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Background

Prostate cancer is the most prevalent type
of cancer and the second most prevalent
cause of cancer-related death among men
in Germany [1]. Approximately 60,700
men were diagnosed with this disease in
2018 [1]. The average age of diagnosis is
around 72 years and the average age of
cancer-related death is 79 years [1]. Sur-
vival rates for prostate cancer are among
the highest of all forms of cancer: 5-year
and 10-year survival rates are 91% and
90%, respectively [1]. However, these
numbers hide the heterogeneity of this
disease. Patients diagnosed with high-
risk prostate cancer have a high chance
of recurrence after initial treatment and
development of metastases [2]. These
patients are likely to require multimodal
therapy involving surgery, radiation ther-
apy and chemotherapy. A randomized
controlled trial by Bill-Axelson et al. that
assigned patients with localized prostate
cancer to either radical prostatectomy or
watchful waiting showed that, after a fol-
low-up of 29 years, patients with extra-
capsular extension in the specimen of
radical prostatectomy had a five times
higher chance of death from prostate can-
cer compared to patients without extra-
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capsular extension. Patients with a Glea-
son grade higher than 7 had a 10 times
higher chance of death from prostate can-
cer than patients with Gleason grade 6 [3].
On the other hand, the current literature
shows that, in consideration of the aver-
age age of diagnosis, the life expectancy
of patients with low-risk prostate cancer
is often unaltered and that these patients
are often unlikely to experience symp-
toms during the process of the disease.
Bill-Axelson et al. also showed that, after
a follow-up of 29 years, patients benefited
from radical prostatectomy with a mean
of 2.9 years of lifetime gained compared
to patients under watchful waiting. The
recently published update results of the
PROTECT trial by Hamdy et al., who
randomly assigned patients to either rad-
ical prostatectomy, radiation therapy or
prostate-specific antigen (PSA) monitor-
ing, showed that patients with localized
Gleason 6 prostate cancer had a cancer-
specific mortality of less than 1% after 10-
year follow-up. The incidence of metas-
tases was only 3.5% [4]. Treating patients
with the same form of curative therapy,
e.g. radical prostatectomy or radiation
therapy regardless of their risk classifi-
cation would result in overtreatment of
a large cohort of patients with unneces-

sary side effects such as erectile dysfunc-
tion and urinary incontinence. There-
fore, clinicians tend to distinguish be-
tween clinically significant prostate can-
cer, with a need for further treatment, and
clinically insignificant prostate cancer, el-
igible for surveillance. However, there is
no general definition of clinically signif-
icant cancer as yet. While some stud-
ies define it as prostate cancer including
Gleason pattern 4 or 5, others classify
high-volume Gleason score 6 as clini-
cally significant [5, 6]. Nevertheless, in
order to distinguish clinically significant
from insignificant prostate cancer, safe
diagnostic and risk stratification tools are
needed.

Many associations have published
models for risk stratifications of prostate
cancer. In most cases these rely on the
same clinical parameters such as PSA
value, Gleason Score of the prostate
biopsy and local tumor extension. The
Guidelines of the European Association
of Urology (EAU) as well as the American
Urological Association (AUA) use the
risk stratification system by d’Amico et al.
[7]. This group was the first to define
the risk of biochemical recurrence after
radical prostatectomy by PSA, Gleason
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score and T stage according to the TNM
classification [2].

In recent years, other diagnostic tools
have contributed to the diagnostics and
risk stratification of prostate cancer. In
addition to otherriskstratificationnomo-
gramms or biomarkers, multiparametric
magnetic resonance imaging (mpMRI)
has probably had the biggest influence
on the diagnosis of prostate cancer.

Multiparametric magnetic
resonance imaging of the
prostate

From its introduction in the 1980s with
0.3-T systems, slice thicknesses of around
10 mm and an examination time of more
than 1h, experts have been continuously
evolving the use of MRI sequences and
standards of interpretation [8]. To date,
functional sequences such as diffusion-
weighted imaging (DWI), dynamic con-
trast-enhanced imaging (DCE) and stan-
dardized interpretation according to the
Prostate Imaging Reporting and Data
System (PI-RADS) have contributed to
the diagnostic value of mpMRI of the
prostate.

T1-weighted and T2-weighted
imaging

T1-weighted and T2-weighted imaging
provide essential information on the
anatomical zones of the prostate. The
prostate gland can be divided into the

S64 | Der Radiologe - Suppl 1 - 2020

Fig. 1 < Lesion sus-
picious for cancerin
the left peripheral
zone on multipara-
metric magnetic
resonance imaging
of the prostate in
T2-weighted imag-
ing

peripheral zone, transition zone, central
zone and anterior zone. Prostate cancer
is most likely to occur in the periph-
eral zone [9]. In T2-weighted imaging,
prostate cancer can be recognized by
a low signal intensity lesion on a high
signal intensity background (@ Fig. 1).
The high signal of the peripheral zone
is generated by the high fluid content of
the prostatic glands and creates an im-
portant contrast to the thin hypointense
rim, which separates the peripheral zone
from the transition zone. The transition
zone often shows a heterogeneous signal
due to different stages of benign hyper-
plasia. Furthermore, T1-weighted and
T2-weighted imaging can also be used
for local staging in terms of evaluation of
extraprostatic extension, regional lymph
nodes and bone structures [10]. Nu-
merous conditions can mimic prostate
cancer in these sequences. Acute or
chronic inflammation, benign hyperpla-
sia, scars and post-biopsy hemorrhage
especially in the transition zone can
make interpretation challenging.

Diffusion-weighted imaging

Diffusion-weighted imaging (DWI)
quantifies the motion of water molecules
through prostatic tissue [11]. As ma-
lignant tissue contains a higher cellular
density than non-malignant tissue, it
resembles an inhibitor for this shifting of
water. The apparent diffusion coefficient
(ADC) thus calculated quantifies the

movement of water molecules on the
ADC map. The ADC map is created by
performing DWI at multiple b values
(factor of strength and timing of the
magnetic field). Guidelines recommend
applying DWI sequences with b values
starting from 50 to at least b1400 s/mm?
[12]. Prostate cancer represents a high
intensity on each DWI sequence and
low intensity on the associated ADC
map. Studies showed that the DWI se-
quence and ADC map correlate with the
Gleason score of prostate cancer [13].
The addition of DWI to T2-weighted
imaging was shown to improve the de-
tection rate of prostate cancer compared
to T2-weighted imaging alone and can
help to further differentiate between sus-
pected cancer and benign hyperplasia
[14]. However, DWI is also affected by
artifacts caused more by disturbances of
the magnetic field, e.g. artificial prosthe-
sis or gas in the rectum, than by tissue
alteration such as inflammation.

Dynamic contrast-enhanced
imaging

DCE imaging is a series of rapidly ac-
quired T1-weighted images after the in-
travenous injection of a gadolinium-con-
taining contrast agent. Its diagnostic
value lies in the possibility of further
evaluation of suspicious lesions in T2-
weighted and/or DWI sequences. Inten-
sity and kinetics of the contrast agent
such as early enhancement or a wash-
out phenomenon can indicate increased
angiogenesis of malignant tissue. How-
ever, suspicious contrast enhancement by
itself is not indicative of prostate cancer
and lesions can be classified as suspi-
cious for prostate cancer without altered
contrast enhancement. In terms of cost-
saving, acquisition time and publicacces-
sibility, the use of DCE imaging is cur-
rently debated. A recent meta-analysis
and multiple studies showed a high di-
agnostic accuracy for biparametric MRI
(without DCE imaging) in the detection
of prostate cancer [15-17], while other
studies revealed a benefit from adding
DCE imaging to the protocol especially
for the evaluation of unclear lesions in
the peripheral zone and after surgical
interventions [18-20]. Particularly in
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the case of initially negative transrectal
ultrasonography-guided biopsy, bipara-
metric MRI appears to be non-inferior
to mpMRI, but more cost-effective and
time-efficient [21].

Prostate Imaging Reporting and
Data System (PI-RADS)

In order to standardize acquisition and
interpretation of mpMRI, the European
Society of Urogenital Radiology (ESUR)
published a guideline in 2012 [22]. Here,
Barentsz et al. were the first to set up
a risk assessment tool to express like-
lihood of clinically significant prostate
cancer: the Prostate Imaging Reporting
and Data System (PI-RADS) vl1. Inter-
pretation of mpMRI of the prostate by
PI-RADS guidelines is a zonal based sys-
tem in which every zone is interpreted
in the above-mentioned sequences and
given a score; these scores are then added
up to yield the final PI-RADS score. On
a Likert-scale of 1-5, the PI-RADS score
expresses a probability of very low to very
high for the presence of clinically signif-
icant prostate cancer. This guideline was
only recently updated to PI-RADS v2.1
[12].

The accuracy of mpMRI in the di-
agnosis of prostate cancer before the
release of the PI-RADS guidelines was
first described in a meta-analysis by
De Rooij et al. They evaluated seven
studies and showed a pooled sensitivity
and specificity of 0.78 (95% confidence
interval [CI] 0.65-0.87) and 0.88 (95%
CI 0.8-0.94), respectively. The negative
predictive value ranged from 0.65 to 0.94.
The reference standard in these studies
was transrectal or transperineal prostate
biopsy or radical prostatectomy speci-
men [23]. Following the introduction
of the PI-RADS vl and v2 guidelines,
a meta-analysis showed an increased
sensitivity of 0.89 (95% CI 0.86-0.92)
and decreased specificity of 0.73 (95% CI
0.60-0.83) for prostate cancer detection
[24]. A head-to-head comparison of PI-
RADS vl and v2 in six studies showed
a higher pooled sensitivity for PI-RADS
v2 0f 0.95 (95% CI 0.85-0.98) compared
to 0.88 (95% CI 0.8-0.93) for PI-RADS
vl [24].

In a multicenter randomized con-
trolled trial, the PROMIS study group
led by Ahmed compared the diagnostic
performance of mpMRI to ultrasound-
guided systematic biopsy of the prostate
as standard of care. A total of 576
patients underwent a 1.5-T mpMRI fol-
lowed by both transrectal ultrasound-
guided biopsy and transperineal tem-
plate prostate mapping biopsy. The tem-
plate prostate mapping biopsy served
as a reference since it took a biopsy
at a 5-mm sampling frame. The sen-
sitivity for clinically significant cancer
for the template biopsy was therefore
estimated at 95%. For clinically signifi-
cant cancer, mpMRI was more sensitive
(0.93, 95% CI 0.88-0.96) than tran-
srectal ultrasound-guided biopsy (0.48,
95% CI 0.42-0.55; p<0.0001) and less
specific (0.41, 95% CI 0.36-0.46 for
mpMRI vs. 0.96, 95% CI 0.94-0.98% for
transrectal ultrasound-guided biopsy;
p<0.0001). On further interpretation,
Ahmed et al. found that by directing
transrectal ultrasound-guided biopsy
by mpMRI findings, 18% more cases
of clinically significant prostate cancer
would have been detected [25].

Multiparametric magnetic
resonance imaging-guided
biopsy

The German S3 guidelines recommend
a prostate biopsy if either the PSA level is
>4ng/ml or shows an abnormal course
over time or if the patient shows an abnor-
mal status on digital rectal exam (DRE).
The biopsy should be performed system-
atically and 10-12 biopsy cores should
be taken [26]. This biopsy is performed
transrectally using ultrasound guidance
in most cases. With the implementation
of mpMRI in prostate cancer diagnostics,
many groups examined the feasibility and
detection rate of mpMRI-ultrasound fu-
sion-guided biopsies. A systematic re-
view by Valerio etal. including 15 studies
and 2293 patients showed that mpMRI-
targeted biopsy detects more clinically
significant cancers (median: 33.3% vs.
23.6%; range: 13.2-50% vs. 4.8-52%)
using fewer biopsy cores (median: 9.2
vs. 37.1) compared to standard biopsy
techniques [27]. This success of mpMRI
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Abstract

Multiparametric magnetic resonance
imaging (mpMRI) of the prostate and
mpMRI-guided biopsy have proved to be
a valuable part of the diagnostic pathway
for prostate cancer. This review reports

on the current results in terms of clinical
performance of these diagnostic tools and
their role in clinical decision-making.
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and mpMRI-guided biopsy opens up the
question of its position in the diagnostic
pathway of prostate cancer: as a triage
tool to establish whether or not to biopsy,
as a replacement for systematic biopsy or
as an addition to it?

In 2018, Kasivisvanathan et al. pub-
lished the results of the PRECISION study
to address this issue. In this randomized
controlled trial, 500 biopsy-naive patients
with the clinical suspicion of prostate can-
cer (elevated PSA value and/or abnormal
DRE status) were assigned to either stan-
dard systematic biopsy or a pre-biopsy
mpMRI. In the case of a PI-RADS score
of 23, an mpMRI-targeted biopsy was
performed without a concurrent system-
atic biopsy. In the case of a PI-RADS
score of <2, no biopsy was performed.
In 71 of the 252 patients receiving pre-
biopsy mpMRI there was no suspicion of
clinically significant cancer, thus biopsy
was omitted. Clinically significant can-
cer was detected in 38% (95/252 pa-
tients) of the mpMRI group compared
to 26% (64/248 patients) of the system-
atic-biopsy group. Fewer biopsy cores
were taken in the mpMRI group and
the percentage of positive biopsies out of
all biopsies was higher compared to the
systematic-biopsy group (mpMRI group:
44%, 422/967 biopsies vs. systematic-
biopsy group: 18%, 515/2788 biopsies).
The number of adverse events was higher
in the systematic-biopsy group compared
to the mpMRI group [28]. This non-infe-
riority trial conducted in 25 prostate can-
cer centers and 11 countries showed that
mpMRI as a triage tool results in fewer
men undergoing prostate biopsy, more
clinically significant cancers being iden-
tified and fewer biopsy cores being ob-
tained than standard randomized biopsy.
In 2019, Venderink et al. published a ret-
rospective analysis of 4259 patients as-
signed between 2012 and 2017 that only
received a prostate biopsy in the case of
a positive pre-biopsy mpMRI (PI-RADS
23). Overall, 54% (2281/4259) of pa-
tients with a negative mpMRI avoided
biopsy. After 3-year and 6-year follow-
up, clinically significant prostate cancer-
free survival was 99.6% and 94.1% in
patients with initial PI-RADS 1 and 2,
respectively [29].
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The European guidelines integrated
these results and recommend perform-
ing a pre-biopsy mpMRI in all patients.
In the case of a negative mpMRI (PI-
RADS <2) in biopsy-naive patients and
in the case of a PSA <10 ng/ml and a neg-
ative DRE, the biopsy should be omitted
on the basis of shared decision-making
with the patient. In the case of a posi-
tive mpMRI (PI-RADS =3), an mpMRI-
targeted biopsy and a concurrent sys-
tematic biopsy should be performed. In
the case of a prior negative standard-
ized biopsy and a positive mpMRI, the
patient should only receive an mpMRI-
targeted biopsy [30]. The German S3
guidelines do not endorse general pre-
biopsy mpMRI as a triage tool. They state
that, if a pre-biopsy mpMRI is available,
suspicious lesions should be targeted ad-
ditionally to the systematic biopsy. If
apre-biopsy mpMRI shows no suspicious
lesions (PI-RADS <2), the patient should
be offered a systematic biopsy or PSA-
based follow-up. Furthermore, patients
with a prior negative biopsy and persis-
tent clinical suspicion of prostate cancer
and patients eligible for active surveil-
lance therapy of prostate cancer should
receive an mpMRI and, if positive, an
mpMRI-targeted biopsy with a concur-
rent systematic biopsy [26].

Withregard to the question of whether
or not to perform a systematic biopsy
additionally to mpMRI-targeted biopsy,
the majority of studies show the highest
detection rates of clinically significant
prostate cancer in the combination of
both modalities [6, 31-35]. In a prospec-
tive multicenter study, Rouviere et al.
compared the oncological outcome of
systematic ultrasound-guided biopsy
versus mpMRI-targeted biopsy per-
formed by two separate operators on the
same patient (n=275). While there was
no difference between systematic and
mpMRI-targeted biopsy in the detection
of clinically significant prostate cancer
(29.9%, 95% CI 24.3-36.0 vs. 32.3%, 95%
CI 26.5-38.4; p=0.38), combining both
techniques substantially improved the
detection rate (66%) [36]. Furthermore,
Ploussard et al. showed that concor-
dance rates between biopsy pathology
and subsequent radical prostatectomy
pathology significantly differed between

mpMRI-targeted biopsy and mpMRI-
targeted biopsy plus systematic biopsy
(45.2% and 51.7%, respectively). In
478 patients included in the study, the
upgrading rate in radical prostatectomy
specimens compared to biopsy pathol-
ogy decreased by 22% when systematic
biopsy was added to mpMRI-targeted
biopsy [37].

Fusion strategies

According to current guidelines, a biopsy
of the prostate should be performed un-
der transrectal ultrasound imaging [26].
Fusion of the mpMRI and the live ul-
trasound imaging can be done either
technically by software-assisted registra-
tion or visually, also referred to as cog-
nitive fusion. Cognitive fusion is per-
formed by the operator, who places the
biopsy core according to the information
of the pre-biopsy mpMRI. The advantage
of this approach is its simplicity and the
fact that additional equipment is not re-
quired. However, it requires interdisci-
plinary skills to locate the mpMRI and
ultrasound lesion and involves a learn-
ing curve [38]. Software-assisted fusion
usually works by outlining the prostate
gland and suspicious lesion on mpMRI
and then overlaying it with live ultra-
sound imaging (BFig.2). Another ap-
proach is the in-bore biopsy technique.
Here, the biopsy is performed inside the
MR scanner under live mpMRI imaging.
This allows immediate registration of the
needle and mpMRI target lesion and is
supposed to rule out the risk of failure of
mpMRI-ultrasound overlay. However,
this approachisassociated with increased
costs and acquisition time and an addi-
tional systematic biopsy of the rest of the
prostate can usually not be performed.
Biopsy of additional targets increases the
time of the procedure by a further 15min
[39]. Most studies comparing these three
techniques showed no significant advan-
tage in the detection rate of clinically
significant prostate cancer and no official
recommendation for either one approach
has been made as yet [40]. A meta-
analysis evaluating 43 studies showed no
significant difference in the detection of
clinically significant prostate cancer [41].
However, by assigning patients to either



Fig. 2 A Transrectal multiparametric magnetic resonance imaging (mpMRI)-ultrasound-guided biopsy of the prostate:after
fusion of T2-weighted mpMRI and transrectal ultrasound the suspicious mpMRI lesion can be assessed under live imaging

software-assisted or visual fusion, Stabile
et al. showed a superior detection rate of
clinically significant prostate cancer with
mpMRI-targeted biopsy by software-as-
sisted fusion compared to visual fusion
(57% vs. 36%; p=0.002) [38]. According
to the results of the SmartTarget Biopsy
trial, Hamid etal. showed nodifferencein
detection rate between visual and tech-
nical fusion. In this study, the highest
detection rate was achieved by combin-
ing both strategies [42].

Biopsy approaches

The biopsy can be performed using
a transrectal or transperineal approach.
Today, most biopsies are performed
transrectally under local anesthesia and
antibiotic prophylaxis [27]. According
to the annual report of the National
Prostate Cancer Audit 2018, 12% of all
patients in England underwent transper-
ineal biopsy [43]. This approach usually
requires more equipment and general
sedation of the patient. However, it is
possible to perform transperineal biopsy

under local anesthesia. In a retrospective
analysis of 1287 patients, Stefanova et al.
reported good tolerance and feasibility
of transperineal biopsy under local anes-
thesia. Infiltration of the anesthesia was
reported to be more painful than the
biopsy itself [44]. A major advantage
of the transperineal approach compared
to the transrectal approach is the lower
risk of systemic inflammation and sepsis
[45]. However, higher rates of urinary
retention have been reported for the
transperineal approach compared to the
transrectal approach [45]. In terms of
the detection rate of prostate cancer,
comparative studies of both procedures
are scant. A systematic review and meta-
analysis indicates a similar detection rate
[46].

Pitfalls

Given the recent success of mpMRI
in the diagnostic pathway of prostate
cancer, it should be applied with rea-
sonable caution. By comparing 3-T
mpMRI to whole-mount pathology of

radical prostatectomy specimens from
588 patients, Johnson et al. showed that
mpMRI detected only 45% of all prostate
cancer lesions (95% CI 42-47%), includ-
ing 65% of clinically significant lesions
(95% CI 61-69%) and 80% of high-
grade tumors. Of the missed solitary
tumors, 74% were clinically significant
[47]. In the PRECISION Trial, mpMRI
was performed in high-volume centers
by experienced radiologists at an average
of 350-1000 mpMRI per year. With the
2019 EAU recommendation of a manda-
tory pre-biopsy mpMRI, a major increase
in the use of mpMRI will be expected.
Although regular updates of PI-RADS
guidelines are intended to reduce inter-
observer variability, a number of stud-
ies showed insufficient performance in
the general community [48, 49]. Greer
et al. showed that less experienced ra-
diologists are more likely to assign PI-
RADS 3 (equivocal risk of clinically
significant prostate cancer) compared to
experienced radiologists [50]. Radiol-
ogy training programs were shown to
be able to improve concordance of non-
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university and university inter-reader
agreement and biopsy decision [51].

Conclusion

MpMRI of the prostate and mpMRI
guided-biopsy have been shown to sig-
nificantly improve the detection rate
of prostate cancer and have become
a valuable part of clinical risk stratifica-
tion. The value of MpMRI as a triage
test for prostate biopsy is as yet un-
certain and guideline recommendations
are inconsistent. The expected rise in
referrals for mpMRI of the prostate will
present a challenge in terms of public
accessibility, health-related costs and
validity.
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