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ABSTRAKT

Background. Prostate cancer diagnosis must balance the early detection of clinically
significant disease against the overdiagnosis of indolent tumors. Multiparametric
magnetic resonance imaging (mpMRI) has transformed the diagnostic pathway by
functioning as a triage test before biopsy and by enabling targeted sampling.

Aim. This narrative review evaluates the role of mpMRI, prostate fusion biopsy, and
clinically insignificant prostate cancer in modern prostate cancer diagnostics and
management.

Material and methods. A narrative review was prepared using peer-reviewed
literature from PubMed and Google Scholar published between 2021 and 2026.
Included sources comprised randomized and prospective studies, diagnostic cohorts,
systematic reviews, meta-analyses, expert reviews, active surveillance studies,
artificial intelligence studies, and health-economic analyses.

Results. Evidence consistently demonstrates that mpMRI improves the detection

of clinically significant prostate cancer while reducing unnecessary biopsies and the
overdiagnosis of clinically insignificant disease. MRI-targeted biopsy outperforms
systematic biopsy for identifying clinically significant tumors, whereas the combined
targeted and systematic approach provides the highest overall diagnostic accuracy.
Nevertheless, clinically significant MRI-invisible cancers may still occur, highlighting
the importance of integrating imaging findings with clinical risk factors. Emerging
applications of artificial intelligence and optimized risk stratification may further
enhance diagnostic performance.

Conclusions. mpMRI-centered diagnostic pathways reduce unnecessary biopsies
and the overdiagnosis of indolent tumors while supporting individualized biopsy
and surveillance decisions. Their effectiveness depends on imaging quality, clinical
expertise, biopsy technique, patient risk profile, and cost considerations.
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Introduction

Prostate cancer develops through a complex interac-
tion of non-modifiable and modifiable risk factors.
The strongest established non-modifiable determi-
nants include increasing age, family history, genetic
susceptibility, and ethnicity, whereas modifiable
factors such as dietary habits,!"?. Although many of
these associations remain under investigation, life-
style modification represents a promising strategy for
primary prevention. In particular, increasing eviden-
ce suggests that plant-based dietary patterns may be
associated with a lower risk of prostate cancer deve-
lopment and may contribute to improved long-term
outcomes!?).

Prostate cancer is among the most common
malignancies in men and a major cause of cancer
mortality. A contemporary review estimated approxi-
mately 1.5 million new diagnoses and almost 400,000
deaths annually, with projections suggesting that the
number of new cases may approximately double by
2040, This burden leads to certain dilemma. Since
the number of new cases does not match up with the
number of deaths due to prostate cancer, some types
of cancer are biologically indolent, whereas a smaller
but clinically decisive proportion are aggressive. The
aim of modern diagnosis is therefore not the detec-
tion of any prostate cancer, but accurate identification
of clinically significant prostate cancer while limiting
clinically insignificant disease.

In common practice there are several pathways
used as screening towards prostate cancer. They are
based on prostate-specific antigen (PSA), digital rec-
tal examination, and transrectal ultrasound-guided
systematic biopsy has limited specificity and relies on
random sampling. PSA-only screening may increase
detection of low-risk disease, and recent reviews em-
phasize the persistent tension between mortality re-
duction and overdiagnosis!*®. Getting to know which
type of cancer is actual threat towards patient’s life,
would significantly change the approach of further
treatment. Overdiagnosis matters because it can lead
to biopsy-related morbidity, anxiety, and overtreat-
ment with urinary, sexual, or bowel consequences.
Contemporary diagnostic strategies emphasize harm
minimization, with PSA used as a triage tool for mp-
MRI and mpMRI as a triage test before biopsy™..

Clinically significant prostate cancer is most often
defined in the reviewed literature as International
Society of Urological Pathology (ISUP) grade group

2 or higher, corresponding to Gleason score 3 + 4
or higher. Clinically insignificant prostate cancer is
commonly defined as ISUP grade group 1 or Gleason
score 3 + 3, although tumor volume, cancer core
length, and extension beyond the prostate may mod-
ify clinical interpretation®”.

The aim of this review is to evaluate the role of
mpMRI in prostate cancer diagnosis, compare fusion
biopsy with systematic biopsy, and critically discuss
clinically insignificant prostate cancer and active sur-
veillance using only the supplied 2021-2026 sources.

Research materials and methods

This review was based exclusively on the scientific
articles supplied for manuscript preparation. The
source set consisted of PubMed and Google Scholar
literature from 2021-2026, including randomized
and prospective trials, diagnostic cohorts, systematic
reviews, meta-analyses, expert panel reviews, active
surveillance studies, artificial intelligence studies, and
economic analyses.

The conceptual search strategy used combinations
of: “multiparametric MRI OR mpMRI” AND “pros-
tate cancer” AND “fusion biopsy”; “MRI-targeted
biopsy” AND “systematic biopsy”; “PI-RADS” AND
“clinically significant prostate cancer”; “negative mp-
MRI” AND “prostate biopsy”; “clinically insignificant
prostate cancer” AND “overdiagnosis”; “active sur-
veillance” AND “mpMRI”; and “cost-effectiveness”
AND “prostate MRT”.

Inclusion criteria were peer-reviewed articles
from 2021-2026 addressing adult men with suspect-
ed or diagnosed prostate cancer and reporting evi-
dence relevant to mpMRI, PI-RADS, MRI-targeted
or fusion biopsy, systematic biopsy, negative mpMRI,
active surveillance, diagnostic prediction, or cost-ef-
fectiveness. Exclusion criteria were sources outside
the supplied file set, articles unrelated to diagnosis or
monitoring, and publications focused primarily on
treatment without diagnostic relevance. Strengths of
the selected literature include randomized evidence,
contemporary meta-analyses, real-world cohorts,
expert reviews, and economic studies. Limitations
include heterogeneity in MRI protocols, PI-RADS
versions, biopsy route, biopsy thresholds, operator
expertise, definitions of clinically significant disease,
and reference standards. No pooled statistical analy-
sis was performed.
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Research and Discussion

Principles of multiparametric MRI

Multiparametric MRI of the prostate is a powerful
tool that brings together anatomical and functional
sequences to provide a comprehensive view of the
prostate. The T2-weighted imaging sequence offers
high-resolution anatomical information, which is cru-
cial for assessing the prostate’s zonal anatomy, as well
as checking for extraprostatic extension and seminal
vesicle invasion. This sequence is particularly useful
for identifying lesions in the transition zone. DWT and
ADC maps provide functional information related to
restricted diffusion, which is associated with cellularity
and higher-grade disease!”.

A secondary analysis of the PROMIS trial showed
that MRI visibility is influenced by grade and tumor
burden. Zones containing Gleason 3+4 cancer, higher-
-grade cancer, or longer maximum cancer core length
had increased odds of MRI visibility, whereas larger
prostate volume reduced visibility!®. The results from
this study support the biological rationale for MRI-
guided enrichment of biopsy, but on the other hand

they explain why small, low-volume, MR-invisible
tumors which are still clinically significant, may be
missed.

Dynamic contrast-enhanced imaging remains part
of mpMRYI, although its incremental value is debated.
In PI-RADS v2.1, DCE has a limited role, especially in
upgrading equivocal peripheral-zone lesions and when
T2-weighted or DWI quality is insufficient”.. PI-RADS
standardizes reporting from very low to very high like-
lihood of clinically significant cancer, but interpretation
is still variable. A systematic review comparing PI-
RADS v2.1 with v2 found comparable sensitivity and
negative predictive value but lower specificity for v2.1
in whole-gland and transition-zone analyses!'.

mpMRI in detection of clinically significant
prostate cancer

The major diagnostic value of mpMRI is increased
number of diagnoses of clinically significant tumors.
Men whose MRI results revealed suspected findings
may undergo targeted biopsy, meantime patients with
negative MRI results and low clinical risk may avoid
immediate biopsy. Principal differences between mp-
-MRI-led and systemic biopsy-centred pathways were
gathered in the Table 1 underneath.

Table 1. Comparison of mpMRI-led pathways and systematic biopsy-centered pathways [8-10]

Diagnostic mpMRI-led / MRI- Systematic biopsy- .
) Interpretation
domain targeted approach centered approach
Localize suspicious mpMRI shifts diagnosis

Main pur lesions and enrich
A purpose biopsy for clinically

significant cancer

Random or template
sampling of the gland

from detecting any cancer
to detecting relevant
cancer

Clinically ) ) ) . ) Targeting improves
o Higher detection of May miss anterior, apical, _ )
significant ) ) ) efficiency but is not
csPCa in meta-analysis or small lesions ) )
cancer universally sufficient
'Cli.nicz.ﬂly Lower detection of Higher probability of MRI Pathwa}fs reduce
insignificant _ incidental low-grade overdiagnosis but do not
Gleason 3+3 disease . o .
cancer detection eliminate it
PI-RADS 1-2 has high
Negative bi Negative MRI should b
Negative result NPV but residual risk ceatve IOPSY may ‘ega Ve shouid be
) reflect sampling error risk-adapted
remains
Triage, targeting, Compl t Combined bi
Best current .rlage a.rge 1.ng omp. ementary ombine : 1‘opsy
) risk stratification, sampling when MRI or  often maximizes csPCa
role
surveillance targeting is uncertain detection
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Negative mpMRI has high but imperfect negative
predictive value. The AJR Expert Panel review reported
that PI-RADS 1-2 examinations have an approximate
negative predictive value of 90% for excluding grade
group 2 or higher cancer and an even higher value for
grade group 3 or higher disease!"". Nevertheless, resi-
dual risk persists: in a cohort of patients with negative
mpMRI who underwent saturation biopsy, clinically
significant cancer was found in 11%!"?. Negative MRI
should therefore be interpreted with PSA density, fa-
mily history, genetic risk, clinical stage, and follow-up
dynamics.

There is no doubt that MRI-based pathways can
reduce unnecessary biopsies and low risk cancer
detection®’l. There was performed a randomised
GOTEBORG-2 trial, PSA screening followed by MRI
and targeted biopsy only reduced detection of clinically
insignificant cancer by approximately half compared
with a strategy including systematic biopsy, without
substantially compromising clinically significant can-
cer detection. The trail has a major impact because it
revealed the fact that over diagnosis is a primary harm,
not simply cancer detection as a benefit!..

MRI-based predictive models may improve patient
selection beyond imaging alone. A systematic review
found that adding PI-RADS to clinical variables such
as age, PSA, prostate volume, PSA density, biopsy sta-
tus, and family history improved prediction of clinically
significant cancer, with most reported AUCs between
0.78 and 0.92!"l. Another model combining age, PSA
density, and PI-RADS v2.1 achieved AUCs of 0.938 in
development and 0.914 in external validation.

Fusion biopsy vs systematic biopsy

MRI-targeted biopsy is a way to get a more accurate dia-
gnosis by combining MRI and ultrasound images. This
can be done in a few ways: by mentally superimposing
MRI findings on real-time ultrasound images, using
special software to fuse the two, or by doing the biopsy
directly inside an MRI machine. A meta-analysis of
26 studies and 5831 patients found that MRI-targeted
biopsy detected more clinically significant and high-
-risk prostate cancer than systematic biopsy and fewer
clinically insignificant cancers!””. A systematic review
of targeted biopsy methods similarly emphasized that
mpMRI-guided targeting can improve diagnostic accu-
racy and reduce unnecessary biopsies when applied in
appropriate clinical settings!®.

There is no particular guidelines for an optimal tar-
geting techniques. On the one hand cognitive biopsy is
faster and cheaper for health system but depends he-
avily on operator experience. Software-assisted fusion
supports registration of MRI and ultrasound images

but also has its downsides which is requirement of
technical proficiency. In-bore biopsy provides direct
MRI targeting but is requires significant resources.
Comparative meta-analysis found no significant diffe-
rences in clinically significant or insignificant cancer
detection among cognitive targeting, software fusion,
and in-bore biopsy!”. Transperineal cognitive and
software-assisted fusion also showed comparable clini-
cally significant cancer detection!"®. Prospective studies
comparing transperineal and transrectal MRI-targeted
biopsy found no clear difference in clinically significant
cancer detection, although safety and local practice re-
main relevant!'?.

The most important question is whether in regular
practice systemic cores can be omitted. The cohort stu-
dy performed on 867 patients, combined targeted and
systemic biopsy detected more clinically significant
cancer then any of this method alone. Comparing tar-
geted biopsy to systemic biopsy, both performed alone,
the first one detected slightly more clinically significant
disease, but the combined approach was most accu-
ratel?”. The other real-live cohort revealed that syste-
mic biopsy detected additional cancers outside target
lisions and radical prostatectomy specimens showed
mpMRI-negative founding in some cases'?!.. The other
study reported that omitting MRI-guided fusion biopsy
would have missed clinically significant cancer in 11%
of patients, whereas omitting systematic biopsy would
have missed clinically significant cancer in 6%!*2.

A universal targeted-only strategy is therefore not
supported. It may be reasonable in selected patients
with high-quality imaging, expert operators, prior ne-
gative biopsy, or posterior PI-RADS 5 lesions where sys-
tematic sampling adds little. Combined biopsy remains
attractive in biopsy-naive men, equivocal lesions, lower
PI-RADS scores, large prostates, multifocal disease, or
when treatment planning requires information outside
the MRI target!®l. Operator experience is also decisive:
the added value of systematic biopsy and the frequency
of fusion failure decreased as biopsy experience incre-
ased®!. Adequate target sampling is essential, and at le-
ast three targeted cores from the index lesion identified
the most relevant diagnosis in 97% of patients!*.

Clinically insignificant prostate cancer

Clinically insignificant prostate cancer is an intense
discussed topic when it comes to screening and biopsy.
One of the most important studies, the GOTEBORG-2
trial defined each tumour with a result of 3 + 3 in
Gleason score as clinically insignificant and showed that
avoiding systematic biopsy in favor of MRI-targeted
biopsy only reduced its detection by half®. This is clini-
cally meaningful because a low-grade cancer diagnosis
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may still lead to anxiety, repeated testing, or treatment
despite favorable prognosis and the availability of active
surveillance.

mpMRI helps reduce overdiagnosis by preventing
biopsy in selected low-risk men with negative MRI,
directing biopsy toward lesions more likely to contain
clinically significant cancer, and supporting surveil-
lance of known low-risk disease. Yet mpMRI does not
eliminate overdiagnosis or underdiagnosis. Some MRI-
visible Gleason 3 + 3 tumors may prompt repeated
biopsy or anxiety, whereas some clinically significant
tumors remain MRI-invisible!'"". PI-RADS 3 lesions
are especially challenging because they are common
and indeterminate; PSA density, abnormal digital rec-
tal examination, and prostate volume should influence
whether biopsy is performed!"!. False positives also ari-
se because benign or premalignant changes can incre-
ase MRI visibility, as shown in the PROMIS secondary
analysis!®l.

Active surveillance

Active surveillance is the most accurate strategy avo-
iding overtreatment. The most recent previous em-
phasise that not all diagnosed prostate cancers require
immediate treatment and that for patients with low
risk disease, surveillance is preferred approach™.

Accurate initial classification is crucial because under-
grading may delay treatment for clinically significant
cancer, whereas overclassification may deny suitable
patients the benefits of surveillance.

mpMRI comes with significant help, because of
its significant contribution to surveillance at base-
line and during follow-up. At baseline, it can detect
occult higher-grade disease that would make surve-
illance inappropriate. During follow-up, it can iden-
tify changes in lesion size, conspicuity, diffusion
restriction, or new lesions. There was developed a
system PRECISE to standardize MRI reporting. A
critical review noted high negative predictive value
but low positive predictive value for progression in
available studies!>®.

MRI cannot replace biopsy in surveillance proto-
cols. A meta-analysis of 15 studies and 2240 patients
found pooled sensitivity of approximately 0.59 and
specificity of 0.75 for MRI progression during active
surveillance!®!. A systematic review of fusion biopsy
in active surveillance concluded that systematic and
fusion biopsies are complementary; fusion biopsy
was more likely to detect significant disease, but it
missed 6.4-11% of clinically significant cancers?®l.
A 2026 model combining clinical variables and mp-
MRI-derived radiomic features achieved an AUC
of 0.84 for distinguishing rapid progressors from

Table 2. Features of clinically significant versus clinically insignificant prostate cancer

Feature

Clinically significant prostate cancer

Clinically insignificant prostate
cancer

Common biopsy

definition >=3+4

May include tumor volume,
Additional features extraprostatic extension, or greater

cancer core length

More likely visible as grade and cancer
MRI behavior Y &

core length increase

Clinical implication

Diagnostic priority Must be detected accurately

Some low-volume Gleason 3+4

Controversy

ISUP grade group >=2; Gleason score

Requires risk-adapted treatment

tumors may behave favorably

ISUP grade group 1; Gleason score
343

Usually low-grade, low-volume,
organ-confined disease

Often less conspicuous on mpMRI

Often suitable for active surveillance

discussion or close surveillance

Detection should be minimized when
outcomes are unchanged

Some high-volume Gleason 6 tumors
may not be trivial

Table summarizes the distinction between clinically significant and clinically insignificant prostate can-

cer used across the reviewed literature [6,11,12].
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stable cases, suggesting promise for future risk-ada-
pted surveillance!®!.

Limitations of mpMRI and fusion biopsy

While mpMRI and fusion biopsy have their benefits,
they also have some significant limitations. False ne-
gativity is the main limitation of mpMRI. Systemic
biopsy may be performed at the patients when PSA
density is elevated, family history is positive, or ge-
netic susceptibility is present, even if mpMRI results
are negativel'!l. The finding of clinically significant
cancer in 11% of biopsied men with negative mpMRI
illustrates why follow-up triggers and individualized
risk assessment are necessary!'?.

Also false positive are clinically important. PI-
RADS v2.1 may have lower specificity than PI-RADS
v2, and qualitative diffusion assessment remains
subjective!’”l. Inflammation, prostatic intraepithelial
neoplasia, and benign stromal or hyperplastic chan-
ges can mimic malignancy. PROMIS data showed
that prostatic intraepithelial neoplasia increased the
odds of zonal MRI visibility in men without cancer,
illustrating a mechanism for false-positive MRI®l.

The major downside of fusion biopsy is that it
is operator and system dependent. Cognitive fusion
requires accurate mental registration, while softwa-
re fusion requires segmentation, registration, cali-
bration and correction for motion or deformation.
In inexperienced operator hands systemic cores may

should be viewed as part of the intervention itself,
because diagnostic performance depends on the full
pathway rather than on the scanner, PI-RADS score,
or fusion platform alone.

There are some studies in progress which evalu-
ate artificial intelligence and radionics in reducing
inter-reader variability. A fully automated deep
learning model performed comparably to radio-
logists for detecting clinically significant cancer at
MRI, while a radiomics systematic review reported
good performance without clear superiority over
PI-RADS in the limited comparative studies*>!.
Prospective validation, standardization, and direct
comparison with expert readers and risk calculators
are still needed.

Cost and availability are other important factors
in the discussion of mpMRI. Economic reviews ge-
nerally support prebiopsy MRI and targeted biopsy
as cost-effective compared with systematic TRUS
biopsy alone, but most evidence comes from high-
-income settings®>**). A Swedish microsimulation
found that MRI with targeted biopsy reduced li-
fetime biopsy episodes by approximately 40% com-
pared with systematic biopsy alone, although cost-
-effectiveness varied by strategy®!. These findings
depend on scanner access, radiologist expertise,
biopsy platforms, reimbursement, and local patient
populations.

compensate for targeting failure*!. Quality assuran- Summary

ce, training, and audit are therefore essential ele-

ments of MRI-based pathways. These requirements

Table 3. Advantages and limitations of fusion biopsy 11224

Aspect Advantages Limitations
Enriches sampling for clinicall May miss MRI-invisible or out-of-target

Diagnostic yield o P & Y Y 8
significant lesions csPCa

, , Can reduce detection of Gleason Combined biopsy may detect more
Overdiagnosis

3+3 disease

Technique options

Treatment Helps localize index lesions and map
planning suspicious regions

) Standardized MRI and adequate
Quality control

Cognitive, software-assisted, and in-
bore methods allow flexibility

target cores improve reliability

insignificant disease

No clearly superior technique across all
settings

Systematic cores may still detect
multifocal disease

Image quality and operator learning curve
affect outcomes
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Multiparametric magnetic resonance imaging has
become the main tool for diagnosing prostate cancer.
This is based on standards set by PI-RADS v2.1 and
results from the GOTEBORG-2 and PRECISION
trials. It provides anatomical and functional informa-
tion through T2-weighted imaging, DWI/ADC, and
DCE, interpreted through PI-RADS. MRI-targeted
biopsy improves detection of clinically significant and
high-risk prostate cancer and reduces detection of
Gleason 3+3 disease compared with systematic biopsy.
By using mpMRI to guide biopsies, doctors can better
detect high-risk prostate cancer and avoid diagnosing
cancers that aren’t likely to cause problems. This helps
solve two big issues: missing cancers that need tre-
atment and treating cancers that aren’t a threat. The
use of mpMRI has improved the diagnosis process,
making it more accurate and reducing unnecessary
biopsies.

However, systematic biopsy cannot be abando-
ned in all patients. Combined targeted and syste-
matic biopsy remains diagnostically strongest in
many biopsy-naive or higher-risk contexts, whereas
targeted-only strategies may be appropriate in selec-
ted patients with high-quality imaging, experienced
operators, and high-suspicion lesions. Negative
mpMRI is useful but not absolute reassurance, par-
ticularly in men with elevated PSA density or other
high-risk features.

Clinically insignificant prostate cancer is a dri-
ver of overtreatment, morbidity, cost, and patient
anxiety. mpMRI reduces but does not eliminate
overdiagnosis. Active surveillance increasingly de-
pends on mpMRI and fusion biopsy, but serial MRI
alone is not sufficiently sensitive to replace repeat
biopsy. Future directions should include harmo-
nized definitions of clinically significant disease,
improved MRI quality control, standardized biopsy
reporting, risk calculators incorporating PI-RADS
and PSA density, prospective validation of artificial
intelligence and radiomics, and cost-effectiveness
studies in diverse healthcare systems.
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