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Introduction

Over the last decades significant advances have been made in 
the acquisition, interpretation, and reporting of MR images of 
the prostate. Pre-biopsy magnetic resonance imaging (MRI) 
can now be considered as an additional diagnostic test to serum 
prostate-specific antigen (PSA) and transrectal ultrasound 
(TRUS)-guided biopsies (1). A high negative predictive value 
is the underlying premise for the use of MR imaging (2). 
In other words, even when MR imaging does not provide a 
specific answer, it may be used to exclude malignancy in many 

circumstances. Guidelines with recommendations on prostate 
MR imaging have been published and are further implemented 
in clinical routine (3-5).

The PI-RADS (Prostate Imaging-Reporting and Data 
System) standardized image acquisition and reporting. It 
was designed to be used by medical professionals in the 
initial evaluation of patients to assess the risk of clinically 
significant prostate cancer (csPCa) that may require 
biopsy and treatment (4). PI-RADS v2 assessment uses a 
5-point scale based on the likelihood (probability) that a 
combination of multiparametric MRI findings on T2w, 
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diffusion weighted imaging (DWI), and dynamic contrast 
enhanced (DCE) imaging correlates with the presence of a 
clinically significant cancer for each lesion in the prostate 
gland. 

However, PI-RADS v2 guidelines do not say how to deal 
with imaging findings that are indeterminate. Lesions on 
prostate MRI that are termed as ‘intermediate’ or ‘equivocal 
on the presence of clinically significant cancer’ are scored 
as PI-RADS category 3 lesions. A targeted biopsy may 
appear to be the first approach, but monitoring lesion 
characteristics with follow-up MRI seems to be a pragmatic 
and acceptable alternative in these men, reducing the 
burden and the risk of additional biopsies, especially when 
other markers such as digital rectal examination and PSA-
density are stable. Directions for the further management 
of PI-RADS category 3 lesions that were negative for 
(clinically significant) prostate cancer on targeted biopsies, 
is currently also lacking. Follow-up MRI might be useful 
to monitor such lesions; however, no clear management 
recommendations for monitoring or repeat biopsy in 
these intermediate or undetermined lesions have yet been 
defined. 

This review focuses on indeterminate lesions on prostate 
MRI (assigned as PI-RADS category 3), evaluates the 
prevalence in different patient groups, and investigates the 
prevalence of csPCa within this category 3. In addition, 
this review explores what could be a feasible PI-RADS 
threshold for monitoring or biopsying, taking into account 
the balance between harm (too much testing) and benefit 
(detection of csPCa).

What is a PI-RADS 3 lesion?

In a PI-RADS category 3 lesion, the presence of csPCa is 
considered to be equivocal, as defined by the PI-RADS v2 
guidelines (4). For lesions located in the peripheral zone of 
the prostate, the dominant MRI sequence in PI-RADS v2 
is DWI and reconstructed apparent diffusion coefficient 
(ADC). Lesions are characterized as focal mildly to 
moderately hypointense on ADC, and isointense to mildly 
hyperintense on high b-value DWI. This is in combination 
with heterogeneous signal intensity or non-circumscribed, 
rounded, and moderate hypointensity on T2w images, and 
specifically excludes lesions with characteristics that qualify 
as PI-RADS 2, 4, or 5. No focal enhancement on DCE 
MRI should be visualized (Figure 1).

For lesions located in the transition zone, the dominant 
sequence in PI-RADS v2 is T2w sequence (4). Signal 

intensity in a lesion should be visually compared to the 
average signal of “normal” transition zone. Lesions are 
characterized as heterogeneous signal intensity with 
obscured margins (and include characteristics that do not 
qualify as PI-RADS 2, 4, or 5), together with focal mildly to 
moderately hypointense on ADC, and isointense to mildly 
hyperintense on high b-value DWI. Focal enhancement on 
DCE MRI may be present (Figure 2).

The interpretation of the transition zone is considered to 
provide a greater challenge than the peripheral zone. While 
a normal peripheral zone is brightly hyperintense on T2w 
images, and therefore hypointense abnormalities can be 
easily identified, the transition zone shows heterogeneous 
signal intensities related to the presence of nodules of 
benign prostatic hyperplasia, and therefore the identification 
of suspicious abnormalities can be more difficult (Figure 2). 

What is the prevalence of PI-RADS 3 lesions?

The prevalence of prostate cancer and csPCa in published 
reports varies greatly (2). Several factors may influence 
the calculated prevalence, such as patient population, 
recruitment, definition of csPCa, and the diagnostic 
procedures. In MRI studies on prostate cancer, the 
prevalence of positive MRI (assigned as PI-RADS category 
3 to 5) varies comparably (2).

However, the prevalence of the maximal PI-RADS 3 
score for the whole prostate (further mentioned as the PI-
RADS 3 index lesion) is not clearly studied in the literature. 
For this review we initiated an explorative search to get 
insight into the prevalence of PI-RADS category 3 lesions. 
We identified relevant manuscripts published in the period 
2014 to 2017. We summarized the results of each study 
and categorized the multiparametric MRI data into PI-
RADS 1–2, 3, 4 and 5, and separately into a PI-RADS  
4–5 group (Table 1). In addition a sub classification was 
made within the patient groups of (I) first biopsies, (II) 
previously negative biopsies, and (III) active surveillance 
biopsies for the PI-RADS 3 lesions.

On the basis of the studies reviewed, comprising 8,252 men 
(6-21), PI-RADS category 1–2, 3, 4 and 5 appear to be equally 
distributed in all suspicious or positive MRIs, represented 
by approximately one fourth for each category (Table 1). 
Furthermore, this distribution is comparable for men with 
first biopsies (total n=1,855), previously negative biopsies 
(total n=1,355), and men with active surveillance biopsies 
(total n=1,198). As expected, less maximal PI-RADS 5 
lesions and more PI-RADS 4 lesions were observed in 
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Figure 1 A left peripheral zone lesion (red arrows) on (A) axial T2-weighted image, (B) high-b-value DWI, (C) early DCE time-point, and 
(D) ADC map. The overall PI-RADS assessment category 3 was assigned (T2w 3, DWI/ADC 3, DCE −). On subsequent targeted MRI/US 
fusion biopsy, the lesion exhibited Gleason score 3+4 tumor (red arrows). PI-RADS category 3 lesions are characterized as focal mildly to 
moderately hypointense on ADC, and isointense to mildly hyperintense on high b-value DWI. This is in combination with heterogeneous 
signal intensity or non-circumscribed, rounded, and moderate hypointensity on T2w images. No focal enhancement on DCE MRI should 
be visualized. The dominant MRI sequence in PI-RADS v2 is DWI/ADC. (E-H) A left peripheral zone lesion (blue arrows). The overall 
PI-RADS assessment category 3 was assigned (T2w 3, DWI/ADC 3, DCE −). On subsequent targeted MRI/US fusion biopsy, the lesion 
exhibited benign prostatic tissue (blue arrows).

Figure 2 A left transition zone lesion (arrow) on (A) axial T2-weighted image, (B) high-b-value DWI, (C) early DCE time-point, and 
(D) ADC map. The overall PI-RADS assessment category 3 was assigned (T2w 3, DWI/ADC 4, DCE +). On subsequent targeted MRI/
US fusion biopsy, the lesion exhibited Gleason score 3+4 tumor (red arrows). PI-RADS category 3 lesions in the transition zone are 
characterized as heterogeneous signal intensity with obscured margins, together with focal mildly to moderately hypointense on ADC, and 
isointense to mildly hyperintense on high b-value DWI. Focal enhancement on DCE MRI may be present. The dominant sequence in PI-
RADS v2 is T2w. (E-H) A left transition zone lesion (blue arrows). The overall PI-RADS assessment category 3 was assigned (T2w 3, DWI/
ADC 4, DCE −). On subsequent targeted MRI/US fusion biopsy, the lesion exhibited no prostate cancer (blue arrows).
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men on active surveillance, reflecting smaller lesions in 
men already diagnosed with low-risk disease. Most likely, 
although the far majority of these men were diagnosed on 
the basis of traditional systematic biopsy sampling, this 
technique apparently identifies some of the larger lesions.

In men with respectively first biopsies, previously negative 
biopsies, and active surveillance biopsies, prostate MRIs 
were classified as PI-RADS 3 in 22% (range, 14–39%), 32% 
(range, 25–46%) and 22% (range, 9–41%). In two large 
cohorts of men with mixed first and previously negative 
biopsies, the prevalence of maximal PI-RADS 3 score was 
31% (196/625) (15) and 32% (367/1,159) (16) (Table 1).

These percentages are indicative as we observed 
some overlap between published results. However, we 
may conclude that the number of men classified with 
a PI-RADS 3 index lesion in the diagnostic work-up is 
significant, varying between one in three to one in five men. 
These numbers represent a significant group of men with 
equivocal suspicion of csPCa, and adequate management 
strategies should be developed. 

PI-RADS 3 index lesions appear to be equally distributed 
between the groups, however the percentages calculated 
within each group exhibit great variation. Data show a 
trend towards increased PI-RADS 3 scores in men with 
previously negative biopsies, as compared to men with 
first biopsies and active surveillance biopsies. This increase 
might be related to the decrease of PI-RADS 4–5 lesions. 
We may argue that some part of csPCa that would have 
been identified on MRI as PI-RADS 4–5, have already 
been detected by previous systematic biopsies. Still, the 
prevalence of the PI-RADS category 4–5 is remarkably 
large, varying from 44% to 51% (Table 1). 

As one fourth of all MRIs are assigned to the PI-RADS 
1–2 category, three fourth are assigned to PI-RADS 3–5, 
which shows that the majority of men suspected of having 
prostate cancer turned out to have an abnormal MRI. This 
MRI testing will all result in subsequently MRI-targeted 
biopsies. This invasive diagnostic procedure may contribute 
to harm, and should be critically evaluated. In fact, the 
purpose of additional biopsy testing should result in an 
additional diagnostic yield, but this yield should be balanced 
against the harms. 

What is the prevalence of csPCa in PI-RADS 3 
lesions?

The prevalence of csPCa in PI-RADS 3 lesions has not 
been studied directly and therefore can only be interpreted T
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from validation studies such as in Table 1. Some of these 
studies reported their results according to the Standards of 
reporting for MRI-targeted biopsy studies (START) of the 

prostate (22), and Gleason grading was correlated to the PI-
RADS assessment score 1 to 5. Summary results of these 
studies (7,8,10,12,21,23) are shown in Figures 3 and S1.

PI-RADS categories 3, 4 and 5 appear to be equally 
distributed in all suspicious MRIs (Figure 3), similar to the 
numbers in Table 1. Furthermore, this distribution is similar 
for men with first biopsies, previous negative biopsies, and 
active surveillance biopsies. The prevalence of csPCa in 
each PI-RADS category is indicative; our search and further 
analyses are explorative and have not been performed in 
an adequate systematic approach. The definition of csPCa 
to determine the prevalence in this analysis is based on 
Gleason score (GS) only, as recommended by the Standards 
of reporting for MRI-targeted biopsy studies (START) (22). 
In Figure 3, csPCa is defined as GS ≥3+4.

The prevalence of csPCa in PI-RADS 3 lesions with 
subsequently targeted biopsies was 21% (4–27%) in men 
with first biopsies, 16% (10–19%) in men with previously 
negative biopsies, and 17% (9–30%) in men with active 
surveillance biopsies (Figures 3 and S1). In PI-RADS 4 
lesions, the prevalence of csPCa in these patient cohorts 
was 39% (31–52%), 33% (26–36%), and 37% (32–52%), 
respectively; in PI-RADS 5 lesions the prevalence of csPCa 
was 73% (61–86%), 70% (66–74%), and 60% (56–66%).

There is a structural increase of detected csPCa from PI-
RADS 3 to PI-RADS 4 to PI-RADS 5 index lesions. For 
example, in men with first biopsies, the rates of identified 
csPCa are 21%, 39%, and 73%, respectively. The rates for 
men with previous negative biopsies are similar, represented 
by 16%, 33%, and 70%, respectively. Again, these rates are 
indicative, but the trends within this PI-RADSv2 assessment 
of prostate MRI in identifying csPCa appears to be 
repeatedly consistent in all groups, proving the additional 
value of this classification system.

If we use the threshold of GS ≥4+3 instead of GS ≥3+4 for 
csPCa, the prevalence of csPCa in PI-RADS 3 lesions with 
subsequently targeted biopsies was 6% (4–18%) in men with 
first biopsies, 7% (4–9%) in men with previously negative 
biopsies, and 4% (0–14%) in men with active surveillance 
biopsies (Figure 3). As a result of the so-called risk inflation by 
MRI targeting biopsies (24), we may argue shifting towards 
this threshold in some circumstances (21).

The prevalence of csPCa (GS ≥3+4) in PI-RADS 
category 3 lesions vary between patients groups from 1 in 
5 (21%) to 1 in 6 (16%). Although this prevalence is lower 
than that found in PI-RADS 4 and 5, it is a considerable 
proportion and definitely not negligible. Ideally, the criteria 
for PI-RADS category 3 should be redefined to reduce 

Figure 3 Histology outcome by Gleason score (GS) of PI-RADS 
assessment categories 3, 4 and 5, with subsequently MRI-targeted 
biopsies, in men with first biopsies (A), previous negative biopsies 
(B), and active surveillance biopsies (C). Cumulated data, generated 
by individual reports (7,8,10,12,13,21) (see Figure S1).
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the amount of csPCa in this category and the related 
uncertainty of the presence of csPCa in the diagnostic 
work-up and follow-up. 

Should we redefine PI-RADS 3 lesion criteria to 
reduce csPCa in this category?

PI-RADS v2 seeks to define the five assessment categories 
in a way that maintains a balance between achieving high 
sensitivity for GS ≥7 tumors and avoiding an excessive 
number of biopsies that are benign or harbor low-grade 
tumor. Criteria for upgrading a lesion’s assigned category, 
based on combinations of multiple suspicious findings, are 
intended to help improve the sensitivity of individual PI-
RADS assessment categories for csPCa. As such, for a lesion 
located in the peripheral zone, the assessment category 
matches the score assigned based on DWI, regardless of the 
assessment based on other pulse sequences. However, if the 
lesion is assigned with PI-RADS category 3 and the DCE 
score is also positive, than the overall category should be 
upgraded from 3 to 4 (Table 2).

The details of the current PI-RADS v2 decision rules are 
largely based on collective experience. Since PI-RADS v2 is 
considered to be in evolution, warranting further optimization 
based on continued experience and objective data, scientific 
investigations are needed to validate the system and help to 

guide potential future revisions. With the intent of further 
improving the sensitivity for GS ≥7 tumors at a given PI-
RADS threshold, Rosenkrantz et al. proposed adjustments 
(additional criteria) to the current PI-RADS v2 decision 
rules for increasing a lesion’s final PI-RADS category (25),  
based on either lesion size or suspicious findings across 
pulse sequences of T2w, ADC and DCE (Table 2). In 
fact, the proposed refinements almost exclusively address 
upgrade from a PI-RADS category 3 to a 4, so as to 
potentially impact clinical decisions regarding patient 
selection for targeted biopsy, using the threshold of PI-
RADS 4 instead of PI-RADS 3 (Table 2). Redefining criteria 
in this equivocal or indeterminate category of PI-RADS 3 
is the way forward, and should be further investigated and 
confirmed by others. 

Why are PI-RADS 3 lesions challenging? 

Relationships between MRI signal intensities and the 
underlying architectural prostatic tissue are complex. 
Langer and colleagues showed the association between 
specific alterations in tissue composition and MR 
imaging measurements (26). They have shown that the 
increased cellular texture (nuclei and cytoplasm, with 
decreased luminal space), correspond to a decrease in 
T2-weighted and ADC signal intensities. T2-weighted 
imaging is sensitive to extracellular water, and ADC 
is sensitive to diffusion in the luminal space. This 
increased cellular texture is significantly different 
between malignant and benign peripheral zone tissue. 
Thus these mechanisms influence prostate cancer 
detection with MR imaging.

Overlap with benign conditions

MRI derived parameters are reflective of pathologically 
determined characteristics of prostate cancer, however, 
there is great overlap with benign conditions, such as benign 
prostate hyperplasia, inflammation or fibrosis. These benign 
abnormalities have been implicated as sources of false-
positive MR imaging findings (27-30) or poor radiologic-
pathologic volumetric correspondence (31). These issues are 
at most applicable to PI-RADS 3 lesions, as shown by the 
high rate of benign outcomes of targeted biopsies: prostate 
cancer was not detected in respectively 61% and 71% 
in men with first biopsies and previous negative biopsies  
(Figure 3). 

Table 2 Proposed decision rules for PI-RADS v2 by Rosenkrantz  
et al. (25)

Decision rules for PI-RADS v2 assessment category 3 to be 
upgraded

Existing PI-RADS v2

	In PZ, upgrade 3 to 4 if DCE score of positive

	In TZ, upgrade 3 to 4 if DWI score of 5

Proposed PI-RADS v2

	In PZ, upgrade 3 to 4 if T2w imaging score of 4

	In PZ, upgrade 3 to 4 if T2w imaging score of 5

	In PZ, upgrade 3 to 4 if size ≥10 mm

	In TZ, upgrade 3 to 4 if DWI score of 4

	In TZ, upgrade 3 to 4 if DCE imaging score of positive

	In TZ, upgrade 3 to 4 if size ≥10 mm

PZ, peripheral zone; TZ, transition zone; DCE, dynamic contrast 
enhanced; DWI, diffusion weighted imaging.
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Sparse malignant tissue

In Gleason grade 3 tumors, the glands are usually small 
and infiltrative, but the degree of intervening stroma 
can vary widely, giving either a sparse or more densely 
packed tumor. Within Gleason grade 4, there is marked 
heterogeneity with respect to the tumor architecture. 
Gleason grade 4 now encompasses various sub-patterns, 
including large dilated glands filled with abundant 
epithelium (large cribriform), small infiltrative poorly 
formed glands, glandular fusion, and mucinous tumors. 
Given the variety of histologic patterns, differing 
MRI characteristics may be observed on T2-weighted  
imaging (32) and other sequences. Knowledge of the 
relationship between MRI signal and Gleason grade 
sub-pattern could facilitate accurate contouring of 
heterogeneous tumors on MRI, facilitating targeted 
biopsy or lesion monitoring.

Langer and colleagues showed that no significant 
differences in ADC or quantitative T2-weighted values were 
present between the surrounding normal peripheral zone 
tissue and the “sparse” prostate tumors, which contain a high 
percentage of normal peripheral zone tissue, intermixed with 
prostate cancer (33). The prostate tumors that are less visible 
by using T2-weighted and ADC-based tissue contrast, may 
limit accurate determination, and might be classified as PI-
RADS category 3, despite Gleason 4 patterns.

Small lesion size

Tumor size next to tumor aggressiveness may have serious 
impact on tumor visibility, detection and interpretation on 
MRI (34). Vargas and colleagues found that the integrated 
PI-RADS v2 scores resulted in the correct classification 
of 94% peripheral zone tumors and 95% transition zone 
tumors with ≥0.5 cc on pathology with any Gleason 
grading. However, the majority of GS ≥4+3 tumors with 
volumes <0.5 cc on pathology were not detectable on 
MRI. In PI-RADS v2, no lower limits of size on MRI for 
csPCa have been defined. In small lesions, the MRI derived 
parameters are less reflective of pathologically determined 
characteristics, and therefore the reading confidence is 
decreased. Such examples might be classified in PI-RADS 
category 3.

Interobserver agreement

Interobserver agreement among six experienced prostate 

radiologists by using PI-RADS v2 for assessment category 
PI-RADS ≥4 was moderate (k=0.552 in both zones 
combined) (35). Others found slightly lower interobserver 
agreement (k=0.46) (36). The transition zone traditionally 
is considered to provide a greater challenge than the 
peripheral zone. This is largely related to the presence 
of nodules of benign prostatic hyperplasia throughout 
the transition zone. Agreement appears to be higher in 
the peripheral zone than in the transition zone (35,37). 
Agreement, as indicated by k coefficients, appears to be 
better at an overall PI-RADS assessment category of ≥4 
than of ≥3, regardless of zone assessment (35,37). This 
observation is of particular relevance for deciding the 
further management of these patients which lesions on MRI 
should be targeted by biopsies. 

Should we biopsy PI-RADS 3 lesions?

PI-RADS suspicion levels of 3 or 4 may serve as thresholds 
for performing targeted biopsy. In order for a given 
threshold to be widely accepted and integrated into daily 
clinical practice, radiologists must be able to evaluate MRI 
examinations at that threshold in a reproducible fashion.

Although using a threshold of PI-RADS ≥4 achieves 
greater reproducibility based on these interobserver studies, 
our data presented in Figure 3 however, show that in this 
scenario we miss a substantial proportion of csPCa, 24%, 
16% and 17% in men with first biopsies, previous negative 
biopsies, and active surveillance biopsies, respectively. Based 
on the current definitions of csPCa (GS ≥3+4), data from 
our explorative literature search do not irrefutably support 
clinical biopsy management that use a threshold of PI-
RADS ≥4 instead of ≥3 to select MRI lesions for targeted 
biopsy.

If we use the threshold of GS ≥4+3 instead of GS ≥3+4 
for csPCa, this substantial proportion of csPCa is reduced to 
6%, 7% and 4% in men with first biopsies, previous negative 
biopsies, and active surveillance biopsies, respectively  
(Figure 3). Whether this threshold of csPCa in combination 
with a PI-RADS 3 lesion is acceptable should be discussed on 
an individual patient basis. 

The decision to perform targeted biopsy of MRI lesions 
will continue to be influenced by a range of clinical factors 
including PSA kinetics, previous biopsy results, and 
patient preference (38). The risks of missing intermediate- 
or high-grade cancer must be balanced against saving 
biopsies and reducing harm on an individual basis. The 
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clinical approach of using a threshold of PI-RADS ≥4 
instead of PI-RADS ≥3 for selecting targeted biopsies 
could therefore be better supported within an active 
surveillance protocol, than at first biopsies. 

Should we monitor PI-RADS 3 lesions?

Small index lesions on prostate MRI may correspond to 
benign lesions or indolent cancers based on grade and size, 
as shown by Rais-Bahrami et al. (39). This cohort consists 
patients with either no index lesion or one or more index 
lesions measuring ≤7 mm in greatest dimension on the initial 
MRI. In this study cohort, all index lesions were classified 
as low to moderate (maximal PI-RADS 3). The National 
Institute of Health (NIH) ‘lesion MRI suspicion scores’ of 
low, moderate and high are analogous to PI-RADS 1–2, 3 
and 4–5, respectively (36). Lesions measuring ≤7 mm did not 
harbor Gleason 7 prostate cancer, and the vast majority of 
patients had benign prostatic tissue on targeted biopsies. Slow 
growth rate of these small index lesions on serial prostate 
MRI suggests that the interval-imaging follow-up can span 
a minimum of two years. If this is confirmed, an MRI with 
small index tumor and PI-RADS 3 may allow a reduction in 
the frequency of monitoring biopsies. In addition, changes in 
size or appearance of the MRI lesion may predict upgrading 
and trigger biopsy. However, data on monitoring PI-RADS 3 
lesions are very sparse.

In a cohort of men with low-risk disease (i.e., GS 3+3) 
on active surveillance with at least 2 serial MRIs (interval 
1 year), Frye et al. investigated men whose prostates 
were classified on initial MRI as low (PI-RADS 1–2) 
and moderate risk (PI-RADS 3) for csPCa (40). Twenty-
nine percent (37/128) of these men showed pathological 
progression (to GS ≥3+4 and higher), based on combined 
targeted and systematic biopsies, 20% (25/128) showed 
pathological progression on targeted biopsies only. Although 
not mentioned in the report, we may assume that the index 
lesions were larger than in the previously described cohort 
of Rais-Bahrami et al. MRI progression was observed in 
78% (29/37) of low risk patients who had pathological 
progression. Of patients with initial MRI suspicion scores 
indicating low and moderate risk, pathological progression 
was identified in 25% and 33%, respectively. These results 
plead for a stricter monitoring of PI-RADS 3 lesions, in 
combination with additional targeted biopsies. 

From the perspective that size matters, a further 
subcategorization of PI-RADS category 3 has been 

proposed (41); (3a) indolent or low-risk lesions with volume 
<0.5 mL, and (3b) significant or high-risk lesions with 
volume ≥0.5 mL. Implication for clinical management is 
that subgroup 3a (low-risk lesion) may undergo clinical 
surveillance (periodic monitoring of PSA value and repeated 
MRI 1 year later) and subgroup 3b (high-risk lesion) may 
undergo targeted biopsy. This categorization should be 
further investigated before clinical introduction.

Are men with a PI-RADS 3 lesion at initial diagnostic 
work-up willing to forego immediate biopsy for a strategy 
of monitoring involving PSA measurement and/or mp-
MRI repeated at intervals? van der Sar et al. investigated 
in retrospect the results of such a strategy in which 57% 
(n=95) of these men preferred the strategy of initial 
surveillance (42). The risk profile of the cancers identified 
by both strategies appeared similar, but many men in the 
surveillance group avoided the risks, complications, and 
costs of biopsy. Long-term results are awaited.

What combined strategies in PI-RADS 3 lesions 
have been investigated?

In the setting of suspicious imaging findings, it is 
accepted that MRI cannot negate the need for biopsy. 
Histopathological proof by targeted biopsies is necessary 
due to the high false-positive rate of MRI (43). If additional 
information can help to clarify further risk of suspicious 
lesions on MRI, the number of biopsies and false positive 
results can be reduced. Several strategies of combining 
additional information (i.e., PSA, PSA-density or molecular/
genetic markers) to MR imaging are under investigation. 
They may demonstrate a benefit in making a decision 
about which patient needs a biopsy and concurrently help 
avoid unnecessary biopsies. Studies on the added value in 
classifying further risk of PI-RADS category 3 lesions are 
limited.

Prostate specific antigen (PSA)

Shakir et al. showed that most upgrading to csPCa occurred 
in men with a suspicious MRI and subsequently targeted 
biopsies, when the PSA was above 5.2 ng/mL (44). In 
this mixed population, csPCa was defined as GS 4+3 and 
higher, and further subdivision into PI-RADS 3 to 5 was 
not reported. This threshold of 5.2 ng/mL corresponded 
to potentially sparing biopsy in 36% of patients who 
underwent MRI. Hansen et al. recently investigated a 
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further subdivision in PI-RADS category 3 lesions in men 
with first biopsies (9). PSA serum levels were categorized 
into <4, 4–10, and >10. The detection of GS ≥3+4 and 
GS ≥4+3 by targeted biopsies was 15%, 22%, 41%, and 
0%, 7%, 12% respectively. These results suggest a PSA 
threshold of 4–5 ng/mL for improved detection of GS 4+3 
and higher in PI-RADS 3 lesions.

PSA-density

In this recent study of Hansen et al. in men with first 
biopsies, also the PSA-density in PI-RADS 3 lesions was 
investigated and further categorized into <0.10, 0.10–0.20, 
and >0.20. The detection of GS ≥3+4 and GS ≥4+3 was 
18%, 31%, 46%, and 3%, 9%, 4%, respectively.

Felker et al. investigated the yield of targeted biopsies in 
men with transition zone PI-RADS category 3 lesions for  
GS ≥3+4 (45). Among men with PSA-density of ≥0.15 ng/mL2  
and lesion ADC value of <1,000 mm2/s, the detection of 
csPCa significantly improved from 15% to 60% (AUC >0.9). 
If biopsy had been restricted to these criteria, a reduction of 
89% biopsies would have been obtained, with only 9% missing  
GS 7 tumors.

Alberts et al. used a PSA-density cut-off of 0.15 ng/mL2  
in men on active surveillance (46), and was recently  
updated (21). In this study the detection of GS ≥3+4 and 
GS ≥4+3 in PI-RADS 3 lesions in combination with PSA-
density cut-off of ≥0.15 ng/mL2 was 47% and 13%, without 
missing any upgrade to GS 3+4 or higher. Which implies 
that men on active surveillance with a PI-RADS 3 index 
lesion and a PSA-density of <0.15 ng/mL2 may not benefit 
from a follow-up biopsy. The use of this threshold in PI-
RADS 3 lesions would result in a MRI-targeted biopsy 
reduction of 36% in this category. In a receiver operating 
characteristic (ROC) analysis by Lai et al., the optimal PSA-
density cut-off point in men with low-risk disease on active 
surveillance was 0.18 ng/mL2 with an AUC of 0.77 (47). 
The optimal cut-off in men on active surveillance should be 
further determined in larger cohorts. 

Other molecular biomarkers

Studies into the combination of PI-RADS 3 lesions and 
molecular markers other than PSA are lacking. The 
additional value of prostate cancer gene 3 (PCA3) was 
investigated in a small cohort of 45 PI-RADS 3 lesions 
in men with previously negative biopsies (48). PCA3 >35 

had no additional prognostic value in the whole cohort. 
However, the diagnostic uncertainty in the PI-RADS 3 
lesions could be ameliorated by the addition of PCA3 cut-
off of 35 to avoid potential unnecessary biopsies.

Multivariate risk modeling

Combined risk models including clinical and imaging parameters 
may predict csPCa better than clinical risk calculators and MRI 
alone. Benefits of these combined risk models may exceed those 
of original risk calculators and PI-RADS alone in the selection 
of patients who should receive biopsy (16,49,50).

Conclusions 

This review focuses on indeterminate lesions on prostate 
MRI, assigned as PI-RADS category 3. We may conclude 
that the prevalence of PI-RADS 3 index lesion in the 
diagnostic work-up is significant, varying between one in 
three (32%) to one in five (22%) men, depending on patient 
cohort of first biopsies, previously negative biopsies, and 
active surveillance biopsies. Management strategies should 
be developed for this group of men with an indeterminate 
suspicion of having csPCa. Currently available data show 
that the actual prevalence of csPCa after targeted biopsy 
in PI-RADS 3 lesions varies between patients groups 
from one in five (21%) to one in six (16%), depending on 
previous biopsy status. Although this prevalence is lower in 
comparison to PI-RADS 4 and PI-RADS 5 lesions, still a 
considerable proportion of men harbor significant disease. 
Men with such a PI-RADS 3 lesion must therefore be 
adequately managed.

 In general, the clinical approach of using a threshold 
of PI-RADS ≥4 instead of PI-RADS ≥3 to select MRI for 
targeted biopsies cannot be supported by data from our 
explorative literature search using the current definitions 
of csPCa. A possible adaptation to the threshold of PI-
RADS ≥4 in combination with other clinical markers 
could be considered within an active surveillance protocol, 
where the balance between the individual risk of missing 
csPCa and the constant process of repeating prostate 
biopsies is crucial.

In addition to improvements in MR imaging, combinations 
with molecular biomarkers and multivariate risk models should 
be employed in prostate cancer detection and monitoring. 
These combinations will aid decision-making in challenging 
circumstances, such as unclear and diagnostic equivocal results 
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for csPCa at early detection.
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Figure S1 Histology outcome by Gleason score (GS) of PI-RADS assessment categories 3, 4 and 5, with subsequently MRI-targeted biopsies, in men with first biopsies, previous negative biopsies, and active surveillance biopsies. Cumulated data (left), generated by individual reports (middle 
to right) (7,8,10,12,13,21).
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