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The Past: How We Started
The first transperineal ultrasound exami-

nation of the prostate was published in 1963, 
but the image quality associated with this ex-
amination was very poor [8]. The first clin-
ical application of 3.5-MHz transrectal ul-
trasound (TRUS) of the prostate occurred in 
1971 and provided new opportunities in the 
field of prostate imaging [9]. However, im-
aging techniques such as ultrasound or CT 
remained unsatisfactory for the identifica-
tion and characterization of PCa. As an ex-
ample, Price and Davidson [10] reported in 
1979 that the focal obliteration of soft-tissue 
planes, a common finding in extraprostatic 
disease, was not distinguishable between be-
nign and malignant disease.

In 1971, the application of MRI in the di-
agnosis of cancer was first explored by Dam-
adian [11] in six normal tissue samples and 
two malignant solid tumors in the rat. Malig-
nant tissues could be differentiated accord-
ing to the T1 and T2 relaxation times, as such, 
parameters were outside the range of values 
when compared with the normal tissues.

In 1982, Steyn and Smith [1] reported their 
initial findings for prostate MRI performed 
for 25 men with use of a four-coil, air-cored 
magnetic ring with a static magnetic field of 
0.04 T and a slice thickness of 17.53 mm. 
Twenty men had benign prostatic hyperpla-
sia (BPH), and PCa was observed in five men 
after surgery (Fig. 1). Steyn and Smith were 
the first to report the MRI appearance of such 
conditions, and they concluded that MRI had 
potential in the management of PCa.

One year later, Hricak et al. [12] used MRI 
to investigate the anatomy of and patholog-
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I
t has been nearly 40 years since 
the first study of MRI of the 
prostate gland was performed by 
Steyn and Smith in 1982 [1]. 

Since then, remarkable advances have oc-
curred in MRI technology, including the in-
troduction of dynamic contrast-enhanced 
(DCE), DWI, and spectroscopic MRI. Image 
quality has dramatically improved with the 
introduction of high-field-strength magnets 
and phased-array coils [2]. This has im-
proved the accuracy of this technique in de-
tecting clinically significant prostate cancer 
(PCa) to help in treatment planning and to 
detect early recurrence.

Data from the PROMIS (Prostate MRI 
Imaging Study) [3] and PRECISION (Pros-
tate Evaluation for Clinically Important 
Disease: Sampling Using Image-guidance 
Or Not) study groups [4] suggest that MRI 
will have an important role in improving the 
yield of clinically significant PCa as well as 
an important role in mitigating overdiagno-
sis of clinically unimportant disease [5–7].

Extensive literature has described the 
diagnosis of PCa with the use of MRI, al-
though the reported diagnostic perfor-
mance of MRI in detection, localization, 
and local staging vary greatly. This is part-
ly because of heterogeneity in protocols 
and other aspects related to performing 
MRI, which in turn reflect the continuous 
evolution of this technique over time. Thus, 
the purpose of the present article is to pro-
vide an overview of the application of MRI 
in PCa, from its first use in humans to its 
present-day use, and to describe future di-
rections of prostate MRI.
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OBJECTIVE. The purpose of this article is to discuss the evolution of MRI in prostate can-
cer from the early 1980s to the current day, providing analysis of the key studies on this topic. 

CONCLUSION. The rapid diffusion of MRI technology has meant that residual vari-
ability remains between centers regarding the quality of acquisition and the quality and stan-
dardization of reporting. 
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ic findings for the pelvis in men, including 
nine men with BPH, nine with PCa, and one 
with a lymphocele after surgery. MRI en-
hanced the ability of imaging to provide 
images in three planes (axial, sagittal, and 
coronal) to allow accurate volumetric as-
sessment and to assess extension of the ma-
lignancy into periprostatic adipose tissue. 
The major limitation of their study was the 
inability of the technique to differentiate be-
tween a neoplastic nodule and chronic pros-
tatitis. A 0.35-T MRI system was used with 
an elliptical body producing 7-mm-thick 
T1- and T2-weighted images with a 3-mm 
gap between adjacent imaging planes, and 
T1- and T2-weighted spin-echo sequences 
were applied.

In 1983, Bryan et al. [13] used a 0.15- or 
0.3-T system to obtain T1- and T2-weighted 
images of four men with PCa and one with 
BPH, and they reported that PCa had an in-
homogeneous appearance on MRI. Howev-
er, MRI was too expensive to be used as a 
screening method.

One year later, Buonocore et al. [14] per-
formed clinical and in vitro MRI of the pros-
tate for 10 men. Their results were similar 
to those of Hricak et al. [12] in that the nor-
mal prostate had homogeneous intermediate 
signal patterns on both T1- and T2-weighted 
images. PCa and the invasion of seminal vesi-
cles were better seen on T2-weighted images.

In 1985, Poon et al. [15] aimed to determine 
the optimal pulse sequence for prostatic imag-
ing and to investigate the ability of MRI to dis-
tinguish BPH from PCa. The MRI system that 
was used was a 0.15-T scanner with a body 
coil. Among the different sequences with dif-
ferent MRI parameters, a dedicated 3D aniso-
tropic imaging set with contiguous 17-mm-
thick axial sections (acquired in 10 minutes) 
was obtained by the investigators, as were 2D 
single-section sequences with a thickness of 
1.5 cm (Figs. 2 and 3). Of interest, Poon and 
colleagues reported that a 2-hour examination 
time was set as the upper limit for each indi-
vidual included in the study, given that it was 
not possible to perform an exhaustive study of 

all techniques for each patient. They could not 
duplicate the previous results of Hricak et al. 
[12] and could not differentiate patients with 
BPH or PCa from normal study participants 
without symptoms.

In 1987, Hricak et al. [16] published the 
first descriptive study of the appearance of 
the prostate gland and periprostatic struc-
tures on MRI. Fifty-five men with benign 
and malignant prostate and bladder disor-
ders were reviewed retrospectively, and the 
authors discussed the technical requirements 
(TR/TE, slice thickness, and other parame-
ters) for a scan of diagnostic quality [16]. The 
participants underwent scanning performed 
with a 0.35- or 1.5-T system and different 
body coils (elliptical or quadrate). Multipla-
nar T1- and T2-weighted images with differ-
ent TR and TE values were performed for 
most of the men included in the study. Dif-
ferent slice thicknesses and gaps were also 
applied. The authors showed how the ana-
tomic structures could be seen when differ-
ent planes and MR parameters were used.

A

Fig. 1—Images of one man with benign prostatic 
hyperplasia (BPH) and one man with prostate cancer 
(PCa). (Reprinted from Steyn JH, Smith FW. Nuclear 
magnetic resonance imaging of the prostate. Br J 
Urol 1982; 54:726–728, © 1982 British Association 
of Urological Surgeons, with permission from Wiley 
and Sons)
A, Proton density–weighted MR image shows BPH 
with prostate outlined between bladder and rectum.
B, T1-weighted MR image of benign hyperplasia 
shows bladder urine (white area in front of prostate) 
with very long T1 time.
C, Proton density–weighted MR image shows section 
of PCa with extension seen posteriorly on right.
D, T1-weighted MR image shows section of PCa with 
scattered areas of longer relaxation time.

C

B

D

A

Fig. 2—Man with normal seminal vesicle. (Reprinted 
from Poon PY, McCallum RW, Henkelman MM, et 
al. Magnetic resonance imaging of the prostate. 
Radiology 1985; 154:143–149, with permission from 
the Radiological Society of North America)
A and B, Transverse MR image obtained using 3D 
anisotropic technique (A) and coronal MR image 
obtained using spin echo of 60/2000 (B) show normal 
seminal vesicle (arrows).
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Toward Multiparametric Imaging
The MRI protocol currently used for pros-

tate imaging is called multiparametric MRI 
(mpMRI) because it consists of a combi-
nation of T2-weighted imaging, DWI, and 
DCE-MRI. The importance of DWI has been 
more widely recognized over time, where-
as spectroscopic MRI has declined in popu-
larity [17, 18]. The first applications of MRI 
for the prostate gland were based on T1- and 
T2-weighted imaging only, but additional 
tools, such as DCE-MRI, spectroscopic MRI, 
and DWI, were developed in the 1990s.

Dynamic contrast-enhanced MRI—In 
1993, Mirowitz et al. [19] were the first to re-
port the impact of contrast enhancement on 
PCa staging (Fig. 4). They concluded that the 
use of gadolinium was not warranted for rou-
tine staging of PCa but could be helpful in 
assessing seminal vesicles.

Two years later, Brown et al. [20] reported 
the improved detection of PCa after dynamic 
acquisition (i.e., acquisition of baseline im-

ages without contrast enhancement, followed 
by rapid acquisition of a series of images 
over time) of IV gadolinium (0.2. mL/kg), 
acquiring 19 contiguous sections in the ax-
ial plane (slice thickness, 8 mm) over 3.48 
minutes and additional delayed contrast-en-
hanced images (8 minutes after injection). 
They concluded that dynamic bolus contrast 
enhancement could be useful to evaluate tu-
mor margins.

After these initial studies, the use of con-
trast medium in prostate MRI has seen rap-
id developments in data acquisition methods, 
with rapid series of images continuously ac-
quired after bolus administration of contrast 
medium over time [21–23].

Spectroscopic MRI—The first study of 
spectroscopic MRI of the prostate was pub-
lished in 1988 by Sillerud et al. [24]. These au-
thors detected citrate in the prostate, analyz-
ing citrate signals from normal rat tissue and 
benign hypertrophic human prostate tissue 
in vitro and from the normal in vivo prostate 

tissue of a healthy human volunteer. In 1995, 
Kurhanewicz et al. [25] determined whether 
citrate levels detected by spectroscopy could 
reliably discriminate regions of PCa from 
healthy peripheral zone tissue and BPH. They 
observed that the citrate levels were lower in 
patients with PCa than in patients with BPH 
or men with normal peripheral zone prostate 
tissue, with patients with PCa having a lower 
ratio of the mean (± SD) citrate level to peak 
creatine plus choline levels (0.67 ± 0.17), com-
pared with patients with BPH (1.2 ± 0.29) and 
men with normal peripheral zone prostate tis-
sue (1.46 ± 0.28) (p < 0.05).

Despite the initial excitement about spec-
troscopic MRI, this technique has now fall-
en out of favor for PCa assessment. A mul-
ticenter study [26] showed no incremental 
value of spectroscopic MRI over MRI for 
men with relatively low-volume and low-risk 
disease who underwent radical prostatecto-
my. However, spectroscopic MRI has prov-
en to be a superb technique for the detection 

A
Fig. 3—Man with normal prostate. (Reprinted from Poon PY, McCallum RW, Henkelman MM, et al. Magnetic resonance imaging of the prostate. Radiology 1985; 154:143–
149, with permission from the Radiological Society of North America)
A and B, Transverse MR image obtained using spin echo (SE) of 120/2000 (A) and coronal MR image obtained using SE of 60/2000 (B) show bright rim (arrows) around 
prostate. Corpus cavernosum penis (curved arrow, B) is also very bright.
C, Coronal image obtained using SE of 30/500 shows that bright rim in A and B is not result of layer of fat around prostate because this image shows that pelvic fat is very 
bright but reveals no periprostatic rim.

CB

A
Fig. 4—63-year-old man with prostate cancer who underwent MRI for staging purposes. (Reprinted from Mirowitz SA, Brown JJ, Heiken JP. Evaluation of the prostate and 
prostatic carcinoma with gadolinium-enhanced endorectal coil MR imaging. Radiology 1993; 186:153–158, with permission from the Radiological Society of North America)
A, T2-weighted MR image (TR/TE, 2200/80) shows foci of abnormal reduced signal intensity are within peripheral zone bilaterally (arrows), corresponding to sites of cancer.
B, Unenhanced T1-weighted MR image (TR/TE, 500/25) shows prostate has uniform signal intensity.
C, Contrast-enhanced T1-weighted MR image shows inhomogeneous enhancement at sites of cancer within peripheral zone bilaterally (large arrows). Poor definition of 
capsular margins (small arrows) is also apparent at site with proved capsular invasion by tumor.

CB
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of aggressive cancers [27–29], but DWI can 
now give the same information in less time 
and with less required expertise.

DWI—DWI shows the motion of water 
molecules in tissues, which is linked to tis-
sue cellularity [30]. PCa is characterized by 
greater numbers of cells and destruction of 
water-rich glandular tissue, resulting in a 
lower water diffusivity (and a lower apparent 
diffusion coefficient [ADC]) compared with 
that seen in normal tissue [30]. A region of 
restricted diffusion (e.g., tumor) is hyperin-
tense on high-b-value DWI and hypointense 
on the corresponding ADC map.

In 2002, Issa [31] was the first to report 
the application of DWI for PCa (Fig. 5). The 
ADC was measured in the transition and pe-
ripheral zones of seven healthy men and 19 
men with PCa. For men with PCa, the ADCs 
were lower in the malignant tissue than 

in noncancerous areas (1.38 vs 1.92 × 10−3 
mm2/s; p < 0.001). Since then, many studies 
and reviews have investigated the usefulness 
of prostate DWI, supporting its inclusion in 
the diagnostic pathway of PCa [32–35].

Coils and Magnetic Field Strength: An 
Unsolved Dilemma

The first studies of prostate MRI were 
conducted using a conventional body coil 
with limited anatomic resolution [36].

In 1989, Schnall et al. [37] developed an 
endorectal surface coil to use when perform-
ing high-resolution prostate MRI with a 1.5-T 
system. Their initial experience showed that 
the images obtained using an endorectal coil 
could show prostate findings better than the 
images obtained using a body coil (Fig. 6).

The use of an endorectal coil was also 
supported in 1996 by D’Amico et al. [38], 

who compared the assessment of extracap-
sular extension and seminal vesicle inva-
sion on MRI with the surgical specimens of 
445 men. After multivariable analysis that 
also included clinical stage, prostate-specif-
ic antigen level, and Gleason grade, the most 
significant predictor of positive margins was 
extracapsular extension on MRI (p = 0.001).

From a technical point of view, the en-
dorectal coil significantly improves the 
signal-to-noise ratio, resulting in higher-res-
olution T2-weighted imaging with an ac-
curate delineation of the prostatic capsule, 
which is very important for staging. Evi-
dence supports the use of additional endorec-
tal coils for 1.5-T MRI, whereas the need for 
endorectal coils for 3-T MRI is still contro-
versial [39–41]. Recent evidence shows that 
an endorectal coil at 3 T provides superior 
sensitivity (78%) for PCa detection, com-

A

Fig. 5—Pair of diffusion-weighted echo-planar 
images from male volunteer. (Reprinted from Issa 
B. In vivo measurement of the apparent diffusion 
coefficient in normal and malignant prostatic tissues 
using echo-planar imaging. J Magn Reson Imaging 
2002; 16:196–200, © 2002 Wiley-Liss, Inc., with 
permission from Wiley and Sons)
A and B, Diffusion-weighted echo-planar images 
obtained with b values of 0 s/mm2 (A) and 401 s/mm2 
(B) show good contrast between different anatomic 
regions of gland and cover 10 × 10 cm2 region because 
outer area was full of noise only. CG = central gland, 
PZ = peripheral zone.

B

A

Fig. 6—MR images of two patients with biopsy-
proved prostate cancer. (Reprinted from Schnall 
MD, Lenkinski RE, Pollack HM, Imai Y, Kressel HY. 
Prostate: MR imaging with an endorectal surface 
coil. Radiology 1989; 172:570–574, with permission 
from the Radiological Society of North America)
A, Long-TR/TE (2500/80) MR image shows low-
intensity lesion in left peripheral zone is in region for 
which there were positive biopsy findings (arrows) 
(FOV, 16 cm2; two acquisitions).
B, Long-TR/TE (2500/80) MR image shows low-
intensity lesion in right side of prostate extending into 
periprostatic fat (large gray arrows and large white 
arrows). Normal peripheral zone is not well seen on 
this image. Periprostatic venous plexus is obliterated 
by tumor on right. Normal high-signal-intensity 
periprostatic venous plexus is seen in left side (small 
gray arrows). High-signal-intensity glandular benign 
prostatic hyperplasia is seen in central gland (open 
arrow) (FOV, 12 cm2; two acquisitions). 
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pared with standard and augmented proto-
cols (i.e., those with twice as many signal av-
erages; 43% and 60%, respectively) with no 
endorectal coil (p < 0.001) [42]. However, the 
addition of an endorectal coil is associated 
with increases in costs, examination time, 
and discomfort. Moreover, each country has 
specific recommendations and guidelines re-
garding how and when to perform prostate 
MRI; for example, in the United Kingdom, 
current guidelines indicate that endorectal 
coils and rectal catheters for gas voiding do 
not need to be used routinely [43].

As far as magnet field strength is con-
cerned, in 2004 Bloch et al. [44] reported 
the first comparison of 1.5- and 3-T scanners 
(T2-weighted imaging and DCE-MRI) with 
pelvic phased-array surface coils combined 
with an endorectal coil, confirming the higher 
quality and clinical utility of endorectal 3-T 
scanners. A 3-T MRI examination of the pros-
tate has a higher signal-to-noise ratio and im-
proved contrast resolution, providing more 
detailed images. Unfortunately, an important 
drawback is the high sensitivity to artifacts 

(e.g., metallic artifacts from hip prostheses) 
that can degrade the image quality (especial-
ly that of DWI). However, in practice, these 
issues are generally outweighed by the ben-
efits of using 3 T, as outlined in Prostate Im-
aging Reporting and Data System version 2 
(PI-RADSv2) [45]. Supporting evidence in-
dicates that 3-T MRI is able to increase the 
detection of smaller lesions, but the magnet 
strength is only one of the factors influencing 
acquisition of a prostate MR image of ade-
quate image quality, as reported by Dickinson 
et al. [46]. The use of 1.5- or 3-T systems and 
endorectal coils still varies across centers, and 
debate is still open [47–51] (Fig. 7).

Figure 8 presents the chronologic timeline 
of major technical developments in MRI of 
the prostate.

The Present: Guidelines and 
Clinical Implications

Multiparametric MRI of the prostate plays 
an active role in assessment of the PCa clini-
cal pathway in many countries, influencing 
the management of several aspects of this 

disease from initial diagnosis to postrecur-
rence assessment. This growing interest in 
MRI has led to a significant heterogeneity in 
imaging protocols, interpretation, and imple-
mentation into clinical care [52].

Given the rapid development of the MRI 
technique, it is interesting to observe how 
and why MRI has been advocated as a valu-
able tool for PCa over the past decade.

First, it should be mentioned that the Eu-
ropean Association of Urology developed a 
series of recommendations for PCa that were 
published in 2011 and were then revised [53–
55]. According to these guidelines, mpMRI of 
the prostate should be used for local staging, 
specifically before repeat biopsy, when suspi-
cion of PCa persists despite negative biopsy 
findings, because such a technique can change 
patient management and may help to trig-
ger MRI-targeted biopsy. Whole-body DWI 
could be also used to assess bone metastases.

In the United Kingdom, the National Insti-
tute for Health and Care Excellence (NICE) 
guidelines [56] support the use of mpMRI for 
men with positive biopsy findings for whom 
radical treatment or active surveillance is be-
ing considered and for those with negative 
TRUS biopsy findings for whom a suspicion 
of PCa remains.

The American College of Radiology Ap-
propriateness Criteria for the pretreatment 
detection, staging, and surveillance of PCa, 
released in 2013, supported the appropriate-
ness of prostate MRI for a range of clinical 
scenarios [57].

Table 1 provides a more-detailed look at 
the key consensus studies that have involved 
different professional groups that are highly 
experienced in the field of PCa.

The first international consensus meet-
ing on prostate MRI was published in 2011 
by Dickinson et al. [46]. It was recommend-
ed that T2-weighted imaging, DWI, and 
DCE-MRI were the key sequences for the 
detection, localization, and characterization 
of PCa. The use of an ordinal 5-point Likert 
MRI-based scale to score the likelihood of 
malignancy (from highly unlikely to highly 
likely) and a pictorial report showing lesion 
location were recommended.

In 2012, the European Society of Urogeni-
tal Radiology (ESUR) published the first ver-
sion of the Prostate Imaging Reporting and 
Data System (PI-RADS) [58], which included 
basic recommendations for MRI acquisition, 
interpretation, and reporting. Three different 
protocols (for detection, staging, and node 
and bone assessment) were conceived. A 

A

Fig. 7—71-year-old man with Gleason 3 + 4 prostate cancer who underwent multiparametric MRI of prostate 
performed using 3-T system without endorectal coil. 
A–D, Lesion in right apex (arrow) is characterized by low signal intensity on T2-weighted MR image (A), early 
wash-in of contrast material on dynamic contrast-enhanced sequence (B), high signal intensity on DWI (b 
value, 2000 s/mm2) (C), and low signal intensity on apparent diffusion coefficient map (D).

C

B

D
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score from 1 to 5 indicated the likelihood of 
a patient having clinically significant PCa on 
each MRI sequence, including spectroscopic 
MRI, and the overall score was then assessed. 
PI-RADSv2 was subsequently released in 
2015 [45, 59], representing a collaborative ef-
fort of the ESUR, the American College of 
Radiology, and the AdMeTech Foundation. 
Different from PI-RADS, PI-RADSv2 sim-
plified the interpretation of DCE-MRI and 
identified dominant sequences (T2-weighted 
sequences for the transition zone and DWI 
sequences for the peripheral zone) determin-
ing the overall PI-RADSv2 score. A recent 
meta-analysis showed a significantly higher 
pooled sensitivity of PI-RADSv2 compared 
with PI-RADS (0.95 vs 0.88, respectively; 
p = 0.04), although a similar pooled specific-
ity was maintained (0.73 vs 0.75, respective-
ly; p = 0.90) [60].

There remains a need to improve the stan-
dardization of reporting (e.g., Likert scale vs 
PI-RADS), but PI-RADSv2 provides a good 
basis from which unexperienced radiologists 
can interpret prostate MRI [61–63].

In 2013, another consensus meeting took 
place in the United Kingdom [64]. Among the 
recommendations from this meeting, a key 
message was that postbiopsy staging scans 
should not be acquired until at least 10 weeks 
after biopsy to avoid MRI artifacts. More-
over, because prostate MRI interpretation 
can be a challenging task for unexperienced 

radiologists, and because the learning curve 
is steep, the authors concluded that those who 
report prostate MRI findings should report at 
least 50 scans per year and should regularly 
attend multidisciplinary meetings.

In 2013, Moore et al. [65] published a list 
of recommendations for reporting MRI-tar-
geted biopsy studies. The panelists high-
lighted the importance of reporting standard 
and MRI-targeted biopsies separately and 
provided a checklist to improve the quality 
of reporting in MRI-targeted biopsy studies.

Growing evidence also supports the use of 
MRI for focal therapy [66–69]. Two impor-
tant consensus meetings on this topic have 
stressed the importance of mpMRI and have 
recommended the use of MRI-targeted biop-
sies [70, 71].

The value of mpMRI for men with a clin-
ical suspicion of recurrence after receiving 
initial treatment of PCa has been consistent-
ly shown [72]. There is robust evidence on 
the use of this technique for the detection 
and localization of recurrence after various 
forms of treatment, including radical pros-
tatectomy, brachytherapy, external beam ra-
diotherapy, focal ablation, and hormone ther-
apy [73]. Recurrence in the prostate bed after 
radical prostatectomy is characterized by a 
soft-tissue nodule that is isointense to muscle 
on T1-weighted imaging, is slightly hyper-
intense to muscle on T2-weighted imaging, 
shows restricted diffusion, and, unlike post-

operative fibrosis and granulation tissue, en-
hances avidly after the administration of IV 
contrast medium [73]. Intraprostatic recur-
rence after radiotherapy and hormonal ther-
apy is indicated by T2-hypointense nodular 
lesions with bulging of the prostatic capsule; 
restricted diffusion and early enhancement 
are also seen. When focal therapy is deliv-
ered, the use of IV contrast medium is man-
datory to differentiate viable tumor from ne-
crosis and fibrotic changes [73].

A panel of experts published the Prostate 
Cancer Radiologic Estimation of Change in 
Sequential Evaluation (PRECISE) guide-
lines [74] to facilitate robust data collection 
from serial MRI scans of men undergoing 
active surveillance. These recommendations 
were created under the assumption that a sys-
tematic approach to reporting findings from 
baseline and follow-up scans allows an accu-
rate assessment of the natural history of PCa. 
The PRECISE recommendations include a 
scoring system (based on a score from 1 to 
5) for identifying the likelihood of change 
occurring between baseline and follow-up 
scans; this score can facilitate the determi-
nation of thresholds for different parame-
ters (e.g., tumor size) that identify radiologic 
significant disease and important radiologic 
changes on mpMRI. If radiologic progres-
sion is suspected, a targeted biopsy should 
be performed to establish that it is correlated 
with histologic progression [74].

First study on MRI of
human prostate

(Steyn and Smith [1])

First study using
endorectal coil in
MRI of prostate

(Schnall et al. [37])

First study on DWI
of prostate
(Issa [31])

First study of
MRI spectroscopy

of prostate
(Sillerud et al. [24])

First study of MRI
for diagnosis of

cancer in rat
(Damadian [11])

First study
describing prostate

gland on MRI
(Hricak et al. [16])

First study of
DCE-MRI of 

prostate
(Mirowitz et al. [19])

First study of
1.5-T versus 3-T MRI

of prostate
(Bloch et al. [44])

1982 1988 1993 2004

1971 1987 1989 2002

Fig. 8—Chronologic timeline of major technical developments in MRI of prostate. DCE = dynamic contrast enhanced.
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Once PCa is diagnosed, it is also crucial to de-
termine whether the cancer has spread beyond 
the prostate capsule, because prognosis and treat-
ment options differ between organ-confined and 
locally advanced or metastatic disease. In 2016, 
an international expert panel of oncologic imag-
ers and oncologists [75] drafted the METastasis 
Reporting and Data System for Prostate Cancer 
guidelines. Such recommendations were built to 
promote standardization and diminish variation 
in the acquisition, interpretation, and reporting 
of whole-body MRI scans in advanced PCa and 
to provide comprehensive tumor characterization 
both before treatment and over time [75].

In 2017, the American Urologic Association 
statement on the use of mpMRI for PCa [76] en-
dorsed the use of mpMRI for men with abnormal 
digital rectal examination findings or an elevated 
prostate-specific antigen level and a previous neg-
ative biopsy finding, but it also highlighted that 
mpMRI cannot yet be recommended for screen-
ing or surveillance. The results from a recent con-
sensus meeting to implement mpMRI in the di-
agnostic pathway of PCa in the United Kingdom 
has been published, with a set of criteria required 
for the practical dissemination of high-quality 
mpMRI as a diagnostic test before biopsy in men 
at risk for PCa [43]. In this regard, the National 
Health Service (NHS) of England recommends 
that all men with suspected PCa should have PCa 
diagnosed within 28 days at most, with mpMRI 
performed before biopsy [77].

Future Directions
Currently, prostate mpMRI is in a very inter-

esting phase. As shown in the previous sections 
of this article, remarkable advances have been 
made over the past decades. The primary goal 
remains the correct identification of clinically 
significant PCa, ensuring the most accurate his-
tologic diagnosis by targeted biopsy [4].

In countries like the United Kingdom, wide-
spread use of mpMRI before biopsy already ex-
ists across different settings [77, 78]. However, 
many challenges still have to be addressed, and 
these challenges have been recently outlined in 
a consensus meeting [43]. In other countries, 
such as the United States, debate on the useful-
ness and cost-effectiveness of prostate mpMRI 
continues [76]. The American Urologic Asso-
ciation guidelines recommend that scans be ob-
tained at dedicated high-quality centers, which 
quite often are academic centers [76]. There-
fore, the reproducibility of high-quality pros-
tate MRI outside such institutions remains a big 
challenge, and results are often difficult to gen-
eralize. To address this issue, the PROMIS and 
PRECISION trials deliberately involved aca-T
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demic and nonacademic centers using dif-
ferent MRI systems [3, 4].

The PROMIS trial [3] compared the perfor-
mance of mpMRI with that of TRUS-guided 
biopsy in 576 biopsy-naive men, with use of 
a 5-mm-template transperineal biopsy as ref-
erence standard and with a negative predic-
tive value of 89% for a Gleason score of 4 + 
3 or higher or a cancer core length of 6 mm 
or higher. An MRI examination with nega-
tive findings did not miss any primary Glea-
son pattern 4 disease, but the negative pre-
dictive value was 76% when a Gleason score 
of 3 + 4 or higher was considered (compared 
with a negative predictive value of 63% when 
TRUS-guided biopsy was performed).

The PRECISION trial [4] has shown the 
superior accuracy of MRI-targeted biop-
sy alone compared with TRUS-guided bi-
opsy, with targeted biopsies alone detect-
ing more clinically significant cancer than 
TRUS-guided biopsies (38% vs 26%) and 
fewer insignificant cancers (9% vs 22%). The 
negative predictive value of MRI was recent-
ly shown by Panebianco et al. [79], who as-
sessed the value of an MRI scan with nega-
tive findings in 1545 patients after 48 months 
of follow-up. For patients with clinically 
significant cancer, the probability of diag-
nosis-free survival at 48 months was 95% 
for biopsy-naive men and 96% for men with 
previous negative biopsy findings. Simi-
lar findings apply to men undergoing active 
surveillance [80]. Further studies defining 
radiologic progression according to the PRE-
CISE guidelines are needed [74].

In recent years, there has been also consid-
erable interest in the debate concerning bipa-
rametric MRI (i.e., without DCE imaging) vs 
mpMRI [81], with initial evidence support-
ing the use of biparametric MRI in given set-
tings [82–84]. However, large, multicenter 
and prospective trials will need to be under-
taken to confirm these initial results. It has 
also been shown that an MRI-based path-
way can be cost-effective in different set-
tings, both when MRI is the triage test be-
fore performing any type of biopsy or when 
the goal is to avoid such an invasive proce-
dure [85–88].

In addition to the differences in referring 
patients or associated costs (for public vs pri-
vate health care systems), a plethora of dif-
ferent vendors, MRI scanners, and platforms 
is currently available on the market, and this 
should be always borne in mind. Radiologic 
training in prostate mpMRI reporting should 
also be considered because evidence sup-

ports the presence of a steep learning curve 
for beginners, especially when imaging tu-
mors in the transition zone [89–93].

Different scanners with different magnet 
strengths have generated a large variability 
in the selection of MRI acquisition param-
eters, especially in terms of the b values used 
for DWI. There is evidence supporting the 
use of high b values at 3 T to increase the ac-
curacy of PCa detection, but future studies 
should aim at standardizing data acquisition 
protocols [94, 95].

There is interest in applying artificial in-
telligence to save time and improve diagno-
sis of PCa by using mpMRI. However, ac-
tual clinical benefits are not yet definitively 
established. In particular, computer-aided 
diagnosis systems and quantitative imaging 
are two promising fields in prostate mpMRI, 
with growing evidence supporting the use of 
computer-aided diagnosis systems and imag-
ing biomarkers (e.g., the ADC) in the man-
agement of PCa [96–102].

Greer et al. [96] showed that computer-
aided diagnosis improves sensitivity for in-
dex lesions (from 78% to 86%; p  = 0.013), 
compared with mpMRI alone, and it also im-
proves the agreement between different ra-
diologists in detecting a lesion (57% vs 72%; 
p < 0.001).

Bonekamp et al. [97] compared bipara-
metric (i.e., unenhanced) radiomic machine 
learning, the mean ADC, and the radiologic 
clinical assessment for the characterization 
of clinically significant PCa (denoted by a 
Gleason grade group ≥ 2) on mpMRI. The ra-
diologist had a per-lesion sensitivity of 88% 
and specificity of 50%, whereas quantitative 
measurement of the mean ADC (cutoff, 732 
mm2/s) significantly reduced false-positive 
and false-negative findings for lesions, with 
a sensitivity of 90% and specificity of 62% 
(p  = 0.048). In per-patient analysis, the ra-
diologist had a sensitivity and specificity 
of 89% and 43%, respectively, whereas the 
mean ADC had a sensitivity and specificity 
of 93% and 51%, respectively (p = 0.496). No 
added benefit of radiomic machine learning 
was present when mean ADC values were 
used alone.

Although these early results are encourag-
ing, continued research is required.

Conclusion
Over the past decades, remarkable advanc-

es in MRI for PCa have been made, and sev-
eral data support the role of this technique 
for PCa. Because the number of institutions 

adopting prostate mpMRI as a diagnostic tool 
is growing, it is vital to minimize the variabil-
ity of scan quality across different centers and 
scanners and reduce interobserver variability 
between reporting radiologists.
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