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16th ESTRO Teaching Course on 
 
BRACHYTHERAPY FOR PROSTATE CANCER 
 
 
Introduction 
 
Welcome to the beautiful city of Brussels for the 16th ESTRO Prostate Brachytherapy 
Course. 
 
Over the last few years more and more younger men have been diagnosed with 
localised potentially curable prostate cancer. While radical prostatectomy remains the 
gold standard for treatment in many countries, there is an increasing interest in the 
role of brachytherapy which proves a much simpler alternative and achieves similar 
outcomes with less risk of severe side effects. Several thousand patients now have 
the treatment each year in Europe. 
 
Prostate brachytherapy is not something that can be taken up by a solitary 
enthusiast.  It requires a significant amount of team work and there needs to be 
careful attention to patient selection, techniques of implantation and quality 
assurance to ensure that optimum outcomes can be achieved. A very experienced 
teaching staff in all aspects of both HDR and LDR Brachytherapy will be present at 
the meeting and will be happy for you to ask questions both during or after the 
lectures.  Please make use of their expertise.  
 
We hope that the teaching course will provide a foundation to begin the steep 
learning curve towards the achievement of consistent high quality implants and that 
more patients will have the option to choose this form of treatment.  
 
On behalf of the teaching staff,  
 
Peter Hoskin,  
Course Director  
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stefan.machtens@mkh-bgl.de 
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NOTE TO THE PARTICIPANTS OF THE ESTRO 
TEACHING COURSE ON  

 
BRACHYTHERAPY FOR  

PROSTATE CANCER 
 

The present texts and slides are provided to you as a basis for taking notes 
during the course.  In as many instances as practically possible, we have 
tried to indicate from which author these slides have been borrowed to 
illustrate this course. 
 
It should be realised that the present text can only be considered as notes 
for a teaching course and should not in any way be copied or circulated.  
They are only for personal use.  Please be very strict in this as it is the only 
condition under which such services can be provided to the participants of 
the course.  

 
 
 

Disclaimer 
 

 

 

This course has been accredited by ACOE/UEMS 

 

The faculty of the teachers for this event has 
disclosed any potential conflict of interest that 
the teachers may have. 
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ESTRO 

TEACHING COURSE ON BRACHYTHERAPY FOR PROSTATE CANCER 
Brussels, Belgium 5-7 June 2016 

 
Teaching staff 
 
B Al-Qaisieh  BA 
JM Cosset  JMC 
P Hoskin  PH 
S Machtens  SM 
C Salembier  CS 
FA Siebert  FAS 
 
 
Sunday June 5 
 
09:00-09:10 Welcome and introduction    PH 
09:10-09:30 Prostate anatomy for brachytherapy    SM 
09:30-10:00 Patient Selection for LDR seed brachytherapy  JMC  
10:00-10:30 Patient Selection for HDR seed brachytherapy  PH  
 
 
10:30-11:00   BREAK 
 
11:00-11:30 QA for brachytherapy     BA 
11:30-12:30 LDR seed techniques and video demonstrations    CS/JMC 

       SM/BA  
    

12:30-13:30   LUNCH 
 
13:30-14:30 HDR techniques and video demonstrations  PH/FAS 
14:30-15:30 CTV definition      CS 
 
15:30-16:00   BREAK 
 
16:00-16:30 Imaging for prostate brachytherapy   SM 
16:30-17:00 Image registration and planning principles:   FAS/BA 
 
 
17:00-17:30 Review and interactive session  
 
 
Monday June 6 
 
09:00-09:40 Clinical results of LDR      CS 
09:40-10:30 Clinical results of HDR     PH 
 
10:30-11:00   BREAK 
 
11:00-1200 Interactive session: planning HDR & LDR  ALL  
12:00-13:00 Post plan imaging, dosimetry and implications  FAS/CS 
  
13:00-14:00   LUNCH 
 
14:00-14:40 Complications of prostate brachytherapy   SM 
14:40-15:30 Management of toxicity and complications  SM  
  
 



15:30-16:00   BREAK 
 
16:00-17:00 Radiation protection      JMC 
 
1700-1730 Review and interactive session: 
 
Tuesday June 7  
  
09:00-10:30 Focal therapy: concepts and LDR    JMC/SM 

Focal therapy: HDR      PH 
 
10:30-11:00   BREAK 
 
11:00-11:30 Brachytherapy for salvage     JMC 
11:30-12:00 Prostate brachytherapy: LDR, HDR, surgery or IMRT   PH 
12:00-12:30 Final discussion session      All  

 
   
 
   
   
 

 



A New ANd Improved membershIp progrAmme 
Bringing you more benefits & online services

how can you become an esTro member?

Please apply online via the ESTRO website www.estro.org. You can also contact the ESTRO office 
by email or by phone for any assistance you may require. 

esTro

rue martin v, 40 

1200 brussels 

belgium

Tel.: +32 2 775 93 40

Fax: +32 2 779 54 94 

email: membership@estro.org 

website: www.estro.org 

“The new communication tools and on-line services create a 
personalised platform to help ESTRO members connect and 
network. Moreover, ESTRO members will find an environment 
that will stimulate education and development. As such the new 
membership categories will be an important part of the strategy 
of realising the central vision statement of ESTRO by offering the 
necessary tools for the individual member to develop his or her 
professional skills in the interests of our patients.”

Dirk Verellen, ESTRO Membership Officer

The European SocieTy for Radiotherapy 
& Oncology (ESTRO), with its active 
community of over 5000 members, has 
supported the role of Radiation Oncology 
within the multidisciplinary treatment of 
cancer for more than 30 years. 

ESTRO is the ideal platform for the sharing of 
cutting-edge knowledge and ground-breaking 
know-how within the radiation oncology 
community. ESTRO provides numerous high-
level educational opportunities through 
teaching courses, organises conferences and 
congresses that are at the forefront of our 
specialisation, and is responsible for several 
top-notch publications.

The Society has the mission to represent all 
the Radiotherapy professionals: Radiation 
Oncologists, Medical Physicists in the field 
of Radiotherapy, Radiobiologists and RTT 
(Radiotherapy Technologists). Membership is 
also open to other oncology specialists such 
as Medical Oncologists, Surgeons, Nuclear 
Medicine Physicians...

By joining ESTRO, you will receive numerous 
benefits that have been carefully designed 
to support and advance your career. We 
invite you to peruse the many Membership 
categories on offer and to sign-up for the 
one that is best tailored to meet your 
professional requirements. 

Don’t forget that you can register for the 2013 ESTRO conferences and teaching courses at a discounted rate as soon as you have signed up 
for your 2013 membership!

ESTRO has renewed its membership categories for 2013 in order to bring you more benefits that are better suited to your needs. 
ESTRO’s mission is to guide your day-to-day professional development and to disseminate all the latest findings and knowledge that 
are crucial to our rapidly evolving field. 
Join ESTRO, become an integral part of the Radiation Oncology Community.

New 
For 

2013!

esTro is developing additional new online 
services which will be functional as of Jan-
uary 2013: through our new search engine 
you will be able to access a comprehensive 
e-library containing documents such as the 
green Journal and conference abstracts, 
webcasts, posters, free access to FALCoN 
(our delineation tool), our newsletter, etc. 

esTro 
membershIp

2013

BECOME AN ESTRO MEMBER 
TODAY AND JOIN THE RADIATION 
ONCOLOGY COMMUNITY 

http://www.estro.org/
mailto:membership@estro.org
http://www.estro.org/


pACkAges oF beNeFITs For INdIvIduAL members

INsTITuTIoNAL membershIp

FuLL membershIp

AssoCIATe membershIp

INdIvIduAL membershIp | FuLL

Full Membership is open to all healthcare providers who are  
active in the field of cancer care and/or cancer research, as well as 
related areas in a non-commercial setting.

Active member
Active Membership is open to all Radiation Oncology professionals. 
This category entitles you to the most complete range of benefits 
that the Society has on offer.

Supporting AmbASSAdor memberShip
This category is reserved for individuals who are strongly  
committed to the Society and who want to take an extra step to 
help ESTRO develop further by paying a higher membership fee. 
The additional income generated by these big-hearted members 
will be used to create a solidarity fund. The fund will be available 
to sponsor the membership fee of less fortunate individuals, finance 
support grants for ESTRO events, and help to ensure that Radiation 
Oncology professionals from economically challenged countries are 
also able to participate in our scientific arena.

ESTRO membership runs from the 1st of January to the 31st of December. 
N.B.: Please note these important changes: RTTs will now belong to all membership categories without distinction of disciplines. When registering for courses or conferences, whatever the mem-
bership category they belong to, RTTs will benefit from the ‘In Training’ rate.

Institutional Membership is available for institutes who are willing to purchase several individual memberships in batch for their members.
Your institute can buy several individual memberships (all benefits included) and enjoy additional benefits such as registration packages for 
online workshops, a dedicated corner in the Newsletter, the opportunity to disseminate standards/guidelines within the organisation and 
much more. Read the full details of all package deals available for institutes and the related list of benefits on www.estro.org or contact 
the ESTRO office by e-mail: institutional-membership@estro.org.

oTher CATegorIes
ESTRO can choose to bestow the following membership categories upon specially 
selected individuals. Neither of these memberships can be signed-up for.

honorAry memberShip
Honorary Members are professionals who have made a noteworthy contribution 
towards ESTRO’s mission. They are selected by the Nominating Council of ESTRO.

duAl memberShip
This category can be granted to individual members who benefit from a JOINT mem-
bership agreement. The agreements are signed on a case-by-case basis between 
ESTRO and a National Society; the membership fee is covered by the annual fee paid 
by the partnering Society. The member is entitled to the same benefits as an Affili-
ate Member (with the exception that the discounted rate for attending courses and 
conferences is not limited to just one a year).

supporting AmbAssAdor  | 250€  will benefit from      +    +    +    +  

Active member  | 95€    will benefit from      +    +    +    

in trAining member  | 75€   will benefit from      +    +    

AffiliAte member  | 55€    will benefit from      +        

corporAte representAtive  | 55€  will benefit from

INdIvIduAL membershIp | AssoCIATe

in trAining member 
This category is open to all European healthcare providers who are 
active in the field of Radiation Oncology, as well as related areas in 
a non-commercial setting. In training members must be under the 
age of 35, have relevant professional experience or a university 
diploma granted less than 5 years ago, and currently be in training. 

AffiliAte member
This category is available for Radiation Oncology professionals and/
or individuals interested in the field of Radiation Oncology who do 
not require full involvement in the society but who still wish to 
enjoy some of the more basic benefits on offer.

corporAte repreSentAtive
This category is reserved for individual members working for a 
company.

 Subscription to the Green Journal
 Discounted price for ESTRO Publications and Handbooks
 Online access to ESTRO Handbooks
 Subscription to the ESTRO Newsletter
 Access to Conference Abstract Books
 Access to ESTRO Guidelines
 Access to the ESTRO Annual Reports 

All the benefits listed above + Reduced registration fee for one 
ESTRO Conference or teaching course of choice per year (incl. joint 
conferences and courses)

 Eligibility for  Awards
 Access to the “Members area” on the ESTRO website (read only) 

 Access to Job advertisements
 Access to the ESTRO Annual Reports
 Reduced subscription rate to the European Journal of Cancer 

All the benefits listed above +  the possibility to get either a re-
duced registration fee for one ESTRO Conference or teaching course 
of choice (incl. joint conferences and courses) or a Grant once per year

 Reduced fee for attending ESTRO and Joint Conferences 
 Reduced fee for attending ESTRO and Joint Courses 
 Eligibility for Grants and Awards
 Eligibility to participate in ESTRO’s Governance Activities 
 Access to FALCON Cases (basic) 
 Access to the Webcast library (after 6 months) 

All the benefits listed above + Access to Membership Directory 
(young corner)

 Online access to educational materials
 Contribution to the ESTRO Ambassador Solidarity fund 

   (acknowledgement in the ESTRO webpage) 

 Access to FALCON Cases (basic and endorsed cases)

 Access to the Webcast library (immediate access) 

 Eligibility for Grants, Awards and Fellowships
 Eligibility for Working Groups, Task Force Groups, and Faculties
 Eligibility to hold formal positions such as President, being 

   on the Board of Directors, Councils, Standing Committees,     
   and participation in ESTRO’s Governance Activities
 Access to the Membership Directory
 Access to the “Members area” on the ESTRO website 

   enabling you to read and/or upload your presentations and 
   research, etc.
 Voting rights in the General Assembly 
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ESTRO MOBI ITY GRANTS (TTG)
Visit another institute

ESTRO MOBILITY GRANTS (TTG) 
Visit another institute
In order to learn about or gain experience with a technique, 
equipment or its application that is not easily available in yourequipment or its application that is not easily available in your 
institute and which would be useful to you and your 
department, you can visit another institute for one to threedepartment, you can visit another institute for one to three 
weeks, in Europe or outside.

Just apply for an ESTRO Mobility Grant, the so-called 
“Technology Transfer Grants” (TTG). 

Next deadline: 31 October 2016

Check the selection criteria on www.estro.orgCheck the selection criteria on www.estro.org

http://www.estro.org/
























WELCOME TO ESTRO  
PROSTATE BRACHYTHERAPY 

IN BRUSSELSIN BRUSSELS

ESTRO, Brussels 
G b i ll A lGabriella Axelsson



Y t hYour teachers ……………..

• Peter Hoskin: Mount Vernon, UK
• Bashar AlQaisieh: Leeds
• Jean Marc Cosset: Paris, FrJean Marc Cosset: Paris, Fr
• Stefan Machtens: Bergisch Gladbach,DE

C l S l bi B l BE• Carl Salembier: Brussels, BE
• Frank Andre Siebert: Kiel, DE



Our exhibitorsOur exhibitors

• BSMBSM
• Nucletron
• Varian





Age specific incidence rates UK  2009/11



A St d di d I id R t UK 1993 2011Age-Standardised Incidence Rates, , UK, 1993-2011



Cancer incidence and mortality, males, Europe: 2010

IARC



http://www.cancerresearchuk.org/cancer-info/cancerstats/world/incidence/#By

http://www.cancerresearchuk.org/cancer-info/cancerstats/world/incidence/#By


Age standardised incidence and mortality ratesg y
Europe 1975-2011

Incidence

MortalityMortality



Worldwide
A t d di d i idAge standardised incidence
and mortality rates 2010

IARC





182,123 men in SEER database



• Peer review evidence based trees estimate:Peer review evidence based trees estimate:

RP: 24% (15-30)RP:       24% (15-30)
EBRT:  58% (54-64%)
BT: 9 6% (6 17 9%)BT:       9.6% (6-17.9%)

Actual utilisations rates:• Actual utilisations rates:

RP 13 44%RP:     13-44%
EBRT: 43-56%
BT:      1.8-10.9%
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Prostate Brachytherapy: AnatomyProstate Brachytherapy: Anatomy

S. Machtens

Director of the

Department of Urology and Paediatric UrologyDepartment of Urology and Paediatric Urology

Academic Teaching Hospital

Marien-Hospital Bergisch Gladbach

With Courtesy from Geert Villeirs UZ Gent

ESTRO T hi C B h th f P t t CESTRO Teaching Course on Brachytherapy for Prostate Cancer
Brussels, June 05th-07th 2016



The Prostate

The prostate surrounds the 
urethra and is situated belowurethra and is situated below 
the bladder.

The prostate produces fluid 
that is needed by sperms to 
move.





P thiParasympathic nerves



Course of neurovascular bundle



Nerve and vascular pathways



Zonal Anatomy
C t l Gl dCentral Gland

P i th l Gl d Periurethral GlandsPeriurethral Glands (paracoronal view)



Zonal Anatomy
C t l Gl dCentral Gland

Transition Zone Transition ZoneTransition Zone (transverse view)



Zonal Anatomy
C t l Gl dCentral Gland

Central ZoneCentral Zone Central Zone
(paracoronal view)



Zonal Anatomyy
Overview

Peripheral ZonePeripheral Zone Peripheral Zone
(paracoronal view)



Zonal Anatomy
O iOverview

Anterior AFSFibromuscular
Stroma

AFS
(paracoronal view)Stroma





Ultrasound
Normal Anatomy

CG

PZ

CG

PZ PZ

Isoechoic PZ C A lHypo/hyperechoic CG Corpora Amylacea



Ultrasound
Normal Anatomy

Urethra Urethra
Sagittal



Zonal anatomy in MRI and Ultrasoundy



UltrasoundUltrasound
Normal Anatomyy

Seminal VesiclesSeminal Vesicles
Convoluted Hypoechoic Cystic Structures



Ultrasound
S itt l th l tSagittal: urethral measurements



ULTRASOUND – Dorsal vein plexusp



UltrasoundUltrasound
Prostate Carcinoma

Hypoechoic nodule compared to normal PZHypoechoic nodule compared to normal PZ
Low specificity (atrophy, prostatitis, ...)



Anatomy
Prostate

CG CGCG

PZ PZ

CG
PZ PZ

PZ PZ
PZ PZ

Prostatic Apex Midprostate Prostatic Base



Imaging of Prostate Cancer
Endorectal Coil Imaging

Endorectal Coil
60 cc



Imaging of Prostate CancerImaging of Prostate Cancer
Body coil versus Endorectal coil

Normal Prostate Normal ProstateNormal Prostate
with Body Coil

Normal Prostate
with Endorectal Coil



Imaging of Prostate Cancerg g
Tumour Presence (Endorectal Coil)

Peripheral Zone Tumour Peripheral Zone TumourPeripheral Zone Tumour
with Body Coil

Peripheral Zone Tumour
with Endorectal Coil



Imaging of Prostate Cancer
Tumour detection @ 3 Tesla@

Courtesy: Fütterer JJ, Nijmegen

Kim J Comput Assist Tomogr 2006;30:7-11 (70%)Kim, J Comput Assist Tomogr 2006;30:7-11 (70%)
Heijmink, Radiology 2007;244:184 



1 5 Tesla MRI1.5 Tesla MRI
MRI: 
• Resolution: good• Resolution: good
• Contrast: good, especially soft tissue contrast

Zentrale Zone

Periphere Zone

Tumor

1 5 T

T2-weigthed T1-weighted

1.5 T



3 0 Tesla MRI3.0 Tesla MRI

T2 T2 --weightedweighted T1 weightedT1 weighted



3.0 Tesla MRI + Endorectal coil 



AnatomyAnatomy
Hyperplasia

CG CG CGCG
PZ

CG CG
PZ

Benign Prostatic Hyperplasia



Variation of bladder neck according to BPH



Anatomyy
Urethra

ExternalExternal
Sphincter

U thUrethra

Sagittal Coronal TransverseSagittal Coronal Transverse



AnatomyAnatomy
Seminal Vesicles

T C lTransverse Coronal



AnatomyAnatomy
Periprostatic Structures

L L
IOIO PS

i i

L L

ugdP IOIO
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BL L

i i
R

Transverse Coronal



Variation in Genitourinary diaphragm





ESTRO Course
Brussels 2016Brussels 2016

S l ti f ti t f t tSelection of  patients for prostate cancer 
permanent implant brachytherapy

Jean-Marc Cosset, Institut Curie, Paris, France



• A brief history;
• The initial ABS 

recommendations (1999)recommendations (1999)
• The ESTRO recommendations

( )( 2000)
• The progressive evolutionThe progressive evolution
• The 2012 ABS 

d irecommendations



• Int. J. Radiation Oncology Biol. Phys., Vol. 44, No. 4, pp. 789–799, 
1999

• AMERICAN BRACHYTHERAPY SOCIETY (ABS) 
RECOMMENDATIONS FOR TRANSPERINEAL 
PERMANENT BRACHYTHERAPY OF PROSTATE 
CANCER

• SUBIR NAG, M.D.,*† DAVID BEYER, M.D.,*‡ JAY FRIEDLAND, 
M.D.,*§ PETER GRIMM, D.O.,*\ AND RAVINDER NATH, 
PH D *¶PH.D.*¶



1999 AMERICAN BRACHYTHERAPY SOCIETY (ABS) 
RECOMMENDATIONS FOR TRANSPERINEALRECOMMENDATIONS FOR TRANSPERINEAL 

PERMANENT BRACHYTHERAPY OF PROSTATE 
CANCERCANCER

• Brachytherapy as Monotherapy:
• Stage T1 to T2a and
• Grade Gleason sum 2–6 and
• PSA < 10 ng/ml
• (i e Low risk patients)• (i.e , Low-risk patients)



1999 AMERICAN BRACHYTHERAPY SOCIETY (ABS) 
RECOMMENDATIONS FOR TRANSPERINEAL PERMANENT 

BRACHYTHERAPY OF PROSTATE CANCER

• Clinical Exclusion Criteria:
• Life expectancy < 5 years
• Large or poorly healed TURP defectg p y
• Unacceptable operative risks
• Distant metastases• Distant metastases



• Relative Contraindications for 
Brachytherapy (1) :

• These patients are not ideal candidates for 
b h h b h h l bbrachytherapy, but have nevertheless been 
successfully implanted. Beginners should not 
implant these patientsimplant these patients.

• Patients at increased risk of developing 
complicationscomplications

• Large median lobes
• Previous pelvic irradiationPrevious pelvic irradiation
• High AUA score
• History of multiple pelvic surgeriesHistory of multiple pelvic surgeries
• Severe diabetes with healing problems



• Relative Contraindications for 
B h h ( )Brachytherapy (2) :

• Technical difficulties which may result in 
inadequate dose coverage

• Previous ( large ?) transurethral resection of ( g )
prostate (TURP)

• Gland size > 60 cc at time of implantationGland size > 60 cc at time of implantation
• Prominent median lobe

P iti i l i l• Positive seminal vesicles



• Brachytherapy as a Boost to EBRT:• Brachytherapy as a Boost to EBRT:
• Stage Clinical T2b, T2c or

d l• Grade: Gleason sum 8–10 or
• PSA  > 20 ng/ml
• Other possible indications for 

Brachytherapy as a Boost to EBRT:y py
• Perineural invasion
• Multiple positive biopsies• Multiple positive biopsies
• Bilateral positive biopsies
• MRI positive for capsular penetration



T bl 2 ABS i ti d id li• Table 2. ABS prescription dose guidelines*

B h h d f h (G )• Brachytherapy dose for monotherapy (Gy)
• 125I (pre TG-43) 160

( )• 125I (TG-43) 144
• 103Pd 115–120
• *It should be recognized that the prescription dose is 

different from the dose actually delivered to the entire 
prostateprostate.



• Brachytherapy (including BoostingBrachytherapy (including Boosting 
EBRT) in Conjunction with Androgen
Deprivation:Deprivation:

P ti t ith i iti ll l t t ( 6 )• Patients with initially large prostate (> 60 cc) 
that have downsized sufficiently



The ESTRO recommendationsThe ESTRO recommendations

• The 2000 Dan Ash paper :
Radiother Oncol 2000 Dec;57(3):315 21• Radiother Oncol. 2000 Dec;57(3):315-21.

• ESTRO/EAU/EORTC recommendations
d i l i fon permanent seed implantation for 

localized prostate cancer.
• Ash D, Flynn A, Battermann J, de Reijke T, 

Lavagnini P, Blank L; ESTRO/EAU Urological
Brachytherapy Group; EORTC Radiotherapy
Group.



• Actually only minory y
differences with the ABS paper
…



Clinical e cl sion criteriaClinical exclusion criteria :

• Life expectancy < 5 years
• Large or poorly healed TURP defectLarge or poorly healed TURP defect
• Unacceptable operative risks

Bl di di d ti l ti th t• Bleeding disorder or anticoagulation that 
cannot be stopped

• Distant metastases
• Prostate volume greater than 50 cc g 5

( 60 ?) at the time of implantation 



Relative contra-indications :

• Large median lobes• Large median lobes
• Previous pelvic irradiation
• High AUA score ( IPSS > 15)
• History of multiple pelvic surgery• History of multiple pelvic surgery



19991999 2016 ; the2016 ; the evolutionevolution !!19991999--2016 ; the 2016 ; the evolutionevolution !!

• Ideas progressively changed …
• Risk groups ; should brachytherapy as g p ; y py

monotherapy be reserved to low-risk
patients ?

• What about age ?
• What about the biopsies ?( Percentage of p ( g

involved samples, microfoci, bilaterality …)
• What about median lobes and obstructive 

syndroms ?
• Which role for MRI ?



i k h ld b h h• Risk groups ; should brachytherapy
as monotherapy be reserved to low-py
risk patients ?

• Problems with the risk groups :
• Several definitions !



The image part with relationship ID rId2 was not found in the file.



The main question :The main question :

• The intermediate risk group : 
• suitable for brachytherapy as 

monotherapy ?monotherapy ?



•• BrachytherapyBrachytherapy. 2007 . 2007 JanJan--MarMar;6(1):2;6(1):2--8.8.
 InterstitialInterstitial implant implant alonealone or in or in combinationcombination withwith

ll bb di idi i hh ff i dii di i ki kexternalexternal beambeam radiation radiation therapytherapy for for intermediateintermediate--riskrisk
prostate cancer: a prostate cancer: a surveysurvey of practice patterns in the of practice patterns in the 
United States.United States.United States.United States.

Frank SJFrank SJ, , Grimm PDGrimm PD, , Sylvester JESylvester JE, , Merrick GSMerrick GS, , et al .et al .

PURPOSE Thi t d i i d t d t diPURPOSE: This study is aimed at understanding
and defining the current patterns of care with
respect to prostate brachytherapy for patientsrespect to prostate brachytherapy for patients 
with intermediate-risk localized
disease in the combined academic anddisease in the combined academic and 
community setting.



 RESULTSRESULTS I th b f PNI ll fI th b f PNI ll f RESULTS: RESULTS: In the absence of PNI, all of In the absence of PNI, all of 
thosethose surveyedsurveyed wouldwould performperform

hh ff i dii di i ki kmonotherapymonotherapy for for intermediateintermediate--riskrisk
patients, GS 7 (3+4) or PSA 10patients, GS 7 (3+4) or PSA 10--20, 20, withwith
T d %T d %cT1c and <30% cT1c and <30% corescores +…+…

 CONCLUSIONS: This Patterns of Care CONCLUSIONS: This Patterns of Care 
(POC)(POC) studystudy revealsreveals thatthat certaincertain subsetssubsets(POC) (POC) studystudy revealsreveals thatthat certain certain subsetssubsets
of of intermediateintermediate--riskrisk localizedlocalized prostate prostate 
cancer patients arecancer patients are consideredconsideredcancer patients are cancer patients are consideredconsidered
appropriateappropriate candidates for an candidates for an interstitialinterstitial
implantimplantimplant.implant.



The image part with relationship ID rId2 was not found in the file.

• IJRO 2008
 Purpose:Purpose: The aim of this study was to analyze overall and relapseThe aim of this study was to analyze overall and relapse--

f i l i h t f 8 ti t % f hf i l i h t f 8 ti t % f hfree survivals in a cohort of 809 patients, 34% of whom free survivals in a cohort of 809 patients, 34% of whom 
corresponded to a higher risk group than ABS criteria.corresponded to a higher risk group than ABS criteria.



• For this Institut Curie series ;
• Low risk patients• Low-risk patients
• and
• « Favorable intermediate » patients ;

PSA between 10 and 15 and all other• PSA between 10, and 15 and all other
low-risk criteria

• Or ; 
• Gleason 7 and all other low risk criteria• Gleason 7, and all other low-risk criteria



2008 Paperp

LOW

INT



The 2016 Institut Curie experience
( i P )( in Press )

d i ll i h f ll f• Update on 675 patients, all with a follow-up of 
more than 10 years



No difference in long term overall survivalNo difference in long-term overall survival
…



•• Conclusions ( 2008, confirmed in Conclusions ( 2008, confirmed in 
2016)2016)

•• Our results suggest that at leastOur results suggest that at least•• Our results suggest that at least Our results suggest that at least 
selected patients in the selected patients in the 
intermediateintermediate--risk group of localized risk group of localized 
prostate cancers can be safelyprostate cancers can be safelyprostate cancers can be safely prostate cancers can be safely 
proposed permanent implant proposed permanent implant 
brachytherapy as monotherapy.brachytherapy as monotherapy.



2008 G it i i ASC02008 Genito-urinary symposium, ASC0-
ASTRO,SUO Congress, February 2008

•• Abstract 238, Abstract 238, LinstadtLinstadt et al (USA);et al (USA);3 ,3 , ( );( );
•• IntermediateIntermediate--riskrisk patients; patients; 

brachytherapybrachytherapy alonealone ::brachytherapybrachytherapy alonealone ::
•• 55--yearyear bNEDbNED 96 %96 %

ThiThi ii li i lli i l•• «« This This seriesseries clinicalclinical successsuccess
compares compares favorablyfavorably withwith the the resultsresults

dd ii hh d li id li ireportedreported usingusing otherother modalitiesmodalities …… »»



• ABS Meeting , 2009
h i• PO 65 : the PMH experience

• PO 101 : the Seattle experiencePO 101 : the Seattle experience
•• BothBoth favorfavor BrachytherapyBrachytherapy asas
•• monotherapymonotherapy for for intermediateintermediate--
•• riskrisk patientspatientsriskrisk patients patients 
• Seattle ; 9-year BRFS of 91.9 % …



• Finally to make a long story short ;• Finally, to make a long story short ; 
• The Prostate Cancer Results 

Study Group 
P t G i t l (• Peter Grimm et al., 2011-2012 ( 
BJU))

• With upgrade received every year !



Comparing Treatment Results  Of 
PROSTATE CANCERPROSTATE CANCER  

Prostate Cancer Results Study GroupProstate Cancer Results Study Group  
2016

Peter Grimm, DO
Prostate Cancer  Center of Seattle

31



INTERMEDIATE RISK RESULTS weighted
40 th f ll l th 100 ti t>40 months follow-up or less than 100 patients
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• Prostate Cancer Results Study Group    
• Numbers within symbols refer to references 

Prostate Cancer Center of Seattle

Update of 



• Most  available data thus stronglyg y
suggest that at least a subset of 
selected patients in theselected patients in the 
intermediate-risk group may benefit
from Brachytherapy asfrom Brachytherapy as 
monotherapy …



• Eur Urol. 2013 Dec;64(6):895-902. U o 0 3 ;64(6) 895 90
• A new risk classification system for therapeutic

decision making with intermediate-risk prostate 
ti t d i d l t d t lcancer patients undergoing dose-escalated external-

beam radiation therapy.
• Zumsteg ZS1, Spratt DE, Pei I, Zhang Z, Yamada Y, Kollmeierg , p , , g , ,

M, Zelefsky MJ.
• CONCLUSIONS: 

• Intermediate-risk PCa is a 
heterogeneous collection of diseases
that can be separated into favorable 
and unfavorable subsets. These groups 
likely will benefit from divergent 
therapeutic paradigms.



Oncology (Williston Park). 2016 Mar;30(3):229-36.
Favorable vs Unfavorable Intermediate Risk ProstateFavorable vs Unfavorable Intermediate-Risk Prostate 
Cancer: A Review of the New Classification System 
and Its Impact on Treatment Recommendations.p
Serrano NA, Fastro MS.

N l ifi i h• New classification systems have 
been proposed that modify the 

i i N i l C h iexisting National Comprehensive
Cancer Network guidelines and 
h bdi id i hthat subdivide men with

intermediate-risk prostate cancer 
i f bl d f blinto favorable and unfavorable
subgroups



Oncology (Williston Park). 2016 Mar;30(3):229-36.
Favorable vs Unfavorable Intermediate Risk Prostate Cancer: AFavorable vs Unfavorable Intermediate-Risk Prostate Cancer: A 
Review of the New Classification System and Its Impact on 
Treatment Recommendations.
Serrano NA, Fastro MS.



• What about age ?

• In the early years most groups wereIn the early years, most groups were
reluctant to propose brachytherapy
alone to « young » ( < 60 years ?)alone to « young » ( < 60 years ?) 
patients,

• Mostly because of the lack of long 
follow-upfollow up …



• However, since that time …,



• Cancer J. 2006 Jul-Aug;12(4):305-8.

• The effect of age on prostate 
implantation results.

• Peschel RE, Khan A, Colberg J, Wilson LD.

CONCLUSIONS:• CONCLUSIONS: 
• Patients who are 60 years of age or younger 

h d i h l d id dwho are treated with ultrasound-guided 
transperineal prostate implantation can can 

tt bi h i l dibi h i l di ffexpect 5expect 5--year biochemical diseaseyear biochemical disease--free free 
survival rates similar to those of older survival rates similar to those of older 
patientspatients treated with ultrasound guidedpatients patients treated with ultrasound-guided 
transperineal prostate implantation therapy.



• Am J Clin Oncol. 2008 Dec;31(6):539-44.
• Biochemical and functional outcomes following

brachytherapy with or without supplemental therapies in 
men < or = 50 years of age with clinically organ-confined
prostate cancerprostate cancer.

• Merrick GS, Wallner KE, Galbreath RW, Butler WM, Brammer SG, 
Allen ZA, Lief JH, Adamovich E.

• CONCLUSIONS: 

• Men < or =50 years of age have favorable• Men < or =50 years of age have favorable 
biochemical and functional outcomes 
following brachytherapy Depending on riskfollowing brachytherapy. Depending on risk 
group assignment, brachytherapy with or 
without supplemental therapies should bewithout supplemental therapies should be 
considered a viable option for all healthy men 
regardless of age.regardless of age.g gg g



• Int J Radiat Oncol Biol Phys 2010 Aug 1;77(5):1315-21Int J Radiat Oncol Biol Phys. 2010 Aug 1;77(5):1315 21. 
• Young men have equivalent biochemical 

outcomes compared with older men after p
treatment with brachytherapy for prostate 
cancer.

• Burri RJ, Ho AY, Forsythe K, Cesaretti JA, Stone NN, 
Stock RG.

• Department of Radiation Oncology, Mount Sinai School 
of Medicine, New York, New York, USA.
CONCLUSION• CONCLUSION: 

• Young men achieve excellent 5- and 8-year 
b h l l h blh blbiochemical control rates that are comparable to that are comparable to 
those of older men after prostate those of older men after prostate brachytherapybrachytherapy. . 



• In CONCLUSION  ( Burri
2010):

•• “Young age should not be a“Young age should not be a•• Young age should not be a Young age should not be a 
deterrent when considering deterrent when considering 
brachytherapy as a primary brachytherapy as a primary 
treatment option for clinicallytreatment option for clinicallytreatment option for clinically treatment option for clinically 
localized prostate cancer”.localized prostate cancer”.



h b h bi i (• What about the biopsies ?( Percentage
of involved samples, microfoci, 
bil li )bilaterality …)

• What about the impact of the 
percentage of positive biopsies ?p g p p

• Nil for some authors ;
• Pe et al Urology 2009• Pe et al., Urology 2009
• No impact of the percentage of positive 

biopsies on Freedom Frombiopsies on Freedom From
Biochemical Failure …



Int J Radiat Oncol Biol Phys. 2002 Mar 1;52(3):664-73.
Relationship between percent positive biopsies and p p p p

biochemical outcome after permanent interstitial
brachytherapy for clinically organ-confined carcinoma of the 

prostate gland.prostate gland.
Merrick GS1, Butler WM, Galbreath RW, Lief JH, Adamovich E.

CONCLUSION• CONCLUSION: 
• …. Our results suggest that the 

percentage of positive biopsies is not 
statistically significant in predicting the 
5-year biochemical disease-free 
outcome for patients with low, 
intermediate, and high-risk disease
undergoing permanent prostate 
brachytherapy.



• But to be taken into account for• But to be taken into account for 
others :

•• HeidenreichHeidenreich A et al. EAU guidelines on prostate A et al. EAU guidelines on prostate 
cancer. April 2010:cancer. April 2010:
C it i• Criteria :

• Stage cT1b-T2a, N0, M0
• Gleason score ≤6 7 (?) “grey area”• Gleason score ≤6   7 (?) = grey area
• Initial PSA (ng/mL)<10

• Amount of biopsy cores involved• Amount of biopsy cores involved
with cancer (%) ≤50
P l 3• Prostate volume <50 cm 3

• IPSS ≤12



What about microfoci ?

• The « index lesion » concept !
• Treat the index ( main ) lesion andTreat the index ( main ) lesion and 

ignore the microfoci ?
S i f l• See presentation on focal 
brachytherapy …y py



• Already quoted ;y q ;
•• BrachytherapyBrachytherapy. 2007 . 2007 JanJan--MarMar;6(1):2;6(1):2--8.8.
 InterstitialInterstitial implantimplant alonealone or inor in combinationcombination withwith externalexternal InterstitialInterstitial implant implant alonealone or in or in combinationcombination withwith externalexternal

beambeam radiation radiation therapytherapy for for intermediateintermediate--riskrisk prostate cancer: prostate cancer: 
a a surveysurvey of practice patterns in the United States.of practice patterns in the United States.

Frank SJFrank SJ Grimm PDGrimm PD Sylvester JESylvester JE Merrick GSMerrick GS et alet alFrank SJFrank SJ, , Grimm PDGrimm PD, , Sylvester JESylvester JE, , Merrick GSMerrick GS, , et al .et al .

«« In the absence of PNI, all of In the absence of PNI, all of thosethose
surveyedsurveyed wouldwould performperformyy p fp f
monotherapymonotherapy for for intermediateintermediate--riskrisk
patients GS 7 (3+4) or PSA 10patients GS 7 (3+4) or PSA 10--2020patients, GS 7 (3+4) or PSA 10patients, GS 7 (3+4) or PSA 10--20, 20, 
withwith cT1c cT1c and <30% and <30% corescores +…+… »»



What about bilaterality ?

• DependsDepends …
• Massive bilateral involvement ,
• or
• Unilateral « index » lesion and• Unilateral « index » lesion and 

controlateral microfoci ?
• Different impact on decision !



• What about median lobes and• What about median lobes and 
obstructive syndroms ?

The image part with relationship ID rId2 was not found in the file.





The image part with relationship ID rId2 was not found in the file.



• Brachytherapy. 2011 Jan-Feb;10(1):29-34.

• One-step customized transurethral
i f h dresection of the prostate and 

permanent implant brachytherapy
for selected prostate cancerfor selected prostate cancer 
patients: technically feasible but too
toxictoxic.

• Cosset JM Barret E Castro Pena P Cathelineau• Cosset JM, Barret E, Castro-Pena P, Cathelineau 
X, Galiano M, Rozet F, Pierrat N, Timbert M, 
Vallancien G

• Department of Radiotherapy, Institut Curie, 26 rue d’Ulm, Paris, 
France. 



Patients with prominent median lobePatients with prominent median lobe 
hyperplasia and/or high International 
Prostate Symptom Score (IPSS) are oftenostate Sy pto Sco e ( SS) a e o te
contraindicated for prostate 
brachytherapy, mainly because of the risk of y py, y
post-implant urinary retention.

We evaluated an approach combining in the      
same operative step a limited transurethralsame operative step a limited transurethral
resection (TURP) of the median lobe, 
immediately followed by permanent implant-immediately followed by permanent implant
free seed brachytherapy.



• METHODS AND MATERIALS:

From January 2007 to November 2008• From January 2007 to November 2008, 
22 patients 22 patients underwentunderwent a a customizedcustomized
limitedlimited TURP ofTURP of theirtheir medianmedian lobelobelimitedlimited TURP of TURP of theirtheir medianmedian lobe lobe 
immediatelyimmediately beforebefore brachytherapybrachytherapy. 



• CONCLUSION: 

• Although technically feasible, with relatively few 
migrating seeds and satisfactory post implantmigrating seeds and satisfactory post-implant 
dosimetric parameters, one-step TURP and 
brachytherapy was found to be poorly tolerated, y py p y ,
with higher than usual urinary retention and 
urinary toxicity rates. 

• Considering those results, our group is presently
evaluating a two-step procedure with aevaluating a two-step procedure, with a 
customized TURP followed after 4-6 months by 
brachytherapy.y py

• ( Encouraging preliminary results …)g g p y



Two-step TURP and brachytherapyTwo-step TURP and brachytherapy

• Now almost a standard ;• Now almost a standard ;
• See :
• Abstracts PO37 and PO38 , ABS 

20112011
• PO37 ; bladder neck resection 6 

k b f i lweeks before implant
• PO38 ; vaporization of obstructivePO38 ; vaporization of obstructive 

prostate tissue by 100W holmium 
laserlaser 



Which role for MRI ?

• With better and better MRIs in 2015:With better and better MRIs in 2015:
• 3 Tesla, multiparametric, endorectal probe …

A i t l f MRI• A prominent role for MRI ; 
• Most authors now take (more and more) the 

MRI images into account :
• Large MRI tumors, with extensive bilateralg

involvement and/or large « contact » with the 
capsule …

• … might be poor candidates for brachytherapy
as monotherapy …as monotherapy …



This being said ….This being said ….

• The 2012 ABS 
d irecommendations



The image part with relationship ID rId2 was not found in the file.



Risk groups
The image part with relationship ID rId2 was not found in the file.

Risk groups 



The image part with relationship ID rId2 was not found in the file.



The image part with relationship ID rId2 was not found in the file.



The image part with relationship ID rId2 was not found in the file.



The image part with relationship ID rId2 was not found in the file.



The image part with relationship ID rId2 was not found in the file.



“P ti t ith hi h b bilit f• “Patients with high probability of 
organ-confined disease or limited 
extraprostatic extension areextraprostatic extension are 
considered appropriate candidates for 
PPB monotherapyPPB monotherapy. 

•• LowLow--risk patients may be treated with risk patients may be treated with 
PPB lPPB l ith t th d fith t th d fPPB alone PPB alone without the need for without the need for 
supplemental external beam supplemental external beam 
radiotherapyradiotherapyradiotherapy. radiotherapy. 

•• HighHigh--risk patients should receive risk patients should receive 
l t l t l bl t l t l bsupplemental external beam supplemental external beam 

radiotherapy if PPB is used.” radiotherapy if PPB is used.” 



• IntermediateIntermediate--risk patients risk patients 
should be considered on ananshould be considered on an an 
individual case basisindividual case basis. 
I di i k i i h• Intermediate-risk patients with 
favorable features may y
appropriately be treated with 
PPB monotherapy but resultsPPB monotherapy but results 
from confirmatory clinical trials 
are pendingare pending. 



The image part with relationship ID rId2 was not found in the file.



The image part with relationship ID rId2 was not found in the file.



The image part with relationship ID rId2 was not found in the file.



I 2016 th i di ti f tIn 2016, the indications of permanent 
implant prostate cancer brachytherapyp p y py

are expanding :

• Towards …



At l t l t d ti t i th• At least selected patients in the 
intermediate risk group

• Younger patients
• Bilateral lesions if only controlateral• Bilateral lesions if only controlateral

microfoci
• Larger prostates ( after volumetric

reduction or not)educt o o ot)
• Obstructive prostate ( after

t i d RTUP)customized RTUP)
• Moreover …



New indications ;New indications ;;;

• Brachytherapy « boost » after EBRT 
S l b h th ft f il• Salvage brachytherapy after failure
of EBRT (or even brachytherapy)

• Focal brachytherapy
• ( see ad hoc presentations)• ( see ad hoc presentations)



• With a recent additional
competitor ; 
A ti illA ti ill•• Active surveillance ….Active surveillance ….



Med Care. 2014 Jul;52(7):579-85..
Perceptions of Active Surveillance and Treatment RecommendationsPerceptions of Active Surveillance and Treatment Recommendations

for Low-risk Prostate Cancer: Results from a National Survey of 
Radiation Oncologists and Urologists.

Kim SP1 Gross CP Nguyen PL Smaldone MC Shah ND Karnes RJKim SP , Gross CP, Nguyen PL, Smaldone MC, Shah ND, Karnes RJ, 
Thompson RH, Han LC, Yu JB, Trinh QD, Ziegenfuss JY, Sun M, Tilburt

JC.
• CONCLUSIONSCONCLUSIONS

• Most prostate cancer specialists in the 
United States believe ActiveUnited States believe Active 
Surveillance effective and underused
for low-risk prostate cancer …
… yet continue to recommend the… yet continue to recommend the 

primary treatments their specialties
deliver (!)



• Considering the pending andConsidering the pending and 
unsolved questions about Active 
Surveillance they could be rightSurveillance, they could be right 
(?) …



Thank you !Thank you !





High dose rate brachytherapyHigh dose rate brachytherapy 
for prostate cancer: 

PATIENT SELECTION

Peter Hoskin
Mount Vernon Cancer Centre

Northwoodo t ood
UK



HDR prostate brachytherapy p y py
• Practical
 Existing source, afterloading

• Physicaly
 Greater implant volume 
 i l di i l i l including seminal vesicles

• Biological
 Low / tumour; greater biological dose 

with high dose per fractiong p



Advantages of temporary HDR 
prostate brachytherapy

Radioprotection
– no free live sources
– no risk of source lossno risk of source loss
– no radioprotection issues after discharge

Cheap: utilises existing HDR source and equipmentCheap: utilises existing HDR source and equipment

D dDay case procedure



Disadvantages of temporary HDR 
prostate brachytherapy

High dose rate radiation requires fractionationHigh dose rate radiation requires fractionation
– no longer!?

logistics:– logistics:
• Quality assurance



Selection for HDR prostate brachytherapySelection for HDR prostate brachytherapy

• Boost with external beam• Boost with external beam

• Monotherapy



Pre treatment investigationsPre treatment investigations

• General medical assessment
Prostate biopsy• Prostate biopsy

• PSA
• IPSS• IPSS
• IEFS
• Flow rate• Flow rate
• Pelvic MRI
• Staging investigationsStaging investigations

 PSA
 Bone scan
 (Whole body MRI)
 (Choline PET)
 (PSMA PET) (PSMA PET)





Indications for HDR prostate 
brachytherapy  BOOST

Where there is a significant predictive risk of 
t l i l i l i l textracapsular or seminal vesical involvement:

External beam

BrachytherapyBrachytherapy



Indications for HDR prostate 
brachytherapy  BOOST

Where there is a significant predictive risk of 
extracapsular or seminal vesical involvement:

T3a
T3b
?T2c?T2c

Gleason 8 – 10
?Gl 4 3?Gleason 4+3



Probability of organ confined disease 
[Partin 2001]

PSA 6.1-10.0

Gleason T1c T2a T2b T2c

3+4 54%(49-59) 35%(30-40) 26%(22-31) 24%(17-32)

4+3 43%(35-51) 25%(19-32) 19%(14-25) 16%(10-24)4+3 43%(35 51) 25%(19 32) 19%(14 25) 16%(10 24)

8 10 37%(28 48) 21%(15 28) 15%(10 21) 13%(8 20)8-10 37%(28-48) 21%(15-28) 15%(10-21) 13%(8-20)



Probability of organ confined disease 
[Partin 2001]

PSA >10.0

Gleason T1c T2a T2b T2c

3+4 37%(32 42) 20%(17 24) 14%(11 17) 11%(7 17)3+4 37%(32-42) 20%(17-24) 14%(11-17) 11%(7-17)

4+3 27%(21-34) 14%(10-18) 9%(8-13) 7%(4-12)

8-10 22%(16-30) 11%(7-15) 7%(4-10) 6%(3-10)



E t b /HDR b t f t tExt beam/HDR boost for prostate

……….what is the risk of ECE 

?The low risk patient 
– PSA<10ng/ml

or seminal vesicle 
invasion??...............

– Gleason 6 or below (?3+4)
– T2a or less



Probability of organ confined disease 
[Partin 2001]

PSA 4 1 6 0PSA 4.1-6.0

Gleason T1c T2a T2b T2c

2-4 90%(78-98) 81%(63-95) 75%(55-93) 73%(52-93)

5-6 80%(78-83) 66%(62-70) 57%(52-63) 55%(44-64)

3+4 63%(58 68) 44%(39 50) 35%(29 40) 31%(23 41)3+4 63%(58-68) 44%(39-50) 35%(29-40) 31%(23-41)







54 patients
Gland size median 57ml; range 50-97.3mlg

All dosimetric goals achieved



164 patients HDR monotherapy; median CTV volume 60mls (range 14-20

bRFS Toxicity



Pubic arch interference

• Patient position:
 Hyperextended vs standard Hyperextended vs standard
 Plane of prostate vs pubic arch
 Table / stand positions Table / stand positions

N dl i ti• Needle insertion
 Bend the needle?
 Enter via adjacent co-ordinate



HDR PROSTATE BRACHYTHERAPY
INDICATIONSINDICATIONS

• Boost with external beam therapy 
 Intermediate/high risk disease
 ?Low risk disease ?Low risk disease

• Monotherapy
 Phase II studies Phase II studies…..
 Low/Intermediate/high risk disease



HDR monotherapy for prostate

? low risk patient 

Intermediate risk patientIntermediate risk patient

High risk patient



HDR monotherapy; 
published series and risk groups

LOW              INT           HIGHLOW              INT           HIGH

Yoshioka et al MSKCC X            X X

Hoskin et al MVCC X XHoskin et al MVCC X               X

Rogers et al X

Mark et al Texas X            X X

P d t l S i X XPrada et al Spain X X

Martinez et al Michigan X            X

Demanes et al CET X            X

Zamboglu et al Offenbach                              X             X X



HDR monotherapy: what the 
guidelines say…………

GEC ESTRO

ABS



HDR for salvage?
GEC ESTRO guidelines 2013



HDR for salvage?
ABS guidelines 2013



Selection for HDR prostate brachytherapy

Boost with external beam

M hMonotherapy

Salvage



Selection for HDR prostate brachytherapyp y py
…………whole gland or focal…….

Indications for consideration of focal HDR BT

– HDR BT indicated
– Focal lesion identified by:– Focal lesion identified by:

• mpMRI ‘dominant’ lesion
• Template biopsy mapping• Template biopsy mapping



QUALITY ASSURANCE  
(QA) FOR PROSTATE 
BRACHYTHERAPY

Bashar Al-Qaisieh



O iOverview
• TG 43 and TG43-U1
• Seed & Needle Check
• Template Calibration
• Ultrasound Machine Check
• Commissioning Planning System
• Treatment Plan Check
• Post Implant QA



TG 43 d TG 43 U1TG 43 and TG 43-U1

Report of American Association of Physicists in Medicine 
R di i Th C i T k G 43Radiation Therapy Committee Task Group 43

Medical Physics, 22(2), 209-235, Feb 1995

Update of AAPM Task Group No 43 Report: A revisedUpdate of AAPM Task Group No. 43 Report: A revised 
AAPM protocol for brachytherapy dose calculations

M di l Ph i 31 (3) 633 674 M 2004Medical Physics, 31 (3), 633-674 Mar 2004



TG43 U1TG43-U1
Cl d fi iti f h i l titi d ll th• Clear definitions of physical quantities, and all the 
equations required for the calculation of dose.

• Treatment planning systems.

Source calibration• Source calibration.

• Planning systems commissioning.g y g

• Universal standards.

• Theoretical and experimental recommendations.

And more
.

• And more…….



D(r θ)=SkΛ[G(r θ)/G(r0 θ0)]g(r)F(r θ)D(r,θ) SkΛ[G(r,θ)/G(r0,θ0)]g(r)F(r,θ)

Sk= air kerma strength of the source

Λ= dose rate constant

G(r,θ)=geometry factor

g(r)=radial dose function

F(r,θ)=anisotropy function



TG 43 U1 QA T blTG 43-U1, QA Table

241 44A
ALθ)(r,DD(r) . 
HL241.44AL 



TG43 TG43 U1TG43                 TG43-U1



TG43 U1TG43-U1



Seed Calibration-Well chamber

Calibration every two• Calibration every two 
years. Med. Phys. 18, 
19911991.

• Consistency check.
Cs-137, Co-60  



G id liGuidelines

“The activity of all sources should be 
measured and compared with themeasured, and compared with the 
calibration certificate supplied by the 

li b f b i d i i t d tsupplier, before being administered to 
a patient”…..Medical and Dental Guidance Notes, IPEMa pat e t ed ca a d e ta Gu da ce otes,



Seed Calibration

•Sterile sources located in 
MICK maga ineMICK magazine
- a minimum of 10% of the total or 
two magazine cartridges of 15two magazine cartridges of 15 
seeds, whichever is greater.
• Sterile stranded sources. Sterile stranded sources.
- a minimum of 10% of the total or 
two strands of 10 seeds, whichever 
is greater.
• Loose seeds
- a minimum of 10% of the total or 
20 seeds, whichever is greater.



Action level if seeds are out of tolerance



Needles Check
• Verification of loaded 

brachytherapy needles.

• Place a film on top of the needles. 
The radiation from the loadedThe radiation from the loaded 
needles exposes an image in the 
film.

• The film will verify correct loading 
of seeds and spacers within each p
needle, or indicate any 
discrepancies or missing seeds.



Needles Check



T l C lib iTemplate Calibration

Ultrasound Template

L l f l i ± 1 Planning TemplateGuidance Template Level of tolerance is ± 1mm



Template Calibration



Ul d M hi Ch kUltrasound Machine Check
A f M h i l d El t i l S f t• Assurance of Mechanical and Electrical Safety

• Distance Accuracy (vertical and horizontal)
• Contrast and Brightness (Gray bar 
visualization) )

• Image Uniformity
• Penetration• Penetration
• Lateral Resolution
IPEM t 71 P i R t l 1995/2002-IPEM report 71: Price R et al. 1995/2002

-TG –1: Goodsitt et al. Med Physics 25(8) 1998.



Clinical Commissioning of PlanningClinical Commissioning of Planning 
System

• Test 1: Dose Point Calculation-TG 43-U1

• Test 2: Isodose Level-TG 43-U1

G• Test 3: Volume and Dose Volume-TG 43-U1

• Test 4: Anisotropy Function/Line Source Calculation-py
TG43-U1

• Test 5: Data transfer and handlingg

• Test 6: Stepper Depth and Angle Tracking and 
Accuracy Tests y



Dose Point Calculation Test

• This dose calculation 
ifi ti t t

Dose rates (cGy h-1 U-1) as a function of distance

verification test uses 
a dose point(s) to 

if th l l tiverify the calculations 
of the planning 

t Disystem. Discrepancy 
should be within 1%.

0.5cm

P1 P2

S2 S1

1cm 2cm

S2 S1



Isodose Level Test

• This test is to verify y
the display of isodose 
levels

• The distance 
discrepancy ofdiscrepancy of 
contours and 
template should betemplate should be 
within ± 2 mm  



Dose Volume Test

This test uses DVH values to•This test uses DVH values to
verify the dose volume
calculation of the planning
system.y

•Discrepancy should not exceed
5%.



D V l T E lDose Volume Test-Example

100Gy Isodose

75.831 U

3 0cm3.0cm

ccrV 1.113
3
4 3  



D V l TDose Volume Test



Image transfer check 
(Ultrasound phantom)

1cm

1.4cm



Volume Test

Ch k l• Check volume 
captured from US is 
similar to the volumesimilar to the volume 
contoured on planning 
systemsystem.

• Discrepancy should• Discrepancy should 
be within ± 1cc.





Stepper Depth and Angle Tracking Tests

Rotational movement- US Probe AngleRotational movement US Probe Angle 

Longitudinal movement-RetractionLongitudinal movement Retraction



Stepper Depth and Angle TrackingStepper Depth and Angle Tracking 
Tests

• Longitudinal Position Tracking. Accuracy should be 
within 0.5mm.

• Rotational Tracking Test. Accuracy should be within 
0 5 d0.5 degrees.



S D h T ki TStepper Depth Tracking Test

e.g: 3 clicks back = 1.5cmg



S A l T ki TStepper Angle Tracking Test

BB

A 

)t ( B  )tan(
A

arc



Post implant CT MR ImagePost implant CT-MR Image 
Fusion QAFusion QA

Fused Image

CT

++

MRI



Image Fusion Protocol Phantom Study

MRI F d ICT MRI Fused Image

+ =

RMS Error < 1.0mm



QA for HDR Brachytherapy

Besides the typical QA procedures
established for common HDRestablished for common HDR
Treatments, we need to implement
ddi i ladditional ones



3D ultrasound3D ultrasound

•Better visibilityy
•Improved 

l itreatment planning
Reproducibility•Reproducibility 



Mechanical & US Image Geometry



Catheter ReconstructionCat ete eco st uct o



 









D t t f h kData transfer check
e.g.



Data transfer checkData transfer check
e.g.



External Catheter Length 
QA MeasurementsQA Measurements

P.J. Hoskin et al. / Radiotherapy and Oncology 286 68 (2003) 285–288





SSummary
Seed Calibration (Constancy check)• Seed Calibration (Constancy check)

• Template Calibration
• Ultrasound Machine Check
• Commissioning Planning System

• Test 1: Dose Point Calculation Test
• Test 2: Isodose Level TestTest 2: Isodose Level Test
• Test 3: Volume and Dose Volume Test
• Test 4: Anisotropy Function/Line Source Calculation
• Test 5: Data transfer
• Test 6: Stepper Depth and Angle Tracking Tests

• Treatment Plan Check
• Check listCheck list

• Post Implant QA



Bashar Al-Qaisieh



The procedure involves implantingThe procedure involves implanting 
radioactive seeds directly into the prostate 
gland where they continuously give off low g y y g
level radiation. Since only a small area is 
irradiated by each seed, relatively little 
radiation reaches the adjacent normal 
organs.



 Pre –Plan: 2 step procedure (delayed execution of a 
pre-plan )

 Intra-operative: Pre-plan (immediate execution of 
a pre-plan )a pre-plan )

 Interactive planning: incremental refinement of a p g
plan based on needle tracking

 Dynamic dose calculation: incremental refinement  Dynamic dose calculation: incremental refinement 
of a plan based on seed deposition



Planning modality Description

Intra-operative 
planning

Creation of a plan on the OR just 
before the implant procedure, with 
immediate execution of the planplanning immediate execution of the plan

Interactive planning Stepwise refinement of the treatment 
l i t i d dInteractive planning plan using computerised dose 

calculations derived from image-based 
needle position feedback

C d i f l l i fDynamic dose 
distribution

Constant updating of calculations of 
dose distribution, using continuous 
deposited seed position feedback

From Polo et al. Review of intraoperative imaging and planning techniques in permanent seed prostate brachytherapy. 
RO 94(2010) 12-23.



I-125 Pd-103 Cs-131

• 4.6mm long and 0.8mm diameter • 4.6mm long and 0.8mm diameter • Short half-life (9.7 days) may4.6mm long and 0.8mm diameter
• I-125 adsorbed on silver rod, 

encased in titanium
• Half-life of 59.4 days
• Energy 27.4 & 31.4keV x-rays 

( l t t ) Al 35 5k V

4.6mm long and 0.8mm diameter
• Pd plated graphite pellets 0.9mm 

x 0.6mm
• Titanium end cap
• Half-life 17 days

E 20 8 K V

Short half life (9.7 days) may 
provide radiobiological 
advantage for some prostate 
cancers

• -ray emitter with highest peaks 
f 29 t 34 k V(electron capture)  Also 35.5keV 

gamma photons
• Energy 20.8 KeV from 29 to 34 keV

• Clinical protocol developed in 
Texas Cancer Center by 
Prestidge et al.
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l i d d liDevelopments in seed delivery

Cartridges and Drive 
Wire

ShieldingActivity measurement and 
Compose elementcheck on seed spacer composition







Report of American Association of Physicists in Medicine 
R di i Th C i T k G 43Radiation Therapy Committee Task Group 43

Medical Physics, 22(2), 209-235, Feb 1995

Update of AAPM Task Group No 43 Report: A revisedUpdate of AAPM Task Group No. 43 Report: A revised 
AAPM protocol for brachytherapy dose calculations

M di l Ph i 31 (3) 633 674 M 2004Medical Physics, 31 (3), 633-674 Mar 2004



 Assumptions and possible errors in TG43
 Dose to liquid water
 Tissue variation/air/bone/calcification

 Superposition of independent sources
 Applicators/seeds attenuation

 Fixed phantom dimensions
 Patient boundaries



(From: The evolution of brachytherapy treatment planning, Rivard et al., Med.Phys. 36 (6), 2009: 2136‐2153.)



(From: Carrier, J.F., et al., 
Postimplant dosimetry using a 
Monte Carlo dose calculation 

i A li i l t d dengine: A new clinical standard. 
International Journal of Radiation 
Oncology* Biology* Physics, 2007. 

68(4): p. 1190‐1198. )

 Interseed attenuation reduces D90 by 4-6 %
 reduces urethral dose by few %
 size of effect depends on seed activity

 Water/prostate tissue difference reduces D90 by 3-
5%5%



i l i i iMC Simulation Superposition



 aim to deliver a minimum of 145Gy to 
periphery of prostate (TG43 calculation)

 to deliver an even dose where possible, 
minimising the dose to the urethra and g
rectum

 minimising dose to normal tissue eg.  minimising dose to normal tissue eg. 
neurovascular bundles

 TP manual/forward or inverse TP manual/forward or inverse



Prostate CTV-Asym

CTV-Sym

Rectum



Seed Distribution

U if L di P i h l L di M difi d P i h lUniform Loading     Peripheral Loading    Modified Peripheral
<0.3U                           >0.8U                             ~0.4U



Dose Profile Through Urethra and Row 3 for 
Different Loading Techniques

Uniform Peripheral Modified
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Planning the Seed Locations

Base ApexApex

5mm



Prostate:
 The V100 (the percentage of the CTV that receives the 

prescribed dose) must be at least 95% (V100 ≥ 95% of CTV).
 The D90 (the dose that covers 90% volume of the CTV) will be  The D90 (the dose that covers 90% volume of the CTV) will be 

larger than the prescription dose D90 > 100% of prescription 
dose).

 The V150 (the percentage of the CTV that receives 150% of the 
i ti  d )  h ld b  l t   l  th  50% (V150 ≤

( p g
prescription dose), should be equal to or less than 50% (V150 ≤
50% of CTV).

Rectum:
 Primary parameter: D ≤ reference prescription dose of 145  Primary parameter: D2cc ≤ reference prescription dose of 145 

Gy.
 Secondary parameter: D0.1cc (~Dmax) < 200 Gy.

Urethra:
 Primary parameter: D10 < 150% of the prescription dose.
 Secondary parameter: D30 < 130% of the prescription dose.







Vi i  th  i d Viewing the isodoses
 Looking at individual points Looking at individual points
 Looking at DVHs of prostate,  Looking at DVHs of prostate, 

urethra etc.



 Systematic/random
 template grid not calibrated correctly
 planning grid not aligned with template grid 

correctly
 wrong activity seed used (beware boosts!)
 wrong dosimetry data in computer
 incorrect manual transfer of information



 Patient set-up:
- Prostate mis-match (day of volume study/day of implant)- Prostate mis-match (day of volume study/day of implant).

 Implant progression:
- Pubic-arch interference.
- Prostate movement (linear and rotational).

Bl di  ff t d  d dl  i li ti   U/S- Bleeding affect seeds and needles visualisation on U/S.
- Seeds jamming and operator error.

P t t  d Prostate oedema:
- Change in prostate size during and after the implant (seeds 
migration).





Pre-plan Intra-operative Interactive planning

Pros

-Less complex
-Requires less technology, equipment 

and physics input
-No seed wastage
-No significant difference in clinical

-Reduces risk of introducing 
systematic error between pre-
plan and implant

-More convenient for patient
-Overall time in OR less

Interactive may result in improved 
dosimetry but ? Clinical impact

-In multi-operator teams interactive 
may produce more consistent 
dosimetry-No significant difference in clinical 

outcome
-Long term outcome

-Overall time in OR less dosimetry 

-Patient setup -Risk of seed wastage/over-ordering -Interactive planning based on needle 

Cons

-Long overall time in OR
-Less convenient for patient

-Risk of being unable to implant if 
gland larger than expected

-Plans need to be produced quickly
-Resources: multiple physics staff 

need to be available

position may not replicate actual 
seed position

-Changes in prostate volume are not 
accounted for by TPS

-Loose seeds may move and strands y
may retract after deposition and 
over time

-For new operators there is still a 
learning curve 







High dose rate brachytherapy forHigh dose rate brachytherapy for 
prostate cancer

TIPS and TRICKS

Peter HoskinPeter Hoskin
Mount Vernon Cancer Centre

Northwood
UKUK



7 8
Bladder1 2 3 4 5 6 7 8

Rectum

TRUltrasound
5 mm planes



Steps in HDR prostateSteps in HDR prostate 
brachytherapyy py

• Implantation
• Volume definition
• Dosimetry planningDosimetry planning
• QA
• Treatment delivery



Implant technique

TRUS id d• TRUS guided
•Transaxial and sagittal

• SET UP:
•Baseline to include posteriorp
capsule and seminal vesicles
•Urethra along Row D
Mi i i b•Minimise probe pressure

•



Tips for a good implantTips for a good implant

• Good peripheral coverage is essential

• Pay particular attention to superior 
catheters and baseline

• Monitor both transaxial and sagittal images; 
ll h h l h l lscroll through prostate length regularly



Positioning of  posterior
template row is crucialtemplate row is crucial

Adjustment through probe
position and build up cap





HDR implant: seminal vesicles







‘Overinsertion’





Steps in HDR prostateSteps in HDR prostate 
brachytherapyy py

• Implantation
• Volume definition
• Dosimetry planningDosimetry planning
• QA
• Treatment delivery



CTV d fi itiCTV definition

• Ultrasound• Ultrasound

• CT

• MR



Ultrasound 

• Intraoperative HDR planning

• Eliminates the CT scanner step• Eliminates the CT scanner step

• Plan is created with patient remaining in 
lithotomy position in operating roomlithotomy position in operating room



Offenbach



CT / MR based planning

• After recovery from implant

• Requires movement of patientq p

• Prolongs overall time• Prolongs overall time

• May give additional information over US



MR vs CT outliningMR vs CT outlining
• CT: better needle tracking• CT: better needle tracking
• MR: better soft tissue definition
• Image registration: 

– NB potential matching errorsNB potential matching errors



CTV criteria 
GEC ESTRO guidelines

20132013



OAR criteria 
GEC ESTRO guidelines

20132013



HDR brachytherapy: dose y py
prescription

• Planning aim
– Dose prescribed prior to planning

• Prescription dose
– Finally accepted dose after planning to account for 

any compromise between PTV and OAR doses
• Reported dose

– Dose as delivered using recommended reporting g p g
parameters



HDR brachytherapy boost: y py
Planning aim

after
External beam



HDR brachytherapy monotherapy:HDR brachytherapy monotherapy: 
Planning aimg



Steps in HDR prostateSteps in HDR prostate 
brachytherapyy py

• Implantation
• Volume definition
• Dosimetry planningDosimetry planning
• QA
• Treatment delivery



Quality controlQuality control



Single step technique:
M t f t l tMovement of template 
with catheters

Baltas 2009



DAY 1 DAY 2

DAY 1 DAY 2





HDR implant: verification for multiple 
fractionsfractions

Catheter shift between fractions

Repeat skin to hub measures

Repeat limited CT

Silicon Template

at skin
Adjust catheters

Recalculate dose distribution



Prostate movement from CTProstate movement from CT 
before 1st and 2nd fractions 

Mean 11 5mmMean 11.5mm
Median 9.7mm
Range 0-42mm



20 consecutive monotherapy implants
RT&O 2009

20 consecutive monotherapy implants

31.5Gy in 3 fractions in 2 days





Mean D90 and V100 in patients with and without biochemical control of disease

D M (95% CI)

Mean D90 and V100 in patients with and without biochemical control of disease

D90 Mean (95% CI) p

With relapse 
(n = 24)

7.9 Gy 
7 6 - 8 3

 
< 0 0001(n = 24) 

No relapse 
(n = 71)

7.6 - 8.3
 

8.6 Gy 
8.3 - 8.9 Gy

< 0.0001

(n  71) 8.3 8.9 Gy

V100 Mean (95% CI) p 

With relapse (n = 24) 

No relapse

84.7% 
81.7 - 87.7% 

 
< 0.0001 

p
(n = 71) 90.8% 

88.8 - 92.7% 



Biochemical Relapse Free Survival by median D90

D90 ≥ MedianD90 ≥ Median

D90 < 
Median

≥ Median = 8.8 - 9.8 Gy

p = 0.01< Median = 3.9 - 8.7 Gy p



bRFS shown by median D90 and by quartiles of D90



HDR Brachytherapy

• Meticulous technique
• Individualised dosimetry• Individualised dosimetry
• Good QA



HDR t h i d idHDR techniques and video 
d t tidemonstration

Frank-André Siebert
UKSK, Campus Kiel, Germany
Clinic of Radiotherapy
Head of Dept of Medical PhysicsHead of Dept. of Medical Physics

Campus Kiel, Clinic of 
Radiotherapy



All equipment must be Personal is trained• All equipment must be
checked/calibrated

National / international rules and

• Personal is trained

National / international rules and 
recommendations

– Afterloader
– Source

Treatment planning system– Treatment planning system
– Ultrasound, tracked stepper
– Imagingg g
– …



Time schematic for operation
(OR)room (OR)

Time

0‘ 5‘ 15‘ 30‘ 40‘ 50‘51‘ 60‘ 65‘ 70‘ 75‘ 90‘0‘ 5 15‘ 30‘ 40 50 51 60‘ 65‘ 70‘ 75 90‘



Kiel concept of HDR-BT for
t tprostate cancer

• Staging: T1-T3
• BT: 2 x 15 Gy plus EBRT:• BT: 2 x 15 Gy plus EBRT: 

50 Gy (pelvis), 40 Gy (prostate)   
• (Prostate volume < 60 ml)
• (Distance rectum to prostate > 5 mm)

BT 15 Gy FinishStart BT 15 Gy 

EBRT 20 Gy
2 weeks

EBRT 20 Gy
2 weeks

EBRT of pelvis 10 Gy
1 week



Workflow HDR-Prostate
B h thBrachytherapy

Patient 
setup Implant Image 

acquisition
Online 
needle

detection
Contouring Treatment 

planning
Export, 

Verification, 
Treatment

Side table (steril)

Spinal or full anaesthesiaSpinal or full anaesthesia



Workflow HDR-Prostate
B h thBrachytherapy

Patient 
setup Implant Image 

acquisition
Online 
needle

detection
Contouring Treatment 

planning
Export, 

Verification, 
Treatment

Needle implant Realtime view

Worksheet

Needle implant Realtime view



Workflow HDR-Prostate
BrachytherapyBrachytherapy

Patient 
setup Implant Image 

acquisition
Online 
needle

detection
Contouring Treatment 

planning
Export, 

Verification, 
Treatment

Ultrasound data acquisition

• Manual
C-arm imaging for reporting only

• Transversal (autom.)
• Twister (autom.) 



Workflow HDR-Prostate
BrachytherapyBrachytherapy

Patient 
setup Implant Image 

acquisition
Online 
needle

detection
Contouring Treatment 

planning
Export, 

Verification, 
Treatment

3D needle detection• 3D needle detection

• Definition of dwell positions



Workflow HDR-Prostate
BrachytherapyBrachytherapy

Patient 
setup Implant Image 

acquisition
Online 
needle

detection
Contouring Treatment 

planning
Export, 

Verification, 
Treatment

• Delineation of organs



Workflow HDR-Prostate
BrachytherapyBrachytherapy

Patient 
setup Implant Image 

acquisition
Online 
needle

detection
Contouring Treatment 

planning
Export, 

Verification, 
Treatment

• Manual adjustments of dwell

times

• Dose shaping tools

• Adaption of needle curvature



Workflow HDR-Prostate
BrachytherapyBrachytherapy

Patient 
setup Implant Image 

acquisition
Online 
needle

detection
Contouring Treatment 

planning
Export, 

Verification, 
Treatment

iX control console Treatment



In-vivo dosimetry

In-vivo detector

Rectum

Sagittal view

K. Tanderup et al. 2013

Is rectal in-vivo dosimetry useless?
No, but quite limited.

p



In-vivo dosimetry

Th i i l i iThe missing puzzle piece in 
brachytherapy…

=> New approaches are under development



New approaches in In-vivo 
dosimetrydosimetry

Dose fingerprint

• Applicator misplacements ≥ 5 mm 
were detected

• Many channel connection errors
were detected (17 out of 20)Kerztscher et. al. 2011



New approaches in In-vivo 
dosimetrydosimetry

• MOSFET in additional needleMOSFET in additional needle
• Mean measured dose -6.4%
• Needle movements and heterogeneities (MC) -1.8%, -1.6%



Use of spacers



Use of spacers

Spacer gel



Thank you for your attention!



P t t B h th CProstate Brachytherapy Course

“CTV”
C. Salembier 



Prostate 
BrachytherapyBrachytherapy 

Course

“CTV”CTV

C S l biC. Salembier

Department of Radiotherapy-Oncology 
Europe Hospitals – Brussels - BelgiumEurope Hospitals Brussels Belgium



Planning : the delineation andPlanning : the delineation and 
definition of GTV, CTV and PTV,

-Delineation of the prostate gland

-Delineation of the urethra prostatica

-Delineation of the anterior rectal wall

-Definition of Gross Tumour Volume - GTVDefinition of Gross Tumour Volume GTV

-Definition of Clinical Target Volume - CTV

Definition of Planning Target Volume PTV-Definition of Planning Target Volume - PTV 



GTV

Gross tumour volume

GTV

Th l bl i ibl li i ll d t bl l ti d t t fThe gross palpable,visible or clinically demonstrable location and extent of 
the malignant growth.

Prostate brachytherapy: 

Delineation of the GTV is possible in T2a or T2b (or higher stage)

Eventually important for location for boost dose 



Clinical Target Volume

CTV

Is a tissue volume that contains the GTV and/or subclinical malignant disease
at a certain probability level.

The CTV is a clinical-anatomical concept. Delineation of the CTV is based on 
th b bilit f f b li i l li t ll t id th GTV dthe probability of presence of subclinical malignant cells outside the GTV and 
thus requires the interpretation of data and some judgment of the radiation 
oncologist. 



Planning Target Volume

PTVPTV

Th PTV d th CTV ith i t t f th diff tThe PTV surrounds the CTV with a margin to compensate for the different 
types of variations and uncertainties of treatment delivery to the CTV.

The PTV is a geometrical concept, introduced for treatment planning.

A margin must be added to the CTV 

• to compensate for expected physiological movements and variations in size, 
h d i i f h C d i h (i l i )shape and position of the CTV during therapy (internal margin) 

• for uncertainties (inaccuracies and lack of reproducibility) in patient 
irradiation.



Questionnaire (49 E b h h 2007)

CTV PTV = CTV + margin

Questionnaire (49 European brachytherapy centers – 2007):

CTV = PTV = CTV + margin

Prostate + 0 mm = 18/49

Prostate contour: 100 %
Prostate + margin = 31/49

base : 0 mm = 13

3 5 253 – 5 mm = 25

> 5mm = 5

midgland:   0 mm= 13g

3 – 5 mm = 28

> 5 mm = 0

apex : 0 mm = 13

3 – 5 mm =  27

> 5 1> 5 mm = 1



CTV =  ?

peri-prostatic extension ? subclinical disease ?

PTV = ?
uncertainties in placement ? change of position ?



Margins ? ! ?Margins ? ! ?

As shown most centers consider a margin around the drawn prostatic contourAs shown, most centers consider a margin around the drawn prostatic contour 
for treatment planning.

But margins for …………. 

• microscopic spread ?

• peri-prostatic extension ? Δ CTV definition
• subclinical disease ?

• uncertainties in seed placement ?

• change of volume ? 

• change of position ?
Δ PTV definition



Margins ? ! ?Margins ? ! ?

As shown most centers consider a margin around the drawn prostatic contourAs shown, most centers consider a margin around the drawn prostatic contour 
for treatment planning.

But margins for …………. 

• microscopic spread ?

• peri-prostatic extension ? Δ CTV definition
• subclinical disease ?



E t t ti diExtra-prostatic disease:

--105 prostatectomies105 prostatectomies
--Gleason 6.3 (range 3Gleason 6.3 (range 3--9)9)
--PSA 8.6 (range 0.3PSA 8.6 (range 0.3--98)98)PSA 8.6 (range 0.3PSA 8.6 (range 0.3 98)98)

Davis et al. Cancer 85(12) 1999Davis et al. Cancer 85(12) 1999

E t t tiE t t ti didiExtraprostaticExtraprostatic disease disease 

3 mm margins : 3 mm margins : 

critical to successcritical to success



Margins ? ! ?Margins ? ! ?

So margins for …………. 

• microscopic spread ? ΔCTV definitionp p

• peri-prostatic extension ?

• subclinical disease ?

Δ CTV definition

ONE DEFINITION:

CFor  prostate brachytherapy the CTV corresponds to the visible contour 
of the prostate expanded with a three-dimensional volume expansion 
of 3 mm.
Thi th di i l i b t i d t th t i t lThis three-dimensional expansion can be constrained to the anterior rectal 
wall (posterior direction) and the bladder neck (cranial direction).
In case of  >T2 disease, the macroscopic extracapsular extension in taken 
into account when contouring the prostate volumeinto account when contouring the prostate volume. 



Margins ? ! ?Margins ? ! ?

But margins for …………. 

• uncertainties in seed placement ?

- x/y direction – no problems

- z direction – corrections during implantation

• change of volume ? 

- only temporary problem 

- edema resolves within the first ½ life of seeds

• change of position ?

- eventual use of stabilization needles

- continuous on-line verification of position

So: forget about  margins for PTV definition          PTV = CTVSo: fo get about ma gins fo V definition V C V





In addition: 

Description of :
- Organs at risk contouring
- Recommended prescription doses
- Dosimetric parameters related to ICRU definitions for dose prescription
- Physical parameters for dose reporting
- Post-planning – definitions and parameters
-Target definition in relation to the post-plan dosimetry
- Dose parameters in the post-implant setting







The Corner Stone = 

DELINEATION





I i i t f t t t d fi itiIncreasing importance of an accurate target definition 
because of highly conformal therapies

- Underestimation of prostate volume: possible under dosage and 
treatment failure

- Overestimation of prostate volume: risk of increased acute and late 
toxicity.

Optimal result of a prostate 
contouring exercise 



Reality ? y



MRI:MRI:
- superb soft tissue contrast (T2w)
- direct multi-planar image acquisitionp g q

more detailed than CT



Central Zone = 
Surgical Pseudocapsuleg p



Prostate gland normal anatomy:Prostate gland – normal anatomy:



Central Zone = 
Surgical Pseudocapsuleg p



Peripheral Zone



AnteriorAnterior
Fibromuscular

SStroma



Santorini Plexus





APEX

Distal part of the prostatic urethra- Distal part of the prostatic urethra

- High signal-intensity peripheral zone 
titissue



MID-
GLAND

- Mixed signal-intensity central gland

- High signal-intensity peripheral zone tissue
- Dark fibromuscular rim (prostatic capsula)(p p )

- (anterior fibromuscular stroma)
- (neurovascular bundles)- (neurovascular bundles)



BASE

- Almost entirely composed of mixed signal-
intensity central glandintensity central gland 

- Narrow posterior band of high signal-
i i i h l iintensity peripheral zone tissue



T3-
disease: 















I have no MRI !!!I have no MRI !!! 

D li ti CTDelineation on CT-scan



Delineation on CT-scan: 

where to start ? 



Start with the delineation 
of the rectum in all slices!





Rectum



Continue with theContinue with the 
delineation of the bladder 
in all slices!



Now we attack the prostateNow we attack the prostate ……



HeyHey ……

Where is the apex of the prostate ???p p



To find the apex: 
first delineate the penile 
b lb !bulbus !





Top 
bulbus

Apexp





…… And now ???









SEMINAL VESICLES



Prostate



Matching between MRI and 
CT/US

Be aware of possible drawbacks:

-Matching difficulties
-Flat table couch (also on MRI) – patient positioning
R t l di t i (b l ?)-Rectal distension (bowel prep?)

-Variation in bladder volume (bladder prep?)
-P-VS shape and volume differencesP VS shape and volume differences





D i d li tiDuring delineation:

- Apply continuously ‘look ahead and back approach’

- Verify definitive results on delineation inconsistencies

Ch k d li ti itt l d l i- Check your delineation on sagittal and coronal views



Ceci n’est pas une prostate

R k St A Q iRock Strangers - Arne Quinze 



The Sequence - Arne Quinze





ADDENDUM: SEQUENCES IN MRI



Prostate: the anatomy and the radiologyProstate: the anatomy…and the radiology..
THE BRIDGE

Radtke et al Transl Androl and Urol 2015Radtke  et al., Transl Androl and Urol. 2015



Prostate: the radiological anatomy and MRIProstate: the radiological anatomy and MRI
which is the best sequence??



Prostate: the radiological anatomy and MRIostate t e ad o og ca a ato y a d
which is the best sequence??



P t t MRI ti l i t T2W

T2 i ht d MR i i i ti l t h t i th t t

Prostate MRI: some practical points on T2W

- T2-weighted MR imaging is optimal to characterize the prostate

- On T2-wi, the peripheral zone has high signal intensity (quite white), in 
contrast to the low signal  (grey and black) intensity of the central and 
transitional zones.

- BPH appears as a well-defined and inhomogeneous area with intermediate 
signal intensity on T2-wi.

- The anterior fibromuscular stroma also appears as 
an area with low signal intensity on T2-wi.



P t t MRI ti l i t T2WProstate MRI: some practical points on T2W
- T2W images are useful to detect prostate cancer in the peripheral zones,T2W images are useful to detect prostate cancer in the peripheral zones, 

as an area of low signal intensity (black).

Noteworthy low signal could be:- Noteworthy, low signal could be:
- chronic  prostatitis, 
- atrophy,  
- scars,  
- post-radiation therapy fibrosis
- changes after ADT

- Difficulties in identify a tumor in the 
transitional zone….because there is a lot of low signal….

PLEASE, COMMUNICATE WITH YOUR 
RADIOLOGIST!!RADIOLOGIST!!



Prostate MRI: some practical points on DWIProstate MRI: some practical points on DWI

- DWI/ADC provide functional information about the behavior of water 
molecules in tissue.molecules in tissue.

- Reduced diffusion of water = increased cellularity of malignant lesions that 
restricts water motion in a reduced extracellular spacerestricts water motion in a reduced extracellular space

- Reduced diffusion of water =  prostate cancer

- Low signal intensity on the apparent diffusion coefficient (ADC) maps 
(dark grey/black)



Prostate MRI: some practical points on DCE

Dynamic Contrast Enhanced 
MRI =MRI 

Based  on  tumor  angiogenesis

Tumor vessels = higher permeability than do normal  vessels because 
of weak integrity of the vessel wallof weak integrity of the vessel wall



P t t MRI ti l i t DCEProstate MRI: some practical points on DCE
This characteristic tumor environment 
explains the enhancement pattern of 
cancerous tissues compared with normal 
tissuestissues

1. Earlier and faster enhancement 

Early phase 2. Earlier contrast agent washout

Late phasep



Prostate: the radiological anatomy at MRIProstate: the radiological anatomy at MRI
which is the best sequence??

The T2W sequence for the Anatomy

The DWI sequence for the Biology

The DCI sequence for the Vascularity



P t t MRI ti l i tProstate MRI: some practical points

We look for something DARKER in T2W and in DWI…. 

and for something BRIGHTER in late DCE!

Rouvière, O. et al. (2012) Prostate focused ultrasound focal therapy—imaging for the future 

….and for something BRIGHTER in late DCE!

Nat. Rev. Clin. Oncol. doi:10.1038/nrclinonc.2012.136





Prostate Brachytherapy: Imaging of prostate cancer

S. Machtens

Director of the

Department of Urology and Paediatric Urology

Academic Teaching Hospital

Marien-Hospital Bergisch GladbachMarien Hospital Bergisch Gladbach

Teaching Course Brussels 2016



UltrasoundUltrasound
Prostate Carcinoma

Hypoechoic nodule compared to normal PZHypoechoic nodule compared to normal PZ
Low specificity (atrophy, prostatitis, ...)



Ultrasound
Diagnostic Performance

• Performance in tumour localization

 Sensitivity : 32-85% : false negatives!y 3 5 g
 Specificity : 41-79% : false positives!

• Inappropriate for screening of general 
l tipopulation



Ultrasound
St i P fStaging Performance

Performance in tumour staging• Performance in tumour staging

 Extracapsular extension
 sensitivity : 50-90%
 specificity : 50-90%

 Seminal vesicle invasion
 sensitivity : 20-60% sensitivity : 20-60%
 specificity : 50-90%

• Inappropriate for staging



UltrasoundUltrasound
Value

• Initial evaluation of patients with elevated PSA and/or• Initial evaluation of patients with elevated PSA and/or 
abnormal digital rectal examination

• Biopsy guidance

• Determination of prostate seize

• Guidance in brachytherapy



TRUS with contrast enhancement



El t hElastography



ElastographyElastography

Sensitivität: 69-80%
Spezifität: 78-90%Spezifität: 78-90%



Elastography plus conventional TRUS-BxElastography plus conventional TRUS Bx
Salomon et al., BJUInt. 2014; 113(4):548-53

1024 men (10+4 cores)
D t kti tDetektionsrates:

10fach TRUS 39,1%, RTE 29%, Combination 46,2%



Prostate HistoScanning™g

Tissue Differentiation and Visualization

 Computer‐based information of 3D data.
i li i b d diff i i l Visualization based on different acustic signals.

 HistoScanning™  signals appear as red pixels.



Multicenter clinical study

Results1 (Govindaraju et al. EAU 2009)

 HistoScanning detected 23 out of the 24 lesions found on histology
 The index lesion was identified in all cases
 The lesion “missed” was estimated by histology to have a volume of 

0.2cc but only 0.12cc  by HistoScanning (below the reporting 
th h ld)threshold) 

 There is strong correlation between the histological estimation and 
prediction of volumes by HistoScanning™ (r = 0 8 p< 0 001)prediction of volumes by HistoScanning™  (r = 0.8, p< 0.001) 



Histoscanning 2013g



Histoscanning 2013g







I i f P t t CImaging of Prostate Cancer
Body Coil Imaging



Imaging of Prostate Cancerg g
Tumour Detection (Body Coil)

Decreased signal intensity relative to normal 
peripheral zone tissue

(70% in peripheral zone)( p p )



Imaging of Prostate Cancer
Diagnostic Accuracy (Body Coil) (Sensitivity)Diagnostic Accuracy (Body Coil) (Sensitivity)

Carter Radiology 1991;178:523 48%Carter Radiology 1991;178:523 48%
Tempany Radiology 1994;192:47 54%

Hricak Radiology 1994;193:703 68%
Rifkin N Engl J Med 1990;323:621 69%Rifkin N Engl J Med 1990;323:621 69%
Jager Radiology 1997;203:645 72%

Huch Boni Clin Radiol 1995;50:593 76%
Kier AJR 1993;161:601 87%Kier AJR 1993;161:601 87%



Imaging of Prostate CancerImaging of Prostate Cancer
Endorectal Coil Imaging

Endorectal Coil 60 cc



Imaging of Prostate Cancerg g
Body coil versus Endorectal coil

Normal Prostate Normal ProstateNormal Prostate
with Body Coil

Normal Prostate
with Endorectal Coil



Imaging of Prostate Cancer
T P (E d t l C il)Tumour Presence (Endorectal Coil)

Peripheral Zone Tumour Peripheral Zone TumourPeripheral Zone Tumour
with Body Coil

Peripheral Zone Tumour
with Endorectal Coil



Imaging of Prostate Cancer
Diagnostic Accuracy (Endorectal Coil) 
(Sensitivity(Sensitivity

Tempany Radiology 1994;192:47 61%
P ti AJR 1996 166 103 63%Presti AJR 1996;166:103 63%

Beyersdorff Radiology 2002;224:701 68%
Perrotti J Urol 1999;162:1314 70%Perrotti J Urol 1999;162:1314 70%

Vilanova Eur Radiol 2001;11:229 71%
Ogura Urology 2001;57:721 72%g gy ;
Ikonen Acta Radiol 2001;42:348 74%
Cornud Br J Urol 1996;77:843 74%
Bates Clin Radiol 1996;51:550 77%

Bartolozzi Eur Radiol 1996;6:339 82%
H h B i JCAT 1995 19 232 82%Huch Boni JCAT 1995;19:232 82%
Huch Boni Clin Radiol 1995;50:593 88%



Imaging of Prostate Cancer
Tumour detection @ 3 Tesla

Courtesy: Fütterer JJ, Nijmegen

Kim, J Comput Assist Tomogr 2006;30:7-11 (70%), p g ; ( )
Heijmink, Radiology 2007;244:184 (ERC > BC)



1.5 Tesla MRI
MRI: 
• Resolution: good
• Contrast: good, especially soft tissue contrast

Zentrale Zone

Periphere Zone

Tumor

1 5 T

T2-weigthed T1-weighted

1.5 T



3 0 Tesla MRI3.0 Tesla MRI

T2 -weighted T1 weighted



3.0 Tesla MRI + Endorectal coil 



MRT-Ultrasound-Fusion

H d hik J U l 2012Hradaschik, J Urol 2012



MR-guided BiopsyMR guided Biopsy

Transrectal approach: roboter-guided biopsy

Transgluteal approach in open MR



Functional Imaging



Functional ImagingFunctional Imaging

M ti R S t• Magnetic Resonance Spectroscopy

• Dynamic Contrast-Enhanced MRI

• Diffusion Weighted Imaging

• Cholin PET



iMagnetic Resonance
SpectroscopySpectroscopy



MR-SpectroscopyMR Spectroscopy

• acquisition of spectra from small volumes 
( l ) th h t th t t l d(voxels) throughout the prostate gland

• detection of cellular metabolites
 citrate in normal tissue and BPH citrate in normal tissue and BPH
 choline in tumour lesions



MR SpectroscopyMR-Spectroscopy
Normal Prostate

Normal prostate
1H-spectra:Normal prostate

volume dominant citrate peak
no elevated choline 



MR-SpectroscopyMR-Spectroscopy
Prostate Cancer

1H-spectra:
Prostate Cancer reduced citrate

elevated choline 



MR SpectroscopyMR-Spectroscopy
Spectral Mapsp p



MR-Spectroscopy
Ch li /Cit t R ti ICholine/Citrate Ratio Images

Choline
Citrate

S I dSpectrum Index



MR-SpectroscopyMR-Spectroscopy
Choline/Citrate Ratio Images



MR SpectroscopyMR-Spectroscopy
Diagnostic accuracy (Sensitivity)g y ( y)



Dynamic Contrast-Enhanced MRI



Dynamic Contrast-Enhanced MRIDynamic Contrast Enhanced MRI
Assessment of Angiogenesis

Lesion Morphology Enhancement

Angiogenic Factors

Growth of existing vessels
Increased in- en efflux

Expanded extracellular spaceGrowth of existing vessels
De novo angiogenesis

Abnormal configuration:

Increased extravasation

Earlier onset of enhancementAbnormal configuration:
AV-shunts and defective endothelium

Earlier onset of enhancement 
Increased slope



Dynamic Contrast-Enhanced MRI
Assessment of Angiogenesis

Early
Fast

*G. Jager, J. Barentsz, Nijmegen GroupG. Jager, J. Barentsz, Nijmegen Group



Dynamic Contrast-Enhanced MRIy
Assessment of Angiogenesis

Late

Slow

*G. Jager, J. Barentsz, Nijmegen Group



Dynamic Contrast-Enhanced MRIy
Assessment of Angiogenesis

63-year old man63 year old man
Suspicious lesion in left peripheral zone



I i f P t t CImaging of Prostate Cancer
Diagnostic accuracy (dCE MRI)(Sensitivity)



Diffusion WeightedDiffusion Weighted
Imagingg g



Diffusion Weighted Imaging

• visualize the amount of random (‘Brownian’) 
movements of water molecules (diffusion)movements of water molecules (diffusion)

• surrogate for “cellular density”



Diffusion Weighted Imaging



T2W b1000

ADC



T2W b1000

ADC





Dickinson L et al.; Eur Urol 59(2011):477-494



Dickinson L et al.; Eur Urol 59(2011):477-494Dickinson L et al.; Eur Urol 59(2011):477 494



T2w: PI-RADST2w: PI RADS

Röthke M, Fortschr Röntgenstr 2013; 185: 253–261



DWI MRI: PI-RADS

Röthke M, Fortschr Röntgenstr 2013; 185: 253–261



DCE MRI: PI-RADS

Röthke M, Fortschr Röntgenstr 2013; 185: 253–261Röthke M, Fortschr Röntgenstr 2013; 185: 253 261



Can clinically significant prostate cancer be detected with multipara-
metric magnetic resonance imaging? A systematic review of the
literatureliterature.
Fütterer JJ et al., Eur Urol 2015; Epub ahead of print

g p g g
Conclusions:  mpMRI is able to detect  significant  PCa in biopsy-naı̈ve males and men with prior
negative biopsies. The negative predictive value of  mpMRI is important  to the clinician because
mpMRI couldbeused toruleout significant disease Thismay result in fewer or nosystematicormpMRI could be used to rule out  significant  disease. This may result  in fewer  or  no systematic or
targeted biopsies in patients with PSA suspicious for  prostate cancer.















Hospital admissions after transrectal ultrasound-
guided biopsy of the prostate in men diagnmosed g p y p g
with prostate cancer: a database analysis from 
England.
A i di E l I J U l 201 22 181 186Anastasiadis E et al., Int J Urol 2015; 22: 181 - 186

n = 198 361 men between 2000 2008• n = 198.361 men between 2000 – 2008

30 d li ti t 3 7%• 30-days complicationrate: 3.7%
• 1.1% Urinary infection / Sepsis

1 4% H t i• 1.4% Hematuria
• 1.3% Urinary retention

• Increase 1998 => 2008
• HR = 1.20, 95% confidence interval 1.08-1.34HR  1.20, 95% confidence interval 1.08 1.34 
• HR = 1.72, 95% confidence interval 1.41-2.10 for infectin/sepsis

Seite 64



Biopsy: transrectal vs transperineal

C li ti T t l1 T i l2Complication Transrectal1 Transperineal2

Pain 43,6% 0%
Urinary infection 17,5% 0%
Prostatitis 4.5% 0.4%Prostatitis 4.5% 0.4%
Urosepsis 0.7% 0%
H t i 65 8% 41 8%Hematuria 65,8% 41,8%
Hematospermia 92,6% N/A
Hematochezie 36,8% 0%
Urinray retention n.k. 13,4%Urinray retention n.k. 13,4%

1 DJ. Rosario et al.BMJ

Seite 65

DJ. Rosario et al.BMJ 
2012;344 
2 Porres D et al., DGU 2014



Biopsy PCA-Detectionrates – Comparison Literature

PCA-DetectionratesPCA Detectionrates
Transrectal Saturation (TRUS)1 30% – 43%

Transperineal (TRUS)2 62 5%Transperineal (TRUS)2 62.5%
MRT-supported (biopsynaiv)3 66%

1 EAU Guidelines on PCA
2 Porres D et al., DGU 2014
3 CM. Moore et al. Eur Urol 63 (2013), 125-140



Neue Tracer und ihre Anknüpfungspunkte beim PET 



11C Ch li PET11C Cholin PET









Simultaneous 68 Ga-PSMA HBED-CC PET/MRI 
improves the Localization of Primary Prostate Cancer

Eiber et al; Eur Urol (16), 2016; ( ),

N=66 Patienten

12/30 mit Lymphknotenmetastasen

Sensitivität  PET: 66%
Sensitivität mpMRI: 92%

Sensitivität PET/MRI: 98%

S hl ßf l Hö h t di ti h G i k it b iSchlußfolgerung: Höchste diagnostische  Genauigkeit bei 
PET/MRI im Vergleich zu PET und mpMRI





Initial Experience of 68Ga-PSMA PET/CT imaging in p g g
High-risk Prostate Cancer Patients prior to Radical 

Prostatectomy. y
Budäus et al; Eur Urol (15), 2015

N=30 Patienten

12/30 mit Lymphknotenmetastasen

4 Patienten (33%) richtig positiv
8 Patienten (66,7%) als falsch negativ

Sensitivität: 33%
S ifität 100%Spezifität: 100%

Positiv prädiktiver Wert: 100%
Negativ prädiktiver Wert: 69 2%Negativ prädiktiver Wert: 69,2%





ConclusionsConclusions

• Ultrasound

 initial assessment of patients with increased PSA 
d/ b l DRE b t l di ti i ldand/or abnormal DRE,    but low diagnostic yield

 ll f bi id excellent for biopsy guidance

 no screening

 no staging



ConclusionsConclusions

• CT

 no value for local tumor detection

 lymph node staging

 targeted imaging after bone scan

 (detection of visceral metastases)



ConclusionsConclusions

• MRI

 optimally depicts prostatic anatomy

 primarily detects peripheral zone carcinoma



C l iConclusions
Tumour detection• Tumour detection

 T i ht d i i T2-weighted imaging
 baseline examination!

 MR-spectroscopy
 primarily detects higher grade tumours

 dynamic contrast enhanced MRI
 imaging of tumor neovascularisation

 diffusion weighted imagingg g g
Minimal requirement in MRI imaging



ConclusionsConclusions

• MRI

 Still not recommended before primary  biopsy

 Recommendation  before  secondary biopsy

 Rising importance in follow-up under active g p p
surveillance



C l iConclusions
PET• PET

 I di ti i i t d t ti l Indication in primary tumour detection unclear.

l i di i d i i Unclear indication during staging. 

 No indication in case of recurrence with 
PSA<1ng/ml

 Unclear indication and evidence in case of 
ith PSA / lrecurrence with PSA>1ng/ml
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a) Image Registrationa) Image Registration 
b) Planning Principles (HDR)) g p ( )

F k A d é Si b tFrank-André Siebert

University Medical Center of Schleswig-Holstein, 

Campus Kiel, Clinic of Radiotherapy
Clinic of Radiotherapy
Head of Dept. of Med. Physics
Kiel, Germany
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) I R i t tia) Image Registration 

Campus Kiel, Clinic of Radiotherapy



UNIVERSITÄTSKLINIKUM 
Schleswig-Holstein
UNIVERSITÄTSKLINIKUM 
Schleswig-Holstein

20 patients (I-125):
pre-implant TRUS
CT (1 month) Urethral position (catheter)

Seed positions

Campus Kiel, Clinic of Radiotherapy
MRI (1 month) Seed positions
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TRUS-CT fusion

CT and TRUS may be a reasonable alternative to MR-based dosimetry in 
patients where MRI is not available

Campus Kiel, Clinic of Radiotherapy

patients where MRI is not available.
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 3 LDR Patients from Leuven3 LDR Patients from Leuven
 MRI (T1 and T2), CT, radiographs
 Prostate volumes: 38, 21, 42 ml
 Seeds: 76, 62, 87 (single sources, Oncura 6711)
 VariSeed 8.0

Campus Kiel, Clinic of Radiotherapy
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Image Fusion T1+T2, CT+T2

T2CT

Technique (a) : CT

T2

Technique (b) : T1+T2 Technique (c) : CT+T2

ng
C

on
to

ur
in

CTCT T1

s
Se

ed
s

Campus Kiel, Clinic of Radiotherapy
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Impact of interobserver variability on 
D90

CT         T1+T2     CT+T2

Ref_D90
MeanObs_D90
SDref interobserver variability with   

respect to reference (1SD)

_

Pat ient 1

Contouring
large interobserver variability for D90

Patient 2

for all techniques

Seeds
 CT: small interobserver spread for D90CT: small interobserver spread for D90 
 slightly larger for technique (b), using  

T1 for seeds 
Fusion
 T1 + T2 : interobserver variability   

relatively small, but patient dependent       

CT       T1+T2     CT+T2

 CT + T2 : large interobserver variabilityPatient 3



UNIVERSITÄTSKLINIKUM 
Schleswig-Holstein
UNIVERSITÄTSKLINIKUM 
Schleswig-Holstein

b) Pl i i i l (HDR)b) Planning principles (HDR)

Campus Kiel, Clinic of Radiotherapy
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Two variables: dwell times and dwell positions

Campus Kiel, Clinic of Radiotherapy
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TG-43 Formalism Sk: Air-Kerma-Strength
: Dose-Rate constant
GL: Geometry function
gL: Radial Dose function
F: Anisotropy function

Ri d t l U d t f AAPM T k G N 43 R t A i d AAPM t l f

Campus Kiel, Clinic of Radiotherapy

Rivard et al. Update of AAPM Task Group No. 43 Report: A revised AAPM protocol for 
brachytherapy dose calculations. Med Phys 2004
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The evolution of brachytherapy treatment planning

Campus Kiel, Clinic of RadiotherapyRivard et al. Med Phys 36(6), 2009
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HDR technique: CT or Ultrasound ???

TRUS-based preplanning CT-based preplanning 

Intra operative planning (TRUS)

before implantation
(not really necessary with experience)

CT-based procedure

before implantation
(not really necessary with experience)

Intra-operative planning (TRUS)
in the operation theatre

CT-based procedure
Implant the needles then scan

• Different timingDifferent timing
• Different images
• Same treatment

Campus Kiel, Clinic of Radiotherapy
planning techniques
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Treatment planning techniques

How can I persuade the planning computer to calculate a proper plan?

1. Forward planning
2. Geometrical optimization
3 Inverse planning (volume optimization)3. Inverse planning (volume optimization)

4. Combinations 1.-3.

Campus Kiel, Clinic of Radiotherapy
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Forward planning

• User biased
• Needs experience
• Fast

Campus Kiel, Clinic of Radiotherapy
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Forward planning, shaping tools

• Good tools, but 
check dwell times!

Campus Kiel, Clinic of Radiotherapy
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Geometrical optimization

• Easy to use
• FastFast
• Not anatomy based

Campus Kiel, Clinic of Radiotherapy
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Inverse Planning
B b f

Christmas!

But before we get presents, 
we have to write a wish list

Is like…

In Inverse Planning wishes are normally
expressed in terms of dose constraints

Campus Kiel, Clinic of Radiotherapy
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Inverse Planning

Dose constraints for individual organs needed

Campus Kiel, Clinic of Radiotherapy
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Inverse planning
Convert dose distribution Di to penalty value wi
(dij: dose rate matrix)

 

En
er

gy E.g. Dprostate  8.5Gy

8 5 G



(Summation over all dose points)

Campus Kiel, Clinic of Radiotherapy
8.5 Gy

(Summation over clinical criteria)
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Inverse planning

Dwell times tj change until
global minimum cMin is reached.

c

IterationscMin

Campus Kiel, Clinic of Radiotherapy
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Inverse planning

 No one-click solution
 Constraints must be adapted
 User-independant solution
 Can save time Inverse planning

 Check the results

Optimal result?

Campus Kiel, Clinic of Radiotherapy
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Uncertainties in Brachytherapy

Kirisits et al Radiother Oncol Jan 2014; 110(1): 199–212
Campus Kiel, Clinic of Radiotherapy

Kirisits et al. Radiother Oncol. Jan 2014; 110(1): 199–212.
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Checklist: HDR program (new / improvement)

 Literature research, courses (e.g. ESTRO)( g )
 Patient selection
 Equipment: hardware, software, imaging
 Radiation protection Radiation protection
 Configure TPS
 Prescription dose, dose constraints
 Training
 Dummy run (phantom)
 Establish QA program

Campus Kiel, Clinic of Radiotherapy

Establish QA program
 …
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Thank you for your attention !Thank you for your attention !

Campus Kiel, Clinic of Radiotherapy
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E t SlidExtra Slides

Campus Kiel, Clinic of Radiotherapy
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Kiel experience with BrachyVision (v8.8) for HDR 
prostateprostate

 38 implants tested
C ti l I l iConventional vs. Inverse planning

Campus Kiel, Clinic of Radiotherapy
Siebert et al. Brachytherapy 2014; 13(3) 



Functional MRI guided 
HDR t t b h thHDR prostate brachytherapy 

tumour boost



Background

•HDR prostate brachytherapy
•Trans-rectal ultrasound guided catheterTrans rectal ultrasound guided catheter 
insertion and treatment planning

•15Gy to whole prostate in 1 fraction followed 
by 37.5 Gy/15 fraction external beam 
treatment



Rationale for study

/f• High dose/fraction may be 
radiobiologically 
advantageousadvantageous

• Multiple randomised 
controlled trials demonstrate 
increased prostate cancer 
cure rates with higher doses 
of radiationof radiation

• Studies have shown that 
biological behaviour of g
prostate cancer may be 
driven by dominant lesion

Karavitakis, M. et al. (2010) Tumor focality in prostate 
cancer: implications for focal therapy

Nat. Rev. Clin. Oncol. doi:10.1038/nrclinonc.2010.190



MR acquisition/processing

• 15 pts, T2c or T3a disease, 12/15 patients had neo-
adjuvant hormone therapy

• T2 weighted (T2W), diffusion weighted (DWI) and 
dynamic contrast enhanced (DCE) MRI

• Phased-array pelvic and spine coils
• DWI (b-values 0 150 500 s/mm2) - ADC map generatedDWI (b values 0, 150, 500 s/mm ) ADC map generated 
by scanner

• DCE (200 x 2-s 3D acquisitions) - generated Ktrans map• DCE (200 x 2-s 3D acquisitions) - generated Ktrans map 
from 1-compartment model and arterial input function, 
using PMI1 1 - PMI: Platform for research in medical imaging: see Quantification of cerebral 

blood flow cerebral blood volume and blood brain barrier leakage with DCE MRIusing PMI blood flow, cerebral blood volume, and blood-brain-barrier leakage with DCE-MRI. 
Sourbron S, Ingrisch M, Siefert A, Reiser M, Herrmann K. Magn Reson Med. 2009 
Jul;62(1):205-17.



F-GTV delineation

F-GTV =F GTV  
union of 
suspicious 
areas in all 
3 MRI 
datasetsdatasets



Image registration MRI-TRUS

• Manual rigid registration• Manual rigid registration
• Margin added to F-GTV (constrained by 
prostate/OAR) to create F PTVprostate/OAR) to create F-PTV



Dose optimisation

• Compared delivered plan to plan optimised to boost dose to F-PTVCompared delivered plan to plan optimised to boost dose to  F PTV
• Added up to 2 needles to target F-PTV if necessary
• Maintain dose objectives/constraints for prostate, PTV, urethra, Maintain dose objectives/constraints for prostate, PTV, urethra, 

rectum



Results – median values for 15 patients

V l ( ) DVH Obj i / D li d l O i i d F PTVVolume (cc) DVH parameter Objective/ 
constraint

Delivered plan Optimised to F-PTV

Prostate 29.7 V100 (%) >95% 99.5 99.4Prostate 29.7 V100 (%) 95% 99.5 99.4

D90 (Gy) - 16.8 17.0

PTV 43.3 V100 (%) >90% 90.7 93.7( )

Urethra 0.3 D10 (Gy) <17.5Gy 17.2 17.4

Rectum 13.2 D2cc (Gy) <11.8 Gy 8.0 9.1

F-GTV 1.9 D90 (Gy) - 18.2 23.4

V150 (%) - 23.2 99.2

F-PTV 6.5 D90 (Gy) - 17.6 20.9

V150 (%) - 27.3 75.9



Summary

•MRI guided tumour boost is feasible 
•Main uncertainties are in tumour delineation andMain uncertainties are in tumour delineation and 
image registration
F PTV b t d i hi bl i HDR•F-PTV boost dose is achievable in HDR 
brachytherapy



Prostate Brachytherapy CourseProstate Brachytherapy Course

“Outcome of LDR prostate brachytherapy”
C SalembierC. Salembier 



Outcome of LDR 
prostateprostate 

brachytherapy

C. Salembier

Department of Radiotherapy-Oncology 
Europe Hospitals – Brussels - BelgiumEurope Hospitals Brussels Belgium



External beam radiotherapyExternal beam radiotherapy

Hormonal treatment

(robotic) surgery
I t titi l l hi h d tInterstitial: low or high dose rate



Prognostic groups: Good – Intermediate - Poor

Depending on:
- Extension of the tumoure s o o e u ou
- Initial PSA
- Gleason Score

Low Risk Low Risk  Intermediate Risk Intermediate Risk  High Risk   High Risk   
Stage:  T1 or T2a,b Stage:  T1 or T2a,b 
Gleason Sum Gleason Sum << 66
PSA PSA << 10 10 ngng/ml/ml

Stage T1 or T1Stage T1 or T1‐‐2           Stage T12           Stage T1‐‐2 2 
Gleason Score 7   or    Gleason 6Gleason Score 7   or    Gleason 6
PSA < 10                           PSA 10PSA < 10                           PSA 10‐‐2020

Stage T2c or T3
Gleason score ≥ 8 
PSA > 20 ng/mL



No randomized trials

Comparing RP, EBRT, seeds:p g , ,
Outcome:
Up to high risk patients: 

• No difference in outcomeNo difference in outcome
• Total BED dose matters

ToxicityToxicity
• Type of toxicity differs
• No difference severe toxicity rate 

Quality of life
• No difference baseline – 6 monthsnt



 Comparative Cohort Study
 Total 1866 consecutive cases, Treated 1992 to 1998
 Cli i l St T1 T2 Clinical Stage T1-T2

 Facility:
 Cleveland Clinic Foundation:

 1225 cases (94 PI, 348 EBRT, 783 RP)
 Memorial Sloan Kettering @ Mercy Medical Center:

 641 cases (641 PI)

 All patients treated with monotherapy
 Radical prostatectomy
 External beam radiation (min dose 70 Gy)
 Permanent Implant Permanent Implant



bNED
77%–83%(mono)1 Btx

EB>72 Gy

51%

.8

6

COMB RP

y

Seeds Alone
vs 51%.6

.4 EB<72 Gy

Seeds+EB
vs

EB <72 Gy

.2

vs
EB >72 Gy

vs
n: 2.991pts
FU: 56mnths

0
0 12 24

RP

0 12 24 36 48 60 72 84
Time (months)



Study n= Study 
period

bNED low int high total

D’Amico et al 1998 66 1989-1997 x 85 35 x x
Beyer et al 2000 695 1988-1995 5 y 83 67 x xB h bNED Beyer et al 2000 695 1988 1995 5 y 83 67 x x
Beyer et al 1997 499 1988-1993 5 y 94 70 34 x
Beyer et al 2003 1266/1141 1988-1998 5/10y x x x 76/65
Blank et al 2000 102 1985-1996 5/7 y x x x 39/44
Brachman et al 2000695/633 1988-1995 5 y x x x 71
C /

Brachy bNED 
in literature

Cosset et al 2008 809 1999-2004 5 y x x x 97/94
Guedea et al 2006 1175 1998-2003 3 y 93 88 80 91
Khaksar et al 2006 300 1999-2003 5 y 96 89 93 93
Kwok et al 2002 102 1991-1994 5 y 85 62 24 x
Lawton et al 2007 101 1998-2000 5 y x x x 94
McMullen et al 2004 63 1997-1998 5 y x x x 95-70
Merrick et al 2005 202 1995-2001 8 y x x x 93,3
Papagikos et al 
2007

132 1997-2001 5 y x x x 88

Polascik et al 1998 76 1988-1990 7 y x x x 79y
Potters et al 2004 733 1992-1998 7 y x x x 74
Potter et al 2005 1449/1148 1992-2000 12 y 88 76 62 77
Ragde et al 2001 769/542 1987-1997 5/10/13y 79/76/76 x x x
Stone et al 2007 3928/2293 x 10 y 63,6 64 58 70
Stone et al 2005 279 1990-1998 10 y 91 3 x X 78

Many studies published

No real comparison possible Stone et al 2005 279 1990 1998 10 y 91,3 x X 78
Grimm et al 2001 125 1988-1990 10 y 87 x x x
Zelefsky et al 2007 367 1998-2002 5 y 96 88 x x
Zelefsky et al 2007 2693/1831 1988-1998 8 y 74 61 39 x
Zelefsky et al 2000 248 1989-1996 5 y 88 77 38 71
S l t t l 2007 223 1987 1993 15 85 8 80 68 74

No real comparison possible 
because of differences in:
• patient selection

diff Sylvester et al 2007 223 1987-1993 15 y 85,8 80 68 74
Kupelian et al 2004 950/264 1990-1998 5/7 y x x x 83/76
Block et al 2006 118 1999-2002 5 y 94,7 x x x
Kao et al 2008 435 1995-2005 5 y X x x 96,5
Peschel et al 2006 330 1992-2004 5 y 93/84 x x x

• treatment differences
• follow-up differences
• …

Stokes et al 2000 186 1988-1994 5 y 75 65 35 70
Storey et al 1999 206 1988-1993 5 y x x x 63
Wallner et al 2003 57 2000-? 3 y x x x 89

001 769/542 1987


Brachy bNED in literature

Study n= Study period bNED low int high total
Beyer et al 2003 1141 1988-1998 10 yr  x x  x  65 
St t l 2007 2293 10 63 6 64 4 58 2 70Stone et al 2007 2293 10 yr 63.6 64.4 58.2 70
Stone et al 2005 279 1990-1998 10 yr 91.3 x x 78 
Zelefsky et al 2007 1831 1988-1998 8 yr 74 61 39 xy y
Potters et al 2005 1148 1992-2000 12 yr 88 76 62 77 
       
UMCutrecht 921 1989-2004 10 yr 88 2 60 6 29 9 57 0UMCutrecht 921 1989 2004 10 yr 88.2 60.6 29.9 57.0

 

Comparing studies with approximately the same:Comparing studies with approximately the same:
• patient selection and treatment characteristics
• > 8 years of follow-up



Literature review of all prostate cancer related papers published between 2000 and 2010
-5 strict criteria: - minimum/median follow-up of  5 years

- stratification into low, intermediate and high risk groups
li i l ( d h l i l)- clinical (and pathological) stage

- accepted definition for prostatic specific antigen failure 
- more than 100 patients in each risk group (high risk > 50)

18000 papers - 848 treatment related – 140 papers encountering these criteria





% A ti l M ti C it i% Articles Meeting Criteria 

RP EBRT/
IMRT

Cryo Brachy/
HDR

Robot 
RP

Proton HIFU
IMRT HDR RP

8.7% 14.6% 6.5% 23% 3.5% 22% 13.6%

32/366 50/343 3/46 80/351 3/86 4/18 6/44

12UPDATE 2015



UPDATE 2015

6/11/2016 13



UPDATE 2015

6/11/2016 14



UPDATE 2015



Long-term biochemical and survival outcome of 921 patients treated with 

et al. 

g p
I-125 permanent prostate brachytherapy IJROBP 2010;76(5):1433-8.

95% 88%95%
88%

87%
61%87%

59% 30%59%

61%

30%30%



Long-term biochemical and survival outcome of 921 patients treated with 
I-125 permanent prostate brachytherapy

et al. 



Results given in terms of biochemical control ….

However, this biochemical control depends on “local” control but also p
on “distant” control

What about the “local cure rates” after PB? 



“ h h l l f LDR PB“we estimate that the local recurrence rate of LDR-PB in our 
study cohort likely lies in the range of 1.8% to 2.7%.”

“In the context of the limitations of our study design, this population-based 
analysis indicates that the local recurrence rate after LDR-PB appears to 
be as low or lower than that following RP in our jurisdiction.”

IJROBP, Vol 91, Issue 4, 15 March 2015, Pages 745–751



“Hence, at a median follow-up of 6.8 years, the local recurrence rate of the 
Mt. Sinai cohort treated with LDR-PB should fall between 1.3% and 4.5%“

Brachytherapy, 7 (2008), pp. 217–222

“by combining the 0 2% who had local failure with the 2 2% whose site of

R di h d O l 112 (2014) 68 71

by combining the 0.2% who had local failure with the 2.2% whose site of 
failure was unknown, the local relapse rate should range from 0.2% to 2.4%”

Radiotherapy and Oncology 112 (2014) 68–71



In the Toronto study of 776 patients, all patients with a PSA rising beyond 
30 months were investigated by prostate biopsy examination,
and, if the biopsy was negative, systemic staging was initiated as PSA 
approached 10 ng/ml and there were:pp g

- 8 local failures (1.0%)
- 8 distant failures (1 0%)8 distant failures (1.0%)
- 9 failures of unknown site (1.2%)

Thus the local relapse rate should range from 1 0% to 2 2% but it is likelyThus, the local relapse rate should range from 1.0% to 2.2%, but it is likely 
to be closer to the biopsy-proven 1.0% of patients, because all other men 
with biochemical failure in this cohort had negative biopsy results



So……..monotherapy gives:

l excellent results for low risk diseasel excellent results for low risk disease

l very good results for intermediate risk 
diseasedisease

l not optimal results for high risk disease



S d f fSeeds: factors that might or might not influence outcome

Factors:Factors:
1. Implant related -technique:

- Margins
D90- D90

- Total BED
- …

2. Risk groups - individual tumor characteristics – staging2. Risk groups individual tumor characteristics staging 
uncertainties

3. Age

1. Hormonal therapy
2 PSA bouncing2. PSA bouncing
3. Obesity
4. …



UMC database: bNED before and after 2000UMC database: bNED before and after 2000

n=921 - 1989-2004

• There seems to be a trend for improved outcome in time

• Raison: technique? patient selection? learning curve? other factors?q p g



I l t l t d M iImplant related: Margins:

--105 prostatectomies105 prostatectomies
--Gleason 6.3 (range 3Gleason 6.3 (range 3--9)9)
--PSA 8.6 (range 0.3PSA 8.6 (range 0.3--98)98)PSA 8.6 (range 0.3PSA 8.6 (range 0.3 98)98)

Davis et al. Cancer 85(12) 1999Davis et al. Cancer 85(12) 1999

E t t tiE t t ti didiExtraprostaticExtraprostatic disease disease 

3 mm margins : 3 mm margins : 

critical to successcritical to success



Implant quality: Post-implant D90:

1 0

Implant quality: Post-implant D90:

1.0

9 D90 > 90%
al

 S
ur

vi
va

l
.9

.8

D90 > 90%
n = 503

Ac
tu

ar
ia .8

.7

D90 < 90%
n = 216

.7

.6

Time in Months

7260483624120

Potters et al Urology 62 (6) 2003



Risk groups - Staging:Risk groups - Staging:



Risk groups – Individual tumor characteristics:

Biopsies: at random - systematic

Risk groups Individual tumor characteristics:

Chance of hitting tumor per biopsy=15-20%

Gl l d iblGleason score: poorly reproducible
Biopsy agreement with prostatectomy: (n=1670)
– Gleason 5-6 undergrading: 35%Gleason 5 6 undergrading: 35%
– Gleason 8-10 overgrading:  35%

PSA
– Suspected linear relation with amount of tumor cells

I li bl d t l k ft f l iti– Irreliable due to leakage, often false positive

Conclusion: Literature contains probably higher Gleason scores tooConclusion: Literature contains probably higher Gleason scores too



Age:

L. J. Sheplan Olsen et al. 
ASTRO 2008
Abstract #2283

Men aged ≤55 yrs have excellent outcomes after treatment with Permanent Implant 

Brachytherapy



Age:

Karel A. Hinnen et al. 
BJU International 05/2011 
107(12):1906 - 1911.

Younger patients have excellent outcomes after treatment with Permanent 
Implant BrachytherapyImplant Brachytherapy





EBRT + d t t tEBRT + seeds versus prostatectomy



High risk patients: EBRT + seeds (+ADT)High risk patients: EBRT + seeds (+ADT)

Survival by dose group for Gleason 8–10
Treatment: EBRT + seed implant + ADT

Overall survival
• < 200 Gy 86.6%

Overall survival
• < 200 Gy         86.6%  200 Gy         86.6% 

• 200–220 Gy    89.4% 
• > 220 Gy         94.6% 
(p < 0 05)

• 200–220 Gy    89.4% 
• > 220 Gy         94.6% 
(p < 0.05)

(Stone 2009)
(p < 0.05)(p )



RTE 
+ 

(Dose 
escalated)

RTESeeds

(+ ADT)

RTE 

(+ ADT) 
> 

(+ ADT) 

Cancer 2013;119:681-90.



RTE 
+ 

HDR > 
Escalated

dose

RTE or 
Seeds 

BJU Int. 2014 Sep;114(3):360-7.



Quality of Life Side EffectsQuality of Life – Side Effects



Toxicity grading:y g g

• Severe toxicity (grade > 3) most important
• Urinary Grade > 3 toxicity rates:

– Acute urinary retention: + 10% (5-34%) = highest incidence

– Urinary incontinence: +1.5% (0-17%)

– Urinary bother: + 1-3%
– Hemorr. cystitis <<<1% 
– Infection <<<1%
– Fistula <<<1%

• Rectal Grade > 3 toxicity rates: <1%
Erectile dysfunction: complicated baseline function matters• Erectile dysfunction: complicated, baseline function matters

Anderson et al. Urol 2009;74:601-5
Gore et al. JNCI 2009;101:888-92
Bottomley et al RO 2007;82-46-9Bottomley et al. RO 2007;82 46 9
Chen et al. JCO 2009;27:3916-22



Urinary Bother

• Is pain or burning with urination

Urinary Bother

• Cause: detrusor overactivity 
• Grade 3 urinary bother: 1-3%
• Even grade I and 2 urinary bother may severely disturb quality of lifeEven grade I and 2 urinary bother may severely disturb quality of life

n=288



“At 5-13 years’ follow-up, 
90% of patients have no (RTOG90% of patients have no (RTOG 
0) or minimal (RTOG 1) urinairy 
morbidity”

“Long-term urinary toxicity is low“



Int J Radiation Oncol Biol Phys, Vol. 90, No. 2, pp. 312-319, 2014



Quality of life following prostate cancer treatment

Prostate brachytherapy, prostatectomy and EBRT have different effects on 
patients’ quality of life

EPIC: Urinary BotherEPIC: Urinary Function
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Radical prostatectomy
Brachytherapy
Three-dimensional (3D) external beam radiotherapy

Ferrer M et al. Int J Radiat Oncol Biol Phys 2008; 72: 421–32.



Q LQoL



B h th E t l B SBrachytherapy External Beam Surgery

Less time of work 8 weeks of treatment 6 -12 weeks recovery
+ recuperation

Continence unaffected Continence unaffected 50% immediate continence 
Mild LUTS in 70% Mild LUTS in majority 75% by 3 monthsMild LUTS in 70% Mild LUTS in majority 75% by 3 months
Moderate LUTS in 30% Moderate LUTS in 50% 90-95% by 6 months

Very low gastro-intestinal Moderate GI toxicity in majority Extremely low GI toxicity
toxicity Severe GI toxicity low, but dose 

related

Preservation of potency Relative preservation of potency Potency never the samePreservation of potency Relative preservation of potency  Potency never the same
Preservation of ejaculation Preservation of ejaculation True ejaculation does not 
but may be reduced but may be reduced occur
Fertility is preserved Potential impact on fertility Infertile (need IVF)

Cave: - adjunction of adjuvant external beam after surgery
adjunction of hormonal treatment- adjunction of hormonal treatment



ConclusionsConclusions

Excellent long term results of permanent seed implants for low-risk and 
intermediate-risk patients

High-risk patients may benefit  from combined EBRT and seed treatment

T i it i l d t blToxicity is low and acceptable

No decrease in long term QoL

Quality assurance very important

Anti-androgen therapy does not seem to influence outcome in seed 
monotherapy







Hi h d t b h th fHigh dose rate brachytherapy for 
prostate cancer: RESULTSprostate cancer: RESULTS

Peter HoskinPeter Hoskin
Mount Vernon Cancer Centre

N th d UKNorthwood, UK



HDR t t b h thHDR prostate brachytherapy

• HDR Boost

• HDR Monotherapy py



HDR implant: biological advantage
2Gy EQD / 1 5 / 3 5 / 102Gy EQD / 1.5 / 3.5 / 10

Ext beam

74Gy/37f 74 74 74

HDR Boost schedules after 45Gy/25f

16Gy/4f 67.5 65.1 62.8
16Gy/2f 85.8 76.8 68.4
23G /2f 127 8 106 1 85 423Gy/2f 127.8 106.1 85.4

HDR Boost after 35.7Gy/13fHDR Boost after 35.7Gy/13f

17Gy/2f 91.8 77.6 64.1



IJROB 2004

611 patients: Ext Beam: 45 50Gy in 5 5 5 wks611 patients:
Seattle:
Kiel:

Ext Beam: 45-50Gy in 5 - 5.5 wks

CTV= Prostate + pelvic LNKiel:
WBM:

CTV  Prostate + pelvic LN

HDR
Seattle: 3Gy-4Gy per # ? X4
Kiel: 15Gy to PTV1 x 2

(  8 9G  t  PTV2)(= 8-9Gy to PTV2)
WBM: 5.5Gy-11.5Gy x2



Long term outcome of prostate HDR boost brachytherapy
Kiel: Michigan: Seattle [Galalae et al 2004] n=611Kiel: Michigan: Seattle   [Galalae et al 2004]     n=611

Zelefsky IMRT

II = 1 factor higher

Zelefsky IMRT

n=188

III 1 fIII = >1 factor 
higher
n=359n=359



N=122 (45% HR;30% IR)
45Gy + 9Gy x245Gy + 9Gy x2
(HDR 15Gy x2 peripheral dose)



Low Risk

#                         bRFS

Intermediate /High risk
#                         bRFS



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 duration   18.7 (IQR 12.1-29)
Median height        3.24ng/ml (IQR 2.51-3.98)

n=153n=153





Prostate HDR brachytherapy doses
BOOST ft 45 50G t b-BOOST after 45-50Gy ext beam

CentreCentre Total doseTotal dose FractionsFractionsCentreCentre Total doseTotal dose FractionsFractions

Michigan 18Gy 3
Oakland CAOakland,CA
Seattle 16.5Gy 3
G t b 20G 2Goteborg 20Gy 2
Kiel 30Gy 2
Berlin 18Gy 2
Offenbach 28Gy 4
Melbourne 20Gy 4
MVH 17Gy 2y
Toronto 15Gy 1



HDR brachytherapy doses: BED and 2GyHDR brachytherapy doses: BED and 2Gy 
equivalents for different   / ratios

CentreCentre // =1.5=1.5 // =3=3 // =10=10

BED 2G eq BED 2G eq BED 2G eqBED 2Gy eq BED 2Gy eq BED 2Gy eq

Michigan 90.0 38.6 48.0 28.8 28.8 24.0Michigan 90.0 38.6 48.0 28.8 28.8 24.0
Oakland,CA
Seattle 77.0 33.0 46.7 28.0 25.6 21.3
Goteborg 153.3 65.7 86.7 52.0 40.0 33.3
Kiel 330 141.4 180 108 75.0 62.5
Berlin 126 54 0 72 0 43 2 34 2 28 5Berlin 126 54.0 72.0 43.2 34.2 28.5
Offenbach 158.7 68.0 93.3 56.0 47.6 39.7
Melbourne 86.7 37.2 53.3 32.0 30.0 25.0
MVH 113.3 48.6 65.2 39.1 31.5 26.3
Toronto 165 70.7 90 33.7 37.5 31.25



472 patients: 1992-2007: inter/high risk

IJROB 2010

p g



Martinez et al 2010268Gy = 100.5Gy (αβ=1.2)



IMRT 86.4Gy: 470 
vs
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 p y
344 patients 3D CRT 74Gy/37f
Risk group: Intermediate 41%; High 59%



55Gy/20f 35.7Gy/13f55Gy/20f
Ext beam

y
+

17Gy/2f HDR17Gy/2f HDR

Closed 08/05: 220 patients randomised



MV RCT HDR BoostMV RCT HDR Boost 



Acute toxicity: 
U r in a ry  F r e q u e n c y  (N ig h t)
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Acute toxicity: rectal discharge
60%

40%

50%

30% RT
RT BT

10%

20%
RT BT

0%
None Int Cont

P=0.025



MV RCT
Late toxicity





RT&O 2009

30-33Gy/3f

46Gy/23f46Gy/23f
+ 19.5Gy/3f



RT&O 2009



IJROB 2010

129 patients ; 14 institutions            median F/U 29.6 mo

45Gy in 25# ext beam
HDR 19Gy in 2#: single implant



35Gy/5f SABR vs 37.5Gy/15f EBRT + 15Gy HDR





Evidence for HDR boost with 
external beam

Prospective series >1000 patients
Case control studies

RCTRCT





Which boost dose?



Toronto experience 15GyToronto experience 15Gy 
single fraction HDR boostg



HDR t t b h thHDR prostate brachytherapy

• HDR Boost

• HDR Monotherapypy



HDR implant: biological advantageHDR implant: biological advantage
2Gy EQD2Gy EQD

// 1.51.5 // 3.53.5
// 1010

Ext beamExt beam
74Gy/37f74Gy/37f 7474 7474 7474

HDR monoHDR monoHDR monoHDR mono
34Gy/4f34Gy/4f 96.996.9 74.274.2 52.452.4
36Gy/4f36Gy/4f 108108 81 881 8 57 057 036Gy/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 826Gy/2f26Gy/2f 108108 78.078.0 49.849.8



IJROB 2011

•• 54Gy in 9 fractions54Gy in 9 fractions
•• 112 patients 1996112 patients 1996--20052005

–– 15 LOW RISK15 LOW RISK
–– 29 INTER RISK29 INTER RISK
–– 68 HIGH RISK68 HIGH RISK

djdj h ih i–– NeoadjuvantNeoadjuvant hormones in 94hormones in 94



HDR brachytherapy results: 
monotherapy [Yoshioka et al 2011]





Published HDR monotherapy studies

From Demanes and Ghilezan 2014



718 patients: 38Gy/4f/48hrs718 patients: 38Gy/4f/48hrs
38Gy/4f/15days
34.5Gy/3f/6weeksy



et al

Acute toxicity

Late toxicity





HDR Monotherapy: toxicityHDR Monotherapy: toxicity

From Demanes and Ghilezan 2014



• HDR monotherapy:

 how many fractions

 can we give a single dose



IJROB 2010

298 PATIENTS 1996-2005 38Gy  in 4 FRACTIONS (WBH)
42Gy  in 6 FRACTIONS (CET)42Gy  in 6 FRACTIONS (CET)

293 Low risk (Biologically equivalent)



173 patients: low/intermeduiate risk173 patients: low/intermeduiate risk
Median follow up 17 months

50: 12Gy    x 2y
49: 13.5Gy x 2





HDR implant: biological advantage
2Gy EQD

// 1 51 5 // 3 53 5// 1.51.5 // 3.53.5
// 1010

Ext beamExt beam
74G /37f74G /37f 7474 7474 747474Gy/37f74Gy/37f 7474 7474 7474

HDR monoHDR mono
34Gy/4f34Gy/4f 96.996.9 74.274.2 52.452.4
36Gy/4f36Gy/4f 108108 81.881.8 57.057.0yy
31.5Gy/3f31.5Gy/3f 108108 80.280.2 53.853.8
26Gy/2f26Gy/2f 108108 78.078.0 49.849.826Gy/2f26Gy/2f 108108 78.078.0 49.849.8



Urinary symptom scores



Late toxicity (>6 months)y ( )



Freedom from biochemical failure



Single dose HDR monotherapy

• Biology
– Unknown!

 ? Effect on vasculature as well as tumour cell
N  ti  i  t t l ti No reoxygenation, repair, reassortment,repopulation

• DeliveryDelivery
– High QA essential …..only one chance!
– OAR tolerances more difficult to achieve



60 patients: inter 27%, low 73%                    Prospective follow up
19Gy HDR single dose CTCAE v4.0
Median follow up 72 monthsMedian follow up 72 months









MVCC Biochemical RFSMVCC Biochemical RFS



HDR BOOSTHDR BOOST

• Optimal means of dose escalation for 
d /h h k intermediate/high risk patients

• Dose escalation results in better PSA RFS Dose escalation results in better PSA RFS 

• Acute toxicity equivalent or less than 
external beamexternal beam

• Late toxicity equivalent to external 
b b t ?SABRbeam…but ?SABR



HDR MONOTHERAPYHDR MONOTHERAPY

• Early experience in advanced cases Early experience in advanced cases 
suggests high rates of biochemical control
O ti l i di ti  t t  b  d fi d  • Optimal indication yet to be defined: 
?intermediate/high risk…?low riskg

A t  t i it  l  th  d b h th• Acute toxicity less than seed brachytherapy
• Late toxicity profile may also be favourable ate toxi ity profile may also be favourable

with lower rates of late urinary and erectile 
dysfunctiondysfunction
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Post plan imagingPost plan imaging 
d d i tand dosimetry 

Frank-André Siebert

Campus Kiel, Clinic of Radiotherapy
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Why post-planning ?

Quality control feedback loop

Procedure
(Implant)

Result
(Final implant)

Quality control
(P t Pl i )(Post-Planning)

• Detection of severe under-/ overdosageDetection of severe under / overdosage
• Important for systematic treatment
• Feed-back of the results, benefit for future patients

Campus Kiel, Clinic of Radiotherapy
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Why post-planning ?

Campus Kiel, Clinic of Radiotherapy
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Aim of post-planning dosimetry

Determination of
 Dose to organs at risk
 Dose at target

Determination of

g

 Organs (-> Contouring)

Knowledge of

 Position of seeds (-> Detection)

Campus Kiel, Clinic of Radiotherapy
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Image modality

CTTRUS

MRI X raMRI X-ray

Campus Kiel, Clinic of Radiotherapy
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CT post-planning

„gold standard“Roy et al. IJROBP 1993 (26) 163-169

Campus Kiel, Clinic of Radiotherapy
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CT post-planning

Scan parameters varies widely:
Sli i 1 5

1. Source detection
2. Anatomical information • Slice spacing, 1-5 mm

• Field of view
• Axial/spiral scan

2. Anatomical information

1 mm spacing

Accurate detection of  seed 
orientation in CT difficult3 mm spacing

5 mm spacing
( d li

orientation in CT difficult.

Campus Kiel, Clinic of Radiotherapy

(under sampling,
seed sorting)
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Automatical seed finding

Advantage: Time saving, reproducible method

But…check the results!
Problems may occur with

• CalcificationsCalcifications
• Close sources
• Unknown seed number

49 seeds 50 seeds

Campus Kiel, Clinic of Radiotherapy

49 seeds 50 seeds
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CT post-planning
Can we trust the CT post-planning results? 

Two questions:Two questions:
1. Is CT post-planning of different centers comparable?
2. What is the influence of CT parameters and seed models?

=> Phantom check

Campus Kiel, Clinic of Radiotherapy
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B h lti t t dBraphyqs multi-center study

Comparison


N

21

Seed positions 
in phantom

rekonstructed 
seed positions

Test configuration





i

i dd
N 1

2)(1

g
(17 inactive IBt-Seeds

Center TPS CT Param σ (x) σ (y) σ (z)Center TPS CT-Param. [mm] [mm] [mm]
A 5 Ax 2 / 2 0,1 0,1 0,3
B 5 Sp 4 / 1 0,2 0,2 1,2
B 1 S 4 / 1 0 2 0 3 1 3B 1 Sp 4 / 1 0,2 0,3 1,3
C 5 Sp 2 / 2.5 0,2 0,2 1,2
C 5 Sp 2 / 1 0,1 0,1 0,3
… … … … … …

Campus Kiel, Clinic of RadiotherapySiebert et al. Radiother Oncol 85 (2007) 316-323
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Imaging of different seed models

Oncura EchoSeed 6734 IBt Intersource-125 AnchorSeed

Theragenics TheraSeed 200 Bebig IsoSeed S17

Campus Kiel, Clinic of Radiotherapy

g g
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a) Bebig IsoSeed® I25.S06 
b) Mentor ProstaSeed® I-125
c) Oncura EchoSeed® 6734

Campus Kiel, Clinic of Radiotherapy

c) Oncura EchoSeed 6734

Scan protocol: “Onc Medium Body”, axial scan, kVp=130, 125 mA, 
2 mm slice thickness, 2 mm index, SFOV 200 mm, 2.560 pixels/mm
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MRI post planning

CT MRI (T1) MRI (T2)CT MRI (T1) MRI (T2)

Campus Kiel, Clinic of Radiotherapy
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MRI post planning

Campus Kiel, Clinic of RadiotherapyDe Brabandere et al. Radiother Oncol, 2006
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TRUS post-implant dosimetry

Th t f th d ll dlThe average percent of the seeds allegedly
identified per patient ranged from 51% to 83% ~mean: 74%!

Stored images used in this study

Campus Kiel, Clinic of RadiotherapyHan et al. Med Phys 30 (2003) 898-900

Stored images used in this study.
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X-Ray seed reconstruction

• Determination of source locations only
• No anatomical information
• Good for source counting

Different algorithms for reconstruction 
exist, e.g.:

Tubic et al. Med Phys 28 (2001) 2272-2279
Tutar et al. Med Phys 30 (2003) 3135-3142
Siebert et al Med Phys 34 (2007) 967-975

Campus Kiel, Clinic of Radiotherapy

Siebert et al. Med Phys 34 (2007) 967 975
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X-Ray seed reconstruction
2

1

2

3

1=20° 3=340°

P1P1

2=0°Avoid patient movement between
radiograph exposition

P2P2

Campus Kiel, Clinic of Radiotherapy

radiograph exposition.
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Campus Kiel, Clinic of Radiotherapy
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M. De Brabandere et al.: BRAPHYQS/PROBATE study

Prostate post-implant dosimetry: 
a comprehensive interobserver study  to investigate uncertainties 
i t d d b d l li ti t i d i f iintroduced by seed localization, contouring and image fusion

Technique (a) : CT Technique (b) : T1+T2 Technique (c) : CT+T2
T2CT

Technique (a) : CT
T2

Technique (b) : T1+T2 Technique (c) : CT+T2

nt
ou

ri
ng

CTCT T1

C
on

s
Se

ed
s

Campus Kiel, Clinic of Radiotherapy
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Delineation in T2 data

8
Ref.: light blue
n=8
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Impact of interobserver variability on 
D90

CT         T1+T2     CT+T2

Ref_D90
MeanObs_D90
SDref interobserver variability with   

respect to reference (1SD)

_

Pat ient 1

Contouring
large interobserver variability for D90

Physicists

Patient 2

for all techniques

Seeds
 CT: small interobserver spread for D90CT: small interobserver spread for D90 
 slightly larger for technique (b), using  

T1 for seeds 
Fusion
 T1 + T2 : interobserver variability   

relatively small, but patient dependent       

Clinicians

CT       T1+T2     CT+T2

 CT + T2 : large interobserver variabilityPatient 3
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Seed reconstruction accuracy

 CT: deviations 1.1 mm (1 SD)
 Effect on D90 (CT, CT+T2) < 2%

 T2: deviations 3.0 mm (1 SD)
 Effect on D90 (T1 +T2) 7%

Campus Kiel, Clinic of Radiotherapy
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Flouroscopies: counting the seeds

0° 5°

Two flouroscopies with Δ≈5° can help to identify and count seeds

Campus Kiel, Clinic of Radiotherapy
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Contouring... • Should be consistent within a clinic or study

0 mm ±4 mm ±10 mm

• Careful selection of parameters

Urethra Urethra UrethraUrethra
Vol= 0.87cc
D10=178.03Gy
D0 1cc = 176 53Gy

Urethra
Vol= 1.12cc
D10=175.93 Gy
D0 1cc = 176 50Gy

Urethra
Vol= 1.37cc
D10=174.58 Gy
D0 1cc = 176 54Gy

Campus Kiel, Clinic of Radiotherapy

D0.1cc = 176.53Gy D0.1cc = 176.50Gy D0.1cc = 176.54Gy
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„Only absolute volume parameters are stable in relation to 
different contouring concepts.“

High correlation between DR1, DR2cc, DR0.1cc (<5%).
Reporting D 5 D 10 D 30 is redundantReporting Du5, Du10, Du30 is redundant.

Campus Kiel, Clinic of Radiotherapy
Kirisits et al. 2009 Brachytherapy 8(4):353-60
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Timing of post-planning dosimetry

One month after implant gives
the most accurate prostate
volume. 

Campus Kiel, Clinic of RadiotherapyPrestidge et al. Med Phys 40 (1998) 1111-1115
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Simulation of seed displacements
24 ml, : 1.5 mm, 0.5 mCi

D90 ProstataD90 ProstataD90 Prostata

95

100

105

iv
 [%

]

Pat. 1 (15 ml)
95

100

105

110

la
tiv

 [%
] 0.3 mCi

0.4 mCi
0.5 mCi

80

85

90

0 1 2 3 4 5 6

STD der Seedlokalisation [mm]

D9
0 

re
la

ti Pat. 2 (24 ml)

Pat. 3 (47 ml)

80

85

90

0 1 2 3 4 5 6

STD der Seedlokalisation [mm]

D9
0 

re
l

0.6 mCi
0.7 mCi

Campus Kiel, Clinic of Radiotherapy

STD der Seedlokalisation [mm]

=> Robust dose distribution

STD der Seedlokalisation [mm]



UNIVERSITÄTSKLINIKUM 
Schleswig-Holstein
UNIVERSITÄTSKLINIKUM 
Schleswig-Holstein

Seed migration

Campus Kiel, Clinic of RadiotherapySarkar et al. Brachytherapy 12 (2013) 356-361
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Postimplant dosimetry using a MC dose calculation engine

Isodose comparisons between TG-43 and Monte-Carlo

Campus Kiel, Clinic of Radiotherapy
Carrier et al. 2007, IJROBP
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Calcification

• Potential to incorporate any type of heterogeneities

Campus Kiel, Clinic of Radiotherapy

o e a o co po a e a y ype o e e oge e es
• Real-time speed
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CT artefact reduction Sinogram correction

B f AftBefore After

Campus Kiel, Clinic of RadiotherapyXu et al. Med Phys 2011
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DVH constraints for permanent prostate brachytherapy (I-125)

Prostate:
 V100 ≥ 95% of CTV.
 D90 > 100% of prescription dose.
 V150 ≤ 50% of CTV.V150 ≤ 50% of CTV.

Rectum:
 Primary parameter: D2cc ≤ 145 Gy.y p 2cc y
 Secondary parameter: D0.1cc (~Dmax) < 200 Gy.

Urethra:
 Primary parameter: D10 < 150% of the prescription dose.
 Secondary parameter: D30 < 130% of the prescription dose.

P t h ld b t d > C i ibl
Campus Kiel, Clinic of Radiotherapy

GEC ESTRO Recommendations, Salembier et al 2007

Parameters should be reported => Comparison possible
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Post-implant dosimetry: typical procedure

Check number of seeds during implantCheck number of seeds during implant

Count seeds in X-ray images

CT based post-planning: 
seed detection, contouring

Campus Kiel, Clinic of RadiotherapyCT day 0 CT after 4 weeks
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Thank you for your attention…Thank you for your attention…

Campus Kiel, Clinic of Radiotherapy
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R di ti titi ARadiation proctitis ‐ Acu
athophysiologyathophysiology
istopathology findings
Transient mucosal atrophy 
Submucosal oedema
Inflammation and infiltration of the la
propria with polymorphonuclear leukpropria with polymorphonuclear leuk
and plasma cells 
In addition mitotic arrest karyorrhexIn addition, mitotic arrest, karyorrhex
lysis of the crypt and deep epithelial c

tute

amina 
kocyteskocytes 

xis andxis, and 
cells



R di ti titi ARadiation proctitis ‐ Acu

• If the submucosal damage is not p
regenerate and the changes regresg g g

• Severe submucosal changes leads t• Severe submucosal changes leads t
ulcerations, and erosion of the villi

• histologic findings in the acute pha
symptoms.

tute

rominent, the epithelial cells 
ss.

to progression of mucosal injuryto progression of mucosal injury, 
i. 

ase correlate poorly with clinical 



Normal tissue effects and
LDR prostate brachythera

Acute effects symptoms ou

tal 
cosa

Inflammation,
oedema, 
hyperaemia, cellular 

• diarrhoea
• tenesmus
• mucoid discharge

•
•
•

loss with loss of 
epithelial integrity

• haematochezia
• anorectal pain
• cramps

•

d injury – Acute effects –
apy – rectal mucosa

utcome management

Mostly self‐limiting
Resolves spontaneously
Typically takes                              

Reassurance
Pharmacological
• Antidiarrhoeals

a few months
Does not generally convey 
risk of late complications

• Antispasmodics
• laxatives
• Dietary modification
• Steroid enemas



R di ti titi ChRadiation proctitis ‐ Chr
• Repopulation of the mucosal• Repopulation of the mucosal 
cells occurs in the later stage of 
the acute phase

• The severity of the damage to 
supportive connective tissue 
limits the degree of 

h l l
g

reepithelialization
• Fibrosis of the underlying 
connective tissue causesconnective tissue causes 
patchy ischemia of the mucosa, 
which may cause ulceration

• Local trauma or infection• Local trauma or infection 
often precipitates these ulcers

ironic



Radiation proctitis ChrRadiation proctitis ‐ Chr

Histological findings
• obliterative endarteritis of the small vessels in
intestinal wall characterizes chronic radiationintestinal wall characterizes chronic radiation 
intestinal injury

• Associated lymphoid atrophy, lymphatic dilati
fibrosis of the submucosal tissue are observedfibrosis of the submucosal tissue are observed

• The progressive vascular sclerosis leads to chr
ischemia of the overlying tissue, ultimately re
in mucosal atrophyin mucosal atrophy

• Scar tissue replaces the submucosal tissue, re
in further decrease in vascularity and contrac
the intestinal wall 

• Chronic mucosal ulceration may result in fistu
formation and hemorrhage

ronicronic

n the 

ion, and 
dd
ronic 
esulting 

esulting 
ture of 

ula 



Rectal MorbidityRectal Morbidity



Classification of Rectal MorbidityClassification of Rectal Morbidity



 Common Terminology Criteria for Adverse Even

 n=135 patients; median follow-up:41months

 65% Iodine-125

 33% with HT

nts (CTCAE) version 3.0.





Rectal Morbidityy

Phan et al., Cancer 115:1827‐1839, 2









octitis rate for rectal volume irrad

30

20
25

710
15%

0

7

0
5

<0.8 0.8-1.3 1
CC of R

diated with 160Gy

24 25,5

8

1.4-1.8 1.8-2.3 >2.4
Rectal Volume

[Snyder et al., Int J Radiat Oncol Biol Phys, 2001]



dose constraints ‐ Rectum

Rectum RV100 (145Gy) Gr 1 bleed 
Median 20 month
p=0.02

>1cm³ 36%>1cm³ 36%
<1cm³ 14%

Caution!  Dose constraint f

Grade 2 or higher
hs

00
0

for 145Gy not 160Gy





• Dose to 2cm³ <145‐150Gy
• Volume receiving 100% of the pres

Rectum GEC ESTRO

g p
<1cm³ for a D1 CT or <1.3cm³ for a 

Rectum GEC‐ESTRO

D2cc <145Gy

D0.1cc (~Dmax) <200Gy

V100

cription on post‐op CT should be 

ABS

p p p
D30 CT

ABS

<150%

<1cc on D1 CT
<1 3cc on D30 CT<1.3cc on D30 CT



Genetic influence on rectalGenetic influence on rectal 

• Genetic alterations in the ATM (A(
associated with rectal bleeding.

• 4/13 (31%) vs 1/23 (4%) if MPD <
4/11 (36%) 1/21 (5%) if MPD 0• 4/11 (36%) vs 1/21 (5%) if MPD 0

[Cesare

morbidity?morbidity?

Ataxia Teleangiectasia) gene areg ) g

<0,7cm3

0 7 1 4 30,7‐1,4cm3

etti et al; Int J Radiat Oncol Biol Phys, 2007]



Normal tissue effects and injury
LDR prostate brachytherapy uLDR prostate brachytherapy ‐ u

Acute effects symptoms

thelium Inflammation,
oedema, 
hyperaemia

irritative and obstructive –
• Burning 
• urgencyhyperaemia, 

cellular loss with 
loss of epithelial 
integrity

• urgency
• frequency
• nocturia
• urge incontinenceintegrity urge incontinence
• urinary retention 
• haematuria
• spasmodic painp p

y – Acute effects 
rotheliumrothelium

outcome management

• Mostly self‐limiting
• Resolves

spontaneously

Supportive
Reassurance
Pharmacological –spontaneously

• Symptoms subside 
gradually as radiation
diminishes.

Pharmacological
• NSAID
• Cortisone
• cholinergic agonistsdiminishes.

• Typically takes                
6‐12 months

• Do not generally 

cholinergic agonists
• alpha‐adrenergic blocking 

agents
• anticholinergic agentsg y

convey risk of late 
complications

g g
• tricyclic antidepressants 

(TCAs)
• sympathomimetic agents
• Dr Stone’s urethral 

instillation formula
Catheterization for retention



Normal tissue effects and injury
b h hLDR prostate brachytherapy ‐ u

Chronic effects symptomsChronic effects symptoms

thelium irritative and obstructive
symptoms persisting for ove

Chronic
Inflammation +/‐
oedema

symptoms persisting for ove
year
• Burning 
• urgencyoedema, 

ulceration, 
telangiectasia, 
fibrosis,

urgency
• frequency
• nocturia
• urge incontinencefibrosis, 

ischaemia
urge incontinence

• urinary retention 
• haematuria
• spasmodic painp p

y – late effects 
h lrothelium

findings managementfindings management

er 1
Rigid, ischaemic tissue, 
ulceration

Dr Jeff Glocer
er 1  ulceration,

telangiectasia,                             
haemorragic epithelium,                 
fibrotic distortionfibrotic distortion,                             
friable atrophic tissue,                     
necrosis
fistula,fistula,
stricture,                                             
perforation,                                 
obstruction





• Comparison of 47 men with LUTS
men with LUTS without prostatemen with LUTS without prostate

Si ifi d• Significant more detrusor overac
brachytherapy.

• Higher incidence of urethral and

S after brachytherapy with 541 
cancercancer.

i i (47 85%) fctivity (47 vs.85%) after 

prostatic strictures.



Urinary incontinence following Brachyth

Study Patient numberStudy Patient number
Wallner 92
Storey 206Storey 206             

Machtens 452          
Blasko 184
Talcott 105
Gelblum 693

Benoit
Talcott
R d

2124
13
48

T
TRagde

Stone 
Terk

48
43
6

T
T
ImTerk

Gelblum
6

28
Im
Im

herapy

Treatment Incontinence(%)Treatment Incontinence(%)
125J 6
125J 10J 10
125J 1,8          

125J/ 103 Pd 0
125J/103Pd 15
125J/103Pd 0,7
125J/103Pd

TUR-P + Implant
TUR P + I l t

6,6
85

12 5TUR-P + Implant
TUR-P + Implant
mplant + TUR-P

12,5
0
0mplant + TUR P

mplant + TUR-P
0

17



• 667 patients with a median follow‐up of 31 months.





Urinary retention Rate

Study Patient number

196Blasko 196
Vijverberg 46               

W ll 92Wallner 92             
Storey 206
Terk 251Terk 251
Kaye 76
Dattoli 73Dattoli 73

Ragde 152
Merrick 170
Benoit

Machtens
1409
452

Treatment Retention rate(%)

125125J 7
125J 22
125J 14125J 14              
125J 11 

125J/103 Pd 5125J/103 Pd 5
EBRT/125J 5

EBRT+103Pd 7EBRT+ Pd 7

EBRT/125J/103Pd 10
EBRT/125J/103Pd 6
EBRT/125J/103Pd

125J
14,5
4,5



76; median Follow‐up: 41,2months
<25ccm <25cc

35‐45ccm >4

Conclusion: Higher acute retention (<5daysg ( y

cm‐35ccm

45ccm

), but equal resolution), q



dentification of patients with higher riskdentification of patients with higher risk

50

30

40

et
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2
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2
0

IPSS<10 IPSS 1

Terk, Stock

k for urinary retentionk for urinary retention

29

1

0-19 IPSS >19

k and Stone, J Urol, 160: 379, 1998

















TUR‐P rates following Brachytherag y

Study Patient number

Wallner 92
Storey 206Storey 206             

Nag 32           
Terk 251
Dattoli 73

Merrick 170

Benoit
M h

1409
452Machtens 452

pypy

Treatment TUR-P-Rate(%)

125J 8,7
125J 0J 0

103 Pd 6,2            
125J/ 103 Pd 2,4J/ ,

EBRT+103Pd 2,8

EBRT/125J/103Pd 1,2,

EBRT/125J/103Pd
125 J

8,3
2 5125 J 2,5















ESTRO and ABS dose con
urethra GEC‐ESTR

ESTRO and ABS dose con
urethra GEC ESTR
uV5
V10 150%uV10 <150%

uV30 <130%

Urethral volume getting 30% of the dUrethral volume getting 30% of the d
Urethral volume getting 10% of the d

Avoid the 150% isodose c

nstraints ‐ Urethra
RO ABS

nstraints ‐ Urethra 
RO ABS

<150%

<125%

dose (uV30)<125‐130% of prescriptiondose (uV30)<125 130% of prescription
dose (uV10) <150% of prescription 

cutting into the urethra 



Potency Rates following prostate bra

Study Treatment Patien

W ll 125J 92Wallner 125J 92

Kao 125J/103Pd 23

Kaye EBRT/125J 7

Dattoli EBRT+103Pd 7Dattoli EBRT Pd 7

Zeitlin EBRT+125J/103 Pd 21

Critz

Machtens

EBRT+125J

125 J

23

17Machtens 125 J 17

achytherapy

nts(n) Potency Rate 
(%)

Follow-up
(years)

2 86 32 86 3

6 70 6

73 75 1

73 77 373 77 3

2 62 5

9

73

76

64

5

573 64 5



85.5%

70%

63%

34%

P<0 0001P<0.0001



• 667 patients with a median follow‐up of 31 months.







S d li ftSecond malignancy afte

Rectal cancer RR compared to RP (S
• RP 1 0• RP                       ‐ 1.0
• EBXRT               – 1.26
• BT                      – 1.08
• BT + EBXRT       – 1.21

Bladder cancer – more common thaBladder cancer  more common tha

t t di tier prostate radiation

EER database – Nieder et al ‐ 2008)

an rectal cancer ‐ RR 1 5an rectal cancer ‐ RR 1.5



Secondary malignancy afty g y

• Liauw et al reported a 4.3% inciden
after BT (n=125) or BT + EBXRT (n=2after BT (n=125) or BT + EBXRT (n=2

• bladder 3.1%
• colorectal 0.8%

Absolute excess risk 35 per 1p

ter prostate radiationp

nce in second cancers at 15 years 
223)223) 

0 000 treated patientsp



Secondary malignancy afty g y

Consistent direct causal correlation d

CaP conveys increased risk of develo
regardless of treatmentregardless of treatment

ter prostate radiationp

ifficult to quantify

oping second malignancy 









ummaryummary

 Long-term morbidity rate is low. (LoE: III)
 Technical advances improve tumor control and
 Careful patient selection is important to avoid Careful patient selection is important to avoid
 Urgent need for prospective trials to investigat

morbidity.

d lower toxicity.
d unacceptable morbidityd unacceptable morbidity
te on medical approaches to the treatment of
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M t f t i it d li tiManagement of toxicity and complications

S. Machtens

Director of the
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S f fi t t ti

i i i ( )

Summary of first presentation

 Long-term morbidity rate is low. (LoE: III)

 Technical advances improve tumor control and
lower toxicity.lower toxicity.

C f l ti t l ti i i t t t id Careful patient selection is important to avoid
unacceptable morbidity.

 Urgent need for prospective trials to investigateg p p g
on medical approaches to the treatment of
morbidity.y



Reduction of rectal morbidity

• Limiting the anterior maximal mucosal dose to 120%Limiting the anterior maximal mucosal dose to 120% 
mPD.

• Limiting the length of the rectal mucosa receiving
100-120% mPD to 10 and 5mm.5

• Avoid constipation.Avoid constipation.





 Moving seeds from 5mm to 3mm from the edge increases Moving seeds from 5mm to 3mm from the edge increases

maximum rectal dose by 17%.

 Posterior seeds 3mm from edge: Posterior seeds 3mm from edge:

- 1mm margin: 1876Gy;  1% (max. rectal dose; % late rectal toxicity)

- 2mm margin: 2228Gy;   2%

- 3mm margin: 25711Gy;  3%g y; %

-4 mm margin: 29214Gy;  5%

-5mm margin: 32717Gy;  7%   

[Waterman et al.; Int J Radiat Oncol Biol Phys, 2003]



Reduction of rectal morbidity

• 3/3 (1455) patients with recto-urethral fistulas had
undergone endoscopy and low rectal biopsy.undergone endoscopy and low rectal biopsy.

[Shakespeare et al., May 9(4):328-331, 2007



Reduction of rectal morbidityReduction of rectal morbidity

• Biopsies of the anterior rectal wall should• Biopsies of the anterior rectal wall should
be avoided !!!

• Injection of hyaluronic acid into theInjection of hyaluronic acid into the
anterior rectal wall in the end of
procedureprocedure.













DVH Rektum vor (roter Pfeil) und nach (grüner Pfeil)Implantation BallonDVH Rektum vor (roter Pfeil) und nach (grüner Pfeil)Implantation Ballon



Treatment of rectal complications

• Calm the patient! Expectative management as
long as possible.

• Local application of corticosteroides• Local application of corticosteroides.

• Protective AP in case of fistulas.



Phan et al Cancer 115 1827 1839 2009Phan et al., Cancer 115:1827-1839, 2009



Phan et al., Cancer 115:1827-1839, 2009





Treatment of rectal complications

• Plastic reconstruction of the rectal wall with
gracilis muscle.

• Radical operation with construction of• Radical operation with construction of
neobladder.



Ileum - Conduit



O th t i N bl ddOrthotopic Neobladder



O th t i N bl ddOrthotopic Neobladder



Continent PouchContinent Pouch



Reduction of urinary morbidityReduction of urinary morbidity

• Careful selection of patients by IPSS.

• Technical considerations in planning.

• Careful resection of large medium lobes
preinterventionallypreinterventionally.

• Expectative management in the first 12 months
after implant.



Treatment of urinary morbidityTreatment of urinary morbidity

• -Blockers in obstructive patients.

• Suprapubic catheter in case of complete urinary 
retention for 12 months.retention for 12 months.

• Anticholinergics in irritative patients• Anticholinergics in irritative  patients

• Increase in urinary pH by medication. Avoidance 
of acidic diet.



• Comparison of 47 men with LUTS after brachytherapy• Comparison of 47 men with LUTS after brachytherapy
with 541 men with LUTS without prostate cancer.

• Significant more detrusor overactivity (47 vs.85%) 
after brachytherapyafter brachytherapy.

• Higher incidence of urethral and prostatic strictures• Higher incidence of urethral and prostatic strictures.



Treatment of urinary morbidityy y

• Hyaluronic acid intravesically after failure of
anticholinergics.g

• Botox injection to the bladder neck in patientsBotox injection to the bladder neck in patients
with prolonged irritation.

• Careful TUR-P after 12 months in patients with
complete urinary retention without irritationcomplete urinary retention without irritation.



TUR-P after implantation

• As late as possible.

• Best timíng between 12-24months after 
implantation to avoid incontinence .implantation to avoid incontinence .

• Safe 5‘ and 7‘ o clock position at the baldder neck• Safe 5‘ and 7‘ o clock position at the baldder neck.



Technical considerations in TUR-P







• 38/2050 (2%) patients underwent minimal TUR-P.

• 7/38 (18%) with incontinence.

• 2/24 (8%) against 5/14 (36%) with incontinence in 
f d fcase TUR-P was performed <1 or > 2years after 

implant.

• No correlation of incontinence with D90 prostate or

Teaching Course Dublin 2014

D30 urethra or dose to 5cm2 urethra.



Reduction of erectile dysfunction

• 50% of the bulb of the penis should not 
receive more than 40% mPD.4

J di i f EBRT d h l• Judicious use of EBRT and hormonal 
therapy.

• Early use of PDE Inhibitors• Early use of PDE Inhibitors.



Rate of Erection Hardness (ICP) Increases With 
Increased Pudendal Flow to the Penis

• Electrical cavernous nerve 
stimulation increases 
pudendal blood flow and 
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Illustrates importance of flow-mediated vasodilation in the initiation and 
i t f il ti i li i l d lmaintenance of penile erection in preclinical model 

Wayman C et al. ESSM. 4-7 December2005. Poster M-05-141.



Sildenafil Restores Erection Hardness (ICP)

Sildenafill

( )
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• Penile blood flow restriction reduces cavernous nerve-stimulated increases in ICP
• Sildenafil restores erection hardness to control levels

Cuff Cuff

S de a esto es e ect o a d ess to co t o e e s

Wayman C et al. ESSM. 4-7 December 2005. Poster M-05-141.
Preclinical model



Erholung der erektilen Funktion 
"Kieler Konzept" nach nsRRP (n=41)Kieler Konzept  nach nsRRP (n=41)

25 86% Spontanerektionen

20

25

*

86% Spontanerektionen
(± Viagra®)

10
15

IIEF-5-score *
*

Sildenafil
25mg (n=23)

5

10 g ( )

Kontrolle 
(n=18)

0
präop 6 12 24 36 52

66% Spontanerektionen
(± Viagra®)

Zeit in Wochen (*p<0,05)

Bannowsky, Jünemann: EAU & AUA 2006





Principles of the management of complications

• Avoidance is better than treatment.

• Management as minimal invasive as
iblpossible.

• Overtreatment can cause series of serious
further complicationsfurther complications.



Measures to improve outcome and minimizeMeasures to improve outcome and minimize 
risk of complications

• Work patients up thoroughly• Work patients up thoroughly
• Identify and alleviate obstructive prostates beforehand 
• Tailor the seed activity according to the volume• Tailor the seed activity according to the volume                                           

– NB volume measurement of the prostate should always be 
done at initial assessment prior to referraldone at initial assessment prior to referral 

• Optimal procedure setup, good u/s visualization
• Accurate contouring of structures of interest• Accurate contouring of structures of interest
• Critically observe dose constraints



Measures to improve outcome and minimizeMeasures to improve outcome and minimize 
risk of complications

A l ti l t h i• Apply meticulous technique
• Don’t drag seeds back into the rectal hump

K i l dl l h h• Keep implant needles closest to the rectum at the prostato-
rectal interface at least 5mm higher than the posterior prostatic 
boundry (c1 and d1 use the 1 5 row rather) particularly in thinboundry (c1 and d1 – use the 1.5 row rather) particularly in thin 
patients and prostates with longer sagittal measurements (long 
prostates – more than 8 slices)p )

• Keep the urethra and TURP defect cooler than the periphery
• Avoid implanting seeds into the urethra or TURP defectAvoid implanting seeds into the urethra or TURP defect
• If the seeds are too hot for the volume, use some cooler seeds 

even if they are just used for the rows closest to the rectum or y j
urethra



Measures to improve outcome and minimizeMeasures to improve outcome and minimize 
risk of complications

• Understand the biology and pathophysiology of the type of radiation gy p p y gy yp
being delivered and timing of side effects and complications

• Patients must be well informed regarding anticipated irritative and 
obstructive symptoms and duration, risks of rectal procedures after 
BT and informed to seek guidance from their Radonc or Urologist 
first before undergoing any investigation or interventionfirst before undergoing any investigation or intervention

• Avoid biopsy the rectum or prostate transrectally after BT
• Manage side effects and complications with efficiencyManage side effects and complications with efficiency
• Many side effects and complications resolve spontaneously                                   

don’t be in a rush to intervene!– don t be in a rush to intervene!



Salvage optionsSalvage options

1. Salvage radical prostatectomy (RPE) after radiation therapy
2. Salvage EBRT after RPE2. Salvage EBRT after RPE
3. Salvage HDR or LDR brachytherapy after EBRT or after 

seeds
4. Salvage EBRT after EBRT
5. (Cryotherapy, HIFU)



There are these two dogmas…

• 1. RPE after radiation therapy is not py
possible

• 2. If performed, significant complications 
will occurwill occur



Salvage RPE (SRP)

• In the past major morbidity after SRP

• New datas show acceptable morbidity because of better p y
radiotherapeutic and surgical techniques



best candidate

• histologically verified recurrent prostate cancer
• neg. CT scan and skeletal scintigraphyg g p y
• PSADT> 12 months
• PSA < 15ng/ml5 g/
• bladder capacity > 300ml, competent sphincter, no bladder 

neck invasion



4 larger studies
li ti d tHeidenreich et al 2010 / ESTRO 2012 complications and outcome

Ward et al Stephenson Gheiler et al Heidenreich

Heidenreich et al 2010 / ESTRO 2012

Year of SRP 1990-2000 1993-2003 1992-1997 2004-2008
Year of RT 1985-1997 1980-2000 1980-1996 2000-2006
No patients 89 60 40 188

Median time to 40 50 58 28
SRP(months)
PSA> 10ng/ml 29% 41% 48% 18.4%

< pT2c 39% 35% 43% 71.4%

li i 27% 13% 17% 9%complications 27% 13% 17% 9%
Rectal injury 3% 2% 3% 1.7%

Urinary
continence

56% 68% 50% 81%

T f i 29% 4 1%Transfusion 
rates

- 29% - 4.1%



Perioperative risk dependent 
on type of RT

No 188 LDR EBRT HDR Total

OP time(min) 115(95 130) 128(112 137) 145(105 120(95 165)OP time(min) 115(95-130) 128(112-137) 145(105-
165)

120(95-165)

Blood loss(ml) 300(150-450) 375(150-550) 420(200- 360(150-1450)Blood loss(ml) 300(150 450) 375(150 550) 420(200
1450

360(150 1450)

Rectal injury 1/66(1,5%) 1/30(3%) 1/22 (4,5%) 3/118(1.7%)j y / ( , ) / ( ) / ( , ) / ( )

Perioperativ 4/66(6%) 1/30(3%) 2/22 (9%) 7/118(5.9%)
complications

Catheterization(d
)

7.5(7-10) 8(7-15) 8.5(7-28) 8(7-28)
ays)

Hospitalisation 8.5(8-11) 9.5(8-12) 10(8-14) 9.2(8-14)

Heidenreich et al 2010 / ESTRO 2012



Pathohistology after SRP

n < pT3a SV+ LN+ SM+ Gleason > 8p

Gheiler 40 42% 28% 15% 13% No data

Stephenson 100 36% 17% 7% 6% 17%

H id i h 118 79% 20% 14% 11% 20%Heidenreich 118 79% 20% 14% 11% 20%

Heidenreich et al 2010 / ESTRO 2012



P h hi l f SRP lPathohistology after SRP correlates to type 
of RT ?!

EBRT Temporary BT Permanent BT p

n 30 22 66 0.02

pT2a-c 20(66.7%) 11(50%) 54(81.8%) 0.001*pT2a c 20(66.7%) 11(50%) 54(81.8%) 0.001

pT3a-b 10(33.3%) 11(50%) 12(18.2%) 0.001*

pN1 5(16.6%) 7(32%) 4(6.1%) 0.001*

SM+ 4(13.3%) 4(18.2%) 4(6.1%) 0.001*

*p for comparison permanent BT vs EBRT/temporary BT     
Heidenreich et al ESTRO 2012



Significant prognostic risk factors for organSignificant prognostic risk factors for organ-
confined disease at salvage therapy

UVA MVAUVA MVA

Biopsy Gleason Score 0 001 0 02Biopsy Gleason Score                 
< 7 (RPE)

0.001 0.02

< 50% positive cores 0.0001 0.001

h h 0 000 0 00LDR – Brachytherapy 0.0001 0.001
PSA-DT > 12 months 0 0002 0 002PSA DT > 12 months 0.0002 0.002

Heidenreich A et al  Eur Urol 2009



Disease progression free survival dependentDisease progression free survival dependent
on PSA level, preoperativ parameter

< 4ng/ml  5 years progression Cancer survival < 10ng/ml vsg y p g
free probabiity               

86%

Cancer survival < 10ng/ml vs 
>10ng/ml  10 years

vs.55%

vs 28%vs.28%

Bianco FJ IJROBP 2005Bianco FJ IJROBP 2005



Long term cancer control:Long term cancer control:
Standard versus salvage RPStandard versus salvage RP

Standard RRP* Salvage RRP**Standard RRP Salvage RRP

PFP: 5-year 10-year 5-year 10-year

Organ Confined 94.9% 92.2% 86.0% 86.0%

ECE 76.3% 71.4% 61.6% 41.0%

SVI 37.4% 37.4% 47.6% 32.6%

LN + 18 5% 7 4% 60 0%LN + 18.5% 7.4% 60.0% -

N=1,000 N=100,000 00
**Hull et al. J. Hull et al. J. UrolUrol, 167: 528, 2002, 167: 528, 2002Bianco FJ IJROBP 2005Bianco FJ IJROBP 2005



Predicting disease progression free

t ti t

Predicting disease progression free
and cancer survivalSalvage radical prostatectomy offers 5-year biochemical 

relapse free rates between• postoperativ parameter
 SV –Invasion
 Lymph node metastases

relapse-free rates between

55 and 69%
 Lymph node metastases
 If pos. 5-fold risk of dying of PCagood option in the patient with a life expectancy of at least 

10 years preradiation and preoperative prostate specific10 years, preradiation and preoperative prostate specific
antigen less than 10 ng/ml, 

Touma NJ J Urol 2005Touma NJ J Urol. 2005

 preoperativ parameter
 PSA level < 10ng/ml

PFP:    5-year 10-year    
86.0% 86.0%g/

´́Bianco FJ IJROBP 2005Bianco FJ IJROBP 2005



Continence after SRPContinence after SRP

• EBRT      78%
• HDR       76%

M 7 9M 7 9 4 5 h4 5 h
76%

• LDR        92% Mean : 7.9Mean : 7.9++4.5months4.5months

EF after SRPEF after SRP
P ti f EF i 25%Preservation of EF in 25%

Heidenreich A et al  Eur Urol 2010
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RADIOPROTECTION ISSUESRADIOPROTECTION ISSUES
Jean-Marc Cosset

Part I ; Accidents in HDR and LDR prostate
brachytherapybrachytherapy

Part II ; Radioprotection aspects of 
permanently implanted sources forp y p
prostate cancer 



Accidents in HDR and LDR Accidents in HDR and LDR BrachytherapyBrachytherapy

JeanJean--Marc Marc CossetCosset
Institut CurieInstitut CurieInstitut CurieInstitut Curie
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ICRP 86 , ICRP 86 , releasedreleased in 2000, in 2000, waswas,, ,,
dealingdealing withwith all types of accidents in all types of accidents in 

radiotherapyradiotherapy withwith specificspecific chapterschapters forforradiotherapyradiotherapy, , withwith specificspecific chapterschapters for for 
LDR and HDR LDR and HDR brachytherapybrachytherapy

•• AfterAfter anan analysisanalysis of the accidentsof the accidents reportedreported•• AfterAfter an an analysisanalysis of the accidents of the accidents reportedreported
atat thatthat moment (2000),moment (2000),

•• ICRP ICRP triedtried to to identifyidentify the causes and the the causes and the 
factorsfactors contributingcontributing toto accidentalaccidentalfactorsfactors contributingcontributing to to accidentalaccidental
exposuresexposures in in brachytherapybrachytherapy



The main The main chapterschapterspp

•• EquipmentEquipment problemsproblemsEquipment Equipment problemsproblems
•• Source Source orderingordering, , deliverydelivery, calibration and , calibration and 

acceptanceacceptanceacceptanceacceptance
•• TreamentTreament planningplanning
•• Source Source preparationpreparation
•• TreatmentTreatment deliverydeliveryyy
•• Source Source removalremoval
•• AccidentsAccidents involvinginvolving publicpublic exposureexposure andand•• Accidents Accidents involvinginvolving public public exposureexposure and and 

environmentalenvironmental contaminationcontamination



ICRP 86 :ICRP 86 : GenericGeneric lessonslessons learnedlearned ::ICRP 86 : ICRP 86 : GenericGeneric lessonslessons learnedlearned ::

•• In In mostmost of the accidents, of the accidents, a a combinationcombination of of 
contributingcontributing factorsfactors allowedallowed an initial an initial 
mistakemistake to to escalateescalate intointo an an accidentalaccidental
exposureexposure ……
OftenOften thethe lacklack ofof concernconcern of managementof management•• OftenOften , the , the lacklack of of concernconcern of management of management 
waswas the the underlyingunderlying rootroot cause…cause…



Among the main contributing factors ;

•• LackLack of of appropriateappropriate staff ressourcesstaff ressourcespp ppp p
•• InsufficientlyInsufficiently qualifiedqualified or or untraineduntrained staffstaff

L kL k f ff tif ff ti t tit ti litlit•• LackLack of effective, of effective, systematicsystematic qualityquality
assurance programme/assurance programme/proceduresprocedures

•• LackLack of effective communication of effective communication 
proceduresproceduresproceduresprocedures….….



N t tN t t bb f ttf ttNot to Not to bebe forgottenforgotten::

•• HospitalHospital management, source management, source supplierssuppliers, and , and 
importersimporters cancan causecause catastrophiccatastrophic accidentsaccidentsimportersimporters, , cancan cause cause catastrophiccatastrophic accidents accidents 
involvinginvolving the public and the public and severelyseverely affectingaffecting the the 
environmentenvironment (( ExamplesExamples ; the; the Mexico BrazilianMexico Brazilian --environmentenvironment ( ( ExamplesExamples ; the ; the Mexico,BrazilianMexico,Brazilian --
GoïanaGoïana-- and Istanbul  accidents …)and Istanbul  accidents …)
((Altho ghAltho gh thosethose accidentsaccidents werewere linkedlinked to theto the•• ((AlthoughAlthough thosethose accidents accidents werewere linkedlinked to the to the 
lossloss of of externalexternal radiotherapyradiotherapy sources).sources).



•• RadioactiveRadioactive materialsmaterials inin recycledrecycled metalsmetals ; an; an•• Radioactive Radioactive materialsmaterials in in recycledrecycled metalsmetals ; an ; an 
updateupdate

•• LubenauLubenau JOJO Yusko JGYusko JGLubenauLubenau JO , JO , Yusko,JGYusko,JG
•• HealthHealth physicsphysics, 1998 ,74(3):293, 1998 ,74(3):293--99

•• «« The The steelsteel manufacturer Association made manufacturer Association made 
availableavailable data data collectedcollected by by itsits membersmembers
beginningbeginning in 1994, in 1994, thatthat expandedexpanded the the databasedatabase
for for radioactive radioactive materialsmaterials foundfound by the by the 
metalmetal recyclingrecycling industryindustry in in recycledrecycled
metalmetal scrapscrap to over 2,300 reports as of to over 2,300 reports as of 
30 30 JuneJune 19971997…… »»



f CIn 2005 ; the more specific ICRP 97 
publication onpublication on 

« Prevention of High-dose-rate 
B h th id tBrachytherapy accidents »

A iA i thth t dt d id tid t•• AgainAgain, the , the reportedreported accidents accidents werewere
analyzedanalyzed ……yy



TheThe mostmost severesevere casecase …The The mostmost severesevere case case …
• Occurred in 1992 ;Occurred in 1992 ;
• The source ( HDR Iridium) became detached 

from the drive mechanism during an anorectalfrom the drive mechanism during an anorectal 
cancer treatment
C fli ti i l th it t ll• Conflicting signals; the area monitor actually 
detected the radiation, while the equipment 
i di t d hi ld dindicated « source shielded » 

• Unfortunately, previous radiation monitor 
lf d dmalfunctions encouraged misinterpretation and 

induced the staff not to trust it …



•• ThereforeTherefore thethe wrongwrong indication of theindication of the equipmentequipment•• ThereforeTherefore the the wrongwrong indication of the indication of the equipmentequipment
waswas acceptedaccepted ……
And the patientAnd the patient clothesclothes and roomand room werewere notnot•• And the patient, And the patient, clothesclothes and room and room werewere not not 
checkedchecked withwith anotheranother radiation monitorradiation monitor

h ih i kk hh dd ff•• The patient The patient keptkept the HDR source 4 the HDR source 4 daysdays , for a , for a 
total dose of about 16,000 Gy ! ( 18 Gy total dose of about 16,000 Gy ! ( 18 Gy 

ib dib d ))prescribedprescribed …..)…..)
•• The The cathetercatheter withwith the source the source feltfelt atat thatthat time time 

withwith necroticnecrotic tissues,tissues,
•• … and … and waswas disposeddisposed in a in a wastewaste container, container, pp ,,

withoutwithout identification of the source …identification of the source …



• The waste container was picked up by a 
commercial medical waste disposal company 5commercial medical waste disposal company 5 
days later ,

• It was then taken to an incinerator where ( at• It was then taken to an incinerator where   ( at 
last…)  the source radiation was detected.
Th ti t di d d 4• The patient died on day 4

• During the days the source remained in the 
i i h i i i di dpatient or in the waste container, it irradiated at 

various levels 94 persons …



Th ICRP 97 M i i tThe ICRP 97 Main points 



The ICRP 97 main pointsThe ICRP 97 main points 



The ICRP 97 main points 



HDR accidents ; be ready !• Strahlenther Onkol 1999 Oct;175(10):524 9; y• Strahlenther Onkol. 1999 Oct;175(10):524-9.

• Emergency rescue in accidents with 
HDR ft l di itHDR afterloading units.

• Kaulich TW, Becker G, Lamprecht U, Nüsslin F, 
B b MBamberg M.

Ab t t• Abstract
• HDR brachyradiotherapy has minimized the exposure 

to radiation of the personnel working in this fieldto radiation of the personnel working in this field. 
Nonetheless there are periodically reported troubles Nonetheless there are periodically reported troubles 
withwith afterloadingafterloading units concerning the retraction ofunits concerning the retraction ofwith with afterloadingafterloading units concerning the retraction of units concerning the retraction of 
sources that require sources that require immediate action immediate action for the for the 
limitation of possible damagelimitation of possible damage



•• “…The quickest possible rescue of a patient in an “…The quickest possible rescue of a patient in an 
emergency demands an unequivocal definitionemergency demands an unequivocal definitionemergency demands an unequivocal definition emergency demands an unequivocal definition 
of responsibilities…. of responsibilities…. 

•• The organizational structure of the clinicThe organizational structure of the clinic•• …The organizational structure of the clinic …The organizational structure of the clinic 
allowing, the emergency physician should allowing, the emergency physician should 
invariably be the physician who placed theinvariably be the physician who placed theinvariably be the physician who placed the invariably be the physician who placed the 
applicator applicator 

A ellA ell acticed e e ge c a age e t caacticed e e ge c a age e t ca•• … A well… A well--practiced emergency management can practiced emergency management can 
be of lifebe of life--saving importance for the patient.”saving importance for the patient.”



ICRP 98 :ICRP 98 :ICRP 98 :ICRP 98 :
Radiation Radiation safetysafety aspects of aspects of 

b h hb h h ffbrachytherapybrachytherapy for prostate cancerfor prostate cancer
usingusing permanentlypermanently implantedimplanted sourcessourcesusingusing permanentlypermanently implantedimplanted sourcessources

publishedpublished in 2005 in 2005 



•• AtAt the time of publicationthe time of publication
NN ll id tid t t dt d ithith thithi•• No «No « realreal » accident » accident reportedreported withwith thisthis
technique :technique :

dd ffff di ldi l ffff•• «« No adverse No adverse effectseffects to to medicalmedical staff staff 
and/or the patient and/or the patient familyfamily have been have been 

dd ddreportedreported to dateto date »»



However ; since that time: theHowever ; since that time: the 
reports on the Philadelphia Veteran 

hospital « accident »

• Actually : not a real « accident »
i f l i l di• But a succession of « malpractices » leading to 

97 medical errors out of 116 prostate 
i l icancer implantations

• During 6 years, from 2002 to 2008 !! ….



• February 2002 : the Philadelphia Veterans
Affairs Medical Center ( PVAMC) initiated its
prostate brachytherapy program

• February 2003 ; during a seed prostate implant,,February 2003 ; during a seed prostate implant, , 
40 out of 74 40 out of 74 seedsseeds werewere « « implantedimplanted » in » in 
thethe patient’spatient’s bladderbladder; they were subsequentlythe the patient spatient s bladderbladder; they were subsequently
expelled and recovered …



• October 2005 ; 45 out of 90 seeds were again 
mistakenly implanted into the patient’s bladder y p p
and recovered…

• May 2008 ; the National Health Physics 
Program (NHPP) notified the U S NRCProgram (NHPP) notified the U.S. NRC     
(Nuclear Regulatory Commission) of a possible 
medical event involving a patient that received amedical event involving a patient that received a 
dose less than 80 % of the prescribed dose….



• This triggered ( at last …) an on site inspectionThis triggered ( at last …) an on site inspection
• With the first results available, the PVAMC 

prostate brachytherapy program was suspendedprostate brachytherapy program was suspended 
in June 2008
I O t b 2008 t t b h th• In October 2008, prostate cancer brachytherapy 
was suspended in three other VA hospitals ; 
Cincinatti Jackson and WashingtonCincinatti, Jackson, and Washington …



• The first survey identified 92 medical events:

• 57 were due to a dose less than 80% of the 
prescribed dose ( underdose ),prescribed dose ( underdose ),

• 35 were due to a dose to an organ or tissue out of• 35 were due to a dose to an organ or tissue out of 
the treatment site that exceeded 0.5 Sv                  
( Overdoses of rectum, bladder wall or prostate( Overdoses of rectum, bladder wall or prostate 
surrounding tissues)









•• IdentifiedIdentified causes :causes :•• IdentifiedIdentified causes :causes :
•• Incorrect placement of Incorrect placement of seedsseeds

I d tI d t dd•• InadequateInadequate proceduresprocedures
•• Poor management Poor management oversightoversight of of contractorscontractors
•• InadequateInadequate training of training of licenseelicensee staffstaff
•• Poor management Poor management oversightoversight of of brachytherapybrachytherapy

programprogram
•• No No peerpeer reviewreview
•• ObservedObserved poorpoor placement of placement of seedsseeds and no and no 

correction actions correction actions takentaken (!)(!)
•• LackLack of of safetysafety cultureculture



ReceivedReceived SeptemberSeptember, 2011:, 2011:
• Agreement State
• Event Number: 47279
• Rep Org: ILLINOIS EMERGENCY MGMT AGENCY• Rep Org: ILLINOIS EMERGENCY MGMT. AGENCY

Licensee: SWEDISH AMERICAN HOSPITAL
Region: 3
City: ROCKFORD State: ILCity: ROCKFORD State: IL
County: 
License #: IL-01067-01
Agreement: Y
Docket: 
NRC Notified By: DAREN PERRERO

f• Notification Date: 09/19/2011
Notification Time: 18:00 [ET]
Event Date: 09/13/2011
Event Time: 07:00 [CDT]Event Time: 07:00 [CDT]
Last Update Date: 09/19/2011 

• Emergency Class: NON EMERGENCY
10 CFR Section:10 CFR Section: 
AGREEMENT STATE



•• AGREEMENT STATE REPORT AGREEMENT STATE REPORT --
MEDICAL EVENT INVOLVING THE MEDICAL EVENT INVOLVING THE 
MISADMINISTRATION OF IMISADMINISTRATION OF I--125 125 
SEEDS IN A PROSTATE CANCER SEEDS IN A PROSTATE CANCER 
TREATMENTTREATMENT

•
"On Thursday, September 15, the Radiation 
Safety Officer (RSO) for the licensee called 
[the state] to make a preliminary 
advisement that a medical event involving a 
prostate cancer treatment had occurred at 
their facility”. 



• 71 seeds planned to be implanted in the71 seeds planned to be implanted in the 
prostate

• Actual number of seeds implanted in• Actual number of seeds implanted in 
the prostate : 3 (!)  …..
Th th d i th bl dd i th• The other seeds ; in the bladder, in the 
bladder and rectal wall, in the perineum etc 
……



Rare accidentsRare accidents withwith implantedimplanted seedsseedsRare accidents Rare accidents withwith implantedimplanted seedsseeds

•• IodinIodin contamination contamination fromfrom seedsseeds accidentallyaccidentally
rupturedruptured ; 4 cases ; 4 cases reportedreported ;;

•• BrogaBroga DW, Gilbert MA ; DW, Gilbert MA ; HealthHealth PhysicsPhysics 1983, 1983, 
45(3):59345(3):593--7745(3) 59345(3) 593 77

•• Caldwell C et al. Caldwell C et al. HealthHealth PhysicsPhysics 2007, 92 2007, 92 
(2suppl ) :S8(2suppl ) :S8--S12S12(2suppl.) :S8(2suppl.) :S8 S12S12

•• Patients Patients demonstrateddemonstrated significantsignificant thyroidthyroid uptakeuptake
andand werewere administeredadministered potassiumpotassium iodideiodide as aas aand and werewere administeredadministered potassium potassium iodideiodide as a as a 
blockingblocking agentagent



•• Contamination Contamination fromfrom IodinIodin seedsseeds ;;
MM bb d t thd t th id t lid t l tt ff•• May May bebe due to the due to the accidentalaccidental rupture rupture of a of a 
seedseed duringduring the implantation ( the implantation ( veryvery rare )rare )

•• May May bebe alsoalso due to a due to a poorpoor design of the design of the 
seedsseeds withwith iodiniodin leakageleakageseedsseeds,, withwith iodiniodin leakageleakage ……



FrequentlyFrequently forgottenforgotten accidents !accidents !

•• ActuallyActually, the main , the main riskrisk of «of « accidentaccident » in » in 
permanent implant prostate permanent implant prostate brachytherapybrachytherapy
couldcould bebe ……

•• The The accidentalaccidental puncturepuncture ( and ( and bloodblood
contamination ) of the contamination ) of the fingerfinger(s) of the (s) of the operatoroperator ! ! )) gg ( )( ) pp

•• ThereforeTherefore ; ; taketake care of care of youyou !!
•• AndAnd bewarebeware ofof seropositiveseropositive patientspatients•• And And bewarebeware of of seropositiveseropositive patients …patients …



ConclusionsConclusionsConclusionsConclusions

•• Accidents in LDR and HDR Accidents in LDR and HDR brachytherapybrachytherapy are are 
rare (++) butrare (++) but maymay occuroccurrare (++) but rare (++) but maymay occuroccur ……

•• But But shouldshould not !not !
•• «« The The majoritymajority of the of the accidentalaccidental exposuresexposures

thatthat occurredoccurred withwith brachytherapybrachytherapy cancan bebe
linkedlinked to sources to sources parametersparameters, to dose , to dose 
calculationcalculation proceduresprocedures and to and to insufficientinsufficient
training of personneltraining of personnel » ( ICRP 86)» ( ICRP 86)



A last (important) pointA last (important) pointA last (important) pointA last (important) point

•• In the same way it has to be done in external In the same way it has to be done in external 
radiotherapy all precursor events incidents orradiotherapy all precursor events incidents orradiotherapy, all precursor events, incidents or radiotherapy, all precursor events, incidents or 
accidents in brachytherapy accidents in brachytherapy have to be have to be 
immediately reported and analyzedimmediately reported and analyzed ininimmediately reported and analyzedimmediately reported and analyzed, in , in 
order to rapidly propose corrective measures, to order to rapidly propose corrective measures, to 
circulate the information and to learn fromcirculate the information and to learn fromcirculate the information and to learn from circulate the information and to learn from 
experience !experience !





ICRP 98 ; the ICRP 98 ; the generalgeneral;; gg
background :background :

•• Prostate cancer ; Prostate cancer ; nownow the first cancer in males (in the first cancer in males (in 
termsterms of incidence) in of incidence) in mostmost developeddeveloped countriescountriespp

•• More and more More and more localizedlocalized stages ( screening )stages ( screening )
•• Able toAble to benefitbenefit fromfrom brachytherapybrachytherapy ……Able to Able to benefitbenefit fromfrom brachytherapybrachytherapy ……
•• In the US ; 30 to 40 000 ( more ?) implantations In the US ; 30 to 40 000 ( more ?) implantations 

eacheach yearyeareacheach yearyear
•• In Europe ( and in In Europe ( and in somesome otherother countries ) countries ) severalseveral

thousandsthousands casescases alreadyalready treatedtreated annuallyannually, and, and rapidrapidthousandsthousands cases cases alreadyalready treatedtreated annuallyannually, and , and rapidrapid
increaseincrease … … 

•• (( veryvery )) encouragingencouraging resultsresults( ( veryvery ) ) encouragingencouraging resultsresults



ICRP 98 ; the radioprotectionICRP 98 ; the radioprotectionICRP 98 ; the radioprotection ICRP 98 ; the radioprotection 
background :background :gg

•• PermanentPermanent seedseed implantation;implantation;•• Permanent Permanent seedseed implantation;implantation;
•• No adverse No adverse effectseffects to to medicalmedical staff and/or the staff and/or the 

i ’i ’ f ilf il dd ffpatient’spatient’s familyfamily reportedreported soso far …far …
•• HoweverHowever, ICRP , ICRP feltfelt necessarynecessary to to addressaddress a a 

numbernumber of Radioprotection issues of Radioprotection issues raisedraised by the by the 
procedureprocedure..



ICRP 98ICRP 98 writingwriting CommitteeCommittee ::ICRP 98 ICRP 98 writingwriting CommitteeCommittee ::

•• ChairmanChairman :               JM COSSET ( Paris, France):               JM COSSET ( Paris, France)
•• Full Full membersmembers :         D.ASH ( Leeds, UK):         D.ASH ( Leeds, UK)
•• L.PINILLOSL.PINILLOS--ASHTON ( ASHTON ( PeruPeru))

T.McKENNAT.McKENNA ( IAEA)( IAEA)
M.ZELEFSKY ( NewM.ZELEFSKY ( New--York, USA)York, USA)
M.HIRAOKA ( Kyoto, M.HIRAOKA ( Kyoto, JapanJapan))( y ,( y , pp ))

-- CorrespCorresp. . membersmembers : W.YIN ( Beijing, China) : W.YIN ( Beijing, China) 
L.DAUER ( NewL.DAUER ( New--York, USA)York, USA)(( , ), )
C.PEREZ ( USA)C.PEREZ ( USA)
JC.ROSENWALD (France)JC.ROSENWALD (France)JC. OS ( a ce)JC. OS ( a ce)
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•• WhenWhen thisthis studystudy startedstarted, , surprisinglysurprisingly few few preciseprecise
data in thedata in the literatureliteraturedata in the data in the literatureliterature ……

•• The The TaskTask Group in charge Group in charge actuallyactually «« triggeredtriggered » » 
l tl t tt MSKCCMSKCCsomesome complementarycomplementary measurementsmeasurements ; MSKCC, ; MSKCC, 

Leeds ( UK), Institut Curie ( France)…Leeds ( UK), Institut Curie ( France)…





T a b l e 1T a b l e 1

Nb of Nb of 
PatientPatient
ss

Anterior Anterior Sr/hSr/h Lateral Lateral Sr/hSr/h
SurfaceSurface 20c20c

mm
25cm25cm 30cm30cm 50cm50cm 100c100c

mm
SurfaceSurface 20cm20cm 25cm25cm 30c30c

mm
50cm50cm 100c100c

mm

SmathersSmathers 1919 5050 << 0 30 3 0 060 06 << 0 30 3SmathersSmathers
I 125I 125

1919 5050
(22(22--89)89)

< < 0.30.3 0.060.06 < < 0.30.3

LeedsLeeds
I 125I 125

6262 26.7526.75
(2(2--67)67)

2.62.6
(0.2(0.2--
5 1)5 1)

0.750.75
(0(0--1.6)1.6)

1.431.43
(0.1(0.1--
17 4)17 4)

0.30.3
(0(0--
1 9)1 9)

0.10.1
(0(0--0.5)0.5)

5.1)5.1) 17.4)17.4) 1.9)1.9)

CurieCurie
I 125I 125

4747 115115
(17(17--350)350)

2222
(4(4--61)61)

0.80.8
(0.2(0.2--1.5)1.5)

MSKCCMSKCC 545545 37.337.3 6.06.0 << 0.90.9 1.91.9 << 0.90.9MSKCCMSKCC
I 125I 125

545545 37.337.3
(0.9(0.9--221)221)

6.06.0
(0.2(0.2--
32.7)32.7)

<< 0.90.9 1.91.9
(0.9(0.9--16.8)16.8)

<< 0.90.9

SmathersSmathers
PD 103PD 103

1919 1717
(5(5--49)49)

< < 0.30.3 0.190.19 < < 0.30.3

MSKCCMSKCC
PD 103PD 103

7272 8.28.2
(0.9(0.9--63.6)63.6) 2.92.9

(0.2(0.2--
15)15)

< < 0.30.3
1.41.4
(0.9(0.9--6.2)6.2)

<< 0.90.9





FigureFigure 11 :: DoseDose raterate atat abdomenabdomen surfacesurface (squares)(squares) andand atat 2020 cmcm distancedistance (triangles)(triangles) forfor aa
seriesseries ofof 4747 patientspatients ofof InstitutInstitut CurieCurie forfor variousvarious patientpatient thicknessthickness (the(the prostateprostate depthdepth waswas
assumedassumed toto bebe halfhalf ofof thethe patientpatient thickness)thickness)..
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One largeOne large scalescale studystudy in thein the literatureliterature;;One largeOne large--scalescale studystudy in the in the literatureliterature;;

•• MichalskiMichalski et al; ( 2003):et al; ( 2003):
•• For 44 patients ;For 44 patients ;44 p ;44 p ;
•• DosimetersDosimeters to the patient, to the patient, spousespouse, , childrenchildren, , 

pets (!) and monitoring of 4pets (!) and monitoring of 4 roomsrooms frequentlyfrequentlypets (!), and monitoring of 4 pets (!), and monitoring of 4 roomsrooms frequentlyfrequently
occupiedoccupied by the patientby the patient

•• VeryVery lowlow levelslevels ofof exposureexposure ::•• VeryVery lowlow levelslevels of of exposureexposure ::
•• ExampleExample; ; CalculatedCalculated meanmean lifetimelifetime dose to a dose to a 

SS ff 125125I i l tI i l tspousespouse; 0.1 ; 0.1 mSvmSv for a for a 125125I implant …I implant …



TT kk l t h tl t h tTo To makemake a long story short ;a long story short ;

•• VeryVery lowlow doses to doses to familyfamily and and householdhousehold
bbmembersmembers

•• UsuallyUsually wellwell belowbelow the 1 the 1 mSvmSv limitlimit for the publicfor the public
•• Not Not eveneven reachingreaching the «the « constraintconstraint levellevel » of 5 » of 5 

mSvmSv set for set for comforterscomforters and and carerscarers of of suchsuch
patients by the IAEA ( 1996 )…patients by the IAEA ( 1996 )…



A N t t d ( b itt d i 6)• A  New recent study ( paper submitted in 2016):

• Prospective study of direct radiation exposure• Prospective study of direct radiation exposure
measurements for family members living near
patients with prostate iodine-125 seedp p 5
implantation: Proof of radiation safety

• Takashi Hanada, Ph.D.*1, 2, Atsunori Yorozu, M.D., Ph.D.2, 
Y kik Shi M D lYukiko Shinya, M.D.2, et al.



• MATERIAL AND METHODS: Twenty-five patients who 
underwent 125I seed implantation, along with their familyunderwent 125I seed implantation,  along with their family 
members, were provided dosimeters to measure direct 
radiation 10 exposure. The estimated lifetime exposure dose 
(ELED) and precaution time for holding children near the(ELED) and precaution time for holding children near the 
patient's chest were calculated.

• “According to findings, our sample size 
was large enough to suggest that nowas large enough to suggest that no 
precautions are necessary for most 
family members who 194 are a y e be s o 94 a e
approaching implanted patients” 



•• RecommendationsRecommendations
•• Doses to family or others will be below 1mSvDoses to family or others will be below 1mSv•• Doses to family or others will be below 1mSv Doses to family or others will be below 1mSv 

therefore no routine precautions necessarytherefore no routine precautions necessary
Child t t it l f ti t f 2Child t t it l f ti t f 2•• Children not to sit on lap of patient for 2 Children not to sit on lap of patient for 2 
monthsmonths

d l d l hd l d l h•• Avoid prolonged close contact with pregnant Avoid prolonged close contact with pregnant 
womenwomen

•• NB: If partner is pregnant consider individualNB: If partner is pregnant consider individualNB:  If partner is pregnant consider individual NB:  If partner is pregnant consider individual 
risk assessment with dose rate measurement.risk assessment with dose rate measurement.





SeedsSeeds maymay migratemigrate to the to the lungslungs ( no ( no 
radioprotection radioprotection problemproblem …)…)



•• And And maymay bebe expelledexpelled fromfrom the the patient’spatient’s body body yy pp pp yy
in in threethree waysways ; urine, ; urine, semensemen, and gastro, and gastro--
intestinal tract ( intestinal tract ( thisthis last case last case veryvery rare !)rare !)yy

•• More More frequentfrequent withwith «« freefree » » seedsseeds thanthan withwith
«« strandedstranded »» seedsseeds ..strandedstranded   seedsseeds ..



InIn experiencedexperienced teamsteams thosethose migrations aremigrations areIn In experiencedexperienced teams, teams, thosethose migrations are migrations are 
nownow veryvery rare ( rare ( eveneven withwith free free seedsseeds ), but :), but :

•• Recommandations Recommandations shouldshould bebe givengiven to the to the 
patients:patients:

•• SievingSieving the urine the urine atat least for a few least for a few daysdays
•• Use of a condom for the first five Use of a condom for the first five ejaculatesejaculates
•• Recommandations Recommandations alsoalso for the for the brachytherapistsbrachytherapists; ; b y pb y p ;;

theythey shouldshould adaptadapt theirtheir technique in technique in orderorder to to 
reducereduce the the numbernumber of migrations !of migrations !



Result of the discussions within the task group :Result of the discussions within the task group :Result of the discussions within the task group :Result of the discussions within the task group :

“ Expelled seeds may represent a hazard for“ Expelled seeds may represent a hazard for... ...  Expelled seeds may represent a hazard for  Expelled seeds may represent a hazard for 
people finding them if unaware of the (small) people finding them if unaware of the (small) 
risk of touching them (particularly young risk of touching them (particularly young f g (p y y gf g (p y y g
children), this is the reason why sieving the children), this is the reason why sieving the 
urine is often recommended.urine is often recommended.
However, one has to keep in mind that two risks However, one has to keep in mind that two risks 
have to be balanced : the risk of a patient have to be balanced : the risk of a patient 
d li i d l i h ( l) d( )d li i d l i h ( l) d( )dealing inadequately with a (or several) seed(s) dealing inadequately with a (or several) seed(s) 
found by sieving their urine , and the risk found by sieving their urine , and the risk 
(actually negligible) of flushing a source in the(actually negligible) of flushing a source in the(actually negligible) of flushing a source in the (actually negligible) of flushing a source in the 
toilets.” ...toilets.” ...



... ... “Therefore, identification of migrating sources “Therefore, identification of migrating sources 
is useful from a medical point of view (at least is useful from a medical point of view (at least 
to try and improve the technique in order to to try and improve the technique in order to 
reduce those migrations)…reduce those migrations)…
…while from a radiation safety perspective it is …while from a radiation safety perspective it is f f y p pf f y p p
better to have the seeds flushed down the toilet better to have the seeds flushed down the toilet 
instead of stored by the patient and transported instead of stored by the patient and transported f y p pf y p p
back to the physician.”  ...back to the physician.”  ...



•• RecommendationsRecommendations

•• (1)  sieve the urine while in hospital and for 3 (1)  sieve the urine while in hospital and for 3 ( ) p 3( ) p 3
days after implantdays after implant

•• (2)  wear condom for first five ejaculations(2)  wear condom for first five ejaculations( ) j( ) j
•• (3) if seed “found” do not touch.  Put in (3) if seed “found” do not touch.  Put in 

protective container with spoon or tweezers and protective container with spoon or tweezers and p pp p
return to department.return to department.

•• (4)  if seed in lavatory bowl (4)  if seed in lavatory bowl -- flush awayflush away(4) y(4) y yy





AA diffi ltdiffi lt t it iA A difficultdifficult topic …topic …



CremationCremation

•• UncommonUncommon in a in a numbernumber of countriesof countries
FF ii hh ( Chi( Chi•• FrequentFrequent in in somesome othersothers ( China, ( China, 
IndiaIndia …)…)))

•• The The rulerule in in JapanJapan !!



CurrentCurrent national national 
recommandationsrecommandations

•• Delay Delay beforebefore allowingallowing cremationcremation : : Large Large 
i ii i ffvariations variations fromfrom country to country …country to country …

•• BrieflyBriefly;;
•• FromFrom 1 1 yearyear or or lessless ((JapanJapan, US NCRP , US NCRP --withwith

precautionsprecautions --))pp ))
•• To 2 To 2 yearsyears ( Canada)( Canada)
•• AndAnd eveneven 33 yearsyears ( UK France)( UK France)•• And And eveneven 3 3 yearsyears ( UK , France)( UK , France)



AfterAfter consideringconsidering and and calculatingcalculating the the 
activityactivity remainingremaining in the in the patient’spatient’s ashesashes

and theand the potentialpotential airborneairborne releasereleaseand the and the potentialpotential airborneairborne release,release,
•• The ICRPThe ICRP consideredconsidered thatthat ::The ICRP The ICRP consideredconsidered thatthat ::
•• «« CremationCremation cancan bebe allowedallowed… if 12 … if 12 monthsmonths have have 

elapsedelapsed sincesince an implantationan implantation performedperformed withwith 125125elapsedelapsed sincesince an implantation an implantation performedperformed withwith 125 125 

I ( 3 I ( 3 monthsmonths for for 103103 Pd )…Pd )… »»
HH itit tt bb k tk t ii i di d th tth t•• HoweverHowever, , itit must must bebe keptkept in in mindmind thatthat somesome
national national authoritiesauthorities ( UK , France) ( UK , France) selectingselecting

i di d ii diff tdiff t ttworseworse--case scenarios and case scenarios and usingusing differentdifferent types types 
of of calculationscalculations are are recommendingrecommending muchmuch longer longer 
ti ( t 3ti ( t 3 ff 125125 I )I )times … ( up to 3 times … ( up to 3 yearsyears for for 125 125 I )I ) »»



•• In rare cases, In rare cases, limitedlimited and and carefulcareful transurethraltransurethral
resectionresection maymay bebe necessarynecessary afterafter brachytherapybrachytherapy ;;yy yy y pyy py ;;

•• Must Must bebe donedone by an by an experiencedexperienced surgeonsurgeon, , 
awareaware of the of the brachytherapybrachytherapy technique,technique,y pyy py qq

•• And no And no soonersooner thanthan 6 6 monthsmonths afterafter an an 125125 I I 
implantation.implantation.pp

•• MoreoverMoreover , in case of , in case of subsequentsubsequent abdominal or abdominal or 
pelvicpelvic surgerysurgery ; ; warnwarn the surgeon ! ( «the surgeon ! ( « walletwalletpp g yg y gg
cardcard » ; » ; seesee belowbelow ))



•• Due to theDue to the drasticdrastic reductionreduction in the volume of thein the volume of theDue to the Due to the drasticdrastic reductionreduction in the volume of the in the volume of the 
ejaculateejaculate, patients , patients maymay thinkthink theythey are are 
definitivelydefinitively infertile ….infertile ….definitivelydefinitively infertile ….infertile ….

•• ActuallyActually, the dose , the dose fromfrom the implant the implant maymay not not 
reachreach thethe thresholdthreshold for castration and a fewfor castration and a fewreachreach the the thresholdthreshold for castration, and a few for castration, and a few 
cases of cases of fatherhoodfatherhood have been have been reportedreported afterafter
permanent implants !permanent implants !permanent implants !permanent implants !



A recent paper (A recent paper (MydloMydlo 2004) after an2004) after anA recent paper (A recent paper (MydloMydlo 2004), after an 2004), after an 
extensive review of the literature and an extensive review of the literature and an 
estimation of only 20estimation of only 20 cGycGy for the dose tofor the dose toestimation of only 20 estimation of only 20 cGycGy for the dose to for the dose to 
testis, speculates that testis, speculates that the effects of the effects of 

b h hb h hprostate brachytherapy on prostate brachytherapy on 
spermatogenesis in prostate cancer spermatogenesis in prostate cancer p g pp g p
patients are minimal. patients are minimal. 



WhatWhat about the about the geneticgenetic riskrisk ? ? gg
( Collaboration ( Collaboration withwith ICRP ICRP CommitteeCommittee 1 )1 )

C t ti t f th ti i k fC t ti t f th ti i k f•• Current estimates of the genetic risks from Current estimates of the genetic risks from 
radiation (UNSCEAR 2001) suggest that a radiation (UNSCEAR 2001) suggest that a 

t l t ti l d ft l t ti l d f GG t ti tt ti tpaternal testicular dose of 1 paternal testicular dose of 1 GyGy to a patient to a patient 
would result in an excess of around 1 case in 300 would result in an excess of around 1 case in 300 
li b ff i ”li b ff i ”live born offspring…”live born offspring…”



WhatWhat about the about the geneticgenetic riskrisk ??

•• “ This is a small percentage increase (“ This is a small percentage increase ( 4 %)4 %)••  This is a small percentage increase ( This is a small percentage increase ( 4 %) 4 %) 
over the natural incidence of these genetic over the natural incidence of these genetic 
effects and these figures may serve to reassureeffects and these figures may serve to reassureeffects and these figures may serve to reassure effects and these figures may serve to reassure 
patients on the relatively low risk of genetic patients on the relatively low risk of genetic 
effects in their children ”effects in their children ”effects in their children.effects in their children.



SS di tidi ti d t tid t ti it t tit t t•• SomeSome radiation radiation detectiondetection monitors are set at a monitors are set at a 
veryvery lowlow alarmalarm levellevel ( 1.5( 1.5--2 times the 2 times the naturalnatural
backgroundbackground levellevel inin givengiven places )places )background background levellevel in in givengiven places …)places …)

•• Entry/exit of Entry/exit of nuclearnuclear plants and plants and nuclearnuclear
researchresearch centerscenters wastewaste areasareas scrapscrap metalmetalresearchresearch centerscenters, , wastewaste areas, areas, scrapscrap metalmetal
factoriesfactories/yards, and, more and more;/yards, and, more and more;

•• AirportsAirports andand crossingcrossing bordersborders ( «( « nuclearnuclear•• AirportsAirports and and crossingcrossing bordersborders ( «( « nuclearnuclear
terrorismterrorism » )» )

•• ShouldShould bebe explainedexplained to the patient !to the patient !•• ShouldShould bebe explainedexplained to the patient !to the patient !
•• WalletWallet cardcard ++++++



•• AlmostAlmost no case of second cancersno case of second cancers reportedreported afterafterAlmostAlmost no case of second cancers no case of second cancers reportedreported afterafter
prostate prostate brachytherapybrachytherapy

•• But ; possibleBut ; possible problemproblem ofof followfollow upup•• But ; possible But ; possible problemproblem of of followfollow--up …up …



SecondarySecondary cancers:cancers:
The conclusions of theThe conclusions of the tasktask group (2005);group (2005);The conclusions of the The conclusions of the tasktask group (2005);group (2005);

•• TheThe riskrisk of a second radioof a second radio inducedinduced cancer ( incancer ( in•• The The riskrisk of a second radioof a second radio--inducedinduced cancer ( in cancer ( in 
the life time of a patient ) the life time of a patient ) afterafter prostate prostate 
brachytherapybrachytherapy thereforetherefore appearsappears toto bebe eithereither nilnilbrachytherapybrachytherapy thereforetherefore appearsappears to to bebe eithereither nilnil , , 
or or extremelyextremely lowlow
ThTh b fib fi f h h if h h i l ll l i hi h ((•• The The benefitsbenefits of the technique of the technique clearlyclearly outweighoutweigh ( ( 
by far ! ) the ( by far ! ) the ( limitedlimited ) ) riskrisk of second of second 

li ili imalignanciesmalignancies ......



Cancer. 2006 Sep 1;107(5):991Cancer. 2006 Sep 1;107(5):991--8.8. Links Links 
Cancer incidence Cancer incidence afterafter localizedlocalized therapytherapy for for pypy

prostate cancer.prostate cancer.
Moon Moon KK,,StukenborgStukenborg GJGJ, , KeimKeim JJ, , TheodorescuTheodorescu DD. . 

DepartmentDepartment of of UrologyUrology, , UniversityUniversity of Virginia, of Virginia, 
Charlottesville, Virginia 22908, USA.Charlottesville, Virginia 22908, USA.

•• CONCLUSIONS: Patients CONCLUSIONS: Patients whowho receivedreceived EBRT EBRT hadhad
significantlysignificantly higherhigher oddsodds of of developingdeveloping second cancers second cancers 
bothboth overalloverall and in the areas and in the areas thatthat werewere exposedexposed to to 
radiation. It radiation. It isis noteworthynoteworthy thatthat, to the , to the authorsauthors' ' 
knowledgeknowledge thisthis report shows for the first timereport shows for the first time thatthatknowledgeknowledge, , thisthis report shows for the first time report shows for the first time thatthat, , 
despitedespite the the higherhigher doses of radiation doses of radiation delivereddelivered, , patients patients 
whowho receivedreceived radioactive implants radioactive implants hadhad the the lowestlowest

dddd ff d l id l i dd ((A t llA t lloddsodds of of developingdeveloping second cancers.second cancers. ((ActuallyActually no no 
increaseincrease at all for at all for thosethose patients!)patients!)



Second cancers after prostate cancer RTSecond cancers after prostate cancer RT

• . Strahlenther Onkol. 2007 Nov;183(11):605-9.
• Risk of second malignancies after prostate irradiation?g p
• Müller AC, Ganswindt U, Bamberg M, Belka C.
• DISCUSSION: 
• Up to now, all available data are highly heterogeneous. Thus, a low 

risk for secondary cancer cannot be ruled out completely 
Nevertheless, it seems very unlikely that there is a relevant Nevertheless, it seems very unlikely that there is a relevant , y y, y y
risk for secondary cancer since the largest of the published risk for secondary cancer since the largest of the published 
series did not document an increased risk for any secondary series did not document an increased risk for any secondary 
cancercancercancer.cancer.



« Risk of second primary cancer following 
t t di th DVH l iprostate cancer radiotherapy : DVH analysis 
using the competitive risk model »

T k R t lTakam R. et al.

Ph M d Bi l 2009Phys Med Biol, 2009

• « The average risk of developing SPC was no 
greater than 0.6 % for all treatment techniquesgreater than 0.6 % for all treatment techniques 
but was lower with either LDR or HDR 
brachytherapy alone compared with anybrachytherapy alone compared with any 
EBRT technique. »



Second cancers after prostate cancer RTSecond cancers after prostate cancer RT

R di th O l J 8( ) 8 6• Radiother Oncol. 2011 Jan;98(1):81-6. 
• Analysis of second malignancies after modern 

radiotherapy versus prostatectomy for localizedradiotherapy versus prostatectomy for localized 
prostate cancer.

• Huang J Kestin LL Ye H Wallace M Martinez AA Vicini• Huang J, Kestin LL, Ye H, Wallace M, Martinez AA, Vicini 
FA.

• CONCLUSIONS:CONCLUSIONS: 
• Radiation-related SPC risk varies depending on 

the RT technique and may be reduced by using BT, q y y g ,
BT boost, or 3DCRT/IMRT.



• BJU Int. 2012 Dec;110(11):1696-701.

• Secondary cancers after intensity-modulatedSecondary cancers after intensity modulated 
radiotherapy, brachytherapy and radical prostatectomy 
for the treatment of prostate cancer: incidence and cause-
specific survival outcomes according to the initialspecific survival outcomes according to the initial 
treatment intervention.

• Zelefsky MJ1, Pei X, Teslova T, Kuk D, Magsanoc JM, Kollmeier M, Cox B, 
Zh ZZhang Z.

• 1Department of Radiation Oncology, Memorial Sloan-Kettering Cancer 
Center, New York, NY 10065, USA. Zelefskm@mskcc.org

• CONCLUSIONS:• CONCLUSIONS: 
• The incidence of SM after radiotherapy was not 

significantly different from that after RP whensignificantly different from that after RP when 
adjusted for patient age and smoking history. 

mailto:Zelefskm@mskcc.org


• Clin Oncol (R Coll Radiol). 2014 Apr;26(4):210-5. 

• Second primary cancers occurring after I• Second primary cancers occurring after I-
125 brachytherapy as monotherapy for 
early prostate cancer.y p

• Musunuru H1, Mason M1, Murray L1, Al-Qaisieh B2, Bownes P2, Smith J3, Franks K1, Carey B3, 
Bottomley D1, Henry AM4.

• AIMS: 
• Prostate brachytherapy may be associated with a lower risk of radiation-induced second primary y py y p y

cancer (SPC) as a significantly smaller volume of normal tissue is irradiated when compared with 
external beam techniques. 

• MATERIALS AND METHODS: 
• SPC incidence was retrieved by conducting a UK cancer registry search (Northern and Yorkshire 

Cancer Registry and Information Service) for 1805 consecutive patients with localised prostateCancer Registry and Information Service) for 1805 consecutive patients with localised prostate 
cancer who received monotherapy with I-125 brachytherapy from 1995 to 2006 at a single public 
hospital. 

• RESULTS: 
• In total, 170 patients (10.8%) were diagnosed with second primaries (1 year or more after 

l ) f h bl dd d l
p g p y

implant); 20 of these were bladder and 10 rectal cancers. 

• CONCLUSIONS: 
O ll th i id f SPC ft I i bl ith• Overall, the incidence of SPC after I-125 is comparable with 
other published data with no significant excess more than 5 
years from treatment. Mortality secondary to SPC of the 
bl dd t i lbladder or rectum is unusual.



• Radiother Oncol. 2014 Feb;110(2):213-228. 

• Second primary cancers after radiation for p y
prostate cancer: A systematic review of the 
clinical data and impact of treatment technique.

• Murray L1, Henry A2, Hoskin P3, Siebert FA4, Venselaar J5; PROBATE group y , y , , , ; g p
of the GEC ESTRO.

• AbstractAbstract
• The development of a radiation induced second primary 

cancer (SPC) is one the most serious long term 
consequences of successful cancer treatmentconsequences of successful cancer treatment. 

• An increased risk of radiation-induced SPC has been 
identified in several studies, particularly those with 
l d f f ll

p y
longer durations of follow-up. 

• The risk of radiation-induced SPC appears small, 
i th f i t i ll d ti fin the range of 1 in 220 to 1 in 290 over all durations of 
follow-up, and may increase to 1 in 70 for patients 
followed up for more than 10yearsfollowed up for more than 10years, 



Radiother Oncol. 2014 Feb;110(2):213-228. 
Second primary cancers after radiation for prostate cancer: A systematic review ofSecond primary cancers after radiation for prostate cancer: A systematic review of 
the clinical data and impact of treatment technique.
Murray L1, Henry A2, Hoskin P3, Siebert FA4, Venselaar J5; PROBATE group of the GEC 
ESTRO.

To date there are insufficient clinical data to draw firm To date there are insufficient clinical data to draw firm 
l i b h i f dl i b h i f dconclusions about the impact of more modern conclusions about the impact of more modern 

techniques such as IMRT and brachytherapy on SPC techniques such as IMRT and brachytherapy on SPC 
risk although limited evidence is encouragingrisk although limited evidence is encouragingrisk, although limited evidence is encouraging.risk, although limited evidence is encouraging.

In conclusion despite heterogeneity between studiesIn conclusion, despite heterogeneity between studies, 
an increased risk of SPC following radiation for PCa has 
been identified in several studies, and this risk appears , pp
to increase over time. This must be borne in mind when 
considering which patients to irradiate and which 

h i ltechniques to employ.



• Int J Radiat Oncol Biol Phys. 2014 Nov 15;90(4):934-41.

• Incidence of second malignancies in prostate cancer• Incidence of second malignancies in prostate cancer 
patients treated with low-dose-rate brachytherapy and 
radical prostatectomy.
H il SN T ld l S H J Ji WN K M Pi kl T L i V• Hamilton SN1, Tyldesley S1, Hamm J2, Jiang WN3, Keyes M1, Pickles T1, Lapointe V4, 
Kahnamelli A5, McKenzie M1, Miller S6, Morris WJ7.

• METHODS AND MATERIALS: 
F 1998 t 2010 2418 ti t t t d ith I di 12 t t BT• From 1998 to 2010, 2418 patients were treated with Iodine 125 prostate BT 
monotherapy at the British Columbia Cancer Agency, and 4015 referred patients 
were treated with RP. …

• Results :Results :
• Radical prostatectomy was not associated with a decreased pelvic malignancy risk 

compared with BT (HR 0.57, P=.082), even when excluding postprostatectomy
external beam radiation therapy patients (HR 0.87, P=.56).

• CONCLUSIONS: 
• After adjustment for covariates BT patients did not have• After adjustment for covariates, BT patients did not have 

an increased second malignancy risk compared with RP 
patients. Further follow-up of this cohort is needed given 
h i l l f di i i d d li ithe potential latency of radiation-induced malignancies.



• Int J Radiat Oncol Biol Phys. 2015 Feb 1;91(2):295-302.

• Risk of second cancers according to radiation therapy technique 
and modality in prostate cancer survivors.

• Berrington de Gonzalez A1, Wong J2, Kleinerman R2, Kim C2, Morton L2, Bekelman JE3.
• Author information
• , National Cancer Institute, National Institutes of Health, Bethesda, Maryland. Electronic address: 

berringtona@mail.nih.gov.
• METHODS AND MATERIALS: 
• The cohort was constructed using the Surveillance Epidemiology and End Results-MedicareThe cohort was constructed using the Surveillance Epidemiology and End Results Medicare 

database. We included cases of prostate cancer diagnosed in patients 66 to 84 years of age from 
1992 to 2004 and followed through 2009. 

• RESULTS: 
D i f 4 4 ' f ll 5 t t i 2933 d• During an average of 4.4 years' follow-up among 5-year prostate cancer survivors … 2933 second 
solid cancers were diagnosed. …

• Rates of second solid cancers for higher- and lower-energy RT were similar overall (RR = 0.97, 
95% CI: 0.89-1.06), as were rates for site-specific cancers. 

• There were significant reductions in colon cancer and leukemia 
rates in the first decade after brachytherapy compared to those 
after external beam RT.

• Comments ; short follow up !• Comments ; short follow-up ! …..

mailto:berringtona@mail.nih.gov










A A reminderreminder ; the ICRP 98 Main Points; the ICRP 98 Main Points;;

•• 1/ The use of permanent radioactive implants …. 1/ The use of permanent radioactive implants …. / p p/ p p
is rapidly increasing all over the worldis rapidly increasing all over the world

•• 2/ No adverse effects to the medical staff and/or 2/ No adverse effects to the medical staff and/or 
ti t f il h b t d fti t f il h b t d fpatient family have been reported so far.patient family have been reported so far.

•• 3/ The dose from the patients … remains in 3/ The dose from the patients … remains in 
almost all cases well below 1almost all cases well below 1 mSvmSvalmost all cases well below 1 almost all cases well below 1 mSvmSv..

•• 4/ Expulsion of sources through urine, semen or 4/ Expulsion of sources through urine, semen or 
gastrogastro--intestinal tract is a rare event. Simpleintestinal tract is a rare event. Simplegastrogastro intestinal tract is a rare event. Simple intestinal tract is a rare event. Simple 
recommendations should be given to the patient        recommendations should be given to the patient        

•• 5/ Cremation can be allowed if 12 months have 5/ Cremation can be allowed if 12 months have 
l d i h i l i ( )l d i h i l i ( )elapsed since the implantation ( more ?) elapsed since the implantation ( more ?) 

•• 6/ The patient must be provided with specific 6/ The patient must be provided with specific 
recommendations (+++)recommendations (+++)recommendations (+++)…recommendations (+++)…



2010 ; A key paper !; y p p

Dauer LT, Kollmeier MA, Williamson MJ, St 
G i J Al i J Y d YGermain J, Altamirano J, Yamada Y, 
Zelefsky MJ.
Less-restrictive, patient specific 
radiation safety precautions can be 
safely prescribed after permanent seed 
implantation

• Brachytherapy. 2010. 



Edit i lEditorial

P t t b h th ti tProstate brachytherapy patients are 
(almost) normal people !( ) p p

Jean-Marc Cosset   1,2

• 1. Department of Oncology/Radiotherapy, Institut Curie,1. Department of Oncology/Radiotherapy, Institut Curie, 
Paris, France

• 2. Vice chairman, International Commission on ,
Radiological Protection ( ICRP) committee 3



• “ ….Actually, the precise instructions to be given ….Actually, the precise instructions to be given 
to the patients were left to the discretion of the 
facilities performing brachytherapy; thosefacilities performing brachytherapy; those 
instructions were frequently amplified by the 
hospitals, with recommendations being oftenhospitals, with recommendations being often 
more conservative than those published by 
ICRP… “ICRP… 



• Moreover those radioprotection aspects have• ….Moreover, those radioprotection aspects  have 
also sometimes been reported in the general 
press and here again with a significantpress, and here again with a significant 
enhancement of  the message ( For example 
“Avoid all contacts with children for six months”Avoid all contacts with children for six months  
!…) . 



• Such a drift may be responsible for two types of 
i krisk;

• first, the risk to induce in some implanted 
patients the feeling to be somewhat “plague-
stricken”,

• and secondly, the risk that some others give up 
the brachytherapy proposal, simply because they y py p p , p y y
fear to endanger their family…



• In this specific context, Lawrence T. Dauer andIn this specific context, Lawrence T. Dauer and 
his colleagues of the MSKCC have to be 
commended for the cardinal work published incommended for the cardinal work published in 
the present issue of “Brachytherapy”(2), because 
this study is going to allow to significantly refinethis study is going to allow to significantly refine 
the recommendations to the patients, in terms 
of the duration time during which precautionsof the duration time during which precautions 
are really required.



• This study is based on a large cohort of patients ( 
1279 cases), for whom precise radiation 79 ), p
exposure rate measurements have been obtained 
between 1995 and 2008.995

• The first ( important) message of L.T.Dauer and 
colleagues is that no precaution (e.g, nocolleagues is that no precaution (e.g, no 
precaution at all !) is necessary for a large panel 
of persons approaching the patients after aof persons approaching the patients after a 
prostate implantation ; 



• : that is the case for all implantations with Pd• : that is the case for all implantations with Pd 
103. 
Af i l i l i i h I• After a typical implantation with I 125, no 
precaution at all is required for coworkers and 

d l ( h l i i hnon pregnant adults ( even those sleeping with 
the patient).  Only the pregnant adult sleeping 

i h h i d hild iwith the patient and children can in some 
situations reach the “limits”. 

• Of note, the limits chosen here are still 
“conservative”, since set at 50 % only of the 
ALARA guidelines…



Th d b i i• The second message, maybe more important, is 
that the authors propose an algorithm enabling 

d i h i i f ito determine the precaution time for a given 
patient, based upon the precise exposure rate 

d f h i Ameasured at 30 cm from the patient. As 
mentioned above, those calculations are only 

f l f th f t d lt l iuseful for the case of a pregnant adult sleeping 
with the patient, and in case of children in the 
h d h ld Th d lt i th t it ihouse and held. The crude result is that it is now 
possible to customize the precaution time for 

h ti teach patient case.



• For example at their median exposure rate of• For example, at their median exposure rate of 
0.5 mR/h at 30 cm (for I 125) , the authors 
report that the patient should avoid sleepingreport that the patient should avoid sleeping 
“in contact” with a pregnant adult for 84 days, 
and avoid holding children in the lap for longand avoid holding children in the lap for long 
periods of time ( more than 1-3 hours) for 42 
daysdays.



• However, direct measurements on the patient , p
and use of the algorithm now allow to refine this 
precaution time; in the case of a very obese p ; y
patient, with few seeds implanted, and with 
consequently a very low measured exposure rate, q y y p ,
precaution time may be anticipated to be much 
shorter, and even nil in some specific cases., p f



• In contrast, for a skinny patient with a large 
number of implanted seeds, with a higher 
exposure rate (The authors report a maximum 
level of 3.6 mR/h), the precaution time can be 
calculated to be significantly longer.



• Those customized recommendations shouldThose customized recommendations should 
serve to reassure both the patients and the 
authorities.authorities.

I l i i l t llIn conclusion, in almost all cases, 
prostate brachytherapy patients should 
b id d l l !be considered as normal people !



ThankThank You !You !ThankThank You !You !







Brussels 2016

FOCAL BRACHYTHERAPY :
The French experienceThe French experience

Jean-Marc Cosset
Institut Curie and Institut Mutualiste Montsouris, 

iParis, France



The French experienceThe French experience

I P i i 2006 l ll b ti• In Paris, since 2006 : close collaboration 
between the radiotherapy department of 
the Institut Curie and the Urologygy
department of the Institut Mutualiste 
Montsouris ( IMM );

• To date :• To date :
• Overall : more than 500500 focal treatments

performed at the IMM, essentially using:p , y g
• Photodynamic therapy
• HIFU ( ultrasounds)
• Cryotherapy
• Brachytherapy



• Morbidity of focal therapy in the treatmenty py
of localized prostate cancer.

• Barret E, Ahallal Y, Sanchez-Salas R, Galiano M, Cosset JM, Validire P, Macek P, 
Durand M, Prapotnich D, Rozet F, Cathelineau X.

• Eur Urol. 2013 Apr;63(4):618-22.

• TOOKAD(®) Soluble vascular-targeted
photodynamic (VTP) therapy: determinationp y ( ) py
of optimal treatment conditions and 
assessment of effects in patients with
localised prostate cancerlocalised prostate cancer.

• Azzouzi AR, Barret E, Moore CM, Villers A, Allen C, Scherz A, Muir G, de Wildt M, 
Barber NJ, Lebdai S, Emberton M.

• BJU Int. 2013 Oct;112(6):766-74

• Focal cryoablation: a treatment option 
for unilateral low-risk prostate cancer.
D d M B t E G li M R t F S h S l R Ah ll l Y M k P• Durand M, Barret E, Galiano M, Rozet F, Sanchez-Salas R, Ahallal Y, Macek P, 
Gaya JM, Cerruti J, Devilliers H, Loeffler J, Amiel J, Vallancien G, Cathelineau X

• BJU Int. 2014 Jan;113(1):56-64.



f l b h hf l b h h•• In ParisIn Paris, , focal brachytherapy was focal brachytherapy was 
initiated in February 2010initiated in February 2010, , yy

•• According to a protocol approved by According to a protocol approved by 
the IMM ethics committee with allthe IMM ethics committee with allthe IMM ethics committee, with all the IMM ethics committee, with all 
patients receiving detailed patients receiving detailed 
i f ti d i i i f di f ti d i i i f dinformation and signing an informed information and signing an informed 
consent. consent. 



•• In this Phase II nonIn this Phase II non--randomized randomized study,study,
•• Patient selection is based on (at least) Patient selection is based on (at least) two two 

series of prostate biopsies ( with a series of prostate biopsies ( with a 
minimum of 20 biopsies overall)minimum of 20 biopsies overall)minimum of 20 biopsies overall) minimum of 20 biopsies overall) 

•• and on a highand on a high--resolution resolution endorectalendorectal MRI. MRI. 

•• Only patients with very limited and Only patients with very limited and 
localizedlocalized tumorstumors according to strictaccording to strictlocalized localized tumorstumors, according to strict , according to strict 
criteria, ( criteria, ( actually almost the same as in actually almost the same as in 
the “consensus” paper the “consensus” paper ), were selected for ), were selected for p pp p ),),
the procedure.the procedure.



• The entry criteria being almost identical
h F h i ill ’to the French active surveillance’s ones,

• All patients were proposed active 
surveillance, but they expressed their
( written ) will to choose focal treatment.

• Among those patients reffered to our
group for discussion of a focal g p
brachytherapy, only 2 chose the 
surveillance strategy ( but clear selectiongy (
of patients)…



•• The technique is directly derived from the “realThe technique is directly derived from the “real--
ti ” d ( l d bli h d b t )ti ” d ( l d bli h d b t )time” procedure (already published by our team) time” procedure (already published by our team) 
with the permanent implantation of “free” LDR with the permanent implantation of “free” LDR 
125 Iodine seeds125 Iodine seeds125 Iodine seeds,125 Iodine seeds,

•• The reason for the choice of the I 125 seeds:The reason for the choice of the I 125 seeds:
•• An experience of more than 3600 patientsAn experience of more than 3600 patients•• An experience of more than 3600 patients An experience of more than 3600 patients 

implanted with 125 I seeds since 1998 by our implanted with 125 I seeds since 1998 by our 
group,group,g p,g p,

•• AndAnd the recommendations of the 2012 BJU the recommendations of the 2012 BJU 
Consensus paper :Consensus paper :

• “When reviewing the characteristics of the 
different permanent seed isotopes available 
( d d ) i d hi d h(125I, 103Pd and 131Cs) it was noted that 125I it was noted that 125I 
had the most had the most favourablefavourable characteristicscharacteristics””



Th f th h i f t• The reasons for the choice of a permanent-
implant free-seed technique :

• Again our experience of more than 3600 treated• Again, our experience of more than 3600 treated
patients,

• And again the recommendations of the 2012• And again, the recommendations of the 2012 
consensus paper:

• “ The greater flexibility afforded by loose seeds The greater flexibility afforded by loose seeds 
may be important for implanting the central 
portion of the prostate as in a hemi-gland 
implant.”

• “For the ultra-focal protocol, loose seeds might 
b f bl ”be preferable.” 



W h t d li t th f l l th dW h t d li t th f l l th d•• We chose to deliver to the focal volume the dose We chose to deliver to the focal volume the dose 
usually recommended by the GECusually recommended by the GEC--ESTRO for the ESTRO for the 
whole prostate (145whole prostate (145 GyGy).).whole prostate (145 whole prostate (145 GyGy).).

•• Sticking to the same dose constraints to the Sticking to the same dose constraints to the 
surrounding structures : see :surrounding structures : see :surrounding structures : see :surrounding structures : see :

• Tumour and target volumes in permanent 
prostate brachytherapy: the p y py
ESTRO/EAU/EORTC recommendations on 
prostate brachytherapy.

• Salembier C, Lavagnini P, Nickers P, Mangili P, 
Rijnders A, Polo A, Venselaar J, Hoskin P; GEC ESTRO 
PROBATE GroupPROBATE Group.

• Radiother Oncol. 2007 Apr;83(1):3-10



FinallyFinally,

• Considering our ( severe ) selection of patients,
• We chose to propose in most cases the « ultra-• We chose to propose, in most cases, the « ultra-

focal » technique, with a margin of about 10 mm 
around the MRI target.g



First step ; Choice of the « focal » Volume,
based whenever possible on a MRI echographybased whenever possible on a MRI-echography

fusion



•• Second Second stepstep ; Complete real; Complete real--time time 
preplanningpreplanning

•• ThirdThird stepstep : Implantation of: Implantation of needlesneedlesThirdThird stepstep : Implantation of : Implantation of needlesneedles
•• FourthFourth stepstep: Implantation of : Implantation of seedsseeds, , 

didi hh l il i i hi haccordingaccording to the to the preplanningpreplanning, , withwith
continuouscontinuous feedfeed--back back takingtaking intointogg
accountaccount the real position of the real position of eacheach
seedseed ( «( « dynamicdynamic dosimetrydosimetry »).»).seedseed ( «( « dynamicdynamic dosimetrydosimetry »).»).





Fifth step : Dosimetric results ; p ;
In white:  the 145 Gy isodose



Preliminary resultsy

• Focal brachytherapy for selected• Focal brachytherapy for selected 
low-risk prostate cancers: a pilot 
studystudy.

•

• Jean-Marc Cosset1,2, Xavier Cathelineau2, Georges Wakil1,3, 

Noelle Pierrat1, Olivier Quenzer4 Dominique Prapotnich2, Noelle Pierrat , Olivier Quenzer Dominique Prapotnich
Eric Barret2, FrançoisRozet2, Marc Galiano2, Guy 
Vallancien2

•
• 1 Department of Oncology/Radiotherapy Institut Curie 75005 Paris France• Department of  Oncology/Radiotherapy, Institut Curie, 75005 Paris, France
• 2 Department of Urology, Institut Mutualiste Montsouris, 75013 Paris, France
• 3 Department of Radio-Oncology, Hospital Charles LeMoyne, Montréal, Canada
• 4 Department of Statistics, Institut Curie, 75005 Paris, France
•

• Brachytherapy, 2013, 12, 331-337



InIn thisthis firstfirst seriesseries ::In In thisthis first first seriesseries ::

•• 21 focal implantations 21 focal implantations were performed were performed 
and and analyzedanalyzed, , 

•• (Today (Today --June 2016June 2016-- : 48): 48)
•• The treated volume corresponded to aThe treated volume corresponded to a meanmeanThe treated volume corresponded to a The treated volume corresponded to a mean mean 

value of 35% of the total prostatic value of 35% of the total prostatic 
volume (range 20volume (range 20--48 %).48 %).volume (range 20volume (range 20 48 %).48 %).

•• For the focal volume, For the focal volume, mean D90 was 182 mean D90 was 182 
GyGy and the mean V100 was 99 6 %and the mean V100 was 99 6 %GyGy, and the mean V100 was 99.6 %., and the mean V100 was 99.6 %.



•• In our experience, the technique could be In our experience, the technique could be 
entirely performed in approximately entirely performed in approximately an an y p pp yy p pp y
hour and a halfhour and a half, that is to say not , that is to say not 
significantly different from a usual significantly different from a usual g yg y
“whole prostate” brachytherapy.“whole prostate” brachytherapy.

•• Early urinary toxicity Early urinary toxicity (( still being still being 
evaluated) seems to be somewhatevaluated) seems to be somewhatevaluated) seems to be somewhat evaluated) seems to be somewhat 
inferiorinferior to what is usually observed after to what is usually observed after 
brachytherapy of the whole prostatebrachytherapy of the whole prostatebrachytherapy of the whole prostate.brachytherapy of the whole prostate.



• Table 1 : Urinary toxicity ( scored by IPSS) and sexual toxicity 
(scored by IIEF5) for focal prostate brachytherapy. Incontinence 
score ( ICS) and rectal toxicity ( almost constantly nil in thisscore ( ICS)  and rectal toxicity ( almost constantly nil in this 
series ) not shown.

• Mean ( range)
• Initial  IPSS                 5.3 (0-15)
• IPSS at 2 months 11.8 (1-28)
• IPSS at 6 months 6 6 (2 17)• IPSS at 6 months 6.6 (2-17)
• IPSS at 12 months 5.4 (2-9)

• Initial IIEF5               18.2 (1-25)
• IIEF5 at 2 months 16.6 (1-25)
• IIEF5 at 6 months 17.7 (1-25)
• IIEF5 at 12 months 18.3 (1-25)



• we did compare the toxicities observed 
in this first series of focalin this first series of focal 
brachytherapy with the ones that were 
registered in a series of 100 patientsregistered in a series of 100 patients 
treated by a “whole prostate” 
brachytherapy by our group in the y py y g p
same institution ( Institut Mutualiste
Montsouris) , and analyzed with the 

i isame questionnaires 
• ( Questionnaires filled in by the patient 

hi lf d b h h i i )himself and NOT by the physician ). 



• Since almost no change in the ICS 
score nor in the rectal toxicity scorescore nor in the rectal toxicity score 
was noted in both series, we 

t t d th l ti fconcentrated on the evolution of 
IPSS and IIEF.



• We first checked that the two groups (• We first checked that the two groups ( 
“Focal” and “total”) were comparable in 
terms of initial IPSS ( p=0 95) and initialterms of initial IPSS ( p=0.95) and initial 
IIEF (p=0.51). 
In both groups we analyzed the mean• In both groups, we analyzed the mean 
scores at 2, 6 and 12 months, and also the 
variations of these scores ( comparing thevariations of these scores ( comparing the 
scores at distance with the initial values).



• For IPSS, the mean scores and variations 
were comparable at 2 and 12 months in 
both groups, focal and total, but there was 
a borderline difference favoring the 
“focal”group at 6 months, 

• both in terms of direct comparison of the 
mean scores ( p=0.04) and in terms of ( p 4) f
variation compared with the initial values 
(p=0.05).(p 5)



• For erectile toxicity (IIEF), we did not y ( ),
observe any significant difference 
between the mean scores in the “focal” 
and “total” groups at 2, 6 and 12 months ( 
p=0.43 ; p=0.46 ; p=0.17 respectively), p 43 ; p 4 ; p 7 p y ,

• but the re-increase of the score was 
significantly better in the focal group atsignificantly better in the focal group at 
6 and 12 months (p=0.014 et p=0.012, 
respectively).respectively).



Update 2016 : A trend ?

Wi h 8 i i l d ( f l )• With now 48 patients implanted ( focal ):
• Possible trend for lessless earlyearly urinaryurinary

toxicitytoxicity afterafter focal implantation of the focal implantation of the apexapex
• Compared with an implantation of the p p

prostate base  (?)



Update 2015

Mean Mean

p

Mean
IPSS 2 months

Mean
IPSS 6 months

All cases 11.4 8

Focal base 13.4 10.1

Focal apex 9.9 6.7

To be confirmed …



Update 2016p

• Control biopsies ; planned between 18 and 24Control biopsies ; planned between 18 and 24 
months post-implantation,

• 35 Patients accepted the control biopsies ( 10 to• 35 Patients accepted the control biopsies ( 10 to 
28 cores) : 

ti t f d• 3 patients refused …
• 1 relapsed before 2 years ( lymph node relapse)
• 1 patient living abroad …
• In 27/35 cases ; control biopsies wereIn 27/35 cases ; control biopsies were

negative,
• In 8 cases ; positive biopsies (23%)• In 8 cases ; positive biopsies (23%)



8 positive control biopsies at 2 years8 positive control biopsies at 2 years

• (- 1 case ; 1 controlateral microfocus ; active surveillance, but 
MRI  suspect image at 4 years ; second series of biopsies ; 
negative)

• - 1 case ; 1 controlateral positive biopsy ( Gleason 6 ) ; normal IRM1 case ; 1 controlateral positive biopsy ( Gleason 6 ) ; normal IRM 
and Pet-cholin and PSA still decreasing : active surveillance.

• - 4  cases : controlateral ( + homolateral in one case) : 
l l l f l b h h (controlateral complementary focal brachytherapy (1 + 1 

planned) or active surveillance (2)
• - 2  homolateral : above the focal treated volume ; salvage ; g

treatment being discussed



Moreover :Moreover :

• - 1 nodal ( iliac) relapse at 1 year ½ ; hormone 
therapytherapy.

• - 1 relapse at ( controlateral) biopsies performed at 3 
years ½ ( while the 2 years control biopsies wereyears ½ ( while the 2 years control biopsies were
negative); T3 MRI ; radio-hormonotherapy.

• + 1 case suspect ++ of homolateral relapse on MRI at 3 
years ( just above the treated focal volume) with a y ( j f )
rising PSA ; Second series of biopsies ( 24) ; all negative
: ?? …



Overall : update 2015p

• Among 48 patients , 35 with a follow-up 
> 2 years> 2 years.

• 10 ( 11 ?) relapses have been registered:
f b• A rate of about 21 % at 3 years ?

• Acceptable ?



Conclusion:Conclusion:

•• The French experience on 48 patients :The French experience on 48 patients :
•• Focal prostate treatment by Focal prostate treatment by p yp y

brachytherapy is easily feasible,brachytherapy is easily feasible,
•• With apparently little acute urinaryWith apparently little acute urinaryWith apparently little acute urinary With apparently little acute urinary 

toxicity toxicity ( essentially when treating the ( essentially when treating the 
apex ?)apex ?)apex ?)apex ?)

•• No relapse occurred in the treated area No relapse occurred in the treated area 
( among 48 patients but 2 “borders”)( among 48 patients but 2 “borders”)( among 48 patients, but 2 borders ), ( among 48 patients, but 2 borders ), 

•• 10 relapses / 4810 relapses / 48, with a relatively short , with a relatively short 
f llf ll f thf th t h ?t h ?followfollow--up of three years : up of three years : too much ? too much ? 



•• Therefore : nonTherefore : non--negligible relapse rate outsidenegligible relapse rate outside•• Therefore : nonTherefore : non--negligible relapse rate outside negligible relapse rate outside 
the treated volume ,the treated volume ,

•• In spite of the relatively short followIn spite of the relatively short follow--up,up,p yp y p,p,
•• and of the severe selection of patients in this and of the severe selection of patients in this 

series …series …
i l ii l i•• Tentative conclusion : Tentative conclusion : PRUDENCE …PRUDENCE …

•• Further investigation is needed Further investigation is needed gg
to more precisely assess the longto more precisely assess the long--
termterm tumortumor control rate,control rate,term term tumortumor control rate, control rate, 

•• Taking into account the Taking into account the 
ibilit d ffi fibilit d ffi f llpossibility and efficacy of possibility and efficacy of salvage salvage 

therapies therapies ……



Thank you for your attention 





How can we achieve focal therapyHow can we achieve focal therapy

• Radiation therapy
• Cryotherapy
• HIFUHIFU
• Electroporation

Ph t th• Phototherapy
• Photothermal ablation
• ……………………………

Hoskin



Non-radiation based thermal therapies

Hoskin











Impact of systematic shifts in dwell position



Whole gland vs          hemigland vs                                    focal 
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F l ThFocal Therapy

Hoskin





77 hi h i k ti t 20 ith li t l t bi i d MR77 high risk patients: 20 with unliateral tumours on biopsy mapping and MR

64Gy in 32 fractions + 12/14/18Gy in 2 fractions; whole gland or hemigland64Gy in 32 fractions + 12/14/18Gy in 2 fractions; whole gland or hemigland

Hoskin



Hoskin



Hoskin



15 patients: 37 5Gy in 15f + HDR 15Gy15 patients: 37.5Gy in 15f + HDR 15Gy
BOOST to DIL volume to 18.75Gy (median volume 1.4ml)



Cryotherapy: 50
Brachytherapy:12
Vascular Targeted Photodynamic therapy: 23
High Intensity Focussed Ultrasound: 21

Hoskin



ESTRO COURSE Brussels 2016

New indications of prostate 
brachytherapy :

Salvage brachytherapyg y py

Jean-Marc Cosset



The rationaleThe rationale
• After external irradiation,After external irradiation,
• 20-50 % of patients may experience

bi h i l la biochemical relapse

• Such a relapse may be related to  
i i di i ti b t lmicroscopic dissemination, but also

, in an unknown percentage of cases, 
to a pure LOCAL relapse.



• The prognosis of such local relapses is 
poor ;poor ;

F k Z L ib l SA W ll KE l Th ff f• . Fuks Z, Leibel SA, Wallner KE et al. The effect of 
local control on metastatic dissemination in 
carcinoma of the prostate: long-term results incarcinoma of the prostate: long-term results in 
patients treated with 125I implantation. Int J 
Radiat Oncol Biol Phys 1991; 21: 537-547. y

• . Kuban DA, el-Mahdi AM, Schellhammer PF. Effect of 
local tumor control on distant metastasis and 
survival in prostatic adenocarcinoma. Urology
1987; 30: 420-426. 



• Consequently• Consequently, 
• Several attempts to « salvage » those local 

f il f l i di ifailure after external irradiation :
• Essentially: 
• Surgery
• CryotherapyCryotherapy
• HIFU ( ultrasounds)

• Until recently ; results usually poor, with
frequent complications/Side effects.



What about Salvage brachytherapy for 
localized prostate cancer after failure of a 

previous radiotherapy ?p py

The literat re• The literature :
• In the large majority of cases after failure of an 

l i di iexternal irradiation
• In rare cases after a first-line 

brachytherapy…
•• MostlyMostly proposedproposed to date to date withwith permanent permanent yy p pp p pp

implants, but more and more implants, but more and more withwith HDR.HDR.



• A review of the papers available in 2016,

• Reporting on series of patients treated by 
i l f lpermanent implants after external RT (or 

brachytherapy)

• About 500 cases found to date in the 
literature.



Author Nb of cases Follow-up
(months) BFS Grade ¾

Toxicity

Beyer (1999)

Grado (1999)

17

49

62

64

53 %

34 %

NA

16 %Grado (1999) 49

Allen (2007) 12

64

45

34 %

63 %

16 %

0 %

Nguyen (2007) 25

L (2008) 21

47

36

70 %

38 %

30 %

0 %Lee (2008) 21

Aaronson (2009) 24

36

30

38 %

88 %

0 %

4 %

Burri (2010) 37 86 54 % 11 %

Battermann (2010) 31

Crehange (2010) 24

73

25

23 %

87 5 %

3-6 %

0 %Crehange (2010) 24

Lopez (2010) 42

25

48

87.5 %

80.6 %

0 %

21 %



Author Nb of cases Follow-up
(months) BFS Grade ¾

Toxicity

Peters (2013)

Sasaki (2013)

129

7

29

short

20%

2 relapses

About 30 %

0 % ?Sasaki (2013) 7

Vargas (2014) 69

short

60

2 relapses

73,8 % 
(non-CRPC)

0 % ?

GU 3 : 8,7 %

Henriquez (2014) 56

R ( 2015) 18

48 (median)

31 5

77 %

78 %

GU : 24 %

R l f d ++Rose ( 2015) 18 31.5 78 % Role of dose ++



One of the largest experience :  Vargas g g
2014



In addition: literature reviews :

• Can J Urol. 2012 Dec;19(6):6534-41.
S l th f l ll t t t ft• Salvage therapy for locally recurrent prostate cancer after 
radiation.

• Marcus DM, Canter DJ, Jani AB, Dobbs RW, Schuster DM, Carthon BC, 
Rossi PJRossi PJ.

• Department of Radiation Oncology, Emory University, Atlanta, Georgia, 
USA.
MATERIALS AND METHODS• MATERIALS AND METHODS: 

• A review of the literature was performed to identify studies of local 
salvage therapy for patients who had failed primary EBRT for localized 

t tprostate cancer. 

• Conclusions :
As there are no randomi ed trials comparing salvage• As there are no randomized trials comparing salvage 
treatment modalities for localized prostate cancer 
recurrence after EBRT, the selection of a local treatment 
modality should be made on a patient-by-patient basismodality should be made on a patient by patient basis…



• World J Urol. 2012 Sep 28. 
• Re-irradiation for salvage of prostate cancer failures 

after primary radiotherapy.
• Ramey SJ, Marshall DT.
• PURPOSE:• PURPOSE: 
• To review the literature on use of radiation as a salvage 

option after local-only failure following initial treatment 
with radiation.

• Results:
Bi h i l di f i l (bDFS) t f t• Biochemical disease-free survival (bDFS) at four to 
5 years ranged from 20 to 75 %. Patient selection may 
have influenced these varying rates since some studies 
with lower bDFS had higher risk populations. 

• the crude rate of grade 3-4 genitourinary toxicities 
among all studies was 13 % (range 0-47 %) and the crudeamong all studies was 13 % (range 0 47 %), and the crude 
rate of grade 3-4 gastrointestinal toxicities was 5 % 
(range 0-20 %). Incontinence rates were low among 

i d t di t 4 % ( 0 29 %)reviewed studies at 4 % (range 0-29 %).



• World J Urol. 2013 Apr;31(2):403-9. 
• Patterns of outcome and toxicity after salvagePatterns of outcome and toxicity after salvage 

prostatectomy, salvage cryosurgery and salvage 
brachytherapy for prostate cancer recurrences after 
radiation therapy: a multi-center experience andradiation therapy: a multi center experience and 
literature review.

• Peters M, Moman MR, van der Poel HG, Vergunst H, de Jong IJ, 
Vijverberg PL Battermann JJ Horenblas S van Vulpen MVijverberg PL, Battermann JJ, Horenblas S, van Vulpen M.

• METHODS: 
• A total of 129 patients from five different centers in the 

h l d i l l dNetherlands were retrospectively analyzed. 
• RESULTS: 
• BF occurred in 25 (81%) patients in the brachytherapyBF occurred in 25 (81%) patients in the brachytherapy

group (mean follow-up 29 ± 24 months), 29 (66%) 
patients in the prostatectomy group (mean follow-up 22 
± 25 months) and 33 (61%) patients in the cryosurgery25 months) and 33 (61%) patients in the cryosurgery 
group (mean follow-up 14 ± 11 months). Severe (grade 
>3) genitourinary and gastrointestinal toxicity was 
observed in up to 30% of patients in all three groups.p 3 p g p



Peters M, Moman MR, van der Poel Hg et al ., , g

CONCLUSION• CONCLUSION: 
• “This overview shows clinical practice of 

prostate cancer salvage. Significant 
failure and toxicity rates are observed, 
regardless of salvage technique. Patients 
should be selected with great care before 
offering these salvage treatment 
strategies.”



A h l i f th il blA rough analysis of the available
literature :

• Rather short series …
S i l ki ffi i f ll• Sometimes lacking a sufficient follow-
up,
L h t iti !• Large heterogeneities ! …

• Large variations in BFS ; from about 20 
t 90 %to 90 % …

• Large variations in grade 3-4 toxicities : 
from 0 to about sometimes 50 %from 0  to about sometimes 50 % …

• WHY ?



• Why such differences ? tentative• Why such differences ? tentative 
explanations:

• 1/ Differences in follow-up ? the longer the follow-
up, the lower the BFS ? p,

• Battermann and Grado , publishing at 73 and 64 months, 
report the lowest BFS ; 23 and 34 % , respectively.p p y

• But Beyer, with a 62 months follow-up, reports a BFS of 
53 %,

• And Burri, with a follow-up of 86 months, reports an 
equivalent BFS of 54 %

• Therefore, the variations in follow-up durations 
do not explain all the differences …



• 2/ Selection of the patients ?

• Probably a major ( the main ?) problem

• Essentially for the first ( older) papers …

•• TodayToday , , wewe shouldshould insistinsist on on thisthis selectionselection::



In the French phase II trial « CAPRICUR »p
(Started in 2013, just completed )

• Biopsy-proven relapse
• With biopsies performed more than 2 years after• With biopsies performed more than 2 years after

the first irradiation
• PSA < 10 ng/ml• PSA < 10 ng/ml
• PSA doubling time ( at relapse) > 8 months
• Endorectal MRI eliminating an extra capsular• Endorectal MRI eliminating an extra-capsular

extension
• No distant metastases ( Negative Bone scan - FNaNo distant metastases ( Negative Bone scan FNa

if possible - , negative CT scan and Choline Pet-
Scan)



k l h• To make a long story short ;
• Selection of patients ;

• Everything should be done to eliminateEverything should be done to eliminate
an extra-protatic extension of the disease.

• Respecting the classical contra• Respecting the classical contra-
indications of brachytherapy ( prostate 
volume previous TURP IPSS >15 etc )volume, previous TURP,IPSS >15, etc …)

• A particular attention for the rectum : no 
i ( l ) RTprevious post-(external ) RT severe

rectitis …



• 3/ A problem of dose ?

• The salvage brachytherapy dose has beenThe salvage brachytherapy dose has been 
usually reduced : with a D90  of about 120 
Gy ( Beyer, Burri, Lopez …)Gy ( Beyer, Burri, Lopez …)

• Some other authors ( N’Guyen…) used an 
almost conventional D90 of 145 Gyalmost conventional D90  of 145 Gy…

• But N’Guyen reported both a high BFS ( 
%) d h hi h f d70 %) and the highest rate of grade 3-4 

toxicities …
• The optimal dose in this setting thus

remains to be precisely defined …



Dose for salvage ; a 2015 paper
• Brachytherapy. 2015 Feb 26. 
• Salvage low-dose-rate permanent seed brachytherapy for g p y py

locally recurrent prostate cancer: Association between 
dose and late toxicity.

• Rose JN1 Crook JM2 Pickles T3 Keyes M3 Morris WJ3• Rose JN1, Crook JM2, Pickles T3, Keyes M3, Morris WJ3.
• RESULTS: 
• “…These 5 patients with late toxicity had higher dose to 5 p y g

the prostate (isodose enclosing 90% [D90] median, 151 
Gy; range, 135-185 Gy) compared with those without late 
complications (median 134 Gy; range 105-165; p <complications (median, 134 Gy; range, 105-165; p < 
0.04). “

• CONCLUSION: 
• “…The goal of planning should be to treat the recurrent disease to 

an adequate dose with careful attention to maintain a conservative 
D “D90



Dose chosen in the French trial 
CAPRICURCAPRICUR :

• D90 prostate: 90 Gy 9 p 9 y
• GTV or Index tumor ( if 

identified)  : 144 Gy



• 4/ A problem of technique ?

• The different groups have used ratherg p
different techniques of implantation 

• ( Preplanning in one or two steps, ( p g p ,
stranded or loosed seeds, automatic, 
semi-automatic or manual implantations 
etc …)

•• This This couldcould have have playedplayed a a rolerole in the in the 
heterogeneityheterogeneity of the of the resultsresults, in , in termsterms of of 

llll ii ff i ii iBFS as BFS as wellwell as in as in termsterms of of toxicitytoxicity ……



• What about salvage by HDRWhat about salvage by HDR
brachytherapy ?

• More and more authors are reporting
i f l b h than experience of salvage brachytherapy

using an HDR technique,
h i h• The pioneers; Lee B, 2007, Tharp M , 

2008, De Cicco L, 2009
• Small series ; 
• Encouraging ( but very) preliminarycou ag g ( but e y) p e a y

results .



ABS 2011
• The MSKCC experience ; preliminary

presentation ;presentation ;
• Salvage High-Dose-Rate Brachytherapy

f C Af lfor Recurrent Prostate Cancer After Ultra 
High Intensity Modulated Radiotherapy: 
R l f P i S dResults of a Prospective Study

• Lisa K. Morikawa, MD, Michael J. Zelefsky, MD, Gil’ad N. Cohen, 
MS DABMP Marco Zaider PhD Sherri M Donat MD YoshiyaMS, DABMP, Marco Zaider, PhD, Sherri M. Donat, MD, Yoshiya
Yamada, MD (MSKCC)



TThe MSKCC experience ; the 2013 paper

• Brachytherapy. 2013 Dec 24. S1538-4721
A Ph II t d f l hi h d t

p ; p p

• A Phase II study of salvage high-dose-rate 
brachytherapy for the treatment of locally 
recurrent prostate cancer after definitive 

t l b di thexternal beam radiotherapy.
• Yamada Y1, Kollmeier MA2, Pei X2, Kan CC2, Cohen GN3, Donat SM4, 

Cox BW2, Zelefsky MJ2.
1D t t f R di ti O l M i l Sl K tt i• 1Department of Radiation Oncology, Memorial Sloan-Kettering 
Cancer Center, New York, NY. 

• METHODS: 
• Forty two patients with biopsy proven recurrence were• Forty-two patients with biopsy-proven recurrence were 

enrolled on a Phase II study of salvage HDR monotherapy 
using iridium-192. Median pretreatment EBRT dose was 8100 cGy
(6840-8640 cGy) and the median time from completion of EBRT to 

l HDR h Th l i i d fsalvage HDR was 73 months. The protocol prescription dose of 
3200 cGy was delivered in four fractions over 30 hours in a 
single insertion. Median follow up after salvage HDR was 36 months 
(6-67 months).(6 67 months).



• RESULTS:• RESULTS: 
• The actuarial prostate-specific antigen biochemical 

relapse-free survival and distant metastases-free survival 
t t 68 % d 8 % ti lrates at 5 years were 68.5% and 81.5%, respectively. 

Cause-specific survival was 90.3%. Late genitourinary 
Grade 1and 2 toxicities were found in 38% and 48%, 

ti lrespectively….
• No Grade 4 toxicities were observed.
• CONCLUSIONS: 
• Genitourinary toxicity was the most commonly 

encountered toxicity observed after salvage HDR but 
severe toxicities were uncommon.severe toxicities were uncommon. 

• Salvage HDR is an effective and well-tolerated modality 
for locally recurrent prostate cancer and should be 
considered even for patients who have previously beenconsidered even for patients who have previously been 
treated with ultra-high dose levels of EBRT.



The San Diego experience

• Int J Radiat Oncol Biol Phys. 2013 Jun 1;86(2):324-9. 
• Salvage HDR brachytherapy for recurrent prostate cancer 

after previous definitive radiation therapy: 5-year outcomes.
• Chen CP1 Weinberg V Shinohara K Roach M 3rd et alChen CP , Weinberg V, Shinohara K, Roach M 3 et al.
• 1Department of Radiation Oncology, Scripps Clinic, San Diego, 

California, USA.
• PURPOSE: 
• Evaluate efficacy and toxicity of salvage high-dose-rate brachytherapy 

(HDRB) for locally recurrent prostate cancer after definitive radiation(HDRB) for locally recurrent prostate cancer after definitive radiation 
therapy (RT).

• CONCLUSIONS: 
• Prostate HDRB is an effective salvage modality with relatively 

few long-term toxicities. 



A polish experience ; HDR + hyperthermiaA polish experience ; HDR + hyperthermia
• Strahlenther Onkol. 2014 Feb;190(2):165-704 ; 9 ( ) 5 7

• Salvage prostate HDR brachytherapy combined with 
interstitial hyperthermia for local recurrence afterinterstitial hyperthermia for local recurrence after 
radiation therapy failure.

• Kukiełka AM, Hetnał M, Dąbrowski T, Walasek T, Brandys P, 
N h j ki D K d i R D b k D R i f MNahajowski D, Kudzia R, Dybek D, Reinfuss M.

• Department of Radiotherapy, Centre of Oncology, M. Skłodowska
- Curie Institute, Krakow Branch, ul. Garncarska 11, 31-115, 
K k P l d d k ki lk ilKrakow, Poland, drkukielka@gmail.com.

• CONCLUSION: 
• IHT in combination with salvage HDR brachytherapy is a 

well tolerated and effective treatment.



The Future ? (1):( )

• Phase II trials :Phase II trials :

• Phase II Radiation Therapy Oncology Group• Phase II  Radiation Therapy Oncology Group 
trial  n° 0526

A Prospective Phase II Trial of Transperineal Ultrasound-

• Closed to accrual ( With 100 patients

Guided Brachytherapy for Locally Recurrent Prostate 
Adenocarcinoma Following External Beam Radiotherapy

• Closed to accrual ( With 100 patients 
included, January 2014); results awaited.

• French CAPRICUR trial ( activated 2013; 
completed end of 2015)completed end of 2015)



The Future ? (2):The Future ? (2):

• Trying to reduce toxicity ?Trying to reduce toxicity ?

• Introducing the systematic injection 
of hyaluronic acid gel betweenof hyaluronic acid gel between
prostate and rectal wall ?



What about rectal spacing ?What about rectal spacing ? 
•• SystematicallySystematically plannedplanned withwith 10 cc10 cc hyaluronichyaluronicSystematicallySystematically plannedplanned withwith 10 cc 10 cc hyaluronichyaluronic

acidacid gel in the French CAPRICUR trial.gel in the French CAPRICUR trial.
• Also proposed by other groups :

B h h S O ( )• Brachytherapy. 2014 Sep-Oct;13(5):442-9..
• Use of a rectal spacer with low-dose-rate brachytherapy for 

treatment of prostate cancer in previously irradiated 
ti t I iti l i d h t t ltpatients: Initial experience and short-term results.

• Mahal BA1, Ziehr DR1, Hyatt AS1, et al .
• RESULTS: 
• the median space between the prostate and rectum was 

10.9mm (prior EBRT) vs. 7.7mm (prior brachytherapy), 
p=0.048. 

• CONCLUSION: 
• Hydrogel spacer placements may be feasible in most patients 

with prior pelvic radiation. p p



Wh t b t t l i ?What about rectal spacing ? 

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.



The future (3);The future (3); 
Focal salvage brachytherapy ?

• Int J Radiat Oncol Biol Phys. 2013 Feb 1;85(2):370-7.
• Feasibility of MR imaging/MR spectroscopy-planned focal 

ti l l t t t i l t (PPI) fpartial salvage permanent prostate implant (PPI) for 
localized recurrence after initial PPI for prostate cancer.

• Hsu CC, Hsu H, Pickett B, Crehange G, Hsu IC, Dea R, 
Weinberg V Gottschalk AR Kurhanewicz J Shinohara KWeinberg V, Gottschalk AR, Kurhanewicz J, Shinohara K, 
Roach M 3rd.

• Radiother Oncol. 2013 Nov;109(2):246-50.Radiother Oncol. 2013 Nov;109(2):246 50. 
• Cold spot mapping inferred from MRI at time of failure 

predicts biopsy-proven local failure after permanent seed 
brachytherapy in prostate cancer patients: Implications for 
f l l b h thfocal salvage brachytherapy.

• Crehange G, Krishnamurthy D, Cunha JA, Pickett B, 
Kurhanewicz J, Hsu IC, Gottschalk AR, Shinohara K, Roach 
M 3rd, Pouliot J.M 3rd, Pouliot J.



• J Contemp Brachytherapy. 2014 Oct;6(3):304-10..
• Salvage low-dose-rate (125)I partial prostate brachytherapySalvage low dose rate (125)I partial prostate brachytherapy 

after dose-escalated external beam radiotherapy.
• Chang L1, Buyyounouski MK2.
• 1Department of Radiation Oncology Fox Chase Cancer Center• 1Department of Radiation Oncology, Fox Chase Cancer Center, 

Philadelphia, PA, USA.
• 2Department of Radiation Oncology, Stanford University, Stanford, CA, 

USAUSA.
• PURPOSE: 
• To report outcomes on 5 patients treated with salvage partial 

low dose rate (LDR) 125 iodine ((125)I) permanent prostatelow-dose-rate (LDR) 125-iodine ((125)I) permanent prostate 
seed brachytherapy (BT) for biopsy-proven locally persistent 
prostate cancer, following failure of dose-escalated external 
beam radiotherapy (EBRT).beam radiotherapy (EBRT).

•• CONCLUSIONS: CONCLUSIONS: 
•• In carefully selected patients with local In carefully selected patients with local y py p

persistence of disease, partial LDR (125)I persistence of disease, partial LDR (125)I 
permanent prostate seed implant appears to be a permanent prostate seed implant appears to be a 
feasible option for salvage local therapy with anfeasible option for salvage local therapy with anfeasible option for salvage local therapy with an feasible option for salvage local therapy with an 
acceptable toxicity profile.acceptable toxicity profile.



The Future (4)

Salvage Brachytherapy after prostatectomy ???g y py f p y

• Brachytherapy. 2012 Jun 27. 
• Permanent seed brachytherapy for locally recurrentPermanent seed brachytherapy for locally recurrent 

prostate cancer after radical prostatectomy: A case report 
and review of the literature.

• Gaztañaga M, Crook JM.g ,

• Brachytherapy. 2013 Oct 23. S1538-4721
• High-dose-rate brachytherapy with or without intensityHigh dose rate brachytherapy with or without intensity 

modulated radiation therapy as salvage treatment for an 
isolated, gross local recurrence of prostate cancer post-
prostatectomy.

• Strom TJ, Wilder RB, Fernandez DC, Mellon EA, Saini AS, 
Hunt DC, Biagioli MC.

• + Gastaldi



Wh d i 2016 ?What to do in 2016 ?
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Delphi Study ?Delphi Study ?



T C l iTwo Conclusions :

• Consensus or majority agreement for 
most points dealing with patient p g p
selection and work-up … :

• Ex

l• Examples ;











No consensus neither agreement 
on :
- LDR or HDR ?LDR or HDR ?
- Which dose ?

Whi h f ti ti f HDR ?- Which fractionation for HDR ?
- Which volume : total or focal ?Which volume : total or focal ? 
- If focal ; « ultrafocal » ou 

h i l d ( l b ) ?« hemigland » (one lobe) ?





ConclusionsCo c us o s

• A second-line brachytherapy appears to 
b bl l l d ibe able to salvage some selected patients 
after failure of a previous external
i di tiirradiation

• Long-term BFS could reach up to 50-70 %
• With optimal techniques, Grade 3-4 

toxicity rates could be low and acceptabley p



• Complementary trials, such as the RTOG p y ,
0526, and French CAPRICUR should allow to 
better define :

h i i h l• The criterias to propose such a salvage 
therapy to patients with local relapses,
Th d t t b d d ( 8 G ? G• The dose not to be exceeded ( 108 Gy ? 120 Gy 
? 140 Gy ?)

• The technical points allowing to reduce as• The technical points allowing to reduce as 
much as possible the toxicities ( urinary and 
rectal ); rectal spacers ?); p

• With a (very) prudent approach, ( y) p pp ,
salvage brachytherapy could become
a standard in the next years …a sta da d t e e t yea s …



• While waiting for• While waiting for 
complementary data:complementary data:

• Stick to the Delphi St c to t e e p
Consensus !



Thank You





What is your preferred management for a patient aged 66 
years presenting with a PSA of 13.6, Gleason score 4+3years presenting with a PSA of 13.6, Gleason score 4 3 

prostate cancer which is stage T2B on MR staging? He has 
no significant co-morbiditiesno significant co morbidities

a) Radical prostatectomy
b) Active surveillance
c) External beam IMRT to 78Gyc) External beam IMRT to 78Gy
d) LDR seed brachytherapy
e) External beam IMRT + HDR boost



Prostate brachytherapy (LDR or HDR),y py ( ),
surgery or IMRT 

P t H kiPeter Hoskin
Mount Vernon Cancer Centre



Which is best?Which is best?

• Surgery vs IMRT
• Surgery vs BT
• BT vs IMRT• BT vs IMRT
• Surgery vs IMRT vs BTSurgery vs IMRT vs BT
• LDR BT vs HDR BT



Radical prostatectomyRadical prostatectomy

ADVANTAGES DISADVANTAGES

– Pathological – Erectile dysfunction g
diagnosis

– No bowel toxicity
50%+

– Urinary controlNo bowel toxicity
– Relief of LUTS

Established salvage

y
– Anaesthetic procedure

– Established salvage 
with external beam 
RTRT

– No additional second 
li imalignancies



IMRTIMRT

ADVANTAGES DISADVANTAGESADVANTAGES DISADVANTAGES

– Outpatient process
No anaesthetic

– No Pathological 
diagnosis– No anaesthetic

– Low urinary toxicity

diagnosis
– Lengthy treatment 

course
– Lymphatic treatment 

possible

course
– Bowel toxicity

E til d f ti– Erectile dysfunction
– Adjuvant ADT
– Second malignancies
– Limited salvage optionsLimited salvage options



Which is best?Which is best?

• Surgery vs IMRT
• Surgery vs BT
• BT vs IMRT• BT vs IMRT
• Surgery vs IMRT vs BTSurgery vs IMRT vs BT
• LDR BT vs HDR BT





Hi h i k Gl 8 10High risk: Gleason 8-10

Adjuvant RT in only 17/285 RP patientsAdjuvant RT in only 17/285 RP patients

No toxicity datao to c ty data



et al

EBRT 50Gy in 25f + HDR 10Gy x 2

HRQOL: no difference

Toxicity: Grade 3/4 at 2 years
RP RT

Urinary 16% 10%
Faecal 8% 24%
ED 90% 86%ED 90% 86%



Which is best?Which is best?

• Surgery vs IMRT
• Surgery vs BT
• BT vs IMRT• BT vs IMRT
• Surgery vs IMRT vs BTSurgery vs IMRT vs BT
• LDR BT vs HDR BT



1254 patients having BT; median follow up 56 months
bRFS compared with predicted outcome after RP from Kattan nomogramp p g



LOW RISK INTERMEDIATE RISK



• Feasibility study for phase III trial RP vs BT
• 2-step randomisation: 

 To receive decision aid or not
 To receive RP or BT

• May 2009 - May 2011: 30 patients recruited.y 9 y 3 p



Which is best?Which is best?

• Surgery vs IMRT
• Surgery vs BT
• BT vs IMRT• BT vs IMRT
• Surgery vs IMRT vs BTSurgery vs IMRT vs BT
• LDR BT vs HDR BT





Brachytherapy 2010

160 patients: HDR 3 x 5.5-7Gy + 50.4Gy XRT 
470 patients: IMRT 86.4Gyp y

IMRT HDR

Low risk 21% 14%
Inter risk 40% 71%Inter risk 40% 71%
High risk 39% 15%



Brachytherapy 2010y py



344 patients 46Gy/23f + 19 5GY/3f HDR vs 344 patients 3D CRT 74Gy/37f344 patients 46Gy/23f + 19.5GY/3f HDR vs 344 patients 3D CRT 74Gy/37f
Risk group: Intermediate 41%; High 59%



Efficacy:  costy

HDR IMRT
Afterloader:  £0.3m Linac: £3m

TPS TPS
Physics 6h Physics 8h

RTT 1h RTT 6h
Clinician 1.5h
Anaesthetic

Clinician 0.75h
Anaesthetic
Patient 3days Patient 43days





THE CALCULATED RISKS OF SECOND 
MALIGNANCIES FROM INTENSITYMALIGNANCIES FROM INTENSITY-
MODULATED RADIATION THERAPY

Kry et al 2005

Conventional IMRT
% risk of fatal second malignancy

18MV 6MV 10MV 15MV          18MV
V S V V S VV         S         V              V S            V

1.7% 2.9%    3.7%        2.1%       3.4%    4.0%  2.9%    3.7%        2.1%       3.4%    4.0%  5.1%5.1%



Using ‘old’ ext beam techniques 
risk 1 in 220
Increasing to 1 in 70 after 
10 years follow up

In 5 studies comparing BT toIn 5 studies comparing BT to 
general population no increase



Which is best?Which is best?

• Surgery vs IMRT
• Surgery vs BT
• BT vs IMRT• BT vs IMRT
• Surgery vs IMRT vs BTSurgery vs IMRT vs BT
• LDR BT vs HDR BT



40 papers with 3 5 and 8 year data40 papers with 3,5 and 8 year data

bRFS Overall survivalbRFS Overall survival













LOW i k INTERriskLOW risk INTERrisk



HIGH risk







et al



RP:                 252
LDR BT:         135
EBRT 74Gy:   91



Brachytherapy RP CK/IMRTBrachytherapy        RP          CK/IMRT

DAY 1:                Implant and home               Operate                  Planning
DAY 2:                That’s it!                               ITU/HDU                Physics think!

DAY 5: Home Physics still thinking!DAY 5:                                                             Home                     Physics still thinking!                
DAY 10:                                                           Catheter out          Start RT
DAY 15:                                                           Pelvic floor            Finish CK

exercises
DAY 28:                                                           Back to work         Still on RT

(with a pad) (with diarrhoea)(with a pad)           (with diarrhoea)
DAY 52:                                                           Try the Vacupump Finish RT

(with diarrhoea)( )









Which is best?Which is best?

• Surgery vs IMRT
• Surgery vs BT
• BT vs IMRT• BT vs IMRT
• Surgery vs IMRT vs BTSurgery vs IMRT vs BT
• LDR BT vs HDR BT



Relative advantages and disadvantages: LDR vs e at e ad a tages a d d sad a tages s
HDR

LDR HDR
F ti ti•Single step procedure

•Low radioprotection
•Fractionation
•Requires HDR facility

•Volume limited •Can implant large glands
•Limited cover of ECE/SV
•Dose delivery variable

•Can implant ECE and SV
•Accurate dose deliveryy

•Dose limited/fixed
•QA post implant

•Biologically higher dose
•QA pre deliveryQ p p

•Less flexible for boosts •Focal subvolume boosts



HDR Best Boost ? LDR



Treatment costsTreatment costs
• Implant equipment similar for PPB and HDR:Implant equipment similar for PPB and HDR:

 Fixation device with  stepping unit
 US apparatuspp
 Planning system
 Disposables: catheters needles etc Disposables: catheters, needles etc
 OR facilities and support
 Anaesthesia
 Hospitalisationp
 Supportive medication



Treatment costsTreatment costs

HDR LDR SEEDSHDR
Use of afterloader

LDR SEEDS

Capital cost
Cost of seeds

– Assume average 100 
– Assume 30% use for 

prostate and 50/year
400 Euro/patient

g
seeds per patient

– 400 Euro/patient
Source cost

Assume as above– Assume as above
– 40 Euro/patient

TOTAL: 
440 Euro/patient

TOTAL:  
3500 Euro/patient440 Euro/patient 3500 Euro/patient



What is your preferred management for a patient aged 66 
years presenting with a PSA of 13.6, Gleason score 4+3years presenting with a PSA of 13.6, Gleason score 4 3 

prostate cancer which is stage T2B on MR staging? He has 
no significant co-morbiditiesno significant co morbidities

a) Radical prostatectomy) p y

b) A i illb) Active surveillance

c) External beam IMRT to 78Gy with ADT

d) LDR seed brachytherapy with ADTd) LDR seed brachytherapy with ADT

a) External beam IMRT + HDR boost



What is your preferred management for a patient aged 66 
years presenting with a PSA of 13.6, Gleason score 4+3years presenting with a PSA of 13.6, Gleason score 4 3 

prostate cancer which is stage T3a on MR staging? 
He has no significant co-morbiditiesHe has no significant co morbidities

a) Radical prostatectomy

b) Acti e s r eillanceb) Active surveillance

c) External beam IMRT to 78Gy with ADT

d) LDR seed brachytherapy with ADTd) LDR seed brachytherapy with ADT

a) External beam IMRT + HDR boost



What is your preferred management for a patient aged 
66 years presenting with an IPSS of 19, PSA of 13.6,66 years presenting with an IPSS of 19, PSA of 13.6, 

Gleason score 4+4 prostate cancer which is stage T3a 
on MR staging? He has no significant co-morbidities

a) Radical prostatectomy

on MR staging?  He has no significant co morbidities

a) Radical prostatectomy

b) Active surveillance

c) External beam IMRT to 78Gy with ADT) y

d) LDR d b h thd) LDR seed brachytherapy

e) External beam IMRT + HDR boost



Does the technique matter?




