computers and Algorithms understand only numbers not “thoughts”)

� Can we find a mathematical formulation combining the “wishes” and 

the Source stepping ability (dwell times, step & shoot) which can then

be used to automatically set-up the Source stepping in the catheters

(dwell times), to solve the inverse problem?    

� …..
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Set Values Set Values forfor Parameters:Parameters:

DwellDwell Times {t}Times {t}

Our “Forward Problem”Our “Forward Problem”

in Brachytherapyin Brachytherapy

•• ManualManual

•• GeometricalGeometrical

•• Dose PointsDose Points

PredictPredict ResultResult::

Dose Values {D} = { Dose Values {D} = { F({ r }, { t }) F({ r }, { t }) }}

ResultResult

AppropriateAppropriate ??

EndEnd

YesYes

NoNo

Forward PlanningForward Planning

or Optimizationor Optimization



Forward Planning / OptimizationForward Planning / Optimization

�� Manual Selection / Adjustment of Dwell Times TManual Selection / Adjustment of Dwell Times Tii

�� Automatic Selection / Adjustment of Dwell Times TAutomatic Selection / Adjustment of Dwell Times Tii



Forward Planning / OptimizationForward Planning / Optimization

Manual Selection / Adjustment of Dwell Times TManual Selection / Adjustment of Dwell Times Tii

� It is based on Clinical Experience and Planner Expertise� It is based on Clinical Experience and Planner Expertise

� It is time consuming / Human Resources intensive

� It is Expert-dependent

� The “wished” dose distribution is not mandatory to be

pre-defined (Expertise):pre-defined (Expertise):

- Visual inspection of 2D dose distributions (isodose lines)

- Inspection of resulted doses to some “representative” points

- Inspection of DVH curves

- Inspection of Dose-Volume-Parameters 

- …



Set Values Set Values forfor Parameters:Parameters:

DwellDwell Times {t}Times {t}

Forward Planning / OptimizationForward Planning / Optimization
Manual Selection / Adjustment of Dwell Times TManual Selection / Adjustment of Dwell Times Tii

DwellDwell Times {t}Times {t}

PredictPredict ResultResult::

Dose Values {D} = { Dose Values {D} = { F({ r }, { t }) F({ r }, { t }) }}

ResultResult

AppropriateAppropriate ??

EndEnd

YesYes

NoNo

- Visual inspection of 2D dose distributions (isodose lines)

- Inspection of resulted doses to some “representative” points

- Inspection of DVHs

- Inspection of Dose-Volume-Parameters 

- …



Forward Planning / OptimizationForward Planning / Optimization

Automatic Selection / Adjustment of Dwell Times TAutomatic Selection / Adjustment of Dwell Times Tii

� It requires that user somehow defines “wishes”� It requires that user somehow defines “wishes”

- User defines/selects rules for the dwell times Ti 

(e.g. Geometrical Optimization)

- User defines the dose level at some “representative” points

(Dose Point Optimization, Graphical Optimization)

� Since both “rules” and “representative” points can not� Since both “rules” and “representative” points can not

describe fully a 3D dose distribution, planner goes over

several loops (changing rules, combining with dose points)

as in the case of manual adjustment, until a clinical

acceptable plan is created.
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Catheter GeometryCatheter Geometry--based Adjustment of Dwell Times Tbased Adjustment of Dwell Times Tii

(Geometrical “(Geometrical “OptimisationOptimisation”, GO, G. ”, GO, G. EdmundsonEdmundson, 1990, 1990))(Geometrical “(Geometrical “OptimisationOptimisation”, GO, G. ”, GO, G. EdmundsonEdmundson, 1990, 1990))

� It is a “Catheter-Centric” Method

� The Basic Principe is: Each SDP shall “feel” the 

Existence of neighbours (SDPs socialisation)

� Developed by G. Edmundson at a period, where no 3D� Developed by G. Edmundson at a period, where no 3D

anatomy model was available for planning (late 80’s)

� IfIf dose distribution around catheters is adequate and ifand if

catheter geometry fits to anatomy-topology, then the dose
distribution is clinically acceptable with respect to anatomy
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Catheter GeometryCatheter Geometry--based Adjustment of Dwell Times Tbased Adjustment of Dwell Times Tii

(Geometrical “(Geometrical “OptimisationOptimisation”, GO)”, GO)(Geometrical “(Geometrical “OptimisationOptimisation”, GO)”, GO)

� The “best” planner can achieve is pre-defined by the

“Implanter”:  Catheter-Geometry � Anatomy-Topology

� GO Offers an automatic method to “concentrate” dose

around catheters, following their geometryaround catheters, following their geometry

� “The American Optimisation”!



Forward Planning / OptimizationForward Planning / Optimization
Geometrical “Geometrical “OptimisationOptimisation”, GO”, GO

� The dwell time of the source at a dwell position is 
inversely proportional to the dose contribution of 

�
inversely proportional to the dose contribution of 
neighboring source dwell positions.

� Points a, b, c, …  are source dwell positions (SDPs).
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Forward Planning / OptimizationForward Planning / Optimization
Geometrical “Geometrical “OptimisationOptimisation”, GO”, GO

� The dwell time of the source at a dwell position is 
inversely proportional to the dose contribution of 

�
inversely proportional to the dose contribution of 
neighboring source dwell positions.

�� Volume:Volume:

only SDPs in others catheters 
are taken into account

�� Distance:Distance:�� Distance:Distance:

all other SDPs

are taken into account



Forward Planning / OptimizationForward Planning / Optimization
Geometrical “Geometrical “OptimisationOptimisation”, GO”, GO

Equal Dwell TimesEqual Dwell Times

10 cm

GO GO -- DistanceDistance

10 cm



Forward Planning / OptimizationForward Planning / Optimization
Geometrical “Geometrical “OptimisationOptimisation”, GO”, GO

Equal Dwell TimesEqual Dwell TimesEqual Dwell TimesEqual Dwell Times

GO GO -- VolumeVolume

GO GO -- DistanceDistance
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Geometrical “Geometrical “OptimisationOptimisation”, GO”, GO



Forward Planning / OptimizationForward Planning / Optimization

Catheter GeometryCatheter Geometry--based Adjustment of Dwell Times Tbased Adjustment of Dwell Times Tii

(Geometrical “Optimisation”, GO)(Geometrical “Optimisation”, GO)

GO does not need anatomical information. It’s goal is to 

homogenize the dose distribution around the catheters. Assuming 

that the catheters are inserted in such a way that their geometrical 

(Geometrical “Optimisation”, GO)(Geometrical “Optimisation”, GO)

Lets summarize (I):Lets summarize (I):

that the catheters are inserted in such a way that their geometrical 

distribution fits to the geometry of the PTV, then the resulted dose 

distribution is expecting to fit more or less to the anatomy.

=> It is planner‘s responsibility to evaluate the dose 

distribution with respect to anatomy, GO does not understand it!



Forward Planning / OptimizationForward Planning / Optimization

Catheter GeometryCatheter Geometry--based Adjustment of Dwell Times Tbased Adjustment of Dwell Times Tii

(Geometrical “Optimisation”, GO)(Geometrical “Optimisation”, GO)(Geometrical “Optimisation”, GO)(Geometrical “Optimisation”, GO)

� Source Dwell Positions (SDPs) are virtually considered as Dose 

Points (DPs)

� This is a catheter orientated Method for Adjustment of { Ti }

Lets summarize (II):Lets summarize (II):

� GO – Volume has been developed to enable filing in cold 

volumes between catheters. It is a useful attribute but extreme 

care should be taken by reviewing the results.
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Dose PointsDose Points--based Adjustment of Dwell Times Tbased Adjustment of Dwell Times Ti i (DPO)(DPO)

� A representative set of points is defined (DPs)

- Originally, DPs were defined relative to catheters

- DPs can also be defined relatively to anatomy

� Planner defines the dose value, that has to be achieved� Planner defines the dose value, that has to be achieved

to DPs � a common value  
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Dose PointsDose Points--based Adjustment of Dwell Times Tbased Adjustment of Dwell Times Tii (DPO)(DPO)
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Dose PointsDose Points--based Adjustment of Dwell Times Tbased Adjustment of Dwell Times Tii (DPO)(DPO)
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DPO = Solve the NDPO = Solve the NDPDP Equations for the TEquations for the Tii , , ii=1, N=1, NSDPSDP
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Dose PointsDose Points--based Adjustment of Dwell Times Tbased Adjustment of Dwell Times Tii (DPO)(DPO)

� Some Traps …
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Dose PointsDose Points--based Adjustment of Dwell Times Tbased Adjustment of Dwell Times Tii (DPO)(DPO)

� The “Black Holes” or the “Mystery” of negative Dwell Times� The “Black Holes” or the “Mystery” of negative Dwell Times
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Dose PointsDose Points--based Adjustment of Dwell Times Tbased Adjustment of Dwell Times Tii (DPO)(DPO)

� How can we avoid “Black Holes”- Negative Dwell Times?� How can we avoid “Black Holes”- Negative Dwell Times?
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Dose PointsDose Points--based Adjustment of Dwell Times Tbased Adjustment of Dwell Times Tii (DPO)(DPO)

� How can we avoid “Black Holes”- Negative Dwell Times?� How can we avoid “Black Holes”- Negative Dwell Times?
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Dose PointsDose Points--based Optimisation (DPO)based Optimisation (DPO)

Avoid Negative Dwell Times?
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Dose PointsDose Points--based Adjustment of Dwell Times Tbased Adjustment of Dwell Times Tii (DPO)(DPO)

� How can we avoid “Black Holes”- Negative Dwell Times?� How can we avoid “Black Holes”- Negative Dwell Times?

- As long as the linear Form of Equations, D ≈ T x 1/r²,

is used (mathematically attractive) there is no guarantee for

non negative Ti

- DTGR is a method to moderate but not to solve the problem- DTGR is a method to moderate but not to solve the problem

- There exist also other methods trying to limit negative Ti,

e.g. Polynomial description of Ti within a catheter…
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Dose PointsDose Points--based Adjustment of Dwell Times Tbased Adjustment of Dwell Times Tii (DPO)(DPO)

� How can we avoid “Black Holes”- Negative Dwell Times?� How can we avoid “Black Holes”- Negative Dwell Times?

- The simplest secure way to guarantee non negative Dwell Times 

is the following simple transformation:

2
ii ii t  T  thus   and   T  t ==

- Solving the problem of NDP Equations with NSDP unknown t the - Solving the problem of NDP Equations with NSDP unknown ti the 

Dwell Times Ti are calculated as Ti = ti², and thus Ti ≥ 0, for each ti.

- The Mathematical Attractiveness of linearity is then lost!
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Dose PointsDose Points--based Adjustment of Dwell Times Tbased Adjustment of Dwell Times Tii::

Graphical OptimisationGraphical OptimisationGraphical OptimisationGraphical Optimisation

� Similar to DPO

� Practical for Fine Tuning a dose distribution

� User-Friendly: Drag and Drop of an Isodose Line� User-Friendly: Drag and Drop of an Isodose Line

� Planner “feels” he is manipulating isodoses instead

of handling DPs (more native action).
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Dose PointsDose Points--based Adjustment of Dwell Times Tbased Adjustment of Dwell Times Tii::

Graphical OptimisationGraphical OptimisationGraphical OptimisationGraphical Optimisation

� Planner takes an isodose line and shifts it to another

position:

- Take a line: Starting Point defines the final Dose Level, Dfinal

- Shift to another position: This point becomes the DP of the 

“optimisation” and has at the time of planner action the dose Dstart.“optimisation” and has at the time of planner action the dose Dstart.

- The Dwell Times Ti have to be adjusted in such a way, that our DP

gets instead of Dstart the dose level Dfinal.

� The Dwell Times (all or part of them) are then adjusted according to:

start final D  - D  D =δ



Set Values Set Values forfor Parameters:Parameters:

DwellDwell Times {t}Times {t}

Our “Forward Problem”Our “Forward Problem”

in Brachytherapyin Brachytherapy

•• ManualManual

•• GeometricalGeometrical

•• Dose PointsDose Points

••GraphicalGraphical

PredictPredict ResultResult::

Dose Values {D} = { Dose Values {D} = { F({ r }, { t }) F({ r }, { t }) }}

ResultResult

AppropriateAppropriate ??

EndEnd

YesYes

NoNo

Forward PlanningForward Planning

or Optimizationor Optimization



TopicsTopics

�� Introduction on Dose Optimization in Brachytherapy Introduction on Dose Optimization in Brachytherapy 

�� Forward Planning & TechniquesForward Planning & Techniques

�� Inverse Optimization and PlanningInverse Optimization and Planning

�� Dose EvaluationDose Evaluation�� Dose EvaluationDose Evaluation

�� QualityQuality ParametersParameters andand IndicesIndices



Inverse Optimization and PlanningInverse Optimization and Planning

Automatically estimate the implant parameters:Automatically estimate the implant parameters:

Catheters, Dwell Positions and Dwell Times TCatheters, Dwell Positions and Dwell Times Ti i which result to a 3D which result to a 3D 

•• Inverse Optimization:Inverse Optimization:

for given for given { r } find adequate { t }{ r } find adequate { t }
3D Dose3D Dose

DistributionDistribution

fits / fulfilsfits / fulfils

i i 

dose Distribution that fulfils Clinical Dosimetric Criteriadose Distribution that fulfils Clinical Dosimetric Criteria

•• Inverse Planning:Inverse Planning:

find adequate { r } and { t }find adequate { r } and { t }

fits / fulfilsfits / fulfils

DosimetricDosimetric

CriteriaCriteria



Inverse Optimization and PlanningInverse Optimization and Planning

It presupposes:It presupposes:It presupposes:It presupposes:

� A complete 3D anatomical model

VOIs: Target(s), OARs

� Dosimetric wishes – objectives for all VOIs

� Dosimetric objectives have to be arithmetically defined� Dosimetric objectives have to be arithmetically defined



Inverse Optimization and PlanningInverse Optimization and Planning

Planner freedom is limited due to:Planner freedom is limited due to:Planner freedom is limited due to:Planner freedom is limited due to:

� The particular implemented Algorithm, since it 

defines the kind of “wishes” planner can express

� The arithmetic interpretation of “wishes”

But keep in mind: This is Nothing different to IMRT



Inverse Optimization and PlanningInverse Optimization and Planning

Planner “Wishes”:Planner “Wishes”:

The “Wish”, “Wished Result” is here aThe “Wish”, “Wished Result” is here a

“clinically accepted dosimetry”, a protocol,“clinically accepted dosimetry”, a protocol,

rather than an “ideal” dose distribution.rather than an “ideal” dose distribution.

Due to the fact, that in BRT we deliver aDue to the fact, that in BRT we deliver aDue to the fact, that in BRT we deliver aDue to the fact, that in BRT we deliver a

huge spectrum of dose values, the clinical protocol, huge spectrum of dose values, the clinical protocol, 

Considers some “representative” doseConsiders some “representative” dose--volume valuesvolume values

for the 3D dose distribution.for the 3D dose distribution.



Our Wishes: “ideal” Dose DistributionOur Wishes: “ideal” Dose Distribution

Inverse Optimization and PlanningInverse Optimization and Planning
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“ideal” Dose Distribution: GTV/CTV/PTV“ideal” Dose Distribution: GTV/CTV/PTV

Inverse Optimization and PlanningInverse Optimization and Planning
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“ideal” Dose Distribution: GTV/CTV/PTV“ideal” Dose Distribution: GTV/CTV/PTV

Inverse Optimization and PlanningInverse Optimization and Planning
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“ideal” Dose Distribution: OARs“ideal” Dose Distribution: OARs

Inverse Optimization and PlanningInverse Optimization and Planning
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“ideal” Dose Distribution: OARs“ideal” Dose Distribution: OARs

Inverse Optimization and PlanningInverse Optimization and Planning

100100

V
o

lu
m

e
  
(%

)
V

o
lu

m
e
  
(%

)

DDmaxmax

(D(D , V), V)

DDmaxmax:: 0% Volume0% Volume

with dose ≥ with dose ≥ DDmaxmax

(D(DVV, V), V=0%, V), V=0%

(High(High--Limit)Limit)

00

V
o

lu
m

e
  
(%

)
V

o
lu

m
e
  
(%

)

Dose   (%)Dose   (%)

100100

(D(DVV, V), V)

For   V = 0% =>For   V = 0% =>

OAR
crit

OAR
H D  or  D



Due to the fact, that in BRT we deliver aDue to the fact, that in BRT we deliver a

Inverse Optimization and PlanningInverse Optimization and Planning

Due to the fact, that in BRT we deliver aDue to the fact, that in BRT we deliver a

huge spectrum of dose values, the clinical protocol, huge spectrum of dose values, the clinical protocol, 

considers simply some “representative” valuesconsiders simply some “representative” values

for the 3D dose distribution:for the 3D dose distribution:

Dose Dose -- Volume Volume -- Pairs Pairs 

(D(D , V), V)(D(DVV, V), V)

For GTVs, CTV/PTV, OARs, …For GTVs, CTV/PTV, OARs, …



The DEFThe DEF--SchemeScheme

Inverse Optimization and PlanningInverse Optimization and Planning

•• DDefine the “Optimum”,  { (Define the “Optimum”,  { (DVV, V), V)ii }}VOIVOI--jj

•• EExpress the Deviation from “Optimum”xpress the Deviation from “Optimum”

by a Mathematical Expression  fby a Mathematical Expression  f

(Cost Function, (Cost Function, Objective FunctionObjective Function))(Cost Function, (Cost Function, Objective FunctionObjective Function))

•• FFind { t } or [{ r } , { t }]ind { t } or [{ r } , { t }]

to minimize Deviation, Cost Functionto minimize Deviation, Cost Function



General Form of a General Form of a Dose Objective FunctionDose Objective Function
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Inverse Optimisation and PlanningInverse Optimisation and Planning
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General Form of a General Form of a Dose Objective FunctionDose Objective Function

di
j is the dose at the jth-sampling point for the ith-objective function:

∑ ∑
kN N ~

Inverse Optimisation and PlanningInverse Optimisation and Planning

∑ ∑= =
= cath

k

ASDP
N

k

N

l

i

jkllk

i

j dxd
1 1

2 ~
  (x)

CathetersCatheters Active  SDPsActive  SDPs Dwell time tDwell time tlklk

• x²lk = tlk to avoid negative (non-physical) dwell time values tlk

• can (should) be calculated in a pre-process step and are then 

available in a sense of a Look-Up-Table for the optimisation 

process. Implementations in this way (HIPO) make optimiser 

independent of the dose calculation engine considered (TG 43, MC-LUTs, 

CC, other Solvers)

i

jkld
~



LowLow--ObjectiveObjective

General Form of a General Form of a Dose Objective FunctionDose Objective Function

Inverse Optimisation and PlanningInverse Optimisation and Planning
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Create a single Objective Function via weighted AggregationCreate a single Objective Function via weighted Aggregation

The M objective functions fm are combined into a single objective 

function f,  by using a weighted sum (aggregation) of all objectives:

Inverse Optimisation and PlanningInverse Optimisation and Planning

wwmm :: the Importance Factors (IFs) for the individual Objective Functions fm  

or Penalties for the penalisation of the violation of the individual objectives.

{ } { } { })    ,    ,    (    
1

wtrffwf
M

m

mm

r
==∑

=

function f,  by using a weighted sum (aggregation) of all objectives:

These are considered as a measure of the significance of each of the

objectives / objective functions in the optimisation process.

The optimisation process equals then the minimisation of the

Aggregated Objective Function f.
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A MultiA Multi--Objective (MO) ProblemObjective (MO) Problem

Inverse Optimization and PlanningInverse Optimization and Planning
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Improvement Conformity Improvement Conformity -- Objective fObjective f11
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Inverse Optimization and PlanningInverse Optimization and Planning

Due to the fact that it is a multiDue to the fact that it is a multi--objective procedure,objective procedure,

there is no Guarantee that all Plannerthere is no Guarantee that all Planner--defineddefined

Objectives (“Wishes”) will be fulfilledObjectives (“Wishes”) will be fulfilled

simultaneously (at the same degree).simultaneously (at the same degree).

The solution will represent a “good” compromiseThe solution will represent a “good” compromiseThe solution will represent a “good” compromiseThe solution will represent a “good” compromise

among all wishes/objectives!among all wishes/objectives!



Inverse Optimization and PlanningInverse Optimization and Planning

Example of UserExample of User--Interface of State of the Art Optimizers*Interface of State of the Art Optimizers*

*HIPO/DVHO, Oncentra Prostate OcP

Dose limits

in % of Dref

Penalties if

limits are exceeded
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Bridges, tunnels into the Chesapeake Bay, which allow the passage of warships of the base in Norfolk.



DEMO on a Prostate ImplantDEMO on a Prostate Implant



Radiobiology in PDR
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PULSED LOW DOSE RATE

THE BEST OF BOTH WORLDS …….



ADVANTAGES P.D.R.

HDR stepping source technology



Mimicking LDR radiobiology



FACTORS CONTRIBUTING TO BIOLOGICAL 

EFFECTS IN PDR BRACHYTHERAPY

• total dose

• total time

• dose per pulse

• interval

• dose rate in the pulse

• repair capacity (α/β ratio of target cells)

• repair velocity (T 1/2 SLD repair)• repair velocity (T 1/2 SLD repair)



An hourly pulse dose schedule of 50 cGy in 15 

minutes has more biological effect than 100 

cGy in 45 minutes

A. True

B. False



Lethal and potentially lethal damageLethal and potentially lethal damage



Fractionated HDR

CLDR



EQUIVALENCY PDR - CLDR

Mathematical modeling

Fowler and Mount 1992 α/β 3 - 15 Gy 0.5 Gy/h

In vitro

Brenner and Hall 1991 36 human cell lines 0.5 Gy/h

Armour et al. 1992 9 L gliosarcoma cells

In vivo

Mason et al. 1993 mice jejunum 0.5-0.7 Gy/h

Moulder J. et al. 1996 rat kidney

rat tumoursrat tumours



PDR Survival curve

• S = exp – (αD + βd . (1 + Hm) . D )• S = exp – (αD + βd . (1 + Hm) . D )

• With:

D = total dose

d = dose per pulse

Hm = incomplete repair factor





BIOLOGICAL EFFECTIVENESS PDR

Same physical dose - same overall time

PDR > CLDR

ONLY A FEW % DIFFERENCE

IF: - small pulses 0.5 - 1 Gy

- pulse dose rate < 3 Gy/hr

- SLD repair T 1/2 > 1 h

Fowler and Mount 1992Fowler and Mount 1992



Mason et al



ISO EFFECT DOSES FOR DIFFERENT 

PULSE DOSE RATES WITH CONSTANT 

AVERAGE DOSE RATE (0.7/hr)

Pulse dose Pulse width Interval Iso-effect at cell

rate survival level of

50% 20% 10%

42 Gy/h 1 min 1h 25.4 28.7 31.3

4.2 Gy/h 10 min 1h 26.2 29.8 32.6

Mason K. e.a. 1994







INSTANTANEOUS DOSE RATES IN 

PDR INTERSTITIAL IMPLANTS

Distance from the source 1 Curie 0.5 Curie

at 5 mm 170 Gy/hr 85 Gy/hr

at 14.6 mm 20 Gy/hr 10 Gy/hrat 14.6 mm 20 Gy/hr 10 Gy/hr

at 20.7 mm 10 Gy/hr 5 Gy/hr







PDR DOSE RATE EFFECTS

In the range 0.4 Gy/hr - 120 Gy/hr

DALE’s EQUATION

α/β 3 Gy for late en 10 Gy for acute effectsα/β 3 Gy for late en 10 Gy for acute effects

mono  exponential repair T 1/2: 2 min. - 1.5 hr

RE calculated to 70 Gy - 140 hr, CLDR

4 PDR schedules 0.5 Gy - 1hr

1    Gy - 2 hr

1.5 Gy - 3 hr1.5 Gy - 3 hr

2     Gy - 4 hr





T1/2 normal T1/2 normal tissue tissue = 3 h= 3 h

Variation in values for T1/2Variation in values for T1/2

T1/2 tumour = 0.5 hT1/2 tumour = 0.5 h

T1/2 normal = 1 h, T1/2 tumour = 1 hT1/2 normal = 1 h, T1/2 tumour = 1 h

T1/2 normalT1/2 normal tissuetissue = 0.5 h= 0.5 h

Sminia, R&O 2001;59:273-280



T1/2 normal T1/2 normal tissue tissue = 3 h= 3 h

Variation in values for T1/2Variation in values for T1/2

.

Highly variable BEDHighly variable BEDNTNT / BED/ BEDTUMTUM

T1/2 tumour = 0.5 hT1/2 tumour = 0.5 h

T1/2 normal = 1 h, T1/2 tumour = 1 hT1/2 normal = 1 h, T1/2 tumour = 1 h

T1/2 normalT1/2 normal tissuetissue = 0.5 h= 0.5 h



T1/2 normal T1/2 normal tissue tissue = 3 h= 3 h

Variation in values for T1/2Variation in values for T1/2

Higher toxicity at small number of Higher toxicity at small number of 

pulsespulses

T1/2 tumour = 0.5 hT1/2 tumour = 0.5 h

T1/2 normal = 1 h, T1/2 tumour = 1 hT1/2 normal = 1 h, T1/2 tumour = 1 h

.

pulsespulses

T1/2 normalT1/2 normal tissuetissue = 0.5 h= 0.5 h



T1/2 normal T1/2 normal tissue tissue = 3 h= 3 h

Variation in values for T1/2Variation in values for T1/2

Conclusion:Conclusion:

t½ tumour = 0.5 ht½ tumour = 0.5 h

T1/2 normal = 1 h, T1/2 tumour = 1 hT1/2 normal = 1 h, T1/2 tumour = 1 h

Design of PDR protocol is more safe at Design of PDR protocol is more safe at 

higher number of pulseshigher number of pulses

T1/2 normalT1/2 normal tissuetissue = 0.5 h= 0.5 h



CONCLUSION (1)

Dose rate effects > 10 Gy/hr are not 

substantially different from HDR

More than 40 - 75 % of the time, and 

much more of the dose is delivered much more of the dose is delivered 

at > 10 Gy/hr HDR



CONCLUSION (2)

Pulse size and not pulse dose rate is Pulse size and not pulse dose rate is 

the dominant factor

PDR behaves as (hyperfractionated) 

HDR but with incomplete repair HDR but with incomplete repair 

between fractions.



CONCLUSION (3)

The enhanced effects are 

especially seen in 

tissues

- with small α/β- with small α/β

- fast T 1/2 (<0.5hr)





2 COMPONENT REPAIR

FAST 20-45’ SLOW 75’ ERT

200-300’ LRT

human skin 50% 25’ 50% 75’ ERT

Turesson-Thomas   210-320’ LRT

rat spinal cord 38% 42’ 62% 228’ LRT
Ang

rat kidney 30% 35’ 70% 130-200’ LRT
Moulder + FishMoulder + Fish

rodent lung 7-6% 24’ 24% 216’ LRT
van Rongen



PDR in Clinical Practice

BreastBreast

Uterovaginal

Anal canal

Head and Neck

Bladder

Sarcoma

Endometrial

Pelvic interstitial

Orbital tumors

Childhood cancers (rhabdomyosarcomas)Childhood cancers (rhabdomyosarcomas)



An hourly pulse dose schedule of 50 cGy in 15 

minutes has more biological effect than 100 

cGy in 45 minutes

A. True

B. False





PediatricsPediatrics

Gustave Roussy experience

Renaud Mazeron

Gustave Roussy



Brachytherapy in pediatric malignancies

Tumor characteristics

• High chemosensitivity

• High cure rate

• Complication rate /sequelae = important issue

Tumor characteristics

• Complication rate /sequelae = important issue

• Fertility preservation

3



Brachytherapy in paediatric malignancies

Indications Contra-indications

• Tumor accessible to BT

• Used whenever brachytherapy is:

� an alternative to EBRT 

� complementary to surgery

Indications

� Bony structures vicinity 

� Nervous structures vicinity

� Extremities

� Tumor size > 50 mm 

Contra-indications

� complementary to surgery

allowing a conservative 

approach

4

� Tumor size > 50 mm 



Brachytherapy in paediatric malignancies

5



• Based on adult experience

IGR experience: LDR

• Based on adult experience

• Long follow-up

• LDR Constraints:

• Parents / Radioprotection

• Hospitalization

• Limited optimization

6

• Limited optimization



• Optimization

• Limitation: age 

PDR brachytherapy

• Limitation: age 

• Radioprotection / Visits

• Ir-192 wires abandoned 

7



Treatment strategy

• Chemotherapy : tumor reduction

• Surgery :

• tumor resection

• ovarian transposition

•Brachytherapy :

Local

Treatment•Brachytherapy :

• interstitial / intracavitary

• LDR / PDR

8



IGR Experience

• Head and neck: RMS of the naso labial fold

• Pelvis: RMS of the prostate / bladder neck

9

• Pelvis: RMS of the vagina



Naso-labial fold

• RMS

• 192 I wires

• Interstitial implantation 

• Paris System rules

• Per operative implantation

• Dose : 50 to 70 Gy

� Response

� Resection quality (cosmetic outc.)

• Volume : 6 cm3 (2.7-18.1)

• Dose rate : 0.48 Gy/ h, (0.32-0.66)



Patients characteristics

Male / Female 8 / 8

Embryonal / Alveolar 10 / 6Embryonal / Alveolar 10 / 6

Age 5 months to 13.5 years

0 – 4 years 12 / 16

Initial tumour diameter 20 mm (6-45)

Tumour diameter at BT 11 mm (0-26)

IRSS IIA 2 /16

11

IRSS III 14 / 16 

BT in first line treatment 14 / 16

BT as salvage treatment 2



12
Mazeron et al. Ped Blood Cancer 2014



Relapses according to RMS subtypes

Embryonal Alveolar

n 10 6

Local 3 / 10 (30%) 1 / 6 (17%)

Regional 2 / 10 (20%) 4 / 6 (67%)

13

Metastatic 1 / 10 (10%) 1 / 6 (17%)

total 4 / 10 (40%) 5 / 6 (83%)



14
Cosmetic results



BT selection :

• Assessed on MRI / cystoscopy findings

Prostate/bladder RMS

• Assessed on MRI / cystoscopy findings

• Tumor size (< 4cm) 

• Tumor extension : bladder/prostate

• Treatment performed on the residuum 

after chemotherapy

15

after chemotherapy

• Aim: avoid mutilating surgery and 

incontinence





Chemotherapy

Evaluation

Conservative treatment feasable?

Surgery: free margin at the upper part (bladder)

BT: No extension above the level of the trigona

Partial prostatectomy

Partial cystectomy

+ BT



Prostate/bladder RMS

18



Prostate/bladder RMS

• 2 sagital loops 

• Encompassing the prostate

• Perineal approach • Perineal approach 

19



Per-operative implantation: perineal approach

20
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Prostate/bladder RMS: loops techniques

23



24
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Loops technique

• Mimicking the LDR experience
� 2 tubes and sagittal large loops� 2 tubes and sagittal large loops

• Large couverture

� Enough for afterloaders

� But one case of obstruction

• Technique adaptation• Technique adaptation

� PDR

� Paris system

� 4 tubes







� Bladder RMS :

Prostate/bladder rhabdomyosarcoma

� Bladder RMS :

• Different technique

• Guide needles

• Encompassing the limits of partial 

29

Encompassing the limits of partial 

cystectomy



Prostate/bladder rhabdomyosarcoma

30



Prostate/bladder rhabdomyosarcoma

31



� 1976 - 2009 

� 67 children 

Prostate/bladder RMS

67 children 

• 1976-1989 : 16 

• 1990-1999 : 12

• 2000-2009 : 39

• 59 first-line treatment

• 12 different countries

32

• 12 different countries

• Median age : 20 months (3 months-15 years)

• 51% initial tumor size > 5 cm



� Partial prostatectomy +/- partial cystectomy (65%)

Prostate/bladder rhabdomyosarcoma

� Partial prostatectomy +/- partial cystectomy (65%)

� partial cystectomy alone: 20%

� One boy : radical cystoprostatectomy

� No complete resections

33

� 85% viable immature tumor cells in the resection 

area



� Mean interval surgery-loading : 6 days

� Median prescribed dose: 60 Gy

Prostate/bladder RMS

� Median prescribed dose: 60 Gy

� Paris system : 85% of basal dose

� Mean isodose volume : 29 cm3

� 4 had a combination of external irradiation and 

brachytherapy (20-30 Gy + pelvic EBRT, 45 Gy)

34

� Mean bladder dose : 35 Gy

� Mean rectal dose : 35 Gy

� Mean testis dose : 3 Gy



� Mean follow-up : 6.6 years (0.5-28.3)

� 7 recurrences within or above the treated BT volume 

Prostate/bladder RMS

� 7 recurrences within or above the treated BT volume 

(3 combined with regional/metastasis):

� 5 before 2000 (out of 28)

� 2 after 2000 (out of 39)

� Mean time to failure : 10.3 months

35

� Mean time to failure : 10.3 months

(range :  5.2-14.1 months)

� 2 salvaged by surgery + chemotherapy



Local control

0,90

1,00

Prostate/bladder rhabdomyosarcoma

0,20

0,30

0,40

0,50

0,60

0,70

0,80

0,90
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Prostate/bladder rhabdomyosarcoma

0,00

0,10

0,20

0,30

0,40

0,50

0,60

0,70
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overall survival

event free survival
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Event free survival

0,80

0,90

1,00

Prostate/bladder rhabdomyosarcoma

0,00

0,10
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0,40
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logrank : chi2 à 1 ddl = 4,942 ,  p = 0,0262

bbbbb

before 2000

after 2000
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Long term follow-up: Qol evaluation

• 22 males contacted: 18 answered

• Median age at local treatment: 2 years (14m-11y)

• Median FU: 10 years (5-21)• Median FU: 10 years (5-21)

• Medean age at time of study: 13 y (7-25y)

Qol

13: normal Qol

9: no incontinence

Sexuality

All pubertal patients have 

normal erections9: no incontinence

4: rare dribbling

4: protections

1: intermittent catheterism

(neurogenic bladder)

normal erections

3 sexually active

Satisfying sex

2 normal ejaculations

No baby so far

Martelli Brachy 2016



• Chemotherapy role

Gynaecological tumours

• Chemotherapy role

• Initial examination by radiation oncologist

• Ovarian transposition

• Brachytherapy on residual disease• Brachytherapy on residual disease

• Dose 50 - 60 Gy

40
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« Grape bunches »





Vaginal impression

43
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Vaginal mould
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• Interstitial BT

BT in gynaecological RMS

�Vaginal mould technique

�Low dose-rate 0.5 Gy/hr

�Tumour dose: 60-65 Gy in 1 
to 3 applications

49



BT in gynaecological RMS

• From 1971 to 2005

• 39 children treated with BT as a part of treatment• 39 children treated with BT as a part of treatment

• multiagent chemotherapy, surgery and BT

• 20 children before 1990 and 19 after 1990

• Initial physical examination (under anesthesia)

• Before 1990, the initial tumoral extension was included in the BT 
volume

50

volume

• Then, the CTV was limited to the residual disease



• Median age: 1.4 years (0.4-14.3)

BT in gynaecological RMS

• Tumor exteriorisation : in 29 pts

• Tumor site :

Vagina : 26 pts

Vulva : 6 pts

Vulva and vagina : 7 pts

51

• Histological type :

Botryoid in 31 pts

Alveolar in 5 pts

Embryonal in 3 pts



• Ovarian transposition before BT : 33 pts

BT in gynaecological RMS

• Mean dose delivered (Gy) : 68.8 

• Mean treated volume (cm3) : 46 

• Mean ICRU bladder point (Gy) : 31

• Mean ICRU rectal point (Gy) : 34 

52

• Mean ICRU rectal point (Gy) : 34 

• Mean ovaries dose (Gy): 2.8



• Long term follow-up not always easy

BT in gynaecological RMS

• Long term follow-up not always easy

• Median FU : 8.4 years (0.8-30)

• Patterns of failure

Local : 5.1%

Pelvic : 2.6%

53

Pelvic : 2.6%

• At last follow-up: 20 ≥ 12 y. 17 have menstruations 
and 3 delivered 4 normal babies.



• Among 20 patients treated before 1990 :

� Acute grade 1-2 renal/genitourinary function symptoms : 6 pts

� All transient acute side effects

BT in gynaecological RMS

� All transient acute side effects

� 75 % presented sequelae in terms of vaginal or urethral sclerosis or 
stenosis (3 requiring plastic surgery)

54



• Among 19 patients treated after 1990 :

BT in gynaecological RMS

• Among 19 patients treated after 1990 :

�acute side effects with maximal grade 1-2 
renal/genitourinary function symptoms : 2

�20% had vaginal or urethral sclerosis or stenosis 

55

�20% had vaginal or urethral sclerosis or stenosis 

(0 surgery)



Long term Quality of life

• 42 patients contacted: 51% answered

• Age at treatment: 1.7 (0-16) years• Age at treatment: 1.7 (0-16) years

• Median FU: 15 years

• 90%: good or very good QoL

• Dichotomy before and after 1990

• No endocrine disorder or puberty delay

• 1 second malignancy (uterine sarcoma)

• Late Side effect mainly urologic and gynecologic• Late Side effect mainly urologic and gynecologic

• 28% had grade 3-4 events





Vagina (1)
Prostate/

Bladder (2)
H & N (3)

Summary

N 39 26 16

FU 8.4 y 4 y 4.4 y

OS 91% 92% 50%

Local control 95% 85% 75%

58

Local control 95% 85% 75%

Histo Botryoid 80% Emb: 77% Emb: 63%

(1) Magné N, Int J Radiat Oncol Biol Phys. 2008 Nov 1;72(3):878-83

(2) Martelli H, J Pediatr Surg. 2009 Jan;44(1):190-6. 

(3)  Mazeron R, Ped Blood Cancer. 2014 Jul;61(7):1162-7



Conclusions

Brachytherapy in pediatric malignancies

� Muldisciplinary approach

� Avoid mutilating surgery / alterative to EBRT

� Radiation oncologist involved from the beginning

� Role of imaging (CT-Scan, MRI)

� Intra-operative brachytherapy

59

� Limited volume

� PDR





Head & neck Techniques

Renaud Mazeron

Gustave Roussy



Brachytherapy in head and neck

BT in Squamous cell carcinomas 

• Lip

• Mobile tongue

• Floor of mouth

• Base of tongue

BT in Squamous cell carcinomas 

Oral cavity

3

• Base of tongue

• Tonsillar area

• Soft palate

3

Oropharynx



Brachytherapy Technique

Guide Gutter technique

• Iridium 192 hairpins

• Local anesthesia

• Immediate loading

Guide Gutter technique

4

• Immediate loading

• Limited tumours

4



Guide gutter technique

I192 hairpin

5
5





Plastic tube technique

• Iridium 192 wires or seeds (PDR/HDR)

• General anesthesia

• Loading postponed to 24 hours

• Moderately extensive tumors

7

• Moderately extensive tumors

7



Plastic tube technique

• OT• OT

• General anesthesia

• 2 physicians

• Aspiration

• Light

• Nasal intubation

• Removal: OT

8

• Removal: OT

8



Clinical examination

9



Plastic tubes 

• Flexible• Flexible

• Leader
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Img_0633.mov
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Img_0633.mov
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Stretching of plastic tube…



Plastic tube technique : loops

21
21
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� Fluoroscopy guidance

28









PDR / HDR After-loaders

• Difficulties with loops

• Edema

• Fold• Fold

32



PDR / HDR

33



Paris system



Optimization on distal dwell positions

X 1,5

X 1,5X 1,5

X 1,5



Check the hyperdosage sleeves

X 1,5

X 1,5X 1,5

X 1,5



Brachytherapy Technique

Hypodermic needlesHypodermic needles

37 37



Hypodermic needles

38



� Hypodermic needles

39



Brachytherapy Technique

Silk wire

• 0.4 mm

• Iridium 192 wires 

• Face / curvatures

Silk wire

40

• Preloading

• Preparation

40



� Intracavitary technique

41



Orthogonal X rays

42
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2D dosimetry

44



PDR / HDR

• Radioprotection

• 3D dosimetry

• Optimization (does not replace a bad

implantation)

• DVH

• Pitfalls: loops

• PDR: experience from LDR / 

Modulation of dose rate (outcomes and 

morbity)

• HDR: less experience

45



PDR

46



3D dosimetry

4747



3D dosimetry

4848



Contouring / DVH

4949



Lip

50



� Lip

� Width: no limit

� Discuss EBRT from 5 cm � Discuss EBRT from 5 cm 

� CTV = visible lesion + at least 5-10 mm safety 

margins

� Upper lip or commisura : plastic tubes better

� Lower lip: rigid needles technique +/- template 

51

� Lower lip: rigid needles technique +/- template 

or plastic tubes

� Protector device: mandibule and opposite lip

� 60-75 Gy
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Lip

56





Oral mucosa

Oral mucosa

58
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Oral mucosa

60
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Oral Mucosa

Recommendations

– Width < 4 cm– Width < 4 cm

– Thickness < 1.5 cm

– No extent in bucco-alveolar sulcus or the 

intermaxillary commisure

– Safety margins: 5-10 UD, 10 mm AP– Safety margins: 5-10 UD, 10 mm AP

65-70 Gy (25-30 Gy after EBRT)

Lymph node involvement uncommon

6363



Oral cavity: indication

• Lip : • Lip : 

• no tumor size. limit: T1-T3 

• contra-indication : bone extension

• Buccal mucosa

• tumor up to 4 cm: T1, limited T2

• no extent in the gingivobuccal sulcus

64

• no extent in the gingivobuccal sulcus

BT as sole treatment



Bone extension

65



Mobile Tongue

66



67



Oral cavity: indication

• Mobile tongue: • Mobile tongue: 

• tumor up to 4 cm in size

• T1, limited T2

• Floor of mouth: 

• less than 3 cm in size 

68

• less than 3 cm in size 

• Vicinity of less than 1 cm with the maxillary bone

• T1,very limited T2



Iridium 192 implantation alone

Mobile tongue cancer

local failure

Superficial tumours (108 pts) 9 %

Infiltrating tumours (90 pts) 22 %

69

p < 0.001

J.J. Mazeron et al, IJROBP 19, 1369, 1990



Iridium 192 alone at 5 years

� Mobile tongue and floor of mouth

Iridium 192 alone at 5 years

Intersource spacing local fail. necrosis

9-14 mm (204 pts) 14 % 33 %

15-20 mm (70 pts) 24 % 44 %

70

15-20 mm (70 pts) 24 % 44 %

p=0.13 p=0.04

J.M. Simon et al, Radiother. Oncol. 26, 19, 1993



T1-2 without gingival extension:

Mobile tongue and floor of mouth

T1-2 without gingival extension:

� Primary tumor: 65-70 Gy implant.

� Neck node areas: either close follow-up or neck 

dissection (+ 50-65 Gy if N+, with a shielding of 

71

dissection (+ 50-65 Gy if N+, with a shielding of 

the implanted area).



Oral cavity

Floor of mounth

– Safety margin: at least 5 mm– Safety margin: at least 5 mm

– 65 Gy (or EBRT 45-50 + BT 15-25 Gy)

– Post-op: 50-65 (10-25 with EBRT)

– Salvage 60-65 Gy

Mobile tongue:

– Safety margin: at least 5 mm

– 65-75 Gy (or 25-30 Gy after EBRT)– 65-75 Gy (or 25-30 Gy after EBRT)

– Post-op: 50-60 Gy

– Salvage: 60 gy

– Dose rate / pulse : 0.3 – 0.7 Gy / h

72



Osteonecrosis

73



Lead Gutter

74



Lead gutter

75





• Tonsila, Soft palate, Base of tongue

Oropharynx

General recommendations

• Tonsila, Soft palate, Base of tongue

• Tumors < 5 cm

• Contra indicated if extension to retromolar trigone, 

nasopharynx, larynx, hypopharynx, bone

• BT may be used as sole treatment in exophytic tumor 

77

• BT may be used as sole treatment in exophytic tumor 

≤ 1 cm, in recurring or new cancer in previously 

irradiated area

• BT as a boost / Combinated with EBRT.



• CTV = GTV + at least 1 cm

General recommandations

• Plastic tube technique

• Lead gutter if invasion of mobile 

tongue

• Implant removal in the operating room

78

• Implant removal in the operating room

• Antibiotics and steroids may be 

indicated
78



Base of tongue

79



Base of tongue

Vascular guide wire

80

Tube leader



Base of tongue

81



Faucial arch

82
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Insertion points

84

Hyoid bone



Reverdin suture instrument

85
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Tonsillar lesions

93
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Uvula
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Indications 

Oropharynx: indications

Indications 

• Base of tongue : T1-T3 (< 5cm)

• Soft palate : T1, T2

• Tonsillar fossa : T1, T2

• Vallecula : T1

97

• Vallecula : T1

Contra-indications :

Extension to retromolar trigone / nasopharynx / larynx / hypopharynx

No bone involvement

BT usually combined with ERT



Oropharynx

EBRT: 45-50 Gy (tumor and neck nodes)

– Tonsilar: 25-30 Gy

– Base of tongue: 30-35 Gy (whole base to 

65-70 and tumor site to 75-80 Gy)

– HDR: 22.4-33.6 Gy in 4 fractions– HDR: 22.4-33.6 Gy in 4 fractions

Re-irradiation:

– 60 Gy

9898



� Miscellaneous

99
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Radiobiological factors influencing outcome

in Head and Neck Brachytherapy

GEC-ESTRO teaching Course Firenze  2016 

in Head and Neck Brachytherapy

Erik Van Limbergen

Dep of Radiation OncologyDep of Radiation Oncology

University Hospital Gasthuisberg

Leuven, Belgium



LDR (< 1 Gy/h) 

« classical golden standard »

• pro: Contra:• pro:

� Radiobiology

� Clinical data

Contra:

– Manual

« optimisation »

– Radioprotection

3

� Clinical data

� Long follow up+++

– Radioprotection



MUCOSITIS ( 3-6 Weeks)

High curative doseHigh curative dose

> 65 Gy

4

Sparing normal tissues



Healing after 2 Months

Tumor control

Mucosa

Anatomy

Function

5Salivary flow

Mucosa



Factors influencing

local control

6



Mobile tongue Tumors

7



M.Tongue:  Iridium Series >100pts (LDR)

 # pts Technique Local control Late complic 5 y.survival 

Decroix 
 

602 BT +/-EBI+/-Surg  76% 13% 36% 

Haie 269 BT  
EBI + BT 

87% 
49% 

 
8% 

62% 
30% 

Mazeron 121 BT      55-60 Gy 73% T2 N0 7%  Mazeron 121 BT      55-60 Gy 
BT      65-75 Gy 

73% 
92% 

T2 N0 7%  

Wendt 

103 

BT  
BT+ EBI  <40 Gy 
BT+ EBI  >40 Gy 
EBI  

65% 
92% 
69% 
28% 

0 
4% 
17% 

0 

89% 
78% 
71% 

 57% 

Hareyama 130 BT  
EBI + BT 

86%   

Shibuya 370 BT  75% 

8

Shibuya 370 BT  
BT + EBI  

75% 
48% 

4%  

Lefebvre 283 BT  83% 6% NP 

Pernot 448 BT  
EBI + BT  

 
68% 

9% 
(3 % grade 3) 

 
44% 

Matsura 173 BT  
EBI + BT  

84 - 95% 
74 - 80% 

 69 - 84% 

 2500 Patients 65-95%



M.Tongue:

Dose response of brachytherapy

 Brachy dose EBI dose 5 y. local control  Brachy dose EBI dose 5 y. local control 

Mendenhall 

(Florida) 

> 35 Gy  

< 35 Gy 

NA 

NA 

60% 

 40% 

Wendt  

(MD Anderson) 

NA 

NA 

< 40 Gy 

      >40 Gy 

92%  

 62% 

9

(MD Anderson) NA       >40 Gy 

 

 62% 

 

Wendt et al : IJROBP 1990;18:1287–1292

Mendenhall et al : Radiother Oncol 1989;16:275–281



M.Tongue:

Exclusive brachytherapy is better!

T2 N0 series: 5 y. local control

 # patients Brachy alone EBI + Brachy 

Pernot (Nancy) 147 90% 51% 

Benk (Paris) 110 88% 36% 

10

Haie (Villejuif) 77 93% 80% 

Pernot et al : Radiother Oncol; 1992;23: 223- 228

Benck et al : Radiother Oncol; 1990;18: 339- 347

Haie et al : Actual Carcinol Cervicofac;1983;9: 52- 57 



• Brachytherapy Alone

M.Tongue:

Prognostic factors for local control

• 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

11

• (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



Floor of Mouth

12



Floor of mouth:

Iridium Series >100pts (LDR)

 #pts Technique Local control 5 y. survival 

Baillet 966 BT+EBI 71% T1T2N0 = 60% Baillet 966 BT+EBI 71% T1T2N0 = 60% 

Bolla 239 EBI + BT 

 

T1 = 90% 

T2 = 80% 

T1 = 65% 

T2 = 55% 

Volterrani 175 BT 70% 44% 

Marsiglia 206 BT  

EBI+BT 

89% 

59% 

74% 

34% 

Cole 162 EBI+BT 89%  

13

Lefebvre 146 BT 80%  

Pernot 207 BT T1 = 97% 

T2 = 72% 

T3 = 51% 

71% 

42% 

36% 

 
 



Floor of mouth:
Exclusive brachytherapy is better!

T2 N0 series: 5 y. local control

Author #pts BT alone EBI+BT 

Grimard 67 74% 70% 

14

Pernot 79 92% 53%  * 

 
 

* 5 y. survival : 76% and 35%



Velotonsillar Arch

15From Pernot



Soft palate: LDR series

 #pts Technique Local control 5 y. survival 

Eschwege 1 BT ± EBI   Eschwege 1 

28 

19 

BT ± EBI 

 

 

68% 

 

23% 

Sealy 22 BT 89%  

Mazeron 16 

14 

EBI 

BT 

75% 

100% 

 

16

14 

29 

BT 

EBI+ BT 

100% 

82% 

Esche 

T1 T2 

43 EBI±BT 

(14 + 29) 

92% 0S 37% 

DFS 64% 

 
 



Tonsil : LDR series

 # pts Technique Local control 5 y.survival 

Mendenhall 136T1–T4 EBI  ± BT 76%  42% Mendenhall 136T1–T4 EBI  ± BT 76%  42% 

Behar 37 EBI ± BT 95%  64% 

Puthawala 80 EBI ± BT 84% at2 y.  72% at 3 y. 

Mazeron 41 

11 T1–T2 

106 

EBI 

BT  

EBI + BT 

58% 

100% 

91% 

 23% 

50% 

60% 

Pernot 271 T1T2 EBI + BT  87%   

17

Pernot 271 T1T2 

90 T3 

EBI + BT  87% 

67% 

  

 
 

Mazeron et al IJROBP1993;27:251-277



Velotonsillar arch: EBRT series

  T3 T4  

T3-T4: 5y.local control

  T3 T4  

Calais 137 pts 57% 11% Ann Radiol 1989;32:55 

Fayos 353 pts 53% 25% I J R O B P 1983;9:134 

Gelinas 399 pts 79% 65% Radiology 1973;108:383 

Nong 150 pts 58% 50% I J R O B P 1989;16:657 

Withers 319 pts 60% 50% I J R O B P 1995;33:549 

18

Withers 319 pts 60% 50% I J R O B P 1995;33:549 

Horiot 356 pts (T2–T3) 

Hyperfraction 

Conventionnal 

 

59% 

40% 

  

Radiat Oncol 1992;25:231 

59 

 



Velotonsillar arch: 

prognostic factors for local control 

• Overall time of treatment < 55 days

• Gap < 20 days

� 5y local control:  88%  vs 74%

� 5y survival:        63% vs 44%

19

� 5y survival:        63% vs 44%

Hoffstetter et al:  Radiother Oncol 1997;45:141–148



Base of tongue

20



Base of tongue: LDR series
 #pts Treatment Local control 5 y. survival 

Goffinet 14 

14 

EBI + BT 

Surg. + EBI 

 71% 

36% 

 70% 

50% 

 

Housset 54 

29 

 

EBI 

EBI + BT 

 

57% 

T1 :  100% 

T2-3: 74% 

 

 

 

 17% 

52% 
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Surg. +EBI 

T2-3: 74% 

81% 

 

 

 

49% 

Crook T1 13 

T2 35 
EBI + BT 

 85% 

71% 

   

Puthawala T1 2 

T2 16 

T3 40 

T4 12 

EBI + BT  2/2 

88% 

75% 

67% 

 35%  

Lusinchi T1 18 EBI + BT  83%  26%  
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Lusinchi T1 18 

T2 39 

T3 51 

EBI + BT  83% 

51% 

69% 

 26%  

Hoffstetter

T1 T2 T3 

 

45 

72 

19 

 

EBI 

EBI + BT 

Surg + EBI 

2 y 

28% 

71% 

51% 

 

 

 

5 y 

19% 

39% 

32% 

 

19% 

44% 

45% 

 

Lee 68 EBI + BT  88%  86%  

 
 



Local control in 

Oropharyngeal cancerOropharyngeal cancer

• Benefit of brachy dose

• BT Dose ~ 65 Gy 

22

• BT Dose ~ 65 Gy 

• Dose rate = 0.5 Gy /h

• Local control 80 – 95 %



LOCAL CONTROL COMPLICATIONS

23



Factors influencing

late complications

24



Late complications

25



Osteoradionecrosis 

Clinical radionecrosis Radiologic bone defect

26
Pathologic devascularised bone sequester



Incidence of  Late complications

Grade 3

• Oral cavity : 3-6%

• Velotonsillar: ;       1-2%

• Base of tongue: 5%

• Post operative:

� Exclusive BT : 3%

� Combined with EBI: 12%



• Dose rate ≥ 0.5 Gy/h

Mobile Tongue

Prognostic factors for late complications 

• Treated surface ≥ 8 cm2 or > 12 cm2

• Catheter spacing ≥ 15 mm

• Total dose of exclusive brachytherapy ≥ 65 Gy

• Total dose of EBI + brachytherapy > 80 Gy

Pernot et al : Radiother Oncol 1995;35:177–185

IJROBP 1994;29:973–679

Mazeron et al : IJROBP 1990;18:1299–1306

IJROBP 1990;19:281–285

Radiother Oncol 1991 ;21:38–47

• Lead protection of the mandible



• Tailored for each patient 

Lead shielding

29

F Maire



Prophylaxis

• General measures
� Alcohol / Tobacco abstinence

� Balanced diet

� Mouth baths

• Dental Prophylaxis
� Pre implantation tooth extraction: 

� Suture of the gum� Suture of the gum

� 2-week delay for healing

• Mandibular Leaded protections
50 % decrease of the dose 

transmitted to the bone



Nowadays

3D Imaging : 

CT / MRI

Stepping sources

Technology



Conformal index- irradiated tissues 

100%

- 30 %

30

40

50

60

70

80

90

100%

Non optimisé

Optimisation

32

0

10

20

30

Index conformation Tissus irradié 25 Gy

F. Ahmad, M. Lapeyre 2004



Benefit of optimisation

homolateral mandibule dose

volume/3

2

3

4

5

6

7

8

9

10CC

Non optimisé

Optimisation

volume/3

33

0

1

2

Surdosage Spine 5 Gy mandibule HL

8 Gy

F. Ahmad, M. Lapeyre 2004



Authors pts Gy/h fract/

d 

Dose

EB+BT

local C

%

Compl

%

Levendag 19 <2 4-8 56-70 100 0 G3

PDR series in H&N

Levendag
1997

19 <2 4-8 56-70

+20-28

100 0 G3

De Pree
1999

17 .4-.75 / 41 m 59 6

Strnad
2000

40 .5

.7

24 50

+24

92 5

Peiffert 30 .5 24 45 83 16 G2-3Peiffert
2001

30 .5 24 45 

+16-35 

83 16 G2-3

Ziemlew
2007

45
50% lip

.6 –1 24 70

+10

88 23



PDR H&N

• Patients : 236

Post-op=192

• Dose : 

BT alone: 56 Gy (144 pts)BT alone: 56 Gy (144 pts)

Boost : 24 Gy (92 pts)

• DR: 0.4-0.7 Gy/h
1 pulse/h, 24 h

• 5 y. survival T1-2 : 82-73%   T3-4 : 56%

V. Strnad, W. Melzner, Strahlenther Onkol 2005;181:762–7

• 5 y. survival T1-2 : 82-73%   T3-4 : 56%

• 5y. RF     T1-2 : 93-83 %  T3-4 : 83%

• Soft tissue  necrosis : 9,7% 

• Bone necrosis:          7,2%



PDR in H&N

survival Local control

36

V. Strnad, W. Melzner, Strahlenther Onkol 2005;181:762–7



PDR H&N

prognostic factors

• 2000 à 2004 : 210 pts

• Implantation : Paris System

• MCD 100% and Reference : 85% 

• Pulse: 0.5 Gy/h• Pulse: 0.5 Gy/h

• Local Control  : 80% at 4 year

– Quality index                 < 1.72                              (p = 0,02)

– intersource distance        < 11.8 mm                        (p= 0,01)

• Soft tissues necrosis : 11%

– V85                                 > 26,8 ml                         (p = 0,01)

– Quality index                  > 1,72                             (p = 0,04)

37

Winfrid J. Melzner, Radiotherapy and Oncology 82 (2007) 167–173.

– Quality index                  > 1,72                             (p = 0,04)

– intersource distance       > 16,9 mm                      (p= 0,07)

• ORN : 7,6%

– Prescribed Dose :           > 0.64 Gy/h                     (p= 0,03)

– High dose                       > 80,3 Gy/h                     (p= 0,04)



•36 consecutive patients treated with PDR BT 

• randomly matched to

• 72 control patients treated with cLDR BT





cLDR vs PDR

NS: P=0.77 

40
Figure 1 : Kaplan-Meier estimates of the Local Recurrence Free Survival (LRFS) for patients 

treated with Pulsed-Dose Rate (PDR) or continuous Low Dose Rate (cLDR)    

brachytherapy, showing no statiscally significant difference at 3 years (p=0.77).



cLDR vs PDR

NS: p= 0.40

41

Figure 2 : Kaplan-Meier estimates of the cumulative risk of late grade 2-3 complications 

following Pulsed-Dose Rate (PDR) or continuous Low Dose Rate (cLDR)    

brachytherapy, showing no statistically significant difference at 3 years (p=0.4).





Local Recurrence LDR/HDR



Complications LDR/HDR



Mortality  LDR/HDR



Conclusion 

• Brachytherapy is effective in H&N tumours

� High dose 

� Conformal� Conformal

� Accelerated

• Competitive with external beam irradiation

• Competitive with surgery

• PDR  similar LC, less complications than LDR

• HDR sligthly lower control , but more complications than LDR

46

• HDR sligthly lower control , but more complications than LDR

Proper fractionation schedules to be elaborated



Florence, March 13-16 2016

Modern Brachytherapy Modern Brachytherapy 

Techniques



Safety in Brachytherapy: Some Aspects with Safety in Brachytherapy: Some Aspects with 

regard to Advance Techniques and Advance regard to Advance Techniques and Advance 

ImagingImagingImagingImaging

ESTRO Teaching CourseESTRO Teaching Course

Florence, Florence, 20162016

Dimos BaltasDimos Baltas

EE--mail: dimos.baltas@uniklinikmail: dimos.baltas@uniklinik--freiburg.defreiburg.de

mailto:dimos.baltas@uniklinik-freiburg.de


In 2013, “a truck carrying a highly 

radioactive source used for cancer 

treatments was stolen by thieves 

on its way to a waste storage 

Safety in Life !  Mexico, To be continued …Safety in Life !  Mexico, To be continued …

on its way to a waste storage 

facility.” 

July 2014: “Mexican authorities on Friday found a load of dangerous radioactive material 

that was in a stolen pick-up, a top civil protection official said. 

The load of iridium 192 was found abandoned on a street a few miles from where the truck 

was stolen in the industrial Mexico City suburb of Tlalnepantla, Luis Felipe Puente, the head 

of the country's civil protection agency, said on Twitter.of the country's civil protection agency, said on Twitter.

Military troops mounted a security perimeter around the small container emblazoned with 

logos for hazardous materials until it was removed from the site by the country's nuclear 

safety commission, according to media reports.

The material, normally used in industrial radiography, was housed in a specialized container 

and would only pose a health risk if the housing was tampered with, Mexico's interior 

ministry said in a statement. “



“A container of Iridium-192 

used for industrial radiography 

was taken from a truck in the 

town of Cardenas in Tabasco 

Safety in Life !  Mexico, To be continued …Safety in Life !  Mexico, To be continued …

town of Cardenas in Tabasco 

state.”

16 April 2015

“A container of Iridium-192 used 

for industrial radiography was for industrial radiography was 

taken from a transporter in the 

town of San Juan del Río in 

Querétaro state.”

29 Februar 2016



“Safety is the condition of a “steady state” of an “Safety is the condition of a “steady state” of an 

organization or place doing what it is supposed to do. organization or place doing what it is supposed to do. 

What do we mean with What do we mean with SafetySafety??

organization or place doing what it is supposed to do. organization or place doing what it is supposed to do. 

“What it is supposed to do” is defined in terms of public “What it is supposed to do” is defined in terms of public 

codes and standards, associated architectural and codes and standards, associated architectural and 

engineering designs, corporate vision and mission engineering designs, corporate vision and mission 

statements, and operational plans and personnel policies. statements, and operational plans and personnel policies. 

For any organization, place, or function, large or small, For any organization, place, or function, large or small, 

safety is a normative concept. It complies with situationsafety is a normative concept. It complies with situation--safety is a normative concept. It complies with situationsafety is a normative concept. It complies with situation--

specific definitions of what is expected and acceptable.specific definitions of what is expected and acceptable.””

Charles G. Oakes, PhD, Blue Ember Technologies, LLC.“Safety versus Security in Fire Protection 

Planning,” The American Institute of Architects: Knowledge Communities, May 2009. Retrieved on June 

22, 2011.



“It complies with situation“It complies with situation--specific specific 

definitions of what is expected and definitions of what is expected and 

acceptable.”acceptable.”



The UK Health and Safety Executive defines The UK Health and Safety Executive defines 

Safety Culture as: Safety Culture as: 

What do we mean with What do we mean with SafetySafety??

A more succinct definition has been suggested:A more succinct definition has been suggested:

“Safety culture is how the organization behaves “Safety culture is how the organization behaves 

when no one is watching.”when no one is watching.”

Safety Culture as: Safety Culture as: 



“… when no one is watching.”“… when no one is watching.”



The International Basic Safety Standards defines The International Basic Safety Standards defines 

Safety Culture as: Safety Culture as: 

What do we mean with What do we mean with SafetySafety??

“The assembly of characteristics and attitudes in “The assembly of characteristics and attitudes in 

organisationsorganisations and individuals which establishes that, and individuals which establishes that, 

as an overas an over--riding priority, protection and safety riding priority, protection and safety 

issues receive the attention warranted by their issues receive the attention warranted by their 

significance.”significance.”

Safety Culture as: Safety Culture as: 

significance.”significance.”

Prevention of HighPrevention of High--dosedose--rate Brachytherapy Accidents, Volume 35 No. 2, 2005rate Brachytherapy Accidents, Volume 35 No. 2, 2005

“Have I done all that I reasonably can to reduce “Have I done all that I reasonably can to reduce 

(unnecessary) radiation exposure?”(unnecessary) radiation exposure?”



The main Steps/ProceduresThe main Steps/Procedures

in Modern Brachytherapyin Modern Brachytherapy

•• Localisation (Localisation (ImagingImaging))•• Localisation (Localisation (ImagingImaging))

•• (Pre(Pre--)Planning of the procedure ()Planning of the procedure (ImagingImaging/RTP/RTP))

•• Implantation (Implantation (ImagingImaging, Guidance/Navigation, , Guidance/Navigation, 

IOIO--RTPRTP))

•• Treatment Planning (Treatment Planning (ImagingImaging, RTP, RTP))•• Treatment Planning (Treatment Planning (ImagingImaging, RTP, RTP))

•• Treatment Delivery (Treatment Delivery (AfterloadingAfterloading))

•• Treatment Delivery Verification (Imaging, …?)Treatment Delivery Verification (Imaging, …?)



Advance Imaging resulted to:Advance Imaging resulted to:

•• More accurate Localisation/Delineation of theMore accurate Localisation/Delineation of the

Target(s) (common to ERT: CT, MR, PET, 3DTarget(s) (common to ERT: CT, MR, PET, 3D--U/S)U/S)Target(s) (common to ERT: CT, MR, PET, 3DTarget(s) (common to ERT: CT, MR, PET, 3D--U/S)U/S)

•• Better Visualisation of Catheters/ApplicatorsBetter Visualisation of Catheters/Applicators

•• More accurate and safe Placement of More accurate and safe Placement of 

Catheters/ApplicatorsCatheters/Applicators

•• More accurate Localisation ofMore accurate Localisation of•• More accurate Localisation ofMore accurate Localisation of

Catheters/ApplicatorsCatheters/Applicators

•• More accurate Dose Calculation (?)More accurate Dose Calculation (?)



Advance Imaging: Metallic ArtefactsAdvance Imaging: Metallic Artefacts

By Courtesy of Philips CT ImagingBy Courtesy of Philips CT Imaging



Advance Imaging: Metallic ArtefactsAdvance Imaging: Metallic Artefacts

SIEMENS Healthcare, Germany: SOMATOM Definition AS Open SIEMENS Healthcare, Germany: SOMATOM Definition AS Open –– RT Pro editionRT Pro edition



2D and 3D U/S-Acquisition

Advance ImagingAdvance Imaging

Clinical Data and Images by courtesy of Dept. of Radiation Oncology, Offenbach Clinical Data and Images by courtesy of Dept. of Radiation Oncology, Offenbach 

Using Using BiopSeeBiopSee(R)(R) by MedCom GmbHby MedCom GmbH



Advance Imaging: MultiAdvance Imaging: Multi--Modality ImagingModality Imaging
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Advance Imaging: ApplicatorsAdvance Imaging: Applicators

3D-Model Source paths

& dwells

GECGEC--ESTRO Recommendations, Hellebust T., Kirisits, C., Berger, D., et al.ESTRO Recommendations, Hellebust T., Kirisits, C., Berger, D., et al.

Radiotherapy & Oncology 95, 153Radiotherapy & Oncology 95, 153--160, 2010160, 2010

Robust backRobust back--projection!!!projection!!!



Advance Imaging: Applicator LocalisationAdvance Imaging: Applicator Localisation

????



Advance Imaging: Applicator LocalisationAdvance Imaging: Applicator Localisation

The partialThe partial--volumevolume--effecteffect

!!

Kim Y, Hsz IC, Lessard E, Pouliot J, “Dose uncertainty due to CT slice thickness in CT-based

HDR-BRT of PCA, Medical Physics, 2004



Advance Technology:Advance Technology:

Medical Physics / Medical Physics / DosimetryDosimetry

•• High level of StandardizationHigh level of Standardization

•• Wide Availability of Dosimetry Laboratories (P & S*)Wide Availability of Dosimetry Laboratories (P & S*)

•• Availability of Easy to Use Availability of Easy to Use DosimetryDosimetry SystemsSystems

* Primary & Secondary* Primary & Secondary





Advance Technology:Advance Technology:

Modern Modern AfterloadersAfterloaders

•• Their use results to reduction of exposure toTheir use results to reduction of exposure to•• Their use results to reduction of exposure toTheir use results to reduction of exposure to

the Staffthe Staff

•• High Strength SourcesHigh Strength Sources

•• Source Transports / ExchangesSource Transports / Exchanges

•• Malfunctions ?Malfunctions ?



•• More than 50% of the severe accidents occur in  More than 50% of the severe accidents occur in  

Statistics over 50 years:Statistics over 50 years:

AccidentsAccidents

•• More than 50% of the severe accidents occur in  More than 50% of the severe accidents occur in  

industrial facilitiesindustrial facilities

•• 1/51/5thth in the Research Fieldin the Research Field

•• 1/81/8thth in nuclear power civilian applicationsin nuclear power civilian applications

•• 1/101/10thth in Medicinein Medicine

Jean-Claude Nenot:“ Radiation accidents over the last 60 years” J. Radiol. Prot. 29: 301-320, 2009.



Statistics over 50 years:Statistics over 50 years:

Number of VictimsNumber of Victims

•• In industrial facilities often only one VictimIn industrial facilities often only one Victim

•• In Radiation Oncology Accidents related to In Radiation Oncology Accidents related to 

overdoses imply classically a series of Patientsoverdoses imply classically a series of Patients

Jean-Claude Nenot:“ Radiation accidents over the last 60 years” J. Radiol. Prot. 29: 301-320, 2009.



Some Issues on SafetySome Issues on Safety

HDR-BRT treatment delivery: Report of AAPM TG-59.



•• More than 1000 centresMore than 1000 centres

ICRP Publication 97 (HDR)ICRP Publication 97 (HDR)

•• Over 1500 Machines (over 400 in developingOver 1500 Machines (over 400 in developing

Countries)Countries)

•• Over 10,000 high activity sources/yearOver 10,000 high activity sources/year

•• Over 500,000 treatments annuallyOver 500,000 treatments annually•• Over 500,000 treatments annuallyOver 500,000 treatments annually

•• More than 500 Events have been recorded!More than 500 Events have been recorded!

Prevention of HighPrevention of High--dosedose--rate Brachytherapy Accidents, Volume 35 No. 2, 2005rate Brachytherapy Accidents, Volume 35 No. 2, 2005



ICRP Publication 97 (HDR)ICRP Publication 97 (HDR)

Origin of the different Events:Origin of the different Events:

•• Handling and Transport of SourcesHandling and Transport of Sources

•• Inadequate Structural ShieldingInadequate Structural Shielding

•• Sources in transit (remaining in the safe, in the Sources in transit (remaining in the safe, in the 

patient, along the transfer tubes)patient, along the transfer tubes)

HumanHuman

•• Treatments given to wrong patientsTreatments given to wrong patients

•• Incorrect prescription or delivery of dose, Incorrect prescription or delivery of dose, 

repeated treatments to the same patientrepeated treatments to the same patient

HumanHuman

Prevention of HighPrevention of High--dosedose--rate Brachytherapy Accidents, Volume 35 No. 2, 2005rate Brachytherapy Accidents, Volume 35 No. 2, 2005



ICRP Publication 97 (HDR)ICRP Publication 97 (HDR)

Human Errors:Human Errors:

•• Incorrect IndicationIncorrect Indication

•• Patient IdentificationPatient Identification

•• Diagnosis or Area of TreatmentDiagnosis or Area of Treatment

•• Dose PrescriptionDose Prescription•• Dose PrescriptionDose Prescription

•• Data EntryData Entry

•• Catheter or ApplicatorCatheter or Applicator

Prevention of HighPrevention of High--dosedose--rate Brachytherapy Accidents, Volume 35 No. 2, 2005rate Brachytherapy Accidents, Volume 35 No. 2, 2005



Human Errors ?:Human Errors ?:
2007 2007 –– 2013,  100xPts2013,  100xPts



Human Errors ?:Human Errors ?:

March 2013:  Radiation Oncology Dept. in Germany found outMarch 2013:  Radiation Oncology Dept. in Germany found out

that 7 cases have been mistakenly treated using HDRthat 7 cases have been mistakenly treated using HDR--BRT.BRT.

This was an underThis was an under--dosage for all 7 cases.dosage for all 7 cases.

After a further research in the patient files, the amount ofAfter a further research in the patient files, the amount ofAfter a further research in the patient files, the amount ofAfter a further research in the patient files, the amount of

those cases was increased to 10.those cases was increased to 10.

It was the result of malfunction of the RTP and the resulting It was the result of malfunction of the RTP and the resulting 

faulty user operation.faulty user operation.

Further investigation: Further investigation: 

•• Manual adjustment of dwell timesManual adjustment of dwell times

•• wrong representation /interpretation of the dose wrong representation /interpretation of the dose •• wrong representation /interpretation of the dose wrong representation /interpretation of the dose 

distribution in the RTPdistribution in the RTP

•• Manufacturer has then fixed the problemManufacturer has then fixed the problem

•• New training and education of the staffNew training and education of the staff



•• GuidelinesGuidelines

SolutionsSolutions

•• GuidelinesGuidelines

•• CoursesCourses

•• Education / Training SidesEducation / Training Sides

•• ??????????



BraphyqsBraphyqs
BRAchytherapy PHYsics Quality assurances System

UNCERTAINTY IN MODERN UNCERTAINTY IN MODERN 

BRACHYTHERAPY BRACHYTHERAPY -- ANALYSIS ANALYSIS 

CONCEPTCONCEPT

The Braphyqs physicist network in Europe is a Working Group of GEC-ESTRO

CONCEPTCONCEPT



Dose Delivery by Afterloader

Positional accuracyPositional accuracy

[mm-1xSD] for straight applicator[mm-1xSD] for straight applicator

~ 0 mm for accuracy, and ~ ±1 mm (1 SD) for precision

Temporal accuracyTemporal accuracy

dwell time delivery 1%dwell time delivery 1%

rounding error 1%, 

transit dose 1% 

(estimate level for confidence of 65%!)



Uncertainties related to

1. Source calibration

2. a) Dose calculation in water 

~ 1,5 %

~ 4 %2. a) Dose calculation in water 

b) Systematic effects

3. Accuracy of afterloader performance 

(time/spatial distribution)

4. Imaging (localisation, volume interpolation,…)

Mainly site specific

~ 4 %

up to 10 %

~ 2 %

5 %4. Imaging (localisation, volume interpolation,…)

5. Contouring

6. Variations at patient level (inter- and intrafraction

variations, organ movement/swelling)

5 %

x %

up to ~50%



Review of clinical brachytherapy uncertainties: 

Analysis guidelines of GEC-ESTRO and AAPM



Review of clinical brachytherapy uncertainties: 

Analysis guidelines of GEC-ESTRO and AAPM

Vaginal CylinderVaginal Cylinder



Review of clinical brachytherapy uncertainties: 

Analysis guidelines of GEC-ESTRO and AAPM

IntracavitaryIntracavitary Cervical BRTCervical BRT



Review of clinical brachytherapy uncertainties: 

Analysis guidelines of GEC-ESTRO and AAPM

Permanent Seeds Implants PCAPermanent Seeds Implants PCA



Review of clinical brachytherapy uncertainties: 

Analysis guidelines of GEC-ESTRO and AAPM

Temporary HDRTemporary HDR--Implants PCA (U/SImplants PCA (U/S--based)based)



Computational Verification: Incorporate uncertainties 

into the Dose Calculation! 

Developed in cooperation and Copyright © by Pi-Medical Ltd., all rights reserved.



Computational Verification: Incorporate uncertainties 

into the Dose Calculation! 

Effect of source driving 

& stepping (configurable,

see settings)

Including also uncertainties

(see settings) 

ProstateProstate

Developed in cooperation and Copyright © by Pi-Medical Ltd., all rights reserved.



Computational Verification: Incorporate uncertainties 

into the Dose Calculation! 

Effect of source driving 

& stepping (configurable,

see settings)

UrethraUrethra

Developed in cooperation and Copyright © by Pi-Medical Ltd., all rights reserved.

Including also uncertainties

(see settings) 



Do we include also the Question/Perspective:Do we include also the Question/Perspective:

What do we mean with What do we mean with SafetySafety??

Do we include also the Question/Perspective:Do we include also the Question/Perspective:

Delivered = Planned Delivered = Planned 

Even if we treat the correct Even if we treat the correct PatientPatient at the Correctat the Correct

??

Even if we treat the correct Even if we treat the correct PatientPatient at the Correctat the Correct

LocationLocation, with the Correct , with the Correct Applicator/CathetersApplicator/Catheters, with the , with the 

Correct Plan Correct Plan and with a 100% and with a 100% secure Device secure Device and safe and safe 

Treatment SuiteTreatment Suite!!!!!!



Delivered = Planned Delivered = Planned 
??

Answer only whenAnswer only when

•• Imaging of Anatomy (same as in ERT: EPID,Imaging of Anatomy (same as in ERT: EPID,•• Imaging of Anatomy (same as in ERT: EPID,Imaging of Anatomy (same as in ERT: EPID,

kVkV--CBCT, MVCBCT, MV--CBCT,…)CBCT,…)

•• Imaging & Imaging & LocalisationLocalisation of Catheters/Applicators               of Catheters/Applicators               

(ERT: Beams)(ERT: Beams)

•• Imaging & Imaging & LocalisationLocalisation

under Treatment Conditions is realized*under Treatment Conditions is realized*

*in the Treatment Room



Delivered = Planned Delivered = Planned 

Some PerspectivesSome Perspectives

•• Advance 2DAdvance 2D-- & 3D& 3D--U/S Imaging Systems usingU/S Imaging Systems using

??

•• Advance 2DAdvance 2D-- & 3D& 3D--U/S Imaging Systems usingU/S Imaging Systems using

Synthetic Techniques (abdominal & Synthetic Techniques (abdominal & transrectaltransrectal

Imaging) for Gynecology & ProstateImaging) for Gynecology & Prostate

•• EMEM--Tracking systems for catheters/applicatorsTracking systems for catheters/applicators

•• Advance Verification Systems utilizing timeAdvance Verification Systems utilizing time--resolved     resolved     •• Advance Verification Systems utilizing timeAdvance Verification Systems utilizing time--resolved     resolved     

inin--VivoVivo--Dosimetry TechniquesDosimetry Techniques

•• …..…..

World Conference of Brachytherapy, Pre-Meeting Workshop on Treatment Verification

San Francisco, 2016



Thank you very muchThank you very much

for your Attentionfor your Attention





Brachytherapy in Anal Cancer

Erik Van LimbergenErik Van Limbergen

Dep.Radiation Oncology

University Hospital Gasthuisberg

Leuven/ Belgium

With courtesy to Didier Pfeiffert

Dep of  Radiotherapy

Centre Alexis Vautrin, Nancy, France



• ANAL CANAL :

� 3 - 4 cm long

Anatomical Definitions

� 3 - 4 cm long

� from the anorectal jonction

� to the peri-anal skin

pectinate (dentate) line is at mid-canal    ----------

• ANAL MARGIN : 

� From the canal –margin jonction 

� To the skin (5 cm diameter)



Epidemiology

• Incidence 1 / 100 000 

• 3000 new cases/year in Europe 

• 1, 2 % digestive Ca.

• 75 % females - after 60 years

• 5-10 % metastatic at diagnosis

• Homosexuality,  HPV(types 16,18)



Squamous-cell Ca.  = 95 %

Pathology

Squamous-cell Ca.  = 95 %
- keratinizing
- non keratinizing

(transitional)
(cloacogenic)

- basaloïd

Sarcomas

Lymphomas

Melanomas

Adenocarcinomas



Lymphatic Spread

Inguinal
nodes



Work up

• Detailed clinical examination and sketch  • Detailed clinical examination and sketch  

• Rigid anorectal endoscopy & tatooing

• Biopsy

• CT-Scan 

• Endorectal ultrasonography

• MRI & PET CT 
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Pararectal nodes

pT2 NO 

Bellin MF, Roy C, Kinkel K et al. Lymph nodes metastases. Safety and effectiveness of  MR Imaging with ultrasmall 

superparamagnetic iron oxide particles-Initial Clinical Experience.Radiology 1998 , 207 : 799-808.

Bellin MF, Beigelman C, Precetti-Morel S et al. Iron Oxyde –enhanced MR  lymphography : initial experience. Eur J 

radiol 2000; 34 : 257-264.



Target Volumes

• PTV 1: 
� Anal canal

� Lower rectum� Lower rectum

� Anal margin

� Pelvic Nodes
� Para-rectal nodes

� Presacral nodes

� Inguinal nodes

• PTV2:• PTV2:
� Tumor bed

� Involved nodes 
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Evaluation

• Survival• Survival

• Cure of the Cancer

• Local control

• Sphincter preservation

• Functional results• Functional results

• Quality of life



Authors Nb pts Relapses  5 year Surv 

Salmon 183 34 % 58 % 

Exclusive irradiation( > 60 Gy) (1984-96) 

including a boost

Salmon 183 34 % 58 % 

Eschwege 64 19 % 46 % 

Papillon * 159 12 % 65 % (crude) 

Touboul 270 20 % 74 % 

Allal * 125 20 % 65 % 

Gérard * 108 17 % 64 % Gérard * 108 17 % 64 % 

Peiffert * 118 20 % 60 % 

Total = 1027   
 

 

* brachytherapy



Authors Nb 
pts 

Contrôle T Compl. gr. IV  Survival 

Concomitant Radiochemo (≤ 50 Gy)

with no boost

pts 

Nigro 104 90 %  78 % 

Sischy 79 61 % 1 sténose 73 % 

Michaelson 37 81 % non 80% 

Cummings 69 90 % 5 AAP sp. 76 % 

Flam 30 85 % 1 sténose 27 NED 

Habr-Gamma 30 87 % non 80 % Habr-Gamma 30 87 % non 80 % 

Hugues 25 78 % T1-3 
33 % T4 

1 DCD / 

Marti 52 ≤ 4 cm 96 % 
> 4 cm 85 % 

3 AAP ≤ 4 cm 100 % 
> 4 cm 80 % 

Tanum 106 84 histo 14 (2 DCD) 70 % 
 

 



Which patients benefit from High Dose

irradiation and concomitant chemotherapy?

EORTC
T > 4 cm

or pos LN

UKCCCR
all T 

all Nor pos LN

108 patients

all N

585 patients

45 Gy / 5 wks

Boost (20 Gy)

or APRA
®

Cycle Cycle
or APRA

45 Gy / 5 wks.

Cycle

# 1

Cycle

# 2

5 FU = 750 mg /m2 d 1-4  et d 29 - 32 

MITO = 15 mg/m2 d 1



  Local 
Control 

Surv. w/o 
colostomy 

Disease spec. 
Survival  

 

Survival 

Which patients benefit from High Dose

irradiation and concomitant chemotherapy?

 

EORTC 

 
 

Radio 
 
Radio-
chemo 

55 % 
p = 0,02 

68 % 

40 % 
p = 0,002 

72 % 

 55 % 
NS 

57 % 

UKCCCR 

 
 

Radio 
 
Radio-

39 % 
p 

<0,0001 

 61 % 
p = 0,02 

72 % 

58 % 
p = 0,25 

65 %  Radio-
chemo 

<0,0001 
61 % 

72 % 65 % 

 

 

Ref. : Bartelink : J Clin Oncol 1997;5:2040–2049

: UKCCCR : Lancet 1996;348:1049–1054



To boost or not to boost?

Local Control Complications

• First site of failure is the 

anus
Increase with the total dose

Increase with the treated
• Only 50%  of Local failures

can be salvaged

• Boost increases the local 

control

Increase with the treated

volume



When to boost ?

• Yes if exclusive irradiation

• If radiochemotherapy• If radiochemotherapy

� Early stages: NO/YES

� Large tumors or poor responders:YES



Goals of brachy

• Reduce overall treatment time

• Increase the dose 
� On a small conformal volume

20

• Spare the controlateral sphincter
� To increase the functional results



survivalLocal reccurence

Impact of brachy



Impact of brachy



Indications for Brachytherapy

• 1-3 weeks gap after pelvic irradiation

• Stages

� T1,T2

� T3 lower than 2/3 circumference

� T4 (without vaginal involvement)� T4 (without vaginal involvement)

• After Partial or Complete response:

• 15 to 20 Gy boost



Technique

Rigid or Plastic Needles ( Rigid or Plastic Needles ( 

MRI guided BT)

– 4 to 6

Ring template

– Spacing : 10 to 15 mm



Implantation
Under digital control

– Under the mucosa

– 3-5 mm depth

� Rectal tube or cylinder
to remove controlateral
sphincter/mucosa



Dose distribution

Paris System

85% Ref isodose if 15mm 
spacing
– 9 mm thick

– 6 mm inside

– 3 mm outside

PDR PDR 
– prescription of the optimal  

pulse size 0.5 Gy/h

– Geometrical and target
related optimization



Pulsed Dose Rate

• Roed et al: Rad Oncol 1996;41:131

� High rate of Late complic

� Volume 

� Total dose (Paris system)

• Gerard et al : Rad Oncol 1999;51:129

� Acute toxicity

� Tumor response

• Bruna et al: Rad Oncol 2006

27

• Bruna et al: Rad Oncol 2006

� 2 years follow up





 

0,6 

0,7 

0,8 

0,9 

1 

0 

0,1 

0,2 

0,3 

0,4 

0,5 

0 12 24 36 48 

months 

Overall survival Disease Free survival 



Leuven PDR series:

83 pts

Van Brussel S, Janssen H , Van Limbergen E 2011



7 Layers

2
3

4

The “ Leuven Elastoplast Brachy Fixation Slip ”



HDR

• Kapp et al:I.J.R.O.B.P2001;49:997

� Split course (50 Gy)� Split course (50 Gy)

� Concomitant chemo 5FU MITO

� HDR 6 Gy

32



Effects on normal tissues 

Acute      / Late

• Epidermitis,
• Cystitis,
• Rectal dyscomfort

Necrosis if  : 
� High dose ,

� Implantation through the 
mucosa

� !! Relapse !!

33

� Incontinence

� Pain 

� Bleeding : no biopsy



Management of late complications

• Exam under general anestesia• Exam under general anestesia

� Excision of necrosis

� BIOPSIES

• Local desinfection

• Antibiotics

34

• Antibiotics

• Hyperbaric oxygen therapy

• Temporary colostomy



Conclusion 

• Brachytherapy is an optimal technique to boost
most anal canal tumors

• Precise technique and indications

• Local control 

35

• Risk of necrosis
� Dose 

� Dose rate (PDR)

� Volume





Techniques in cervix

brachytherapy

Renaud Mazeron

Gustave Roussy
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Introduction

• Tumors < 4 cm : no standard• Tumors < 4 cm : no standard

• Surgery

• EBRT followed by BT

• BT followed by Surgery

• Fertility preservation: trachelectomy (<2cm, N-)

4

• Fertility preservation: trachelectomy (<2cm, N-)

• Tumors > 4 cm : Chemoradiation followed by BT





Outcomes
1973, 1978, 1983

Crucial role of BT

Komaki IJROBP 31 : 973 - 82 ; 1995

1686 patients

stage III ( 262 pts)

1973 1978 1986 p
n = 114 n = 115 n = 33

BT 60.5 % 76.5 % 87.9 % < 0.001

Linacs 28    % 60 % 87 %

OS at 5 years 25    % 39 % 47 % 0.02



Dose / Local failures

Perez IJROBP 21 : 885 - 96 ; 1991

1211 patients1211 patients
Dose Stage

point A IIB III

n = 347 % n = 282 %

< 6 000 8/12 67 18/25 72

6000 - 9000 61/261 23 71/180 396000 - 9000 61/261 23 71/180 39

> 9000 10/74 14 27/77 35



Dose-volume effect

• Gustave Roussy• Gustave Roussy

• 225 patients

• 50%: IIB lesions

• Concom chemo

• IGABT

• Median FU: 3 y

8
Castelnau-Marchand Gynecol Oncol 2015

• Median FU: 3 y



Decreasing use of BT in USA

9

Gill IJROBP 2014



Consequences

10

Gill IJROBP 2014



Concomitant  chemotherapy

HR IC 95% p Gain absolu à 5 ans

DFS 0,78 0,70-0,87 0,000005 8 %

11

DFS 0,78 0,70-0,87 0,000005 8 %

Regional control 0,76 0,68-086 0,000003 9 %

Distant disease free surv 0,81 0,72-0,91 0,0004 7 %

Overall survival 0,81 0,71-0,91 0,0006 6 %



Concomitant chemoradiation

• No effect of patient age

• Cisplatinium does not do better• Cisplatinium does not do better

• No influence

� Nodal status

� Histological subtype

� Grade

• Decreasing efficacy with increasing FIGO stage

� Marginal in stage III

12

� Marginal in stage III

� Ib - IIa = + 10 %

� IIb = + 7 % 

� III et IVa = + 3 %



Combining EBRT and brachytherapy

• Both modalities contribuate

• important balance

• EBRT: Low risk CTV

� Aim: delivery of 45 – 50 Gy: microscopic disease

� Tumor shrinkage

� Nodal boost required

• Brachytherapy: dose escalation

13

• Brachytherapy: dose escalation

� Cervical disease

� Sparing of OAR

� Also contribuates to treat node metastasis



• 907 patients

• Stage IIIB

• Different periods

• High EBRT doses

14

� Low DSS

� Increased morbidity



15



• 120 optimized plans• 120 optimized plans

• Multiplication of pulses until planning aims are reached or a  

dose contraint not respected

� Using a pelvic EBRT dose of 45 Gy in 25 fractions

� Or 50.4 Gy in 28 Gy

16

• 3 sets of planning aims

� Usual : B: 90, R and S: 75

� Intermediate

� EMBRACE II



Results: 45 Gy plan – 50.4 Gy plan

17



Balance EBRT / BT

• Privilege BT

� Better coverage of CTV� Better coverage of CTVHR

� Better sparing of OAR

• DO NOT USE: cervical SIB

• AVOID parametrial boosts / Trust in IS BT

18

• 50.4 Gy is not enough to treat nodal metastasis



Nodal boost

• Planning aim : 60 Gy / Lack of data

• Sequential: after BT, based on calculations of its contribution• Sequential: after BT, based on calculations of its contribution

• SIB: based on an evaluation of BT contribution

19



Simultaneous intregated boost

• Decrease treatment time

• Ext/int iliac• Ext/int iliac

� SIB: 2.2 x 25 = 55 Gy

• Prim iliac

� 2.3 x 25 = 57.5 Gy

• Para aortic

� Negligible contribution

� 2.4 ?

20

� 2.4 ?

• Lack of data on long term
activity

Mohamed Brachy 2015



Excessive overall treatment time

Author Year # pts Threshold Impact on local control

Lanciano et al 1993 837 55 jours ⇓ 0.85 % / jour

Petereit et al 1995 202 55 jours ⇓ 0.7 % / jour

Perez et al 1995 1224 49 jours ⇓ 0.85 % / jour

Girinsky et al 1993 386 52 jours ⇓ 1.1 % / jour

21/06/2016 Rappels – cancer du col 21

Song et al.  * 2013 113 56 jours Non rapporté

Mazeron et al. * 2015 225 56 jours ⇓ 0.6 % / jour

Pelvis 45 Gy = 35-37 days



RT 45 Gy

F1

7 Gy

F3

7 Gy

CT CT

RT 45 Gy

F2

7 Gy

F4

7Gy

CT CT
MRI

IMPL

PLAN

MRI

IMPL

PLAN

22

7 Gy 7GyPLAN PLAN

Hospi Hospi



RT 45 Gy

F2

7 Gy

CT

MRI

IMPL

PLAN

F2

7 Gy

CT

MRI

IMPL

PLANRT 45 Gy

F1

7 Gy

PLAN

F1

7 Gy

PLAN

23

Hospi Hospi



RT 45 Gy

F1

7 Gy

F3

7 Gy

CT CT

RT 45 Gy

F2

7 Gy

F4

7Gy

CT CT
IMPL

IMPL

PLAN

24

7 Gy 7GyPLAN

Hospi
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Treatment time (days)

Beyond  55 jours / -0.63% per day

≈ 4.41% per week.



Techniques 

26



Treatment planning for intracavitary treatments

based on clinical examination and X-ray images

Brachytherapy characteristics : 
high dose gradient (10 % per mm)

many difficulties in expressing the dose in IC BT

Historically : 
• Paris method and Stockholm system : mgh radium implant
• Manchester system : fixed distances related to anatomy 

27

• Manchester system : fixed distances related to anatomy 
and applicator reference points : A and B



Treatment planning for intracavitary treatments

based on clinical examination and X-ray images

Differences in point A definition between centres
If chosen as the dose specification point

point A definition = unequivocal

Point A: applicator-based

28



Treatment planning for intracavitary treatments
based on clinical examination and X-ray images

29GEC ESTRO Handbook of Brachytherapy 2002



Applicators

• Combine an intrauterine tandem

• And vaginal sources

• Initially designed for Radium

• Modified for Iridium and Cesium

• Modified to become CT / MRI compatible

• Modified for Interstitial brachytherapy

30



Applicators 

31



Applicator: Ring



Historical background

Classical “Stockholm method”: 

- flexible intrauterine tube and a flat box (plate) - flexible intrauterine tube and a flat box (plate) 

- containing Radium sources

- implanted independently – no fixed geometry 

Modern “Stockholm” based technique (1960s)

- rigid uterine tandem with a ring applicator for 

- afterloading devices (Cs137- I192)

- intrauterine tube and ring fixed to each other 

33

- intrauterine tube and ring fixed to each other 

(fixed geometry)

several applicator types, also MR/CT compatible



Ring

TandemTandem

Ring & cap

34

Rectal retractor



Ring

• Diameter of the ring: anatomy• Diameter of the ring: anatomy

• Length of the tandem: uterus anatomy

• Angle between ring and vagina: anatomy

• Cap: reduce the dose to vagina 

• Packing• Packing

35



Construction: Tandem, Ring (+ cap)

90°

36GEC ESTRO Handbook of Brachytherapy 2002



Nucletron – MR/CT compatible

37



Varian (Gammamed) – MR/CT compatible

38



Vienna applicator

39
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Tandem-ring dimensions

Δ

41

nominal length

20 mm

40 mm

60 mm

ring diameter
(based on sources)

26 mm 38 mm

30 mm 42 mm

34 mm 47 mm

outer diameter
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Standard loading pattern

Tandem loading

Similar to Manchester or Fletcher loading 

15 + 10 + 10 mg Ra = more active dwell positions at tip15 + 10 + 10 mg Ra = more active dwell positions at tip

Ring loading

Similar to Fletcher loading: 20 on each side of the ring

Active dwell positions on both lateral sides of the ring

Difference

43

Different sizes of ovoids vs. constant ring thickness, 

only distance between vaginal sources different 

(diameter) – number of active dwell positions constant to 

limit vaginal dose



Ring standard loading pattern

Point A
2cm

Point A

15 mg10 mg10 mg

2
0
 m

g
2
0
 m

g

2cm

2cm

44

Point A

2
0
 m

g



Manchester / Fletcher 

systems



HISTORICAL PARIS METHOD

(≠ Paris system)

46



HISTORICAL PARIS TECHNIQUE

Ratio: tandem / corks: 0.7-1.5

226Ra manual preloading

15 mg

10

1015 15

Tandem and vaginal

sources not connected

Ratio: tandem / corks: 0.7-1.5

X mg of 226Ra for Y hours

Prescribing, reporting: mgh

47GEC ESTRO Handbook of Brachytherapy

Distance between   

vaginal sources not fixed

sources not connected



HISTORICAL MANCHESTER SYSTEM
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HISTORICAL MANCHESTER SYSTEM

Tandem/ovoids manual preloading: 226Ra

Uterine tandem

15 mg

10 mg

10 mg

15 mg

10 mg
20 mgS

h
o

rt
 (

3
.5

 c
m

)

M
e

d
iu

m
 (

4
 c

m
)

L
o

n
g

 (
6

 c
m

)

Vaginal ovoids

No 

shielding

49

17.5

mg

Small (2 cm)

17.5

mg 20 mg

Medium (2.5 cm)

20 mg 22.5 mg

Large (3 cm)

22.5 mg

Vaginal ovoids

Spacer

shielding



HISTORICAL MANCHESTER SYSTEM

Point A

FOR A GIVEN TUMOUR VOLUME

source strengtsource strengthh

source source geometrygeometry

application durationapplication duration

A set of rules

2
 c

m

2 cm

POINT A

B

50

CERTAIN POINT A DOSE (R)

CLASSICAL APPLICATION:

144 hours (2 sessions) for 8000 R at point A (dose rate 53 R/h)

Meredith WJ, ed. Radium dosage. The Manchester system. Edinburgh;1947.

2
 c

m



Mimicking historical system

HISTORICAL MANCHESTER SYSTEM

Flange

Ovoids: 2, 2.5, 3 cm               

3.5, 4 or 6 cm 

or adjustable

0º, 15º,30º, 45º

137Cs, 192Ir sources

Loading patterns:

51

Clamp

Ovoids: 2, 2.5, 3 cm               

+/- shielding

Loading patterns:

mg Ra equivalent

D-rate at point A:
137Cs ∼ 50 cGy/h
192Ir:     PDR or HDR



MRI / CT compatible

52



Ovoids
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“Fletcher” based techniques

• Initially designed for Radium

• Rigid metallic tandem

• Cylindrical colpostats perpendicular to the axis of the vagina

• Against the cervix

• Adapted by Delclos and Suit for afterloading machines (Cs and • Adapted by Delclos and Suit for afterloading machines (Cs and 

Ir)

56



Classical Fletcher Applicator

57



FLETCHER-SUIT-DELCLOS- STYLE 

TECHNIQUES

Applicators

Length 

Variety of 

curvatures
Length 

adjustable

+/- tungsten 

shielding

curvatures

Cylindrical 

colpostats

Flange

Small 2 cm

58

Clamp

Half : 1 cm Small 2 cm

Medium: 2.5 cm
Large: 3 cm

15mg

20 mg 20 mg 25 mg 25 mg

15mg

10 mg



Applicators

FLETCHER-SUIT-DELCLOS- STYLE 

TECHNIQUES

59



Applicators – CT, MRI compatibility

FLETCHER-SUIT-DELCLOS- STYLE 

TECHNIQUES

CT MRI

60



Summary

Historical systems

FLETCHER-SUIT-DELCLOS- STYLE 

TECHNIQUES

Sets of rules: activity (mg 226Ra), duration (h), geometry

Non-fixed geometry

Limited possibility for individualisation

Large amount of clinical experience

Basis for development of modern techniques

Historical systems

61

Basis for development of modern techniques



Summary

Modern techniques

FLETCHER-SUIT-DELCLOS- STYLE 

TECHNIQUES

Mimicking historical systems

Fixed geometry, capability of adjusting components

Tandem: adjustable lengths, varying curvatures+/-

tungsten shielding in the ovoids

Introduction of 137Cs and  192Ir, afterloading

62

Introduction of Cs and  Ir, afterloading

CT, MRI compatibility

Novel approaches with interstitial component added

Increasing possibility for individualized adaptation



Vaginal mould



Personalized vaginal mould

64



Empreinte vaginale

65

solidification (2 min)
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67





69
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Implantation

71



Bladder repletion

• Impacts the dose delivered to the bladder: ↑

• Impacts the dose delivered to the small bowel: ↓• Impacts the dose delivered to the small bowel: ↓

• No impact on the doses delivered to

� CTVs

� Rectum

� Sigmoïd colon

72

• Ensure a good reproducibility

� PDR:  empty bladder

� HDR: controled fill in 



Clinical examination

73
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75
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no packing
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3D image acquisition

• MRI

� T2 Sequences: axial, sagittal, frontal� T2 Sequences: axial, sagittal, frontal

� Dummy sources

� Water + iodo povidone (bubles)

� Facilitate the applicator reconstruction

� Localize accuratly the tip dwell position

• CT

� Axial slice

79

� Axial slice

� Iodine enhancement



80



Classical Paris technique: orthogonal X rays

81



Prescription system
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Standard Pattern Loading

• The dimensions of the pear shaped isodose • The dimensions of the pear shaped isodose 
depend on:
� Applicator

� Loading pattern

• Different standard loading patterns will result 

83

• Different standard loading patterns will result 
in different tumour and OAR doses



Standard pattern loading

Dimensions of the isodose going through point A

Manchester

small ovoids 

40 Gy ERT

32.5 Gy

H 

W

9.5

6.7

10.0

6.3

Fletcher Dijon

colpostats 20 mm 

40 Gy ERT

42 Gy in 72 h

Vienna

small ring

45 Gy ERT

4 x 7 Gy

8.7

5.7

Paris

moulage

45 Gy ERT

15 Gy

8.9

5.7

84

W

T

HxWxT

Volume

6.7

4.2

267

133

6.3

4.0

252

126

5.7

4.2

208

104

5.7

4.3

218

109

GEC ESTRO Handbook of Brachytherapy



Dimensions of the isodose going through 60 Gy isodose

Standard pattern loading

Manchester

small ovoids 

40 Gy ERT

32.5 Gy

H

W

11.6

8.7

11.7

7.6

Fletcher Dijon

colpostats 20 mm 

40 Gy ERT

42 Gy in 72 h

Vienna

small ring

45 Gy ERT

4 x 7 Gy

10.6

7.7

Paris

moulage

45 Gy ERT

15 Gy

10.7

7.5

85

W

T

HxWxT

volume

8.7

7.2

726

363

7.6

6.3

560

280

7.7

6.7

546

273

7.5

6.6

529

264

GEC ESTRO Handbook of Brachytherapy



Conclusion

• Different schools
� Different applicators
� Different prescription methods� Different prescription methods
� But also similarities

• Clinical outcomes not so different

• Need for a common language

• Development of image-guided brachytherapy

• An opportunity to harmonize the reporting

• GEC-ESTRO recommendations 





Recommendations for 

reporting: 

Target and OAR dose-volumes

in cervix ca brachytherapy                 

ICRU-38 1985 and 

GEC ESTRO 2005 -2006    and GEC ESTRO 2005 -2006    and 

upcoming ICRU –GEC ESTRO report 88



Dose specification in 

Brachytherapy for Cervix Cancer 

Classical

• Point A Dose (“Manchester”)

• 60 Gy isodose level (ICRU 38)



Dose Specification in Cervix Ca

Brachytherapy

NOW: Based on 3 D imaging

• GTV, CTV, PTV

• Organs at Risk, OARs



60 Gy

85 Gy
75 Gy

95 Gy

Pt A

GTV



Individual Adaptation to Anatomy

based on clinical examination and 3D imaging

Adaptation of   

Dose to Rectum

And BladderAnd Bladder

Adaptation of  

Dose toTumour

Tu



Short History of the upcoming 

ICRU/GEC ESTRO Report (88) 

1985 ICRU Report 38: Gynaecologic Brachytherapy

1999 ICRU report committee on 38 Revision

due to various developments in the field, due to various developments in the field, 

e.g. imaging, treatment planning, dose rates



RT&O 2005,2006



Short History of the upcoming 

ICRU/GEC ESTRO Report (88) 

2005/2006 Gyn GEC ESTRO Recommendations I/II 

wide dissemination and acceptance

2009 Relaunch ICRU report committee 38 revision



Purpose of the upcoming ICRU/GEC 

ESTRO Report (88) 

To provide common concepts and termsTo provide common concepts and terms

* for volumes, in particular initial/residual GTV

initial/adaptive CTV, PTV, OAR (3D/4D)

* for radiobiological variations

* for dose volume parameters (3D/4D)

* for the process: planning aims to prescription

* for dose point parameters (2D)



GEC-ESTRO GYNE Group 

TARGET CONCEPT

• Based on Tumor load
GTVGTV
I-CTV Significant microscopic 

disease
L-CTV Potential microscopic 

spread 

• Changes in time
At time of diagnosisAt time of diagnosis

At time of brachytherapy

• Assessment 
By clinical examination
By 3D MR imaging



GEC-ESTRO GYNE Group 

BT-TARGET Definitions

GTV : Macroscopic Tumor at BT

HIGH Risk CTV    : Whole cervix 

assumed residual tumor

INTERMED. Risk CTV : Significant microscopic 
disease at time BT: 

= area of ca. at diagnosis

LOW Risk CTV : Potential microscopic 
= possible tumor 

spread at time of  
diagnosis



GEC ESTRO guidelines for gynae brachytherapy

Potter et al RT&O2005



Cervix Cancer FIGO IB2

significant remission after EBRT 

at diagnosis at time of BT

GTV

GTV

BT 



At diagnosis

At time of Brachytherapy



Definition of GTV

CLINICAL EXAMINATION

Assessment TUMOUR SIZE Assessment TUMOUR SIZE 
TOPOGRAPHY

Accurate and reproducible

DOCUMENTATION

MR IMAGING
high signal intensive zones 
in cervix and surroundings



Definition of

HIGH RISK CTV:

Persistent GTV, 
Always whole cervix
Presumed tumour  extension

Residual edematous zones at CE
Residual grey zones on MRI

NO SAFETY MARGIN

DOSE HIGH ENOUGH TO STERILIZE
MACROSCOPIC TUMOUR



Definition of

INTERMEDIATE RISK CTV:

Stage I diseaseStage I disease

SAFETY MARGINS  (5 - 15 mm)  

around HR CTV according to potential tumour spread

• up to 5 mm AP, limited by bladder or rectum

• 10 mm cranially in uterine corpus • 10 mm cranially in uterine corpus 

+ 5 mm if endocervical tumour in BT only

• 10 mm laterally into parametria

+ 5 mm if   lateralised I B in BT only



IR CTV

Stage IB

HR CTV
GTV

IR CTV



Stage IB

HR CTV GTV

IR CTV



Definition of INTERMEDIATE RISK CTV 

Extensive disease:

Encompasses High Risk CTV

SAFETY MARGINS  (5 - 10 mm) according to

• Initial tumor spread• Initial tumor spread
• Tumor regression
• Always respecting anatomical borders



HR-CTV

IR-CTV

Complete remission

> 10 mm

cervix
Legend

CTV BT Extensive Disease

cervix

Initial tumour extension 

(at diagnosis)

IR-CTV

Partial remission
Residual disease

> 10 mm
cervix

10 mm

cervix
Stable disease 10 mm



Stage II A-IV A 

High Risk CTV: 

- always whole cervix

plus (presumed) residual disease in adjacent tissuesplus (presumed) residual disease in adjacent tissues

Intermediate Risk CTV *: HR CTV + adjacent tissue

-medial parametria ( at least 10 mm* beyond HR CTV)

-upper vagina ( at least 10 mm below os level or HR CTV *)

-nearby uterine corpus-nearby uterine corpus ( at least10 mm* beyond HR CTV) 

*Always including previously involved anatomical sites (GTV at diagnosis)

and respecting anatomical borders



At 

diagnosis

At 

Brachy

therapy



IR CTV Tumor at time

of diagnosis.

GTV

STAGE II 

HR CTV

GTV

IR CTV
of diagnosis.



Tumor at time

of diagnosis.

GTV

Stage II

of diagnosis.

GTVHR CTV

IR CTVIR CTV



Dogma in Brachytherapy

CTV = PTV
Assumption: no uncertainties

• Most likely true for HDR Brachytherapy

• Questionable for LDR/PDR and fractionated

HDR Brachytherapy (one application)

* Target

* Different OAR: Rectum, Sigmoid, Bladder* Different OAR: Rectum, Sigmoid, Bladder

Very few data!

Prospective 3D Image based evaluation needed



margins margins 

orthogonal 

to the 

longitudinal axis

of the sources

result in overall

dose escalation 

Fig. 5.15

dose escalation 

No orthogonal margins



DVH for target volumes

29



ORGANS at Risk

Bladder and Rectum,

Sigmoid, VaginaSigmoid, Vagina



IMAGE GUIDED BT: specific GEC-ESTRO GYNE Group  protocol

Bladder
Sigmoid

Sigmoid Sigmoid

Bladder Rectum
Rectum



ICRU 38: Organs at risk

Defined in the 

1985 report



ICRU BLADDER 

REFERENCE POINT

• EASILY REPRODUCIBLE,

But…

• POOR CORRELATION WITH BLADDER 
COMPLICATIONS



CORRELATION OF ICRU BLADDER 

REFERENCE POINT AND BLADDER 

COMPLICATIONS SHOWN TO BE POOR

YES Crook e.a. 1987

Montana e.a. 1989

NO Stryker e.a. 1988

Cunningham e.a. 1981Cunningham e.a. 1981

Pourquier e.a. 1987

Sinistrero e.a. 1993

Arthur e.a. 1996



“ICRU BLADDER REFERENCE 

POINT UNDERESTIMATES 

MAXIMUM BLADDER DOSE”

Reported by, e.g.:

Hunter ea 1986

Kuipers and Visser 1986

Ling ea 1987

Kapp ea 1992Kapp ea 1992

Barillot ea 1994

Tan ea 1996



MAXIMUM BLADDER 

DOSES

Suggestions by, e.g.:

• Hunter ea 1986

• Ling ea 1987

• Barillot ea 1994

USUALLY 2 to 3 CM more CRANIALLY 

and LATERALLY at the  OVOIDS



CORRELATION RECTAL 

COMPLICATIONS TO ICRU 

RECTUM REFERENCE POINT

YES       Orton and Rosenblum     
1986

Crook ea 1987

Pourquier ea 1987

Joslin ea 1989

Sinistrero ea 1993Sinistrero ea 1993

NO         Arthur ea 1996



Small Bowel

Bladder

Rectum

0.1 cm³

2 cm³

> 5 cm³

Reference Points

V
a

g
in

a



Outer Organ ContourOuter Organ Contour

or

Organ wall contouring ????



The usefulness of organ or organ-wall contouring
in the small-volume-part of the graphs, 

the curves tend to come very close together

25

30

35

40

in
 c

m
3

0

5

10

15

20

25

10 20 30 40 50 60 70 80 90 10
0

bladder

bladder

wall

relative dose

v
o

lu
m

e
in

 c
m

3

D2bext
= D2bw

D5bw

D10bw D5bext

D10bext

Pat #5

30

35

40

i n
 c

m
3

Cut off

-volume

0

5

10

15

20

25

30

10 20 30 40 50 60 70 80 90 10
0

rectum

rectum

wall

D2rext
~D2rw

D5rext

D5rw

D10rext

D10rw

v
o

lu
m

e
i n

 c
m

3

relative dose
Fig.1

(Wachter-Gerstner et al. R&O 2003)

-volume

2-3 cc



DVH for OAR
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Vaginal dose –

DVH, Dose surface histogram, points, dimensions

upper

ventral

42
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Treatment planningTreatment planning

In 

Cervix brachytherapy

Renaud Mazeron

Gustave Roussy



GEC-ESTRO recommendations

A first target related to the extent of GTV at at diagnosisdiagnosis: 

intermediate dose: 60 Gy

Intermediate-risk CTV ▬► isodose envelope prescription

A second target related to the extent of GTV at time of BTat time of BT: 

3

A second target related to the extent of GTV at time of BTat time of BT: 

high dose: 85 Gy

High-risk CTV ▬► Point A prescription



Optimisation on 2D radiographs

• Clinical examination

• ICRU rectum and bladder points

4

Courtesy of Kari Tanderup



Standard Optimised

tandem tandem

5

tandem

ring right

ring left

tandem

ring right

ring left



3D MRI (CT) dose optimization

• Adaptation to size of target

� Large tumours: increased irradiated volume

� Small tumours: decreased irradiated volume to spare normal tissue� Small tumours: decreased irradiated volume to spare normal tissue

• Adaptation to shape of target

� Re-distribution of dwell positions and dwell times

• Adaptation to organs at risk

6

• Adaption of planning aims

� Response to EBRT

� Volume, width

� Treatment time



Adaptation to tumour characteristics 

TITRE DU DIAPORAMA Général 7
Dosimétrie – Optimisation - EMBRACE

Mazeron Radioth Oncol 2015

Tanderup Radioth Oncol 2016



Definitions

• EBRT and BT doses are summed

� BT volumes received 100% EBRT prescribed dose

� IMRT: inhomogeneity!� IMRT: inhomogeneity!

� Dummy volume

• Worst case assumption

� 2cm3 is stable

� Treatment delivery

� In between fractions

• EQD2

� α/β = 10 Gy for tumor

� α/β = 3 Gy for OAR



DVH constraints on total dose

• EQD2 calculations

� Tumor: α/β = 10 Gy� Tumor: α/β = 10 Gy

� OAR: α/β = 3 Gy

� T½ = 1.5 h

• Tumour, D90, planning AIMS

� HR-CTV ≥ 85 Gy

� IR-CTV > 60 Gy

9

• OAR, D2cm3

� Bladder  ≤ 85-90 Gy

� Rectum ≤ 70-75 Gy

� Sigmoid ≤ 70-75 Gy



Tools for dose optimization

• 1. Manual dose optimization• 1. Manual dose optimization

• 2. Graphical optimization / Dose shaper

• 3. Inverse planning

10



� 1. Manual optimization
Normalisation on reference points = Standard loading

11



� Normalisation on reference points

Modified loading

12



• Absolute dwell times

Standard loading pattern

13



• Absolute dwell times 

Modified loading pattern

14



Graphical optimization

Provided by C. Kirisits, Medical University of Vienna



Graphical optimization

Provided by C. Kirisits, Medical University of Vienna



Graphical optimization

Provided by C. Kirisits, Medical University of Vienna



3. Inverse dose optimisation

• Controlled by DVH constraints

• Weighting factors for different structures

18



Case from real life

• FIGO IIB with posterior involvement of the bladder

• Pelvic EBRT 45 Gy• Pelvic EBRT 45 Gy

• Concomitant chemotherapy

• MRI guided BT

• Intracavitary

• Vaginal mould• Vaginal mould

• PDR (imagine % for HDR users)

• HR-CTV = 38 cm3

• Brachyvision ® (Varian Medical System)
19



Delineation

20



Delineation (2)

21



3D view

22



Planning aims

HDREQD2

• D90 CTVHR ≥ 85 Gy ≈ 7 Gy x 4

• D90 CTVIR > 60 Gy ≈ 3.5 Gy x 4

• D2cm3 Bladder  ≤ 85 Gy ≈ 5,9 Gy x 4

• D2cm3 Rectum ≤ 70-75 Gy ≈ 5 Gy x 4

HDREQD2

• D2cm3 Rectum ≤ 70-75 Gy ≈ 5 Gy x 4

• D2cm3 Sigmoid ≤ 70-75 Gy ≈ 5 Gy x 4



1 st setp: Applicator reconstruction

24



2 nd step: Activation 

25



3 rd step: Plannification

26



Manual optimization

HR-CTV

250% isod

27



Manual optimization (2)

28



Manual optimization (3)

29



Manual optimization (4)

30



Manual optimization (5)

D2cm3

31

D2cm



Manual optimization (6)

32



Manual optimization (7)

33



Manual Optimization (8)

34



PDR specificity

• Adaptation of the number of pulses

• Respect max dose / pulse of 0.5 – 0.6 Gy

• Number of pulses ranging from 30 to 60 • Number of pulses ranging from 30 to 60 

• Example: 60 pulses

• Dose per pulse:

35



EqD2 (1)

36



EqD2 (2) 

Absolute dose EqD2 EBRT + BT Planning aims

D90 HR-CTV 41.35 44.4 88.7 85

D90 IR-CTV
23.20 22.4 66.7 60

D2cm3 Bladder 32.48 34.1 77.3 80

D2cm3 Rectum 25.20 24.0 67.2 70

D2cm3 Sigmoid 13.08 10.4 53.6 70?

37



Inverse planning (1)

38



Inverse planning (2)

39



Inverse planning (3)

40



Inverse planning (4)

41



Inverse planning (5)

Manual IP full IP moy IP low

D90 IR-CTV (%) 100 100 100 100

D90 HR-CTV (%) 97.2 94.4 94.5 94.5

D2cm3 bladder (Gy) 34.6 30.5 33.1 33.9

D2cm3 Rectum (Gy) 26.5 27.5 28.3 31.5

42

D2cm3 Sigmoid (Gy) 13.5 13.4 16.4 20.0

V15 Gy (cm3) 213 194.40 246.5 333.3



Equivalent plans?

43



Should we give up the points?



X

ICRU bladder



ICRU bladder point



ICRU recto-Vaginal point

47Kirchheiner et al. Radiother Oncol 2016



Even more points…



EMBRACE II

49



Conclusion

• From 2D to 3D and image guided BT

• GEC-ESTRO recommendations• GEC-ESTRO recommendations

• Continuous and progressive development over 100 years

• Looking forward for

� Clinical outcomes 

� Morbidity

� Dose constraints

� Nomograms / Personalization of planning aims

50



Results and complications 

of 3D brachytherapy for 

cervical cancer

Peter Hoskin

Mount Vernon Cancer Centre



Advantages of 3D 

brachytherapy

• Point doses shown to be unrepresentative

• Cross sectional imaging enables

– Accurate verification of applicator position

– Accurate definition of normal tissue dosimetry

– Opportunity for conformal dose distributions to 

tumour volume



Results and complications 

of 3D brachytherapy for 

cervical cancer

• Dosimetric

• Tumour control

• Complications



16 patients planned with conventional x-rays

Reconstructed on MR images and replanned 

to optimise with following constraints:

RT&O 2008

HR CTV: D90  ≥ 85Gy10

Rectum D2cc 75Gy3

Sigmoid D2cc 75Gy3

Bladder D2cc 85Gy3



Tumour dose

RT&O 2008

HR CTV  D90 <85GyHR CTV  D90 <85Gy10

X-ray: 13/16

Optimised: 11/16

Mean dose increase 

3Gy optimised



RT&O 2008

Normal tissues

Exceeding constraints Xray Optimised

Bladder 10/16 None

Sigmoid 7/16 None



24 patients

Ib to Iva Ca Cx

Standard plans 

RT&O 2009

Standard plans 

using orthogonal 

films 

vs

MR defined 

volumes and 

optimisation



Prescription dose 84Gy

Standard Optimised

HRCTV D90 79Gy 89Gy

RT&O 2009

HRCTV D90 79Gy 89Gy

BladderD2cc 77Gy 81Gy

Rectum D2cc 61Gy 66Gy

Sigmoid D2cc 60Gy 61Gy

Bowel D2cc 65Gy 62Gy



Results and complications 

of 3D brachytherapy for 

cervical cancer

• Dosimetric

• Tumour control

• Complications













Local recurrence free survival



Validation of GEC ESTRO Guidelines

EMBRACE
A 

European study on 

MRI-guided MRI-guided 

brachytherapy in locally advanced 

cervical cancer

IntErnational study on

MR guided BRachytherapy in

Locally Advanced CErvical Cancer





Stage related local control

121                  110                  83                 54                    33                     21          1B

45                    40                    36                 29                   13                      9            2A

347                  277                  224               168                 108                    71          2B

16                    12                    9                   7                      3                       2            3A

132                  98                    57                 40                    18                     9            3B

22                    12                    7                   5                      4                       6            IVA



Dose Response forlocal control 
(RetroEMBRACE) 

Relationship between
EBRT-C+BT dose and local
control
Based on retroEMBRACE,

Figure 1.2.4: Relationship between EBRT-C+BT dose and local control from retroEMBRACE patients

(Tanderup et al, unpublished data)

Based on retroEMBRACE,
n=592 patients

(Tanderup et al, ESTRO Geneva 2013)



et al

225 patients: 25% IB2, 50% IIB, 10% IIIB



et al

225 patients: 25% IB2, 50% IIB, 10% IIIB



et al

225 patients: 25% IB2, 50% IIB, 10% IIIB



Results and complications 

of 3D brachytherapy for 

cervical cancer

• Dosimetric

• Tumour control

• Complications



46 patients ca cx

46Gy/23f  

3 x 10Gy HDR

IJROB 1997

3 x 10Gy HDR



Correlation between 

ICRU point doses and 

rectal and bladder 

toxicity unpredicatble



IJROB 2011

141 patients:  Median follow up  51 months

45Gy + 28Gy IGBT





Rectum D2cc 

Georg et al 2011, 141 pts

≥G2 (mainly rectal bleeding)

60Gy    75Gy

<2%      12%



Toxicity





et al.

Vaginal stenosis greater when

Stage IIa IIIa or EBRT >45Gy



et al.

N=50

EORTC QLQ C30 

EORTC QLQ Cx24



et al.

N=50

EORTC QLQ C30 

EORTC QLQ Cx24



et al.

N=50

EORTC QLQ C30 

EORTC QLQ Cx24



Overall Survival locally advanced cervical cancer:

the impact of brachytherapy 

13%

Total 

25% increase in

Overall Survival

Han et al Int J Radiation Oncol Biol Phys 2013;87:111-119

Sturdza et al. Improved local control and survival in LACC through Image guided adaptive brachytherapy, submitted

13%

12%



Re-irradiating head and 
neck cancers and pelvic

recurrences: from 
brachytherapy to SBRTbrachytherapy to SBRT

Isacco Desideri,

Radiation Oncology Departement – University of 
Florence



Outline

• The burden of loco-regional recurrence

• Re-irradiation: is there any evidence?• Re-irradiation: is there any evidence?

– after salvage surgery

– unresectable disease

• Open issues & future perspectives



Where do we fail
in head and neck cancer?

104 trials 

(1965 – 2000)

Michiels S, Lancet Oncol 2009

MARCH1

MACH-NC2

51%

(1965 – 2000)

1Bourhis J, Lancet 2006

2Pignon JP, Radiother Oncol 2009

50%

47%

27%



RTOG 91-11 RTOG 95-01

46% vs 33% vs 49% (5-y) 25% vs 16% (5-y) 

RTOG 0522 RTOG 0129

8-year LRF: p16+ 19%   

p16- 52%

20% vs 26% (3-y) 31% vs 34% (5-y) 



• Surgery: the most effective curative-intent tx

- half or less of pts are amenable to salvage

- > 25%: major post-op complications

• Long-term survival achieved in 1/3 of cases

⎼

The burden of                    

loco-regional recurrence

• Long-term survival achieved in 1/3 of cases

⎼ best if: rT1; larynx vs other sites

⎼ meta-analysis on 1080 pts: 5-y DFS 39%
Goodwin WJ, Laryngoscope 2000 

• Rate of 2nd recurrence still high (up to 60%)

- poor outcome if adverse pathologic features



Re-irradiation after salvage surgery
• 130 pts randomized to 60 Gy, 2 Gy/fx (d 1–5; 9-d break) 

with concomitant HU, FU vs observation

Janot F, J Clin Oncol 2008

• LRC: HR 2.73 
(95% CI, 1.66 to 4.51; 

p < .0001)

• DFS: HR 1.68
(95% CI, 1.13 to 2.50;   

p <.01)

• G3/G4 late 

toxicity (2-y): 

39% vs 10%



• Selected pts with high risk features (R1, ECE) 
should be considered for post-op re-RT

• 40-50% OS @ 2 years may be achieved

• Severe toxicity in > 1/3 of pts;                      

So, is it standard practice?

• Severe toxicity in > 1/3 of pts;                      
treatment mortality up to 8%               

1. 60 Gy/2 Gy fx, split-course over 11 weeks?

2. role of chemotherapy?

3. impact of hyperfractionation? IMRT?



R
e
s
p

o
n

s
e
 r

a
te

 (
%

)

40

30

OR=2.33 

[ 95%[CI: 1.50–3.60]

p<0.001
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Unresectable recurrence:          
real world scenario

Median PFS: 5.6 mo with cetuximab vs 3.3 mo

without (HR 0.54; 95% CI, 0.43 to 0.67; p < 0.001)

CT 

(n=220)
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)

CT + Cetuximab

(n=222)

20

0

10

p<0.001

20

CR=0.9 CR=6.8

Updated from Vermorken et al. NEJM 2008
Vermorken J, N Eng J Med 2008



36

Unresectable recurrence:          

real world scenario

Updated from Vermorken et al. NEJM 2008
Vermorken J, N Eng J Med 2008

• no difference in OS between pts with metastatic/recurrent

and locoregional recurrence only p=0.06



Re-irradiation for           

unresectable disease

• 3D-CRT

• IMRT• IMRT

• Brachytherapy

• SBRT



Benchmark data: 3D-CRT

Author

N,    

study 

type

Interval to 

ReRT

(months)

Re-irradiation CT
G3/G4 late 

toxicity, TRD

2-year 

outcome

? ? G3/G4: up to 40%

TRD: up to 10%
2-year OS: 10 to 30%



IMRT: Gent University
• 60 patients (1997 – 2011); 69.1 Gy/212 cGy fx

• LRC: 
- 1-y: 64%

- 2-y: 48%

Duprez F, Radiother Oncol 2014

• PFS (median):

6.7 months

• G3/G4 late toxicity:   

27% (2-y)



Brachytherapy



• 220 patients treated between 1979 and 1997 for recurrent SCCHNC 

originating from various sitesoriginating from various sites

• Median retreatment dose: 53 Gy

• Mean tumor Volume: 68.75 cc

• Interstial Hyperthermia: 60% of patients

• Concurrent chemotherapy: 40% patients

Puthawala et al , Int J Radiat Oncol Biol Phys 2001 



• 2-year LC: 67%

Local Control

• 27% G3/G4 
late toxicity

• Most frequent
toxicity: 
Mandibular
radionecrosis 
(56%)



• 30 patients previously
irradiated by EBRT

• 36 sites of disease
treated with HDR-IBT

• Mean tumor dose 34 Gy • Mean tumor dose 34 Gy 
(18-48 Gy) 

• Bid fractions (300/400 
cGy)

• 1 year-LC: 69%

• 2-years DFS: 45%

• 2-years OS: 37%

• G3/G4 toxicity: 16%



• From 2000 to 2007, 74 patients were treated for 
inoperable recurrent cervical lymphadenopathy.

• All patients had previously been treated with • All patients had previously been treated with 
radical radiotherapy or chemoradiation with or 
without surgery. 

• The HDR-BRT delivered a median salvage dose of 
30.0 Gy (range, 12.0–36.0 Gy) in twice-daily 
fractions of 2.0–5.0 Gy in 71 patients and of 30.0 
Gy (range, 10.0–36.0 Gy) in once-daily fractions of 
6.0–10.0 Gy in three patients.

Tselis et al. Radiother Oncol 2011



• The overall and disease-free survival rates 
at one, two and three years were 42%, 
19%, 6%, and 42%, 37% and 19%, 
respectively. 

• The local control probability at one, two 
and three years was 67% at all three time 
points. 

• Grade III–IV complications occurred in 
13% of patients.

Tselis et al. Radiother Oncol 2011

• At a median follow-up of 10 months, a total of 17 (23%) patients experienced 
neck disease progression. Of those, 11 patients had progression on the periphery 
or outside the implanted volume and six patients within the implanted volume.



LDR and HDR-brachytherapy for recurrent cancer of the 
head and neck 

Study
Patients 

(N)
Salvage treatment Toxicity Grade III-IV Outcome

Kupferman et 

al.
22 Surgery + 192Ir-LDR-BRT median 60 Gy (range 20-60 Gy) 23%

2 y OS = 57%

2 y LC = 67%

Housset et al. 23
192Ir-LDR-BRT 65 Gy in two session separated by 1 month (35 Gy + 30 

Gy)

36%, 

4% Grade V toxicity

1 y OS = 26%

2 y OS = 13%

Bollet et al. 84
a) 192Ir-LDR-BRT mean 56.5 Gy (range 30-112 Gy) / (n = 72) 

b) 192Ir-LDR-BRT + EBRT mean 38 Gy (range 23.6-50 Gy) / (n = 12)

35%, 

7% Grade V toxicity

1 y OS = 33%

2 y LC = 31%

Cornes et al. 39 Surgery + 192Ir-LDR-BRT mean 49.5 Gy in 5 days 23%
2 y OS = 38%

1 y LC = 63%

Puthawala et 

al. 
220 192Ir-LDR-BRT median 53 Gy (range 35-65 Gy) 27%

2 y OS = 43%

2 y LC = 69%

Hepel et al. 30 192Ir-HDR-BRT mean 34 Gy (range 18-48 Gy) 16%

2 y OS = 37%

2 y LC = 45%

Narayana et 

al. 
30

a) Surgery + 192Ir-HDR-BRT 34 Gy / (n = 18)

b) 192Ir-HDR-BRT 40 Gy / (n = 9)

c) EBRT 40-50 Gy + 192Ir-HDR-BRT 20 Gy / (n = 3)

13%

no Grade IV 

toxicities

2 y OS = 63%

2 y LC = 71%

Tselis et al. 74
a) 192Ir-HDR-BRT median 30 Gy (range 12-36 Gy) / (n = 69)

b) 192Ir-HDR-BRT + EBRT median 30.6 Gy (range 20-45 Gy) / (n = 5)
13%

2 y OS = 19%

2 y LC = 67%

Kolotas et al. 49 192Ir-HDR-BRT mean 31.5 Gy (range 30-36 Gy)

4%

no Grade IV 

toxicities

2 y OS = 31%

Rudzkiankas

et al.
30

a) Surgery + 192Ir-HDR-BRT 30 Gy / (n = 13)

b) 192Ir-HDR-BRT 30 Gy / (n = 17)
3%

2 y OS = 47%

2 y LC = 67%



• 104 patients (1999 – 2008), PDR up to 55 Gy
- 51%: after R1/R2 salvage surgery

- 26%: SPT’s

- 60% oral cavity

- median implant volume 26 cm3

Interstitial PDR brachytherapy (1)

• LRC:   

2-year: 92%

• G3/G4 toxicity: 

10 – 18%

Strnad V, Strahlenter Onkol 2015 



• Salvage brachytherapy in 
combination with external 
beam radiotherapy (EBRT) 
was performed in 23/104 
patients (32 %)

Interstitial PDR brachytherapy (2)

patients (32 %)

• Concomitant chemotherapy
was administered in 58/104 
(55.8 %) patients

Strnad V et al. Strahlenther Onkol 2015



Stereotactic body Stereotactic body 
radiotherapy



Prescription @80% IDL, 90% coverage

Dose constraints:

Spinal cord <= 8 Gy

Larynx <= 20 Gy

Mandible <= 20 Gy

Brainstem <= 8 Gy

Oral cavity no reported

Heron et al. IJROBP 2009



• The overall response rate in this group 

of heavily pre-treated patients was 28% 

(CR + PR). 

• No Grade 3 or 4 toxicities were noted

Metabolic response may 

precede anatomic response 

seen on CT good agreement

between PET and CT for the 

assessment of CR and PD.

Heron et al. IJROBP 2009



Heron et al. IJROBP 2009



Heron et al. IJROBP 2009



CTV=GTV+5mm PTV=CTV+1mm

Comet et al. IJROBP 2011

CTV=GTV+5mm PTV=CTV+1mm

6 x 6 Gy @ 85% in 95% of PTV

Treatment duration 11 to 12 days

Only spinal cord dose constraint of Dmax <= 6 Gy

Concurrent cetuximab: 400mg/qm loading dose, then 

4x 250 mg/qm

Lartigau et al. Radiother Oncol 2013



• G3 toxicity: 18 patients

• G5: 1 patient (bleeding and malnutrition)

Median PFS 7.1 months.Median OS 11.8 months



• Treatment-related carotid blow-out syndrome was observed in 8 patients
(17.8%), 7 (15.2% of whom died of bleeding from carotid.

• Bleeding was not statistically significantly related to tumor volume (p• Bleeding was not statistically significantly related to tumor volume (p
=0.682), response to treatment (p = 1.00), sex (p = 0.698), or time elapsed
between SBRT and previous radiotherapy (p = 0.113). However, when the
dose received by the carotid artery was grouped as <100% of the
prescribed dose, a significant relation was observed between the carotid
artery dose and bleeding (p = 0.021). None of the patients with carotid
artery dose <100% experienced carotid blow-out syndrome.

• Bleeding occurred only in patients whose carotid artery walls were
circumscribed by the tumor with a degree of >180 (p = 0.073).

Cengiz et al. IJROBP 2011



SBRT: Pittsburgh phase II
• 50 patients (2007 – 2013)                                                 

- 40/44 Gy in 5 fx + 3 cycles Cetuximab

• Endpoint: 1-year locoregional PFS from 35% to 55% 

• PFS (median):

Vargo A, Int J Radiat Oncol Biol Phys 2015 

• PFS (median):

7 months

• G3/G4              

late toxicity:   

6% (no G4)

- local progression-free survival: 60% (1-y)



No grade IV toxicity present study
No carotid blow out syndrome
difference in oropharyngeal cancer patients( HPV +)
between the French trial (80%) and the presented study
(42%) may explain the slight survival differences

Vargo et al, IJROBP 2015



• There were no significant differences in local control, distant control, or
overall survival by reirradiation interval, treatment platform (cyberknife

Vargo et al, IJROBP 2015

overall survival by reirradiation interval, treatment platform (cyberknife
/Triology/ Truebeam), or second primary versus local recurrence.

• Recurrent GTV (<25 cm3) was associated with significantly improved
locoregional PFS (1 year, 53%, and 22%, p 0.029%) and overall survival (1
year, 70%, and 22%,p <0.01).

• The combination of 40 to 44 Gy over 5 fractions plus 3 doses of Cetuximab
translated into a 67% relative increase in median OS (10 vs. 6 months ) with
acceptable toxicity compared to previous phase I study.

• Short overall treatment time and low rates of acute toxicity which allow
patients with a generally poor prognosis to complete a potentially aggressive
salvage therapy without compromising QoL





Potential pitfalls when
reirradiating H&N reirradiating H&N 
tumors



Yamazaki et al. radiotherapy and oncology 2015



Yamazaki et al. radiotherapy and oncology 2013



Yamazaki et al. radiotherapy and oncology 2015



Yamazaki et al. radiotherapy and oncology 2015



Alternated day treatment is better: Sequentially 16%  developed CBOS, whereas only  

12%  patients who received treatment every alternate day (group II) developed CBOS. 

Only 14%  patients with CBOS survived in group I, whereas 50% in group II who 

developed CBOS survived.



mortality rate from CBS was 5.8% (22/381), and of the total number of CBS 

patients, the mortality rate was 68.8% (22/32). The median survival time after 

CBS was 0.1 month and the 1-year survival rate was 37.5%

Yamazaki et al. radiotherapy and oncology 2013



In multivariate analysis, only skin invasion is 

identified as statistically significant prognostic 

factor after CBS

Yamazaki et al. radiotherapy and oncology 2013



-The 1-year survival rate for the skin invasion (-) group was 42%, whereas 

no patient with active skin invasion survived beyond

4 months (0% at 1 year, p = 0.0049)

- Patients with necrosis/infection formation at CBS onset showed

17% of 1-year survival rate, whereas 67% of value was identified in

counterpart (p = 0.003)
Yamazaki et al. radiotherapy and oncology 2013



Patients treated 1.8–2-Gy daily fractions or 1.2-Gy twice daily fractions rate of CBS 
was 1.3%.

Patients treated with 1.5-Gy twice daily fractions over alternating weeks or with 
delayed accelerated hyperfractionation received concurrent chemotherapy, and the 
rate of CBS was 4.5% (p = 0.002). 

Intensity-modulated radiation therapy (IMRT) series reported bleeding rates of 0–3%.

6.6% of CBS ratio in SBRT seems to be higher than conventional Fraction.

Yamazaki et al. radiotherapy and oncology 2013

Careful attention should be paid to the occurrence of CBS if the tumor is located 

adjacent to the carotid artery. The presence of skin invasion at CBS onset is 

ominous sign of lethal consequences.



Assessment  of  the impact of retrospectively adding 

margins/automated PET volumes to the gross tumor volume 

(GTV) in patients with post-SBRT recurrences.



Target Volume delineation

• Pre-treatment planning scans and GTVs were deformed to
posttreatment follow-up scans -> Use of deformable registration to
analyze patterns of failure.

• Recurrent tumors were categorized: In-field (>75% inside GTV), Overlap
(20–75% inside GTV), Marginal (<20% inside GTV but closest edge within
1 cm of GTV), or Regional/Distant (more than 1 cm from GTV). In-field,
Overlap, and Marginal failures were considered local failures



If internal physiological 

variations such as respiration 

and swallowing movements 

were anticipated, the contour 

was slightly overdrawn especially 

in the superior–inferior direction in the superior–inferior direction 

and was defined as the internal 

target volume (ITV).



Re-irradiation & local control: size
DOES matter

Rwigema JCM et al AJCO 2011



New concepts: HPV status as predictor factor of
response to SBRT

Davis KS et al. Oral Oncology 2014



• Lack of high quality data to recommend

So, is it standard practice?

NO

re-RT for unresectable disease

- heterogeneity

- case mix

- significant sources of bias

- difficult interpretation



Open issues

• Technical feasibility: challenging
- dose constraints? Normal tissues recovery?
- GTV-CTV expansion? Volumes?

• Recurrent SCCHN: heterogeneous group• Recurrent SCCHN: heterogeneous group
- HPV positive
- HPV negative
- SPT’s

• Integration with CT
- what drugs? Sequential or concurrent

schedule? Maintenance?



Who may then benefit from   
re-RT?

• Organ dysfunction

• Comorbidity

Tanvetyanon T, J Clin Oncol 2009

Riaz N, Radiother Oncol 2014

• Interval from 1st RT: > 6 mo

• rT stage: < T2

• Tumor bulk: < 25 cm3

• Re-RT dose: > 60 Gy



Future perspectives



Summary #1
• Proper patients’ selection:               

crucial factor

• Re-irradiation after salvage surgery: • Re-irradiation after salvage surgery: 

increases LRC but also late toxicity

• Re-irradiation for unresectable

disease: tailored decision on a         

case-by-case basis



Summary #2

• Urgent need to fill the gap of evidence

• Prospective data required to assess: 

- technical issues- technical issues

- patterns of failure

- late toxicity

- imaging & translational research



PELVIC RECURRENCES



SBRT re-treatment of pelvic

recurrences: a different scenario
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Endometrial cancer

Primary Radiotherapy 

Peter HoskinPeter Hoskin

Mount Vernon Cancer Centre



Endometrial Cancer: staging

UICC 2009

Stage IStage I: confined to uterus

Ia: invasion <50% myometrial depth

Ib: invasion >50% myometrial depth

Stage IIStage II: invasion of cervixStage IIStage II: invasion of cervix

Stage IIIStage III: Extension outside uterus within 

pelvis

Stage IVStage IV: Invasion of bladder rectum or 

distant spread



Endometrium Cancer: 

Principles of management

• Stage I, II and III:Stage I, II and III: Surgery +/- postop RT

Total Abdominal Hysterectomy plus  

Bilateral salpingo-oophorectomy 

+/- lymph node sampling or dissection+/- lymph node sampling or dissection

• Stage I, II and III, unfit for surgeryStage I, II and III, unfit for surgery

Stage IVStage IV

Primary radiotherapy



Endometrial cancer: 

uterus in situ

• Surgery contraindicated:

– gross obesity

– general frailty– general frailty

– coexisting medical conditions:

• diabetes

• cardiovascular

• thrombosis



Primary radiotherapy

• Stage I/II:     Low/intermediate risk

– BRACHYTHERAPY alone

• Stage I/II: High risk• Stage I/II: High risk

• Stage III & IV

– External beam to CTV including whole 

uterus and pelvic nodes: 45 - 50.4Gy

– BRACHYTHERAPY  boost



Endometrial cancer: 

uterus in situ……applicators

• Classical method: Heymann’s capsules

• Modified tube & ovoids

• Rotte Y applicator

• HDR: Heymanns capsules (Norman-Simon)

Multistem  Y intrauterine applicator

Single line source: weighted dwells





Heymans capsules

In situ











Dose calculation and 

prescription

• Accurate definition of CTV only 
possible on cross sectional imaging

• On MR HRCTV and IRCTV can be 
defined

• If 3D imaging not available at brachy
should be reconstructed from 
diagnostic films



Dosimetry points for uterine BT

My = prescription point







Actual dosimetry using modified Heyman’s 

capsules Weitmann et al 2005 

Min CTV D90CTV MinGTV Bladder Rectum

dose dose dose D2cc      D2cc

1 4.6 9.7 126.5 10.3 X

2 10.5 24.2 38.3 29.8 16.4

3 10.8 24.5 77.7 7.9 18.9

4 10.6 26.2 34.9 31.4 6.3

5 17.4 35.3 99.1 41.6 17.8

6 19.5 41.8 79.3 78.6 17.16 19.5 41.8 79.3 78.6 17.1

7 29.8 58.7 48.8 44.6 8.7

8 18.8 45.1 76.1 77.7 11.0

9 20.0 27.5 36.7 144.6 21.1

10 48.4 82.6 74.4 67.3 63.2

11 52.6 65.9 99.3 117.4 59.7

12 52.8 66.2 172.8 72.1 X

13 9.3 22.5 35.5 37.0 5.5

14 14.0 30.0 71.8 79.3 7.3

15 11.0 24.0 33.3 14.7 11.4

16 53.0 58.5 70.6 67.1 62.2



Uterus volume covered by reference 
volume

Mock et al. Strahlenther Onkol 1998: 174; 320-8

uterus 

volume 

outside 

reference reference 

isodose

reference 

isodose 

outside 

uterus 

volume

= 60 Gy volume



Poor dose distribution

Weitmann et al. IJROB 2005



OAR limitations

GEC ESTRO Gyn

tolerances used:

Rectum<75Gy

Sigmoid < 70-75GySigmoid < 70-75Gy

Bladder < 80Gy



Image assisted BT for 

endometrial carcinoma

• Large parts of CTV (uterus) and GTV 
could be encompassed by the 60 Gy and 
100 Gy isodose, respectively......but D90 
reached 60Gy or more in only 68%

Weitmann et al. IJROB 2005

• Majority of patients with local tumor 
control.

• Side effects are negligible, because 
significant high doses in the OAR can be 
reduced or avoided.



Treatment outcome: Heymann’s capsules alone 

for endometrial  cancer

Weitmann et al 2005

16 patients



Intracavitary brachytherapy 

for endometrium

PDR HDR 2Gyeq

αβ10 αβ3.5αβ10 αβ3.5
BRACHYTHERAPY ALONE

75Gy/2f 42Gy/6f 59.5Gy

80.2Gy

AFTER 45Gy EXT BEAM

22Gy/1f 28Gy/4f 83.9Gy

96.9Gy



1986-2006

44 PATIENTS

Brachytherapy 2009

6000cGy LDR

(2 X 3000cGy)



Vienna 1981-1992
HDR 8.5Gy x 4-5

Knocke et al 1997]



Late side effects (actuarial)

mild       moderate       severe           Total

bladder

rectosig

 

 

2 .1 %  

 

0.7 %  

 

0.4 %  

 

3 .2 %  

 

7.9 %  

 

3.8 %  

 

0.4 %  

 

12.1 %  

(Knocke et al. IJROBP 1997)

small

bowel

vulvo-

vaginal

Total

 

1 .9 %  

 

1.4 %  

 

2.1 %  

 

5 .4 %  

 

7.2 %  

 

2.1 %  

 

0.7 %  

 

10.0 %  

 

19.1 %  

 

8.0 %  

 

3.6 %  

 

30.7 %  

 

 



Inoperable stage I 

endometrial 

cancer

Wisconcin 

method

Van Nugyen et al 1998



Inoperable stage I endometrial cancer
Van Nugyen et al 1998



Inoperable endometrial cancer (Quebec)
Nyazi et al 2005



Inoperable endometrial cancer (Quebec)
Nyazi et al 2005

n=38



Ext beam 45-50Y + 5x4Gy HDR (35)

HDR alone 7Gyx5 (14)

IJROB 2008

84% BMI>35kg/m2

49 patients



3yr 5yr

IJROB 2008 IJROB 2008

Cause specific survival 93% 87%

Overall survival 83% 42%

Late Grade 2 or more toxicity 13% 13%



38 patients:     20 BT alone               37.5Gy in 5-6#

18 EBRT 45Gy + BT 20Gy in 4-5 #

CTV = uterus, cervix, upper half  vagina ± lymph nodes





et al

SEER analysis: 460 patients

Use of  brachytherapy



Endometrial Cancer: brachytherapy

•Primary treatment of  Stage I / II

•Alone for Low/intermediate risk

•After external beam for high risk

•Post operative treatment of  Stage I / II•Post operative treatment of  Stage I / II

•Alone for intermediate risk

• After external beam for high risk with 

cervical involvement

•Primary treatment of  Stage III / IV 

•with external beam



Endometrial cancer

Postoperative 

brachytherapy

Peter HoskinPeter Hoskin

Mount Vernon Cancer Centre



Endometrial Cancer:
Adenocarcinoma of uterine mucosa

•Prognostic factors: 

–Stage:

–depth of myometrial infiltration –depth of myometrial infiltration 

–tumour beyond the uterus 

–nodal involvement

–Pathology

–high tumour grade

–serous papillary and clear cell variants

–lymphovascular invasion



Endometrial Cancer: staging

UICC 2009

Stage IStage I: confined to uterus

Ia: invasion <50% myometrial depth

Ib: invasion >50% myometrial depth

Stage IIStage II: invasion of cervical stromaStage IIStage II: invasion of cervical stroma

Stage IIIStage III: Extension outside uterus within 

pelvis

Stage IVStage IV: invasion of bladder rectum or 

distant spread



Endometrium Cancer: 

Principles of management

• Stage I, II and III:Stage I, II and III: Surgery +/- postop RT

Total Abdominal Hysterectomy plus  

Bilateral salpingo-oophorectomy 

+/- lymph node sampling or dissection+/- lymph node sampling or dissection

• Stage I, II and III, unfit for surgeryStage I, II and III, unfit for surgery

Primary radiotherapy



Adjuvant post-hysterectomy treatment for  

localised endometrial cancer

Risk based on:

• Grade 2 or 3

• Myometrial invasion greater than 50%

• Cervical stromal invasion (Stage 2)• Cervical stromal invasion (Stage 2)

• Lymphovascular space invasion (LVSI):

• LOW: none of these

• INTER: one of these

• HIGH: two or more



Adjuvant post-hysterectomy treatment for  

localised endometrial cancer

Additional considerations: 

• High intermediate: two of the following……
– Age>60, G3, IB, LVSI

• Type I & 2 based on obesity, hyperlipidaemia, 
late menopause, anovulatory bleeding, infertility

• Genomic analysis



Bosse et al

Subset all with 

Substantial LVSI



Adjuvant post-hysterectomy treatment 

for  localised endometrial cancer

• No treatment

• Vaginal vault BT• Vaginal vault BT

• External beam

• External beam + VV BT



Intravaginal Brachytherapy in FIGO 

Stage I Low-Risk Endometrial Cancer: 

A Controlled Randomized Study.

Bengt et al IJ GYNAEC ONCOL 2009,

• 645 patients:       Grade 1 or 2; Stage IA or IB

Surgery            Surgery + VBT

n=326                n=319

Vaginal relapse                  3.1%                     1.2%    
[p=0.114]

G1/2 urinary toxicity 0.6%                     2.8%



Adjuvant post-hysterectomy treatment 

for  localised endometrial cancer

• No treatment: 

– low risk

• Vaginal vault BT: • Vaginal vault BT: 

– intermediate risk, no LVSI

• External beam: 

– intermediate risk with LVSI, high risk

• External beam + VV BT: 

– high risk with stage II



Applicators

• Standard

– Cylindrical single line source

– Ovoids– Ovoids

– Ring

– Multichannel

• Customised

– Individual moulds



Vaginal Cylindrical Single line source



Vaginal multichannel 

applicator



Mould Applicator (IGR Paris)

postoperative vaginal Brachytherapy



Vault brachytherapy:CTV

• Vaginal scar

• Submucosal lymphatics to 5mm depth

• ? vaginal length
– Cuff only

– Upper one third– Upper one third

– Upper two thirds

– Entire vagina

• Typical volume:
– 3 to 5 cms length

– 5mm depth



Dosimetry for post operative 

vaginal vault brachytherapy

Reference Volume encompassed by 

the Reference Isodose at 5 mm from 

the applicator surfacethe applicator surface

Length of the Reference Volume:

• 2-5cm

• Upper third of vagina



Weighted cylinder

Ovoids

mucosal surface







100ml

Empty



Effect of bladder volume

Max bladder dose Small bowel volume

Empty 70ml reduction with 70ml

5.2Gy 5.9Gy 45%

(5.5Gy at 0.5cm prescription)

Hoskin and Vidler 1988



Importance of  applicator angle

Neutral position

increases 

rectal doserectal dose

Clamping parallel to

couch minimises

bladder and rectal

doses



IJROB 2010

25 PATIENTS: 6FRACTION VAULT BRACHYTHERAPY

90 AIRPOCKETS IN 150 PROCEDURES (60%)



IJROB 2010

Persistent air pockets over 6 fractions

Average dose reduction 27% (9-58%)



105 consecutive patients: 21.6Gy/4f

All CT imaged before fraction 1

Humphries et al. BJR 2013



• Proximal 3 to 5 cm vagina treated

• Dose prescribed to surface or 0.5cm

• Definitive recommendations for dosimetry

imaging ‘an open question’

• Dose recommendations …unhelpful







Prescription dose

Brachytherapy alone

PDR: 30Gy at 5 mm5 mm

(0.5Gy/hr)(0.5Gy/hr)

HDR : 21Gy in 3 fr. at 5 mm5 mm

(7 Gy per fraction) 



Prescription dose

Brachytherapy in combination with EBRT

after 40-45Gy in 20-25f  EBRT

PDR: 20Gy (0.5Gy per hour)

HDR: Total dose (2Gy equ)

αβ10 αβ3.5

45Gy/25f  + 15Gy/3f 63.0 72.7

48.6Gy/27f  + 8Gy/2f 57.1 57.6



Vaginal vault 

brachytherapy: doses

• Sole treatment

PDR HDR

surface 45Gy/30hrs 35Gy/3f

5mm 30Gy/30hrs 21Gy/3f5mm 30Gy/30hrs 21Gy/3f

• Boost after 40-45Gy external beam

PDR HDR

surface 30Gy/20hrs 22Gy/3f

5mm 20Gy/20hrs 15Gy/3f



Overall survival



Locoregional recurrence



Overall survival: intermediate risk



Overall survival: high risk



12,284 patients Stage 1 endometrial cancer  1988-2006

Clear cell, papillary serous and sarcomatoid excluded

Brachytherapy 2010



PORTEC 2 study

N=427

TAH+BSO

NO lymph node

dissection

Pelvic RT

46Gy / 23#

No brachytherapy

Vaginal 

Brachytherapy 

21Gy / 3# HDR

<50% MyInv

G3

>50% MyInv

G1, G2
dissection 21Gy / 3# HDR

30Gy / 1# LDR

EBRT    VBT

3 yr overall survival 84% 84% p=0.55

3 yr disease specific survival 89% 89% p=0.38

IIA G1 G2



Patient characteristics

EBRT VBT

Age

<60 yrs 4 4

>60 yrs 96 96

Stage

IB 8 7

IC 80 81

IIA 11 12

Grade

1 46 48

2 45 44

3 8 8



PORTEC 2 – results
Median follow-up 45 months

EBRT VBT

(n=214) (n=213)

Vaginal relapse 1.8% 1.6%

5 YEAR ACTUARIAL RATES

Vaginal relapse 1.8% 1.6%

Pelvic relapse 2.1% 5.1%

1st site relapse

Vagina 1.1% 0.9%

Pelvis 0.5% 1.5%

Distant 5.7% 8.3%







Conclusions of PORTEC-2

• No difference in OS or DFS

• Results of EBRT arm comparable to 

PORTEC-1 (and ASTEC and GOG-99)

• Brachytherapy effective in preventing 

vaginal relapse

• More pelvic relapse after VBT but usually 

associated with distant relapse

• Quality of life improved with VBT







IJROBP 2000

1975-1995: 725 patients 

endometrial cancer 

NO post op RT

73 pelvic relapses73 pelvic relapses

29 patients vaginal relapse

66% at apex

33% distal suburethral





30 patients; central recurrence after previous RT post TAH



43 patients post TAH: no RT

45-50Gy EBRT ……..ICBT 19; ISBT 24 ……10-17.5Gy PDR





Vaginal vault  brachytherapy for 

endometrial cancer
• Alone:

– Intermediate risk patients

• With external beam:
– High(er) risk patients with cervical involvement

• Stage IB G3• Stage IB G3

• Stage II/III

• LVSI

….? Role chemorads….PORTEC 3

• Local recurrence: effective salvage





Interstitial BrachytherapyInterstitial Brachytherapy

Techniques

Gynecological tumors

Renaud Mazeron

Gustave Roussy



3



Cervical carcinomas



integration of EBRT and Brachytherapy 

The second component of definitive cervical cancer treatment

Brachytherapy

B

84 Gy84 Gy

45 Gy EBRT + 4 x 7 Gy BT 45 Gy EBRT + 4 x 7 Gy BT 

= 84 Gy (EQD2)= 84 Gy (EQD2)

R
HRHR--CTVCTV60 Gy60 Gy

GTV
84 Gy84 Gy

5



EBRT: tumor regression 75%
Brachytherapy: tumor regression 10%

61,060

70

61,0

7,99,010,5
16,3

20

30

40

50

60
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b
s
o
lu

te
 V

o
l 
(c

m
³)

EBRT

7,99,0

0

10

prior to therapy 1. brachytherapy 2. brachytherapy 3. brachytherapy 4. brachytherapy

BT

Dimopoulos et al. Strahlenther Onkol 2009 
6
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Interstitial Brachytherapy

• HR-CTV not properly covered

• ≈ 25-30% of the cases

• HR-CTV ≥ 30 cm3

• Decrease the irradiated volume

• Improve the conformity

index

8
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Clinical example - interstitial treatment 
MRI based treatment planning plus 

novel application technique

standard treatment plan optimized interstitial

R

B

S

HR-CTV

7 Gy
5 Gy

R

B

S

7 Gy
5 Gy

R

B

S

HR-CTV

intracavitary plus needles left parametrium

Improved placement control - Low number of needles –

Combined with MRI based treatment planning10



Volume
100%

80%

D90

D100 opt.+interst.     standard

HR-CTV D90 8,4Gy 6,2Gy

HR-CTV D100    5,7Gy 3,9Gy

Rectum D2cc     2,9Gy 3,1Gy

Bladder D2cc     4,5Gy 4,8Gy

60%

40%

HR-CTV

Bladder

Rectum

Dose

20%

Bladder

3Gy 6Gy 9Gy 12Gy 15Gy 18Gy

D2cc

D2cc

11



Intracavitary techniques limitations with

conventional applicators

• distal vaginal + parametrial extension• distal vaginal + parametrial extension

• para-vaginal tumor

• middle/distal parametrial tumor extension

• unfavourable topography/unfavourable relation to the

applicatorapplicator

• unfavourable topography of organs at risk

12



INTERSTITIAL TECHNIQUES
AIMS IN LOCALLY ADVANCED DISEASE

- accurate and reproducible placement of - accurate and reproducible placement of 

needles

- tailor positions of needles to the target

- tailor dose distribution to target and OAR

- adequate target coverage- adequate target coverage

- spare OAR

13



CLASSICAL INTERSTITIAL TECHNIQUES

FREEHAND PLACEMENT



15



CLASSICAL INTERSTITIAL TECHNIQUES

PERINEAL TEMPLATES

SYEDSYED MUPITMUPITSYEDSYED MUPITMUPIT

16



CLASSICAL INTERSTITIAL TECHNIQUES

PERINEAL TEMPLATES

SYEDSYEDSYEDSYED

17



MODIFIED CLASSICAL INTERSTITIAL 

TECHNIQUES

MRI-compatible cylinder + tandem + template

CYLINDERCYLINDER

TANDEMTANDEM

TEMPLATETEMPLATE
NEEDLESNEEDLES

18



STRAIGHT GUIDANCESTRAIGHT GUIDANCE OBLIQUE GUIDANCEOBLIQUE GUIDANCEOBLIQUE GUIDANCEOBLIQUE GUIDANCE

19
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Drawbacks of classical interstitial

techniques
CLASSICAL INTERSTITIAL TECHNIQUES

DRAWBACKS

� Accurate freehand implantation is difficult
-operator-depedent

-positioning often inaccurate
-loss of parallelism
-not reproducible

� Perineal templates (Syed, MUPIT, others) � Perineal templates (Syed, MUPIT, others) 
- high number of needles used
- long distances between template and target (loss 
of parallelism, inaccurate positioning)

- impediment for general acceptance: 
considerable risk of serious acute/late complications

21



NOVEL INTERSTITIAL TECHNIQUES

Aims

• improve control over the placement of needles:  
short distance between template and the target 
(accurate and reproducible insertion)

• lower number of needles to achieve an adequate 
target coverage

• to be combined with individualised MRI based 
treatment planning to tailor the dose distribution 
(improve local control without increasing side 
effects)

22



INTERSTITIAL TECHNIQUES

ATTEMPT TO IMPROVE PLACEMENT

NEEDLE PLACEMENT ACCURACY

� Fluoroscopy

� Computed tomography

� MRI: open MRI

� Laparotomy guided implants� Laparotomy guided implants

� Laparoscopy

� Transabdominal ultrasonography

� Transrectal ultrasonography
23



INTERSTITIAL TECHNIQUES

ATTEMPT TO IMPROVE PLACEMENT

NEEDLE PLACEMENT ACCURACY: FLUOROSCOPY

24



INTERSTITIAL TECHNIQUES

ATTEMPT TO IMPROVE PLACEMENT

NEEDLE PLACEMENT ACCURACY: FLUOROSCOPY

Nag IJROBP 40:415-20;1998

71 pts Syed template

� Repositioning in all cases

� Anterior-posterior plane only

� Possible misalignment in the sagittal plane� Possible misalignment in the sagittal plane

� Problem of tumor coverage

25



INTERSTITIAL TECHNIQUES

POTENTIAL OF MODERN US TECHNIQUES

Right

Posterior

Left

Right

Anterior
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INTERSTITIAL TECHNIQUES

ATTEMPT TO IMPROVE PLACEMENT

NEEDLE PLACEMENT ACCURACY: OPEN LAPAROTOMY

Disaia, Endocurie/Hypertherm. Oncol. 6:251-6;1990

• Visualization from an intraperitoneal view

• Extraperitoneal structures (bladder, cervix, vagina) 
not visualizednot visualized

• Agressive procedure

27



INTERSTITIAL TECHNIQUES

ATTEMPT TO IMPROVE PLACEMENT

NEEDLE PLACEMENT ACCURACY: OPEN MRI

Needle placement accuracy : open MRI with 
Titanium-Zirconium needles

Popowski, IJROBP 47:759-65;2000 6 pts

• Improvement in the treatment quality

• Implantation accuracy

• Critical organ avoidance

• Non magnetic material

28



INTERSTITIAL TECHNIQUES

ATTEMPT TO IMPROVE PLACEMENT

29



NOVEL INTERSTITIAL TECHNIQUES

The Vienna Applicator

Kirisits et al. IJROBP 2006
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NOVEL INTERSTITIAL TECHNIQUES

The Utrecht Applicator Interstitial needles

©Nucletron
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Mould adaptation for interstitial 
brachytherapy

33



modern application techniques

• improve control over the placement of needles: short distance • improve control over the placement of needles: short distance 
between template and the target (accurate and reproducible 
insertion)

• lower number of needles to achieve an adequate target coverage

• to be combined with individualised CT/MRI based treatment 
planning to tailor the dose distribution (improve local control planning to tailor the dose distribution (improve local control 
without increasing side effects)
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INTERSTITIAL TECHNIQUES

SELECTION OF APPLICATION TECHNIQUE

Based on clinical examination and sectional imaging:Based on clinical examination and sectional imaging:

At the time of diagnosis
-initial tumor extension

During EBRT 
-Quantitative and qualitative tumor regression

At the time of brachytherapyAt the time of brachytherapy

-Topography of tumor in relation to the 
applicator / DVH

35



Pre-plan?

• Anticipation. 

� How many needles

� Positions?� Positions?

� Deapth

• Insertion of ring applicator and dosimetric study

• 24 patients

• PDR, 2 fractions

36



4cm
5cm

3cm

Pattern of tumor regression I

large sufficient

proximal

5cm

3cm

2cm

3cm
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Lateral tumoral extension coverage
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5cm`

4cm

Pattern of tumor regression II

large insufficient

middle

5-6cm

3cm

6cm
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Pattern of tumor regression II
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Pattern of tumor regression II
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Pattern of tumor regression II
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9cm

3cm

4cm

Pattern of tumor regression III

large insufficient

distal

9cm

3cm
6cm

3cm

3cm
6cm

6cm
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Applicator for distal parametrial disease 

additional parallel and divergent template guided needles 

A A

Applicator view

The Vienna II Applicator44



Modified Vienna Ring

Vienna II

45

Provided by Dimopoulos et al



46

Provided by Dimopoulos et al



Limitations

47



Applicator for distal parametrial disease
additional parallel and divergent template guided needles

48
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Adaptive BT applicators

3D Printing

Virtual applicator

New applicator

Provided by Primoz Petric and Jacob Lindegaard Ljubljana/Aarhus



Ultrasound

Cervix cancer

Assess Tumour size & Topography

Findings at Brachytherapy

Needle (real time)

16 mm

30 mm

30 mm

Final Result

Decide on application technique, Guide insertion,  Aid treatment 

planning

Transrectal Ultrasound T2W FSE MRI (same patient)
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Example from real life / TIP and tricks

52



Tips and tricks
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Tip and tricks
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Identification of catheters



Tips and tricks

56

20%



Vaginal primaries and recurrences

57



• Primary vaginal tumors = rare cancers

Interstitial Techniques Vagina

General Principles

• Primary vaginal tumors = rare cancers
2% of gynaecological malignancies

• No prospective randomized trial assessing the role of 
concomitant chemoradiation

• No prospective randomized trial comparing • No prospective randomized trial comparing 
endocavitary and interstitial techniques

58



• Usually combined with external irradiation (45 

Gy)

Interstitial techniques vaginal cancer

Gy)

• Tumor location and morphology

• Tumor extension: 

–at the time of diagnosis

–at the time of brachytherapy

• Thickness• Thickness

• Contra-indication : +/- rectovaginal septum 

extension

59



Assessment of initial tumor extension

with vaginal impression

Interstitial Techniques Vagina
Importance of initial work-up

60
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Miralva applicator Vaginal mould

Interstitial techniques for vaginal 

cancers

Cylinder

Interstitial Techniques Vagina
Intracavitary Techniques
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• para-vaginal tumor growth

Interstitial Techniques Vagina
Limitations of pure intracavitary techniques

• para-metrial tumor growth

• middle/distal para-vaginal tumor extension

• unfavourable topography of organs at risk 
(not predictable)(not predictable)

• patients with anatomy not allowing intracavitary
brachytherapy with standard applicators
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- locally advanced disease 

- extensive vaginal disease

Interstitial Techniques Vagina
Indications

- extensive vaginal disease

- paravaginal invasion

- parametrial invasion

- bad response after chemoradiation

Residual disease beyond 0.8 - 1 cm of 

the applicator surface

- anatomy not allowing intracavitary BT with 

64

- anatomy not allowing intracavitary BT with 

standard    

applicators

- vaginal recurrences: endometrium, cervix etc. 



� Transperineal templates : 

�Syed- Neblett applicator

Interstitial techniques vaginal cancer

�Syed- Neblett applicator

�MUPIT…

� Intra-vaginal templates

� Plastic tube

� Steel needles

65



Interstitial Techniques Vagina
Techniques – Perineal templates

Interstitial Interstitial techniquestechniques Vagina, JCA Vagina, JCA DimopoulosDimopoulos, IZMIR, TURKEY, 6, IZMIR, TURKEY, 6--10.9.201110.9.201166



Interstitial Techniques Vagina
Techniques – Perineal templates
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Based on clinical examination and sectional imaging:

• At the time of diagnosis

Interstitial Techniques Vagina
Selection of application technique

• At the time of diagnosis

-initial tumor extension

• During EBRT 

-Quantitative and qualitative tumor regression

• At the time of brachytherapy• At the time of brachytherapy
-Topography of tumor in relation to the applicator

68



Interstitial Techniques Vagina
Pattern of tumor regression

Tumor thickness < 0.5-0.7

(distance from applicator surface)
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Assessment of tumor thickness with endosonography 
decisive for selection of appropriate application technique

Interstitial Techniques Vagina
Importance of initial work-up

70



Interstitial Techniques Vagina
Pattern of tumor regression

Tumor thickness >  0.5_0.7

(distance from applicator surface)
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Interstitial Techniques Vagina
Pattern of tumor regression
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Interstitial Techniques Vagina
Pattern of tumor regression

low degree of freedom
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Interstitial Techniques Vagina
Vaginal Cuff
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Apical tumors 

> 10 mm thickness
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Target

Interstitial Techniques Vagina
Pattern of tumor regression

Suburethral tumour
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Interstitial techniques vaginal cancer

Transperineal template
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Interstitial techniques vaginal cancer

80





82



• Brachytherapy usually combined with external irradiation

Interstitial techniques vaginal cancer

• Brachytherapy usually combined with external irradiation

• Concomitant chemoradiation : 45 Gy

• 25-30 Gy to the CTV at the time of brachytherapy

• Taking into account doses to critical organs (rectum)• Taking into account doses to critical organs (rectum)
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Towards image-guided adaptive 

brachytherapy in vaginal cancer brachytherapy in vaginal cancer 

and vaginal relapses

« Work in progress »



Vagina task force
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MRI-guided brachytherapy?

92





5 cases / 1 per centre

• Similar management: concomitant chemo-RT and BT

• Adaptation of the GEC recommendations

� Volumes: CTV

� Several planning aims� Several planning aims

• Similarities



GEC-ESTRO target volume concept

Potential 

Significant 

microscopic
Potential 

Significant 

microscopic HR CTV

Macroscopic cancer cell density

>80 Gy - >60 Gy - 45Gy

Potential 

microscopic

Potential 

microscopic

HR CTV

C
a
n
c
e
r 

c
e
ll 

d
e
n
s
it
y

GTV
(visible/palpable tumor)

IR CTVIR CTV

LR CTV LR CTV

C
a
n
c
e
r 

c
e
ll 

d
e
n
s
it
y

Pelvic wall Pelvic wallCervix

Residual macroscopic 

disease at BTInitial macroscopic extent of disease

Radiother and Oncol 2005 
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HR-CTV
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What we learned (so far…)

• MRI of the lesion at diagnosis

� Is not performed with the applicator� Is not performed with the applicator

� Vaginal impression

� MRI with gel

• Deformities of the vagina with application

� Extension of the lesion and vaginal walls

� Unconformities between clinical examination and MRI findings� Unconformities between clinical examination and MRI findings

• Accurate description of the lesion

� Is crucial

� Cartoons used for cervix are not adapted
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w = 4.0 cm

h = 5.0 cm

t  = 1.5 cm

w





Maximal tumour dimensions

Clockwise involvement ___ to ___ o'clock

Thickness =___ cm (perpendicular to vaginal axis)

Width = ___ cm (incl. paravaginal extension)

Length =___  cm (along vaginal axis)

Proximal tumour free distance (length) =___cm

Distal tumour free distance (length) =___ cm 

EBRT GyAt BrachytherapyAt Diagnosis

u

12’

3’
9’

A W



Clinical Drawing: Vagina + intact uterus

Upper 1/3 vagina Middle 1/3 

vagina

Lower 1/3 vagina



Conclusion

• Interstitial techniques when inappropriate coverage
(topographic and dosimetric) with pure intracavitary techniques

• Several approaches (applicators,guidance) available

• Adaptation of the application technique to the topography at 
the time of brachytherapy

• Balance between intracavitary and interstitial sources? 20%• Balance between intracavitary and interstitial sources? 20%

• Development of new applicators

• Recommendations for image guided BT? CTV?
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Peter Hoskin

Mount Vernon Cancer Centre



Age specific incidence rates UK  2009/11





Age standardised incidence and mortality rates 2008

Europe



� Presenting PSA

� Gleason score

� T stage

� Perineural invasion

� Length/% of  biopsy core involved

� Age at presentation and comorbidity

� Size of  dominant lesion on MRI



� LOW

� PSA <10

� Gleason 6 or less

� T2a or less� T2a or less

� INTERMEDIATE

� ONE of  the above exceeded

� HIGH

� TWO or more of  the above exceeded



Organ confined disease
BRACHYTHERAPY ALONE

Early periprostatic spread

Gross periprostatic spread

BRACHYTHERAPY + EBRT



Partin tables







LOW risk INTERrisk



HIGH risk





Permanent Prostate Implants



Permanent prostate implants
choice of isotopes

• Low energy photons

•High nominal specific activity

I125 Pd103 Cs131

Half life (days) 59.4 17.0 9.7

Mean photon energy (keV) 28.4 20.7 30.3

HVL (mm) 0.025 0.0085 0.022

Nominal specific activity

(x105TBqkg-1)

6.5 27 38



Dose rate and clinical outcome

No difference in outcome demonstrated in clinical studies.

No preference of one isotope above the other

I125 Pd103

Average dose rate (cGy/h) 7 19

Prescribed dose 144 Gy 115 Gy



PATIENT SELECTIONPATIENT SELECTION



Risk Stratification in Prostate Cancer

Tumor characteristics

• Low

• PSA < 10 ng/ml

• Gleason score ≤ 6

• ≤ T2a

• Intermediate• Intermediate

• One risk factor

High

• Two risk factors



Risk Stratification in Prostate Cancer

• Low

• PSA < 10 ng/ml

• Gleason score ≤ 6

• ≤ T2a

• Intermediate

Suitable for

monotherapy

• Intermediate

• One risk factor

• High

• Two risk factors



Select on Urinary Complaints to prevent 

Bladder Retention

Urinary problems

• Anamnestic no or limited urinary complaints

•Urinary frequency, obstruction, incontinence

•IPSS

•< 8-19

•Qmax

•>10-15 ml/s•>10-15 ml/s

•PVR

•< 150-200 ml



Prostate Volume and Pubic Arch

Prostate volume

Large prostate volumes | > 50-60 ml

• Higher probability on acute bladder 

retention

• Higher probability on pubic arch 

interferenceinterference

• Leads to poor dosimetric outcome



Large volume prostate

Prostate volume

Volume down sizing with:

• Antiandrogen: e.g. bicalutamide daily 100 mg
• Breast irradiation or tamoxifen 10 mg to prevent 

gynaecomastia

• LHRH analogue• LHRH analogue

• Duration 3-6 months



Risk Stratification in Prostate Cancer

• Low

• PSA < 10 ng/ml

• Gleason score ≤ 6

• ≤ T2a

• Intermediate• Intermediate

• One risk factor

• High

• Two risk factors

Suitable for

combined therapy

• EBRT

• ADT



TECHNIQUESTECHNIQUES



100 %

Which Isodose distribution would you prefer?

A B
100 %

140%

150%

170%

CC D



Perineal prostate implantation

• Perineal technique• Perineal technique

• Ultrasound guided

• Ultrasound probe on immobilizer

• Template

Holm, J Urol 1983



Retropubic Prostate Implant 

Technique



Results Retropubic Technique

• MSKCC

� Local failure 48%

• NKI

� Local failure 52%

• Poor seed distribution. Quality of implant poor. 
Abandonment in early 80sAbandonment in early 80s



Procedure Seed Implantation

Volume study
# of seeds



Preplan

Full coverage of prostate

V100

D90

Relative sparing of urethra and Relative sparing of urethra and 

rectum





Implantation on Ultrasound

Transversal view Longitudinal view



Distribution of Radioactive 

SourcesSources



Result



Result
US machine



Result
Balloon US probe

US crystals

Template holder StepperTemplate holder Stepper

Video frame grabber



Result

Balloon on top of US probe



Result



Result



Positioning of the probe. Prostate symetrically within frame.



Prostate contouring

ESTRO definitionsESTRO definitions

Prostate gland

CTV = prostate gland + 3 mm

PTV = CTV





Contouring the urethra

Aerated GelCatheter

Anderson et al.Radiother Oncol 2010

Prostate D90 183 Gy 187 Gy ∆ 2%



Gel plans

Less central dose

Higher rectum doseHigher rectum dose

Anderson et al.Radiother Oncol 2010



Dosimetry (ESTRO recommendations)

Prostate

V100 ≥ 95%

D90 > 100% (144 Gy)

V150 ≤ 50%

Rectum

D2cm3 < 100% (144 Gy)

D0.1cm3 < 140% (200 Gy)

Urethra

D10 < 150% (216 Gy)

D30 < 130% (187 Gy)



Litothomy position





Cutting strands



Cutting Strands



Composing Strands – Construction Devices



Cutting Strands



Storage of Sources



Result

From: www.micknuclear.com

http://www.micknuclear.com/


Prostate seed implants

Stranded Loose



Seed Migration

Fuller, Brachytherapy 2004



Seed Migration

Fuller, Brachytherapy 2004



Seed Migration

LS

20 patients

2160 seeds

SS

20 patients

2236 seeds

Bladder 1 1

Urine 1 22

Pelvis 0 1

Lung 5 0

Ejaculate 6 0

Total seeds 0.6% 1.1%

SS: Stranded seeds

LS: Loose seeds

Total patients 5 6

Saibishkumar, Int J Radiat Oncol Biol Phys 2009



Seed migration

• Negative pressure in needle track when 

withdrawingwithdrawing

• Contraction of perineal musculature

• Protruding into the bladder



Comparison Stranded vs Loose Seeds

Prostate Dosimetry OAR Dosimetry

Fagundes 2004

Fuller 2004 +Fuller 2004 +

Heysek 2006 +

Saibishkumar 2009 =

Saibishkumar 2008 +

Moerland 2009 -

+: Stranded better

-: Loose better-: Loose better

=: No difference

There is no preference of one system above the other



Coated Seeds

AnchorSeed®
BrachySolutions

BRACHYSOURCE®
BARD Medical



Coated vs Uncoated Seeds

Displacement RV100 D90Displacement 

(mm)

RV100 D90

C UC C UC C UC

Badwan

2010

Day 0 2.4 3.1 0.04 0.08 108.5 105.7

Bowes

2013

3.3 3.2 0.9 0.6 122.1 120.4

C: Coated seeds

UC: Uncoated seeds



Stranded sources

Source configuration

Loose sources



Source configuration



• Nomogram

• Preplan

• Intraoperative plan

Planning

• Intraoperative plan



Anderson nomogram



Preplan v.s. Intraoperative plan

Preplan

Outpatient TRUS prior to implant

Intraoperative plan

TRUS at time of implantOutpatient TRUS prior to implant

Positioning probe as outpatient 

situation

Less OR time used

No possibility for interactive planning

Edema effect not taken into account

No physicist/dosimetrist needed in OR

TRUS at time of implant

Probe stays in position during whole 

treatment

More OR time used

Interactive planning possible

Geometry changes are taken into 

account
Number of seeds to order more 

accurate

account

Physicist/dosimetrist needed in OR

Risk of inappropriate seed ordering



Preplan v.s. Intraoperative plan

Preplan
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Intraoperative plan
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Positioning probe as outpatient 

situation

Less OR time used

No possibility for interactive planning
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TRUS at time of implant

Probe stays in position during whole 

treatment

More OR time used

Interactive planning possible

Geometry changes are taken into 

account
Number of seeds to order more 

accurate

account

Physicist/dosimetrist needed in OR

Risk of inappropriate seed ordering
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Preplan v.s. Intraoperative plan

Preplan
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Preplan v.s. Intraoperative plan

Preplan

Outpatient TRUS prior to implant

Intraoperative plan

TRUS at time of implantOutpatient TRUS prior to implant

Positioning probe as outpatient 

situation

Less OR time used

No possibility for interactive planning

Edema effect not taken into account

No physicist/dosimetrist needed in 

OR

TRUS at time of implant

Probe stays in position during whole 

treatment

More OR time used

Interactive planning possible

Geometry changes are taken into 
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Number of seeds to order more 

accurate

account

Physicist/dosimetrist needed in OR

Risk of inappropriate seed ordering



Preplan v.s. Intraoperative plan

Preplan

Outpatient TRUS prior to implant

Intraoperative plan

TRUS at time of implantOutpatient TRUS prior to implant

Positioning probe as outpatient 

situation

Less OR time used

No possibility for interactive planning

Edema effect not taken into account

No physicist/dosimetrist needed in OR

TRUS at time of implant

Probe stays in position during whole 

treatment

More OR time used

Interactive planning possible

Geometry changes are taken into 

account
Number of seeds to order more 

accurate

account

Physicist/dosimetrist needed in OR

Risk of inappropriate seed ordering



Intraop Planning (ABS)

Planning modality Description

Intraoperative pre-planning Plan in OR

Immediate execution of plan

Interactive planning Refinement of plan with

Dose calculation from needle 

position feedback

Dynamic dose calculation Updating dose distributionDynamic dose calculation Updating dose distribution

Seed position feedback



Comparison Planning Methods

Classic pre-planning vs. Intraoperative pre-planning

Author D90 V100

Beyer; 2000 - 97% vs. 94%

Wilkinson; 2000 120 Gy vs. 136 Gy (P<0.001) 76% vs. 84% (P<0.001)

Gewanter; 2000 95% vs. 85% (P=0.08) 80% vs. 83% (P=0.48)

Matzkin; 2003 53% vs. 114% (P<0.001) 58% vs. 95% (P<0.001)

Classic pre-planning vs. Intraoperative pre-planning

Matzkin; 2003 53% vs. 114% (P<0.001) 58% vs. 95% (P<0.001)

Shah; 2006 75% vs. 90% -

Adapted from Polo et al; Radiother Oncol; 2010



Dynamic Dose Planning



Dynamic Dose Planning



Gert J.  Meijer , Hetty A.  van den Berg , Coen W.  

Hurkmans , Pascal E.  Stijns , Jan H.  Weterings

Dosimetric comparison of interactive planned 

and dynamic dose calculated prostate seed 

brachytherapy

Radiotherapy and Oncology Volume 80, Issue 3 

2006 378 - 384

http://dx.doi.org/10.1016/j.radonc.2006.07.03

8

Rectum dose

Dose outside target

V100prostate

http://dx.doi.org/10.1016/j.radonc.2006.07.03


Documentation of procedure

Prostate volume

Number of seedsNumber of seeds

Number of needles used

Total acitivity implanted

Planned dose

D90

V100V100

V150

Minimal requirements



Follow-up with PSA

8

9

10PSA

ng/ml

3

4

5

6

7

8

PSA bounce
Criteria recurrence:

Nadir + 2 ng/ml
0

1

2

dec 2002 sep 2003 okt 2005 apr 2009

PSA bounce



Postop contouring and dosimetry

CTV prostate

CTV prostate + margin



Postop Parameters for Reporting

Prostate

D90D90

V100

V150

OAR

Primary parameters

D2cm3_Rectum

D10_Urethra

Secondary parameters

D0.1cm3_Rectum, V100_Rectum

D0.1cm3_Urethra, D30_Urethra, D5_Urethra



Outcome Permanent Implant

Kupelian et al. Int J Radiat Oncol Biol Phys 2004;58:25-33

950 patients

Median FU: 47 months (12-111)

T1-T2

Mean PSA 9,6 ng/ml

Gleason 6 (76%), 7 (21%), 8 (3%)



Fig. 3. Biochemical relapse-free results for favorable-risk (Stage T1-T2a, iPSA ≤10 ng/mL, and bGS ≤6) patients by treatment modality. (a) 

All favorable cases: RP, EBRT &lt;72 Gy, EBRT ≥72 Gy, PI, or COMB. (b) Excludes EBRT &lt;72. Abbreviations as in Fig. 2.



Fig. 4. Biochemical relapse-free results for unfavorable-risk (Stage T2b, iPSA &gt;10 ng/mL, or bGS ≥7) patients by treatment modality. (a) 

All unfavorable cases: RP, EBRT &lt;72 Gy, EBRT ≥72 Gy, PI, or COMB. (b) Excludes EBRT &lt;72. Abbreviations as in Fig. ...



A Henry. Clin Oncol (R Coll Radiol) 2015; doi: 10.1016/j.clon.2015.03.004



Outcome

Systematic Review

Peinemann et al. Eur Urol 2011;60:881-893

Most studies T1-T2

Majority Gleason <7 and PSA < 10 ng/ml

(20-30% PSA ≥10 ng/ml)

5 year OS: 71-96%
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GI Toxicity

Author G2 G3

Gomez-

Iturriaga Pina

I125 11.7 3.2 Urology 2010;75:1412–6

Budäus et al. Eur Urol 2012;61:112-127

Iturriaga Pina

Gelblum Pd103

I125

6.5 0.4 Int J Radiat Oncol Biol Phys 

2000;48:119–24

Gelblum PD103 /I125 + 

EBRT

7.1 0.7 Int J Radiat Oncol Biol Phys 

2000;48:119–24

Lee I125 + EBRT 4 0 Cancer 2007;109:1506–12

Zelefsky I125 9 0.4 Int J Radiat Oncol Biol Phys 

2000;47:1261–6.



GU Toxicity

Author G2 G3

Gomez-

Iturriaga Pina

I125 1.1 0 Urology 2010;75:1412–6

Budäus et al. Eur Urol 2012;61:112-127

Iturriaga Pina

Lee I125 + EBRT 3 1 Cancer 2007;109:1506–12

Zelefsky I125 55 3 Int J Radiat Oncol Biol Phys 

2000;47:1261–6.

Ishiyama HDR + EBRT 4 12 Int J Radiat Oncol Biol Phys 

2009;75:23–82009;75:23–8



Erectile Dysfunction

Author Erectile function (%)

Stone I125 61 Urology 2007;69:338-342

Bottomley I125 42 Radiother Oncol 2007;82:46-49

Budäus et al. Eur Urol 2012;61:112-127

Bottomley I125 42 Radiother Oncol 2007;82:46-49

Cesaretti I125, Pd103 32-68 BJUI Int 2007;100:362-67

Sanchez-Ortiz I125, Pd103 49 Int J Impot Res 2000;12:S18-

S24

Merrick I125, Pd103 39 Int J Radiat Oncol Biol Phys

2002;52:893-902

Mabjeesh I125 80 Int J Impot Res 2005;17:96-101

Merrick I125, Pd103 59 Int J Cancer 2001;96:313-319

Taira I125, Pd103 56 Int J Radiat Oncol Biol Phys

2009;75:639-648
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High Dose Rate Prostate High Dose Rate Prostate 

BrachytherapyBrachytherapy

Peter HoskinPeter HoskinPeter HoskinPeter Hoskin

Mount Vernon Cancer CentreMount Vernon Cancer Centre



HDR Prostate  BrachytherapyHDR Prostate  Brachytherapy

Practical advantagePractical advantage

Physical advantagePhysical advantage

Biological advantageBiological advantage



HDR implant: biological advantageHDR implant: biological advantage
2Gy EQD2Gy EQD

αα//ββ 1.51.5 αα//ββ 3.53.5 αα//ββ 1010

•• Ext beamExt beam
74Gy/37f74Gy/37f 7474 7474 7474

•• HDR Boost schedules after 45Gy/25fHDR Boost schedules after 45Gy/25f
•• Ext beamExt beam 42.442.4 43.343.3 44.244.2•• Ext beamExt beam 42.442.4 43.343.3 44.244.2

16Gy/4f16Gy/4f 67.567.5 65.165.1 62.862.8
16Gy/2f16Gy/2f 85.885.8 76.876.8 68.468.4
23Gy/2f23Gy/2f 127.8127.8 106.1106.1 85.485.4

•• HDR Boost after 35.7Gy/13fHDR Boost after 35.7Gy/13f
•• Ext beamExt beam 43.443.4 40.540.5 37.937.9

17Gy/2f17Gy/2f 91.891.8 77.677.6 64.164.1



Indications for HDR prostate Indications for HDR prostate 
brachytherapybrachytherapy

•• Boost with external beamBoost with external beam•• Boost with external beamBoost with external beam

•• MonotherapyMonotherapy





Contraindications to HDR brachytherapy are:Contraindications to HDR brachytherapy are:

•• Age >80yrsAge >80yrs

•• PSA>40ng/mlPSA>40ng/ml

•• ClopidogrelClopidogrel•• ClopidogrelClopidogrel

•• T3B diseaseT3B disease

•• IPSS 18IPSS 18



HDR brachytherapy procedureHDR brachytherapy procedure

•• AssessmentAssessment

•• ImplantationImplantation

•• ImagingImaging•• ImagingImaging

•• Volume definitionVolume definition

•• DosimetryDosimetry

•• Verification and deliveryVerification and delivery

•• Implant removalImplant removal







HDR brachytherapy procedureHDR brachytherapy procedure

•• AssessmentAssessment

•• ImplantationImplantation

•• ImagingImaging•• ImagingImaging

•• Volume definitionVolume definition

•• DosimetryDosimetry

•• Verification and deliveryVerification and delivery

•• Implant removalImplant removal



HDR implant: HDR implant: 
imaging and volume definitionimaging and volume definition

•• UltrasoundUltrasound

–– Real time (SWIFT and VITESSE)Real time (SWIFT and VITESSE)

–– Planned post implant without Planned post implant without –– Planned post implant without Planned post implant without 
moving patientmoving patient

•• CT / MRICT / MRI

–– Post implant after patient transferPost implant after patient transfer





CTV CTV subvolumessubvolumes

T2 MRI DCE MRI DW MRI





HDR brachytherapy boost: 

Planning aim

after

External beam



HDR schedules: HDR schedules: 
normal tissue constraintsnormal tissue constraints

Rectum D2cc: EQD2 75Gy

Urethral D30: EQD2 130Gy

Urethral D10: EQD 2 110Gy 



472 patients: 1992-2007: inter/high risk IJROB 2010



Martinez et al 2010268Gy = 100.5Gy (αβ=1.2)



MVH RCTMVH RCT

55Gy/20f

Ext beam

35.7Gy/13f

+

17Gy/2f HDR

Closed 08/05: 220 patients randomised



HDR implant: biological advantage in EQD2HDR implant: biological advantage in EQD2

αα//ββ 1.51.5 αα//ββ 3.53.5 αα//ββ 1010

•• Ext beamExt beam

78Gy/39f78Gy/39f 78.078.0 78.078.0 78.078.078Gy/39f78Gy/39f 78.078.0 78.078.0 78.078.0

55Gy/20f55Gy/20f 66.866.8 62.562.5 58.458.4

•• HDR Boost after 35.7Gy/13fHDR Boost after 35.7Gy/13f

17Gy/2f17Gy/2f 91.991.9 77.777.7 64.264.2



Median follow up 7 yrs



Acute toxicity: rectal dischargeAcute toxicity: rectal discharge
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P=0.025



Acute toxicity: urinary frequencyAcute toxicity: urinary frequency
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20

25

30

N
o

. 
o

f 
p

a
ti

e
n

ts

0

5

10

15

20

0 1 2 3 4 5 6 7 8 9

>1
0

No. of visits

N
o

. 
o

f 
p

a
ti

e
n

ts

RT

RT-BT

P=0.136



FACT-P total scores (range 0 to 152)



Overall survival



Biochemical relapse free survival



Toxicity



IMRT 86.4Gy: 470 

vs

IMRT 45-50.4+ BT : 400  (LDR 100-110Gy - 260, HDR 16.5-22.5 in 3f - 140)IMRT 45-50.4+ BT : 400  (LDR 100-110Gy - 260, HDR 16.5-22.5 in 3f - 140)



IMRT 86.4Gy: 470 

vs

IMRT 45-50.4+ BT : 400  (LDR 100-110Gy - 260, HDR 16.5-22.5 in 3f - 140)IMRT 45-50.4+ BT : 400  (LDR 100-110Gy - 260, HDR 16.5-22.5 in 3f - 140)



344 patients 46Gy/23f + 19.5GY/3f HDR vs 344 patients 3D CRT 74Gy/37f

Risk group: Intermediate 41%; High 59%



7974 PATIENTS FROM 4 Canadian centres:     Low risk EBRT vs LDR BT

Inter risk EBRT vs LDR BT

Inter risk EBRT vs EBRT +HDR BT

EBRT: 70-79.8Gy; LDR 144Gy; HDR 10-20GyEBRT: 70-79.8Gy; LDR 144Gy; HDR 10-20Gy



IJROB 2009

1996-2001: 40-44Gy + 18-20Gy/2f HDR

antiandrogens in 51%

Bounce (≥2 ng/ml above nadir) in 9.8%

Median time           15.2mo (IQR 11.1-17.7)

Median duration   18.7 (IQR 12.1-29)

Median height        3.24ng/ml (IQR 2.51-3.98)

n=153



HDR PROSTATE BRACHYTHERAPYHDR PROSTATE BRACHYTHERAPY

INDICATIONSINDICATIONS

•• Boost with external beam therapy Boost with external beam therapy 
–– Intermediate/high risk diseaseIntermediate/high risk disease

•• PSA10PSA10--2020•• PSA10PSA10--2020

•• Gleason 7+Gleason 7+

•• T2c T3T2c T3

•• MonotherapyMonotherapy
–– Intermediate risk diseaseIntermediate risk disease

–– ? Good risk disease ? Good risk disease vsvs seedsseeds



HDR Monotherapy for HDR Monotherapy for 
Localised Prostate CancerLocalised Prostate Cancer

•• HDR brachytherapy is an established technique HDR brachytherapy is an established technique 
enabling high dose delivery to prostate glandenabling high dose delivery to prostate gland

•• HDR brachytherapy has potential advantages HDR brachytherapy has potential advantages 
especially for more advanced prostate cancer especially for more advanced prostate cancer 

–– Physical implant flexibilityPhysical implant flexibility

–– Biological advantage of large fractionsBiological advantage of large fractions



HDR brachytherapy monotherapy: HDR brachytherapy monotherapy: 
Planning aimPlanning aim



•• 54Gy in 9 fractions54Gy in 9 fractions

••

IJROB 2010

••
•• 112 patients 1996112 patients 1996--20052005

–– 15 LOW RISK15 LOW RISK

–– 29 INTER RISK29 INTER RISK

–– 68 HIGH RISK68 HIGH RISK

–– NeoadjuvantNeoadjuvant hormones in 94hormones in 94



et al

Intermediate risk High risk



Published HDR monotherapy studies

From Zamboglu et al IJROB 2013



718 patients: 38Gy/4f/48hrs

38Gy/4f/15days

34.5Gy/3f/6weeks



et al

Acute toxicity

Late toxicityLate toxicity





40 patients: 19Gy

Low risk : 29

Inter risk: 11

No Gi toxicity

Sexual preservation: 89%

32 month bRFS

Low risk: 100%

Inter risk: 88%



HDR implant: biological advantage: 2Gy EQDHDR implant: biological advantage: 2Gy EQD

αα//ββ 1.51.5 αα//ββ 3.53.5 αα//ββ 1010

•• Ext beamExt beam

74Gy/37f74Gy/37f 7878 7878 7878

•• I125 seeds I125 seeds 

145Gy145Gy 7070 7070 7070145Gy145Gy 7070 7070 7070

•• HDR monoHDR mono

36Gy/4f36Gy/4f 108108 81.881.8 57.057.0

31.5Gy/3f31.5Gy/3f 108108 80.280.2 53.853.8

26Gy/2f26Gy/2f 108108 78.078.0 49.849.8



HDR BOOST with EBRTHDR BOOST with EBRT

•• Optimal means of dose escalation for Optimal means of dose escalation for 
intermediate/high risk patientsintermediate/high risk patients

•• Dose escalation results in better PSA RFS Dose escalation results in better PSA RFS 

•• Acute toxicity equivalent or less than Acute toxicity equivalent or less than 
external beamexternal beam

•• Late toxicity equivalent to external beamLate toxicity equivalent to external beam



HDR Monotherapy

• HDR monotherapy is feasible using 2 to 4 fractions 
………? 1 dose

• Acute toxicity is limited to transient urinary 
disturbance, returning to baseline at 12 weeks

• Biochemical results for advanced disease are 
encouraging.

• ?Further dose escalation is possible or necessary



Florence, March 13-16 2015

Modern Brachytherapy Modern Brachytherapy 

Techniques



Use of Dose Volume Histograms in Use of Dose Volume Histograms in 

BrachytherapyBrachytherapy

ESTRO Teaching CourseESTRO Teaching Course

Florence, Florence, 20162016

Dimos BaltasDimos Baltas

EE--mail: dimos.baltas@uniklinikmail: dimos.baltas@uniklinik--freiburg.defreiburg.de

mailto:dimos.baltas@uniklinik-freiburg.de


TopicsTopics

�� Introduction on Dose Optimization in Brachytherapy Introduction on Dose Optimization in Brachytherapy 

�� Forward Planning & TechniquesForward Planning & Techniques

�� Inverse Optimization and PlanningInverse Optimization and Planning

�� Dose EvaluationDose Evaluation�� Dose EvaluationDose Evaluation

�� QualityQuality ParametersParameters andand IndicesIndices



Dose EvaluationDose Evaluation

�� Visual Inspection of 2D and 3D Dose DistributionsVisual Inspection of 2D and 3D Dose Distributions

2D Dose Distribution relative to Anatomy (Target, OARs)2D Dose Distribution relative to Anatomy (Target, OARs)

ProstateProstate



Dose EvaluationDose Evaluation

�� Visual Inspection of 2D and 3D Dose DistributionVisual Inspection of 2D and 3D Dose Distribution

3D Dose Distribution relative to Anatomy (Target, OARs)3D Dose Distribution relative to Anatomy (Target, OARs)

ProstateProstate

100% = 11,5 100% = 11,5 GyGy 125% = 14,4 125% = 14,4 GyGy 125% = 17,3 125% = 17,3 GyGy



Dose EvaluationDose Evaluation

�� Visual Inspection of 2D and 3D Dose DistributionsVisual Inspection of 2D and 3D Dose Distributions

2D Dose Distribution relative to Anatomy (Target, OARs)2D Dose Distribution relative to Anatomy (Target, OARs)

ProstateProstate

Cutting planesCutting planes

ProstateProstate



Dose EvaluationDose Evaluation

�� Visual Inspection of 2D and 3D Dose DistributionsVisual Inspection of 2D and 3D Dose Distributions

2D Dose Distribution relative to Anatomy (Target, OARs)2D Dose Distribution relative to Anatomy (Target, OARs)

BreastBreastBreastBreast



Dose EvaluationDose Evaluation

�� Visual Inspection of 2D and 3D Dose DistributionsVisual Inspection of 2D and 3D Dose Distributions

3D Dose Distribution relative to Catheters (No Anatomy)3D Dose Distribution relative to Catheters (No Anatomy)

BreastBreast



Dose EvaluationDose Evaluation

�� Visual Inspection of 2D and 3D Dose DistributionsVisual Inspection of 2D and 3D Dose Distributions

3D Dose Distribution relative to Catheters (No Anatomy)3D Dose Distribution relative to Catheters (No Anatomy)

ProstateProstate

100% = 11,5 100% = 11,5 GyGy 125% = 14,4 125% = 14,4 GyGy 125% = 17,3 125% = 17,3 GyGy





Dose EvaluationDose Evaluation

�� The Dose Volume Histogram (DVH)The Dose Volume Histogram (DVH)

Definition:

“A DVH of a dose distribution is represented 

as a graph with a series of dose intervals on 

its horizontal axis and on the vertical axis, 

for each dose interval, a volume related to 

that dose interval.”that dose interval.”



Dose EvaluationDose Evaluation

�� The Dose Volume Histogram (DVH)The Dose Volume Histogram (DVH)

- For Anatomical Volumes of Interest  (VOIs)

(Target/PTV and OARs)

This requires 3D Imaging (CT, MR, U/S)



Quality Parameters and IndicesQuality Parameters and Indices

� The Dose Volume Histogram: The Differential DVH

It is the frequency distribution of dose in a VOI (Target or OAR)

For each bin e.g. [100, 103]% 

= [11,50 - 11,85] Gy

it is the volume of the VOI

(Target or OAR) in mm³ or 

cm³ or % of the VOI

It is the frequency distribution of dose in a VOI (Target or OAR)

Target

Dose Interval divided in “bins”

in cGy or Gy or %

cm³ or % of the VOI

receiving a dose value

within that bin

A narrow peak indicates homogeneity!A narrow peak indicates homogeneity!



Quality Parameters and IndicesQuality Parameters and Indices

� The Dose Volume Histogram: The Cumulative DVH

It is:

1 – {the cumulative frequency distribution of dose in a VOI (Target or OAR)}

For each bin e.g. [100, 103]% 

= [11,50 - 11,85] Gy

it is the volume of the VOI

(Target or OAR) in mm³ or 

cm³ or % of the VOI

1 – {the cumulative frequency distribution of dose in a VOI (Target or OAR)}

Target

Dose Interval divided in “bins”

in cGy or Gy or %

cm³ or % of the VOI

receiving a dose value

at least as high as the low

bin limit, here 100%

The curve indicates how much of the The curve indicates how much of the 

volume is covered by the “required” volume is covered by the “required” 

dose valuedose value



The Dose Volume Histogram:

� Dependence on Methodology/Algorithm of RTP

Grid-based Method Random-Sampling Method

Voxel-size

Dose value

Ct local density

ROI/VOI

dV = V/N

N = # sampling points

ROI/VOI



The Dose Volume Histogram:

� Dependence on Methodology/Algorithm of RTP

Random Sampling in 3D:5000 Points Quasi-Random / Hamilton SamplingRandom Sampling in 3D:5000 Points Quasi-Random / Hamilton Sampling

in 3D: 5000 Points



The Dose Volume Histogram:

� Dependence on Methodology/Algorithm of RTP

Random Sampling in 3D:5k Points Quasi-Random / Hamilton SamplingRandom Sampling in 3D:5k Points Quasi-Random / Hamilton Sampling

in 3D: 5k Points
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Dose EvaluationDose Evaluation

�� The Dose Volume Histogram (DVH)The Dose Volume Histogram (DVH)

- For Catheter related Volume



Differential DVH of “ideal point source”

The values of the differential DVH for an ideal point source can be calculated 

directly because the isodose surfaces are spheres with the source as center, 

The Natural Dose Volume Histogram (NDVH)The Natural Dose Volume Histogram (NDVH)

directly because the isodose surfaces are spheres with the source as center, 

of which the volumes are easily calculated: V = (4/3) π r3
. For an ideal point 

source with D = S / r2 , V can be written as a function of D: 

V = (4/3) π S3/2 D–3/2

Then, analytically the differential DVH for an ideal point source with D = S / r2

is given by:is given by:

dV / dD = –2 π S3/2 D–5/2

It is then clear that, as the dose decreases, dV / dD increases more than 

quadratically.



dV / dD    (mm3. cGy  
-1)

192Ir point source, 100 cGy at 1 cm in tissue

A differential DVH of an 192Ir point source

The Natural Dose Volume Histogram (NDVH)The Natural Dose Volume Histogram (NDVH)

Area = volume between 300 and 400 cGy

Area = volume between 160 and 177 cGy

Area = volume between 500 and 1000 cGy

dV / dD    (mm3. cGy  
-1) Ir point source, 100 cGy at 1 cm in tissue

100

200

300

400

127

dV / dD = –2 π S3/2 D–5/2

200 300 400 500 600 700 800 900 1000 1100 1200

Dose (cGy)

100
0

A differential DVH of a volume implant behaves as a single point as a single point 

sourcesource for very low doses and for very high doses (see figure at 

the right). 



Differential DVH of “ideal point source”

The values of the differential DVH for an ideal point source can be calculated 

directly because the isodose surfaces are spheres with the source as center, 

The Natural Dose Volume Histogram (NDVH)The Natural Dose Volume Histogram (NDVH)

directly because the isodose surfaces are spheres with the source as center, 

of which the volumes are easily calculated: V = (4/3) π r3
. For an ideal point 

source with D = S / r2 , V can be written as a function of D: 

V = (4/3) π S3/2 D–3/2

But, if we define  u = D-3/2 we have:

dV / du = (4/3) π S3/2

dV / du becomes a constanta constant propotional to the source strength S3/2.



A Natural Dose Volume Histogram

Example: for a point source

The Natural Dose Volume Histogram (NDVH)The Natural Dose Volume Histogram (NDVH)

The mathematical The mathematical 

trick trick is to scale the 

axis in such a way 

that in a NDVH the that in a NDVH the 

curve for a point 

source geometry is 

“flat”



Natural Dose-Volume Histogram

4.0

5.0

dV/d(u) × 10
6

u(D) = D
–3/2

Two-plane breast implant, SSDS optimized

Ref. Air Kerma = 0.3206 cGy.m
2

( cm
3
.cGy

3/2
 )

Uniformity Index = 2.26

Quality Index = 3.40

The Natural Dose Volume Histogram (NDVH)The Natural Dose Volume Histogram (NDVH)

0.0

1.0

2.0

3.0

4.0

360 1000380 400 500 600 700 800

Dose (cGy)LD HDPD

Quality Index = 3.40

NPD

point source

Natural dose-volume histogram of an optimized two-plane breast implant. The 

prescription dose PD is defined as 90% of the mean dose in the basal dose points, i.e. 

90% of the peak dose value. The prescription dose PD coincides with the natural 

prescription dose NPD which lies at the base of the peak at the Low Dose side.



TopicsTopics

�� Introduction on Dose Optimization in Brachytherapy Introduction on Dose Optimization in Brachytherapy 

�� Forward Planning & TechniquesForward Planning & Techniques

�� Inverse Optimization and PlanningInverse Optimization and Planning

�� Dose EvaluationDose Evaluation�� Dose EvaluationDose Evaluation

�� QualityQuality ParametersParameters andand IndicesIndices



Quality Parameters and IndicesQuality Parameters and Indices

� Dose Volume Histogram (DVH) based (anatomy)

- Dose-Volume-Parameters for Target (V100, D98, D90, ...)- 100 98 90

- Dose-Volume-Parameters for OARs (D10, D1, D2cm³, D0.1cm³ …)

� Conformity based

- Coverage Index CI for Target

- Conformal Index COIN for Target and OARs

- External Volume Index EI for normal tissue

� Implant Volume based

- Natural Dose Volume Histogram

- Uniformity Index UI

- Quality Index QI

- Natural Dose Ratio NDR



Quality Parameters and IndicesQuality Parameters and Indices

� Dose Volume Histogram (DVH) based (anatomy)



Quality Parameters and IndicesQuality Parameters and Indices

� Dose Volume Histogram (DVH) based (anatomy)



Quality Parameters and IndicesQuality Parameters and Indices

� Dose Volume Histogram (DVH) based (anatomy)

- planned vs. aimed D90

- Conformal Index COIN  

- Quality parameters – DNR …



Quality Parameters and IndicesQuality Parameters and Indices

� Dose Volume Histogram (DVH) based (anatomy)



Quality Parameters and IndicesQuality Parameters and Indices

� Dose Volume Histogram (DVH) based (anatomy)



Quality Parameters and IndicesQuality Parameters and Indices

� Dose Volume Histogram (DVH) based (anatomy)



Quality Parameters and IndicesQuality Parameters and Indices

� Dose Volume Histogram (DVH) based (anatomy)



Quality Parameters and IndicesQuality Parameters and Indices

� Dose Volume Histogram (DVH) based (anatomy)



Quality Parameters and IndicesQuality Parameters and Indices

� Dose Volume Histogram (DVH) based (anatomy)

- Dose-Volume-Parameters for Target (V100, D90, ...)

D100: the dose that covers 100% of the target volume, what is equivalent the

MTD proposed by ICRU report 58 (ICRU 1998); for the case we consider

CTV.

D98: the dose that covers 98% of the target volume.

D90: the dose that covers 90% of the target volume.

V100: the percentage of the target volume that receives at least the

prescribed dose, which is set to 100%.

V150: the percentage of the target volume, which receives at least 150% of

the prescribed dose.



Quality Parameters and IndicesQuality Parameters and Indices

� Dose Volume Histogram (DVH) based (anatomy)

- Dose-Volume-Parameters for Target (V100, D98, D90, ...)- Dose-Volume-Parameters for Target (V100, D98, D90, ...)
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Quality Parameters and IndicesQuality Parameters and Indices

� Dose Volume Histogram (DVH) based (anatomy)

- Dose-Volume-Parameters for OARs (D10, D2cm³, ...)

100% is the prescription

(reference) dose

- Dose-Volume-Parameters for OARs (D10, D2cm³, ...)
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The problematic Minimum Target Dose or Minimum 

Peripheral Dose:

In spite of the high sensitivity of the minimum dose MTD or minimum 

peripheral dose MPD in the planning target volume against delineation peripheral dose MPD in the planning target volume against delineation 

inaccuracies and the used resolution of the calculation grid or number 

of sample points, these values are still in the national, European, 

American and International Reports and Recommendations.

Due to the extended use of individual plan optimisation (prostate, Gyn, 

breast, ...) utilising modern inverse optimisation tools in RTPs, the dose 

prescription and distribution becomes individual and is now the best prescription and distribution becomes individual and is now the best 

achievable compromise between PTV-related and OAR-related 

objectives. Thus we learned, that we have to distinguish between the 

“aimed” or “intended” prescription dose to the PTV (protocol) and the 

individually realised – “planned” prescription dose. 



“Aimed” versus “Planned”:

For the example of prostate and considering the published 

papers and recommendations, the majority of these refer as 

“planned” doses, individual prescription, the achieved D“planned” doses, individual prescription, the achieved D90

values for the PTV. 

Those values are more stable regarding delineation inaccuracies 

and resolution of the calculation grid or number of sample 

points than the minimum dose values. 

Thus we have in general the “aimed” D value for the PTV Thus we have in general the “aimed” D90 value for the PTV 

(institutional/study protocol value) and the “planned” D90 value, 

that is the value that is really achieved (and probably delivered) 

in the individual treatment planning process and becomes the 

individual dose prescription.



Aimed PD :Aimed PD : 100% = 11,50Gy100% = 11,50Gy

D90 : 105,55% = 12,14Gy

D95 : 98,75% = 11,34Gy
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Dose Prescription: Aimed versus Planned

Prostate-Example

95

D98 : 85,67% = 9,85Gy

D2 : 283,71% = 32,63Gy

Dmean: 145,27% = 16,71Gy

D50 : 123,28% = 14,18Gy

≈ 18%≈ 18%

≈ 23≈ 23--45% 45% 

to the aimed PDto the aimed PD
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Aimed PD :Aimed PD : 100% = 11,50Gy100% = 11,50Gy

D : 98,21% = 11,29Gy
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Dose Prescription: Aimed versus Planned

Prostate-Example

D90 : 98,21% = 11,29Gy

D95 : 97,57% = 11,22Gy

D98 : 96,20% = 11,06Gy

D2 : 102,30% = 11,77Gy

Dmean: 100,00% = 11,50Gy

D50 : 100,00% = 11,50Gy
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� Dose Prescription BRT vs. ERT?

Aimed PD :Aimed PD : 100% = 11,50Gy100% = 11,50Gy
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Dose Prescription: Aimed versus Planned

Prostate-Example

Aimed PD :Aimed PD : 100% = 11,50Gy100% = 11,50Gy

D90 : 105,55% vs. 98,21%

D95 : 98,75% vs. 97,57%

D98 : 85,67% vs. 96,20%

D2 : 283,71% vs.     102,30%

D : 145,27% vs.     100,00%
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Dmean: 145,27% vs.     100,00%

D50 : 123,28% vs.    100,00%E
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“Aimed” versus “Planned”: ATTENTION

Offenbach Protocol for Monotherapy: 3x11,5Gy = 34,5Gy

120 Implants The planned D90 is on average

11.8Gy and thus the planned total 11.8Gy and thus the planned total 

dose achieved in 3 fractions is on 

average 35.4Gy !

For Offenbach:

on average

planned D isplanned D90 is

+2,5% 

of the aimed D90



“Aimed” versus “Planned”: ATTENTION

104 consecutive patients and a total of 208 implants PCA

Monotherapy protocol with “intended/aimed” 

7.25Gy/fraction for 6 fractions and total of 

43.5Gy



“Aimed” versus “Planned”: ATTENTION

On average “planned” D90 of  

7.9Gy per fraction and the total 

“planned” dose achieved in 6 “planned” dose achieved in 6 

fractions is 47.4Gy

versus 

“intended/aimed” 7.25Gy and 

43.5Gy accordingly.

For UCLA:

on averageon average

planned D90 is

+9,2% 

of the aimed D90



Quality Parameters and IndicesQuality Parameters and Indices

� Conformity based

- Coverage Index CI for Target- Coverage Index CI for Target

“Fraction of the target volume receiving a dose

equal or greater than the reference dose (100%)”

CI = V100 /100

Target



Quality Parameters and IndicesQuality Parameters and Indices

� Conformity based

- Conformal Index COIN without OARs- Conformal Index COIN without OARs

Body contour

PTV

COIN = c1 x c2

c ref
1

PTV
= ref

2
PTV

c =

How well fits the 3D shape of Dref the target volume PTV

Reference isodose Vref

PTVref

PTV
c ref

1 =
ref

ref
2

V

PTV
c =

Reference isodose = Dref = 100 %

Baltas D, Kolotas C et al.

Int J Rad Oncol Biol Phys 40, 512-524, 1998



Quality Parameters and IndicesQuality Parameters and Indices

� Conformity based

- Conformal Index COIN including OARs- Conformal Index COIN including OARs

COIN = c1 x c2 x c3

( )
∏
= 
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OARsN

1i iOAR

iitiOAR
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DDV
1c

,
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iOAR

iitiOAR

V

DDV

,

,lim, >

= 1i iOARV ,

DDlimitlimit

Dlimit,i is the dose limit for the ith OAR.

NOARs is the total number of OARs.

Milickovic N, Lahanas M et al.

Phys Med Biol 47, 2263-2280, 2002



Quality Parameters and Indices:Quality Parameters and Indices:

Conformal Index COINConformal Index COIN

ImplantImplant

DVHsDVHs

ImplantImplant

COINCOIN--DistributionDistribution



Quality Parameters and IndicesQuality Parameters and Indices

� Conformity based

- External Volume Index EI- External Volume Index EI

Vtissue,ref is the normal tissue volume covered by Dref

100xc
c

c
  x100

PTV

V
  EI 1

2

1reftissue,








−==

How much is the extension of Dref outside the target volume

Vtissue,ref is the normal tissue volume covered by Dref

PTV is the target volume

c1 and c2 are the two coefficients of COIN

Meertens H, Borger J et al.

Nucletron International; 300–306 1994.



Quality Parameters and IndicesQuality Parameters and Indices

� Implant Volume based

- Natural Dose Volume Histogram based Indices- Natural Dose Volume Histogram based Indices

• Uniformity Index UI

• Quality Index QI

• Natural Dose Ratio NDR

“Natural” Dose Volume Histograms are calculated by most TPSs

Histograms can be inspected for their appearance

Anderson LL

Med Phys 13 (6); 898-903, 1986

Van der Laarse R, Prins TPE

Nucletron International; 352–372, 1994.

Histograms can be inspected for their appearance

Indices are derived and shown based on these NDVHs



Natural Dose Ratio NDR = NPD / PD = 1.15

Natural Dose Ratio (NDR)Natural Dose Ratio (NDR)

Natural Dose Ratio NDR = NPD / PD = 1.15

NPD: Natural Prescription DoseNPD: Natural Prescription Dose

(defined at the base of the peak)(defined at the base of the peak)

PD: mean dose in target pointsPD: mean dose in target points

Outside implantOutside implant Inside implantInside implant

Classical Geometric Classical Geometric 

Optimization on VolumeOptimization on Volume



TheThe UniformityUniformity IndexIndex UIUI whichwhich cancan bebe extractedextracted fromfrom thethe naturalnatural volumevolume

dosedose histogramhistogram (Anderson(Anderson 19861986),), isis defineddefined asas::

Uniformity Index UIUniformity Index UI

u(HD)-u(PD)

u(PD)
*  

V(PD)

HD)-V(PD
 = UI

With PD the prescription dose, HD the dose at half maximum of the peak at the high 

dose side, V(PD-HD) the volume receiving a dose between PD and HD, V(PD) the 

volume receiving at least the prescription dose PD and  u(D)= D-3/2.

This uniformity index, thus, depends not only on the uniformity of the dose This uniformity index, thus, depends not only on the uniformity of the dose 

distribution but also on the choice of the reference isodose. It expresses the 

amount of the treatment volume which is concentrated between the prescription 

dose, PD, and the high dose side of the peak, HD.



TheThe QualityQuality IndexIndex QIQI isis defineddefined toto suppresssuppress thethe influenceinfluence ofof thethe chosenchosen

referencereference dosedose::

Quality Index QIQuality Index QI

With LD the dose at half maximum of the peak at the low dose side, V(LD-HD) the 

volume receiving a dose between LD and HD and V(LD) the volume receiving at 

least dose LD.

u(HD)-u(LD)

u(LD)
*  

V(LD)

HD)-V(LD
 = QI

least dose LD.



Other techniques are under development/investigationOther techniques are under development/investigation

Dose Volume HistogramsDose Volume Histograms

Dose “Wall” HistogramsDose “Wall” Histograms

Dose “Surface” HistogramsDose “Surface” Histograms

• Needs careful 3-D imaging consideration• Needs careful 3-D imaging consideration

• Recommended in some international reports

• (and what about inter-observer variation….?) 
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Take home messages:

• DVHs are useful to help you plan the patient treatment (Plan 
optimization and comparison of different plans)optimization and comparison of different plans)

• DVHs are useful to evaluate your prescription or to prescribe (dose 
to a volume)

• Volume-Dose (V, DV or D,VD) parameters and “Quality” parameters 
can be derived from DVHs

• Attention: Aimed versus planned prescription (e.g. D90)90

• Predictive value of such (quality) parameters still has to be proven   
for general use !





Radiobiology of permanent implants

and HDR BT for prostate cancer

Erik Van Limbergen MD, PhD

University Hospital Gasthuisberg

Leuven, Belgium



125I seeds

• Introduction in clinical practice since 1965

• Different seeds with different emission• Different seeds with different emission

• Application in : Prostate PI

CNS, Lung, Pancreas , 

H&N,Breast PI

Eye melanoma



125I and 103Pd

Low EnergyLow Energy

• Major advantage for radioprotection

• High RBE• High RBE



RBE 125I and 103Pd

mean energy half life RBEmean energy half life RBE

• 125 I          28 keV X rays 60 d              1- 2.4*

• 103 Pd 21 keV X rays 17 d 

1.9**

� *   overview litterature 1968-2000

� ** C. Ling et al 2000



RBE  125I and 103Pd

• LET of  radiation• LET of  radiation

• Dose rate

• Biological system, end points, 

• Tissue involved
� repair capacity α/β ratio

� repair kinetics T1/2

� repopulation kinetics Tpot

• Reference beam



LET 125I and 103Pd

γ• Low energy γ emission

� 125I           28 keV X rays

� 103Pd 21 keV X rays

• = high LET radiation



LET 125I and 103Pd

• Low energy = high LET

Lineal Energy Spectra diff. nucleides

• Low energy = high LET

• γ emission 

� 125I          28 keV  X rays

� 103Pd 21 keV  X rays



RBE  125I and 103Pd

• LET of  radiation• LET of  radiation

• Dose rate

• Biological system, end points, 

• Tissue involved
� repair capacity α/β ratio

� repair kinetics T1/2

� repopulation kinetics Tpot

• Reference beam



RBE 125I and 103Pd

• Dose rates

� 125I            7 cGy/h IDR 144 Gy in 10 months

� 103Pd shorter half life� 103Pd shorter half life

21 cGy/h IDR 125 Gy 

in 3 months



Dose rate effects

E =  α D + g β D ²E =  α D + g β D ²

g = 2 ( r t - 1 + e (- r t) )
(r t)²

r = 0.693 / T½

Higher DR (TI)  RBE  1.15 -1.2

Lower DR (PI)  RBE  2 - 2.2



RBE  and Dose rates 125I



RBE  and Dose rates 125I

RBE *

Permanent implants

Low dose rates 125I (0.08 Gy/h)       

1.6  - 2.4
103Pd     

(0.14 Gy/h) 1.9(0.14 Gy/h) 1.9

Eye melanoma

High dose rates 125I 

1.1  - 1.2

* C.Ling et al 2000



Very Low Dose Rate



Dose M to compensate for 

repopulation

TimeTime

Tpot 5 d 10 d 20 d 30 d 40 d

2 d 5 Gy 10 Gy 20 Gy 30 Gy 40 Gy

5 d 2 Gy 4 Gy 8 Gy 12 Gy 16 Gy

10 d 1 Gy 2 Gy 4 Gy 6 Gy 8 Gy10 d 1 Gy 2 Gy 4 Gy 6 Gy 8 Gy

With M = 2 Gy.T/Tpot



Very Low Dose Rate

• Example PCa with 125 I implant:

• 150 Gy with initial dose rate of 7 cGy/h• 150 Gy with initial dose rate of 7 cGy/h

• If Tpot = 6 days (better 25days?):

� Critical dose =120 Gy reached after 140 days

(23.5 times Tpot) when Dose Rate is  1.4 cGy/h

� Compensation dose to overcome repopulation

M = 47 Gy (2 Gy.t/Tpot)M = 47 Gy (2 Gy.t/Tpot)

� Effective dose is 120 - 47= 73 Gy not taking into

account variations in RBE due to DRE



125I versus 103Pd

• Radiobiological modeling :• Radiobiological modeling :

� low α/β ( 3 Gy)

� and T1/2 = 1h

103Pd is more cytotoxic

if T pot is < 25 d  (King)if T is < 25 d  (King)

• In high risk PCa with short T pot ,  103Pd could

be advantageous



125I versus 103Pd

• Clinical outcome:• Clinical outcome:

� Matched pair study ( Cha et al. 1999 ):

� 125I and 103Pd have equivalent clinical� 125I and 103Pd have equivalent clinical

outcome

� regardless for Gleason score and initial PSA

� 5 y NED survival is identical



125I versus 103Pd

• Clinical  outcome:• Clinical  outcome:

Phase III Trial ( Herstein et.al 2005 )

More proctitis with Palladium

More  Urethritis with Iodine

At 12 months same IPSS score

http://et.al/


What is the true α/β ratio for prostate cancer?

Brenner & Hall 1999: Brenner & Hall 1999: 

Ext beam vs I-125 implant

α/β = 1.5 (95% CI 0.8 - 2.2)

Fowler et al 2001:Fowler et al 2001:

Ext beam vs I-125 or Pd-103 implant

α/β = 1.49 (95% CI 1.25 - 1.76)



What is the true What is the true αα//ββ ratio for prostate cancer?ratio for prostate cancer?



Idealised cell survival curve

Low alpha/beta ratio

C
e

ll s
u

rv
iv

a
l

Large dose per 

fraction (HDR)

High alpha/beta ratio

C
e

ll s
u

rv
iv

a
l

Radiation dose



HDR implant boost: 

biological advantage  in EQD2

αα//ββ 1.51.5 αα//ββ 3.53.5 αα//ββ 1010

Ext beamExt beamExt beamExt beam
74Gy/37f74Gy/37f 7474 7474 7474

HDR HDR Boost Boost schedules after 45Gy/25fschedules after 45Gy/25f
Ext beamExt beam 42.442.4 43.343.3 44.244.2

16Gy/4f16Gy/4f 67.567.5 65.165.1 62.862.8
16Gy/2f16Gy/2f 85.885.8 76.876.8 68.468.4
23Gy/2f23Gy/2f 127.8127.8 106.1106.1 85.485.4

HDR HDR BoostBoost after 35.7Gy/13fafter 35.7Gy/13f
Ext beamExt beam 43.443.4 40.540.5 37.937.9

17Gy/2f17Gy/2f 91.891.8 77.677.6 64.164.1



HDR-mono  implant: 

biological advantage in EQD2

α/β 1.5 α/β 3.5 α/β 10

• Ext beam

74Gy/37f 74 74 74

• HDR mono

34Gy/4f 96.9 74.2 52.434Gy/4f 96.9 74.2 52.4

36Gy/4f 108 81.8 57.0

31.5Gy/3f 108 80.2 53.8





Brachytherapy 

for Bronchus ca

Erik Van Limbergen MD, PhDErik Van Limbergen MD, PhD

University Hospital Gasthuisberg

3000 Leuven





Lung and bronchus Ca. death

4



Surgery  

• Surgery is the gold standard for NSC stage I:• Surgery is the gold standard for NSC stage I:

� Survival @ 5 y = 45 - 65%

� Local relapses = 5 - 20%

� Seconds primaries =  15 - 20%

• Only 20-25% of the patients are operated

� Respiratory Insuff

5

� Respiratory Insuff

� Performance status

� Pulmonary history (surgery, irradiation)



Lung Cancer 

failures after irradiation

EBRT 50-70Gy:EBRT 50-70Gy:
– 60% local recurrences

60% die from airway obstruction
–respiratory failure

–obstructive pneumonia

6

–obstructive pneumonia

–Sepsis
–Couching

– Haemophtysis





Indications for BT in Bronchus cancer

• Palliative airway obstruction 

• Curative for ROC Bronchus ca



Indications BT in lung ca (1)

• 1-PALLIATIVE TREATMENT• 1-PALLIATIVE TREATMENT

• endobronchial tumor growth

• often in combination with endobronchial laser 
or stenting in selected casesor stenting in selected cases

• endobronchial recurrence in RT-field

























Dose prescription at 1 cm  :

=  dose at 1.5 cm from the forque

Marinello et al











Late Side Effects

(Treatment/Tumour related)

• Radiation Bronchitis (5-10%)

• Bronchial Stenosis (<5%)

• Haemoptysis (up to 20%)

• Fistula (arteries, oesophagus) ~ 5%• Fistula (arteries, oesophagus) ~ 5%







2-CURATIVE INTENT

Indications BT in lung ca (2)

2-CURATIVE INTENT

• EBRT and BT boost

• bronchial stump recurrences

• positive resection margins

BT alone for small TumoursBT alone for small Tumours

� T1(-T2) or in-situ

� N0

� Deep infiltration < 1 cm













































CONCLUSIONS BRONCHUS BT

• Palliative AND curative• Palliative AND curative

• Good tolerance of the procedure

• Stenosis, bleeding(technical 

improvements)

• Probably better dose distribution with • Probably better dose distribution with 

3D and double loaded catheters



Brachytherapy for Esophageal Cancer

B PietersB Pieters

Academic Medical Center / University of Amsterdam



INTRALUMINAL BRACHYTHERAPY 

IN ESOPHAGEAL CANCER

Early Disease: Neoadjuvant chemoradiation + Surgery or

mucosal resectionmucosal resection

alternative treatment: EBRT + brachytherapy

Advanced Disease: palliative (chemo-)radiation as EBRT

+/- BT or EBRT + BT

Advanced or recurrent disease with luminal obstruction:

Brachytherapy alone

aim: rapid and lasting relief of symptoms from dysphagia



ESOPHAGEAL ANATOMY

elastic tube: about 25 cm long

transversal section: thumb-like shapetransversal section: thumb-like shape

about 2 cm laterolateral

about 1 cm ventrodorsal

inner surface „star like“ (irregular)

folded mucosa

loose submucosaloose submucosa

(up to some mm thick)

thin muscle layers



muscularis 

circular/longitudinal 
Mucosa Mucosa 

Submucosa Submucosa 

Muscularis 

mucosa
Muscularis 

mucosa

1
5
 m

m

20 mm

1
3
 m

m

15 mm

20 - 25 mm

20 mm

Esophageal Topography

Without and with applicator
GEC ESTRO Handbook of Brachytherapy



Work up

general performance

nutritional status / weight loss

symptoms from dysphagia or pain

physical examinationphysical examination

(chest X-ray)

endoscopy

computed tomography

Endosonography

Ultrasound neck



barium swallow esophagoscopy

endosonography





Double Contrast

barium swallow

Length of GTV  

„GTL“

Related to carina



INDICATIONS: ESOPHAGEAL BRACHYTHERAPY

ADVANCED DISEASE
(DYSPHAGIA BY TUMOR OBSTRUCTION)

- Primary treatment/treatment for recurrence -

BRACHYTHERAPY ALONE

combined with: dilatation

laser resection

BOOST TREATMENT AFTER TUMOUR REMISSION by EBT

(most often palliative setting)

SUPERFICIAL TUMORS/EARLY DISEASESUPERFICIAL TUMORS/EARLY DISEASE
(BRACHYTHERAPY ALONE)

BOOST TREATMENT AFTER EBT

(most often curative intent)



CONTRA-INDICATION 

ESOPHAGEAL BRACHYTHERAPY

FISTULAFISTULA

(Infiltration of the Trachea (pars membranacea))

Indication directly after stent placement isIndication directly after stent placement is

questionable (Dutch STEBRA study)



TARGET DEFINITION

Findings from esophagoscopy, barium swallow

computed tomography

Documentation (radiograph) of tumour extension

during application with anatomical landmarks

GTV: Depth:    tumor thickness

thickness of esophageal wall

Length:  Tumor lengthLength:  Tumor length

CTV: safety margin for subclinical disease: CTL

PTV:  safety margin for uncertainties: PTL



Double Contrast

barium swallow

Length of GTV  

„GTL“

Length of PTV

„PTL“„PTL“

Related to carina

GEC ESTRO Handbook of Brachytherapy



TECHNIQUE OF APPLICATION

Single catheter techniqueSingle catheter technique

Radiography assisted application

Fluoroscopy assisted application

Endoscopy assisted applicationEndoscopy assisted application



Diameter: 1.7 to 16 mm

scaling system

VARIATIONS IN APPLICATOR DESIGN   

- according to different pathology -

scaling system

tubes of different diameters

tube-in-tube technique

solid tubes (large diameter)

bougie-applicators

balloon applicators

all with a channel for a small diameter

catheter carrying the source (Ir 192)



VARIATIONS IN APPLICATOR DESIGN   

- according to different pathology -

GEC ESTRO Handbook of Brachytherapy



φ φ 15 mm15 mm

Japanese Balloon Applicators

φ φ 

φ φ 20 mm20 mm

From Hirokawa

GEC ESTRO Handbook of Brachytherapy



Small diameter appl. in a wide oesophageal lumen

Centered / Non-centered position

Inappropriate Technique !

GEC ESTRO Handbook of Brachytherapy



Appropriate technique in wide oesophageal lumen

GEC ESTRO 

Handbook of

Brachytherapy

Recording and reporting at 5 mm from the applicator surface



Appropriate technique in 

narrow oesophageal lumen

GEC ESTRO

Handbook 

of Brachytherapy

Recording and reporting at 5 mm from the applicator surface



Radiography

assisted



Clinical application

Remission

after EBT



Localisation Radiograph with applicator and carina



Insert applicatorInsert applicator

Adjust positionAdjust position

Topical anesthesiaTopical anesthesia

with Xylocain jellywith Xylocain jelly

Inflate balloon applicator  Inflate balloon applicator  Verify applicator position Verify applicator position 

Fluoroscopy assisted

From Hirokawa



Example with balloon catheter

From Hirokawa



Endoscopy assisted

1 2

3 4



5 6

7 8



9 10

11 12



Brachytherapy in Esophageal Cancer
Endoscopy assisted application with guide wire
in advanced obstructive disease

From R. Sur



Brachytherapy in Esophageal Cancer
Endoscopy assisted application with guide wire
in advanced obstructive disease

From R. Sur



Brachytherapy in Esophageal Cancer
Endoscopy assisted application with guide wire 
in advanced obstructive disease

From R. Sur



Diameter applicator:

20 mm

< 4 mm

Diameter applicator:

10 mm

< 8 mm

Diameter applicator:

2 mm

5 mm 10 mm

MTDMTD

10 mm 5 mm
< 8 mm

MTD

< 8 mm

The hyperdose sleeve can be within the catheter, but in 

many cases high doses are present in the treated volume



Individual Prescribing at x mm

Systematic Recording and Reporting

Length of the Planning Target Volume (PTL)

Length of the Reference Volume (RVL)

at 5 mm from the applicator surface

Reference Dose Reference Dose 

at 5 mm from the applicator surface

at the applicator surface



Prescribing, Recording and Reporting 

oesophageal treatment

GEC ESTRO Handbook of Brachytherapy



GEC ESTRO Handbook of Brachytherapy



Different prescription technique
GEC ESTRO Handbook of Brachytherapy

Recording and reporting at 5 mm from the applicator surface



Different prescription technique
GEC ESTRO Handbook of Brachytherapy

Recording and reporting at 5 mm from the applicator surface



From Hirokawa



DOSE AND FRACTIONATION

- combination treatment EBT and BT -

palliative approach

EBT: 45-46 Gy with 1.8-2 Gy per fraction

30 Gy with 3 Gy per fraction

BT: 10-16 Gy in 2 fractionsBT: 10-16 Gy in 2 fractions

10 Gy in 1 fraction

curative approach

EBT: 55-60 Gy with 2 Gy per fraction

BT: 10-15 Gy at 5 mm in 2-3 fractions

time interval

EBT-BT: 1-2 weeks

BT: 1-2 weeksBT: 1-2 weeks

Fast symptom relief

BT1-EBT-BT2



PDR Treatment

Perform treatment in several runs (e.g. 4 runs)

If treatment is interrupted target volume will be more 

homogeneously treatedhomogeneously treated



RESULTS

overall symptom relief

e.g. from dysphagea (mean 4 – 10 mths)

about two thirds of patients

overall improvement in general performance, weight

about two thirds of patients

partial remission: 70 %

complete response: 20 %

local tumor control: 49-71 % (one year)local tumor control: 49-71 % (one year)

survival (stage I/II): 37 % (2 years)

survival (stage III/IV): 7 % (2 years)

Ask et al, Acta Oncol 2003;42:462 Sharma et al. Int J Radiat Oncol Biol Phys 2002;52:310

Muijs et al, Radiother Oncol 2012;102:303



Palliative Treatment Stent vs Single Dose Brachytherapy

Brachy Stent PBrachy Stent P

Total compl 21% 33% 0.02

Major compl 13% 25% 0.02

Homs et al., Lancet, 2004;364:1497



Combination Stent and

Brachytherapy

Day 1: Brachytherapy 12 GyDay 1: Brachytherapy 12 Gy

Day 2: Biodegradable stent

47 % intervention-related major complications
Retrosternal pain

Vomiting

Dysphagia

HematemesisHematemesis

Hirdes, Gastroint Endoscopy,2012;76:267-274



SIDE EFFECTS

acute effects

oesophagitis (up to 80 %)oesophagitis (up to 80 %)

fistula (up to 5 %)

subacute, late effects

chronic oesophagitis, ulceration (up to 30 %)chronic oesophagitis, ulceration (up to 30 %)

stricture (10-30 %)

fistula (5-10 %)

Hishikawa et al., Radiother Oncol 1991;21:107,

Sharma et al. Int J Radiat Oncol Biol Phys 2002;52:310



Chemoradiation + Brachy

RTOG 92-07

50 Gy EBT + 3 x 5 Gy HDR

60 Gy EBT + 2 x 5 Gy HDR

3 x 5FU / CDDP / MMC50 Gy EBT + 3 x 5 Gy HDR

4 x 5FU / CDDP

Applicator diameter 4-6 mm, 
prescrption 10 mm

CR 73%

G3 acute Tox 58%, G4 late 
Tox 8%

3 x 5FU / CDDP / MMC

Applicator diameter 10-14 
mm, prescription @ 5mm

3 + 5 y Survival: 27% and 
18%

G3-4 late Tox 11%
Calais et al., Int. J. Radiat. Oncol. Tox 8%

Gaspar et al., Int. J. Radiat. Oncol. 
Biol. Phys. 37; 593-599, 1997

Calais et al., Int. J. Radiat. Oncol. 
Biol. Phys. 38; 769-775, 1997



Improvement in Chemoradiation

Without Brachytherapy

366 resectable tumors (T2-3N0-1M0)

Randomization RT vs. CRT followed by resection

41.4 Gy (1.8) + paclitaxel 50 mg/m2 

+ carboplatin AUC = 2 mg/ml/min

92% R0 resections

Pathologic CR 29%Pathologic CR 29%

Median Survival: RT 24 mths vs. CRT 49.4 mths.

3 y OS: RT 44% vs. CRT 58%

Van Hagen, New Engl J Med 2012;366:2074-2084



Improvement in Chemoradiation

Without Brachytherapy

RTOG 85-01

5 y OS: 26% vs 0%

Cooper, JAMA 1999: 281:1623-1627

CRT with Cisplatin + 5FU



Improvement in Chemoradiation

Without Brachytherapy

127 inoperable or irresectable tumors (T4N0-1 M0/M1a)127 inoperable or irresectable tumors (T4N0-1 M0/M1a)

Median Follw-up: 44.5 mths

50.4 Gy (1.8) + paclitaxel 50 mg/m2 

+ carboplatin AUC = 2 mg/ml/min

Local recurrence: 42 %Local recurrence: 42 %

Median OS: 17 months

Mohammad, BMC Cancer 2014;56



Policy

• Curative treatment

� Chemoradiation seems superior to EBRT + Brachy� Chemoradiation seems superior to EBRT + Brachy

� If chemotherapy is not possible EBRT + Brachy is 

an option

• Palliative treatment

� Brachytherapy ± EBRT


