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lThe Role of Multiparametric MRI examination in the  
Diagnosis of Prostate Cancer:  

Current State of Knowledge and Future Directions

Abstract

Multiparametric Magnetic Resonance Imaging (mpMRI) is the investigation that offers the highest degree of accuracy 
in the detection, staging and characterisation of prostate cancer.  It uses a series of techniques such as morphological 
imaging using T1 weighted image (T1WI) and T2 weighted image (T2WI), functional imaging using diffusion-weight-
ed sequences (DWI) and dynamic contrast perfusion using DCe sequence. This review focuses on highlighting the 
current state of knowledge regarding the role of mp MRI examination as a tool in prostate cancer diagnosis, as well as 
possible future directions aimed to improve the accuracy of detection methods for patients with clinically significant 
prostate cancer and to improve risk score stratification.   
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l 1. Introduction
Prostate cancer is the second most common cancer 

in the general population, first among the male popu-
lation, with an estimated 248,530 new cases occurring 
in 2021, accounting for 13.1% of new cancer cases in 
the USA. [1] According to data provided by The Global 
Cancer Observatory (GLOBOCAN), in 2020 are esti-
mated 1.4 million new cases, representing the second 
most common cancer in the male population after lung 
cancer. However, it has reached in 2020 among the last 
causes of cancer deaths in men (3,8%). [2,3,4]

Diagnosis and staging of prostate cancer current-
ly includes prostate specific antigen (PSA), clinical di-
agnosis based on digital rectal exam (DRe), imaging 
diagnosis (transrectal ultrasound and pelvic MRI) and 
transrectal ultrasound-guided (TRUS) prostate biopsy 
for the histopathological diagnosis. With these meth-
ods TNM staging is obtained, according to which the 
subsequent therapeutic management is decided. [5] Al-
though the diagnosis of prostate cancer in the first in-
stance is based on the PSA, this has a low specificity of 
up to 36%. There are a number of benign pathologies 
that can cause increases in PSA, so prostate biopsy by 
histopathological result will be the one that will lead us 
to the certainty diagnostic. [6,7]

Prostate cancer has become an easily diagnosed 
disease in developed countries and this is primarily 
due to the accessibility of PSA testing. Thus, this has re-
sulted in an increased incidence and at the same time 
an increase in over-diagnosis and over-treatment. [8,9] 
The introduction of prostate-specific antigen (PSA) as 
a screening test for prostate cancer, the so-called “PSA 
era”, has aroused a lot of controversy over the years 
because of its low specificity and the associated high 
risk for interventions such as unnecessary prostate bi-
opsies. [10,11]

As for the imaging examinations useful in visualiz-
ing tumor pathology in the prostate, transrectal ultra-
sound and especially MRI are used, which offer the pos-
sibility of direct representation of the gland and thus 
highlight significant features for assessing the neoplas-
tic process. [12]

The choice of therapeutic management in a con-
firmed prostate cancer patient is based on the clini-
cal stage of the disease, Gleason score and PSA level, 
which divide patients into low, intermediate and high 
risk groups. The crucial role of MRI is to correctly high-
light both the grade and extent of the tumour in or-
der to prevent situations such as patients with low-risk 
but advanced disease identified by imaging. Also for 

patients at low risk of disease, in whom active surveil-
lance is applied, MRI is the mainstay investigation for 
follow-up. [13,14]

Multiparametric MRI can stratify patients in the 
intermediate-risk group and thus place them in the 
high-risk or low-risk group, respectively, by its ability 
to identify the extracapsular extension of the cancer, 
which significantly influences subsequent therapeutic 
management. For cases suitable for surgical treatment, 
preoperative MRI findings of extracapsular and seminal 
vesicle invasion guide the post-surgical prognosis, as 
only cancers limited to the prostate gland are poten-
tially curable by radical prostatectomy. [15]

2. Multiparametric MRI technique
The first studies mentioning the use of MRI to de-

tect prostate cancer date back to the 1980s. It was 
demonstrated in 1983 using an MRI using a 0.35 Tesla 
(T) magnet that malignant prostate tissue had a higher 
signal intensity than surrounding benign tissue. Since 
then, resolution has improved considerably by use of 
endorectal coils, magnets have become increasingly 
powerful ranging from 0.3-0.5 T to 1.5 T and even 3 T 
and MRI has become an increasingly affordable tech-
nology. [16]

Nuclear Magnetic Resonance Imaging in prostate 
cancer is the examination that offers the highest de-
gree of accuracy in the detection, staging and char-
acterisation of prostate cancer. It uses a range of tech-
niques such as morphological imaging based on T1 
weighted image (T1WI) and T2 weighted image (T2WI), 
functional imaging using diffusion-weighted imaging 
(DWI) that highlights cell density and dynamic con-
trast-enhanced (DCe) perfusion sequence to highlight 
vascularity. [17,18,19] 

All these sequences are combined using multipara-
metric MRI to obtain an ideal three-dimensional image 
of the prostate. Although many centres use their own 
interpretation system based on the different sections 
mentioned, there is still no defined standard combina-
tion. As for the prevention of signal artefacts, antiperi-
staltic medication and the use of endorectal coils have 
proven effective. [6,20]

2.1. T2WI
T2WI sequence highlights morphological and an-

atomical features of the structures. For differentiation 
of the main structures in the prostate, this sequence is 
ideal. However, there are situations where T2W images 
cannot differentiate a clinically significant cancer from 
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la low grade malignancy or other benign conditions. To 
determine whether an abnormal area is suspicious for 
prostate cancer on the T2WI sequence, the two func-
tional techniques, DWI and DCe, will be analysed simul-
taneously. [21,22,23] 

The DCe and DWI sequences independently con-
tributed to better lesion visibility compared to the T2WI 
sequence alone. The visibility of T2-weighted sequenc-
es is negatively affected in cases where lesions are lo-
cated in the transitional zone with a sensitivity of only 
58.9%. [24]

2.2. DWI
In order to clarify the cases in which T2WI sequence 

cannot differentiate prostate cancer from other benign 
pathologies, DWI sequence is necessary for a more 
detailed assessment of tissue characteristics. From a 
functional point of view, the DWI sequence is the most 
important, as its results are consistent with histopatho-
logical findings, according to the research performed 
so far. [25,26,27,28] 

The signal in DWI sequences is determined by the 
movement and diffusion of water molecules between 
different tissues. In tissues with high cell density the 
movement of water is restricted, the detected signal is 
of low intensity. At the opposite pole, decreases in tu-
mour cellularity secondary to radiotherapy or chemo-
therapy cause an increase in water diffusion and signal 
intensity.

By logarithmising the signal strength values, a 
curve is obtained that can be used to quantify the de-
gree of water diffusion: apparent diffusion coefficient 
(ADC map). [29] 

DWI sequence has higher accuracy for lesions in 
the peripheral area. Signal intensity is inversely pro-
portional to Gleason score, so that a decrease in ADC 
values (low signal intensity) correlates with an increase 
in Gleason score. As for the limitations of this sequence, 
peristalsis, presence of gas in the rectum or hip pros-
thesis may artefact its quality. [30,31,32,33,34,35,36,37,38,39]

2.3. DCE
DCe sequence uses T1-weighted sequence images 

(T1WI) showing the contrast loading after bolus injec-
tion. Due to angiogenesis phenomena, both in clinical-
ly significant prostate cancer and in cases of low grade 
malignancy or other inflammatory processes in the 
prostate, a more pronounced signal enhancement will 
be shown compared to the healthy tissue. [40,41]

However, the value of this sequence is limited in 

differentiating patients with prostate hypertrophy or 
prostate cancer at the transitional zone. evaluation of 
the DCe sequence plays a key role in the detection of 
local recurrences after radical prostatectomy or radio-
therapy. [42,43,44] 

A retrospective study analysed the importance of 
each sequence in detecting lesions, assigning each a 
score from 1 to 5: 1 poor/non-diagnostic, 2 poor but 
interpretable, 3 acceptable, 4 good or 5 excellent. Ana-
lysing the three sequences gave a median visual score 
of 3.60 (± 0.10) in T2WI, 4.20 (± 0.09) in DWI, and 4.25 (± 
0.8) in DCe. [24]

Other recent studies highlight the role of ADC se-
quence which has a high sensitivity in prostate cancer 
detection by assessing lesion characteristics. [45,46,47,48] 
Analysis of the ADC sequence prevents missing a sig-
nificant number of clinically significant peripheral 
cancers. Positive images at the DCe sequence play an 
important role in the decision to upgrade PI-RADS 3 to 
PI-RADS 4 lesions. [49]

3. TRUS limits
Transrectal ultrasound guided (TRUS) biopsy has 

been the gold standard in prostate cancer diagnosis for 
years. Ultrasound images were considered sufficient to 
assess the size and shape of the gland, but information 
on internal structure or focal lesions has always been 
very limited. Prostate tissue fragments are obtained by 
transrectal biopsy using a puncture needle that pene-
trates the rectal wall, thus facilitating the acquisition of 
the sample from the peripheral area. The biggest dis-
advantage of this procedure is that it misses possible 
tumours, such as those located in the anterior zone. 
Therefore, this type of biopsy has a negative predictive 
value of 70-80%. Thus, in addition to the risk of infec-
tion that may occur post-procedurally in up to 10% of 
cases, there is also the possibility of not detecting and 
not being able to diagnose clinically significant pros-
tate cancer. [50,51,52,53] 

To improve accuracy at the anterior zone, there are 
studies demonstrating the role of MRI in assessing le-
sions at this level, with a positive predictive value of 
87%. [54] Another method that can help to improve this 
aspect is the transperineal approach to prostate biop-
sy, which has demonstrated its accuracy, also superior 
in terms of sampling from the anterior zone. [55] 

Other studies compare radical prostatectomy 
specimens in patients diagnosed with prostate cancer 
by transrectal and transperineal biopsy. These have 
demonstrated the association of the transperineal 
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l approach with a proportionally higher rate of detec-
tion tumours in anterior zone and were identified at a 
smaller size and less advanced stage compared to the 
transrectal approach. [56] As for the risk of sepsis, studies 
have shown a 0% incidence rate of sepsis for transper-
ineal approach. [57]

Patients with false-negative biopsy results repre-
sent a real diagnostic challenge, as there is a possibility 
that subsequently repeated punctures may also show 
a false-negative result. It has been shown that at sec-
ond, third and even fourth repeated biopsies, prostate 
cancer was detected in increasingly lower proportions 
of 25-27%, 5-24% and 4-21% respectively, the reason 
being multifactorial. Also, 85% of prostate cancers are 
multifocal, and TRUS biopsy may underestimate both 
the stage and the extent of the cancer, leading to an 
erroneous Gleason score and therefore to an incorrect 
staging. [58,59] 

It is recognised that there is a real need for alterna-
tive diagnostic methods for patients with high or in-
creasing PSA values and initially negative biopsies, an 
example in this regard is multiparametric MRI. This can 
help to identify cancers undetected by biopsy and also 
improve biopsy accuracy even with fewer tissue sam-
ples. [7,60,61]  

4. Sensitivity and specificity 
Regarding sensitivity and specificity of mp MRI cor-

related with PI-RADS score, they differ depending on 
the sequences examined, so that T2WI-weighted se-
quences offer good sensitivity (81%), but low specifici-
ty (67%). For the DWI sequence, the PI-RADS score pro-
vides better accuracy than the T2WI sequences, with 
a sensitivity of 92% and a specificity of 78%. The DCe 
sequence showed a sensitivity and a negative predic-
tive value of 100% but a moderate specificity of 67%. 

[62] The positive predictive value of the PI-RADS score in 
the detection of high-grade prostate cancer has been 
analysed in several centres. The estimated positive pre-
dictive value (PPV) was 35% (95% confidence interval 
[CI]: 27%, 43%) for PI-RADS ≥ 3 and 49% (95% CI: 40%, 
58%) for PI-RADS ≥ 4. This demonstrated a low positive 
predictivity value that varies between centres. [63]

Leest et al. have highlighted that mp MRI has a sen-
sitivity of 95% and a specificity of 95% in the diagosis 
of ISUP Grade 1 prostate cancer. [64] The assessment 
of extra-prostatic invasion also has a good specific-
ity (91%), but it has a low sensitivity of only 57%, as 
demonstrated by Rooij et al. in a meta-analysis. [65]

A narrative review published by Ziglioli et al. (2020) 

highlighted the performance that mp MRI provides in 
detecting clinically significant prostate cancer. They 
demonstrated the superiority of MRI-guided biopsy 
over standard biopsy (TRUS) in detecting more clinical-
ly significant cancers. It is also clearly superior to the 
TRUS biopsy, being able to detect prostate cancer us-
ing 4 times fewer samples with a median of 9.2 samples 
collected compared to 37.1 for the standard biopsy 
(TRUS).

To better understand the term clinically significant 
prostate cancer, The International Society of Urological 
Pathology (ISUP) has made changes to the classifica-
tion system for prostate cancer, subdividing it into five 
different groups based on the Gleason score. [66,67] In the 
literature, however, there is no common agreement on 
the definition of „clinically significant” in prostate can-
cer, so it is generally accepted by most authors that a 
Gleason score ≥ 3+3 and ISUP ≥ 2 can be considered 
„significant”. [68]

5. MRI-guided prostate biopsy
With the introduction of mp-MRI for the evaluation 

of suspicious lesions in the prostate, a series of target-
ed biopsy techniques have emerged to improve diag-
nostic accuracy. Among these techniques we highlight 
Cognitive MRI guided biopsy (Cognitive - MRGB), bi-
opsy using MRI and real-time TRUS images fusion by a 
software (Fusion - MRGB) and In-bore MR guided biop-
sy (In-bore - MRGB). Venderink et al (2020) published a 
paper highlighting the advantages and disadvantages 
of all three techniques. [69,70]

The FUTURe trial showed no significant differences 
between the three MRI-guided biopsy techniques in 
terms of overall prostate cancer detection rate (Fusion 
- MRGB 49%, Cognitive - MRGB 44%, In-bore - MRGB 
55%, p=0.4) and clinically significant cancer detection 
rate (Fusion - MRGB 34%, Cognitive - MRGB 33%, In-
bore - MRGB 33%, p>0.9). [71] 

Is the MRI useful in triaging patients for biopsy, does 
it replace systematic biopsy or is it an additional inves-
tigation? Kasivisvanathan et al. answered this question 
with their study published in 2018. They demonstrated 
a superior detection rate of clinically significant cancer 
using mp MRI of 38% compared to standard biospy 
which had a detection rate of only 26%. In the group 
of patients who underwent mp MRI biopsy the per-
centage of positive fragments was significantly higher 
(44%), although the number of samples taken was low-
er compared to the group of patients who underwent 
standard biopsy (18%). A higher number of adverse re-
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lactions was also reported in patients who underwent 
standard biopsy than in the group in which mp MRI 
was used for guidance. [72]

If prior to the mp MRI era, in case of persisting sus-
picion saturative biopsy was of first intention, with the 
introduction of MRI guided biopsy more and more 
studies contributed to this technique. Hansen et al. 
highlighted a negative predictive value of MRI guided 
biopsy of 92% and 99% respectively for clinically sig-
nificant prostate cancer defined as Gleason Group ≥ 2  
and  Gleason Group ≥ 3. [73]

5.1. Cognitive biopsy
Cognitive MRI guided biopsy uses images from mp 

MRI examination overlaid with real-time transrectal ul-
trasound. This type of biopsy requires recognition of 
anatomical structures and lesions on both ultrasound 
and mp MRI images. The limitations of the method 
are the anteriorly located lesions, either apex or base, 
hardly visible by transrectal ultrasound. Also, the use of 
the transrectal ultrasound probe may distort the image 
and thus create errors in the sampling of fragments. 
On the other hand, its major advantage is that it does 
not require expensive specialized software for routine 
implementation. This technique seems to be the most 
useful for biopsy of diffuse or large lesions located in 
the peripheral zone and it is also the option with the 
lowest cost [69].

5.2. Fusion biopsy
This type of biopsy uses both images from the mp 

MRI examination performed previously and images 
from the transrectal ultrasound performed during the 
examination. The fusion of the two images can be done 
either by software (Fusion biopsy) or visually and is 
called cognitive fusion. Although the technique is sim-
ple, it requires interdisciplinary skills to identify lesions 
on both mp MRI and ultrasound examination. [74]

A dedicated software uses T2 weighted images 
by fusion with real-time images from transrectal ul-
trasound. There are a number of algorithms used to 
integrate the information, an important aspect being 
the use of rigid or elastic images. Algorithms involving 
elastic image registration allow the contours of sur-
faces to be adjusted by stretching them over the mp 
MRI images for better matching of ultrasound images. 
Thus a 3D image of the prostate can be obtained using 
multiple T2WI sections which are then correlated with 
the ultrasound image in real time. Compared to the 
previous technique, the latter has a better accuracy but 

requires a longer time for the examination and is also 
more expensive and difficult to implement in clinical 
practice. [69]

5.3. Inbore biopsy 
Inbore biopsy uses mp MRI for direct visualization of 

the biopsy needle. In this case mp MRI is used both for 
diagnosis and to guide and perform the biopsy, with 
image acquisition being performed at different steps. 
T2WI, DWI and DCe sequences are used. This technique 
is useful for patients in whom fusion biopsy is difficult 
to perform due to very small lesions or the presence of 
multiple calcifications. It is also useful in cases where 
the suspicion of prostate cancer persists after a nega-
tive result achieved by the previously discussed tech-
niques. [69,75]

6. Multiparametric MRI prior to biopsy
Implementing mp MRI as a screening tool for pa-

tients before performing biopsy in biopsy naive pa-
tients is challenging although studies have demon-
strated the cost-effectiveness of this procedure as a 
triage test. [76] However, the reproducibility of the infor-
mation between readers is likely to vary considerably, 
depending on the training and experience of radiolo-
gists. [77] There is a degree of variability in the interpreta-
tion of results even in specialist centres, as the PROMIS 
study has demonstrated. [24]

Multiparametric MRI examination performed 
before biopsy is recommended by more and more 
guidelines. Another advantage is the reduction in the 
number of patients undergoing biopsy, which helps to 
reduce overdiagnosis of clinically insignificant disease. 
Due to the high negative predictive value that the PI-
RADS score along with mp MRI has, a large number of 
patients can avoid biopsy after a negative MRI result 
without substantially affecting the detection rate of 
clinically significant prostate cancer. [78,79,80,81,82,83,84]

Schoots and Padhani highlighted a number of gold-
en rules useful in the diagnostic algorithm for prostate 
cancer. The first of these recommends an extensive ap-
proach including biopsy in patients who may benefit 
from early detection and treatment. Another rule is to 
carefully assess patients at high risk using risk scores 
before and after MRI. Avoiding immediate biopsy in 
patients with negative MRI results, except in situations 
where high-risk factors are present, is another principle 
to follow.

Another important aspect is the acceptance that 
there are cases where patients with negative MRI are 
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l not biopsied or where patients with positive MRI have 
a negative or inconclusive histopathological result. The 
last but not least rule is to use MRI guided biopsy in 
order to minimise the risk of overdiagnosis and to im-
prove risk stratification. [85]

european urology guidelines have integrated these 
results and thus recommend performing an mp MRI 
before biopsy. If the MRI scan is negative (PI-RADS ≤ 2) 
in biopsy naive patients with PSA ≤ 10 ng/mL and no 
changes detected on digital rectal examination, biop-
sy should be avoided. In patients in whom mp MRI is 
positive (PI-RADS ≥ 3), mp MRI guided targeted biopsy 
and a systematic biopsy should be performed simulta-
neously. If the initial standard biopsy is negative and 
the mp MRI is positive, the patient should undergo MRI 
guided biopsy. [86] MRI guided biopsy combined with 
standard systematic biopsy also contributes to a sub-
statial decrease in prostate cancer overstaging after 
radical prostatectomy. [87]

Multiparametric MRI should be considered prior to 
transrectal ultrasound (TRUS) guided biopsy, as recom-
mended by the NCCN, for better accuracy of prostate 
tissue and lesions.

Regarding the simultaneous performing of sys-
tematic biopsy and MRI-guided biopsy, studies have 
shown that combining the two procedures resulted in 
a higher detection rate of patients with clinically signif-
icant prostate cancer and increase the sensitivity of the 
method. [88,89,90,91,92]

7. PI-RADS
In order to facilitate interpretation and to stan-

dardise the results obtained from mp MRI, a guideline 
was introduced in 2012 by the european Society of 
Urogenital Radiology (eSUR). Thus, Barentsz et al. de-
signed for the first time a tool aimed at assessing the 
probability of clinically significant prostate cancer. This 
tool was called PI-RADS: the Prostate Imaging Report-
ing and Data System score, which has undergone a 
number of changes over time, the latest version being 
PI-RADS v2.1. [93,94]

For better standardization, lesions detected by mp 
MRI should be interpreted according to the PI-RADS 
score, thus providing valuable information. This infor-
mation in correlation with clinical data can be used to 
exclude clinically significant prostate cancer and thus 
avoid unnecessary biopsies or indicate the need for 
MRI-guided biopsy. [77]

In patients with PI-RADS 3 lesions that often chal-
lenge the radiologist, it has been shown that PSA den-

sity along with prostate volume and ADC sequence 
values are frequently associated with clinically signifi-
cant prostate cancers. Clinicians are thus encouraged 
to measure all these values and interpret them in the 
context of PI-RADS 3 lesions. [95]

8. Multiparametric MRI limits 
In terms of interpretation, some suspicious lesions 

may be misinterpreted by beginners, leading to both 
under-diagnosis and over-diagnosis, thus contributing 
to a lower detection rate of clinically significant cancer. 

[96]

A challenge that can sometimes arises even when 
using m pMRI is when the lesions are located in the 
transitional zone. It has been shown that the normal 
appearance of the transitional zone in young patients 
(under 54 years old) can lead to misinterpretation. 
There seems to be an inversely proportional relation 
between age and background heterogeneity of the 
normal peripheral zone in T2WI, DWI and DCe sequenc-
es, which should be taken into consideration when 
evaluating a potentially clinically significant cancer in 
a young patient. [72,97]

In order to answer questions about the safety pro-
file of patients whose negative mp MRI result may lead 
to avoiding biopsy, a number of studies have analized 
these aspects. Following analysis of negative mp MRI 
results, a prostate cancer detection rate of 46.58% has 
been demonstrated using saturation biopsies. Out of 
the total of these invisible lesions on MRI examination, 
clinically significant cancers were detected in 35.29% 
of cases. [98]

Other studies have demonstrated a high negative 
predictive value of mp MRI of 89% in order to avoid 
Gleason ≥ 4 + 3 prostate cancer. A recent systematic 
review also showed a high negative predictive value of 
91% in detecting clinically significant prostate cancer. 
Up to 27% of patients can thus avoid unnecessary biop-
sy. However, the negative predictive value of an inves-
tigation decreases when the prevalence of the disease 
increases. The 4M and MRI-FIRST studies have shown 
that in 3 to 11% of cases, clinically significant cancers 
remain undetected in patients with negative mp MRI 
results. Regarding these issues, a better risk stratifica-
tion is needed in patients with negative MRI results, in 
order to determine the need for biopsy. [99]

8.1 Pitfalls
A condition that mimics prostate cancer on mp MRI 

examination was described by Shivang et al. (2021). 
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lThey presented a case of 57 year old patient with an 
elevated PSA value (11.3 ng/mL) and a negative biopsy, 
in which it was decided to perform a mp MRI in oder to 
evaluate a suspected lesion.

Although no intra-prostatic lesion was identified on 
examination, a nodule was detected in the proximity 
of the apex on the left side, centered at the level of the 
left urogenital diaphragm. The nodule showed a slight-
ly heterogeneous signal in T2WI, an avid post-contrast 
enhancement and no noticeable restricted diffusion, 
characteristics similar to a prostate nodule. In the 
context of high PSA levels and the close relationship 
between the nodule and the prostate apex, it is thus 
decided to perform MRI-guided biopsy. The biopsy re-
veals a hyperplasia of the Cowper’s gland, with no evi-
dence of malignancy.  

As mp MRI has become an increasingly used tool 
alongside targeted biopsy, there is a need for the ra-
diologist, urologist to be able to identify the location 
of the Cowper glands in order to avoid unnecessary 
biopsies. [100]

Other potential pitfalls have been presented by 
Yadav et al. (2021) so relating to prostate anatomy, a 
number of anatomical structures such as anterior fi-
romuscular stroma, surgical capsule, neurovascular 
bundles or periprostatic venous plexus may lead to 
misinterpretations. Due to the appearance in terms of 
histological composition (muscle cells and connective 
tissue), the anterior firomuscular stroma has a homoge-
neous hypointense aspect in the T2WI sequence due to 
the compression caused by prostatic lobe hypertrophy 
and thus may lead to a misdiagnosis of prostate cancer 
which also tends to be hypointense. In order to avoid 
this, DWI and DCe sequences should be observed.

Due to the fibrous structure of the surgical capsule, 
a low intensity on T2WI sequences may also be ob-
served. In some cases, an asymmetric thickening of the 
capsule may thus simulate the presence of a suspicious 
lesion. Multiplanar T2WI and DCe sequences may ex-
clude a malignant lesion.

The periprostatic venous plexus localization along 
the anterolateral margins in the proximity of the cap-
sule can cause problems for the radiologist in case of 
a local inflammatory process. Signal intensity on T2WI 
sequences and ADC map varies with the blood flow at 
this level. For a better accuracy, it is necessary to know 
the location of the venous plexus.

Neurovascular bundles located along the postero-
lateral margin may show a rounded appearance on ax-
ial sequences with decreased signal intensity in T2WI 

and ADC map sequences, so in some situations the as-
pect may suggest the presence of a nodule.

Other pitfalls in prostate cancer diagnosis can in-
clude benign pathology. An example is the protrusion 
of a large adenomatous nodule or the bilateral sym-
metrical presence of an adenomatous nodule in the 
transitional zone causing compression in the peripher-
al and central zone. This aspect of bilaterally symmet-
rically homogeneous areas of low intensity in T2WI is 
called „Moustache sign”. 

Other conditions that should be carefully consid-
ered in order to avoid these „pitfalls” are the presence 
of an ectopic hyperplasia nodule, prostatitis, granulo-
matous prostatitis, post-biopsy hemorrhage, changes 
occurring after treatment (radiotherapy, focal thera-
pies, radical prostatectomy) or the presence of artifacts 
caused by malposition of the endorectal probe, calcifi-
cations or the tip of a Foley catheter. [101]

9. Future directions
A possible future direction may be the combination 

of mp MRI and PeT/CT using prostate-specific mem-
brane antigen (PSMA). Liwei et al. (2020) highlighted 
the advantages that these two investigations offer in 
prostate cancer detection. Standardized uptake val-
ue (SUVmax), apparent diffusion coefficient (ADC) 
and their ratio were evaluated to differentiate benign 
from malignant lesions. In order to assess specificity 
and sensitivity, ROC (receiver operating characteristic) 
curve analysis was performed.  

According to the ROC curve analysis, with regard to 
the sensitivity and specificity of the apparent diffusion 
coefficient (ADC) value, the results showed 90.6% and 
58.1%.  In the case of the SUVmax value, the sensitivity 
and specificity were 67.2% and 97.7%, and for the SU-
Vmax/ADC ratio were 81.2% and 88.4%. The SUVmax/
ADC ratio was used for the combined advantage of 
these two methods, demonstrating a higher sensitivity 
and specificity with a significant contribution in detect-
ing multiple primary prostate tumors and confirming 
seminal vesicle invasion. [102]

The introduction of nomograms based on mp MRI 
examination may also be a future direction. In order to 
achieve this Jiang et al. (2021) measured a number of 
parameters obtained from mp MRI examination such 
as prostate maximum sectional area (PA), central gland 
sectional area (CGA), peripheral zone sectional area 
(PZA) and prostate area index (PAI). Sagittal, coronal 
and transverse sections from these planes were ana-
lyzed.
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l The highest predictive value for prostate cancer de-
tection was attributed to cross-sections at the central 
gland sectional area (transCGA) and coronal sections at 
the peripheral zone sectional area (coroPZA). Therefore 
in addition to age, MRI and PSA, nomograms  could in-
clude these two sections for better accuracy and pre-
dictability in prostate cancer detection. [103]

Another future direction seems to be the use of con-
volutional neural networks. These involve the develop-
ment of machine learning algorithms that collect data 
based on T2WI, DWI and apparent diffusion coefficient 
(ADC). The sensitivity of the method had an average of 
82-92% with an average specificity of 43-76% and an 
area under the curve (AUC) value of 0.65 to 0.89. The re-
sults were promising, with the sensitivity of the method 
reaching a value of 92% in combination with a specifici-
ty of up to 76% for lesions greater than 0.5 cc. [104]

The preliminary results of another radiomics-based 
study highlighted the significant role of radiomic fea-
tures based on T2WI and ADC sequences in prostate 
cancer detection for PI-RADS 3 and PIRADS 3 modified 
to PI-RADS 4 lesions. These lesions represent a chal-
lenge for radiologists and are often associated with un-
certainty. Radiomics could be a very attractive tool that 
can overcome these obstacles by providing significant 
efficiency in the diagnosis and classification of these 
lesions. [105]

The impact of radiomics on prostate cancer diagno-
sis however remains controversial, as the accuracy of 
the method depends on the learning algorithms and 
the features selected. Because of this, the results may 
lead to increase or decrease of diagnostic accuracy. [106]

Performing MRI-TRUS fusion image-guided prostate 
biopsy involves mp MRI examination followed by biop-
sy in a subsequent session. This approach often has a 
negative impact on patients due to increased anxiety 
and delayed diagnosis. A study in this sense has demon-
strated the feasibility, safety and at the same time a fast-
er diagnostic process by performing both mp MRI and 
biopsy in a single day. It has been shown to reduce pa-
tient anxiety with increased compliance, reduced costs 
and reduced time to treatment initiation. [107] 

Over the past decades, more and more studies have 
provided promising results for the use of the Prostate 
Health Index (PHI) as a positive predictive marker in 
prostate cancer. This marker is based on the measure-
ment of p2PSA isoform, free PSA and total PSA. A pro-
spective study evaluated the Prostate Health Index 
(PHI), mp MRI and the combination of these two in 
detection of clinically significant prostate cancer. The 

results revealed a sensitivity value of 100% and a nega-
tive predictive value of 100% for patients with PI-RADS 
lesions ≥3, while for patients with PHI ≥ 30, showed a 
sensitivity value of 91.7% and a negative predictive val-
ue of 94.4%. [108]

The Prostate Health Index (PHI) is one of the most 
studied biomarkers for prostate cancer. It provides very 
good sensitivity at a low cost.  It is also an efficient tri-
age pathway that can reduce both MRI examinations 
and biopsies numbers without compromising the de-
tection rate of clinically significant cancers. [109]

10. Conclusions
In recent years, important contributions have been 

made to the diagnosis and risk stratification of prostate 
cancer patients. In addition to the introduction of no-
mograms and biomarkers used in patient risk stratifi-
cation, mp MRI has probably contributed most to this.

Many studies have shown the high sensitivity value 
of mp MRI examination, so it should be adopted by all 
guidelines as a standard method used in the detection 
of clinically significant prostate cancer. There are how-
ever situations where clinically significant cancers re-
main undetected, so better risk stratification in patients 
with negative MRI is essential.

The importance of using mp MRI in guiding pros-
tate biopsy has been documented in numerous publi-
cations. We can therefore say that for large lesions, cog-
nitive biopsy seems to be the most adequate. Biopsy 
using image fusion is suitable for most cases, and for 
selected difficult cases, inbore biopsy using mp MRI for 
guidance is preferred.

Multiparametric MRI has demonstrated its useful-
ness including the choice of optimal surgical technique 
and can provide benefits both in terms of oncological 
outcomes and quality of life after radical prostatecto-
my.  

Finally we can say that there are a series of import-
ant future directions with promising results. These in-
clude the use of the SUVmax/ADC ratio, Prostate Health 
Index (PHI), as well as the use of nomograms based on 
mp MRI examination. Also despite being a controver-
sial topic, Radiomics seems to be a very attractive tool 
which deserves further research.
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