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Age-Standardised Incidence Rates, UK, 1993-2015



Age specific incidence rates UK  2013/15



IARC

Cancer incidence and mortality, males, Europe: 2010



European Age-Standardised Incidence Rates, By Age, Males, UK, 

1993-2015



European Age-Standardised Mortality Rates per 100,000 Population, Males, UK

Source: cruk.org/cancerstats

http://cruk.org/cancerstats




Worldwide

Age standardised incidence

and mortality rates 2012







182,123 men in SEER database



• Peer review evidence based trees estimate:

RP:       24% (15-30)

EBRT:  58% (54-64%)

BT:       9.6% (6-17.9%)

• Actual utilisations rates:

RP:     13-44%

EBRT: 43-56%

BT:      1.8-10.9%



Hazard ratios

RP vs EBRT + ADT: 1.53 (1.22-1.92)

RP vs EBRT + BT:    1.17 (0.88-1.55)



Researchers identify optimal treatment for 

aggressive prostate cancer 

Show Citation 

Kishan AU, et al. JAMA. 2018;doi:10.1001/jama.2018.0587.  



Retrospective cohort study; 12 centres: 1809 men



What is your role in your department?

A. Physicist

B. RTT / Radiographer

C. Physician

D. Nurse

E. Administrator

www.responseware.eu - Session ID: BT2018

http://www.responseware.eu/


What is your experience of prostate 

brachytherapy?

A. None

B. Observed but not 

personally performed

C. Have  undertaken (or 

planned independently) <5 

implants 

D. Have  undertaken (or 

planned independently) <5 

– 20 implants 

E. Regularly undertake (or 

plan independently)  

implants 

www.responseware.eu - Session ID: BT2018

http://www.responseware.eu/




S. Machtens

Director of the

Department of Urology and Paediatric Urology

Academic Teaching Hospital

Marien-Hospital Bergisch Gladbach

ESTRO Teaching Course on  Brachytherapy for Prostate Cancer

Avignon, June 14th-16th2018

Prostate Brachytherapy: Anatomy



The Prostate

The prostate surrounds the 

urethra and is situated below 

the bladder.

The prostate produces fluid 

that is needed by sperms to 

move.





Ultrasound

Normal Anatomy

Isoechoic PZ

Hypo/hyperechoic CG
Corpora Amylacea

PZ PZ

CG



Ultrasound

Normal Anatomy

Urethra Urethra

Sagittal



Ultrasound

Normal Anatomy

Seminal Vesicles

Convoluted Hypoechoic Cystic Structures



Ultrasound

Sagittal: urethral measurements



ULTRASOUND – Dorsal vein plexus



Zonal Anatomy

Central Gland

Periurethral Glands
Periurethral Glands

(paracoronal view)



Zonal Anatomy

Central Gland

Transition Zone
Transition Zone

(transverse view)



Zonal Anatomy

Central Gland

Central Zone
Central Zone

(paracoronal view)



Zonal Anatomy

Overview

Peripheral Zone
Peripheral Zone

(paracoronal view)



Zonal Anatomy

Overview

Anterior

Fibromuscular

Stroma

AFS

(paracoronal view)



Zonal anatomy in MRI and Ultrasound



Anatomy

Prostate

Prostatic Apex Midprostate Prostatic Base

CG

PZ PZ

CG

PZ PZ
PZ PZ



Imaging of Prostate Cancer

Body coil versus Endorectal coil

Normal Prostate

with Body Coil

Normal Prostate

with Endorectal Coil



1.5 Tesla MRI

Zentrale Zone

Periphere Zone

Tumor

T2-weigthed T1-weighted

1.5 T

MRI: 

• Resolution: good

• Contrast: good, especially soft tissue contrast



3.0 Tesla MRI

T2 -weighted T1 weighted



3.0 Tesla MRI + Endorectal coil 





Anatomy

Hyperplasia

Benign Prostatic Hyperplasia

CG
PZ

CG CG
PZ



Variation of bladder neck according to BPH



Anatomy

Urethra

Sagittal Coronal Transverse

Urethra

External

Sphincter



Transversal section of the prostatic apex. A considerable part of the urethral sphincter is located 
intraprostatically between the prostatic apex and the colliculus seminalis.SMS = smooth muscle sphincter; SS = 
striated sphincter (rhabdosphincter); CS = colliculus seminalis; PA = prostatic apex.

Thorsten Schlomm et al. Eur Urol 2011;2:320-329

Platinum Slide Series

1/11



Anatomic variability of the prostatic apex. Depending on the individual apex shape, between 10% and 40% of 
the functional urethra is covered by parenchymal apex tissue. Otherwise, the prostatic apex is covered by some 
muscular tissue on the ventral and rectal aspects as rudiments of embryonic and adolescent prostatic 
development.

Thorsten Schlomm et al. Eur Urol 2011;2:320-329

Platinum Slide Series

10/11



Surgical anatomy of the urethral sphincter complex. (A) Fixation of the urethral sphincter (modified from 
Luschka [16]). (B) Lateral aspect of the urethral sphincter after nerve sparing.PPL = puboprostatic ligament; PVL = 
pubovesicalis ligament; PP = puboperinealis muscle; DA = detrusor apron; B = bladder; FSS = fascia of the 
striated sphincter; ML = Mueller's ligaments (ischioprostatic ligaments); NVB = neurovascular bundle; R = 
rectum; MDR = medial dorsal raphe; RU = rectourethralis muscle; OI = Os ischiadicum; SS = striated sphincter 
(rhabdosphincter); PB = pubis bone.

Thorsten Schlomm et al. Eur Urol 2011;2:320-329

Platinum Slide Series

8/11



Anatomy

Seminal Vesicles

Transverse Coronal



Anatomy

Periprostatic Structures

Transverse Coronal

c c

B
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Variation in Genitourinary diaphragm



31 Akademie 

Expertenkurs

Apex: Anatomische Variabilität

Walz et al, Eur Urol, 2010



Parasympathic nerves



Course of neurovascular bundle



34 Akademie 

Expertenkurs

Abb.: 5

Stolzenburg et al, Eur Urol, 2007



35 Akademie 

Expertenkurs

35

Standardtechnik intrafasziale Technik

Abb.: 6

Stolzenburg et al, Eur Urol, 2007



36 Akademie 

Expertenkurs

Walz et al, Eur Urol, 2010



Prostate 

Brachytherapy 

Course

“Selection of patients for 

prostate cancer permanent 

implant brachytherapy”

C. Salembier

Department of Radiotherapy-Oncology 

Europe Hospitals – Brussels - Belgium



Patient selection: 

• do we have recommendations ?

• if yes, what do they learn us ? 

























Actually only minor differences with the ABS paper ... 

ABS 1999 ESTRO 2000



a lot of literature

but

no new recommendations

until …. 2012
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Patient selection for prostate LDR brachytherapy …. Do we 

have all the answers reading these recommendations ? 

… no … after reading the literature some questions remain …



















































High dose rate brachytherapy 

for prostate cancer: 

PATIENT SELECTION



HDR prostate brachytherapy 

• Practical

➢ Existing source, afterloading

• Physical

➢ Greater implant volume 

➢ including seminal vesicles

• Biological

➢ Low / tumour; greater biological dose 

with high dose per fraction



Advantages of temporary HDR 

prostate brachytherapy

Radioprotection

– no free live sources

– no risk of source loss

– no radioprotection issues after discharge

Cheap: utilises existing HDR source and equipment

Day case procedure



Disadvantages of temporary HDR 

prostate brachytherapy

High dose rate radiation requires fractionation

– no longer!?

– logistics:

• Quality assurance



Selection for HDR prostate brachytherapy

• Boost with external beam

• Monotherapy



Pre treatment investigations

• General medical assessment

• Prostate biopsy

• PSA

• IPSS

• IEFS

• Flow rate

• Pelvic MRI

• Staging investigations
➢ PSA

➢ Bone scan

➢ (Whole body MRI)

➢ (Choline PET)

➢ (PSMA PET)





Indications for HDR prostate 

brachytherapy  BOOST

Where there is a significant predictive risk of 

extracapsular or seminal vesical involvement:

External beam

Brachytherapy



Indications for HDR prostate 

brachytherapy  BOOST

Where there is a significant predictive risk of 

extracapsular or seminal vesical involvement:

T3a

T3b

?T2c

Gleason 8 – 10

?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)

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)

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)



Ext beam/HDR boost for prostate

……….what is the risk of ECE 

or seminal vesicle 

invasion??...............

?The low risk patient 
– PSA<10ng/ml

– Gleason 6 or below (?3+4)

– T2a or less



Probability of organ confined disease 

[Partin 2001]

PSA 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)







54 patients

Gland size median 57ml; range 50-97.3ml

All dosimetric goals achieved



164 patients HDR monotherapy; median CTV volume 60mls (range 14-208)

bRFS Toxicity



Pubic arch interference

• Patient position:

➢ Hyperextended vs standard

➢ Plane of prostate vs pubic arch

➢ Table / stand positions

• Needle insertion

➢ Bend the needle?

➢ Enter via adjacent co-ordinate



HDR PROSTATE BRACHYTHERAPY

INDICATIONS

• Boost with external beam therapy 

➢ Intermediate/high risk disease

➢ ?Low risk disease

• Monotherapy

➢ Phase II studies…..

➢ Low/Intermediate/high risk disease



HDR monotherapy for prostate

? low risk patient 

Intermediate risk patient

High risk patient



HDR monotherapy; 

published series and risk groups

Yoshioka et al MSKCC X            X X

Hoskin et al MVCC X               X

Rogers et al X

Mark et al Texas X            X X

Prada et al Spain X X

Martinez et al Michigan X            X

Demanes et al CET X            X

Zamboglu et al Offenbach                              X             X X

LOW              INT           HIGH



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

Monotherapy

Salvage



Selection for HDR prostate brachytherapy

…………whole gland or focal…….

Indications for consideration of focal HDR BT

– HDR BT indicated

– Low and favourable intermediate risk

– Focal lesion identified by:

• mpMRI ‘dominant’ lesion

• Template biopsy mapping

– Salvage



Which of the following is a contraindication 

to HDR brachytherapy boost

A. Multifocal prostate cancer

B. PSA>20ng/ml

C. Prostate volume >70ml

D. Gleason score 9

E. Maximum flow rate 

<10ml/min

www.responseware.eu - Session ID: BT2018

http://www.responseware.eu/


QUALITY ASSURANCE  

(QA) FOR PROSTATE 

BRACHYTHERAPY

Bashar Al-Qaisieh



Overview

• ESTRO working parties

• Seed calibration

• Needle Check

• Template Calibration

• Ultrasound Machine Check

• Commissioning Planning System

• Treatment Plan Check

• Post Implant QA



ESTRO: BRAPHYQS projects

• WP12: QA for Brachytherapy ultrasound

• WP 18: Seed dosimetry

• WP 19: Commissioning and QA BT treatment 
planning systems.



BRAPHYQS WP 18 

Chair Jose Perez-Calatayud: European Guidelines

• Calibration of seeds at hospital level

• What to do when discrepancies occur between certificate and 

measurement ?

• Seed afterloader

• Recalibration of dosemeters

• Multi-seed inserts

In close cooperation with seed vendors and European standard 

laboratories (as consultants)



Seed Calibration-Well chamber

• Calibration every two 

years. Med. Phys. 18, 

1991.

• Consistency check.

Cs-137, Co-60  



Guidelines

“The activity of all sources should be 

measured, and compared with the 

calibration certificate supplied by the 

supplier, before being administered to 

a patient”…..Medical and Dental Guidance Notes, IPEM



Seed Calibration

•Sterile sources located in 

MICK magazine

- a minimum of 10% of the total or 

two magazine cartridges of 15 

seeds, whichever is greater.

• 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 loaded 

needles exposes an image in the 

film.

• The film will verify correct loading 

of seeds and spacers within each 

needle, or indicate any 

discrepancies or missing seeds.



Needles Check



Template Calibration

Ultrasound Template

Planning TemplateGuidance Template
Level of tolerance is ± 1mm



Template Calibration



Ultrasound Machine Check

• Assurance of Mechanical and Electrical Safety

• Distance Accuracy (vertical and horizontal)

• Contrast and Brightness (Gray bar 
visualization) 

• Image Uniformity

• Penetration

• Lateral Resolution
-IPEM report 71: Price R et al. 1995/2002

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



Clinical Commissioning of Planning System

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

• Test 2: Isodose Level-TG 43-U1

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

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

• Test 5: Data transfer and handling

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



Dose Point Calculation Test

• This dose calculation 

verification test uses 

a dose point(s) to 

verify the calculations 

of the planning 

system. Discrepancy 

should be within 1%.

0.5cm

P1 P2

1cm 2cm

S2 S1

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



Isodose Level Test

• This test is to verify 

the display of isodose 

levels

• The distance 

discrepancy of 

contours and 

template should be 

within ± 2 mm  



Dose Volume Test

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

•Discrepancy should not exceed
5%.



Dose Volume Test-Example

75.831 U

3.0cm

100Gy Isodose

ccrV 1.113
3

4 3 == 



Dose Volume Test



Image transfer check (Ultrasound 

phantom)

1.4cm

1cm



Volume Test

• Check volume 
captured from US is 
similar to the volume 
contoured on planning 
system.

• Discrepancy should 
be within ± 1cc.





Stepper Depth and Angle Tracking Tests

Longitudinal movement-Retraction

Rotational movement- US Probe Angle 



Stepper Depth and Angle Tracking 

Tests

• Longitudinal Position Tracking. Accuracy should be 

within 0.5mm.

• Rotational Tracking Test. Accuracy should be within 

0.5 degrees.



Stepper Depth Tracking Test

e.g: 3 clicks back = 1.5cm



Stepper Angle Tracking Test

A

B

== )tan(
A

B
arc





Post implant CT-MR Image 

Fusion QA

MRI

CT

+

Fused Image



TG132:USE OF IMAGE REGISTRATION 

AND FUSION ALGORITHMS AND 

TECHNIQUES IN RADIOTHERAPY



CLINICAL ISSUES AND APPLICATIONS OF 

IMAGE REGISTRATION IN RADIOTHERAPY

• Sources of Error due to Data Acquisition 

• Sources of Error in Registration 

• Image Registration for Segmentation 

• Image Registration for Multi-Modality or 

Adaptive Treatment Planning 

• Image Registration for Image-Guided 

Radiotherapy 

• Image Registration for Response 

Assessment



Image Fusion Protocol Phantom Study

CT MRI Fused Image

+ =

RMS Error < 1.0mm



QA for HDR Brachytherapy

Besides the typical QA procedures

established for common HDR

Treatments, we need to implement

additional ones



3D ultrasound

•Better visibility

•Improved 

treatment planning

•Reproducibility 



Mechanical & US Image Geometry



Catheter Reconstruction

 











Data transfer check
e.g.



Data transfer check
e.g.



External Catheter Length 

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



Independent Calculation Check-TRAK

Example



Summary

• Seed Calibration (Constancy check)
• Template Calibration
• Ultrasound Machine Check
• Commissioning Planning System

• Test 1: Dose Point Calculation Test
• Test 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 list

• Post Implant QA



Prostate Brachytherapy Course

“CTV”
C. Salembier 



Prostate 

Brachytherapy 

Course

“CTV”

C. Salembier

Department of Radiotherapy-Oncology 

Europe Hospitals – Brussels - Belgium



Planning : 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 - GTV

-Definition of Clinical Target Volume - CTV

-Definition of Planning Target Volume - PTV 



GTV

The 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 

Gross tumour 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 

the probability of presence of subclinical malignant cells outside the GTV and 

thus requires the interpretation of data and some judgment of the radiation 

oncologist. 

Clinical Target Volume



Planning Target Volume

PTV

The 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, 

shape and position of the CTV during therapy (internal margin) 

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

irradiation.



CTV =

Prostate contour: 100 %

PTV = CTV + margin

Prostate + 0 mm = 18/49

Prostate + margin = 31/49

base : 0 mm = 13

3 – 5 mm = 25

> 5mm = 5

midgland:   0 mm= 13

3 – 5 mm = 28

> 5 mm = 0

apex : 0 mm = 13

3 – 5 mm =  27

> 5 mm = 1

Questionnaire (49 European brachytherapy centers – 2007):



CTV =  ?

PTV = ?

peri-prostatic extension ? subclinical disease ?

uncertainties in placement ? change of position ?



Margins ? ! ?

As shown, most centers consider a margin around the drawn prostatic contour 

for treatment planning.

But margins for …………. 

• microscopic spread ?

• peri-prostatic extension ?

• subclinical disease ?

• uncertainties in seed placement ?

• change of volume ? 

• change of position ?

Δ CTV definition

Δ PTV definition



Margins ? ! ?

As shown, most centers consider a margin around the drawn prostatic contour 

for treatment planning.

But margins for …………. 

• microscopic spread ?

• peri-prostatic extension ?

• subclinical disease ?

Δ CTV definition



Extra-prostatic disease:

-105 prostatectomies

-Gleason 6.3 (range 3-9)

-PSA 8.6 (range 0.3-98)

Davis et al. Cancer 85(12) 1999

Extraprostatic disease 

3 mm margins : 

critical to success



Margins ? ! ?

So margins for …………. 

• microscopic spread ?

• peri-prostatic extension ?

• subclinical disease ?

Δ CTV definition

ONE DEFINITION:

For  prostate brachytherapy the CTV corresponds to the visible contour 

of the prostate expanded with a three-dimensional volume expansion 

of 3 mm.

This 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 volume. 



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 = CTV





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





Increasing 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 ? 



Prostate gland – normal anatomy:



MRI:

- superb soft tissue contrast (T2w)

- direct multi-planar image acquisition

more detailed than CT

Zonal Anatomy
Central Gland

GVGVGV

Periurethral Glands +

Transition Zone +

Central Zone = 

CENTRAL GLAND

MR



Zonal Anatomy
Central Gland

GVGVGV

Central Zone = 

Surgical Pseudocapsule
Central Gland







Santorini Plexus





APEX

- Distal part of the prostatic urethra

- High signal-intensity peripheral zone 

tissue



MID-

GLAND

- Mixed signal-intensity central gland

- High signal-intensity peripheral zone tissue

- Dark fibromuscular rim (prostatic capsula)

- (anterior fibromuscular stroma)

- (neurovascular bundles)



BASE

- Almost entirely composed of mixed signal-

intensity central gland 

- Narrow posterior band of high signal-

intensity peripheral zone tissue



T3-

disease: 















I have no MRI !!! 

Delineation on CT-scan



Delineation on CT-scan: 

where to start ? 



Start with the delineation 

of the rectum in all slices!





Rectum



Continue with the 

delineation of the bladder 

in all slices!



Now we attack the prostate ……



Hey ……

Where is the apex of the prostate ???



To find the apex: 

first delineate the penile 

bulbus !







…… And now ???









SEMINAL VESICLES



Prostate







During delineation:

- Apply continuously ‘look ahead and back approach’

- Verify definitive results on delineation inconsistencies

- Check your delineation on sagittal and coronal views



Rock Strangers - Arne Quinze 

Ceci n’est pas une prostate



The Sequence - Arne Quinze





ESTRO Course 2018

RADIATION PROTECTION

Bashar Al-Qaisieh

Orignal material prepared by Jean-Marc Cosset





ICRP Publications



ICRP 86 , released in 2000, was

dealing with all types of accidents in 

radiotherapy, with specific chapters for 

LDR and HDR brachytherapy

• After an analysis of the accidents reported
at that moment (2000),

• ICRP tried to identify the causes and the 
factors contributing to accidental
exposures in brachytherapy



ICRP 86 : Generic lessons learned :

• In most of the accidents, a combination of 
contributing factors allowed an initial 
mistake to escalate into an accidental
exposure …

• Often , the lack of concern of management 
was the underlying root cause…



Among the main contributing factors ;

• Lack of appropriate staff ressources

• Insufficiently qualified or untrained staff

• Lack of effective, systematic quality
assurance programme/procedures

• Lack of effective communication 
procedures….



Not to be forgotten:

• Hospital management, source suppliers, and 
importers, can cause catastrophic accidents 
involving the public and severely affecting the 
environment ( Examples ; the Mexico,Brazilian -
Goïana- and Istanbul  accidents …)

• (Although those accidents were linked to the 
loss of external radiotherapy sources).



In 2005 ; the more specific ICRP 97 

publication on 

« Prevention of High-dose-rate 

Brachytherapy accidents »

• Again, the reported accidents were
analyzed …



The ICRP 97 Main points 



The ICRP 97 main points 



The ICRP 97 main points 



The most severe case …

• Occurred in 1992 ;

• The source ( HDR Iridium) became detached 
from the drive mechanism during an anorectal 
cancer treatment

• Conflicting signals; the area monitor actually 
detected the radiation, while the equipment 
indicated « source shielded » 

• Unfortunately, previous radiation monitor 
malfunctions encouraged misinterpretation and 
induced the staff not to trust it …



• Therefore the wrong indication of the equipment
was accepted …

• And the patient, clothes and room were not 
checked with another radiation monitor

• The patient kept the HDR source 4 days , for a 
total dose of about 16,000 Gy ! ( 18 Gy 
prescribed …..)

• … and was disposed in a waste container, 
without identification of the source …



• The waste container was picked up by a 
commercial medical waste disposal company 5 
days later ,

• It was then taken to an incinerator where   ( at 
last…)  the source radiation was detected.

• The patient died on day 4

• During the days the source remained in the 
patient or in the waste container, it irradiated at 
various levels 94 persons …



ICRP 98 :

Radiation safety aspects of 
brachytherapy for prostate cancer

using permanently implanted sources

published in 2005 



• At the time of publication

• No « real » accident reported with this
technique :

• « No adverse effects to medical staff 
and/or the patient family have been 
reported to date »



However ; since that time: the 

reports on the Philadelphia Veteran 

hospital « accident »

• A succession of « malpractices » leading to 97 
medical errors out of 116 prostate cancer 
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, 
40 out of 74 seeds were « implanted » in 
the patient’s bladder; they were subsequently
expelled and recovered …



• October 2005 ; 45 out of 90 seeds were again 
mistakenly implanted into the patient’s bladder 
and recovered…

• May 2008 ; the National Health Physics 
Program (NHPP) notified the U.S. NRC     
(Nuclear Regulatory Commission) of a possible 
medical event involving a patient that received a 
dose less than 80 % of the prescribed dose….



• This triggered ( at last …) an on site inspection

• With the first results available, the PVAMC 
prostate brachytherapy program was suspended 
in June 2008

• In October 2008, prostate cancer brachytherapy 
was suspended in three other VA hospitals ; 
Cincinatti, Jackson, and Washington …



• The first survey identified 92 medical events:

• 57 were due to a dose less than 80% of the 
prescribed dose ( underdose ),

• 35 were due to a dose to an organ or tissue out of 
the treatment site that exceeded the accepted 
limit. ( Overdoses of rectum, bladder wall or 
prostate surrounding tissues)









• Identified causes :

• Incorrect placement of seeds

• Inadequate procedures

• Poor management oversight of contractors

• Inadequate training of licensee staff

• Poor management oversight of brachytherapy
program

• No peer review

• Observed poor placement of seeds and no 
correction actions taken (!)

• Lack of safety culture



Rare accidents with implanted seeds

• Iodin contamination from seeds accidentally
ruptured ; 4 cases reported ;

• Broga DW, Gilbert MA ; Health Physics 1983, 
45(3):593-7

• Caldwell C et al. Health Physics 2007, 92 
(2suppl.) :S8-S12

• Patients demonstrated significant thyroid uptake
and were administered potassium iodide as a 
blocking agent



• Contamination from Iodin seeds ;

• May be due to the accidental rupture of a 
seed during the implantation ( very rare )

• May be also due to a poor design of the 
seeds, with iodin leakage …



Contents



Findings;

• Very low doses to family and household
members

• Usually well below the 1 mSv limit for the public

• Not even reaching the « constraint level » of 5 
mSv set for comforters and carers of such
patients by the IAEA ( 1996 )…



• Recommendations

• Doses to family or others will be below 1mSv 
therefore no routine precautions necessary

• Children not to sit on lap of patient for 2 
months

• Avoid prolonged close contact with pregnant 
women

• NB:  If partner is pregnant consider individual 
risk assessment with dose rate measurement.





Seeds may migrate to the lungs ( no 

radioprotection problem …)



• Recommendations

• (1)  sieve the urine while in hospital and for 3 
days after implant

• (2)  wear condom for first five ejaculations

• (3) if seed “found” do not touch.  Put in 
protective container with spoon or tweezers and 
return to department.

• (4)  if seed in lavatory bowl - flush away





Cremation

• Uncommon in a number of countries

• Frequent in some others ( China, 
India …)

• The rule in Japan !



Current national 

recommandations

• Delay before allowing cremation : Large 
variations from country to country …

• Briefly;

• From 1 year or less (Japan, US NCRP -with
precautions -)

• To 2 years ( Canada)

• And even 3 years ( UK , France)



After considering and calculating the 

activity remaining in the patient’s ashes

and the potential airborne release,

• The ICRP considered that :

• « Cremation can be allowed… if 12 months have 
elapsed since an implantation performed with 125 

I ( 3 months for 103 Pd )… »

• However, it must be kept in mind that some
national authorities ( UK , France) selecting
worse-case scenarios and using different types 
of calculations are recommending much longer 
times … ( up to 3 years for 125 I ) »



• In rare cases, limited and careful transurethral
resection may be necessary after brachytherapy ;

• Must be done by an experienced surgeon, 
aware of the brachytherapy technique,

• And no sooner than 6 months after an 125 I 
implantation.

• Moreover , in case of subsequent abdominal or 
pelvic surgery ; warn the surgeon ! ( « wallet
card » ; see below )



• Due to the drastic reduction in the volume of the 
ejaculate, patients may think they are 
definitively infertile ….

• Actually, the dose from the implant may not 
reach the threshold for castration, and a few 
cases of fatherhood have been reported after
permanent implants !



• Some radiation detection monitors are set at a 
very low alarm level ( 1.5-2 times the natural
background level in given places …)

• Entry/exit of nuclear plants and nuclear
research centers, waste areas, scrap metal
factories/yards, and, more and more;

• Airports and crossing borders ( « nuclear
terrorism » )

• Should be explained to the patient !

• Wallet card +++



• Almost no case of second cancers reported after
prostate brachytherapy



Legislation- UK

The Police, Health & Safety Executive

and the Environment Agency can all 

prosecute us

IRR99, The Environmental Permitting (Regulations 2010 (EPR2010) and 

the Radioactive Substance Act 1993 [RSA93], Ionising Radiation 

(Medical Exposure) Regulations, [IR(ME)R 2000], Medicines  

(Administration of Radioactive Substances) Regulations 1978 

[MARS1978], Health and Safety at work Act 1974.





Thank You !



ADT and  prostate 

brachytherapy

C. Salembier

Department of Radiotherapy-Oncology 

Europe Hospitals – Brussels - Belgium



Prognostic ‘risk’ groups: Low – Intermediate - High

Depending on:

- Extension of the tumour

- Initial PSA

- Gleason Score

Low Risk 
Stage:  T1 or T2a,b 
Gleason Sum < 6
PSA < 10 ng/ml

Intermediate Risk 
Stage T1 or T1-2           Stage T1-2 
Gleason Score 7   or    Gleason 6
PSA < 10                           PSA 10-20

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



External beam radiotherapy

(robotic) surgery
Interstitial: low or high dose rate

Hormonal treatment





1 .  B R A C H Y T H E R A P Y



RATIONALE for BRACHYTHERAPY

- Brachytherapy is the most conformal treatment modality

- Brachytherapy increases LC by delivering a higher radiation dose

- Metabolic activity studies by MRI and MRI-spectroscopic imaging shows 

higher complete prostate metabolic atrophy and lower nadir PSA at 48 mths 

after PB vs EBRT

- This higher intraprostatic tumor control is indicative of a positive 

therapeutic effect of the higher biological dose given with PB vs EBRT

- This observation is supported by clinical results from 3 RCTs of dose escalation 

using EBRT + PB  vs EBRT

Morris et al, J Clin Oncol 2015;33-3

Hoskin et al, Radioth Oncol 2012; 103:217-222

Sathya et al, J Clin Oncol 2005; 23:1192-1199



- BT is considered as the ultimate dose escalation modality

- RCTs in PCA comparing EBRT with EBRT+PB in HR 

and high-tier IR PCA indicate further improvement of PSA 

recurrence free survival (20-30% at 7-10 years) with no 

documented CSS or OS benefit. 

- However, recent publications using large databases indicate an increase in CSS 

and OS  in PCA patients treated with any form of BT

- BT results in 

• Superior disease outcomes (mainly bPFS) 

• Higher complete prostate metabolic atrophy

• Lower nadir PSA 
Morris et al, J Clin Oncol 2015;33-3

Hoskin et al, Radioth Oncol 2012; 103:217-222

Sathya et al, J Clin Oncol 2005; 23:1192-1199

Shen et al, Int J Radiat Oncol Biol Phys 2012; 83:1154-1159

Amini et al, J Urol 2015;195:1453-1458

Picket et al, Int J Radiat Oncol Biol Phys 2006;65:65-72



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

- 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
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Overall, patients treated with PB have 

exceptionally good long-term disease 

outcomes and compare favorably with 

other treatment modalities. 

For LR and fIR: bPFS, CSS and OS are 77-95%, 93-99% and 81-

99%

For IR, bPFS, CSS and OS are 88-95%, 98-77% and 77%

For IR and HR , bPFS, CSS and OS are 68-95%, 95-98% and 57-

79%

for HR, bPFS, CSS and OS are 80-92%, 86-98% and 68-97%



What about the “local cure rates” after PB? 

Results given in terms of biochemical control ….

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

on “distant” control



“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%.”

Thus, 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



“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

Radiotherapy and Oncology 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%”



Cure 

Prostate brachytherapy 

Is highly effective

Local control is extremely high 



Quality of Life – Side Effects



Quality of Life – Side Effects

Prostate brachytherapy 

Toxicity is low and acceptable

No decrease in long term QoL



2.  ADT



1940: Canadian born Charles Huggins recognized the 

androgen dependence of PCA

1966: nobel price for medecine: discoveries concerning 

hormonal treatment of PCA

1997: Zietman: the combination of radiation with 

orchiectomy for Shionogi tumors treated in vitro resulted in   

significant increase in control

Now, several large national and international RCT’s 

confirmed and quantified the therapeutic benefit of ADT in 

combination with EBRT 

Wolff FR et al: Eur J Cancer, 2015;51:2345-2367

ADT



….. and they still have many other friends …



Well-documented side effets of ADT are:

– Sexual dysfunction

– Loss of libido

– Hot flashes

– Fatigue

– Decreased muscle mass

– Cognitive dysfunction

– Depression – where as up to 27% of 

patients on ADT may suffer psychiatric illness during their treatment 



Well-documented side effets are:

– Increased risk of osteoporosis (23% increase in incidence of fractures)

– Increased incidence of metabolic syndrome (50% in ADT patients vs 20% in normal population 

- even with 1 year ADT)

– Central and peripheral obesity (9 – 11% increase in fat mass after 1 yr of ADT)

– Increase of total cholesterol (by 9%), Triglycerides (by 27%) and decreased HDL-

cholesterol (by 11%) after only 3 mths of ADT 

– Elevated blood pressure

– Elevate fasting glucose and fasting insulin

– Decrease insulin sensitivity and increase of diabetes 

➔All increasing the risk of a cardiovascular event and/or sudden 

cardiac death 12-60 mths after starting ADT



Even short time ADT can:  

- negatively impact QOL 

- increase morbidity 

- increase mortality 

Evidence shown in observational studies

This is however NOT confirmed in RCTs 

(? inclusion of older, more frail patients – reports on non-fatal events?)

Voog et al  Eur Urolo 2016;69:204-210

Sanda et al N Eng J Med 2008; 358:1250-1261

Beyer D et al Int J  Radiat Oncol Biol Phys 2005; 61:1299-1305



Primary causes of death in patients treated with PB (+EBRT) (+ADT) 

- cardiovascular disease 42 %

- 30% other cancer 30 %

- Prostate cancer: 8,7 %

Patients with HR-disease had double the risk of dying from CVD compared with IR and LR 

- HR: 19,8% vs  IR 9,3% vs  LR 8,7%

Excess morbidity and mortality is seen predominantly in patients with pre-existing 

cardiovascular co-morbidity 

Bittner et al, Int J Radiat Oncol Biol Phys 2008;72:433-440

Nanda et al, JAMA 2009;302:866-873

Nguyen et al, Int J  Radiat Oncol Biol Phys 2012;82:1411-1416

1354 patients – 5,4 years median FU – 51% ADT use



Even short term ADT gives an absolute increase 5,3% at 10 years ! (Kobutek et al)

Re-analysis of 6 RCTs (Albertsen et al )

- the increase in cardio-vascular mortality and morbidity might be an LHRH agonist class 

effect

- significantly less CVD events in men treated with LHRH antagonists vs LHRH agonists 

(HR: 0,44 - 95% CI 0,26-0,74 - p=0,002)

Pronounce NCT02663908: RCT comparing major CV events with LHRH 

agonists vs antagonists in patients with pre-existing CV morbidity 

Kobutek et al, Int J  Radiat Oncol Biol Phys 2014;90:S15

Albertsen et al, Eur Urol 2014;65:565-573



3.  EBRT + ADT



RATIONALE for combining EBRT  and ADT: 

-(neo-adjuvant ADT) improves the geometry of the prostate target by decreasing the 

volume juxtaposed to adjacent OAR

-If given before EBRT (in experimental setting), the anti-angiogenesis effect of ADT 

may 

- ‘normalize’ the vasculature and lead to better perfusion

- increase the oxygenation

- increase the radiation tumor sensistivity

- increase the LC. Reducing local failure may reduce second-wave metastatic 

spread and thus improve OS

-The synergistic relationship in concurrent administration  might produce a biologic 

advantage

-Several RCTs show an improvement in bPFS and LC but also in DSS and 0S  … so 

… ADT might have an influence on local and systemic disease

-Clinical evidence supports the hypothesis that ADT can eliminate subclinical micro-

metastases. 



Addition of ADT to EBRT, RCTs have shown benefit in improving OS, CSS and 

bPFS in HR

– RTOG 85-31 - RTOG 92-02 - TROG 96-01

– RTOG 86-10 - RTOG 94-08 - EORTC 22961

– EORTC 22863 - Harvard/DFCI - TROG 96-01

Addition of ADT to EBRT, RCTs have shown benefit in improving OS, CSS and 

bPFS in IR

– RTOG 94-08

– Harvard/DFCI 95-096

A Spanish RCT showed even in a dose escalation to 78 Gy, 24 vs 4 months of 

ADT improves bPFS, metastatic-free survival and OS in patients with IR and HR 

disease. 

It is clear that  ADT has an additive effect on improving disease outcomes with 

EBRT even at high doses of 78 or 81 Gy

Optimal duration with EBRT for each risk category has not been established

Zapatero et al, Lancet Oncol; 2015;16:320-327

Zelefsky et al, Eur Urol: 2011; 60; 60:1133-1139



REFLECTIONS:

- The benefit of ADT in combination with EBRT (even with dose-escalated EBRT) 

may be because of compensation for suboptimal radiation dose and less effective 

therapy. 

- Because of the very high intraprostatic dose and excellent disease control, ADT is 

likely to have less biologic effect with PB, except perhaps in cases with very high-

volume diesease or through spatial cooperation for suppression of micrometastic 

disease 

- Addition of ADT to PB in IR and HR patients has been shown to decrease 2-yr post 

PB positive biopsy rate from 14% to 3,5%

Lo et al, Int J Radiat Biol Phys, 2015;91:745-751

Stone et al, Int J Radiat Biol Phys, 2010; 76:355-360

Stone et al: Mol Urol 2000; 4(3): 163-168 



REFLECTIONS:

If we disregard normal tissue tolerance, one can speculate that any truly 

localized PCA can be cured with radiation alone, given suffisiently high 

dose and ensuring complete coverage of the tumortarget. 

4. Do we need ADT in addition to PB ?



Cytoreduction

– The aim is to downsize the prostate 

– Most common used is a LHRH agonist

– Alternative: dutasteride and bicalutamide

• RCT shows a non-inferiority of this regimen in comparaison with LHRH  

• So because of the potential impairment of QoL associated with ADT, one 

may consider the less toxic combination fo 5-&-reductase inhibitor + oral 

anti-testosterone for cytoreduction. 

– No improved oncologic outcome 

Gaudet et al; Brachytherapy 2015;14:S33-34

Ciezki et al; Int J Radiat Oncol Biol Phys 2004;60:1347-1350

Potters et al; J Urol 2005;173:1562-66

Ohashi et al; Radioth Oncol 2013;109:241-245

Morris et al; Cancer 2013; 119:1537-1546

Martin et al; Int J Radiat Oncol Biol Phys 2007:67:334-341



In this review: studies grouped based on risk stratification



Low Risk and favourable Intermediate Risk 

5 studies

- 4 studies describing outcome in patients treated with LDR +/- ADT 

- 1 study describing outcome in patients treated with  LDR +/- EBRT +/- ADT

ADT used in 27-65% of patients 

ADT duration 3-6 mths

Most often: downside prostate volume before BT and in one study for IR features

• None of the studies showed any benefit from ADT to bPFS.

• Effect on CSS not reported

• Not associated with improved or detrimental OS



Intermediate Risk 

6 studies describing outcome in patients treated with 

LDR +/- ADT or LDR +/- EBRT +/- ADT (5854 patients)

ADT used in 17-81% of patients 

ADT duration 4 months

Results:

• bPFS: 

• 4 studies: no overall benefit with ADT 

• 2 studies: no report on bPFS

• CSS:

• 1 study shows an absolute 2% benefit on CSS with ADT

• 1 study shows a benefit in unfavourable IR patients 

• 1 study shows a benefit if BED < 150 Gy

• OS:

• 4 studies did not report on the association between ADT and OS

• 1 study showed no benefit 



Intermediate and High Risk 

8 studies describing outcome in patients treated

with mono(brachy-)therapy or combination therapy

• 6 LDR – 1 HDR and 1 HDR or LDR

• ADT used in 32-66% of patients 

• ADT median duration 6 months (4-28 months)

Results:

•bPFS: 

• 6 (out of the 8) studies: no benefit with ADT except in patients with low D90

• 1 (HDR) study showed 12% (in IR disease) and 20% (in HR disease) benefit 

to adding ADT 

•CSS:

• None of the studies showed overall benefit 

•OS:

• None of the studies showed overall benefit



High Risk 

11 studies describing outcome in patients treated

with combination therapy

• 10 LDR + EBRT  and 1 HDR + EBRT

• 1 included also patients treated by LDR PB alone

• ADT used in 40-91% of patients 

• ADT median duration 3-12 months 

Results:

• bPFS: 9 studies showed an association between ADT and bPFS

• 6 showed a benefit with ADT (2 studies showed a 13% benefit with 

longer ADT duration)

• 3 showed no benefit with ADT

• CSS: 9 studies showed an association between ADT and CSS

• 3 showed a benefit with ADT 

• 6 showed no benefit with ADT

• OS: 5 studies reported on an association between ADT and OS

• None of the studies showed an overall benefit



LR – IR - HR 

A lot of studies describe outcomes in all risk categories

In the ABS review: 22 studies – 23.180 patients

16 using LDR (20991 patients) – 5 using HDR (2189 patients)

Median FU: 3,8 – 10 years

ADT use: 18 – 83 % - median duration: 3 – 9 months

Results:

• bPFS: 16 studies showed an association between ADT and bPFS

• 4 showed a benefit with ADT 

• 1 study reported a 15% benefit only with longer ADT duration

• 1 study reported a 24% benefit only if BED was < 150 Gy

• 1 study reported a 9-15% benefit only in HR disease

• 12 showed no benefit with ADT (including all HDR studies)

• Remark: one study showed a detriment to bPFS with the addition of 

ADT in IR disease



LR – IR - HR 

Results:

• CSS: 7 studies showed an association between ADT and CSS

• All 7 showed no benefit with ADT

• OS: 6 studies reported on an association between ADT and OS

• 3 studies showed no impact on OS

• 3 showed a statistically detriment to OS using ADT

• One showed a trend to worse OS



6 ongoing RCTs evaluation the role of ADT with PB in IR and HR patients

Only one completed RCT adressed (at least indirectly) the role of ADT in PB 

Australian multicenter TROG 03.04 RADAR 2 x 2 factorial RCT in men with 
locally advanced PCA

–1071 men 

–randomization to receive ADT for 6 to 18 months with dose-escalated EBRT (66-70-74 or 46 Gy 
+ HDR 19,5 Gy in 3 fractions) and also randomized between 0 and 18 months of Zoledronic Acid 

–Primary endpoint bPFS subsequently changed to a PCSM. Median follow-up: 7,4 years

–No significant difference in PCSM or OS

–However: 18 months of ADT had a positive effect on the PSA and LC outcome on all EBRT dose 
levels with greater benefit in lower doses and had almost NO effect for patients treated with HDR 
boost (absolute difference 3%)

–This data suggest minimal (if any) benefit to longer ADT using PB – however, it does not answer 
the question if ADT is needed with PB at all 

Denham et al;  Radiother Oncol 2015;15:1076-1089



Literature shows significant heterogeneity 

o of the patient populations

o in the risk categories

o in the definition of risk factors

o in  the follow-up time

o in ADT administration

o in the duration for ADT administration

The retrospective analyses induces unavoidable patient selection and 

treatment selection bias ! 



l No clinical or biochemical benefits 

from the addition of ADT in LR en fIR

l Beneficial in bPFS 

– in most patients with HR disease using LDR

– some patients with uIR 

– In patients with low D90 or low BED

l Not beneficial in CSS 

– A very small absolute benefit (2%) to CSS was found in only a few studies and 

was predominantly with 3-modality treatment vs PB monotherapie

l No OS survival benefit was found in any study

l However: three studies reported on a detriment to OS using ADT 

(cave: older patients, existing CV disease)



With high-quality brachytherapy, the dose is sufficient so that any 

synergistic local effect of ADT with radiation is likely to be of little 

benefit (unless high volume disease perhaps …) 

uIR and HR: ADT is likely to play a role through spatial cooperation 

for suppression of micro-metastatic disease 

Duration in addition to BT: none or short(er) than with EBRT





Prostate Brachytherapy Course

“Outcome of LDR prostate brachytherapy”
C. Salembier 



Outcome of LDR 

prostate 

brachytherapy

C. Salembier

Department of Radiotherapy-Oncology 

Europe Hospitals – Brussels - Belgium



External beam radiotherapy

(robotic) surgery
Interstitial: low or high dose rate

Hormonal treatment



Prognostic groups: Good – Intermediate - Poor

Depending on:

- Extension of the tumour

- Initial PSA

- Gleason Score

Low Risk 
Stage:  T1 or T2a,b 
Gleason Sum < 6
PSA < 10 ng/ml

Intermediate Risk 
Stage T1 or T1-2           Stage T1-2 
Gleason Score 7   or    Gleason 6
PSA < 10                           PSA 10-20

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



No randomized trials

Comparing RP, EBRT, seeds:

Outcome:

Up to high risk patients: 

• No difference in outcome

• Total BED dose matters

Toxicity

• 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
◼ 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



bNED
77%–83%

51%

(mono)1
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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 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 2000 695/633 1988-1995 5 y x x x 71

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 79

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

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

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

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

Many studies published

No real comparison possible 

because of differences in:

• patient selection

• treatment differences

• follow-up differences

• …

Brachy bNED 

in literature

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 

Stone 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 x 

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 57.0 

 

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

- 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





% Articles Meeting Criteria 

RP EBRT/

IMRT

Cryo Brachy/

HDR

Robot 

RP

Proton HIFU

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



6/18/2018 13

UPDATE 2015



6/18/2018 14

UPDATE 2015



UPDATE 2015



95%

87%

59%

88%

61%

30%

95%

87%

59%

88%

61%

30%

et al. 

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

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



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

I-125 permanent prostate brachytherapy

et al. 



What about the “local cure rates” after PB? 

Results given in terms of biochemical control ….

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

on “distant” control



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

“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.”



“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

Radiotherapy and Oncology 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%”



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:

- 8 local 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 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:

excellent results for low risk disease

very good results for intermediate risk 

disease

not optimal results for high risk disease



Seeds: factors that might or might not influence outcome

Factors:

1. Implant related -technique:
- Margins

- D90

- Total BED

- …

2. Risk groups - individual tumor characteristics – staging 

uncertainties

3. Age

1. Hormonal therapy

2. PSA bouncing

3. Obesity

4. …



UMC database: bNED before and after 2000

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

• Raison: technique? patient selection? learning curve? other factors?

n=921 - 1989-2004



Implant related: Margins:

-105 prostatectomies

-Gleason 6.3 (range 3-9)

-PSA 8.6 (range 0.3-98)

Davis et al. Cancer 85(12) 1999

Extraprostatic disease 

3 mm margins : 

critical to success
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D90 > 90%
n = 503

D90 < 90%
n = 216

Potters et al Urology 62 (6) 2003

Implant quality: Post-implant D90:



Risk groups - Staging:



Biopsies: at random - systematic

Chance of hitting tumor per biopsy=15-20%

Gleason score: poorly reproducible

Biopsy agreement with prostatectomy: (n=1670)

– Gleason 5-6 undergrading: 35%

– Gleason 8-10 overgrading:  35%

PSA

– Suspected linear relation with amount of tumor cells

– Irreliable due to leakage, often false positive

Conclusion: Literature contains probably higher Gleason scores too

Risk groups – Individual tumor characteristics:



L. J. Sheplan Olsen et al. 

ASTRO 2008

Abstract #2283

Age:

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

Brachytherapy



Age:

Younger patients have excellent outcomes after treatment with Permanent 

Implant Brachytherapy

Karel A. Hinnen et al. 

BJU International 05/2011 

107(12):1906 - 1911.





EBRT + seeds versus prostatectomy



High risk patients: EBRT + seeds (+ADT)

(Stone 2009)

Survival by dose group for Gleason 8–10

Treatment: EBRT + seed implant + ADT

Overall survival

• < 200 Gy         86.6% 

• 200–220 Gy    89.4% 

• > 220 Gy         94.6% 

(p < 0.05)

Overall survival

• < 200 Gy         86.6% 

• 200–220 Gy    89.4% 

• > 220 Gy         94.6% 

(p < 0.05)



Cancer 2013;119:681-90.
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BJU Int. 2014 Sep;114(3):360-7.



















Conclusions 

- Low Risk: Brachy alone 

- (F) Intermediate Risk:  Brachy + EBRT = Brachy alone 

- UF Intermediate Risk: Brachy + EBRT >>> EBRT

- High Risk: Brachy + EBRT >>> EBRT

So: in all cases: Brachy (+/- EBRT)

The question becomes: 

“When do we need to do ‘a EBRT boost’ to Brachy ?”



Quality of Life – Side Effects



Toxicity grading:

• 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

Anderson et al. Urol 2009;74:601-5

Gore et al. JNCI 2009;101:888-92

Bottomley et al. RO 2007;82-46-9

Chen et al. JCO 2009;27:3916-22



• Is pain or burning with urination

• Cause: detrusor overactivity 

• Grade 3 urinary bother: 1-3%

• Even grade I and 2 urinary bother may severely disturb quality of life

n=288

Urinary Bother



“Long-term urinary toxicity is low“

“At 5-13 years’ follow-up, 

90% of patients have no (RTOG 

0) or minimal (RTOG 1) urinairy 

morbidity”



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
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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.



QoL



The addition of Brachy to EBRT increases the toxicity

The addition of EBRT to Brachy increases the toxicity



Brachytherapy 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 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 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



Conclusions

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

(F) IR-patients

UF- IR and HR patients may benefit  from combined EBRT and seed 

treatment (+ ADT)

Toxicity is low and acceptable

No decrease in long term QoL

Quality assurance very important







High dose rate brachytherapy for 

prostate cancer: RESULTS

Peter Hoskin

Mount Vernon Cancer Centre

Northwood, UK

University of Manchester



HDR prostate brachytherapy

• HDR Boost

• HDR Monotherapy 



HDR implant: biological advantage

2Gy EQD
/ 1.5 / 3.5 / 10

Ext beam

78Gy/39f 78 78 78

HDR Boost schedules after 45Gy/25f

16Gy/4f 67.5 65.1 62.8
16Gy/2f 85.8 76.8 68.4
23Gy/2f 127.8 106.1 85.4

HDR Boost after 35.7Gy/13f

17Gy/2f 91.8 77.6 64.1

EQD2 for common fractionation schedules



Prostate HDR brachytherapy doses

-BOOST after 45-50Gy ext beam

Centre Total dose Fractions

Michigan 18Gy 3

Oakland,CA

Seattle 16.5Gy 3

Goteborg 20Gy 2

Kiel 30Gy 2

Berlin 18Gy 2

Offenbach 28Gy 4

Melbourne 20Gy 4

MVH 17Gy 2

Toronto 15Gy 1



HDR brachytherapy doses: BED and 2Gy 

equivalents for different   / ratios

Centre / =1.5 / =3 / =10

BED 2Gy eq BED 2Gy eq BED 2Gy eq

Michigan 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 28.5

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



611 patients:

Seattle:

Kiel:

WBM:

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

CTV= Prostate + pelvic LN

HDR

Seattle: 3Gy-4Gy per # ? X4

Kiel: 15Gy to PTV1 x 2

(= 8-9Gy to PTV2)

WBM: 5.5Gy-11.5Gy x2

IJROB 2004



Long term outcome of prostate HDR boost brachytherapy

Kiel: Michigan: Seattle   [Galalae et al 2004]     n=611

II = 1 factor higher

n=188

III = >1 factor 

higher

n=359

Zelefsky IMRT



N=122 (45% HR;30% IR)

45Gy + 9Gy x2

(HDR 15Gy x2 peripheral dose)



Low Risk

Intermediate /High risk

#                         bRFS

#                         bRFS



IJROB 2009

1996-2001: 40-44Gy + 18-20Gy/2f  HDR              

antiandrogens in 51%

n=153

Bounce (≥2 ng/ml above nadir) in 9.8%

Median time           15.2mo (IQR 11.1-17.7)

Median duration   18.7 (IQR 12.1-29)

Median height        3.24ng/ml (IQR 2.51-3.98)



472 patients: 1992-2007: inter/high risk

IJROB 2010



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



Which boost dose?



Toronto experience 15Gy 

single fraction HDR boost



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)



344 patients 46Gy/23f + 19.5GY/3f HDR vs 

344 patients 3D CRT 74Gy/37f

Risk group: Intermediate 41%; High 59%



55Gy/20f

Ext beam

35.7Gy/13f

+

17Gy/2f HDR

Closed 08/05: 220 patients randomised



MV RCT HDR Boost 



Acute toxicity: 
Urinary Frequency (Night)
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Acute toxicity: rectal discharge
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P=0.025



MV RCT

Late toxicity





RT&O 2009

46Gy/23f

+ 19.5Gy/3f

30-33Gy/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

RCT



1992-1997: 105 men: 

60% high risk……. No ADT

66Gy in 33 fractions

vs

40Gy in 29 fractions

+ Ir implant 35Gy in 48 hours

Median follow up 14yrs          bRFS:     66Gy          - 30% 

40Gy + Ir - 53%





HDR prostate brachytherapy

• HDR Boost

• HDR Monotherapy



HDR implant: biological advantage

2Gy EQD

/ 1.5 / 3.5
/ 10

Ext beam

78Gy/37f 78 78 78

HDR mono

34Gy/4f 96.9 74.2 52.4

36Gy/4f 108 81.8 57.0

31.5Gy/3f 108 80.2 53.8

26Gy/2f 108 78.0 49.8



• 54Gy in 9 fractions

• 112 patients 1996-2005

– 15 LOW RISK

– 29 INTER RISK

– 68 HIGH RISK

– Neoadjuvant hormones in 94

et al



et al

Intermediate risk High risk



et al



Published HDR monotherapy studies

From Demanes and Ghilezan 2014



718 patients: 38Gy/4f/48hrs

38Gy/4f/15days

34.5Gy/3f/6weeks





100-120Gy EQD21#: 1

2#: 3

3#: 4

4#: 8

6#: 5

≥7: 4

15: 1 implant

4.5yr
LR: 95%

IR: 85%

HR: 80+%



GI: negligibleGU: 14% G2

3-6% strictures

3.5% G3





et al

1995-2013  5 institutions

524 patients 

73 low, 207 inter,  244 high risk

Median follow up:  5.9 years

27Gy/2f: 13%

45.5Gy/7f: 32%

49Gy/7f: 28%

54Gy/9f: 25%



• HDR monotherapy:

➢ how many fractions

➢ can we give a single dose



173 patients: low/intermeduiate risk

Median follow up 17 months

50: 12Gy    x 2

49: 13.5Gy x 2





HDR implant: biological advantage EQD2Gy

/ 1.5 / 3.5
/ 10

Ext beam

74Gy/37f 74 74 74

HDR mono

34Gy/4f 96.9 74.2 52.4

36Gy/4f 108 81.8 57.0

31.5Gy/3f 108 80.2 53.8

26Gy/2f 108 78.0 49.8



Late toxicity (>6 months)



Freedom from biochemical failure



Single dose HDR monotherapy

• Biology
– Unknown!

▪ ? Effect on vasculature as well as tumour cell

▪ No reoxygenation, repair, reassortment,repopulation

• Delivery
– 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 months





Late ≤6 months



Late ≥6 months





170 patients; median follow up 20 months

IPSS



170 patients; median follow up 20 months



N=87: median time to recurrence = 36 months
7/8 relapses in same sextant as original site of tumour



HDR-BT alone schedules

From 2005-2013, two hundred and ninety three patients enrolled:

•19 Gy single dose: n = 23

• 20 Gy single dose: n = 26

•26 Gy in 2 fractions: n = 138

• 31.5 Gy in 3 fractions: n = 106

Number of patients treated with single-doses is small,

Late morbidity and bRFI are similar………………………

…………………therefore the two groups were combined

Group A (19 Gy and 20 Gy), Group B (26 Gy) and Group C (31.5 Gy)



Late IPSS and catheter use

 

 

Dose Follow-up 
(months) 

n IPSS ≥ 8 
% 

IPSS ≥ 20 
% 

n Catheter use 
% 

Group A 

SINGLE            

  

24 

48 

60 

42 

35 

5 

43 

26 

60 

10 

6 

20 

40 

24 

2 

5 

4 

0 

Group B 

13Gyx2 

24 

48 

60 

72 

125 

98 

90 

57 

24 

24 

30 

35 

5 

3 

4 

9 

129 

93 

80 

48 

2 

1 

0 

0 

Group C 

10.5Gyx3 

24 

48 

60 

72 

91 

88 

87 

94 

30 

22 

28 

29 

7 

6 

1 

4 

95 

91 

94 

95 

3 

1 

3 

2 

Group A:1 x 19 and 1 x 20 Gy. Group B: 2 x 13 Gy. Group C:3 x 10.5 Gy 



Biochemical relapse-free interval

At risk:

47 3249 4

137 134 97 77

Group A

Group B

Group C

106 101 95 94

p = 0.54



UK 19Gy database: bRFS: (n=310)

Months

b
P

FS

Months

b
P

FS

Overall 2-year bPFS: 94%

High-risk (88): 93%     Inter-risk (186): 94%    Low-risk (36): 100%    
(p = 0.26)

Low

Inter
High

All patients Risk groups



IPSS Post Monotherapy
1mo 3mo 6mo 12mo 24mo

N 209 192 198 190 105
Median 9 7 6 6 6
Range 0-34 0-31 0-34 0-33 0-28
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HDR BOOST

• Optimal means of dose escalation for 

intermediate/high risk patients

• Dose escalation results in better PSA RFS 

• Acute toxicity equivalent or less than 

external beam

• Late toxicity equivalent to external 

beam…but ?SABR



HDR MONOTHERAPY

• High rates of biochemical control in early years

• Optimal indication yet to be defined: 

?intermediate/high risk…?low risk

• Acute toxicity short-lived cf LDR BT

• Late toxicity profile favourable with low rates 

of late urinary and erectile dysfunction



Functional MRI guided 

HDR prostate brachytherapy 

tumour boost



- HDR prostate brachytherapy

- Trans-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



F-GTV delineation

F-GTV = 

union of 

suspicious 

areas in all 

3 MRI 

datasets



Image registration MRI-TRUS

•Manual rigid registration

•Margin added to F-GTV (constrained by 

prostate/OAR) to create F-PTV



Dose optimisation

• Compared 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, 

rectum



Results – median values for 15 patients

Volume (cc) DVH parameter Objective/ 

constraint

Delivered plan Optimised to F-PTV

Prostate 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 and 

image registration

•F-PTV boost dose is achievable in HDR 

brachytherapy



Bashar Al-Qaisieh



I-125 Pd-103 Cs-131

• 4.6mm 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 

(electron capture)  Also 35.5keV 

gamma photons

• 4.6mm long and 0.8mm diameter

• Pd plated graphite pellets 0.9mm 

x 0.6mm

• Titanium end cap

• Half-life 17 days

• Energy 20.8 KeV

• Short half-life (9.7 days) may 

provide radiobiological 

advantage for some prostate 

cancers

• -ray emitter with highest peaks 

from 29 to 34 keV

• Clinical protocol developed in 

Texas Cancer Center by 

Prestidge et al.







Cartridges and Drive 

Wire

Compose element

ShieldingActivity measurement and 

check on seed spacer composition

Developments in seed delivery







Report of American Association of Physicists in Medicine 

Radiation Therapy Committee Task Group 43

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

Update of AAPM Task Group No. 43 Report: A revised 

AAPM protocol for brachytherapy dose calculations

Medical 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



MC Simulation Superposition



Prostate 

Rectum

CTV-Sym

CTV-Asym



Seed Distribution

Uniform Loading     Peripheral Loading    Modified Peripheral

<0.3U                           >0.8U                             ~0.4U



Dose Profile Through Urethra and Row 3 for 

Different Loading Techniques
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 Patient set-up:

- Prostate mis-match (day of volume study/day of implant).

 Implant progression:

- Pubic-arch interference.

- Prostate movement (linear and rotational).

- Bleeding affect seeds and needles visualisation on U/S.

- Seeds jamming and operator error.

 Prostate oedema:

- Change in prostate size during and after the implant (seeds 

migration).





Eckert & Ziegler BEBIG – SagiPlan® 

Presentation



Eckert & Ziegler BEBIG – SagiPlan® 

Presentation

▪ One platform for all HDR 
treatment planning needs, 
2D nd 3D.

▪ User-friendly and intuitive 
interface

▪ Precise, targeted, and 
conformal

▪ Full and flexible connectivity

▪ Comprehensive plan 
evaluation features



 Real-time prostate planning

▪ Import of real-time ultrasound images with frame grabber and 

stepper

▪ Actual position of needles visible and therefore real-time adaption 

of treatment plans is done easy in operating theatre

▪ Live dose cursor and real-time update of DVH parameters

Eckert & Ziegler BEBIG – SagiPlan® 

Presentation



Prostate Brachytherapy Course

“Post-Implant Dosimetry”
C. Salembier 



Prostate 

Brachytherapy 

Course

“Post-Implant 

Dosimetry”

C. Salembier

Department of Radiotherapy-Oncology 

Europe Hospitals – Brussels - Belgium



Why evaluate after the procedure ?

- Individual implant assessment

- Programmatic improvements

- External incentives

- Standard of Care 





l CTV = prostate + 3mm margin

(can be constrained to the anterior rectal wall and the bladder neck)

l Dose ( AAPM TG 64): 100 % isodose = 145 Gy for I125

Radiotherapy and Oncology 83 (2007) 3–10



l V100 (percentage of CTV receiving the prescribed dose) is at

least 95 %

l D90 (dose that covers 90 % volume of the CTV) will be larger

than the prescription dose

l V150  should be less than or equal to 50 %



Rectum:

– Primary parameter: D 2 cc < 145 Gy

– Secondary parameter: D 0.1cc ( about D Max)< 200 Gy

Prostatic urethra:

– D 10 < 150 % of the prescription dose

– D 30 < 130 % of the prescription dose

Penile bulb and NV bundles : investigational …



D90

CS and JMC



D90 as THE predictor of bNED ?

For more than a decade, D90 appeared for a number of authors 

as the best dosimetric parameter able to « predict » bNED 

R. G. Stock et al 1998



Customized dose prescription for permanent prostate 

brachytherapy: insights from a multicenter analysis of 

dosimetry outcomes.
Stone NN, Potters L, Davis BJ, Ciezki JP, Zelefsky MJ, Roach M, 

Fearn PA, Kattan MW, Stock RG

6 centers – 3928 PB patients with post-implant dosimetry results

Stratification in low- (2188), intermediate (n=1188) and high 
(n=522) risk groups

AND

Into 3 BED groups:

– < 140 Gy (n = 524)

– 140-200 Gy (n = 2284)

– >200 Gy (n = 1115)

Int J Radiat Oncol Biol Phys. 2007 Dec 1;69(5):1472-7

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Stone%20NN%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Potters%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Davis%20BJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ciezki%20JP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Zelefsky%20MJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Roach%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Fearn%20PA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kattan%20MW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Stock%20RG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


l The corresponding bFFF rate for the low-risk patients by dose 

group was 85.2%, and 88.1% and 88.3% for the low-, 

intermediate, and high-dose group, respectively (p <0.0001). 

l The corresponding bFFF rate for the intermediate-risk patients by 

dose group was 77.7%, and 94.3% and 88.8% for the low-, 

intermediate-, and high-dose group, respectively (p < 0.0001). 

l The corresponding bFFF rate for high-risk patients by dose group 

was 53.2%, 90% and 69.6% for the low-, intermediate-, and high-

dose group, respectively (p < 0.0001). 

These data suggest that PB-dose prescriptions can be customized to 

risk status. In low-risk patients, achieving a BED of >or=140 Gy might

be adequate for prostate-specific antigen control. 

However, high-risk disease might require a BED dose of >or=200 Gy. 



ASTRO 2009 , Abstract 2974:

The Mount Sinaï experience ; 

1072 patients: 10 years RFS



- Prospectively collected database

- 2250 men treated with PBI 

- Period 1990 – 2004

- Overall: the actuarial FFbF at 10 years was 86 %

- Dose (BED <150 Gy vs >150 Gy) was the only significant predictor 

of FFbF (p<0,001) in intermediate risk patients

International Journal of Radiation Oncology, Biology, Physics, 2009, Vol.75(1), pp.16-22



International Journal of Radiation Oncology, Biology, Physics, 2010, Vol.76(2), pp.355-360

• Higher radiation doses are required to achieve local control 

following PPB.

• A BED of > 200 Gy with an alpha/beta ratio of 2 yields 96,9% 

local control rate. 



International Journal of Radiation Oncology, Biology, Physics, 2010, Vol.76(4), pp.1061-1065

CONCLUSION: A predictive model for a postimplant nomogram for 

prostate cancer recurrence at 9-years after PPB has been 

developed and validated from a large multi-institutional database. 

This study also demonstrates the significance of implant dosimetry

for predicting outcome. 



International Journal of Radiation Oncology, Biology, Physics, 2010, Vol.76(2), pp.349-354

RESULTS: ….The bPFS rate was 

98.8% for low-risk patients with high-quality implants 
versus 

92.1% for those with less adequate implants (p < 0.01)

98.3% for intermediate-risk patients with high-quality implants
versus 

86.4% for those with less adequate implants (p < 0.01). 



International Journal of Radiation Oncology, 

Biology, Physics, 2014, Vol.90(5), pp.1069-1075

Improvements in BFFS rates were seen 

with increasing D90 levels. Day 30 D90 

doses of 130 to 180 Gy were found to 

serve as cutoff levels. 

For low-risk and low-tier intermediate-risk 

prostate cancer patients, high prostate 

D90s, even with doses exceeding 180 Gy, 

achieve better treatment results and are 

feasible.



Other authors did not find this relationship ……. 



However;

Ash 2006 ( for intermediate and high 
risk), 

Morris IJROBP 2009 

Bittner 2010

Butler 2011

Wakil 2011

Wilcox 2011 …



In contrast to some previous studies, dosimetric

outcomes did not correlate with biochemical recurrence

in the first 1,006 patients treated with 125I prostate

brachytherapy at the British Columbia Cancer Agency. 

International Journal of Radiation Oncology, Biology, Physics, 2009, Vol.73(5), pp.1432-1438



• …The D(90) and V(100) at the anterior, posterior, superior, 

inferior, right lateral, and left lateral aspects of the annulus were 

not statistically different between biochemically controlled and 

failed groups

• In this study, there was no relationship observed between annular 

dosimetry and biochemical control. 



Brachytherapy. 2011 Jan-Feb;10(1):16-28

• There was no significant difference in BED between 

biochemical failures and nonfailures

• In a large prostate implant population, dosimetric and derived 

radiobiologic parameters did not predict for failure. 

• Apparently, too few patients had total BEDs below the level 

necessary for optimum biochemical control.



ABS  2011: Wakil et al. 

The Paris group experience

NS

ABS 2011: Wilcox et al

The Dallas group experience

When tested for their 

association with PSA-RFS: 

D90,V100 and BED were 

not found to be statistically 

significant





The controversy !

Point: the relationship between postimplant dose 

metrics and biochemical no evidence of disease 

following low dose rate prostate brachytherapy: is 

there an elephant in the room?

Morris WJ, Halperin R, Spadinger I.

Counterpoint: there is a dose-response 

relationship in the low-dose rate brachytherapy 

management of prostate cancer.

Stock RG.

Brachytherapy. 2010 Oct-Dec;9(4):289-92; discussion 297-8. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Morris%20WJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Halperin%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Spadinger%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stock%20RG%22%5BAuthor%5D


2014 :The never-ending controversy between the 

Vancouver and New-York ( Mount Sinaï) groups



A partial agreement ? ( Morris 2014)

For very low D90 ( < 130 Gy), the difference in DFS is significant …



The Leeds Data …..



Only patients of low risk group have correlation 

with D90

Radiother Oncol 2006;79:185-189.

Risk Group P value 

D90 

Low 0.006

Intermediate 0.489

High . 0.852



International Journal of Radiation Oncology, 

Biology, Physics, 2010, Vol.76(1), pp.50-56



Clinical Oncology (2015)



Factors influencing the 

calculation of the D90



Post-implant dosimetry

Contouring

Fusion process

Seed 

reconstruction

- CT 

- MRI - CT

Prostate post-implant dosimetry: interobserver variability in seed localisation, contouring and fusion.

De Brabandere M, Hoskin P, Haustermans K, Van den Heuvel F, Siebert FA

Radiother Oncol. 2012 Aug;104(2):192-8. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Brabandere%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22857857
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hoskin%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22857857
http://www.ncbi.nlm.nih.gov/pubmed/?term=Haustermans%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22857857
http://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20den%20Heuvel%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22857857
http://www.ncbi.nlm.nih.gov/pubmed/?term=Siebert%20FA%5BAuthor%5D&cauthor=true&cauthor_uid=22857857
http://www.ncbi.nlm.nih.gov/pubmed/22857857


Timing of post-implant evaluation is important

If too early: possible persistance of some oedema increasing the distance 

between seeds and thus leading to decrease the D90 !



Interpretation of the D90



To detect a role for D90 implies at least some variability of D90

A number of D90 < 120 Gy before 1993 !!…



Series with a very homogeneous 

D90 can hardly detect a difference 

in DFS…

And actually, most « modern » 

published series presently show 

D90 with (often very) limited 

variations …

Belgian Cancer Registry:  2005-2012





Where is the underdosage? 

”Significant underdosage of the ASQ relative to other regions of the 
prostate was not predictive of relapse”

Quadrant dosimetry as a predictor of relapse in I125 prostate brachytherapy
Spadinger et al. ABS 2009 ; OR47

In contrast, a significant underdose at the apex ( f.ex.), in a patient 

with an histological apex involvement on biopsies, must be taken 

into account …

http://f.ex/


What to do about a low D90 ?

Ask a few questions (and act if necessary):

1. How “low” is it ? 
– If < 120 Gy , maybe something should be done …

– If between 120 and 145 Gy, maybe nothing should be done 

2. Was it measured accurately ? (image modalities, contouring, time frame, …)

3. Where is the underdose ?

4. Where is the tumour ?



Low D 90 ….

According to the answers to the previous questions :

- Watch and wait ?

- Add external beam RT ? 

- Add complementary seeds ?



Conclusions 

Available data strongly suggest that there might be a dose-response 

relationship for permanent implant brachytherapy of prostate cancers.

- However, one cannot expect this relationship to be a very close 

one

- a large number of reasons may bias, or even totally hide, the 

relationship between dose and clinical issues 

- The main reasons which may be responsible for such a blurring of 

the results are the following:

- Variations in the prostate contours 

- Timing of the post-implant CT

- The underdose location



BUT ALSO: 

-Results given in terms of biochemical control ( almost the rule); this biochemical 

control depends on local control (expected to be related to dose), but also on 

“distant” control ( this essentially for high-risk patients), with no ( or much less) 

relation to local dose (?) 

-The percentage of patients receiving Androgen deprivation therapy (ADT). Large 

variations from one series to another may introduce a bias in biochemical control 

in some instances.

-The follow-up, which may be inadequate in some series.

-The narrow range in D90 in most of the modern series 

-……………..



Post-implant dosimetry :



Thank you
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Radiation proctitis - Acute
Pathophysiology

Histopathology findings

• Transient mucosal atrophy 

• Submucosal oedema

• Inflammation and infiltration of the lamina 
propria with polymorphonuclear leukocytes 
and plasma cells 

• In addition, mitotic arrest, karyorrhexis, and 
lysis of the crypt and deep epithelial cells



Radiation proctitis - Acute

• If the submucosal damage is not prominent, the epithelial cells 
regenerate and the changes regress.

• Severe submucosal changes leads to progression of mucosal injury, 
ulcerations, and erosion of the villi. 

• histologic findings in the acute phase correlate poorly with clinical 
symptoms.



Normal tissue effects and injury – Acute effects –
LDR prostate brachytherapy – rectal mucosa

Acute effects symptoms outcome management

Rectal 
mucosa

Inflammation,
oedema, 
hyperaemia, cellular 
loss with loss of 
epithelial integrity

• diarrhoea
• tenesmus
• mucoid discharge
• haematochezia
• anorectal pain
• cramps

• Mostly self-limiting
• Resolves spontaneously
• Typically takes                              

a few months
• Does not generally convey 

risk of late complications

Reassurance
Pharmacological
• Antidiarrhoeals
• Antispasmodics
• laxatives
• Dietary modification
• Steroid enemas



Radiation proctitis - Chronic
• 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 
reepithelialization

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

• Local trauma or infection 
often precipitates these ulcers



Radiation proctitis - Chronic

Histological findings

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

• Associated lymphoid atrophy, lymphatic dilation, and 
fibrosis of the submucosal tissue are observed

• The progressive vascular sclerosis leads to chronic 
ischemia of the overlying tissue, ultimately resulting 
in mucosal atrophy

• Scar tissue replaces the submucosal tissue, resulting 
in further decrease in vascularity and contracture of 
the intestinal wall 

• Chronic mucosal ulceration may result in fistula 
formation and hemorrhage



Rectal Morbidity



Classification of Rectal Morbidity



Overestimation of Contact between posterior prostate and rectum in CT



⚫ Common Terminology Criteria for Adverse Events (CTCAE) version 3.0.

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

⚫ 65% Iodine-125

⚫ 33% with HT





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

Rectal Morbidity









Proctitis rate for rectal volume irradiated with 160Gy
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[Snyder et al., Int J Radiat Oncol Biol Phys, 2001]



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

Grade 2 or higher

>1cm³ 36% 0

<1cm³ 14% 0

dose constraints - Rectum

Caution! Dose constraint for 145Gy not 160Gy





Rectum GEC-ESTRO ABS

D2cc <145Gy <150%

D0.1cc (~Dmax) <200Gy

V100 <1cc on D1 CT
<1.3cc on D30 CT

• Dose to 2cm³ <145-150Gy

• Volume receiving 100% of the prescription on post-op CT should be 
<1cm³ for a D1 CT or <1.3cm³ for a D30 CT



• Genetic alterations in the ATM (Ataxia Teleangiectasia) gene are
associated with rectal bleeding.

• 4/13 (31%) vs 1/23 (4%) if MPD <0,7cm3

• 4/11 (36%) vs 1/21 (5%) if MPD 0,7-1,4cm3

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

Genetic influence on rectal morbidity?



Normal tissue effects and injury – Acute effects 
LDR prostate brachytherapy - urothelium

Acute effects symptoms outcome management

urothelium Inflammation,
oedema, 
hyperaemia, 
cellular loss with 
loss of epithelial 
integrity

irritative and obstructive –
• Burning 
• urgency
• frequency
• nocturia
• urge incontinence
• urinary retention 
• haematuria
• spasmodic pain

• Mostly self-limiting
• Resolves

spontaneously
• Symptoms subside 

gradually as radiation
diminishes.

• Typically takes                       
6-12 months

• Do not generally 
convey risk of late 
complications

Supportive
Reassurance
Pharmacological –
• NSAID
• Cortisone
• cholinergic agonists
• alpha-adrenergic blocking 

agents
• anticholinergic agents
• tricyclic antidepressants 

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

instillation formula
Catheterization for retention



Normal tissue effects and injury – late effects 
LDR prostate brachytherapy - urothelium

Chronic effects symptoms findings management

urothelium

Chronic
Inflammation +/-
oedema, 
ulceration, 
telangiectasia, 
fibrosis, 
ischaemia

irritative and obstructive
symptoms persisting for over 1 
year
• Burning 
• urgency
• frequency
• nocturia
• urge incontinence
• urinary retention 
• haematuria
• spasmodic pain

Rigid, ischaemic tissue, 
ulceration,
telangiectasia,                             
haemorragic epithelium,                  
fibrotic distortion,                               
friable atrophic tissue,                      
necrosis
fistula,
stricture,                                              
perforation,                                 
obstruction

Dr Jeff Glocer





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

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

• Higher incidence of urethral and prostatic strictures.



Urinary incontinence following Brachytherapy

Study Patient number Treatment Incontinence(%)

Wallner 92 125J 6

Storey 206             125J 10

Machtens 452          125J 1,8          

Blasko 184 125J/ 103 Pd 0

Talcott 105 125J/103Pd 15

Gelblum 693 125J/103Pd 0,7

Benoit

Talcott

Ragde

Stone 

Terk

Gelblum

2124

13

48

43

6

28

125J/103Pd

TUR-P + Implant

TUR-P + Implant

TUR-P + Implant

Implant + TUR-P

Implant + TUR-P

6,6

85

12,5

0

0

17



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





Urinary retention Rate

Study Patient number Treatment Retention rate(%)

Blasko 196 125J 7

Vijverberg 46               125J 22

Wallner 92             125J 14              

Storey 206 125J 11 

Terk 251 125J/103 Pd 5

Kaye 76 EBRT/125J 5

Dattoli 73 EBRT+103Pd 7

Ragde 152 EBRT/125J/103Pd 10

Merrick 170 EBRT/125J/103Pd 6

Benoit

Machtens

1409

452

EBRT/125J/103Pd

125J

14,5

4,5



N=976; median Follow-up: 41,2months

Conclusion: Higher acute retention (<5days), but equal resolution

<25ccm <25ccm-35ccm

35-45ccm >45ccm
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Terk, Stock and Stone, J Urol, 160: 379, 1998

Identification of patients with higher risk for urinary retention













Brachytherapy 2017, in press
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TUR-P rates following Brachytherapy

Study Patient number Treatment TUR-P-Rate(%)

Wallner 92 125J 8,7

Storey 206             125J 0

Nag 32           103 Pd 6,2            

Terk 251 125J/ 103 Pd 2,4

Dattoli 73 EBRT+103Pd 2,8

Merrick 170 EBRT/125J/103Pd 1,2

Benoit

Machtens

1409

452

EBRT/125J/103Pd

125 J

8,3

2,5















urethra GEC-ESTRO ABS

uV5 <150%

uV10 <150%

uV30 <130% <125%

ESTRO and ABS dose constraints - Urethra 

• Urethral volume getting 30% of the dose (uV30)<125-130% of prescription

• Urethral volume getting 10% of the dose (uV10) <150% of prescription 

Avoid the 150% isodose cutting into the urethra 



Study Treatment Patients(n) Potency Rate 

(%)

Follow-up

(years)

Wallner 125J 92 86 3

Kao 125J/103Pd 236 70 6

Kaye EBRT/125J 73 75 1

Dattoli EBRT+103Pd 73 77 3

Zeitlin EBRT+125J/103 Pd 212 62 5

Critz

Machtens

EBRT+125J

125 J

239

173

76

64

5

5

Potency Rates following prostate brachytherapy



85.5%

70%

63%

34%

P<0.0001



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















Secondary malignancy after prostate radiation

Rectal cancer RR compared to RP (SEER database – Nieder et al - 2008)

• RP                       - 1.0

• EBXRT               – 1.26

• BT                      – 1.08

• BT + EBXRT       – 1.21

Bladder cancer – more common than rectal cancer - RR 1.5



Secondary malignancy after prostate radiation

• Liauw et al reported a 4.3% incidence in second cancers at 15 years 
after BT (n=125) or BT + EBXRT (n=223) 

• bladder 3.1%

• colorectal 0.8%

Absolute excess risk 35 per 10 000 treated patients



Secondary malignancy after prostate radiation

Consistent direct causal correlation difficult to quantify

CaP conveys increased risk of developing second malignancy 
regardless of treatment









Eur Urol in press, 2017



Eur Urol in press, 2017



Eur Urol in press, 2017



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

⚫ Technical advances improve tumor control and lower

toxicity.

⚫ Careful patient selection is important to avoid unacceptable

morbidity

⚫ Urgent need for prospective trials to investigate on medical

approaches to the treatment of morbidity.

Summary



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

⚫ Technical advances improve tumor control and

lower toxicity.

⚫ Careful patient selection is important to avoid

unacceptable morbidity.

⚫ Urgent need for prospective trials to investigate

on medical approaches to the treatment of

morbidity.

Summary of first presentation



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

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

• Avoid constipation.

Reduction of rectal morbidity





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

maximum rectal dose by 17%.

⚫ Posterior seeds 3mm from edge:

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

- 2mm margin: 2228Gy;   2%

- 3mm margin: 25711Gy;  3%

-4 mm margin: 29214Gy;  5%

-5mm margin: 327 17Gy;  7%   

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



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

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

Reduction of rectal morbidity



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

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

Reduction of rectal morbidity













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



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

• Local application of corticosteroides.

• Protective AP in case of fistulas.

Treatment of rectal complications



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



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



• Plastic reconstruction of the rectal wall with
gracilis muscle.

• Radical operation with construction of
neobladder.

Treatment of rectal complications



Ileum - Conduit



Orthotopic Neobladder



Orthotopic Neobladder



Continent Pouch



• Careful selection of patients by IPSS.

• Technical considerations in planning.

• Careful resection of large medium lobes
preinterventionally.

• Expectative management in the first 12 months
after implant.

Reduction of urinary morbidity



• -Blockers in obstructive patients.

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

• Anticholinergics in irritative  patients

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

Treatment of urinary morbidity



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

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

• Higher incidence of urethral and prostatic strictures.



• Hyaluronic acid intravesically after failure of
anticholinergics.

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

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

Treatment of urinary morbidity



• As late as possible.

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

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

TUR-P after implantation



Technical considerations in TUR-P







Teaching Course Dublin 2014

• 38/2050 (2%) patients underwent minimal TUR-P.

• 7/38 (18%) with incontinence.

• 2/24 (8%) against 5/14 (36%) with incontinence in 
case TUR-P was performed <1 or > 2years after 
implant.

• No correlation of incontinence with D90 prostate or
D30 urethra or dose to 5cm2 urethra.



• 50% of the bulb of the penis should not 
receive more than 40% mPD.

• Judicious use of EBRT and hormonal 
therapy.

• Early use of PDE Inhibitors.

Reduction of erectile dysfunction



• Electrical cavernous nerve 

stimulation increases 

pudendal blood flow and 

provides rapid increases in 

intracavernosal pressure 

(ICP)

• Intracavernosal injection of 

a nitric oxide donor, sodium 

nitroprusside, produces 

slow increases in ICP but 

has no effect on pudendal 

flow
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Illustrates importance of flow-mediated vasodilation in the initiation and 

maintenance of penile erection in preclinical model 

Wayman C et al. ESSM. 4-7 December2005. Poster M-05-141.

Rate of Erection Hardness (ICP) Increases With 

Increased Pudendal Flow to the Penis

Intracavernosal

Pressure (ICP)

Pudendal flow



• Penile blood flow restriction reduces cavernous nerve-stimulated increases in ICP

• Sildenafil restores erection hardness to control levels

Cuff Cuff

Sildenafill
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Sildenafil Restores Erection Hardness (ICP)

Preclinical model



Erholung der erektilen Funktion 

"Kieler Konzept" nach nsRRP (n=41)
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• Avoidance is better than treatment.

• Management as minimal invasive as
possible.

• Overtreatment can cause series of serious
further complications.

Principles of the management of complications



Measures to improve outcome and minimize 

risk of complications

• Work patients up thoroughly

• Identify and alleviate obstructive prostates beforehand 

• Tailor the seed activity according to the volume                                                                        
– NB volume measurement of the prostate should always be 
done at initial assessment prior to referral 

• Optimal procedure setup, good u/s visualization

• Accurate contouring of structures of interest

• Critically observe dose constraints



Measures to improve outcome and minimize 

risk of complications
• Apply meticulous technique

• Don’t drag seeds back into the rectal hump

• 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 thin 
patients and prostates with longer sagittal measurements (long 
prostates – more than 8 slices)

• Keep the urethra and TURP defect cooler than the periphery

• Avoid 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 
urethra



Measures to improve outcome and minimize 

risk of complications

• Understand the biology and pathophysiology of the type of radiation 
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 intervention

• Avoid biopsy the rectum or prostate transrectally after BT

• Manage side effects and complications with efficiency

• Many side effects and complications resolve spontaneously                                              

– don’t be in a rush to intervene!



Salvage options

1. Salvage radical prostatectomy (RPE) after radiation therapy

2. 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 
possible

• 2. If performed, significant complications 
will occur



Salvage RPE (SRP)

• In the past major morbidity after SRP

• New datas show acceptable morbidity because of better 
radiotherapeutic and surgical techniques



best candidate

• histologically verified recurrent prostate cancer

• neg. CT scan and skeletal scintigraphy

• PSADT> 12 months

• PSA < 15ng/ml

• bladder capacity > 300ml, competent sphincter, no bladder 
neck invasion



4 larger studies

complications and outcome

Ward et al Stephenson Gheiler et al Heidenreich

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 
SRP(months)

40 50 58 28

PSA> 10ng/ml 29% 41% 48% 18.4%

< pT2c 39% 35% 43% 71.4%

complications 27% 13% 17% 9%

Rectal injury 3% 2% 3% 1.7%

Urinary
continence

56% 68% 50% 81%

Transfusion 
rates

- 29% - 4.1%

Heidenreich et al 2010 / ESTRO 2012



Perioperative risk dependent 

on type of RT

Heidenreich et al 2010 / ESTRO 2012

No 188 LDR EBRT HDR Total

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-
1450

360(150-1450)

Rectal injury 1/66(1,5%) 1/30(3%) 1/22 (4,5%) 3/118(1.7%)

Perioperativ 
complications

4/66(6%) 1/30(3%) 2/22 (9%) 7/118(5.9%)

Catheterization(d
ays)

7.5(7-10) 8(7-15) 8.5(7-28) 8(7-28)

Hospitalisation 8.5(8-11) 9.5(8-12) 10(8-14) 9.2(8-14)



Pathohistology 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*

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 organ-

confined disease at salvage therapy

UVA MVA

Biopsy Gleason Score                 
< 7 (RPE)

0.001 0.02

< 50% positive cores 0.0001 0.001

LDR – Brachytherapy 0.0001 0.001

PSA-DT > 12 months 0.0002 0.002

Heidenreich A et al  Eur Urol 2009



Disease progression free survival dependent

on PSA level, preoperativ parameter

< 4ng/ml → 5 years progression 

free probabiity               
86%

Cancer survival < 10ng/ml vs 
>10ng/ml → 10 years

vs.55%

vs.28%

Bianco FJ IJROBP 2005



Long term cancer control:

Standard versus salvage RP

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% -

N=1,000 N=100

*Hull et al. J. Urol, 167: 528, 2002Bianco FJ IJROBP 2005



• postoperativ parameter

➢ SV –Invasion

➢ Lymph node metastases

→ If pos. 5-fold risk of dying of PCa

Predicting disease progression free
and cancer survival

▪ preoperativ parameter
▪ PSA level < 10ng/ml

→Salvage radical prostatectomy offers 5-year biochemical 

relapse-free rates between

→55 and 69%

→good option in the patient with a life expectancy of at least 

10 years, preradiation and preoperative prostate specific

antigen less than 10 ng/ml, 

Touma NJ J Urol. 2005

PFP:    5-year 10-year    

86.0% 86.0%

´Bianco FJ IJROBP 2005

http://www.ncbi.nlm.nih.gov/pubmed?term=Touma%20NJ[Author]&cauthor=true&cauthor_uid=15643174
http://www.ncbi.nlm.nih.gov/pubmed/15643174


Continence after SRP

• EBRT      78%

• HDR       76%

• LDR        92% } Mean : 7.9+4.5months

EF after SRP

Preservation of EF in 25%

Heidenreich A et al  Eur Urol 2010





Stefan Machtens

Abteilung Urologie und Kinderurologie

Marienkrankenhaus Bergisch Gladbach

Akademisches Lehrkrankenhaus Uni Köln

ESTRO Teaching Course on Brachytherapy for Prostate Cancer

Avignon, 14th-16th June 2018

Focal Therapy: concepts and LDR Brachytherapy



3

Ahmed HU, NEJM, 2009



Liu W, Laitinen S, Khan S, Vihinen 

M, Kowalski J, Yu G, Chen L, 

Ewing CM,

Eisenberger MA, Carducci MA, 

Nelson WG, Yegnasubramanian 

S, Luo J, Wang Y, Xu J, 

Isaacs WB, Visakorpi T, Bova GS. 

Nat Med. 2009 Apr 12. [Epub 

ahead of print]

Non metastatic

Metastatic / non lethal

Metastatic / lethal

High-resolution genome-wide single nucleotide polymorphism and copy 

number survey

“Despite common genomic heterogeneity

in primary cancers, most metastatic cancers 

arise from a single precursor cancer 

cell.”
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Intensiver fokussierter Ultraschall (HIFU)

Kryotherapie

Fokale Laserablation

Photodynamische Therapie

Interstitielle Brachytherapie



12

1
8

.0
6

.2
0

1
8





14

1
8

.0
6

.2
0

1
8



15

1
8

.0
6

.2
0

1
8



16

1
8

.0
6

.2
0

1
8



1
8

.0
6

.2
0

1
8





19

1
8

.0
6

.2
0

1
8





DOCXCELLENCE GmbH 02.03.2012

21

1
8

.0
6

.2
0

1
8



DOCXCELLENCE GmbH 02.03.2012

22

1
8

.0
6

.2
0

1
8



23

1
8

.0
6

.2
0

1
8



Focal therapy: VTP – a combination

Padeliporfin

(Pd Bacteriopheophorbide monolysotaurine)
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TOOKAD Soluble® Laser Aktivierung



Fokaltherapie : VTP – mechanism of action



MRT one week after therapy

Lokale / Fokale

Behandlung…

Regionale

(hemi-ablation …)

oder Sub-

totale …

Focaltherapy : VTP 



Study CLIN1001 PCM301

A european randomised phase III study to evaluate the

effect and safety of TOOKAD® Soluble 

In localized prostate cancer in comparison with active

surveillance. 
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Is the used technique safe oncologically?

PSA> 0 ng/ml
Criteria for active

surveillance
(Rebiopsy???)

ASTRO/Phoenix 
criteria not 
applicable



˃First Endpoint: Ablation of
clinically significant carcinoma
(>0,5 cc) with negative biopsy at 
12 months

*Van den Bos et al. Eur Urol

2014 
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Fazit: FT ist eine Therapiemodalität, die bei 

niedrig-Risiko Patienten berücksichtigt 

werden kann.Evtl. auch intermediäre-Risiko 

Patienten als Kandidaten.





» we did compare the toxicities observed in this 
series of focal brachytherapy with the ones 
that were registered in a series of 100 patients 
treated by a “whole prostate” brachytherapy 
by our group in the same institution ( Institut
Mutualiste Montsouris) , and analyzed with 
the same questionnaires. 



» 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 variation compared with the initial 
values (p=0.05).



» For erectile toxicity (IIEF), we did not 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), but the re-
increase of the score was significantly better in the 
focal group at 6 and 12 months (p=0.014 et 
p=0.012, respectively).



5

10

15

20

25

M 0 M 2 M 6 M 12

Temps (mois)

IIE
F 

(m
o

ye
n

n
e

)

global

focal



Brachytherapy 2017, in press



Brachytherapy 2017, in press



Brachytherapy 2017, in press



67

1
8

.0
6

.2
0

1
8

EAU Guideline 2016



⚫ mpMRI and transperineal biopsies remain the

most reliable tools to identify candidates for a 

focal therapy.

⚫ Focal therapy should only be performed under

controled conditions.. 

⚫ So far focal therapy is not a guideline

recommended therapy.

Conclusion



Thank 

You





How can we achieve focal therapy

• Radiation therapy

• Cryotherapy

• HIFU

• Electroporation

• Phototherapy

• Photothermal ablation

• ……………………………

Hoskin



Non-radiation based thermal therapies

Hoskin











Impact of systematic shifts in dwell position



Whole gland vs          hemigland vs                                    focal 





Hoskin



Focal Therapy

Hoskin





77 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 hemigland

Hoskin



Hoskin



Hoskin



15 patients: 37.5Gy in 15f + HDR 15Gy

BOOST to DIL volume to 18.75Gy (median volume 1.4ml)



N=130

70% low risk

50Gy + 2x15Gy peripheral HDR

Targetted focal boost to 60Gy

2 relapses

GU tox: G2: 11/130     G3: 2/130

GI tox: G2: 2/130



Cryotherapy: 50

Brachytherapy:12

Vascular Targeted Photodynamic therapy: 23

High Intensity Focussed Ultrasound: 21

Hoskin



Salvage

brachytherapy

C. Salembier

Department of Radiotherapy-Oncology 

Europe Hospitals – Brussels - Belgium



For patients with locally or locally advanced prostate cancer,

external beam radiation therapy is a commonly used primary

treatment modality

Although conventional-dose EBRT may result in good clinical

disease control, post-EBRT PSA determinations might suggest

that locally persistent tumour may exist in a certain proportion

of patients



The rate of intraprostatic relapses after primary EBRT is still not 

negligible:

• 20-40% (20-25.000 failure/year)

• 60% - 72% of patients with negative metastatic workup and 

rising PSA after RT will have positive prostatic biopsies

Zelefsky et al. Int. J. Radiat. Biol. Phys. 1998

Zagars et al. Int. J. Radiat. Biol. Phys.  1995

Pollack et al. Int. J. Radiat. Biol. Phys. 2002

Crook et al. Cancer. 1997

Alongi et al. CROH. 2013



The prognosis of local relapses is POOR …



LOCAL RELAPSES

2013

➢MRI is often used for primary tumor and extra-

capsular extent. However, contrast between 

recurrent carcinoma and benign tissue is not 

always evident after radiotherapy.

MORPHOLOGIC AND METABOLIC 

IMAGING? 

Giannarini et al, European Urology 2012

➢PET (Choline, PSMA..).could be of 

interest for target definition in salvage 

EBRT, but it should still be considered as 

an experimental procedure.



The first sequence to be used for a correct identification of the 

anatomy of the prostate  is the T2W

T1W T2W







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

….and for something BRIGHTER in late DCE!

DCE
T2W

DWI



Rouvière, O. et al. (2012) Nat. Rev. Clin. Oncol 2012.136

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

….and for something BRIGHTER in late DCE!



mpMRI-derived GTV measurements of DIPLs derived from 

T2W, DW-MRI and DCE sequences are reproducible 

- GTV is largest on T2W images 

- GTV is smallest on DCE-MRI images

- T2W GTVs best approximate to in vivo tumour volume. 

Therefore, GTV should be delineated on T2W images when 

defining the DIPL





mpMR imaging after EBRT

- EBRT causes overall changes in signal intensity and structure of the prostate

- The irradiated prostate appears smaller as a result of gland atrophy and 

differentiation of the zones is made difficult by effacement of the prostatic tissue

- The entire prostate appears more hypointense on T2w imaging inducing 

difficulties in the:

- differentiation between central and peripheral zone

- distinction between benign and tumour tissues

- Sensitivity for T2w alone is varies between 36% and 75% and specificity ranged 

fro m65% to 81% (Sala et al.)

So: limited value of T2w in this setting.



mpMR imaging after EBRT

- Dominant role of the functional sequences of mpMRI

- on DWI: signal characteristics are similar to normal 

setting with a focal hypointensity on the ADC map  and 

hyperintensity on high-b value imaging 

- on DCE: although the vascularity of the overall 

irradiated prostate decreases with gland atrophy, the 

recurrences :

- retain their highly vascular network

- Show the early hyper-enhancement on DCE relative 

to the treated prostate.



CHOLINE - PSMA 

sensitivity

F.Giammarile

Afshar-Oromieh A. Eur J Nucl Med Mol Imaging. 2014



At present, many patients with locally recurrent prostate cancer

after EBRT are often managed with palliative intent, such as

watchful waiting or androgen suppression

What about local treatment for 

isolated local relapses? 



2013

Lacking of high level evidence supporting salvage therapies after 

EBRT.

Potential treatment options after intraprostatic failure alone are:

Surgery HIFU                Cryotherapy Brachytherapy EBRT    



When curative therapy is considered, radical prostatectomy

might be performed

However, EBRT induced fibrosis tends to obliterate the usual

tissue planes for surgical resection. This increases the degree of

technical difficulties as well as the morbidity of the procedure,

resulting in a general reluctance amongst surgeons to perform

salvage surgery.

INTRAPROSTATIC FAILURE: 

SURGERY AS AN OPTION





INTRAPROSTATIC FAILURE: 

EBRT AS AN OPTION

✓EBRT is the only NON INVASIVE approach for intra-prostatic 

relapse .

✓However, EBRT has been documented in a very limited group of 

patients. 



SBRT in prostate re-irradiation:

✓it allows the reduction of the safety margins around the target (thus 

minimizing the exposure of the previously irradiated surrounding 

normal tissues)

✓It can be delivered by hypofractionation that could be of particular 

value for PC considering its low alpha/beta ratio



First course RT :76Gy in 2010 with 3DCRT
ADT for 3 years and still ongoing

Pre treatment MRI Post treatment MRI

Re-SBRT : 30Gy in 5 fractions
With VMAT FFF

Re-SBRT : 30Gy in 5 fractions
With VMAT FFF

Space OAR

Courtesy of Alongi F et al. Minerva Urologica 2016



Salvage EBRT or SBRT



INTRAPROSTATIC FAILURE: 

HIFU …. CRYOTHERAPY ….

Arcangeli et et al, RPROR 2015



Prostate brachytherapy is increasingly common modality for

the primary treatment in prostate cancer

Compared with EBRT, it is possible to administer a high

radiation dose to a tightly confined volume

Thus, it may be possible to use this modality to provide a

second opportunity for tumour control in the patient with

locally recurrent prostate cancer after EBRT

INTRAPROSTATIC FAILURE: 

BRACHYTHERAPY AS AN OPTION











Outcome rates  of salvage BRT series

Low Dose Rate



Complications of salvage BRT series

Low Dose Rate













Focal salvage BRT 

Focal salvage brachytherapy might

reduce the frequency of adverse events

while achieving acceptable cancer

control.

Advances in imaging and 

delineation of the local 

recurrence 







What is your preferred management for a patient aged 66 

years 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-morbidities

A. Radical prostatectomy

B. Active surveillance

C. External beam IMRT 
to 78Gy

D. LDR seed 
brachytherapy

E. External beam IMRT + 
HDR boost

www.responseware.eu – ID: BT2018

http://www.responseware.eu/


Which is best?

• Surgery vs IMRT

• Surgery vs BT

• BT vs IMRT

• Surgery vs IMRT vs BT

• LDR BT vs HDR BT



Radical prostatectomy

ADVANTAGES

– Pathological 

diagnosis

– No bowel toxicity

– Relief of LUTS

– Established salvage 

with external beam 

RT

– No additional second 

malignancies

DISADVANTAGES

– Erectile dysfunction 

50%+

– Urinary control

– Anaesthetic procedure



IMRT

ADVANTAGES

– Outpatient process

– No anaesthetic

– Low urinary toxicity

– Lymphatic treatment 

possible

DISADVANTAGES

– No pathological 

diagnosis

– Lengthy treatment 

course

– Bowel toxicity

– Erectile dysfunction

– Adjuvant ADT

– Second malignancies

– Limited salvage options



Which is best?

• Surgery vs IMRT

• Surgery vs BT

• BT vs IMRT

• Surgery vs IMRT vs BT

• LDR BT vs HDR BT





High risk: Gleason 8-10

Adjuvant RT in only 17/285 RP patients

No toxicity data



et al

HRQOL: no difference

Toxicity: Grade 3/4 at 2 years

RP RT

Urinary 16% 10%

Faecal 8% 24%

ED 90% 86%

EBRT 50Gy in 25f + HDR 10Gy x 2



Which is best?

• Surgery vs IMRT

• Surgery vs BT

• BT vs IMRT

• Surgery 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 nomogram



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.



Which is best?

• Surgery vs IMRT

• Surgery vs BT

• BT vs IMRT

• Surgery 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 86.4Gy

IMRT HDR

Low risk 21% 14%

Inter risk 40% 71%

High risk 39% 15%



Brachytherapy 2010



344 patients 46Gy/23f + 19.5GY/3f HDR vs 344 patients 3D CRT 74Gy/37f

Risk group: Intermediate 41%; High 59%



Efficacy:  cost

HDR

Afterloader:  £0.3m

TPS

Physics 6h

RTT 1h

Clinician 1.5h

Anaesthetic

Patient 3days

IMRT

Linac: £3m

TPS

Physics 8h

RTT 6h

Clinician 0.75h

Patient 43days





THE CALCULATED RISKS OF SECOND 

MALIGNANCIES FROM INTENSITY-

MODULATED RADIATION THERAPY

Kry et al 2005

Conventional IMRT

18MV 6MV 10MV 15MV          18MV

V         S         V              V S            V

1.7% 2.9%    3.7%        2.1%       3.4%    4.0%  5.1%

% risk of fatal second malignancy



Using ‘old’ ext beam techniques 

risk 1 in 220

Increasing to 1 in 70 after 

10 years follow up

In 5 studies comparing BT to 

general population no increase



Which is best?

• Surgery vs IMRT

• Surgery vs BT

• BT vs IMRT

• Surgery vs IMRT vs BT

• LDR BT vs HDR BT



40 papers with 3,5 and 8 year data

bRFS Overall survival





Retrospective cohort study; 12 centres: 1809 men



et al



RP:                 252

LDR BT:         135

EBRT 74Gy:   91



Brachytherapy        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 10:                                                           Catheter out          Start RT

DAY 15:                                                           Pelvic floor            Finish CK

exercises

DAY 28:                                                           Back to work         Finish RT

(with a pad)           (with diarrhoea)

DAY 52:                                                           try the Vacupump)









Which is best?

• Surgery vs IMRT

• Surgery vs BT

• BT vs IMRT

• Surgery vs IMRT vs BT

• LDR BT vs HDR BT



Relative advantages and disadvantages: LDR vs 

HDR

LDR

• Single step procedure

• Low radioprotection

• Volume limited

• Limited cover of ECE/SV

• Dose determined by implant 

accuracy

• QA post implant

HDR

• (Fractionation)

• Requires HDR facility

• Can implant large glands

• Can implant ECE and SV

• Accurate dose delivery

• Biologically higher dose

• QA pre delivery



HDR Best Boost ? LDR

EBRT

EBRT

BT-EBRT

BT-EBRT





HDR 19Gy

RCT                                n=87

LDR 145Gy



HDR 19Gy

RCT                                n=87

LDR 145Gy



HDR 19Gy

RCT                                n=87

LDR 145Gy

Urethra Rectum



Treatment costs

• Implant equipment similar for PPB and HDR:

➢ Fixation device with  stepping unit

➢ US apparatus

➢ Planning system

➢ Disposables: catheters, needles etc

➢ OR facilities and support

➢ Anaesthesia

➢ Hospitalisation

➢ Supportive medication



Treatment costs

HDR

Use of afterloader

Capital cost
– Assume 30% use for 

prostate and 50/year

– 400 Euro/patient

Source cost
– Assume as above

– 40 Euro/patient

TOTAL: 

440 Euro/patient

LDR SEEDS

Cost of seeds

– Assume average 100 
seeds per patient

TOTAL:  

3500 Euro/patient



What is your preferred management for a patient aged 66 

years 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-morbidities

A. Radical prostatectomy

B. Active surveillance

C. External beam IMRT to 
78Gy with ADT

D. LDR seed brachytherapy 
with ADT

E. External beam IMRT + 
HDR boost
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What is your preferred management for a patient aged 66 

years 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-morbidities

A. Radical prostatectomy

B. Active surveillance

C. External beam IMRT to 
78Gy with ADT

D. LDR seed brachytherapy 
with ADT

E. External beam IMRT + 
HDR boost
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What is your preferred management for a patient aged 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

B. Active surveillance

C. External beam IMRT to 
78Gy with ADT

D. LDR seed brachytherapy

E. External beam IMRT + 
HDR boost
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Does the technique matter?
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