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Genomic Classifiers 
and their Possible Role in Focal Therapy

Topics to be discussed:

The history of biopsy strategies
Evolution of mpMRI
Technical aspects of MRI-guided biopsies
Rationale for MRI-guided laser focal therapy of PCa 
Update on NCT #02243033 (Phase II clinical trial)
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BREAST MRI PROSTATE MRI

•Complements Mammo / US

• Breast intervention (do a 
targeted biopsy under MR) per 

ACR practice guidelines

•Mastectomy vs. lumpectomy and 

focal treatment

•Complements PSA / DRE /TRUS

• Prostate intervention (targeted biopsy 
under MR-guidance)

• MR/US fusion biopsy

• Focal therapy vs. whole-gland, radical 

treatment (prostatectomy, XRT, ADT) 

http://www.medicalreservecorps.gov/Image/Regioin Four/pinkRibbon.jpg


Literature Timeline 1920 - present

Adapted from Applewhite, Cancer Control 141, March/April 2001, Vol. 8 No.2

Levana Yeo, Dharmesh Patel, Christian Bach, Athanasios Papatsoris, Noor Buchholz, Islam Junaid and Junaid 

Masood (2011). The Development of the Modern Prostate Biopsy, Prostate Biopsy, Dr. Nabil K. Bissada (Ed.), ISBN: 

978-953-307-702-4, InTech, Available from: http://www.intechopen.com/books/prostate-biopsy/thedevelopment-of-

the-modern-prostate-biopsy

http://www.intechopen.com/books/prostate-biopsy/thedevelopment-of-the-modern-prostate-biopsy


Prostate Biopsy in the 1920‘s

Kaufman, J.J., Rosenthal, M. and Goodwin, W.E.. Needle biopsy in diagnosis of prostate 
cancer. California Medicine. 1954; 81; 5: 308-313



Prostate Biopsy in the 1930‘s

Astraldi, A. Diagnosis of cancer of the prostate: biopsy by rectal route. Urol Cutan Rev. 
1937; 41: 421–427



Prostate Biopsy in the 1960‘s

J Clin Ultrasound. 1974;2:91-98



Prostate Biopsy in the 1980‘s
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Prostate Biopsy in the 1990‘s



Figure 2 Prostate as seen on transrectal ultrasonography during saturation biopsy

Andriole GL (2009) The lottery of conventional prostate biopsy

Nat Rev Urol doi:10.1038/nrurol.2009.46

Modified, with permission, from Whitmore, W. F. and Barzell, W. E. (2003) Urology Times, 1 May © Winston 

E. Barzell.



Saturation Biopsy

Photography courtesy of Thomas Polascik. M.D., Duke University



Saturation Biopsy



Saturation Biopsy



Saturation Biopsy





Prostate Biopsy in the 2000‘s

Beyersdorff D et al. MR Imaging–guided Prostate Biopsy with a Closed MR  Unit at 
1.5 T: Initial Results. Radiology 2005; 234:576–581.



Ultrasound vs. MRI



National Guidelines - 2009



Prostate Intervention in the 2010‘s



European Guidelines - 2012



PI-RADS v2

http://www.acr.org/~/media/ACR/Documents/PDF/QualitySafety/Resou
rces/PIRADS/PIRADS%20V2.pdf

http://www.acr.org/~/media/ACR/Documents/PDF/QualitySafety/Resources/PIRADS/PIRADS V2.pdf


PI-RADS v2



PI-RADS v2



Multiparametric MRI

https://acsearch.acr.org/docs/69371/Narrative/
http://www.acr.org/~/media/ACR/Documents/PDF/QualitySafety/Resources/PIRADS/PIRADS%20V2.pdf

ACR PI-RADS V2, published 2014
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https://www.nccn.org/store/login/login.aspx?ReturnURL=https://www.nccn.org/professionals/
physician_gls/pdf/prostate_detection.pdf



Accuracy

T2 70%

DWI 86%

DCE 85%

MRS 81%

ROC AUC = 0.91

Radiology 2006;241:449-458



J Clin Oncol 34, 2016 (suppl 2S; abstr 91)













TRUS biopsy

Needle penetrates next to the 

tumor or does not reach it

Less aggressive tumor is 

biopsied

Less aggressive part of the 

tumor is biopsied

The patient can end up on active 
surveillance while harboring 
clinically significant disease

Courtesy Jelle Barentsz, M.D., PhD, Univ. Medical Center, Nijmegen, 

The Netherlands



TRUS-Biopsy & MR-Biopsy 
vs. Prostatectomy

Hambrock 2010  SCBTMR “Lauterbur Award”





Rationale for Prostate MRI
• Ability to biopsy tumor suspicious 

regions in the prostate 

• MRI guidance for biopsy planning to 
target tumor-suspicious regions 
(TSRs)
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Transrectal Interventional Planning



Why MRI for the Prostate Today?

 Easy access to patient for 
biopsy

1.5T Philips Achieva XR



Why MRI for the Prostate Today?

 Easy access to patient for 
biopsy

Gleason 4 + 3 = 7





What is it?  Why does it matter?

Gleason Grades Determine Gleason Score
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http://www.europeanurology.com/article/S0302-2838(12)01234-1/fulltext/contemporary-grading-for-prostate-cancer-
implications-for-patient-care-img-src-manager-uploads-europeanurology-com-eur-articles-s0302-2838-12-01234-1-
assets-eulogo1-jpg-alt-eulogo1



What is it?  Why does it matter?

Gleason Grades Determine Gleason Score
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MR-guided Laser Focal Therapy 

Water-cooled disposable laser probe

980 nm diode laser

1.65 mm in diameter

Heat-diffusing tip
Endorectal needle guide

14 G titanium coax needle

1

2

3



Laser Workstation • 15 Watt laser *  
(Fiberoptic)

• Standard power plug

• Integrated to MR 
(Ethernet) 

• Software: real-time 
prediction model; MR 
thermometry; safety 
control features

• FDA 510(k) clearance 
Sept 10,2008

*The catheter and fiber are MR compatible up to 1.5T

Medtronic Indications, Safety, and Warnings Visualase Thermal Therapy System. 1 

http://www.medtronic.com/for-healthcare-professionals/products-2 

therapies/neurological/laser-ablation/visualase/indications-safety-3 

warnings/index.htm. 4 Accessed March 9,2016



FDA cleared with broad, general indications

30 Watt Diode Laser

“for use to necrotize or coagulate soft tissue through interstitial 
irradiation or thermal therapy. . .  in neurosurgery, general surgery, 
urology. . .” and multiple additional named specialties.

Technology is FDA cleared for commercialization in the US:

• Laser Applicator K053087 (March 2006)

• Laser System K060304 (March 2006) 

• Workstation Software K063505 (December 2006)

• Visualase Thermal Therapy System K071328 (August 2007)

K081656 (September 2008)

• 30 W Laser System K092197 (November 2009)



Materials and Methods:



TRANBERG cannula retracted in sagittal and axial planes:





Dissection:



The Team:

Alan Weinberg - CLS
Bernadette M. Greenwood,
PG Cert., BSc. – DMI
Dr. John F. Feller – DMI
Thomas Noah - CLS



Rationale for 1.5T

• Operator:  Credentialed, experienced MRI 
technologist familiar with mpMRI protocol
• Software: modern, state-of-the art (ability to 
perform high b-value diffusion)
• Coil choices:  high channel-
count surface coils
• Patient preparation:  NPO, 
glucagon, etc.
• Interpreter:  Experienced 
Radiologist

IMV Benchmark Report MR 2013; IMV Medical 
Information Division, Inc., 2013

U.S. 1.5T Scanners 2013



1.5 Tesla vs. 3 Tesla ERC



1.5 Tesla vs. 3 Tesla



Image Generation and MR Thermometry 

Parameters include:

• Echo Time
• Repetition Time
• Flip Angle
• Bandwidth
• Signal Averages
• Matrix

MRI Parameter selection allows for exploitation of tissue properties such as:

• Tissue contrast
• Flow quantification
• Perfusion
• Diffusion
• Phase shifts



MR Thermometry and Image Generation

https://www.bing.com/images/search?q=baking+a+cake&view=detailv2&&id=E0619BA4C321DB343BDA407A101E9D9E45BB0B6C&selectedIndex=4&ccid

=v6Af2VQj&simid=607992663429939575&thid=JN.t2FcJIB1rEYOUIBkmlLvLg&ajaxhist=0

Gradient recalled echo sequences allow measurement of phase shifts

Damage to tissue can be modeled as an Arrhenius rate process:

A = frequency factor (3.1x1098 s-1)

T(t) = absolute temp. in K as a function of 

time

R = universal gas constant

Ea (6.25x105 J/mol) = activation energy



Thermometry interface - Proton resonance 
frequency (PRF) shift thermometry



Contouring and Safety Controls
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Salvage post-prostatectomy April 5, 2018



Real Time MR Thermometry

Test Dose

4W (27%)

~100 degrees F

Treatment Dose

12W (80%)

90 sec



Irreversible Damage Estimate



Technical aspects – ECR 2011



GS 3+4=7

Patient J.D.



Patient J.D. – MRG Laser focal
therapy 8/2014

Ax T1 +C



Patient J.D. – MRG Laser focal
therapy 8/2014

Sag T1 +C



Negative bx at 6 mo. f/u focal laser

Patient J.D.



Transition zone 
in HIFU can be 5-10 mm

Visualase transition 
zone is less than 1 mm

US-guided HIFU lesion

Transition zone in RF and 
Cryo can be 5-10 mm

Necrotized tissue

Source
http://jcp.bmjjournals.com/content/53/5/391/F1.expansion

Sharp transition zone between dead and viable tissue

Precision and Control

* Photos at different scales

Laser interstitial thermal therapy margins



Methodology

• IRB approved, 510k cleared technology

• NCT# 02243033

• Outpatient trans-rectal laser therapy (15W, 
980 nm diode laser) guided with 1.5T MRI 
system (image acquisition & real-time 
thermometry)

• True focal therapy

• Goal to eliminate MRI abnormality + 1cm

• 175 cancer foci treated in 119 patients from 
2010 – 2018

• 6-Month biopsies performed with MRI active 
surveillance follow-up

• Evaluation of PSA, PSAD, mpMRI, recurrence 
rates (marginal, incidence), IPSS, SHIM, PHQ-9

Statistic Data

# of Patients 119

# of Treatment Naïve Patients 100 / 119 (84%)

# of Salvage Patients 19 / 119 (16%)

# of Total Lesions 175

# of Treatment Naïve Lesions 150 / 175 (86%)

# of Salvage Lesions 25 / 175 (14%)

Mean Initial PSA 7.31

Mean Nadir PSA 3.19 (56% drop)

Min Age 48

Max Age 87

Median Age 67

Patient Population At A Glance:



Tumor Location Statistics
All Patients: Treatment Naïve:

Salvage:



Gleason Score Breakdown – All Patients



Gleason Score Breakdown – Treatment Naïve



Gleason Score Breakdown – Salvage



Results – Biopsy Proven Recurrence Statistics

• While no prostate cancer-
specific deaths have occurred, 
a Kaplan-Meier Curve of 
recurrent cancer is shown with 
95% confidence interval 
bands.

• The drop at the 6-month mark 
is due to the protocol with a 
biopsy being acquired 6-
month following treatment to 
detect marginal recurrence.

*Excludes 3+3=6 recurrence
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Results – Kaplan-Meier Survival Curves 
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At 7 years:
Only 1 case of metastasis
Metastasis-free survival 99%

At 7 years:
No prostate cancer-specific deaths
Cancer-specific survival 100%
Overall survival 98%



Results – Biopsies (with significance breakdown)

• MRI active surveillance over 8 years.• Biopsies evaluating treatment 
efficacy performed at 6 months.

(”Clinically Significant” excludes 3+3=6)



Field Cancerization:
“WHAC-A-MOLE” Patients



Results – PSA

• Mean PSA dropped 38%, 12 
months following treatment

• 95% Confidence Interval 
shown as error bars

• Compared to the initial PSA 
(Month 0), paired Student’s t-
test used to evaluate mean 
PSA, p<.001***



Conclusions & Next Steps

• 8 year interim data in over 100 patients indicates outpatient MR-guided trans-rectal 
laser focal therapy is both safe and feasible.

• No statistically significant erectile dysfunction, or incontinence.

• Favorable results for quality of life without eliminating the possibility of whole-
gland therapy or additional laser focal therapy in patient’s future.

• Short term and intermediate term oncologic control is achievable in 75% of 
patients.

• Minimally-invasive outpatient laser focal  therapy of prostate cancer may be an 
attractive option for specific patient populations.

• “Nothing ruins good results like follow-up.” >>> 20 year Phase 2 study ongoing.

• International multi-institutional Phase 2 trial through the International Laser 
Network awaiting IRB approval.

• Ongoing IRB approved clinical trial exploring tissue genomics for risk stratification.

• IND submission completed to FDA for combination therapy awaiting approval.
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Thank you for your attention!
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