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MRI in prostate cancer diagnosis,
surgical or radiation treatment, focal
therapy, active surveillance and follow-up

C. Standaert, MD', P.J.L. De Visschere, MD, PhD', S. Rottey, MD, PhD?, S. Buelens, MD?*#, N. Sundahl, MD?9,
G.M. Villeirs, MD, PhD'

SUMMARY

Serum prostate-specific antigen, digital rectal examination and transrectal ultrasound, supplemented with
biopsy, are conventionally used for the screening, diagnosis, staging and surveillance of prostate cancer
(PCa). However, their sensitivity and specificity are limited with diagnosis of clinically insignificant cancer and
a potential risk of overtreatment as a result. Multiparametric MRl combines anatomical and functional pulse
sequences, including diffusion-weighted imaging and dynamic contrast-enhanced MRI, and has evolved out
of its limited role in PCa staging. The ability to visualise the prostate accurately and to detect or exclude cli-
nically significant PCa makes multiparametric MRI a great tool to improve the diagnosis, staging, treatment
planning and follow-up of patients with PCa. Multiparametric MRI can rule out clinically significant PCa and
therefore has the potential to reduce the need for biopsies or to determine whether active surveillance or
immediate treatment is appropriate.

(BELG J MED ONCOL 2018;12(7):313-318)

INTRODUCTION imaging (DW1) and dynamic contrast-enhanced MRI (DCE-

Prostate cancer (PCa) remains the most commonly diag-
nosed cancer and the third leading cause of cancer death
among men in the Western world. However, the vast
majority of men diagnosed with PCa will die from other
causes.! Therefore, the differentiation between life-threat-
ening versus indolent PCa is important. Historically, dig-
ital rectal examination (DRE), serum prostate-specific
antigen (PSA) screening, transrectal ultrasound (TRUS) and
TRUS-guided biopsy are used for screening, diagnosis and
surveillance despite their limited sensitivity and specificity.
Multiparametric MRI (mpMRI) combines anatomical and
functional pulse sequences, including diffusion-weighted

MRI) and has evolved out of its limited role in PCa staging.
This review discusses the role of mpMRI in screening and
detection of clinically significant disease, biopsy guidance,
active surveillance, surgery planning, radiotherapy or focal
therapy and follow-up after therapy. Furthermore, it briefly
discusses the technique of mpMRI acquisition and the uni-
form reporting using the Prostate Imaging Reporting and
Data System (PI-RADS).

MULTIPARAMETRIC-MRI
PATIENT PREPARATION AND TIMING

To avoid image artefacts, patients should empty the rectum
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FIGURE 1. Multiparametric MRI of a focal prostate carcinoma in the right peripheral zone of the mid prostate.
a: Axial T2-weighted MR image with a right sided 1.5 cm hypointense lesion (white arrow).
b: Axial dynamic contrast-enhanced MR image shows higher contrast uptake in this lesion than in surrounding normal tissue

(white arrow).

¢ and d: Axial diffusion weighted MR image shows an area of lower apparent diffusion coefficient (c, white arrow) with a

corresponding high signal on high b-value image (d, white arrow).

and bladder just before the MRI examination. Depending on
institutional preference, an antispasmodic agent can be used
to reduce motion artefacts. As post-biopsy changes such as
haemorrhage and inflammation can affect the interpretation

of mpMRI in staging, MRI is best performed before biopsy.

If not, an interval of at least six weeks between biopsy and
MRI is recommended.” For diagnosis, however, such a delay

is not necessary.
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MRI EQUIPMENT

A 3.0 tesla (T) MRI is considered the most optimal platform
for high spatial and temporal resolution imaging of the pros-
tate, although state-of-the-art multichannel 1.5 T machines
with optimised gradients can produce comparable image
quality. On older 1.5 T machines, the use of an endorectal
coil (ERC), preferable in combination with a multichannel
pelvic phased-array coil, is recommended for optimal im-
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TABLE 1. Prostate Imaging Reporting and Data System (PIRADS) v2 overall assessment score.

Prostate imaging reporting and data system (PI-RADS)

PI-RADS 1 clinically significant cancer is highly unlikely to be present
PI-RADS 2 clinically significant cancer is unlikely to be present
PI-RADS 3 the presence of clinically significant cancer is equivocal
PI-RADS 4 clinically significant cancer is likely to be present
PI-RADS 5 clinically significant cancer is highly likely to be present

age resolution. When an ERC is used, a saline laxative ene-
ma three hours before the examination is advised to facilitate
coil placement and reduce artefacts. Because of cost, time and
patient discomfort, the routine use of ERC is not established.

SEQUENCES OF MULTIPARAMETRIC MRI

MpMRI is composed of high-resolution T2-weighted imag-
ing (T2WI), diffusion-weighted imaging (DWI) and DCE-
MRI (Figure 1).

T2-WEIGHTED IMAGING

T2WI provides the best depiction of the prostatic zonal anato-
my and capsule. T2W1is used for PCa detection, localisation

and staging. PCa typically presents as a low-signal-intensity
focus in an inherently high-signal-intensity peripheral zone.
Transitional zone PCa is characterised by a homogeneous, hy-
pointense signal with indistinct margins. T2WI is sensitive

but not specific for PCa detection, and various ‘benign’ condi-
tions such as benign prostatic hyperplasia (BPH), prostatitis,
haemorrhage, atrophy and post-treatment changes can mim-
ic cancer on T2WIL.2? Therefore, findings should be correlated

with other functional techniques such as DWIand DCE-MRI.

DwWI

DW1 assesses the random mobility of protons in an aqueous

environment. Restriction of such mobility is typical for PCa

and is displayed as high signal-intensity on high b-value im-
ages and low signal-intensity on apparent diffusion coeffi-
cient (ADC) maps.? Several studies reported that the ADC

inversely correlates with Gleason score, therefore ADC is use-
fulin the assessment of aggressiveness and hence in the iden-
tification of clinically significant PCa.?*

DCE-MRI

DCE-MRI assesses the tissue enhancement. However, the ki-
netics of PCa enhancement are heterogeneous, and at present,
the added value of DCE is not firmly established. Most data
show rather modest added value over and above the combi-
nation of T2W and DWI.**

PROSTATE IMAGING REPORTING AND
DATA SYSTEM

In 2012, PI-RADS was introduced by the European Society of
Urogenital Radiology (ESUR) to improve the quality and con-
sistency of the mpMRI procedure and reporting. A revised
version, PI-RADS v2, was published in 2015.2 It consists of a
detailed scoring system for imaging findings on T2WI, DWI
and DCE-MRI, which are subsequently integrated into a five-
point overall assessment score that indicates the likelihood of
clinically significant disease in both the peripheral and tran-
sition zones (PI-RADS 1= highly unlikely, PI-RADS 5= highly
likely; Table 1). Clinically significant prostate cancers (csP-
Ca) were defined as a Gleason score >7 (including 3 + 4 with
prominent but not predominant Gleason 4 component) and/
or volume >0.5 cc and/or extra-prostatic extension. Prostate
biopsy is advised for PI-RADS’ assessment categories 4 and
5, while for PI-RADS’ assessment category 3, biopsy may or
may not be appropriate depending on other clinical variables.
DWT1 s considered as the ‘dominant’ sequence in the periph-
eral zone, as is T2WI in the transition zone. Certain benign
and malignant conditions may display similar characteristics
on DWI and T2WI, so mpMRI diagnosis requires expertise
and experience on the reader’s part. DCE plays a minor role
in PI-RADS v2, as it can only upgrade an equivocal finding
(score 3) on DWI in the peripheral zone into a score 4. Each
report should include a total prostate volume calculation and
an adequate lesion measurement and localisation on a sec-
tor map. Vargas et al. showed that these integrated PI-RADS
scores resulted in correct classification of approximately 95%
of the tumours with a pathological volume >0.5 ml, with less
good results for tumours with volume <0.5 ml.>

ROLE IN SCREENING AND DIAGNOSIS OF

CLINICALLY SIGNIFICANT DISEASE

PCa screening using serum PSA testing continues to be con-
troversial. It can reduce morbidity and mortality from PCa,
but it also increases the risk of overdiagnosis and overtreat-
ment with resultant morbidity. In current practice, nomo-
grams that combine demographic details, DRE findings and
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PSA results are used to identify patients at an increased risk
of csPCa. Using PI-RADS criteria, mpMRI has been shown
to be a very useful tool in such patient risk stratification.®”
In patients with elevated PSA and previous negative prostate
biopsy, a new biopsy can be performed with the needle tar-
geted to one or more lesions on a positive mpMRI, while a
negative mpMRI can effectively obviate a new biopsy on the
basis of its high negative predictive value (NPV)."® In a re-
cent meta-analysis, the median mpMRI NPV was 82.4% for
exclusion of prostate cancer (both significant and insignifi-
cant) and 88.1% for csPCa.® The use of mpMRI as a triage test
as compared with TRUS-biopsy in biopsy-naive men with
elevated PSA was recently studied in two large trials. In the
pivotal PROMIS trial was shown that mpMRI as a triage test
was more sensitive for csPCa (93% vs 48%) and might allow
27% of patients to avoid a primary biopsy.” Also, 5% fewer
clinically insignificant cancers were detected. These findings
were endorsed by the recent PRECISION trial in which biop-
sy was avoided in 28% of patients, and also more csPCa and
less insignificant disease was detected.'

ROLE IN STAGING

Currently, mpMRI is the best imaging technique available to
determine whether the tumour is organ-confined or shows
extra-glandular invasion. In the most recent European As-
sociation of Urology (EAU) guidelines, mpMRI is included
as a local staging technique in high-risk disease, interme-
diate-risk disease with predominantly Gleason pattern 4
and in low-risk disease if mpMRI is considered necessary
for treatment planning'' Also, the use of whole-body-MRI
is recognised as an alternative technique to detect pos-
sible metastases in intermediate- and high-risk patients.
In a recent meta-analysis, however, MRI showed a good spec-
ificity but a poor and heterogeneous sensitivity in the de-
tection of extra-capsular extension (ECE), seminal vesicle
invasion and overall stage T3."* Higher field strengths and the
use of additional functional techniques seem to increase the
accuracy of local staging. To further optimise the use of mp-
MRI in the staging of PCa, refinement is needed for both clin-
icopathologic and imaging criteria of ECE (especially focal
ECE); an international language should preferably be used for
reporting (similar to PI-RADS for PCa detection), and tech-
niques should be standardised using high field strengths and
additional functional imaging,

ROLE IN MRI-GUIDED PROSTATE BIOPSY

In conventional systematic TRUS biopsy, approximately 20%
of csPCa are missed, especially the anterior tumors."> Fur-
thermore, TRUS biopsy has shown to underestimate the fi-
nal Gleason grade and is associated with the detection of
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microfocal cancer lesions that may not be clinically signifi-
cant. Several prostate targeted biopsy methods using mpMRI
have been introduced to overcome these limitations. There
are three categories: (1) visual estimation MRI targeted TRUS
biopsy (‘cognitive fusion’); (2) MRI/TRUS fusion guided bi-
opsy using dedicated rigid or elastic fusion software; and (3)
in-bore MRI guided biopsy. Currently, there is no consensus
on which type of MRI-targeted biopsy is superior in cancer
detection or other areas. A large randomised, controlled trial
comparing the three techniques is currently ongoing. So far,
in general, MRI-targeted biopsy has shown to significantly
improve risk stratification by reducing sampling error, and
evidence is accumulating in recommending mpMRI as a tool
of directing either initial or repeat biopsies following a previ-
ous negative TRUS-guided biopsy."*

ROLE IN ACTIVE SURVEILLANCE

Active surveillance (AS) has grown in popularity as a way to
manage patients with low risk PCa without the morbidity of
definitive treatment and the risk of overtreatment of indolent
disease. This approach is supported by good long term can-
cer control in multiple studies.””

PATIENT SELECTION

MpMRI has the potential to accurately identify patients who

are candidates for AS. With its high NPV, a negative mpMRI

can rule out csPCa and hence corroborate the biopsy finding

of alow risk cancer. A mpMRI result concordant with the ini-
tial biopsy (PI-RADS 1-2) has a low reclassification rate, while

a result discordant with the initial biopsy (PI-RADS >3) is

typically seen as a trigger for repeat (targeted) biopsy.'**® Fur-
thermore, mpMRI demonstrates good specificity for evalua-

tion of extra-prostatic extension.

MONITORING AS

Approximately one-third of AS patients progress to active
treatment within a median follow-up of 2.5 years.''® There
are data suggesting that disease stability on MRI can pre-
dict Gleason score stability.!” Other early data suggest a po-
tential role for non-invasive monitoring of patients with
serial mpMRI at set intervals and prostate biopsies only
performed if changes occur on mpMRI. With this strate-
gy, the number of repeat biopsies could decrease to 68%.**
The incorporation of mpMRI in AS remains, however, a new
concept and robust data on the use of repeat MRI in AS
are lacking. The appearance of new lesions or an increase
in TNM staging on mpMRI is clear evidence of progression.
However, significant change in an existing lesion may be
harder to define and MRI-occult lesions are impossible to
compare. Therefore, the European School of Oncology con-
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KEY MESSAGES FOR CLINICAL PRACTICE

staging and recurrence detection.

disease.

1. Multiparametric MRI can be used to detect or exclude clinically significant cancer.

2. Multiparametric MRl may be used as a triage test to avoid or to support biopsy.

3. Multiparametric MRI is not only useful in the diagnosis of prostate cancer but also for active surveillance,

4. PI-RADS v2 provides a detailed scoring system that indicates the likelihood of clinically significant

vened the Prostate Cancer Radiological Estimation of Change
in Sequential Evaluation (PRECISE) panel to develop recom-
mendations for MRI in men on AS for PCa.?°

ROLE IN PLANNING OF RADICAL
PROSTATECTOMY, RADIOTHERAPY AND
FOCAL THERAPY

In radical prostatectomy (RP), the neurovascular bundle-
sparing technique aims to preserve sexual potency and
urinary continence. Additional mpMRI combined with
clinical variables increased prediction accuracy for re-
currence after RP, and mpMRI has shown to improve de-
cision-making to preserve the neurovascular bundle.*"**
However, as previously discussed, the NPV for excluding
ECE was not sufficiently high in other studies.”® Also, the
sensitivity for detecting lymph node invasion is low.?"**
In radiotherapy (RT), the use of mpMRI allows for more ac-
curate risk-grouping, more appropriate selection of radio-
therapeutical approach and a more patient-specific dose
plan.* More accurate contouring with mpMRI can help
to avoid under- or overestimation of the RT target volume.
Focal therapy is the targeted destruction of an index cancer
lesion (the most aggressive or largest cancer focus) while pre-
serving the surrounding, normal and healthy parenchyma.
Despite the prevalence of multifocality, the index lesion ap-
pears to be responsible for the natural history of that can-
cer.” The role of focal therapy in the management of PCa is,
however, still uncertain.?® Focal therapy success relies upon
accurate tumour detection, localisation, tumour boundary
definition and delineation and effective ablation targeting
with adequate margin control. In various studies in differ-
ent clinical settings, mpMRI has proven to be able to provide
useful information on these requirements.

ROLE IN RECURRENCE DETECTION

After earlier definite therapy, the diagnosis of PCa recur-

rence is defined as two consecutive values of serum PSA
>0.2ng/mL after RP and >2ng/mL above the nadir value af-
ter RT. A rapidly rising PSA and short PSA doubling time
(PSAdt) indicate metastatic recurrence, whereas a moder-
ately rising PSA and long PSAdt suggest local relapse.”
After RP, recurrent disease is most frequent at the vesico-
urethral anastomosis, whereas after RT, recurrent disease
is most often seen at the site of the prior tumour. MpM-
RI has proven to be very useful in the differentiation be-
tween residual glandular healthy tissue, scar/fibrotic
tissue, granulation tissue and local tumour recurrence.”®
DCE-MRI can be considered as the most reliable MRI
technique for the detection of local PCa recurrence after
RP.2%2° However, it must be taken into account that vas-
cularity and contrast enhancement can be reduced in pa-
tients who have received androgen deprivation therapy,
and in some cases T2WI and DWI could be sufficient.”®
Finally, ®*Gallium-prostate-specific membrane antigen pos-
itron-emission tomography (®*Ga-PSMA PET), in combina-
tion with CT/MRI, has shown promising results regarding its
ability to detect recurrent or metastatic PCa.>® However, the
impact of ®*Ga-PSMA PET on the management of patients
with prostate cancer needs further research.

CONCLUSION

The ability to visualise the prostate accurately and to detect
or exclude csPCa makes mpMRI a great tool to improve the
diagnosis, staging, treatment planning and follow-up of pa-
tients with PCa. MpMRI can rule out csPCa and therefore
has the potential to reduce the need for serial biopsies and
to determine whether AS or immediate treatment is most
appropriate.

REFERENCES

1. Fitzmaurice C, Allen C, Barber RM, et al. Global, regional, and national can-

cer incidence, mortality, years of life lost, years lived with disability, and disabil-

VOLUMET 2N0VEMBER20187



_31C

ity-adjusted life-years for 32 cancer groups, 1990 to 2015: A systematic analy-

sis for the global burden of disease study. JAMA Oncol. 2017;3(4):524-48.

2. Weinreb JC, Barentsz JO, Choyke PL, et al. PI-RADS Prostate Imaging - Re-

porting and Data System: 2015, Version 2. Eur Urol. 2016;69(1):16-40.

3. De Visschere PJ, Vral A, Perletti G, et al. Multiparametric magnetic resonance

imaging characteristics of normal, benign and malignant conditions in the pros-

tate. Eur Radiol. 2017;27(5):2095-109.
4., Cabarrus MC, Westphalen AC. Multiparametric magnetic resonance imaging

of the prostate-a basic tutorial. Transl Androl Urol. 2017;6(3):376-86.

5. Vargas HA, Hotker AM, Goldman DA, et al. Updated prostate imaging report-
ing and data system (PIRADS v2) recommendations for the detection of clinical-

ly significant prostate cancer using multiparametric MRI: critical evaluation us-

ing whole-mount pathology as standard of reference. Eur Radiol.

2016;26(6):1606-12.

6. Moldovan PC, Van den Broeck T, Sylvester R, et al. What is the negative pre-
dictive value of multiparametric magnetic resonance imaging in excluding pros-

tate cancer at biopsy? A systematic review and meta-analysis from the Europe-

an Association of Urology Prostate Cancer Guidelines Panel. Eur Urol.
2017;72(2):250-66.

7. De Visschere PJ, Naesens L, Libbrecht L, et al. What kind of prostate cancers
do we miss on multiparametric magnetic resonance imaging? Eur Radiol.

2016;26(4):1098-107.

8. De Visschere PJ, Briganti A, Futterer JJ, et al. Role of multiparametric mag-

netic resonance imaging in early detection of prostate cancer. Insights imaging.
2016;7(2):205-14.

9. Ahmed HU, El-Shater Bosaily A, Brown LC, et al. Diagnostic accuracy of
multi-parametric MRI and TRUS biopsy in prostate cancer (PROMIS): a paired
validating confirmatory study. Lancet. 2017;389(10071):815-22.

10. Kasivisvanathan V, Rannikko AS, Borghi M, et al. MRI-targeted or standard
biopsy for prostate-cancer diagnosis. N Eng J Med. 2018;378(19):1767-77.

11. Barentsz JO, Richenberg J, Clements R, et al. ESUR prostate MR guidelines
2012. Eur Radiol. 2012;22(4):746-57.

12. De Rooij M, Hamoen EH, Witjes JA, et al. Accuracy of magnetic resonance
imaging for local staging of prostate cancer: A diagnostic meta-analysis. Eur Urol.
2016;70(2):233-45.

18. Singh H, Canto El, Shariat SF, et al. Predictors of prostate cancer after initial
negative systematic 12 core biopsy. J Urol. 2004;171(5):1850-4.

14. Giganti F, Moore CM. A critical comparison of techniques for MRI-targeted

biopsy of the prostate. Transl Androl Urol. 2017;6(3):432-43.

156, Scott E, Mamawala M, Epstein Jl, et al. Intermediate and longer-term out-

comes from a prospective active-surveillance program for favorable-risk pros-

tate cancer. Tosoian JJ, Mamawala M, Epstein JI, Landis P, Wolf S, Trock BJ,
Carter HB.J Clin Oncol. 2015 Oct 20;33(30):3379-85. [Epub 2015 Aug 31]. doi:

\/O |_U M E,I 2NOVEMBER2018

10.1200/JC0.2015.62.5764. Urol Oncol. 2017;35(3):121-2.

16. Margel D, Yap SA, Lawrentschuk N, et al. Impact of multiparametric endorectal
coll prostate magnetic resonance imaging on disease reclassification among active
surveillance candidates: a prospective cohort study. J Urol. 2012;187(4):1247-52.
17. Barrett T, Haider MA. The emerging role of MRI in prostate cancer active sur-
veillance and ongoing challenges. AJR Am J Roentgenol. 2017;208(1):131-9.
18. Meng X, Rosenkrantz AB, Taneja SS. Role of prostate magnetic resonance
imaging in active surveillance. Transl Androl Urol. 2017;6(3):444-52.

19. Walton Diaz A, Shakir NA, George AK, et al. Use of serial multiparametric
magnetic resonance imaging in the management of patients with prostate can-
cer on active surveillance. Urol Oncol. 2015;33(5):202.e1-.e7.

20. Moore CM, Giganti F, Albertsen P, et al. Reporting magnetic resonance im-
aging in men on active surveillance for prostate cancer: The PRECISE recom-
mendations — A report of a European school of oncology task force. Eur Urol.
2017;71(4):648-55.

21. McClure TD, Margolis DJ, Reiter RE, et al. Use of MR imaging to determine
preservation of the neurovascular bundles at robotic-assisted laparoscopic pros-
tatectomy. Radiology. 2012;262(3):874-83.

22. Jeong IG, Lim JH, You D, et al. Incremental value of magnetic resonance im-
aging for clinically high risk prostate cancer in 922 radical prostatectomies. J
Urol. 2013;190(6):2054-60.

23. Somford DM, Hamoen EH, Futterer JJ, et al. The predictive value of endorec-
tal 3 Tesla multiparametric magnetic resonance imaging for extraprostatic exten-
sion in patients with low, intermediate and high risk prostate cancer. J Urol.
2013;190(5):1728-34.

24. Menard G, Paulson E, Nyholm T, et al. Role of prostate MR imaging in radi-
ation oncology. Radiol Clin North Am. 2018;56(2):319-25.

25, Ahmed HU. The index lesion and the origin of prostate cancer. N Eng J Med.
2009;361(17):1704-6.

26. Van der Poel HG, Van den Bergh RCN, Briers E, et al. Focal therapy in pri-
mary localised prostate cancer: The European Association of Urology position
in 2018. Eur Urol. 2018;74(1):84-91.

27. Cornford P, Bellmunt J, Bolla M, et al. EAU-ESTRO-SIOG guidelines on pros-
tate cancer. Part IIl: Treatment of relapsing, metastatic, and castration-resistant
prostate cancer. Eur Urol. 2017;71(4):630-42.

28. Panebianco V, Barchetti F, Grompone MD, et al. Magnetic resonance imag-
ing for localization of prostate cancer in the setting of biochemical recurrence.
Urol Oncol. 2016;34(7):303-10.

29. De Visschere PJ, Vargas HA, Ost P, et al. Imaging treated prostate cancer.
Abdom Imaging. 2013;38(6):1431-46.

30. Han S, Woo S, Kim YJ, et al. Impact of 68Ga-PSMA PET on the manage-
ment of patients with prostate cancer: A systematic review and meta-analysis.

Eur Urol. 2018;74(2):179-190.



