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Clinical Questions for Research

 Why Is prostate cancer the only solid
tumor that is diagnosed by randomly

sampling the organ in the hopes of hitting
the tumor ?

 If organ sparing treatment has been
developed for other cancers (breast,
kidney, bladder, etc.) why not prostate ?
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Clinical Questions for Research

* Both of these questions were linked to the
lack of reliable imaging for localizing
tumors within the prostate and beyond it

« Can MRI, PET, and other imaging
modalities change this ?



Diagnosis

e Digital Rectal Exam (DRE)

* Blood Test — Prostate Specific Antigen
(PSA)

e 12 core Prostate Biopsy



Prostate biopsy

15t described by Fergusson (1930): transperineally
Astraldi (1937) described transrectal

Use of TRUS first in 1955 (Wild & Reld),
popularized by Watanabe et. Al. in 1970s

Hodge proposed “sextant” biopsy model in 1989
Estimated over a million biopsies annually in U.S.

Despite technical advances, biopsies are still NOT
based on imaging
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Trans Rectal Ultrasound (TRUS)

 How is it clinically
used today?

e Most urologists use
TRUS to ensure the
needle samples the
prostate, few use
TRUS to look for
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Prostate Cancer

e Current detection suffers from low sensitivity and
poor localization.

* 60% of ultrasound-morphologically suspicious
lesions are biopsy negativel

e Prostate cancer is the only solid-organ tumor
currently diagnosed without routine imaging.

1-Loch, T. et al., Transrectal ultrasound-guided biopsy of the prostate: random sextant

versus biopsies of sono-morphologically suspicious lesions, World J. Urol, 22: 357-360,
2004



Cancer Detection Rate

e 6 core biopsy
— 20 to 30%

e 12 core biopsy
— 27 to 40%

Wein et. al. Campbell-Walsh Urology. 9 ed. Philadelphia, PA. 2007.
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People have tried to come up with a method to increase cancer detection by increasing the number of cores, but disappointing results.  Overall cancer detection rate in over 2000 first-time biopsy patients undergoing extended biopsy was 44%.  (Presti JC Jr, O’Dowd GJ, Miller MC, et. Al. Extended peripheral zone biopsy scheme increase cancer detection rates and minimize variance in prostate specific antigen and age related cancer rates: results of a community multi-practice study. J Urol 2003;169: 125-129.)



When the biopsy Is negative ?

* “Physicians are frequently presented with
the dilemma of a patient who has had one
Or more negative prostate biopsies yet
continues to have an elevated PSA value
or abnormal digital rectal examination of
concern for prostate cancer.”

Wein et. al. Campbell-Walsh Urology. 9" ed. 2007:Philadephia, PA
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These patients often undergo repeat biopsies despite lower detection rates on subsequent biopsies


Cancer detection on repeat biopsies

Sextant  Saturation biopsy

1 prior negative biopsy 10-17% 36%0
2 prior negative biopsies 5-14% 31%
3+ prior negative biopsies 4-12% 14-36%

Wein et. al. Campbell-Walsh Urology. 9th ed. 2007:Philadephia, PA
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Repeat prostate biopsies will detect cancer in 16-41% of cases in which an initial biopsy was negative (Presti JC Jr. Prostate biopsy: how many cores are enough? Urol Oncol 2003; 21:135-140.  The percentage of patients with a positive biopsy decreased as the number of previous negative biopsies increased: 40% in pts with 2 or 3 prior –ive bx, 36% in pts with 4 or 5 prior –ive bx, 17% in pts with 6 prior –ive bx.  
Overall utility of repeat biopsies: Djavan, V. Ravery, A. Zlotta, P. Dobronski, M. Dobrovits, M. Fakhari et al., Prospective evaluation of prostate cancer detected on biopsies 1, 2, 3 and 4: When should we stop?. J. Urol. 166 (2001), pp. 1679–1683: In a study of over 1000 men, 3rd and 4th biopsies had a lower grade, stage, and cancer volume as compared to 1st and repeat bx.  3rd and 4th also had higher complication rate.  Use of 2nd bx if initial is negative is justified, but 3rd and 4th should only be obtained in very selected pts with high suspicion or poor px factors on 1st and 2nd.   



Biopsy Is not just for diagnosis

* Crucial to the management of patients on
active survelllance (AS)

* Role of AS Is Increasing

« Without good imaging, yearly biopsy
currently required for men on AS



Role of biopsy In active
survelllance patients

e Active survelllance: distinguish clinically
Insignificant cancers from life-threatening

cancers while still localized to delay definitive
therapy

 Monitoring: interval PSA testing, repeated
biopsies every 12 months
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Re-emphasize previous slide – point about repeated biopsies

Jan Adolfsson a,*, Bernhard Tribukait b, Seymour Levitt. The 20-Yr Outcome in Patients with Well- or Moderately
Differentiated Clinically Localized Prostate Cancer Diagnosed in the Pre-PSA Era: The Prognostic Value of Tumour Ploidy and Comorbidity. European urology 52 ( 2 0 0 7 ) 1028–1035


Role of biopsy In AS

o Carter et al, (2002): PSA not likely to
reveal disease progression accurately,
need annual surveillance biopsies

 Abnormal biopsy found to be most
significant prognostic factor for
progression (Patel et al, 2004)
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Carter: 81 men (median age 65), stage T1c prostate ca thought to have small-vol ca on biopsy and PSA density; observed for more than 1 year (23months median) with semiannual PSA and DRE and annual biopsies. 25 (31%) had progression; PSA density was higher (P = 0.01) and % of free PSA lower (P=0.04).  There was overlap in PSA density and %free PSA values in men with and w/o progression = accurate prediction would be difficult.  39 men showed cancer on f/u bx, 22 had progression (56%), vs. 3/42 men (7%) had progression despite normal findings on bx.  PSA = not likely to reveal progression accurately; need biopsies.  
Carter HB, Walsh PC, Landis P, Epstein JI: Expectant management of nonpalpable prostate cancer with curative intent: Preliminary results.  J Urol  2002; 167:1231-1234. 
Patel MI, DeConcini DT, Lopez-Corona E, et al: An analysis of men with clinically localized prostate cancer who deferred definitive therapy.  J Urol  2004; 171:1520-1524. (campbell’s pg. 2952).


Imaging

 Is Improving ultrasound sufficient?
— 3D ultrasound
— Contrast enhanced ultrasound (black box)
— 3D models: Imaging based on vascularity

— Transurethral ultrasound: reduced anatomic
coverage than TRUS but higher resolution



Improving ultrasound ?

UItrasou nd Contrast (black box warning)
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Transverse views of the prostate taken pre, real-time (RT) and following a delay using a Siemens Elegra and wideband harmonic imaging at 6MHz center transmit frequency. The tumor located on the left (arrow) has invaded the  left NVB (arrowhead). Following 2ml of AF0150 (Imagent, Alliance Pharm. Corp., San Diego, CA), intraprostatic arteries fill with contrast and a branch is seen entering the tumor extension (cuirved arrow in top right). On a different section and slightly after the top right image, the prostatic artery is seen entering the right NVB (curved arrow in bottom left) and the entire prostate has enhanced relative to the tumor extension (arrowhead). On delayed scans the entire prostate including the tumor extension are enhanced relative to the pre image indicating their vascular nature.


Improving ultrasound ?

e Hypervascularity is not an independent factor in
distinguishing between various pathologic entities, and
therefore cannot serve as a tool to decrease the number

of prostate biopsies (Arger et. al. 2004)

Clin N Amer 33 (2006) 329-337.
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When 90 patients underwent biopsy, patients eventually diagnosed with BPH, PIN, and prostate cancer did not demonstrate a substantial difference in vascularity by either total vascularity or vascular density. Interestingly, only in BPH was the total vascular volume in the central gland significantly higher than in the peripheral parts of the gland. However, the vascular density in the peripheral gland was 2.5 times higher than in the central gland. Of 31 focal hypoechoic lesions, 71% were hypervascular, but only 23% were diagnosed with tumor. The authors concluded that although quantitative analysis based on vascular density, which is more comparable with histopathologic findings, demonstrated that the peripheral gland is more vascular than the central gland, the overall pathologic categories were not separable by the tested vascular measurements. All pathologic categories expressed low, moderate, or high vascularity, and, therefore, vascular areas by definition cannot distinguish between benign or malignant tissue or add to the diagnostic value of focal hypoechoic areas in the prostate. These recent findings supported previous reports that hypervascularity is not an independent factor in distinguishing between various pathologic entities, and therefore cannot serve as a tool to decrease the number of prostate biopsies (Arger P.H.,  et al.   Color and power Doppler sonography in the diagnosis of prostate cancer: comparison between vascular density and total vascularity.   J Ultrasound Med (2004) 23 : pp 623-630. ) 



MRI of the Prostate ?




Prostate MRI

T2 erMRI
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Sens Spec

DCEMRI

O Before 2000
W After 2000

Sens Spec

Kirkham et. al. How Good is MRI at Detecting and Characterizing Cancer within the
Prostate? European Urol 50 (6). 2006: 1163-1175.


Presenter
Presentation Notes
T2-weighted images to detect low signal tumors within relatively high signal and homogeneous peripheral zone
“MRI may be a superior modality for planning focal therapy, where only the cancer and a margin of normal prostate are treated.” Alexander P.S. Kirkham, Mark Emberton and Clare Allen. How Good is MRI at Detecting and Characterising Cancer within the Prostate? European Urology Volume 50, Issue 6, December 2006, Pages 1163-1175. 
“If MRI can detect most cancers, the argument for scanning before biopsy in intermediate-risk patients becomes stronger.” (Kirkham) 


Prostate MRI

MRSI
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Kirkham et. al. How Good is MRI at Detecting and Characterizing Cancer within the
Prostate? European Urol 50 (6). 2006: 1163-1175



Multi-parametric 3Tesla endorectal

Spectroscopy
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Current state of MRI for prostate cancer detection


Clinical Questions

Can MRI detect and characterize cancer
within the gland.:

Location?
Size?
Grade?



Clinical Questions

« Can MRI allow better sampling of the
prostate when biopsied?
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Kaneta, T.  Prostate 2004;58:76-81



Clinical Questions

e Can MRI increase our confidence In
excluding cancer In patients with
negative biopsies?



Clinical Questions

« Can MRI be used for men undergoing
active surveillance?



Clinical Questions

« Can MRI be used to change how we
treat prostate cancer?

— Image guided focal therapy



Two Research Endeavors

« Develop aresearch ¢ Develop a prostate

platform to ensure biopsy platform that
the prostate MR uses image
Images correlates guidance (MRI)

with pathology



Prostate Cancer Localization with 3T erMRI:
Correlation with Whole-Mount Histopathological
Specimens




MRI and Histology Correlation for
prostate cancer

Protocol 04-CC-0109: Comprehensive Prostate MRI
for the Evaluation of Prostate Cancer at 3.0T

Men undergo multi-parametric 3T endorectal coll
MRI prior to radical prostatectomy.

Prostate is whole mount sectioned and compared to
MR’s axial images
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70 mri and surgery patient, t2, dce, spec no dwi.


MRI / Path Correlation
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As an aside we are working on improving imaging tools, looking to combine this with molecular targets.  Here is a patient undergoing an endorectal mri in a 3T magnet, with a lesion clearly seen on T2.  this corresponded to the gross specimen. 


58-year-old male, PSA=7 ng/mL
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Neighboring method

Prostate gland

Central gland
\ Base

Mid-base

Right Mid Left

Apex-mid

—

Apex

Peripheral zone

Superior

Inferior
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in the second approach (“neighboring approach”) the tumor focus
was considered to correlate even if it was present in a neighboring sector in either grid.
Thus, the “neighboring approach” aimed to reduce effects of gland deformation, fixation
related shrinkage and misaligned slicing. Moreover such an approach allows the
determination of accuracy within a certain distance range without observer bias from
either the radiologist or pathologist


This work raised another guestion

« How can we improve the MRI / Path
correlation?



Shah V, et al. Rev Sci Instrum. 2009;80:104301.



Prostate Segmentation
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3D Modeling

@ MeshLab v1.2.2 - [combine_roi_color.ply] G MeshLab v1.2.2 - [combine_roi_color. ply*]

File Edit Filt
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Prostate Mold
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Fresh Tissue Procurement




Printing the Mold
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Printing the Mold




Printing the Mold




Prostate Cancer Localization with 3T erMRI: Correlation
with Whole-Mount Histopathological Specimens

Correlating of
Radiology/Histology Cancer map




MRI correlation with radical prostatectomy
specimens using the mold slicer for whole
mount pathology

 Analyzed the data from the first
45 patients



Positive Predictive Value
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NCI Results: Tumor Detection

Overall prostate gland

1 2 3 4 5 6 7 8 9 10 11

MRI parameters
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PPV- proportion of pts with a positive test who are correctly diagnosed


NCI Results: Tumor Detection
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To Improve current methods of
detection / treatment of PCa:

e Diagnostic imaging e Devices
— Improve MR Imaging — If we have imaging
seguences that can see the tumor
— Other imaging In the prostate can we

modalities “hit” it



Why image (MRI) guided biopsies?

Lesion-targeted prostate biopsy

— Increase biopsy yield

— Reduce number of biopsies

— Reduce number of failed biopsies

— Locate cancers outside peripheral zone

» Lesion-targeted localized therapy
— Eliminate side effects of radical treatment
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“Second, targeting biopsies should increase the cancer detection rate. Although biopsies targeted at abnormal areas on MRI have a high likelihood of being positive1,2,3 there are not yet convincing data to show that prospective MRI increases overall biopsy detection of prostate cancer, probably because a study of sufficient power has not yet been performed.” (kirkham 2006). 
1: Hara N, Okuizumi M, Koike H, Kawaguchi M, Bilim V.Dynamic contrast-enhanced magnetic resonance imaging
(DCE-MRI) is a useful modality for the precise detectionand staging of early prostate cancer. Prostate 2005;62:40–7.
2. Perrotti M, Han KR, Epstein RE, et al. Prospective evaluation of endorectal magnetic resonance imaging to detect tumor foci in men with prior negative prostatic biopsy: a pilot study. J Urol 1999;162:1314–7.
3. Prando A, Kurhanewicz J, Borges AP, Oliveira Jr EM,Figueiredo E. Prostatic biopsy directed with endorectal MR spectroscopic imaging findings in patients with elevated prostate specific antigen levels and prior negative biopsy findings: early experience. Radiology 2005;236:903–10.




In Gantry MRI-Guided Prostate
Biopsies?

Technically challenging
Uncomfortable, unpleasant for patient

COSTLY- Becomes hospital based procedure, not office
base

Time in MRI gantry at a premium; diagnostic tests take
priority

— Mean time 1.5-2.5 hours!
Learning curve
Patient acceptance low

K. Engelhard. Prostate biopsy in the supine position in a standard 1.5-T scanner under real time
MR-imaging control using a MR-compatible endorectal biopsy device. Eur Radiol (2006) 16: 1237—
1243
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K. Engelhard Prostate biopsy in the supine position in a standard 1.5-T scanner under real time MR-imaging control using a MR-compatible endorectal biopsy device. Eur Radiol (2006) 16: 1237–1243


MRI-TRUS Fusion Prostate Biopsies

Office-based procedure.

Minimal additional patient discomfort for
significant additional diagnostic yield.

Utilizes widely available imaging technologies

Technically feasible with mature technology and
proper instruction.



Why fuse MRI and Ultrasound ?

Temporal resolution

X V1
+/  Spatial resolution 3¢ Spatial resolution
V1 X
X V1

Temporal resolution

Sensitivity/Specificity Sensitivity/Specificity

Cost effective Cost effective




Why fuse MRI and Ultrasound ?

* Fusing prior-acquired MRI w/ real-time
TRUS brings diagnostic information to the
urologist possibly improving office prostate
biopsies

 May lead to office based image guided
focal therapy



Image fusion guided prostate bx

 Work here at NIH leads the
way In developing this
technology with the help of
Interdisciplinary
collaborative efforts

4

— Urologic Oncology, ',
Interventional Radiology, s
Diagnostic Radiology, -

Pathology, Engineering,

Medical Oncology, CIT,
Industry (CRADA Philips)
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Image fusion is happening; it’s happening in France, Italy, Boston.  
Image fusion work elsewhere:
V. Daanen, J. Gastaldo, J. Y. Giraud, P. Fourneret, J. L. Descotes, M. Bolla, D. Collomb, J. Troccaz.  MRI/TRUS data fusion for brachytherapy. The International Journal of Medical Robotics and Computer Assisted Surgery. 2 (3): 256 – 261
C. Selli, D. Caramella, S. Giusti, A. Conti, A. Tognetti, A. Mogorovich, M. De Maria, C. Bartolozzi. Value of image fusion in the staging of prostatic carcinoma. Radiol med (2007) 112:74–81
I. Kaplan, N. E. Oldenburg, P. Meskell, M. Blake, P. Church, E.J. Holupka. Real time MRI-ultrasound image guided stereotactic prostate biopsy. Magnetic Resonance Imaging 20 (2002) 295–299



To Improve current methods of
detection / treatment of PCa:

 Biopsy devices

— If we can see the
tumor in the prostate
can we “hit” it
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MR-US prostate image fusion
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Conclusions

* Feasible to fuse prostate MRI and US In
real time

* Real-time electromagnetic tracking
enables targeting of MR visible PCa
esions with an office based ultrasound
latform, without the need to utilize a

nospital MRI suite
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Feasible to fuse MRI and US in real time for image-guided focal targeting of surrogate prostate cancer lesions

Spatial tracking of the US probe enables registration of TRUS images to MRI for accurate targeting of intraprostatic lesion
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Commercially Viable Platform
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MR/Sono Prostate Biopsy
Procedure Time

= 3D US acquisition using 2D sweep (10 — 24 SeCS)
Un Reconstruction of reference 3D US (~15 seconds)

= Manual pre-op. MRI/US registration (1 — 2 mins)

= Specimen acquisition (~ 11 minutes)
@= Motion compensation, US/RTUS reg. (~15 seconds)

15 minutes



Cancer Detection Rates of MR/US Fusion
Guided Prostate Biopsies Directly Correlate
with Suspicion on Multiparametric MRI
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Objective

e To determine the cancer detection rates of
our MR/US fusion guided biopsy protocol
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MR/US Fusion Guided Biopsy

Workflow
1) 3T Multiparametric MR Scan
- T2 weighted
- Dynamic contract enhanced
- MR spectroscopy
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Turkbey et al. Radiology, 2010.
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ADD  MR scan w/ endorectal and surface coils

Endo addded to 1.5T added increases signal to noice, asdded benefit to 3T too


MR/US Fusion Guided Biopsy

Workflow
1) 3T Multiparametric MR Scan

4

2) MRI Lesions are Assigned PCa Suspicion Levels
- Low = 1 or 2 modalities
- Medium = 3 modalities
- High = 4 modalities
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MR scan w/ endorectal and surface coils



MR/US Fusion Guided Biopsy Workflow
1) 3T Multiparametric MR Scan

4

2) MRI Lesions are Assigned PCa Suspicion Levels

4

3) Biopsy Protocol
- 12 Core Standard Biopsy
- MR/US Fusion Guided Biopsy
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MR scan w/ endorectal and surface coils



MR/US Fusion Guided Biopsy
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Increased resolution compared to US
Superior imaging of anatomical structures and extrapostatic involvements
Functional assessment
Potential to assign tumor grade

Cons
Expensive
Time consuming
Restricted general availability


D
-
= . . L.
= Patient Characteristics
=
| -
Q Total No. patients 101
% Mean age, yrs (range) 63 (41-82)
BN  Mean PSA, ng/mL (range) 8.3 (0.2-103)
Tg Median PSA, ng/mL 5.8
o Biopsy History
et
S No Prior 36
= :
Negative 29
Positive 36
Mean No. lesions suspicious for cancer on MRI (range) 2.6 (1-7)
Median No. lesions suspicious for cancer on MR 3
Mean No. cores per lesion (range) 2.2 (1-8)

Median No. cores per lesion 2
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90.1% clinical stage T1c diseae
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Conclusions

e Degree of suspicion on MR imaging directly
correlates with incidence of cancer detected on
biopsy

e 55% overall cancer detection rate
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* 90% of patients with high suspicion on MR
imaging were diagnosed with cancer

e This platform may have a future role in active
surveillance and image guided focal therapy




68 yo with rising PSA, annual bx x 7 including saturation bx
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Adenocarcinoma, moderately-differentiated, Gleason score 6 (3 + 3) involving 50% of one core
Adenocarcinoma, moderately-differentiated, Gleason score 7 (3 +4) involving 10% of the core discontinuously.


Summary

* Multiparametric MR prostate imaging may
be the platform for image guided biopsies

e Continued research is necessary to
determine its role in the care of our patients
with prostate cancer, especially for image
guided focal therapy



Era of Image Guided Focal
Therapy for Prostate Cancer



PSA Screening Effects on Prostate Cancer

Shift toward localized disease
Shift toward lower volume disease

Shift toward moderately differentiated
disease

YET...
Treatment remains directed at whole gland




Methods of Treating Localized
Prostate Cancer

Surgery

— Retropubic Prostatectomy

— Perineal Prostatectomy

— Laparoscopic Prostatectomy
— Robotic Assisted Prostatectom

Radiation Therapy
— External Beam
— Interstitial Seed Implantation

Active Survelllance
Ablation
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The treatment options for prostate cancer are so varied, that you need to have an intimate knowledge of the tumor biology to help the patient select the best treatment modality.  Although there is much debate over the tx of pca, no one will argue that the best tx results and most mature data is with either surgical removal or radiation.


What is best for our patients?

* High Incidence of significant morbidity
associated with whole gland therapy.

—Impotence
—|ncontinence

e Patients and physicians are seeking less
morbid treatment modalities

— Image guided focal therapy



Summary

Localized prostate cancer Is the new
challenge of the PSA era

Requires rethinking of our diagnostic and
treatment strategies

MRI Is a promising diagnostic tool.
Further research in this field is required.
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