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Langevin and Chilowsky invented a higher 

frequency ultrasound machine called the 

hydrophone in 1914 



1995 

2017 



Imaging for                                                     
Patient Selection 

Tumour Location                                               
for Boost / Focal 
Brachytherapy 

Recurrence Detection &                           
Salvage Brachytherapy 



Imaging for                                                     
Patient Selection 

• More Accurate Tumour Staging  
 

• Treatment  stratification 
     - LDR  or  HDR 
     - Monotherapy  or  Boost 
     - Focal Boost  or  Whole gland Boost 
     - Focal Monotherapy 
     - Dose modulation 
     - Salvage  



- Multiparametric MRI 

- Multiparametric TRUS 

- PET CT 

• More Accurate Tumour Staging  
• Treatment  stratification 
     - LDR  or  HDR 
     - Monotherapy  or  Boost 
     - Focal Boost  or  Whole gland Boost 
     - Dose modulation 
     - Salvage 



Multiparametric MRI : Brachytherapy 
Can we locate cancer ? 

The negative predictive value for exclusion of 
significant disease ranged from 63% to 98% 



• More Accurate Tumour Staging  
• Treatment  stratification 
     - LDR  or  HDR 
     - Monotherapy  or  Boost ( Focal or Whole Gland ) 
     - Focal Boost  or  Whole gland Boost 
     - Dose modulation 
     - appropriate for salvage 



Extent of T3 tumour :  
is HDR Brachytherapy feasible ? 



• Texture analysis describes a 
wide range of techniques for 
quantification of grey-level 

patterns on MRI images 
 

• Potential for dose 
modulation with 

Brachytherapy 

 Textural Analysis 

? Better GTV definition for Brachytherapy 

Can be used in MRI as a computer-aided diagnostic tool 
for the  quantification of the intrinsic heterogeneity of 

prostate tissue imperceptible to the human eye 

Texture analysis is a technique  for the 
quantification of image texture 



Gnep   2017   JMRI 
Wibner  2015  Eur Urol 

MRI T2 Haralick textural features, along with geometrical 
parameters, were shown to be strongly associated with 

biochemical recurrence following radiotherapy, 
particularly in the high-risk prostate cancer group 



measures the 
mobility of protons 

within tissue at 
cellular level 

mediated by the volume 
fraction of water in the 

intra/extra-cellular 
compartments 

sensitive marker for 
alterations in tumour 

cellularity and the early 
assessment of treatment 

response 

Diffusion MRI 
role in Brachytherapy  

ADC map 

locate the Dominant Cancer   
Boost / Monotherapy ( LDR /HDR ) 



Brachytherapy can deliver intentionally non-
uniform dose distributions to the target volume 

Better OAR sparing may be possible to combine dose escalation 
to primary tumour with dose de-escalation to  areas of the 

prostate where no macroscopic tumour is visible 



Dose painting as a non-uniform dose distribution is a 
feasible strategy in brachytherapy 

• The ultimate goal of dose painting is to achieve dose escalation 
within the relatively resistant biological subvolumes 
 

Hoskin 2015   Acta Oncologica 

Multiparametric imaging can identify hypoxic elements 
within the tumour which can be imported into a 

brachytherapy planning system 

• DCE /BOLD MRI and DWI can be used to identify hypoxic 
subvolumes and areas of necrosis 

Tumour heterogeneity is one of the most important 
factors in tumour progression and recurrence after 

therapy 

• Subvolumes within the CTV can be identified reflecting hypoxic 
tissue which may benefit from higher / modulated RT doses 
 





Dealing with overlapping data from mpMRI 
 - defining the Target 

The ratio of the common and composite volume is 

designated as the Concordance Index 

The Overlap is evaluated as the  

Dice Similarity Coefficient 



Concordance  Index 

Dice Similarity 
Coefficient 

- volume metrics  

- still need a measure of 
dimension / shape / 
surface variation 

Metric error 

- poor sensitivity 

-outliers 

-class imbalance 

-agreement by chance 

Basis for Image 
Registration/Fusion 
for Brachytherapy 

Planning 

What is the true 
“Tumour Target” ? 

Combining  
abnormal anatomy  
 +                                    
abnormal physiology 



Medical Image Fusion for Brachytherapy 

- Cognitive 

- Software based ( Offline or Real Time ) 



Conventional TRUS mode imaging has 
limited sensitivity and specificity  

between 40 to 50% for cancer detection 



Colour Doppler Contrast enhancement 

C-ANNA Elastography 

Multiparametric 
TRUS 

Identify the Dominant Cancer with TRUS 
- Focal / Boost therapy 

Colour Doppler 

Colour Doppler 

Colour Doppler 

exploit different biological characteristics 
of tumors, ie, increased vasculature, 
increased stiffness, 



Recurrence Detection &                           
Salvage Brachytherapy 

Data on salvage brachytherapy after primary brachytherapy is 
extremely limited 

 
Much of the data in the current literature comes from patients that 

were included in series treated with primary EBRT 



BioMed Research 
International 2014  

Barchetti 

MRI post Radiotherapy 

• The  prostate and seminal 
vesicles show decreased size 
and diffusely decreased signal  
on T2 

• Loss of zonal architecture 

• The significant difference in 
ADC values between tumour 
and benign tissues before 
radiotherapy  may disappear 
after radiotherapy 

• DCE is a critical sequence to 
detect recurrence following 
radiotherapy 



DWI is particularly suboptimal following 
LDR brachytherapy because the metallic 
seed implants may create susceptibility 

artefacts and image distortion 



Choline is the precursor for the 
biosynthesis of phospholipids in 
the cell membrane and enters the 
cell through choline transporters  

 Choline uptake by prostate 
cancer cells appears to be 

influenced by their sensitivity to 
and the presence of androgens 

Molecular imaging for Prostate Cancer 
 
- increased metabolic needs of cancer cells 
- tumour-specific expression of androgen receptors and membrane 

protein  
- osteoblastic reaction adjacent to bone metastases.  

18F-FCH PET/CT is useful to 
detect recurrence or metastases in 

patients with rising PSA 



EBRT failure 

LDR  failure 

Molecular Imaging in patient selection for 
salvage brachytherapy 



• There is an urgent need to 
develop standardized 
methodology for evaluating 
new and existing tracers to 
allow comparison of results 
 

• The terms sensitivity and 
specificity can be 
problematic for whole-body 
imaging studies because the 
true number of malignant 
lesions is not known 



All Sites of Prostate Cancer Recurrence 
 

Choline PET/CT is reported to have a high 
sensitivity (86%) and specificity (93%) in the 

findings from a meta-analysis, with 18F-choline 
performing slightly better than 11C-choline  

 



{ 

Maurer  016  Nat. Rev. Urol.  

Current use of PSMA–PET in prostate cancer management 

European Urology 
 December 2016,  

Prostate-Specific Membrane Antigen 
is a transmembrane  glycoprotein found on 

prostate epithelial cells 
 

 Its expression is up to 1000-fold higher in 
prostate cancer than in other tissues, and the 

degree of PMSA expression is associated 
with the time to tumour relapse 

http://www.sciencedirect.com/science/journal/03022838


? Salvage Brachytherapy possible 



Radiographics   2016 



Biomedical images contain 
large amounts of 

information that reflect 
underlying pathophysiology  

The conversion of digital 
medical images into high-
dimensional data that can 
be be analysed is known 

as Radiomics 



Radiomics:  
The Next Frontier in Clinical Decision Making 

• Radiomics appears to offer a large volume of imaging 
biomarkers that could potentially aid cancer management 

• Radiogenomic analysis might reveal a prognostic 
radiomic signature reflecting tumour heterogeneity 



Genetic 
heterogeneity of 

tumours is a major 
cause of RT 
resistance.  

Quantitative 
imaging 

features are 
extracted from 
MRI to assess  

tumour 
heterogeneity 

Association maps 
between imaging 

features and 
molecular markers 

to establish 
prognostic factors 

Generation of focal and whole gland focal boost 
treatment plans based on Radiomics-detected lesions 

- Personalised Brachytherapy 





Brachytherapy Imaging Update  - summary 

Icebergs still sink ships 

Any similarity to living experts is 
totally accidental and unintentional 

Imaging is the Future for Prostate 
Brachytherapy 


