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ABSTRACT
Objective: To assess the value of a first MRI examination and image-fusion-guided biopsies in men
with low-risk prostate cancer who have been on active surveillance (AS) for several years with no signs
of progression.
Patients and Methods: All 45 participants from two centers who had not previously had an MRI were
included. They had been on AS for T1c Gleason score 6 prostate cancer for 2.6 to 6.7 years and had 2
to 5 sets of systematic biopsies with a total of 1640 cores. All underwent a bi-parametric MRI, PI-RADS
� 3 lesions were targeted with image-fusion-guided biopsies. Primary outcome measure: detection of
Gleason score �7 cancer.
Results: Twenty-five of the 45 men (56%) had a total of 30 suspicious MRI lesions. The lesion with the
highest score was a PI-RADS 3 in 18, a PI-RADS 4 in 5 and PI-RADS 5 in 3 men. Targeted biopsies from
the 30 lesions detected Gleason score 7 cancer in 6 men. Of these six cancers, four were located in
the apical and one in the anterior/apical part of the prostate. A Gleason score 7 cancer was detected
in 3 of 5 men with PSA density >0.15 ng/ml/cm3.
Conclusions: Even after several years of AS with stable PSA values and many sets of systematic biop-
sies, a first MRI and targeted biopsies lead to the detection of Gleason score 7 (ISUP 2 and ISUP 3)
cancer in a significant proportion of men, particularly among those with a high PSA density.
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Introduction

Active surveillance (AS) in men with low-risk prostate cancer
is an accepted alternative to immediate treatment, with
excellent long-term outcome according to prospective trials
with up to 15 years of follow-up [1]. The use of magnetic res-
onance imaging (MRI) and targeted biopsies leads to the
detection of high-grade cancer in a substantial proportion of
men with low-grade cancer on systematic biopsies and is
now recommended in the European guidelines to select men
for AS [2]. There are, however, many men on AS who have
not had an MRI because they were diagnosed before a
‘selection MRI’ was recommended. It is reasonable to offer
these men a MRI if their PSA values are rising, but the need
for a first MRI in men with a stable PSA level is not known.
The yield of repeat systematic biopsies is low in men who
have been on AS several years [3], but as usually only the
posterior parts of the prostate are sampled some men may
have an undetected high-grade cancer in the anterior parts
of the gland despite negative systematic repeat biopsies
[4,5]. We therefore investigated the diagnostic yield of a first
MRI and targeted biopsies in men that have been on active

surveillance with stable PSA values for at least 2.5 years and
undergone at least two sets of systematic biopsies while
under active surveillance.

Patients and methods

Patients

This study included men on active surveillance within the
observational part (ObsQoL) of the prospective multicenter
trial Study of Active Monitoring in Sweden (SAMS) [6]. SAMS-
ObsQoL included men aged 40 to 75 years with low- or inter-
mediate-risk prostate cancer diagnosed the past 6months.
The trial started recruiting in 2011. The SAMS-ObsQoL proto-
col specified surveillance as PSA testing every six months,
annual digital rectal examination, and a repeat 8- to 12-core
systematic transrectal biopsy every second year. MRI has
never been recommended in the SAMS protocol, but as MRI
was increasingly used for prostate cancer diagnostics a box
was added to the clinical report form in 2014 to register use
of MRI in men participating in the trial.
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The present study included all 45 men included in SAMS-
ObsQoL at Karolinska University Hospital Solna and Farsta
Urology Clinic who had a T1c Gleason score 3þ 3¼ 6 cancer
that had not been upgraded on repeat biopsy, and who had
not previously had a prostate MRI. The men were contacted
by letter and offered an MRI and, if any suspicious lesion
would be found, subsequent targeted biopsies. Those who
did not respond to the letter were contacted by phone. All
45 men accepted and were included in the analysis. The
SAMS trial, including the present study, was approved by the
Regional Ethical Review Board at Lund University (EPN 2010/
598 with amendment in 2016).

Magnetic resonance imaging

MRI was performed at three different sites using a bi-para-
metric protocol including T2-weighted imaging in three
orthogonal planes (sagittal, axial and coronal), axial T1-
weighted covering the small pelvis and diffusion-weighted
imaging (DWI), with a calculated high b-value and an ADC-
map 16 patients were scanned on a Magnetom Aera 1,5 T
(Siemens Medical Systems, Erlangen, Germany), eight
patients on a Magnetom Verio 3 T (Siemens Medical Systems,
Erlangen, Germany) and 21 patients on an Achieva 3 T,
(Philips, Einthoven, Holland). The MRI protocol is briefly
described in Supplement 1. The participants were asked no
to ejaculate the 3 days before the examination. On the day
of the MRI, they were recommended to use a small enema
approximately 2 h before the examination. Just before scan-
ning, an intramuscular injection of either 20mg of Buscopan
or 1mg Glucagone was given.

MRI assessment

One radiologist with 6 years’ experience of prostate MRI
reading assessed all examinations in the study. Prostate vol-
ume was calculated from measurements of maximum height
(superior/inferior) and depth (anterior/posterior) on sagittal
images, and width (right/left) on axial images, using the for-
mula H�D�W� 0.52. Assessments were done according to
PI-RADS v2 with the exemption of dynamic contrast
enhancement (DCE) given in the PI-RADS document under
‘Assessment without adequate DCE’. All lesions were depicted
in the Swedish national prostate template along with size
and zonal location. When a lesion suspicious for malignancy
was found, the boundaries of the prostate and the lesion
were outlined in the radiology software for the BioJet system
(D&K Technologies GmbH, Barum, Germany).

Targeted biopsies

All patients’ urine was tested with dipslide to exclude bac-
teriuria. One tablet of Ciprofloxacin 750mg was given orally
as antibiotic profylaxis. Transrectal ultrasound-guided tar-
geted biopsies of the lesions were taken in a urology out-
patient clinic by one experienced urologist using the BioJet
image-fusion system and 18-gauge core needles with a
spring-loaded biopsy gun. At least two (median 3) targeted

biopsies were taken from all PI-RADS 3–5 lesions after local
anesthesia with 5–10mL of 2% lidocaine given via a 22-
gauge spinal needle. No systematic biopsies were taken.

Histology from targeted biopsies

Targeted biopsy cores were separately potted, formalin fixed
in separate containers and graded by experienced uropathol-
ogists according to International Society of Urological
Pathology 2014 [7].

Outcome measures and statistical analysis

The primary outcome measure was upgrading to Gleason
score � 7 on the targeted biopsy. Secondary outcome meas-
ures were the influences of PSA density and PI-RADS score
on Gleason score � 7 cancer detection. The 95% confidence
intervals (CIs) were calculated for proportions according to
the binomial distribution. Proportions were compared with
Fisher’s exact test.

Results

All 45 patients had a T1c Gleason score 3þ 3¼ 6 prostate
cancer. Their average age at inclusion in the present study
was 66.4 years (range 55 to 76 years). They had been on
active surveillance for 2.6 to 6.7 years (median 3.5 years) and
had 2 to 5 (median 3.0) sets of systematic biopsies, with a
total of 1640 of biopsy cores while on surveillance (Table 1).
None of them had previously had an MRI of the prostate.

MRI showed a total of 30 PI-RADS � 3 lesions in 25 of the
45 men (56%). The lesion with the highest score was a PI-
RADS 3 in 18, a PI-RADS 4 in 4 and PI-RADS 5 in 3 men
(Table 2). A total of 101 targeted biopsies from these lesions
detected Gleason score 7 (ISUP 2 and ISUP 3) cancer in 6
men, 2 in the 17 PI-RADS 3 lesions and 4 in the 8 PI-RADS 4-
5 lesions (Figure 1). These six men represent 13% of all 45
men (95% CI 5-27%) and 24% of the men with a lesion (95%
CI: 9-45%). Of the 6 Gleason score � 7 cancers 5 were

Table 1. Patients characteristics for all the included men.

Included patients
n¼ 45

Age (median, range) 66.4 (55� 76)
PSA in ng/mL (median, IQR) 4.6 (0.5–9.8)
Prostate volume in cm3 (median, IQR) 56 (22–168)
PSA density in ng/mL/cm3 (median, IQR) 0.09 (0.02–0.31)
PSA density < 0.15 ng/mL/cm3 (number, %) 40 (89%)
PSA density � 0.15 ng/mL/cm3 (number, %) 5 (11%)
Local T stage

T1c (number, %) 45 (100%)
Gleason score

3þ 3¼6 (number, %) 45 (100%)
Number of positive biopsy cores

1 (number, %) 21 (47%)
2–3 (number, %) 20 (44%)
4–6 (number, %) 4 (9%)

Proportion of positive biopsy cores (median, IQR) 10% (8–17%)
Unilateral cancer (number, %) 33 (73%)
Bilateral cancer (number, %) 12 (27%)
Total biopsy cancer length, mm (median, IQR) 4.2 (0.5–13)
Years on active surveillance (median, range ) 3.5 (2.6–6.7)
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Table 2. The highest PI-RADS score and the cancers detected in the 25 men in the study who had a suspicious MRI.

Highest
PI-RADS score Number of patients with cancer/total number

Number of patients with cancer,
grouped by Gleason score

3þ 3¼ 6 3þ 4¼ 7 4þ 3¼ 7 � 8

PI-RADS 3 9/18 7 2 0 0
PI-RADS 4 3/4 0 3 0 0
PI-RADS 5 3/3 2 0 1 0

Figure 1. Magnetic resonance images from the six men whose cancer was upgraded on targeted biopsy. (A) PI-RADS 4 lesion peripheral zone, dorsolateral, left,
apex, Gleason 3þ 4. (B) PI-RADS 3 lesion, peripheral zone, lateral, left, mid, Gleason 3þ 4. (C) PI-RADS 3 lesion, peripheral zone, dorsolateral, right, apex, Gleason
3þ 4. (D) PI-RADS 4 lesion, transition zone, anterolateral, left, apex, Gleason 3þ 4. (E) PI-RADS 5 lesion, peripheral zone, dorsal/dorsolateral, right, mid/apex,
Gleason 4þ 3. (F) PI-RADS 4 lesion, peripheral zone, anterior, right, apex, Gleason 3þ 4.
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Gleason score 3þ 4 and 1 was score 4þ 3. No Gleason score
� 8 cancers were detected. The distribution of PI-RADS and
Gleason scores are shown in Table 2. Of the 6 Gleason score
7 cancers, 4 were located in the apical and 1 in the apical/
anterior part of the prostate (Figure 1).

The targeted biopsies detected a Gleason score 7 cancer
in 3 of the 5 men with PSA density � 0.15 ng/ml/cm3, but
only in 3 of the 40 men with PSA density < 0.15 ng/ml/
cm3 (p¼ 0.04).

All six men whose cancer was upgraded to Gleason score
7 (ISUP 2 and ISUP 3) were counseled about the pros and
cons of continued surveillance versus active treatment. Four
of them chose to have a robotic radical prostatectomy, one
chose to have external beam radiotherapy and one contin-
ued on active surveillance because of significant comorbidity.
The results after surgery are shown in Table 3.

Discussion

This prospective trial to evaluate the benefit of a first MRI
and targeted biopsies in men who have been on AS for sev-
eral years for a low-grade prostate cancer, without signs of
progression during surveillance, showed upgrading to a
Gleason score 7 cancer in almost one-sixth of the men.
Upgrading was much more common in men with a PSA
density above 0.15 ng/ml/cm3. Nearly, all Gleason score 7
cancers were located in the apical or anterior parts of the
prostate. It is remarkable that despite several years of AS and
a total number of 1640 of systematic biopsy cores during
surveillance, MRI and only 101 targeted biopsy cores
revealed several cancers of a type that in 83% (5/6) of the
patients were considered serious enough to lead to a recom-
mendation of curative treatment.

MRI was already in 2014 recommended in the NICE guide-
lines for the assessment of men who start on AS [8]. MRI is
now also recommended in the European and the Swedish
guidelines [2,9]. However, the recently reported randomized
trial Active Surveillance Magnetic Resonance Imaging Study
(ASIST) showed no difference in upgrading to Gleason score
�7 between men who had a standard confirmatory transrec-
tal systematic biopsy and men who had an MRI with tar-
geted biopsies [10]. The authors acknowledged that the
negative results probably were influenced by that the
involved clinicians were relatively inexperienced with image

fusion technology and that usually only one, sometimes two,
targeted biopsies were taken from each lesion. Previous
studies have shown benefits of using MRI and fusion-guided
biopsies compared with a standard 10–12 core biopsy for
the detection of Gleason score �7 cancer [11,12] and
reduced detection of low-grade cancer [13]. A meta-analysis
showed that a positive MRI with targeted biopsies was more
likely to identify clinically significant disease [14]. A recently
published two-year follow-up of the ASIST trial showed, in
contrast to the first report, that MRI before the confirmatory
biopsy resulted in 50% fewer active surveillance failures and
less progression to higher-grade cancer. The authors’ conclu-
sion was that these results confirm the value of MRI in men
on surveillance [15].

The question is whether the Gleason score 7 cancers found
with MRI and targeted biopsies in our study were examples of
true disease progression or if they were present and missed
at the time of previous systematic biopsies. The fact that
almost all these high-grade cancers were located at the apex
of prostate and one-third anteriorly suggests the latter, as MRI
and targeted biopsies have a particular benefit over system-
atic biopsies to identify cancers in these locations [16,17].

Our findings also support previous reports of the import-
ance of PSA density, particularly in combination with
MRI [18–20].

Strengths of our study include the prospective design of
the SAMS trial and that all eligible trial participants at two
centers were included, thus minimizing selection bias. A limi-
tation is the low number of patients, which makes the point
estimates of proportions uncertain.

In conclusion, even after several years of active surveillance
for low-grade prostate cancer, with many sets of systematic
biopsies, a first MRI and targeted biopsies lead to the detec-
tion of Gleason score 7 (ISUP 2 and ISUP 3) cancer in a signifi-
cant proportion of men without rising PSA values, particularly
among those with a high PSA density. Upgrading leading to
treatment change was seen in 11% of the men. We find these
results important, but they need to be interpreted with cau-
tion because of the scarcity of available patients.
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10% pattern 4
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