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Introduction
Multiparametric-MRI (MP-MRI) has recently emerged as the 

most accurate imaging modality for the evaluation of localized 
prostate cancer. The addition of multi parametric examinations has 
improved detection such that MRI has evolved from intermittent use 
for staging purposes, to intra-prostatic lesion detection and tumor 
localization. Targeted biopsy of lesions identified by MP-MRI are 
associated with increased detection of clinically significant cancer 
compared to standard TRUS-guided biopsy (TRUS-Bx), while 
decreasing detection of indolent or clinically insignificant cancer 
[1,2]. Combining targeted biopsy with a standard biopsy, known 
as MRI Ultrasound Fusion Targeted Biopsy (MRI-Fbx), has a high 
negative predictive value for the exclusion of clinically significant 
disease, ranging from 63% to 98% [3]. An optimal biopsy technique 
would identify all clinically significant cancers while minimizing 
detection of indolent cancers, thereby avoiding the morbidity of 
repeat biopsies for missed significant disease, as well as minimizing 
the potential for overdetection and overtreatment of indolent cancers.

Although great strides have been made to increase the detection 
of clinically significant prostate cancer with the addition of MP-MRI, 
prostate biopsy remains a morbid and uncomfortable procedure [4-
6]. Because of continued side effects and patient discomfort, efforts 
to decrease the morbidity of the procedure are always being pursued; 
one possibility is to reduce the number of biopsy cores removed. The 
improved accuracy of MRI-Fbx suggests that MRI-Targeted biopsy 
(MRI-Tbx) alone may be adequate to detect all clinically significant 

Abstract
Context: Magnetic resonance imaging targeted biopsies (MRI-Tbx) 
has the potential to detect significant prostate cancer with a small 
number of cores; however, there are concerns that some clinically 
significant (CS) cancers may not be visible on MRI or identified with 
targeted biopsies alone.
Objective: We performed a systematic review and meta-analysis 
analyzing cancer detection rates of transrectal ultrasonography 
standard biopsies (TRUS-bx), MRI-Tbx and fusion biopsy (Fbx) 
(targeted plus standard).
Evidence acquisition: The authors conducted a systematic review, 
searching MEDLINE (OvidSP 1946 to Nov 7, 2014) and Embase 
(OvidSP 1974 to Nov 7, 2014). The search strategy was limited to 
the English language and 1990 to the present. Only studies that 
reported cancer detection rates on a per patient basis for TRUS-bx 
and MRI-Tbx were included.
Evidence synthesis: CS cancer was defined in each study. 
For the meta-analysis, effect sizes were calculated as single 
proportions or risk ratios. When no significant between-study 
heterogeneity was found (I2 > 50%), the fixed effects model 
was used to derive the pooled estimate. Otherwise, a random 
effects model was used. For the studies (n = 18) reporting fusion 
results, MRI-Tbx alone detected 89% of the significant cancers 
detected with Fbx (95% CI: 0.84 to 0.92). MRI-Tbx had a 22% 
higher detection rate of CS cancer than the TRUS-bx (RR: 1.22; 
95% CI: 1.13 to 1.31, p < 0.001).
Conclusions: MRI-TBx alone missed 11% of significant cancers 
that were captured through fusion biopsy, strongly suggesting 
that targeted biopsy alone, without a 12-core standard biopsy, is 
inadequate to detect all CS prostate cancer.
Patient summary: In this report we compared the detection rates 
of two different types of prostate biopsies in a large population. 
We found that detection rates varied across the two methods. We 
conclude that the optimal approach to prostate biopsy includes 
using both the standard and targeted method.
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disease, thus allowing patients to avoid the 12 biopsy cores removed 
during a typical standard TRUS biopsy.

The advent of MRI-Tbx has prompted numerous studies 
comparing cancer detection rates of TRUS-bx, MRI-Tbx and Fbx 
[1,2,7-11]. As the technology is new and standardization is limited, 
sample sizes are small and can be difficult to compare. Several 
systematic reviews have attempted to collate the data and allow for a 
more centralized and powerful analysis [12-18].

Recently, Schoots, et al. published a meta-analysis indicating 
that MRI-Tbx has a higher rate of detection of clinically significant 
cancers and lower rate of detection of clinically insignificant cancer 
than standard TRUS-bx [15]. Their results support the improved 
diagnostic power of MRI-Tbx; however, it raises the question of 
the continuing necessity of standard TRUS-bx for the detection of 
prostate cancer. Therefore, this systematic review and meta-analysis 
was conducted to evaluate if targeted biopsy alone is adequate to 
detect clinically significant prostate cancer compared to a fusion 
prostate biopsy (Table 1).

Evidence Acquisition
Objective

Our aim was to systematically evaluate the detection rates of 
clinically significant and clinically insignificant cancer for MRI-
Fbx, which is the combination of targeted biopsies and standard 
biopsy compared to MRI-Tbx alone. Additional sub-analyses were 
performed comparing biopsy status (biopsy naïve versus repeat 
biopsy), and cancer status (cancer naïve versus active surveillance).

Protocol and registration

Methods of the analysis and inclusion criteria were specified 
in advance and documented in a PICO B [19] protocol shown in 
Appendix A.

Eligibility criteria

Prospective and retrospective cohort studies comparing 
standard, targeted and fusion prostate biopsies were included. Study 
eligibility was dependent on the use of the English language and a 
post-1990 publication date. Participants of any age, race, prostate 
specific antigen level, biopsy status (biopsy naïve versus repeat 
biopsy) and cancer status (cancer naïve versus active surveillance) 
were considered. Studies comparing all cancer and significant cancer 
detection rates of targeted and fusion biopsies were selected. This 
review was limited to patients that received both a standard and 
targeted biopsy (patients served as their own control). A standard 
biopsy included either a TRUS Bxora transperineal template biopsy. 
Targeted biopsies included MRI In-Bore biopsy, MRI Cognitive 
Fusion and MRI Computer Fusion. The primary outcome measure 
was total cancer detection for each biopsy method stratified into both 
clinically insignificant and clinically significant cancer. The definition 
of significant cancer was defined individually in each study and is 
stated in table 2.

Information Sources and Search

The authors conducted a systematic review, searching MEDLINE 
(OvidSP 1946 to November 7, 2014) and Embase (OvidSP 1974 to 
November 7, 2014). The search strategy was limited to the English 
language and limited to 1990 to the present. All searches were 
conducted on November 7, 2014. The search strategies used controlled 
vocabulary terms and synonymous free text words to capture the 
concepts of prostate neoplasm and biopsy methods. The MEDLINE 
search strategy was translated into the syntax appropriate for Embase. 
The full strategy is shown in the Appendix B.

Study selection

Two reviewers (CBN and NTO) completed the initial eligibility 
assessment (abstract review), with concerns arbitrated by a third 
reviewer (PCS). The same two reviewers independently undertook 

the second eligibility assessment (paper review). PCS arbitrated all 
disagreements.

Data collection process

A data extraction sheet was developed and refined according to 
availability of data. Data was extracted by one author and confirmed 
by a second author (NTO and CBN). If data abstraction consensus 
was not reached with discussion, a third reviewer (PCS) made the 
final decision. Due to the potential repetitive publication of data, 
author names (typically senior author), institutions and sample sizes 
were identified. If there was any concern for duplication, the most 
recent publication was chosen (which also corresponded with the 
largest patient populations).

Data items

Information was extracted from each study including 1) 
characteristics of trial participants (number of participants, average 
age, mean PSA, number of participants who were undergoing their 
first biopsy, number who had previous negative biopsies and number 
who had previous positive biopsies), 2) standard biopsy characteristics 
(TRUS-Bx vs. transperineal, average number of cores, patients 
diagnosed with cancer, patients diagnosed with significant cancer, 
patients diagnosed with cancer detected by standard biopsy only), 3) 
MRI targeted biopsy characteristics (MRI In-Bore vs. MRI Cognitive 
Fusion vs. MRI Computer Fusion including fusion system, targeted 
cores per lesion, patients diagnosed with cancer, patients diagnosed 
with significant cancer, patients diagnosed with cancer detected by 
targeted biopsy only), 4) Fusion Biopsy (patients diagnosed with 
cancer, patients diagnosed with significant cancer), 5) significant 
cancer definition, 6) MRI characteristics (T1/T2, Diffusion Weighted 
Image/Apparent Fusion Coefficient, Dynamic Contrast Enhanced, 
Magnetic Resonance Spectroscopy, 1.5T/3.0T, Pelvic Array Coil/
Endorectal Coil, Imaging Grading), 7) study information (title, year, 
senior author institution, clinical study design).

Statistical analysis (Risk of bias in individual studies, 
summary measures, synthesis of results)

For each included study, an estimate was calculated for the raw 
proportion of clinically significant cancers detected by fusion biopsy 
that were also detected by targeted biopsy. Likewise, a raw proportion 
of insignificant cancers detected by fusion biopsy and targeted biopsy 
was found. Pooled estimates were determined using a random effects 
model or fixed effects model depending on whether or not inter-study 
heterogeneity was significant (Cochran’s I2 > 50%, Q Test P < 0.10), 
respectively.

Subgroup analyses were conducted to consider if the results varied 
with biopsy classification (i.e. biopsy naïve versus repeat biopsy) and 
cancer detection (i.e. cancer naïve versus active surveillance). A leave-
one-out sensitivity analysis was also performed to determine whether 
any singular study was driving the findings such that the conclusion 
changed substantively with its removal from the overall analysis [20].

Potential publication bias was assessed using Egger’s linear 
regression test [21]. All analyses were conducted using R Version 
3.0.1 (The R Foundation for Statistical Computing). For any test or 
model, a P-value less than 0.05 were considered to be statistically 
significant.

Significant heterogeneity was found when analyzing detection of 
significant (Cochran’s I2 = 72.97%, Q test P < 0.001) and insignificant 
(Cochran’s I2 = 94.10%, Q test P < 0.001) cancer, such that the pooled 
estimates were calculated using random effects models. No significant 
publication bias was observed in the insignificant cancer analysis (P 
= 0.934). However, the random/mixed-effects Egger’s test suggested 
the presence of publication bias in the significant cancer analysis (P = 
0.002). As a result, the pooled estimates reflect the result of the trim 
and fill method of Duvall and Tweedie [22-25].

Results

http://clinmedjournals.org/articles/ijccr/ijccr-3-067-table-1.doc
http://clinmedjournals.org/articles/ijccr/ijccr-3-067-appendix-a.doc
http://clinmedjournals.org/articles/ijccr/ijccr-3-067-table-2.doc
http://clinmedjournals.org/articles/ijccr/ijccr-3-067-appendix-b.doc
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PRISMA 2009 Flow Diagram
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Figure 1: PRISMA 2009 flow diagram.

Figure 2: Forest plot for proportion of significant cancers detected by fbx that were found using targeted biopsy.



• Page 4 of 9 •ISSN: 2378-3419Nawaf et al. Int J Cancer Clin Res 2016, 3:067

supplement)

Studies were stratified according to whether patients were biopsy 
naïve (no previous biopsy) at the time of data collection or whether 
they had previously had a prostate biopsy (i.e. repeat biopsy). Only 
studies assessing these two cohorts were included in this subgroup 
analysis. For the six studies enrolling biopsy naïve patients (n = 1169 
total patients) the pooled estimate for the proportion of insignificant 
cancers detected by fusion biopsy that were also detected by targeted 
biopsy was 0.36 (95% CI: 0.14, 0.59; P = 0.004) (Supplementary 
Figure 1). Overall, targeted biopsy detected 91% of significant cancers 
detected by fusion biopsy for biopsy naïve patients (95% CI: 0.85, 
0.95; P < 0.001) (Supplementary Figure 2).

Seven studies with a total of 567 patients included repeat biopsy 
patients. The pooled estimate for the proportion of insignificant cancers 
detected by fusion biopsy and by targeted biopsy was 0.45 (95% CI: 0.33, 
0.57; P < 0.001) (Supplementary Figure 3) for this subgroup of studies. 
Furthermore, among repeat biopsy patients, targeted biopsy detected 

Study selection

A search of MEDLINE and Embase yielded a total of 6,444 articles 
(Figure 1). After adjusting for duplicates, 5,023 articles remained. 
Title and abstract review screening yielded 82 potential studies with 
4,941 studies clearly not meeting the inclusion criteria. The 82 papers 
selected for further review underwent a full text analysis, which 
returned 18 studies for inclusion.

Primary results

Based on the pooled results from 18 studies with 3,242 total 
patients, targeted biopsy detected 89% of significant cancers detected 
by fusion biopsy across the entire cohort (95% CI: 0.86, 0.93; P < 
0.001) (Figure 2). In addition, an overall estimate calculated from 
17 studies with 3,060 total patients suggested that only 45% of the 
insignificant cancers detected by fusion biopsy were also detected by 
targeted biopsy (95% CI: 0.32, 0.57; P < 0.001) (Figure 3).

Subgroup analysis: (Accompanying figures available in 

Figure 3: Forest plot for proportion of insignificant cancers detected by Fbx that were found using targeted biopsy alone.

Supplementary Figure 1: Forest plot for proportion of insignificant cancers detected by fusion biopsy that were found using targeted biopsy alone 
for biopsy naive.
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Supplementary Figure 2: Forest plot for proportion of significant cancers detected by fusion biopsy that were found using targeted biopsy alone for biopsy naive.

Supplementary Figure 3: Forest plot for proportion of insignificant cancers detected by fusion biopsy that were found using targeted biopsy alone 
for repeat biopsy.

Supplementary Figure 4: Forest plot for proportion of significant cancers detected by fusion biopsy that were found using targeted biopsy alone for repeat biopsy.

A second subgroup analysis was conducted according to the 
cancer detection history of patients. Fourteen studies included only 
patients without a prior cancer diagnosis (n = 2,844 total patients). 
The pooled estimate for the number of insignificant cancers 
detected by fusion biopsy and targeted biopsy was 0.41 (95% CI: 
0.27, 0.56; P < 0.001) (Supplementary Figure 5). Among patients 
without a prior cancer diagnosis, 90% of clinically significant 

88% of significant cancers detected by fusion biopsy (95% CI: 0.75, 0.95; 
P < 0.001) (Supplementary Figure 4). Between-study heterogeneity 
was observed to decrease for both the insignificant and clinically 
significant cancer analyses upon sub grouping by biopsy classification. 
However, the random effects model was still used based on the results 
of the Cochran’s I2 and Q Test.



• Page 6 of 9 •ISSN: 2378-3419Nawaf et al. Int J Cancer Clin Res 2016, 3:067

Supplementary Figure 5: Forest plot for proportion of insignificant cancers detected by fusion biopsy that were found using targeted biopsy alone 
for cancer naive.

Supplementary Figure 6: Forest plot for proportion of significant cancers detected by fusion biopsy that were found using targeted biopsy alone for 
cancer naive.

The proportion of clinically significant cancers detected by fusion 
biopsy also detected by targeted biopsy was 0.79 (95% CI: 0.40, 
0.95; P < 0.001) (Supplementary Figure 8).

Biopsy technique information, including in-bore vs. cognitive 
fusion vs. computer fusion, was collected but these results did not 
reach statistical significance.

cancers detected by fusion biopsy were detected by targeted biopsy 
(95% CI: 0.87, 0.92; P < 0.001) (Supplementary Figure 6). Only 
three studies consisted of patients (n = 216 total patients) with 
previously diagnosed cancer-likely patients on active surveillance. 
Among these active surveillance patients, 56% of insignificant 
cancers detected by fusion biopsy were also detected by targeted 
biopsy (95% CI: 0.44, 0.67; P < 0.001) (Supplementary Figure 7). 
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a comparison, breast cancer diagnosis has been evolving throughout 
the decades, with core needle biopsies now increasingly favored over 
fine needle aspirations due to an increased sensitivity of over 10% of 
breast cancers, as shown in multiple studies [26-29].

MP-MRI is very good at detecting cancer and has been 
demonstrated in studies comparing preoperative MP-MRI to 
whole mount prostatectomy pathology to identify tumors greater 
than 0.5 ml, with a sensitivity and specificity of 86% and 94% 
respectively [30]. However, a recent manuscript by Le, et al. 
described the identification of clinically significant (Gl ≥ 7) cancer 
on final pathology that had not identified on MP-MRI in up to 
28% of patients [31]. MRI-Fbx, which combines targeted and 
standard biopsy techniques, has been shown to have a high cancer 
detection rate of 85% and negative predictive value of 73% for the 
detection of clinically significant prostate cancer [2].

Registration of the MRI image to the real time ultrasound in the 
setting of fusion biopsy is a crucial step in adequate lesion sampling. 
Errors in registration can lead to inaccurate targeting and missed 
lesions. Wysock, et al. found improved cancer detection rate with a 
computer fusion system compared to cognitive fusion, but this was 
not statistically significant (p = 0.1374) [32].

In this study, missed clinically significant cancers were found 
across all patient populations with no systematic difference across 
targeted biopsy techniques. This suggests an error native to the 
imaging rather than an error in registration when performing 

Sensitivity analysis

A leave-one-out sensitivity analysis was conducted for the 
primary outcomes. Leaving out any single study resulted in a range 
of pooled estimates between 0.42 (95% CI: 0.30, 0.54; P < 0.001) with 
the removal of Salami 2014 and 0.49 (95% CI: 0.38, 0.60; P < 0.001) 
with the removal of Haffner 2010. Similarly, the sensitivity analysis 
resulted in almost no change in the result for detection of clinically 
significant cancer, with the proportion of cancers detected by fusion 
biopsy and targeted biopsy ranging from slightly under 0.89 (95% CI: 
0.85, 0.92; P < 0.001) with the removal of Puech 2013 to 0.90 (95% 
CI: 0.87, 0.93; P < 0.001) with the removal of Kasivisvanathan 2013.

Discussion

The ideal model for prostate cancer detection maximizes 
diagnostic accuracy while minimizing morbidity. In addition, 
distinguishing the clinically significant cancers from the insignificant 
cancers is essential and ultimately determines whether a patient 
proceeds to treatment or an active surveillance plan. MRI-Tbx strives 
to optimize detection of clinically significant lesions while obtaining 
the fewest biopsies necessary. In this review, however, targeted biopsy 
missed 11% of the clinically significant cancers that were detected by 
inclusion of a standard biopsy.

Detecting 11% more clinically significant cancer by the addition of 
standard biopsy to targeted biopsy is a relatively large improvement. 
These are typically all patients that would benefit from treatment. As 

Supplementary Figure 7: Forest plot for proportion of insignificant cancers detected by fusion biopsy that were found using targeted biopsy alone for 
active surveillance.

Supplementary Figure 8: Forest plot for proportion of significant cancers detected by fusion biopsy that were found using targeted biopsy alone for active 
surveillance.
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targeted biopsy. While MP-MRI is a significant advance in prostate 
cancer detection, limitations of MRI technology and reader variability 
remain. More accurate identification and staging of intra-prostatic 
lesions are exciting areas for continued research and improvement 
in the field.

Detecting 11% fewer clinically significant cancers by avoiding a 
standard biopsy may not seem like a major decrease, but the benefits 
of avoiding additional biopsy cores is largely academic. Targeted 
biopsy requires the same patient preparation and clinical resources 
as a standard 12-core biopsy. The primary benefits of reducing the 
number of biopsy cores are a decreased procedure time and possibly 
a decrease in patient discomfort (if local anesthesia has not been 
fully effective). This gain in efficiency has not been quantified, and 
differences in morbidity have been demonstrated only when the 
number of samples reach high saturation levels, [33-35] whereas 
a combined targeted and TRUS guided biopsy rarely exceeds 30 
samples. Despite this, some patients may prefer the fewest number 
of biopsies possible. This analysis provides a quantitative value of 
the risks associated with performing only MRI-Tbx and may be a 
valuable reference for counseling patients.

Considering the continued limitations of MRI technique and the 
evidence presented in this study, we strongly suggest that the current 
best strategy for diagnosis of prostatic cancer includes MRI-Tbx in 
addition to standard TRUS-Bx.

Strengths and limitations
Major strengths of our study are that it contains a larger sample 

size and number of studies than any other previously published meta-
analysis, and uses strict inclusion criteria.

Several limitations may have influenced the findings, including 
the inconsistent definition of clinically significant cancer across 
studies, the non-standardized procedure of fusion targeted biopsy, as 
well as variability in MR characteristics, grading scale, threshold for 
biopsy, experience, and number of cores per target - this is, however, 
representative of the published literature.

Individual-level data were not available in all studies limiting the 
number of subgroup analyses that could be conducted, such as biopsy 
method (i.e. MRI in-bore, cognitive fusion, or computer fusion). 
There was also significant heterogeneity in the patient populations 
studied, but this was assessed in subgroup analyses.

Publication bias and small study effects can influence a meta-
analysis because studies are less likely to publish negative results, 
which may overstate a beneficial effect. Selection bias may also 
influence the results: included studies evaluated patients with a 
positive MRI, which may have influenced the number of overall 
and significant prostate cancers detected. Although there have been 
studies which have demonstrated great negative predictive value of 
MRI, these results are not 100% and therefore lesions may have been 
missed, which can only be validated with radical prostatectomy and 
correlation with whole mounts.

Conclusions
Targeted biopsies alone would miss 11% of clinically significant 

cancer. The optimal approach to prostate biopsy includes combining 
both a standard biopsy, as well as targeted biopsies. This analysis 
provides a quantitative value of the risks associated with performing 
only MRI-Tbx, and may be a valuable reference for counseling 
patients. Large multicenter studies with standardized reporting are 
needed to further validate our findings.

Take Home Message
We compared the detection rates of two different types of prostate 

biopsies in a large population. The detection rates varied across the 
two methods. We conclude that the optimal approach to prostate 
biopsy includes both the standard and targeted method.
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