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Abstract
Background: The aim of this study was to assess the sensitivity and accuracy of magnetic resonance imaging-guided targeted
biopsy (MRI-TB) in patients undergoing active surveillance (AS) procedure.

Methods: We searched databases to identify relevant studies which compared MRI-TB with systemic biopsy for diagnosing
prostate cancer in patients on AS. Outcomes included sensitivity, specificity, positive likelihood ratio (PLR), negative likelihood ratio
(NLR), diagnostic odds ratio (DOR), area under the curve (AUC) and publication bias of AS group, confirmatory biopsy group and
follow-up biopsy group.

Results:Fourteen articles involving 1693 patients were included. In AS group, the sensitivity was 0.62 (95% confidence interval [CI],
0.57�0.68), specificity was 0.89 (95% CI, 0.87�0.90), NLR was 0.43 (0.31�0.60), PLR was 4.90 (3.50�6.86), DOR was 12.75
(7.22�22.51), and AUC was 0.8645. In confirmatory biopsy group, the sensitivity was 0.67 (0.59�0.74), specificity was 0.89
(0.86�0.91), NLRwas 0.42 (0.27�0.65), PLRwas 4.94 (3.88�6.30), DORwas 14.54 (9.60�22.02), and AUCwas 0.8812. In follow-
up biopsy group, the sensitivity was 0.35 (0.22�0.51), specificity was 0.88 (0.82�0.92), NLR was 0.76 (0.52�1.11), PLR was 3.06
(1.71�5.50), DOR was 4.41 (2.15�9.03), and AUC was 0.8367.

Conclusion: MRI-TB has a moderate-to-high diagnostic accuracy for diagnosing and reclassifying patients on AS with high
specificity and AUC value under the SROC curve.

Abbreviations: AS= active surveillance, AUC= area under the curve, CI= confidence interval, DOR= diagnostic odds ratio, DRE
= digital rectal examination, mpMRI =multiparametric magnetic resonance imaging, MRI-TB =magnetic resonance imaging-guided
targeted biopsy, NLR = negative likelihood ratio, Pca = prostate cancer, PLR = positive likelihood ratio, PSA = prostate-specific
antigen, RP = radical prostatectomy, SB = systematic biopsy, TURS = trans-rectal ultrasound.
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1. Introduction

Prostate cancer (Pca) is the most frequent malignancy among
male patients worldwide, responsible for approximately 250,000
deaths annually.[1] According to EAU Guidelines on Prostate
Cancer,[2] approximately 45% of patients diagnosed with Pca
using prostate-specific antigen (PSA) as a marker do not require
immediate radical therapy. Active surveillance (AS) has been
proven to be a safe and convenient method for long-term follow-
up among low-risk patients with Pca.[2] Moreover, it has become
a viable option for patients with localized low-grade and low-
volume Pca, who do not require an immediate radical therapy
(surgery and radiation therapy).[3] Whether a patient with Pca is
an optimal candidate for undergoing AS depends on several
factors, including the PSA level, magnetic resonance imaging
(MRI), digital rectal examination (DRE), and, most importantly,
pathological results and its corresponding Gleason score.
Pca biopsies have been performed since 1937, and trans-rectal

ultrasound (TRUS) 12-core systematic biopsy (SB) remains the
gold standard for Pca diagnosis.[4] A total of 10 to 12 cores are
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recommended because a higher number of cores cannot
significantly improve the detection rate, whereas fewer cores
have a lower accuracy.[5–7] In addition, up to 40% of tumors are
invisible under TRUS, making the biopsy unspecific and
inaccurate.[8,9]

Over the past decade, multiparametric magnetic resonance
imaging (mpMRI) has been established as an important
diagnostic tool, enabling easy visualization and accurate
positioning of tumors.[10] Studies have shown that mpMRI
might detect, localize, and characterize Pca with volume of >0.2
ml.[11] mpMRI is also considered to be sensitive enough to detect
tumors with a Gleason score of ≥7, especially for anterior tumors
that can be easily overlooked with SB.[12,13] Magnetic resonance
imaging-guided targeted biopsy (MRI-TB) enables the addition of
the information obtained from mpMRI to TRUS images, thereby
effectively combining the sensitivity of mpMRI with the
availability and proficiency of TRUS. Compared with systemic
biopsy, targeted biopsy is more likely to evaluate high-grade Pca
with a higher diagnostic accuracy for Gleason 4 and 5 Pca, which
is considered to require radical therapy rather than AS.[9,14,15]

However, other studies have reported that 4% to 14% of high-
grade Pca is overlooked by MRI-TB compared with those by
TRUS systemic biopsy.[16]

Biopsies during AS are important to ensure that patients are
eligible to undergo ASwithout progressing to higher grade cancer;
however, the impact ofMRI-TBonAS remains unclear. Therefore,
we performed this meta-analysis to assess the sensitivity and
accuracy of MRI-TB in patients undergoing AS procedure.

2. Materials and methods

2.1. Search strategy

Two authors (Wenbin Xue and Yu Huang) systematically
searched EMBASE, Medline, and the Cochrane Central Register
of Controlled Trials. All studies published till May 2017 were
searched. The search terms were listed as follows: (complete
search strategy: ((((fusion biopsy [Title/Abstract]) OR Targeted
Biopsy[Title/Abstract]) OR Guided Biopsy)) AND active surveil-
lance[Title/Abstract]). If eligible, the references included in the
selected articles were also searched. Conference proceedings were
also searched and included if they met our inclusion criteria.

2.2. Inclusion and exclusion criteria

For inclusion, studies were required tomeet the following criteria:
the studies should involve patients with Pcawhowere undergoing
AS; the studies should compareMRI-TB with systemic biopsy for
diagnosing Pca in patients on AS; and data from the study should
be presented in 2 � 2 tables. Studies that do not involve patients
on AS, noncomparable studies, and review studies were excluded.
2.3. Data extraction and quality assessment

Two authors (Wenbin Xue and Yu Huang) independently
reviewed the entire text of the included studies, and extracted the
data. A third author (Qiang Wei) reconciled any disagreements
between the 2 authors. Data included the type of study, type of
MRI score, inclusion criteria for AS, method of the targeted
biopsy, period of AS, follow-up strategy, and criteria of
significant Pca. The data collected from the included studies
were used to construct 2 � 2 tables. Only the patients who
underwent both a systemic biopsy and MRI-TB were analyzed.
2

We categorized our results into 3 groups as the patients in
different studies had different AS periods: confirmatory biopsy
group 6 to 12 months after the initial biopsy; the follow-up
biopsy group after the confirmatory biopsy; and AS group
containing data from both groups mentioned before and data
from studies lacking distinguishing confirmatory and follow-up
biopsies.
The Quality Assessment of Diagnostic Accuracy Studies

(QUADAS-2) scoring system was used to assess the quality in
terms of the risk of bias and applicability among the included
studies. The 2 authors separately performed the assessment, and
any discrepancies were solved by discussion with a third author
(Ping Tan).
2.4. Data synthesis and analysis

Data from the included studies were entered into 2 � 2 tables to
assess sensitivity and specificity. For each group, sensitivity,
specificity, positive likelihood ratio (PLR), negative likelihood
ratio (NLR), diagnostic odds ratio (DOR), area under the curve
(AUC), and 95% confidence interval (CI) were calculated,
reflecting the accuracy of MRI-TB in AS. For each result, I2 ≥
50% was considered to be a significant heterogeneity. Random
effects models were used for results with significant heterogene-
ity, otherwise fixed effects models were used. Review manager
(version 5.3), STATA (version 12.0), and Meta-disc were used to
perform this meta-analysis. An MRI score was assessed before
MRI-TB.When theMRI score suggested that a site was not likely
to be Pca, MRI-TB would not be performed at the site. In this
case, the patients could be viewed as Pca negative.
Meta-regression was performed to identify the source of

heterogeneity. Deek’s funnel plots were chosen to test the
publication bias. A threshold ofP< .05was considered significant.
All analyses were based on previous published studies, thus no

ethical approval and patient consent are required.
3. Results

3.1. Evidence synthesis
3.1.1. Literature search and study selection. In total, 311
nonduplicated publications were searched, 60 of which were
selected based on their abstracts, and the remaining 251 articles
were excluded. In addition, 46 articles were excluded after
screening the entire text because they only mentioned MRI
without biopsy (n=8), did not mention AS (n=11), were
irrelevant to our meta-analysis (n=13), lacked comparison
(n=1), or lacked sufficient data (n=13). Finally, 14 articles were
included, covering 1693 patients (Fig. 1).[3,16–28]

3.2. Study characteristics

General information of the included patients is presented in
Table 1. The median age ranged from 60.2 to 70 years old, and
the median PSA ranged from 4.2 to 7.0 ng/mL. The ratio of
significant Pca in the AS group ranged from 16.22% to 51.43%;
however, in the confirmatory biopsy and follow-up biopsy
groups, the ratio of significant Pca ranged from 22.22% to
58.54% and 24.27% to 46.67%, respectively.
General information of the included studies is presented in

Table 2. Table 3 presents information pertaining to the AS
protocol. Seven of the included studies were retrospective studies
and 6 were prospective studies. Most studies used a 5-point



Figure 1. PRISMA flow diagram of the search process for eligible studies.
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scoring system for Pca detection with mpMRI, including PIRADS
(6 articles), Likert scale (2 articles), UCLA scoring system (1
article), and a standardized 5-point scale (2 articles); 2 studies
used a 3-point grading system. The inclusion criteria for AS also
varied among the analyzed studies, including Johns Hopkins AS
criteria, Epstein histological criteria, PRIAS criteria, and the
University of Toronto AS protocol. Two studies used visual
estimation targeted biopsy in some patients, and 1 study used this
method in all their patients. One study used Magnetic resonance
guided biopsy, whereas the rest of the studies used MRI/US
fusion-guided biopsy to identify the suspicious area. Two
included studies had no clear inclusion criteria, whereas other
studies all had clear inclusion criteria.
3.3. Quality assessment

Most (12/14) of the included studies contained specific inclusion
criteria, and SB was performed together with MRI-TB without
3

knowledge of either results. All included studies also had specific
standards for the diagnosis of significant Pca. Moreover, all
included patients were initially diagnosed via prostate biopsy;
therefore, the case–control design was avoided. Consequently, all
included studies had a low or unclear risk of bias and
applicability concerns (Fig. 2). Thus, no article was excluded
after quality assessment. Because 2 studies had no specific
inclusion criteria, the risk of bias and applicability concerns of the
patient selection were unclear.

3.4. Threshold effect

Threshold effect is an essential factor to be assessed because
different sensitivities and specificities for different research
conditions led to a different threshold effect and DOR. In AS
group, the Spearman correlation coefficient was 0.081, and P
value was .782. When patients were divided into 2 groups
(confirmatory biopsy and follow-up biopsy), the Spearman

http://www.md-journal.com
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Table 3

Information regarding the active surveillance protocol.

Study AS including criteria Follow-up strategy Significant Pca

Annerleim et al 2015[16]s John Hopkins University criteria (Clinical Stage t1c,
Gleason grade � 6, PSA density � 0.15, tumor
involving � 2 cores, � 50% any core)

Underwent subsequent SB and TB
until Gleason score progression.

Gleason grade ≥ 3+4

Nabeel et al 2014[17] Johns Hopkins AS criteria (PSA density � 0.15, � 2
positive cores, � 50% tumor in any core, Gleason
score � 6, and stage t1c)

Not mentioned Gleason score ≥ 7

Arnout et al 2017[18] As the only exclusion criterion was the presence of
high-grade (Gleason score ≥3+4) Pca

PRIAS PROTOCAL High-grade Pca (GS ≥3+4)

Caroline et al 2014[19] Clinical stage � Ta, PSA <10 ng/mL, �2 positive
cores, Gleason grade � 6, PSA density � 0.2

After initial diagnosis: MRI and
mpMRI 2nd month, MRGB 3rd
month; mpMRI and MRGB at 12
mo of follow-up

(a) Cancers with GS 4 or 5 (b)
multifocality ≥ 3

François et al 2014[20] Clinical stage �t2a, serum PSA < 10 ng/mL, �2
positive cores, no Gleason pattern 4 or 5, <5mm
of any core

Confirmatory biopsy at least a 3-mo
interval from the initial biopsy

Gleason 4 or 5, 3 or more positive
SB cores. Any positive core ≥
5mm

Hamidreza et al 2015[21] Unclear PSA every 3–6 mo, DRE every 6 mo,
confirmatory biopsy 6–12 mo,
subsequent biopsies every 1–4 y

Any Gleason score pattern 4 cancer

Jim C. Hu et al 2014[22] Epstein criteria (Gleason score � 6, � 2 positive, �
50% tumors in any core)

Not mentioned Beyond Epstein histological criteria

J.P. Radtke et al 2016[23] PRIAS criteria (clinical stage T1c or T2, GS � 6,
involving �2 cores, PSA < 10 ng/mL, PSA
density � 0.2)

Restratification biopsy was performed
after 2 y of AS.

Beyond PIRADS criteria

M. Minhaj et al 2015[3] Johns Hopkins AS criteria (PSA density � 0.15, � 2
positive cores, � 50% tumor in any core, 98
Gleason score � 6, and stage t1c)

Not mentioned Beyond criteria of � 50% tumor in
any core, Gleason score � 6

Michael R. Da Rosa
et al 2015[24]

Toronto protocol: Gleason � 6, PSA � 10 ng/mL;
patients ≥ 70 y: PSA � 15 ng/mL, Gleason � 3
+4

Schedule of the University of Toronto
AS protocol

Upgrading of GS since last biopsy
occurred

Pedro et al 2016[25] Gleason score 6, PSA � 20,and clinical tumor stage
� T2a.

Imaging at least 3 mo after
diagnostic biopsy or every 2 or 3
y

Gleason grade ≥ 3+4

Rodrigo R. et al 2017[26] Clinical stage t1c–t2a, Gleason score � 6, PSA �
10 ng/mL, positive cores � 3, biopsy cores <
50% involvement.

mpMRI ≥ 6 wk after initial biopsy,
MRI-TB 90 d after initial mpMRI

Gleason ≥ 7, ≥ 3 fragments
positive, > 50% tumor in any
core

Ting Martin et al 2017[27] Epstein criteria (stage t1c, PSA density < 0.15,
Gleason score � 6, positive cores � 2, � 50%
tumor in any core)

Semiannual PSA measurement, a
clinical examination, annual biopsy
in most men

Gleason grade ≥ 7

Xiaosong et al 2015[28] Unclear Not mentioned Gleason grade ≥ 7

AS= active surveillance, Pca=prostate cancer, SB= systemic biopsy, TB= targeted biopsy, PIRADS=Prostate Imaging Reporting And Data System, MRI=magnetic resonance imaging, mpMRI=
multiparametric magnetic resonance imaging, PSA=prostate-specific antigen, DRE=digital rectal examination.

Xue et al. Medicine (2019) 98:26 www.md-journal.com
correlation coefficient of the former was 0.659 and P value was
.076. Meanwhile, the Spearman correlation coefficient of the
latter was 0.100 and the P value was .873. No threshold effect
was observed for any group.
3.5. Diagnostic accuracy

ASgroup: This group comprised 1448 patients.Heterogeneitywas
observed for sensitivity (I2 = 77.7%, P = .0000), specificity (I2 =
77.6%, P = .0000), PLR (I2 = 61.2%, P = .0014), NLR (I2 =
84.2%,P= .0000), andDOR (I2= 60.4%,P= .0018). The pooled
sensitivity and specificitywere 0.62 (95%CI, 0.57�0.68) and 0.89
(95%CI, 0.87�0.90), respectively. The pooledNLR for all studies
combined was 0.43 (0.31�0.60), and the pooled PLR was 4.90
(3.50�6.86). The pooled DOR was 12.75 (7.22�22.51), and the
AUC under SROC curve was 0.8645 (Fig. 3).
In total, 747 patients from 8 studies were analyzed at the stage

of the confirmatory biopsy. Significant heterogeneity was
5

observed in sensitivity (I2 = 77.3%; P = .0001), specificity (I2

= 66.6%; P = .0038), and NLR (I2 = 78%; P = .0000), but not
for DOR (I2 = 47.2%; P = .0661) or PLR (I2 = 50.0%; P =
.0513). The pooled sensitivity and specificity for the 8 combined
studies were 0.67 (0.59�0.74) and 0.89 (0.86�0.91), respective-
ly. The pooled PLR was 4.94 (3.88�6.30) and the pooled NLR
was 0.42 (0.27�0.65). In addition, the pooled diagnosis odds
ratio was 14.54 (9.60�22.02). In addition, the AUC under the
SROC curve was 0.8812 (Fig. 4).
In 5 studies involving 252 patients, the biopsy was performed

during the follow-up stage. Significant heterogeneity was
observed in sensitivity (I2 = 69.1%; P = .0116), specificity
(I2 = 56.8%; P = .0550), and NLR (I2 = 55.5%; P = .0615), but
not for DOR (I2 = 25.0%, P = .2549) or PLR (I2 = 5.3%, P =
.3765). The pooled sensitivity and specificity were 0.35
(0.22�0.51) and 0.88 (0.82�0.92), respectively. The pooled
positive LR and negative LR were 3.06 (1.71�5.50) and 0.76
(0.52�1.11), respectively. Moreover, the pooled DOR was

http://www.md-journal.com


Figure 2. Quality assessment of included studies.
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4.41 (2.15�9.03), and the AUC under the SROC curve was
0.8367 (Fig. 5).

3.6. Publication bias

Figure 6 shows the Deek’s funnel plot of the AS group and
confirmatory biopsy group. The statistical nonsignificance of the
Deek’s test in both groups of the Egger test (P = .244 in AS group
and P= .103 in confirmatory biopsy subgroup) indicates the
presence of a low likelihood of publication bias.

4. Discussion

It is widely accepted that a certain proportion of patients with Pca
are overtreated.[16] In addition, AS is one of the methods to avoid
this situation as it enables patients with low-risk Pca to be closely
6

monitored before their condition becomes potentially life-
threatening.[2] Patient selection and the follow-up rate are the
most crucial issues concerning AS. Patients on AS should be
limited to those with organ-confined low-risk cancer. Follow-up
during AS helps to maintain patients under surveillance and,
consequently, to initiate active treatment once Pca progression is
identified[29]; however, consistent criteria are yet to be established
for determining the inclusion requirements for AS and the
endpoint of the AS procedure for initiating radical therapy.[30,31]

Repeated biopsy, repeated PSA level assay, and digital rectum
examination were the standard procedures performed during
follow-up.
Systemic TRUS biopsy has become a regular and the most

practical method for diagnosing Pca, as well as managing the
repeated biopsies during AS.[24] However, infective complica-
tions, increased erectile dysfunction, and pain caused by the



Figure 3. Diagnostic accuracy for AS group: (A) sensitive, (B) specificity, (C) PLR, (D) NLR, (E) DOR, and (F) AUC. PLR=positive likelihood ratio; NLR=negative
likelihood ratio; DOR=diagnostic odds ratio; AUC=area under the curve.
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systemic TRUS biopsy might lead to low compliance of patients
with Pca during the AS protocol.[32–35] In addition, a blinded and
randomized procedure cannot help to focus on specific lesions
and some tumors might be overlooked.[16] Compared with the
radical specimens, the Pca detection rate of TRUS biopsy ranges
from 40% to 68%,[4,25,36–42] whereas the cancer risk misclassifi-
cation is 23% to 60%.[3,20] Some studies have also reported that
approximately 20% to 30% patients on AS can be reclassified,
and most reclassifications were explained by undersampling
instead of tumor progression.[43,44] Nontumor-oriented biopsies
could also cause an imprecise resampling of cancerous areas
during the AS procedure.
mpMRI comprises T2-weighted, diffusion-weighted, and

contrast-enhanced dynamic imaging widely used for Pca
detection, staging, and monitoring.[44] In addition, mpMRI
7

allows better visibility of the prostate anatomy and can identify
potentially malignant lesions.[45] Recently, mpMRI and MRI-
TBs have been used for monitoring patients on AS. Moreover, an
accurate and precise coregistration of MRI and ultrasound
enables biopsy-targeted lesions to be identified via MRI.[24] The
mpMRI and MRI-TB results are in agreement with the radical
prostatectomy (RP) Gleason score; in particular, the detection
rate for clinically significant Pca is superior.[46–48] Moreover,
MRI-TB can reduce unnecessary cores from normal or insignifi-
cant Pca tissue.[9] Therefore, compared with a systemic biopsy,
MRI-TB exhibits higher detection rate for high-risk Pca and a
relatively lower detection rate for low-risk Pca.[27]

For the AS group, according to the criteria used by Guo,[49]

PLR of >10 or NLR of <0.1 indicates high diagnostic accuracy.
Our PLR (4.9) and NLR (0.43) for AS patients indicated

http://www.md-journal.com


Figure 4. Diagnostic accuracy for confirmatory biopsy group: (A) sensitive, (B) specificity, (C) PLR, (D) NLR, (E) DOR, and (F) AUC. PLR=positive likelihood ratio;
NLR=negative likelihood ratio; DOR=diagnostic odds ratio; AUC=area under the curve.
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moderate accuracy (PLR of 2�5 and NLR of 0.2�0.5 indicate
moderate accuracy) in the use of MRI-TB for diagnosing and
reclassifying patients on AS. Although our DOR (12.75) was>1,
it could not reach the limit of moderate accuracy (DOR > 25),
indicating a relatively low accuracy. Although the sensitivity was
relatively low (0.62), the specificity was high (0.89) and the AUC
value under the SROC curve was 0.86, indicating a relatively high
diagnostic accuracy as the value was between 0.8 and 0.9.[50]

Notably, with both high specificity and AUC value, it can be
concluded that patients without reclassification diagnosed by
MRI-TB are less likely to have high-risk Pca and should continue
AS.
The results in the confirmatory biopsy group were similar to

those of the AS group as the sensitivity (0.67), PLR (4.94), NLR
(0.42), and slightly higher specificity (0.89), DOR (14.54), and
8

AUC value under the SROC (0.88) indicated a moderate-to-high
diagnostic accuracy. In the follow-up biopsy group, the results
were not so promising, with poor sensitivity (0.35) and DOR
(4.41), low-accuracy NLR (0.76), moderate-accuracy PLR
(3.06), high-accuracy AUC value under the SROC (0.84) and
specificity (0.88), indicating a moderate accuracy for a significant
Pca diagnosis.
In all, 3 groups were analyzed in our study. Some results

presented statistical heterogeneity with I2 > 50%. All these
results used a random effects model. Although the threshold
effect was first considered, none of the results exhibited the
threshold effect. We performed a meta-regression for the AS
group to identify the source of heterogeneity. The type of study
(prospective or retrospective), MRI score of the target patients
being biopsied (all suspect areas with MRI score ≥2 or ≥3), type



Figure 5. Diagnostic accuracy for follow-up group: (A) sensitive, (B) specificity, (C) PLR, (D) NLR, (E) DOR, and (F) AUC. PLR=positive likelihood ratio; NLR=
negative likelihood ratio; DOR=diagnostic odds ratio; AUC=area under the curve.
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of targeted biopsy (MRI–ultrasound fusion biopsy or visual
estimated biopsy), accordance with Standards of Reporting for
MRI Targeted Biopsy Studies guidelines or not, MRI with an
endorectal coil or not were analyzed; however, none of these
factors could be considered as the source of heterogeneity (see
Table, Supplemental Content, http://links.lww.com/MD/D57,
which illustrates the meta-regression of AS group).
Guo[49] has performed a meta-analysis assessing the diagnostic

accuracy of MRI on disease reclassification among candidates on
AS, with sensitivity of 0.69, specificity of 0.78, PLR of 3.1, NLR
of 0.4, DOR of 8, and AUC of 0.79. In contrast, we found that
MRI-TB exhibited a superior diagnostic accuracy in all aspects
compared with the use of MRI alone for detecting reclassification
among patients on AS. Another meta-analysis conducted by
Schoots[9] found that the diagnostic accuracy of MRI-TB was
9

superior to that of TRUS-SB for significant Pca detection.
Moreover, the patients of that study consisted of previous
negative TRUS-SB patients and initial biopsy patients.[9] Our
study mainly focuses on patients after the initial biopsy and who
have undergone the AS procedure as this stage is also very
important in Pca management.
Our study has 2 main limitations: first, inclusion and follow-up

strategies differed among the included studies; moreover, the
targeted biopsy strategy and MRI score also differed. This may
explain the relatively higher heterogeneity without the threshold
effect. The second limitation is regarding the gold standard of Pca
diagnosis and grading. We choose SB as the gold standard
because this is the most recognized and widely used method in
AS. However, as previously mentioned, many limitations are
associated with SB, and thus, it has disadvantages as a gold

http://links.lww.com/MD/D57
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Figure 6. Publication bias: (A) AS group and (B) confirmatory biopsy group.
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standard. An RP specimen is the most precise method to assess
the condition of Pca patients; however, few patients in AS are
willing to undergo radical therapy without significant Pca
detected by a confirmatory or follow-up biopsy.
Overall, this study aimed to assess the diagnostic accuracy of

MRI-TB in the AS procedure. In total, data of 1693 patients
obtained from 14 articles were included. The high specificity and
AUC value under the sROC curve demonstrated the potential
value of MRI-TB in the AS procedure as negative results indicate
10
that tumors are less likely to proceed. However, the relative
sensitivity suggested that the combination of other examinations
(PSA level and density) should be used to make decisions that will
benefit patients the most.
Author contributions

Data curation: Ping Tan.
Methodology: Lu Yang.



Xue et al. Medicine (2019) 98:26 www.md-journal.com
Software: Tao Li.
Supervision: Liangren Liu.
Writing – original draft: Wenbin Xue, Yu Huang.
Writing – review and editing: Qiang Wei.

References

[1] Pepe P, Garufi A, Priolo G, et al. Can MRI/TRUS fusion targeted biopsy
replace saturation prostate biopsy in the re-evaluation of men in active
surveillance? World J Urol 2016;34:1249–53.

[2] Mottet N, Bellmunt J, Bolla M, et al. EAU-ESTRO-SIOG Guidelines on
Prostate Cancer. Part 1: screening, diagnosis, and local treatment with
curative intent. Eur Urol 2017;71:618–29.

[3] SiddiquiMM, TruongH, Rais-Bahrami S, et al. Clinical implications of a
multiparametric magnetic resonance imaging based nomogram applied
to prostate cancer active surveillance. J Urol 2015;193:1943–9.

[4] Siddiqui MM, Rais-Bahrami S, Turkbey B, et al. Comparison of MR/
ultrasound fusion-guided biopsy with ultrasound-guided biopsy for the
diagnosis of prostate cancer. JAMA 2015;313:390–7.

[5] Eichler K, Hempel S, Wilby J, et al. Diagnostic value of systematic biopsy
methods in the investigation of prostate cancer: a systematic review. J
Urol 2006;175:1605–12.

[6] Jones JS, Patel A, Schoenfield L, et al. Saturation technique does not
improve cancer detection as an initial prostate biopsy strategy. J Urol
2006;175:485–8.

[7] Pepe P, Aragona F. Saturation prostate needle biopsy and prostate cancer
detection at initial and repeat evaluation. Urology 2007;70:1131–5.

[8] van Hove A, Savoie PH, Maurin C, et al. Comparison of image-guided
targeted biopsies versus systematic randomized biopsies in the detection
of prostate cancer: a systematic literature review of well-designed studies.
World J Urol 2014;32:847–58.

[9] Schoots IG, Roobol MJ, Nieboer D, et al. Magnetic resonance imaging-
targeted biopsy may enhance the diagnostic accuracy of significant
prostate cancer detection compared to standard transrectal ultrasound-
guided biopsy: a systematic review and meta-analysis. Eur Urol
2015;68:438–50.

[10] Kaufmann S, Kruck S, Kramer U, et al. Direct comparison of targeted
MRI-guided biopsy with systematic transrectal ultrasound-guided
biopsy in patients with previous negative prostate biopsies. Urol Int
2015;94:319–25.

[11] Baco E, Ukimura O, Rud E, et al. Magnetic resonance imaging-transectal
ultrasound image-fusion biopsies accurately characterize the index
tumor: correlation with step-sectioned radical prostatectomy specimens
in 135 patients. Eur Urol 2015;67:787–94.

[12] Catalona WJ, Richie JP, Ahmann FR, et al. Comparison of digital rectal
examination and serum prostate specific antigen in the early detection of
prostate cancer: results of a multicenter clinical trial of 6,630 men. J Urol
1994;151:1283–90.

[13] Semjonow A, Brandt B, Oberpenning F, et al. Discordance of assay
methods creates pitfalls for the interpretation of prostate-specific antigen
values. Prostate Suppl 1996;7:3–16.

[14] Moore CM, Robertson NL, Arsanious N, et al. Image-guided prostate
biopsy using magnetic resonance imaging-derived targets: a systematic
review. Eur Urol 2013;63:125–40.

[15] Dong F, Kattan MW, Steyerberg EW, et al. Validation of pretreatment
nomograms for predicting indolent prostate cancer: efficacy in contempo-
rary urological practice. J Urol 2008;180:150–4. discussion 154.

[16] Walton Diaz A, Shakir NA, George AK, et al. Use of serial
multiparametric magnetic resonance imaging in the management of
patients with prostate cancer on active surveillance. Urol Oncol
2015;33:202e201–7.

[17] Shakir N, Walton-Diaz A, Rais-Bahrami S, et al. Multiparametric
prostate MRI and MRI/ultrasound fusion biopsy as tools to follow
prostate cancer progression for men on active surveillance. J Clin Oncol
2014;32(4_Suppl.):63–163.

[18] Alberts AR, Roobol MJ, Drost FH, et al. Risk-stratification based on
magnetic resonance imaging and prostate-specific antigen density may
reduce unnecessary follow-up biopsy procedures in men on active
surveillance for low-risk prostate cancer. BJU Int 2017;120:511–9.

[19] Hoeks CM, Somford DM, van Oort IM, et al. Value of 3-T
multiparametric magnetic resonance imaging and magnetic resonance-
guided biopsy for early risk restratification in active surveillance of low-
risk prostate cancer: a prospective multicenter cohort study. Invest
Radiol 2014;49:165–72.
11
[20] Marliere F, Puech P, Benkirane A, et al. The role of MRI-targeted and
confirmatory biopsies for cancer upstaging at selection in patients
considered for active surveillance for clinically low-risk prostate cancer.
World J Urol 2014;32:951–8.

[21] Abdi H, Pourmalek F, Zargar H, et al. Multiparametric magnetic
resonance imaging enhances detection of significant tumor in patients on
active surveillance for prostate cancer. Urology 2015;85:423–8.

[22] Hu JC, Chang E, Natarajan S, et al. Targeted prostate biopsy in select
men for active surveillance: do the Epstein criteria still apply? J Urol
2014;192:385–90.

[23] Radtke JP, Kuru TH, Bonekamp D, et al. Further reduction of
disqualification rates by additional MRI-targeted biopsy with trans-
perineal saturation biopsy compared with standard 12-core systematic
biopsies for the selection of prostate cancer patients for active
surveillance. Prostate Cancer Prostatic Dis 2016;19:283–91.

[24] Da Rosa MR, Milot L, Sugar L, et al. A prospective comparison of MRI-
US fused targeted biopsy versus systematic ultrasound-guided biopsy for
detecting clinically significant prostate cancer in patients on active
surveillance. J Magn Reson Imaging 2015;41:220–5.

[25] Recabal P, Assel M, Sjoberg DD, et al. The efficacy of multiparametric
magnetic resonance imaging and magnetic resonance imaging targeted
biopsy in risk classification for patients with prostate cancer on active
surveillance. J Urol 2016;196:374–81.

[26] Pessoa RR, Viana PC, Mattedi RL, et al. Value of 3-Tesla multi-
parametric magnetic resonance imaging and targeted biopsy for
improved risk stratification in patients considered for active surveillance.
BJU Int 2017;119:535–42.

[27] Ma TM, Tosoian JJ, Schaeffer EM, et al. The role of multiparametric
magnetic resonance imaging/ultrasound fusion biopsy in active surveil-
lance. Eur Urol 2017;71:174–80.

[28] Meng X, Rosenkrantz AB, Mendhiratta N, et al. PD34-02 outcomes of
MRI-US fusion targeted biopsy in the risk stratification of active
surveillance candidates. J Urol 2015;193:e754–5.

[29] O’Sullivan JM, Norman AR, Cook GJ, et al. Broadening the criteria for
avoiding staging bone scans in prostate cancer: a retrospective study of
patients at the Royal Marsden Hospital. BJU Int 2003;92:685–9.

[30] Welty CJ, Cooperberg MR, Carroll PR. Meaningful end points and
outcomes in men on active surveillance for early-stage prostate cancer.
Curr Opin Urol 2014;24:288–92.

[31] Ha YS, Yu J, Salmasi AH, et al. Prostate-specific antigen density toward a
better cutoff to identify better candidates for active surveillance. Urology
2014;84:365–71.

[32] Hamdy FC, Donovan JL, Lane JA, et al. 10-year outcomes after
monitoring, surgery, or radiotherapy for localized prostate cancer. N
Engl J Med 2016;375:1415–24.

[33] Bokhorst LP, Alberts AR, Rannikko A, et al. Compliance rates with the
prostate cancer research international active surveillance (PRIAS) protocol
and disease reclassification in noncompliers. Eur Urol 2015;68:814–21.

[34] Loeb S, Walter D, Curnyn C, et al. How active is active surveillance?
Intensity of followup during active surveillance for prostate cancer in the
United States. J Urol 2016;196:721–6.

[35] Bokhorst LP, Lepisto I, Kakehi Y, et al. Complications after prostate
biopsies in men on active surveillance and its effects on receiving further
biopsies in the Prostate cancer Research International: Active Surveil-
lance (PRIAS) study. BJU Int 2016;118:366–71.

[36] Lane BR, Zippe CD, Abouassaly R, et al. Saturation technique does not
decrease cancer detection during followup after initial prostate biopsy. J
Urol 2008;179:1746–50.

[37] Epstein JI, Walsh PC, Carmichael M, et al. Pathologic and clinical
findings to predict tumor extent of nonpalpable (stage t1 c) prostate
cancer. JAMA 1994;271:368–74.

[38] Mohler JL, Armstrong AJ, Bahnson RR, et al. Prostate cancer, version
1.2016. J Natl Compr Canc Netw 2016;14:19–30.

[39] Zumsteg ZS, Spratt DE, Pei I, et al. A new risk classification system for
therapeutic decision making with intermediate-risk prostate cancer
patients undergoing dose-escalated external-beam radiation therapy. Eur
Urol 2013;64:895–902.

[40] Natarajan S, Marks LS, Margolis DJ, et al. Clinical application of a 3D
ultrasound-guided prostate biopsy system. Urol Oncol 2011;29:334–42.

[41] Sonn GA, Natarajan S, Margolis DJ, et al. Targeted biopsy in the
detection of prostate cancer using an office based magnetic resonance
ultrasound fusion device. J Urol 2013;189:86–91.

[42] Le JD, Stephenson S, Brugger M, et al. Magnetic resonance imaging-
ultrasound fusion biopsy for prediction of final prostate pathology. J
Urol 2014;192:1367–73.

http://www.md-journal.com


Xue et al. Medicine (2019) 98:26 Medicine
[43] Tosoian JJ, MamawalaM, Epstein JI, et al. Intermediate and longer-term
outcomes from a prospective active-surveillance program for favorable-
risk prostate cancer. J Clin Oncol 2015;33:3379–85.

[44] Futterer JJ, Heijmink SW, Scheenen TW, et al. Prostate cancer
localization with dynamic contrast-enhanced MR imaging and proton
MR spectroscopic imaging. Radiology 2006;241:449–58.

[45] Okoro C, George AK, Siddiqui MM, et al. Magnetic resonance imaging/
transrectal ultrasonography fusion prostate biopsy significantly outper-
forms systematic 12-core biopsy for prediction of total magnetic
resonance imaging tumor volume in active surveillance patients. J
Endourol 2015;29:1115–21.

[46] Bott SR, YoungMP, Kellett MJ, et al. Anterior prostate cancer: is it more
difficult to diagnose? BJU Int 2002;89:886–9.
12
[47] Schoots IG, Petrides N, Giganti F, et al. Magnetic resonance imaging in
active surveillance of prostate cancer: a systematic review. Eur Urol
2015;67:627–36.

[48] Mullins JK, Bonekamp D, Landis P, et al. Multiparametric magnetic
resonance imaging findings in men with low-risk prostate cancer
followed using active surveillance. BJU Int 2013;111:1037–45.

[49] Guo R, Cai L, Fan Y, et al. Magnetic resonance imaging on disease
reclassification among active surveillance candidates with low-risk
prostate cancer: a diagnostic meta-analysis. Prostate Cancer Prostatic Dis
2015;18:221–8.

[50] El Khouli RH, Macura KJ, Barker PB, et al. Relationship of temporal
resolution to diagnostic performance for dynamic contrast enhanced
MRI of the breast. J Magn Reson Imaging 2009;30:999–1004.


	Magnetic resonance imaging-guided targeted biopsy in risk classification among patients on active surveillance
	Outline placeholder
	1 Introduction
	3 Results
	Outline placeholder
	3.1.1 Literature search and study selection

	3.2 Study characteristics
	3.4 Threshold effect
	3.5 Diagnostic accuracy
	3.6 Publication bias

	4 Discussion
	Author contributions

	References


