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a b s t r a c t

Introduction & objectives: We tested the role of multiparametric magnetic resonance imaging
(mpMRI) in disease reclassification and whether the combination of mpMRI and clinicopathological
variables could represent the most accurate approach to predict the risk of reclassification during active
surveillance.
Materials & methods: Three-hundred eighty-nine patients (pts) underwent mpMRI and subsequent
confirmatory or follow-up biopsy according to the Prostate Cancer Research International Active Sur-
veillance (PRIAS) protocol. Pts with negative (�) mpMRI underwent systematic random biopsy. Pts with
positive (þ) mpMRI [Prostate Imaging Reporting and Data System, version 2 (PI-RADS-V2) score �3]
underwent targeted þ systematic random biopsies. Multivariate analyses were used to create three
models predicting the probability of reclassification [International Society of Urological
Pathology � Grade Group 2 (GG2)]: a basic model including only clinical variables (age, prostate-specific
antigen density, and number of positive cores at baseline), an Magnetic resonance imaging (MRI) model
including only the PI-RADS score, and a full model including both the previous ones. The predictive
accuracy (PA) of each model was quantified using the area under the curve.
Results: mpMRI negative (�) was recorded in 127 (32.6%) pts; mpMRI positive (þ) was recorded in 262
pts: 72 (18.5%) had PI-RADS 3, 150 (38.6%) PI-RADS 4, and 40 (10.3%) PI-RADS 5 lesions. At a median
follow-up of 12 months, 125 pts (32%) were reclassified to GG2 prostate cancer. The rate of reclassifi-
cation to GG2 prostate cancer was 17%, 35%, 38%, and 52% for mpMRI (�), PI-RADS 3, 4, and 5, respec-
tively (P < 0.001). The PA was 69% and 64% in the basic and MRI models, respectively. The full model had
the best PA of 74%: older age (P ¼ 0.023; Odds ratio (OR) ¼ 1.040), prostate-specific antigen density
(P ¼ 0.037; OR ¼ 1.324), number of positive cores at baseline (P ¼ 0.001; OR ¼ 1.441), and PI-RADS 3, 4,
and 5 (overall P ¼ 0.001; OR ¼ 2.458, 3.007, and 3.898, respectively) were independent predictors of
reclassification.
Conclusions: Disease reclassification increased according to the PI-RADS score increase, at confirmatory
or follow-up biopsy. However, a no-negligible rate of reclassification was found also in cases of mpMRI
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(�). The combination of mpMRI and clinicopathological variables still represents the most accurate
approach to pts on active surveillance.
© 2020 Asian Pacific Prostate Society. Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Active surveillance (AS) is a therapeutic strategy based on close
monitoring of cancer and its active treatment when it shows signs
of progression. AS is nowadays considered a safe option for men
with low-grade prostate cancer (PCa) and is becoming progres-
sively the gold standard in International Society of Urological Pa-
thology (ISUP) Grade Group 1 (GG1) patients (pts), as suggested by
different international guidelines [1,2]. The identification of best
candidates for AS is crucial. Indeed, an important limitation to AS is
the significant proportion of GG1 pts harboring more aggressive
disease, which is undetected by initial biopsies [3,4]. Therefore, the
diagnostic strategy to identify low-risk diseases is pivotal to reduce
overtreatment and taking care of those pts with progressive disease
without losing the curability window.

For this reason, AS programs recommend strict follow-up with
digital rectal examination, serial prostate-specific antigen (PSA)
measurements, and surveillance biopsies to avoid tumor progres-
sion misdiagnosis [5]. However, repeated biopsies are burdened by
the risk of complications such as infections or bleeding and thus
may invalidate the follow-up compliance, that is, essential for the
oncological safety of AS [6]. Less invasive methods are needed to
detect disease progression for men in AS to reduce morbidity
related to repeated biopsies. Although several biomarkers appear
promising tools in the management of AS pts, studies have not
provided results robust enough to enable their use in the common
clinical practice [7].

In this context, multiparametric magnetic resonance imaging
(mpMRI) is becoming a tool to increase identification of more
aggressive cancer, improving disease reclassification and thus
triggering an active treatment. mpMRI-targeted fusion biopsies
(MRI-TBx) of suspicious Magnetic resonance imaging (MRI) lesions
[Prostate Imaging Reporting and Data System (PI-RADS) 3e5] can
detect aggressive pathological lesions, previously missed by sys-
tematic random biopsies (R-Bx) [8e9]. Moreover, the high negative
predictive value (NPV) of mpMRI could have implications for a
rebiopsy strategy inmenwith low-risk disease on AS, whomight be
able to avoid or defer repeat biopsy [10e11].

However, it has been demonstrated that several clinical or
pathological variables, such as age [12e13], prostate-specific anti-
gen density (PSAD) [14e15], or the number of positive cores at
diagnostic biopsy, are predictors of the risk of reclassification dur-
ing AS [12,16].

The aim of our study was to evaluate the role of mpMRI in pre-
dicting disease reclassification of pts on AS, who underwent
confirmatory biopsy (after 12-month interval from initial diagnosis)
or follow-up biopsy according to the protocol. We tested whether
mpMRI could be considered as a stand-alone test for disease
reclassification or if the combination of mpMRI and other clinical
variables could represent the most accurate approach to pts on AS.
2. Materials and methods

2.1. Study population

The protocol for the research project was approved by our
institutional Ethics Committee (registration number 134/18). We
retrospectively evaluated 389 pts, undergoing the AS protocol,
collected from 4 Italian centers from January 2016 to December
2018. Pts were selected for AS according to PRIAS criteria. Inclusion
criteria were a clinical T1c or T2a disease, a PSA <10 ng/mL,
PSAD < 0.2, and ISUP GG1 in �2 positive cores, or, in case of satu-
ration biopsies, up to 15% of the total core number can be positive.
None of the pts included in this study had mpMRI before inclusion
in the AS protocol.
2.2. Biopsy strategy and follow-up

Pts underwent confirmatory or follow-up biopsies according to
the PRIAS protocol. Confirmatory biopsy was performed within a
12-month time interval from the inclusion in PRIAS. Follow-up
biopsies are indicated 48 and 84 months after the inclusion (per
protocol biopsies). Additional biopsies, of the per protocol scheme,
were performed in case of PSA >10 ng/mL, PSAD >0.2 ng/ml/cc,
changes in digital rectal examination, or PSA doubling time
<10 years. All pts underwentmpMRI before confirmatory or follow-
up biopsy. mpMRI was standardized and performed on a 1.5 T, with
an endorectal coil, or 3 T magnet, using triplanar T2-weighted
imaging, axial diffusion-weighted imaging with apparent diffu-
sion coefficient reconstruction, and dynamic contrast-
enhanced sequences after injection of paramagnetic contrast
agents, according to the PI-RADS, version 2 (V2), guidelines [17]. A
dedicated radiologist was available at each center. Central review of
mpMRi was not performed.

Pts with mpMRI negative (�) subsequently underwent sys-
tematic random biopsies, within at most 3-month time span. Pts
with mpMRI positive (þ) (defined as having PI-RADS-V2 score �3)
underwent transrectal or transperineal targeted fusion prostate
biopsies (3 cores) þ systematic R-Bx (12-18 cores according to
prostate volume).

Fusion biopsies were performed using a Hitachi 70 Arietta
ecograph with a real-time virtual sonography fusion system
(Hitachi Ltd, Tokyo, Japan) with a transperineal approach (Catania)
or with a MyLabClassC ecograph with a virtual navigator fusion
system (Esaote S.p.A., Genoa, Italy) equipped with an end-fire
endorectal probe (Bergamo, Milan). At the Humanitas Research
Hospital (Rozzano), a Biojet fusion system and software (D&K
Technologies, Braum, Germany) with a transperineal or transrectal
approach was used, according to PI-RADS lesion location (Roz-
zano): transrectal biopsies were performed in case of peripheral
gland lesions, while transperineal biopsies were performed for
anteriorly located lesions.
2.3. Pathologic evaluation

Each PCa-positive biopsy was evaluated according to ISUP
consensus conference on PCa grade groups [18]. ISUP GG1 was
defined as the presence of only individual discrete well-formed
glands, whereas ISUP Grade Group 2 (GG2) as the presence of
predominantly well-formed glands, with a lesser component of
poorly formed, fused or cribriform glands. An experienced uropa-
thologist was available at each center.

http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 1
Patient characteristics

Variables Total

Age (yrs),mean (95% CI) 66.7 (66.1 e 67.4)
PSA (ng/mL),mean (95% CI) 6.50 (6.10 e 6.89)
Prostate volume (mL), mean (95% CI) 53.9 (51.4 e 56.3)
PSAD (ng/ml/cc), mean (95% CI) 0.12 (0.09-0.16)
Positive cores at baseline # (%)
1 226 (58.1)
2 114 (29.3)
>2 49 (12.6)
Biopsy, n (%)
Confirmatory 320 (82.3)
Follow-up 69 (17.7)
PI-RADS, n (%)
1-2 (negative) 127 (32.6)
3 72 (18.5)
4 150 (38.6)
5 40 (10.3)
Rebiopsy results, n (%)
No upgrading 264 (67.9)
GG2 94 (24.2)
� GG3 31 (7.9)

PSA: prostate-specific antigen; PSAD: prostate-specific antigen density; PI-RADS:
Prostate Imaging Reporting and Data System; GG: Grade Group; CI: confindence
interval.

Table 2
Basic Model: Multivariable logistic regression model predicting disease reclassifi-
cation (presence of GG2 PCa); AUC: 0.69

Predictors Multivariable analysis

OR (95% CI) P-value

Age 1.038 (1.005 e 1.073) 0.025
PSAD (per 0.1-unit increase) 1.548 (1.160 e 1.751) 0.001
Number of positive cores at baseline 1.426 (1.206 e 1.988) 0.001

PSAD: prostate-specific antigen density; GG2: Grade Group 2; PCa: prostate cancer;
CI: confindence interval; OR: odds ratio; AUC: area under the curve.
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2.4. Objectives

The primary objective of this study was to identify upgrading to
ISUP GG2 or higher in men on AS with GG1 PCa, according to
mpMRI findings (PI-RADS-V2 score). Furthermore, we tested and
compared the accuracy of three models in predicting the risk of
reclassification, defined as presence of PCa ISUP GG � 2 at confir-
matory or follow-up prostate biopsy.

2.5. Statistical analysis

Statistical analyses consisted in descriptive statistic to analyze
frequencies and proportions of categorical variables or means and
95% confidence interval for continuous variables. Chi-square and
Analysis of Variance (ANOVA) tests were used to examine the dif-
ferences in categorical and continuous variables, respectively.
Multivariate logistic regression analysis was used to create three
models predicting the probability of disease reclassification: a basic
model including only clinical variables (age, PSAD, and number of
positive cores at baseline), an MRI model including only the PI-
RADS score, and a full model including both the previous ones. The
predictive accuracy (PA) of each model was quantified using the
Area Under the Curve (AUC). The clinical net benefit deriving from
the use of each model was assessed with the use of decision curve
analysis.

3. Results

3.1. Patient characteristics are displayed in Table 1

The median patient age and PSA were 67 years (Interquartile
range (IQR): 61-72) and 5.8 ng/ml (IQR: 4.1-8.0), respectively. The
median PSAD was 0.11 ng/ml/cm3 (IQR: 0.07-0.17). The median
number of positive cores at initial biopsy was 1 (IQR:1,2). MpMRI
(�) was recorded in 127 (32.6%) pts; mpMRI (þ) was recorded in
262 pts: 72 (18.5%) pts had PI-RADS 3, 150 (38.6%) PI-RADS 4, and
40 (10.3%) PI-RADS 5 lesions. Confirmatory biopsies and follow-up
biopsies were performed in 320 and 69 pts, respectively. The rate of
reclassificationwas 34% and 23% in the confirmatory and follow-up
groups, respectively. At a median follow-up of 12 months, 125 pts
(32%) were reclassified to GG2 PCa and switched to active treat-
ment (mainly open or robotic radical prostatectomy or external
beam radiation therapy). In pts with mpMRI (�), the overall rate of
reclassification was 17%. In mpMRI (þ), the overall rate of reclas-
sification to GG2 PCa, at MRI-TBx plus systemic R-Bx, was 35%, 38%,
and 52% according to PI-RADS 3, 4, and 5, respectively (P < 0.001).

The participating centers collected 182 pts (Bergamo), 40 pts
(Milan), 41 pts (Catania), and 126 pts (Rozzano). No difference in
the rate of reclassificationwas found between the centers: 59 of 182
(32.4%), 14 of 40 (35.0%), 14 of 41 (34.3%), and 38 of 126 (30.1%) for
Bergamo, Milan, Catania, and Rozzano, respectively (P ¼ 0.372).
Seventy-three of the 245 pts (31.1%) who underwent transrectal
biopsies and 49 of the 144 pts (33.1%) who underwent trans-
perineal biopsies were reclassified to GG2 (P ¼ 0.364). Moreover,
the rate of reclassification according to the type of mpMRI per-
formedwas similar: 95/317 (30%) vs 28/81 (34.6%) for 3 TmpMRI vs
1.5 T mpMRI, respectively (P ¼ 0.118).

Three different models were analyzed. In the basic model, older
age, PSAD, and the number of positive cores at baseline biopsywere
independent predictors of risk of reclassification (P ¼ 0.025; OR ¼
1.038, P ¼ 0.001; OR ¼ 1.54 per 0.1-unit increase, and P ¼ 0.001;
OR¼ 1.426, respectively), with a PA of 69% as reported in Table 2. In
the MRI model, PI-RADS 3, 4, and 5 were predictors of reclassifi-
cation (all P � 0.006; OR ¼ 2.539, 2.925, and 5.275, respectively),
and the PA was lower than that in the basic model (AUC 64%) as
depicted in Table 3. The full model that includes clinical variables
andMRI results had the best PA of 74% Table 4. Older age (P¼ 0.023;
Odds ratio (OR) ¼ 1.040), PSAD (P ¼ 0.037; OR ¼ 1.324 per 0.1-unit
increase), the number of positive cores at baseline (P ¼ 0.001; OR ¼
1.441), and PI-RADS 3, 4, and 5 (overall P¼ 0.001; OR¼ 2.458, 3.007,
and 3.898, respectively) were independent predictors of reclassi-
fication. Fig. 1 depicts clinical net benefit deriving from the use of
the three evaluated models. Fig. 2 depicts Receiver operating
characteristic (ROC) curves with AUC for the 3 predictive models.
4. Discussion

We evaluated the role of mpMRI in predicting the risk of
reclassification during confirmatory or follow-up biopsy. We
further investigated whether the combination of clinicopatological
variables and mpMRI findings may help to better stratify pts at
higher risk of reclassification. Our data suggest that disease
reclassification increases in case of positive mpMRI findings: the
rate of reclassificationwas 35%, 38%, and 52% in case of PI-RADS 3, 4,
and 5, respectively. However, a no-negligible rate of reclassification
of 17% was found also in case of negative mpMRI findings (PI-RADS
1-2), suggesting that negative MRI is not accurate enough to omit
systematic random biopsies during the AS follow-up. These find-
ings are in agreement with the study by Schulman et al [19] that
showed mpMRI may miss up to 15% of clinical significant cancer
during the AS follow-up. Several studies have shown that the NPV
for the detection of clinically significant PCa, in centers performing
high-quality mpMRI, is very high [9e11]. However, Klotz et al [20]



Table 3
MRI Model: Multivariable logistic regression model predicting disease reclassifica-
tion (presence of GG2 PCa); AUC: 0.64

Predictors Multivariable analysis

OR (95% CI) P-value

PI-RADS
1-2 Ref
3 2.539 (1.301 e 4.953) 0.006
4 2.925 (1.662 e 5.150) <0.001
5 5.275 (2.437 e 11.418) <0.001

PI-RADS: Prostate Imaging Reporting and Data System; GG2: Grade Group 2; PCa:
prostate cancer; CI: confindence interval; OR: odds ratio; AUC: area under the curve.

Fig. 1. Clinical net benefit deriving from th

Table 4
Full Model: Multivariable logistic regression model predicting disease reclassifica-
tion (presence of GG2 PCa); AUC: 0.74

Predictors Multivariable analysis

OR (95% CI) P-value

Age 1.040 (1.005 e 1.076) 0.023
PSAD (per 0.1-unit increase) 1.324 (1.017 e 1.724) 0.037
Number of positive cores at baseline 1.441 (1.168 e 1.778) 0.001
PI-RADS
1-2 Ref
3 2.458 (1.213 e 4.979) 0.013
4 3.007 (1.643 e 5.505) <0.001
5 3.898 (1.699 e 8.944) 0.001

PSAD: prostate-specific antigen density; PI-RADS: Prostate Imaging Reporting and
Data System; GG2: Grade Group 2; PCa: prostate cancer; CI: confindence interval;
OR: odds ratio; AUC: area under the curve.
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recently demonstrated in a randomized multicenter prospective
study (Active Surveillance Magnetic Resonance Imaging Study -
ASIST) that the NPV of mpMRI in their cohort was 85%. Therefore,
they confirm our findings, suggesting that systematic biopsy should
be always performed, especially in pts with higher risk of clinically
significant PCa, according to other clinicopathological parameters,
even if mpMRI is negative. On the other hand, they suggested that,
in pts with favorable parameters, such as low PSAD or limited PCa
core volume, an mpMRI (�) may replace systematic biopsies with
reasonable safety.

In the present study, we tested three differentmodels predicting
the risk of reclassification at confirmatory biopsy: the mpMRI
model, including only the PI-RADS score value, had the lowest PA of
64%. The basic model including only clinical variables (age, PSAD,
and number of positive cores at initial biopsy) showed 69% PA. The
best result was obtained in the full model, combining mpMRI
findings and clinical features, with a PA of 74%.

Older age is associated with higher risk of reclassification, with a
4% increasing risk per year, and the number of positive cores at
diagnostic biopsy (per core OR ¼ 1.44), after adjusting for PI-RADS
score findings. These results are in agreement with those of Dai et al
[12]: they observed that increasing age and more positive cores at
diagnosis were associated with a higher risk of reclassification,
independent of the PSA value, prostate volume, and type of
reclassification biopsy (including MRI-targeted biopsies). Recently,
Tosoian et al [16] reported the long-term results of the Johns
Hopkins AS program. Older age and the number of positive cores
were factors associated to grade reclassification, as well as perfor-
mance of mpMRI and targeted biopsy at diagnostic or confirmatory
biopsy.

Finally, our study supports the role of PSAD in stratifying pt risk
of reclassification during confirmatory or follow-up biopsies.
e use of the three evaluated models.



Fig. 2. ROC curves with AUC for the three predictive models. ROC, receiver operating characteristic; AUC, area under the curve.
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Indeed, a higher PSAD is associated with higher risk of reclassifi-
cation (OR ¼ 1.35 per 0.1-unit increase), at any PI-RADS score
findings. These results are in agreement with those of Tosoian et al
[16] (OR¼ 1.32 per 0.1-unit increase) and those of Druskin et al [21]
(OR ¼ 1.25 per 0.1-unit increase, even though they evaluated the
risk of GG3 or more reclassification). Furthermore, it has recently
been demonstrated that, in case of PI-RADS 3 or lower and
PSAD < 0.15 ng/mL2, the risk of reclassification is very low, both at
MRI-TBx and R-Bx at each time point of AS. Therefore, unnecessary
follow-up biopsies in men on AS could be avoided, based on PI-
RADS and PSAD risk stratification [14e15].

We are aware that mpMRI and targeted biopsies play a pivotal
role in selecting more significant cancer. The recent 2-year follow-
up update of the ASIST trial [22] observed a lower rate of upgrading
and a 50% reduction in the rate of AS failure in pts submitted to
mpMRI and targeted biopsy, compared with those who underwent
systematic confirmatory biopsy only, thus highlighting the value of
mpMRI in the management of AS pts. However, our results suggest
that a combination of readily available clinicopathological param-
eters, together with the PI-RADS score findings at mpMRI, still
allow the risk of reclassification at confirmatory or follow-up bi-
opsy to be predicted with better accuracy.

Several limitations of our study deserve a comment. First, our
database consists of a multi-institutional cohort, based on different
mpMRI systems and protocols, as well as different fusion biopsy
modalities. However, no difference was found in the rate of
reclassification between centers performing 1.5 T or 3 T magnet
mpMRI. Similarly, our study does not demonstrate differences in
the rate of reclassification between centers, whatever biopsy
technique, and fusion platform were used. Second, the assessment
of targeted and random biopsy specimens was performed by uro-
pathologists from different hospitals. No central review was avail-
able for mpMRI or pathologic specimens. However, this is reflective
of daily clinical practice, and therefore, we believe that our results
are widely applicable. Third, none of our pts had mpMRI at baseline
but only before confirmatory or follow-up biopsy. The absence of a
baseline imaging could have affected our population of very lowe

or low-risk PCa suitable for AS, giving a higher risk of reclassifica-
tion during follow-up protocol biopsies. Moreover, we were not
able to assess the role of sequential mpMRI. Indeed, the Prostate
Cancer Radiological Estimation of Change in Sequential Evaluation
(PRECISE) panel recently provided a consensus set of parameters to
define and report radiographic progression on serial mpMRI in men
on AS [23], and recent studies suggest that the PRECISE score might
allow to monitor AS pts without rebiopsy and limit follow-up bi-
opsy only in men with a PRECISE score of 3 or more on follow-up
[24].

5. Conclusions

During the AS protocol, disease reclassification increased ac-
cording to the PI-RADS score increase, at confirmatory or follow-up
biopsy. However, a no-negligible rate of reclassification was found
also in cases of mpMRI (�) findings, suggesting that mpMRI (�) is
not accurate enough to omit systematic random biopsies during the
AS follow-up. The combination of mpMRI and other clinical and
pathological variables still represents the most accurate approach
to pts on AS.
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