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News and topics
Clinical applications of multiparametric MRI within the prostate cancer

diagnostic pathway ™

Interest in integrating MRI into the prostate (CaP) cancer
diagnostic pathway seems to be gaining ground [1]. Mul-
tiparametric (mp)MRI combines diffusion-weighted, dy-
namic contrast enhanced sequences or MR spectroscopy
with conventional T2-weighted sequences. This has resulted
in accuracy rates for the detection of clinically important
CaP that compare favorably with established tests, such as
X-ray mammography, for the detection of breast cancer
[1,2]. However, its exact clinical utility remains the subject
of legitimate professional disagreement. In this commen-
tary, we attempt to highlight the areas in which mpMRI may
have a role in improving the diagnosis and management of
CaP.

Multiparametric MRI in response to a negative first
biopsy

The main reason why the current diagnostic pathway for
CaP remains suboptimal is that the current standard, trans-
rectal ultrasound (TRUS) guided biopsy, is conducted
‘blind’ to the cancer location within the prostate. Men who
enter the current CaP diagnostic pathway on the basis of an
elevated serum prostatic specific antigen (PSA) level have a
1 in 4 chance of testing positive on TRUS guided biopsy.
More men, therefore, are subjected to TRUS guided biop-
sies than is probably necessary. This renders CaP diagnosis
a health state that is largely determined by chance. In fact,
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it is slightly worse. Cancers, in the anterior prostate, apex,
and midline are either undersampled or never sampled,
resulting in clinically significant cancers going undetected
[3.4].

Because of this diagnostic strategy, many men are falsely
reassured that they are free of clinically significant cancer
when they are not. By using mpMRI to assess the risk status
of men with a previous negative biopsy, biopsies can be
targeted to visible MR lesions [5]. When this strategy has
been used, almost two-thirds (59%) of men with 2 or more
previous negative TRUS biopsies have been diagnosed with
cancer [6].

Multiparametric MRI as a triage test for men at risk

The recent attribution of a grade D by the U.S. Preven-
tive Services Task Force against PSA screening (in other
words of ‘moderate or high certainty that the service has no
net benefit or that the harm outweighs the benefits’) would
have us believe that PSA is not fit for the purpose [7].
However, it may be that the application of the verification
test that follows PSA requires scrutiny rather than rejection
of PSA screening altogether. In introducing imaging earlier
in the diagnostic pathway, before TRUS guided biopsy, in
those men with an elevated serum PSA or other risk factors,
urologists would conform to the practice adopted by clini-
cians treating other solid organ cancers [8].

For example, screening X-ray mammograms and breast
MRI scans performed for ‘at-risk” women are scored ac-
cording to the Breast Imaging-Reporting and Data System
(BI-RADS) [9,10]. Scored between 0 and 5 according to the
likelihood that cancer is present, this reporting system was
developed by a consensus group endorsed by the American
College of Radiology to standardize and quality control the
reporting of breast imaging. Those with an equivocal score
of 3 would be recommended to have further follow-up
within a few months, while a score of at 4 or 5 denotes
suspicion for malignancy warranting biopsy directed to-
wards the area of suspicion. It would appear feasible for the
uro-oncology community to adopt the same approach, with
fewer and better image-targeted biopsies performed in men
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with a positive mpMRI [11,12]. In those with an equivocal
mpMRI, PSA surveillance or standard TRUS guided biopsy
would be recommended, while scores of 2 and below may
warrant no further follow-up, depending on individual pa-
tient and clinician preference.

One of the key attributes of modern imaging platforms in
cancer diagnosis is that the result correlates closely with
tumor burden. Multiparametric MRI has reduced sensitivity
for low grade, low-volume disease and, therefore, may sys-
tematically overlook clinically insignificant disease. If this
proves to be the case, its application as a triage test before
prostate biopsy might significantly address the problem of
overdiagnosis that is associated with the current diagnostic
pathway. Evidence is starting to accumulate that mpMRI
may be sensitive to tumor grade as well as tumor volume
[13-17], resulting in a high negative predictive value for
ruling out clinically significant disease [18]. This strategy
would reduce the incidence of treatment-related harm en-
countered by overdiagnosis of low-risk disease—the main
reason that the U.S.A. task force recommended against the
use of PSA screening.

Cancer localization on multiparametric MRI

Approximately one-third of patients undergoing active
surveillance have upgrading of disease on serial TRUS
guided biopsies [19,20]. In some men, this change is related
to true disease progression. However, in others it reflects the
inadequacy of a sampling biopsy technique to provide con-
sistent serial information on a patient’s pathologic status. As
an alternative, if mpMRI can accurately detect, localize, and
characterize tumors, we have the opportunity to monitor a
true and visible change in a lesion over time. There is
evidence that mpMRI can act as an accurate monitoring tool
for CaP progression in those men undergoing active sur-
veillance [21].

Accurate cancer localization may also aid the optimal
balance between oncologic outcome and genitourinary and
rectal side effects in nerve-sparing radical prostatectomy
[22] and dose escalation to the index lesion in radiotherapy
[23]. Novel experimental strategies to selectively treat the
cancer alone also rely on imaging. For instance, real-time
mpMRI has been used to direct focal treatments with laser
in Phase I/II trials [24].

Future studies

Despite agreement across the uro-radiology community
that mpMRI has a potential future in the standard diagnostic
pathway for CaP, differences in current conduct, interpre-
tation, and reporting of mpMRI renders reliable comparison
of research studies difficult [25,26]. This is currently an
impediment to widespread and effective adoption of this
technique. However, there are signs of change. Consensus

now exists on the minimal and optimal imaging standards
for mpMRI [25], and clinical practice guidelines have re-
cently been produced [27].

Once agreed, standardized mpMRI protocols and report-
ing schemes will require validation within prospective stud-
ies that evaluate the ability of mpMRI to detect, localize,
and characterize CaP against an appropriate reference stan-
dard. Such a trial is due to start imminently (http://clinical-
trials.gov NCT01292291).

Targeting of biopsies to lesions identified on mpMRI is
already in clinical use in a number of centers, but the
techniques adopted are varied. Some groups use ‘cognitive’
registration of the results of the mpMRI to target biopsies on
TRUS or transperineal prostate biopsies [28]. Prostate dis-
tortion and poor interpretation of imaging are potential
limitations. Other groups are evaluating ‘in-bore’ targeting
of lesions within the MR scanner, and have demonstrated
improved cancer detection rates [5,6], and risk stratification
of disease [29], compared with standard TRUS biopsies.
However, this technique carries a high burden on imaging
resources and time, and usually requires a general anes-
thetic. An alternative approach is to register MR images
onto an ultrasound platform, to allow real-time targeting of
lesions in the theater or out-patient clinical setting [11]. The
key to accuracy of this technique is in the development of
‘nonrigid’ registration that allows for movement and distor-
tion between prostate images. Such techniques are under
evaluation [30,31].

Long-term cost-of-care evaluation of integrating mpMRI
into the diagnostic pathway is difficult to model, as many
assumptions need to be incorporated. While transfer of costs
to other sectors of the health care community is guaranteed,
the impact on costs-of-care is more difficult to assume. If a
new test, such as mpMRI, could deliver fewer biopsies,
better biopsies, better risk stratification, more appropriate
treatment allocation, fewer diagnoses, and fewer men
treated overall, we might have a test that could impart
significant cost savings over decades. Moreover, the capital
expenditure has already been made in many parts of the
world as appropriate MR scanners are already in place. The
challenge will be to use the existing MRI facilities more
effectively and to refine the optimal sequences for prostate
so that scan time is minimized. Development of a healthcare
economic model to evaluate cost-effectiveness will be re-
quired before further conclusions can be drawn about the
potential long-term cost-savings of this strategy.

The integration of mpMRI within the diagnostic path-
way for CaP has been embraced for some time by a
number of centers in the world. There is likely to be
further dissemination once practice guidelines start mak-
ing recommendations based on good evidence—some-
thing that we shall see in the next couple of years.
Clinicians involved in CaP diagnosis and staging should
take this opportunity to begin to formulate good working
relationships with uro-radiologists. This is going to be


http://clinicaltrials.gov
http://clinicaltrials.gov

L. Dickinson et al. / Urologic Oncology: Seminars and Original Investigations 31 (2013) 281-284 283

the key partnership of the future that will result in better
care for men at risk.

Louise Dickinson, M.R.C.S.*>,

Hashim U. Ahmed, M.R.C.S.%, Clare Allen, F.R.C.R.9,
Jelle O. Barentsz, M.D., Ph.D.®,

Brendan Carey, F.R.C.R.f,

Jurgen J. Futterer, M.D., Ph.D.",

Stijn W. Heijmink, M.D.®, Peter Hoskin, M.D., F.R.C.P.8,
Alex P. Kirkham, F.R.C.S., FR.C.R.9,

Anwar R. Padhani, F.R.C.P., F.R.CR,

Raj Persad, Ch.M., FR.C.S., FEB.U.,

Philippe Puech, M.D., Ph.DJ,

Shonit Punwani, Ph.D., FR.C.R.,

Aslam Sohaib, F.R.C.R.¥, Bertrand Tombal, M.D., Ph.D.,
Jan van der Meulen, Ph.D., FF.P.H.“™,

Arnauld Villers, M.D., Ph.D.",

Mark Emberton, M.D., F.R.C.S.*? (PREDICT Consensus
Panel)

* Division of Surgery and Interventional Sciences,
University College London, Gower Street

London, UK

® Department of Urology, University College London
Hospitals NHS Foundation Trust, 235 Euston Road
London, UK

¢ Clinical Effectiveness Unit, Royal College of Surgeons
of England, 35-43 Lincoln’s Inn Fields

London, UK

4 Department of Radiology, University College London
Hospitals NHS Foundation Trust, 235 Euston Road
London, UK

¢ Department of Radiology, Radboud University Nijmegen,
Medical Centre, 6500 HB

Nijmegen, the Netherlands

" Department of Radiology, Leeds Teaching Hospitals
NHS Trust, Beckett Street, Leeds, UK

& Cancer Centre, Mount Vernon Cancer Centre,
Rickmansworth Road, Northwood

Middlesex, UK

Y Paul Strickland Scanner Centre, Mount Vernon Cancer
Centre, Rickmansworth Road

Northwood, Middlesex, UK

! Department of Urology, University Hospitals Bristol NHS
Foundation Trust, Marlborough Street, Bristol, UK

I Department of Radiology, CHU Lille Univ Lille Nord de
France, F-59000 Lille, France

X Department of Radiology, Royal Marsden NHS Foundation
Trust, Fulham Road

London, UK

! Department of Urology, Cliniques Universitaires Saint-Luc,
Avenue Hippocrate 10

1200 Brussels, Belgium

™ Health Services Research Unit, London School of Hygiene
and Tropical Medicine, UK

" Department of Urology, CHU Lille Univ Lille Nord de
France, F-59000 Lille, France

References

[1] Sciarra A, Barentsz J, Bjartelli A, et al. Advances in magnetic reso-
nance imaging: How they are changing the management of prostate
cancer. Eur Urol 2011;59:962-77.

Hamy AS, Giacchetti S, Albiter M, et al. BI-RADS categorization of

2,708 consecutive nonpalpable breast lesions in patients referred to a

dedicated breast care unit. Eur Radiol 2012;22:9-17.

Haarer CF, Gopalan A, Tickoo SK, et al. Prostatic transition zone

directed needle biopsies uncommonly sample clinically relevant tran-

sition zone tumors. J Urol 2009;182:1337-41.

Presti JC. Repeat prostate biopsy—When, where, and how. Urol Oncol

2009;27:312-14.

Franiel T, Stephan C, Erbersdobler A, et al. Areas suspicious for

prostate cancer: MR-guided biopsy in patients with at least one

transrectal US-guided biopsy with a negative finding—multiparametric

MR imaging for detection and biopsy planning. Radiology 2011;259:

162-72.

Hambrock T, Somford DM, Hoeks C, et al. Magnetic resonance

imaging guided prostate biopsy in men with repeat negative biopsies

and increased prostate specific antigen. J Urol 2010;183:520-27.

Chou R, Croswell JM, Dana T, et al. Screening for prostate cancer: A

review of the evidence for the U.S. Preventive services task force.

Ann Intern Med 2011;155:762-71.

Ahmed HU, Kirkham A, Arya M, et al. Is it time to consider a role

for MRI before prostate biopsy? Nat Rev Clin Oncol 2009;6:197—

206.

D’Orsi CJ, Bassett LW, Berg WA, et al. Breast Imaging Reporting

and Data System: ACR BI-RADS-Mammography 4th ed. Reston,

VA: American College of Radiology; 2003.

[10] D’Orsi CJ, Bassett LW, Berg WA, et al. Breast Imaging Reporting
and Data System: ACR BI-RADS-MRI 4th ed. Reston, VA: Ameri-
can College of Radiology; 2003.

[11] Pinto PA, Chung PH, Rastinehad AR, et al. Magnetic resonance
imaging/Magnetic resonance imaging/ultrasound fusion guided pros-
tate biopsy improves cancer detection following transrectal ultra-
sound biopsy and correlates with multiparametric magnetic resonance
imaging J Urol 2011;186:1281-85.

[12] Haffner J, Lemaitre L, Puech P, et al. Role of magnetic resonance
imaging before initial biopsy: Comparison of magnetic resonance
imaging-targeted and systematic biopsy for significant prostate cancer
detection. BJU Int 2011;108:E171-78.

[13] Shimizu T, Nishie A, Ro T, et al. Prostate cancer detection: The value
of performing an MRI before a biopsy. Acta Radiol 2009;9:1080—88.

[14] Vargas HA, Akin O, Franiel T, et al. Diffusion-weighted endorectal
MR imaging at 3T for prostate cancer: Tumor detection and assess-
ment of aggressiveness. Radiology 2011;259:775-84.

[15] Verma S, Rajesh A, Morales H, et al. Assessment of aggressiveness
of prostate cancer: Correlation of apparent diffusion coefficient with
histologic grade after radical prostatectomy. AJR Am J Roentgenol
2011;196:374-81.

[16] Rastinehad AR, Baccala AA, Chung PH, et al. D’Amico risk
stratification correlates with degree of suspicion of prostate cancer
on multiparametric magnetic resonance imaging. J Urol 2011;185:
815-20.

[17] Villeirs GM, De Meerleer GO, De Visschere PJ, et al. Combined
magnetic resonance imaging and spectroscopy in the assessment of
high grade prostate carcinoma in patients with elevated PSA: A
single-institution experience of 356 patients. Eur J Radiol 2011;77:
340-45.

[18] Villers A, Puech P, Mouton D, et al. Dynamic contrast enhanced,
pelvic phased array magnetic resonance imaging of localized prostate
cancer for predicting tumor volume: Correlation with radical prosta-
tectomy findings. J Urol 2006;176:2432-37.

[2

—

3

[t

[4

=

[5

[t}

[6

=

[7

—

[8

—_

[9

—



284

[19]

[20]

[21]

[22]

[23]

[24]

[25]

L. Dickinson et al. / Urologic Oncology: Seminars and Original Investigations 31 (2013) 281-284

Porten SP, Whitson JM, Cowan JE, et al. Changes in prostate cancer
grade on serial biopsy in men undergoing active surveillance. J Clin
Oncol 2011;29:2795-800.

Klotz L, Zhang L, Lam A, et al. Clinical results of long-term fol-
low-up of a large, active surveillance cohort with localized prostate
cancer. J Clin Oncol 2010;28:126-31.

Morgan VA, Riches SF, Thomas K, et al. Diffusion-weighted mag-
netic resonance imaging for monitoring prostate cancer progression in
patients managed by active surveillance. Br J Radiol 2011;84:31-7.
Labanaris AP, Zugor V, Takriti S, et al. The role of conventional and
functional endorectal magnetic resonance imaging in the decision of
whether to preserve or resect the neurovascular bundles during radical
retropubic prostatectomy. Scand J Urol Nephrol 2009;43:25-31.
Singh AK, Guion P, Sears-Crouse N, et al. Simultaneous integrated
boost of biopsy proven, MRI defined dominant intra-prostatic lesions
to 95 Gray with IMRT: Early results of a phase I NCI study. Radiol
Oncol 2007;18:36.

Raz O, Haider MA, Davidson SR, et al. Real-time magnetic reso-
nance imaging-guided focal laser therapy in patients with low-risk
prostate cancer. Eur Urol 2010;58:173-77.

Dickinson L, Ahmed HU, Allen C, et al. Magnetic resonance imaging
for the detection, localization, and characterization of prostate cancer:

[26]

[27]

[28]

[29]

[30]

[31]

Recommendations from a European consensus meeting. Eur Urol
2011;59:477-94.

Kelloff GJ, Choyke P, Coffey DS, et al. Challenges in clinical
prostate cancer: Role of imaging. AJR Am J Roentgenol 2009;192:
1455-70.

Barentsz JO, Richtenberg J, Clements R, et al. ESUR prostate MR
guidelines 2012. Eur Radiol 2012;22:746-57.

Watanabe Y, Terai A, Araki TJ, et al. Detection and localization of
prostate cancer with the targeted biopsy strategy based on ADC Map:
A prospective large-scale cohort study. J] Magn Reson Imaging 2012
Jan 13 [Epub ahead of print].

Hambrock T, Hoeks C, Hulsbergen-van de Kaa C, et al. Prospective
assessment of prostate cancer aggressiveness using 3-T diffusion-
weighted magnetic resonance imaging-guided biopsies versus a sys-
tematic 10-core transrectal ultrasound prostate biopsy cohort. Eur
Urol 2012;61:177-84.

HuY, Carter TJ, Ahmed HU, et al. Modeling prostate motion for data
fusion during image-guided interventions. IEEE Trans Med Imaging
2011;30:1887-900.

Ukimura O, Desai MM, Palmer S, et al. 3-dimensional elastic regis-
tration system of prostate biopsy location by real-Time 3-dimensional
transrectal ultrasound guidance with magnetic resonance/transrectal
ultrasound image fusion. J Urol 2012;187:1080—86.



