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BACKGROUND
The use of 12-core systematic prostate biopsy is associated with diagnostic inac-
curacy that contributes to both overdiagnosis and underdiagnosis of prostate 
cancer. Biopsies performed with magnetic resonance imaging (MRI) targeting may 
reduce the misclassification of prostate cancer in men with MRI-visible lesions.

METHODS
Men with MRI-visible prostate lesions underwent both MRI-targeted and systematic 
biopsy. The primary outcome was cancer detection according to grade group (i.e., a 
clustering of Gleason grades). Grade group 1 refers to clinically insignificant disease; 
grade group 2 or higher, cancer with favorable intermediate risk or worse; and grade 
group 3 or higher, cancer with unfavorable intermediate risk or worse. Among the 
men who underwent subsequent radical prostatectomy, upgrading and downgrading 
of grade group from biopsy to whole-mount histopathological analysis of surgical 
specimens were recorded. Secondary outcomes were the detection of cancers of grade 
group 2 or higher and grade group 3 or higher, cancer detection stratified by previous 
biopsy status, and grade reclassification between biopsy and radical prostatectomy.

RESULTS
A total of 2103 men underwent both biopsy methods; cancer was diagnosed in 1312 
(62.4%) by a combination of the two methods (combined biopsy), and 404 (19.2%) 
underwent radical prostatectomy. Cancer detection rates on MRI-targeted biopsy were 
significantly lower than on systematic biopsy for grade group 1 cancers and signifi-
cantly higher for grade groups 3 through 5 (P<0.01 for all comparisons). Combined 
biopsy led to cancer diagnoses in 208 more men (9.9%) than with either method alone 
and to upgrading to a higher grade group in 458 men (21.8%). However, if only MRI-
target biopsies had been performed, 8.8% of clinically significant cancers (grade 
group ≥3) would have been misclassified. Among the 404 men who underwent sub-
sequent radical prostatectomy, combined biopsy was associated with the fewest up-
grades to grade group 3 or higher on histopathological analysis of surgical specimens 
(3.5%), as compared with MRI-targeted biopsy (8.7%) and systematic biopsy (16.8%).

CONCLUSIONS
Among patients with MRI-visible lesions, combined biopsy led to more detection 
of all prostate cancers. However, MRI-targeted biopsy alone underestimated the 
histologic grade of some tumors. After radical prostatectomy, upgrades to grade 
group 3 or higher on histopathological analysis were substantially lower after 
combined biopsy. (Funded by the National Institutes of Health and others; Trio 
Study ClinicalTrials.gov number, NCT00102544.)
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The aggressiveness of prostate can-
cers ranges from indolent to highly lethal. 
Low-grade prostate cancer (i.e., grade 

group 1) has been shown in large trials to be 
associated with a very low risk of cancer-specific 
death.1-5 In contrast, cancers of grade groups 
3 through 5 have significantly higher metastatic 
potential and were responsible for the majority 
of the predicted 31,620 deaths from prostate 
cancer in the United States in 2019.6,7 This varia-
tion in lethality of prostate cancer subtypes 
highlights the importance of accurate prostate 
cancer diagnosis.

Currently, the transrectal, ultrasonographically 
guided, 12-core systematic biopsy is the most 
common method for the initial diagnosis and 
grading of prostate cancer.8 Whereas in most 
other cancers diagnostic biopsies target abnor-
malities detected on imaging or physical exami-
nation, systematic prostate biopsy provides a 
nontargeted, systematically spaced sampling of 
the prostate gland. This systematic-biopsy method 
is associated with missed cancer diagnoses and 
substantial grade misclassification at the time of 
biopsy. In addition, further upgrading or down-
grading of the cancer diagnosis at the time of 
radical prostatectomy is common.9-12 One conse-
quence of this diagnostic inaccuracy is overtreat-
ment of patients with low-grade disease because 
of concern that a high-grade cancer may have 
been missed. These uncertainties contribute to 
findings that 43% of prostatectomies are per-
formed in men who are subsequently confirmed 
to have indolent disease on histopathological 
analysis and that 60% of men who receive radi-
cal therapy (i.e., radiation or radical prostatec-
tomy) are found to have grade group 1 cancers 
on preoperative biopsy.13 Conversely, when aggres-
sive disease is missed on biopsy, patients risk 
undertreatment.

Advances in prostate multiparametric mag-
netic resonance imaging (MRI) have allowed for 
MRI-targeted biopsies of suspicious imaging 
findings.14-16 Studies have shown that MRI- 
targeted biopsies result in a higher rate of de-
tection of high-grade cancers than systematic 
biopsy.14,17-19 However, despite the improved de-
tection of clinically significant cancers with 
MRI-targeted biopsies, debate persists about 
whether MRI-targeted biopsy should be used in 
place of systematic biopsy or in conjunction with 
it.18,20,21 Specifically, controversy exists regarding 

whether the systematic biopsy should still be 
performed and whether previous biopsy status 
should affect the type of biopsy method that is 
selected.22-24 The Trio Study was a substudy of a 
larger clinical trial, called Use of Tracking De-
vices to Locate Abnormalities During Invasive 
Procedures. In this substudy, we assessed the 
use of MRI-targeted, systematic, or combined 
prostate biopsy in an attempt to define the most 
effective method for prostate cancer diagnosis.

Me thods

Study Design

In 2007, we initiated this clinical study at the 
National Cancer Institute (NCI) to evaluate the 
use of electromagnetic tracking devices for MRI-
targeted biopsies. The electromagnetic tracking 
device was developed as part of a cooperative 
research-and-development agreement between the 
National Institutes of Health (NIH) and Philips 
and is commercially available as the UroNav 
platform.

Adult men (≥18 years of age) who had an ele-
vated serum prostate-specific antigen (PSA) level 
or an abnormal digital rectal examination were 
eligible to undergo prostate MRI. Patients who 
were found to have a prostate lesion on MRI and 
who consented to undergo a prostate biopsy 
were eligible for enrollment. Exclusion criteria 
included previous treatment for prostate cancer, 
the absence of MRI-visible prostate lesions, or an 
inability to undergo MRI (i.e., body habitus in-
compatible with MRI equipment, presence of 
ferrous metallic implants, or claustrophobia). All 
the patients provided written informed consent.

MRI Protocol

MRIs were performed with the use of a 3-tesla 
MRI (Achieva, Philips) with an endorectal coil 
(BPX-30, Medrad, Bayer) for all initial scans. The 
use of an endorectal coil was omitted for rare 
contraindications such as latex allergy, anal fis-
tula, active hemorrhoids, or absence of a rectum.

All MRIs were reviewed by one of two expert 
genitourinary radiologists with more than a de-
cade of experience in reviewing MRIs of the 
prostate. T2-weighted, contrast-enhanced, and 
diffusion-weighted series were obtained, as de-
scribed previously.25 MRI lesions were given a 
Prostate Imaging Reporting and Data System 
(PI-RADS) score of 1 to 5 (with higher scores 
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indicating more clinically suspicious lesions) to 
stratify the risk of prostate cancer (Table S1 in 
the Supplementary Appendix, available with the 
full text of this article at NEJM.org).15 Before the 
adoption of the PI-RADS scoring system in April 
2015, we used a 5-point NIH-developed scoring 
system that has been shown to correlate with 
PI-RADS scores.26-28 PI-RADS scores were subse-
quently reported for all patients. Before prostate 
biopsies, lesions that had been identified were 
labeled for biopsy by the radiologists with the 
use of the DynaCAD (Philips) software. A maxi-
mum of five targets for biopsy were labeled for 
each patient. If a lesion extended into a second 
prostate segment (as defined by prostate seg-
mentation used in systematic biopsy) or crossed 
the midline, a second target was placed on that 
lesion, as described previously.29

Prostate Biopsy Protocol

All patients underwent both MRI-targeted and 
systematic biopsies at a single institution. UroNav 
Fusion Biopsy System (Philips) was used to super-
impose labeled T2-weighted MRI images over 
real-time prostate ultrasonographic scans, there-
by facilitating MRI identification and targeting 
of lesions. Two biopsy cores of each targeted 
lesion were obtained with the use of an end-fire 
transrectal ultrasonographic probe (Philips) and 
software guidance by the UroNav device. The 
MRI overlay targets were then removed from the 
ultrasonographic scan, and a second physician 
performed a 12-core systematic extended sextant 
biopsy with only ultrasonographic guidance. Sys-
tematic biopsies were performed with the use of 
standard segmentation to acquire medial and 
lateral cores from each sextant prostate region.30 
In the event that physicians noticed targeting 
information (i.e., hemorrhage tracts from previ-
ous MRI-targeted biopsies) at the time of sys-
tematic biopsies, they were instructed to ignore 
such information during the procedure. Biopsies 
were performed by urologists, radiologists, or 
both. The radiologist who interpreted the MRI 
and assigned lesions for targeting was never the 
same person who performed biopsies.

If patients underwent multiple biopsies, only 
the results of the first combined biopsy (i.e., a 
combination of the MRI-targeted and systematic 
methods) were included in the biopsy cohorts. 
All biopsies were classified according to grade 
group31 on a scale ranging from 1 to 5, with a 

higher score indicating more severe disease; bi-
opsy results were reported in accordance with 
the recommendations of the START (Standards 
of Reporting for MRI-Targeted Biopsy Studies) 
Consortium.32 A single, highly experienced genito-
urinary pathologist interpreted all the biopsy 
specimens and whole-mount histopathological 
slides. We recorded the highest Gleason score 
that was detected by each biopsy method and 
coded it according to grade group.33-35

Definitions of Terms

For the purpose of our study, clinically insig-
nificant disease was defined as grade group 1 
(Gleason score, 3 + 3 = 6). Clinically significant 
cancer was defined as grade group 3 (Gleason 
score, 4 + 3 = 7; unfavorable intermediate risk) or 
higher, although the detection of grade group 2 
(Gleason score, 3 + 4 = 7; favorable intermediate 
risk) or higher is also reported in all tables and 
figures, since some physicians consider this 
threshold to be more clinically relevant than 
grade group 3 or higher. Gleason scores range 
from 6 (lowest grade of cancer) to 10 (highest 
grade) and are reported as the sum of the pri-
mary and secondary Gleason grades, which are 
defined as the grade of the most common cancer 
(first number) and the highest grade of cancer 
(second number) detected within a given biop-
sy core.

Throughout this article, the use of MRI-tar-
geted biopsy and systematic biopsy in the same 
clinical setting is referred to as “combined bi-
opsy.” If a grade group 1 cancer was detected by 
the addition of a second biopsy method in a 
patient who had otherwise been found to have 
no cancer, the lesion was defined as a new grade 
group 1 cancer detection. Additional detection 
of cancer in grade group 2 or higher or grade 
group 3 or higher was defined as the number of 
upgrades to those grade groups detected by the 
addition of the listed biopsy method.

Among the patients who underwent radical 
prostatectomy, we assessed upgrading or down-
grading by comparing the grade group deter-
mined on prostate biopsy with the grade group 
determined on whole-mount histopathological 
analysis after surgery. Upgrading of a cancer to 
grade group 2 or higher was defined as a transi-
tion from grade group 0 or 1 on biopsy to grade 
group 2 through 5 on whole-mount histopatho-
logical analysis; upgrading of a cancer to grade 
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group 3 or higher was defined as a transition 
from grade group 0 through 2 on biopsy to 
grade group 3 through 5 on whole-mount histo-
pathological analysis.

Prostatectomy Cohort

Among the patients in whom prostate cancer 
was diagnosed, various treatment options were 
offered. These options included active surveil-
lance, prostatectomy, external-beam radiation, 
focal therapy, or enrollment in a separate clini-
cal trial. For the patients who underwent radical 
prostatectomy, we correlated the grade group as 
determined on whole-mount histopathological 
analysis with the biopsy findings. In this analy-
sis, we excluded patients who had undergone 
biopsy more than 1 year before surgery or who 
had received treatment (including radiation, focal 
therapy, hormonal therapy, or treatment admin-
istered as part of a clinical trial) before radical 
prostatectomy.

Data Analysis

A data manager collected data in a prospective 
manner as part of a pretrial-designed database. 
Data collection began in July 2007 and was sus-
pended in January 2019 for data analysis. The 
highest grade group that was detected by each 
biopsy method was recorded, and the highest 
grade group that was detected by either biopsy 
method was considered to be the grade group 
detected on combined biopsy. Among the patients 
who underwent repeat biopsies at the NCI ac-
cording to the protocol (available at NEJM.org), 
only data from the initial biopsy were included 
for the biopsy cohorts. If patients had undergone 
multiple prostate biopsies, the biopsy informa-
tion that had been obtained closest to the sur-
gery was used in the data analysis in the prosta-
tectomy cohort.

Outcomes

The primary outcomes were cancer detection 
rates according to grade group (1 through 5) for 
each biopsy method. Key secondary outcomes 
were the rates of cancer detection in grade groups 
2 and 3 or higher, cancer detection rates strati-
fied according to previous biopsy status, and 
rates of cancer reclassification between biopsy 
and whole-mount histopathological analysis af-
ter radical prostatectomy.

Statistical Analysis

The primary hypothesis was that MRI-targeted 
biopsy would lead to a higher rate of detection 
of prostate cancers in grade groups 2 through 5 
and a lower rate of detection of grade group 1 
cancers than the use of systematic biopsy. For 
the primary analysis, we used McNemar’s test to 
compare the cancer detection rates between 
MRI-targeted biopsy and systematic biopsy ac-
cording to cancer grade group. We used the ad-
justed Wald interval to calculate confidence in-
tervals for cancer detection rates and the 
differences in cancer detection rates between the 
two biopsy methods.36,37 A Bonferroni correction 
was used to adjust for multiple comparisons of 
the primary and secondary outcomes, with sta-
tistical significance indicated by P<0.01 for the 
primary outcome and P<0.006 for the secondary 
outcomes. Some additional statistical analyses 
were performed post hoc during the peer review 
and revision process. A detailed description of 
the statistical methods and corrections for mul-
tiple comparisons is provided in the Supplemen-
tary Appendix and the study protocol. We did 
not perform statistical tests to compare cancer 
detection rates for combined biopsy with each of 
its constituent biopsy techniques, since the can-
cer detection rate was defined as the highest 
grade group detected by the two biopsy tech-
niques. Some of the data that are included in 
this study have been reported previously.14

R esult s

Patients

From June 2007 through January 2019, a total of 
2732 men underwent prostate MRI. Of these 
patients, 2180 had MRI-visible lesions and un-
derwent combined MRI-targeted and systematic 
biopsies in the same clinical setting. Among the 
patients who underwent biopsy, 77 were exclud-
ed from the analysis because they had under-
gone previous treatment. The remaining 2103 
men were included in the analysis (Fig. 1). The 
majority (79.3%) of men who were enrolled in 
this study had undergone at least one biopsy at 
an outside institution before study enrollment 
(Table 1). Of the men who were included in the 
analysis, prostate cancer was diagnosed in 1312 
(62.4%). Of the men who received a cancer diag-
nosis, 404 subsequently underwent radical pros-
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tatectomy at our institution. The median time be-
tween prostate biopsy and radical prostatectomy 
was 98 days (interquartile range, 74 to 134).

Additional Cancer Detection with Combined 
Biopsy

Among all 2103 patients who underwent the two 
biopsy methods, prostate cancer was diagnosed 
in 1104 patients (52.5%) with systematic biopsy 
alone and in 1084 patients (51.5%) with MRI-
targeted biopsy alone. The use of MRI-targeted 
biopsy led to more diagnoses of cancers in grade 
groups 3, 4, and 5 than systematic biopsy 
(P = 0.004, P<0.001, and P = 0.003, respectively) 
and fewer cancers in grade group 1 (P<0.001) 
(Fig. 2 and Table S2). The addition of MRI-tar-
geted biopsy to systematic biopsy led to 208 
(9.9%) more prostate cancer diagnoses (Fig. 3). 
Of these new diagnoses, 59 (28.4%) were clini-
cally significant (grade group ≥3) disease. The 
addition of MRI-targeted biopsy led to a reduc-
tion of 60 patients (from 454 to 394) who were 
classified as having clinically insignificant 
(grade group 1) cancer (Fig. 2). Specifically, 134 
men in whom grade group 1 cancer was diag-
nosed on systematic biopsy were upgraded to 
grade group 2 or higher on MRI-targeted biopsy 
(Fig. 3). Simultaneously, MRI-targeted biopsy 
led to 74 new grade group 1 cancer diagnoses 
among men in whom no cancer was detected on 
systematic biopsy, which led to a net reduction 
of 60 patients with a grade group 1 cancer diag-
nosis. In total, MRI-targeted biopsy was respon-
sible for upgrading of events in 458 patients 
(21.8%) when added to systematic biopsy (blue-
shaded areas in Fig. 3).

MRI-targeted biopsy alone detected clinically 
significant cancers (grade group ≥3) in 425 of 
466 patients (91.2%) in whom cancer was de-
tected by combination biopsy. However, MRI-
targeted biopsy alone without systematic biopsy 
would have led to no detection of cancers of 
grade group 2 or higher in 123 patients (5.8%) 
and no detection of cancers of grade group 3 or 
higher in 41 patients (1.9%) (Fig. 2). Similarly, 
omission of the systematic biopsy would not 
have resulted in the reclassification to higher-
risk disease in 330 patients (15.7%) (green-
shaded area in Fig. 3). Of the 466 patients with 
cancers of grade group 3 or higher that were 
detected on combined biopsy, 175 (37.6% of pa-

tients with grade group 3 or higher or 8.3% of 
all the patients who underwent biopsy) were 
detected by MRI-targeted biopsy only, and 41 
(8.8% of patients with grade group 3 or higher 
or 1.9% of all the patients who underwent bi-
opsy) were detected by systematic biopsy only 
(P<0.001) (Fig. 2).

Small differences were noted between the 

Figure 1. Enrollment and Outcomes.

All 2103 men who were included in the primary analysis 
underwent two methods of prostate biopsy: one that 
targeted lesions with the use of magnetic resonance 
imaging (MRI) and one that systematically removed 12 
biopsy cores with ultrasonographic guidance (system-
atic biopsy). Rates of cancer detection by each of these 
methods and in combination (combined biopsy) were 
included in the primary analysis. Among the patients 
in whom prostate cancer was diagnosed, various treat-
ment options were offered, including active surveil-
lance, prostatectomy, external-beam radiation, and 
 focal therapy. Among the patients who underwent radi-
cal prostatectomy, the investigators correlated the initial 
biopsy findings with the cancer grade group as deter-
mined on whole-mount histopathological analysis after 
surgery.

2180 Were enrolled and underwent both
MRI-targeted biopsy and systematic biopsy

2732 Men underwent prostate MRI

552 Had no MRI-visible 
prostate lesions

2103 Were eligible for data analysis
according to MRI-targeted biopsy,

systematic biopsy, and combination biopsy

77 Were excluded owing
to previous treatment

408 Underwent prostatectomy

1695 Were treated medically

404 Were included in the
prostatectomy cohort

4 Were excluded because
biopsy had been performed

>1 yr before surgery
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Characteristic
All Patients 
(N = 2103)

Previous Biopsy 
(N = 1667)

No Previous Biopsy 
(N = 436)

Prostatectomy 
(N = 404)

Age — yr 63.3±7.6 63.4±7.4 63.0±8.2 62.0±7.6

Race or ethnic group — no. (%)†

White 1653 (78.6) 1311 (78.6) 342 (78.4) 300 (74.3)

Black 289 (13.7) 237 (14.2) 52 (11.9) 78 (19.3)

Asian 75 (3.6) 60 (3.6) 15 (3.4) 11 (2.7)

Hispanic 23 (1.1) 14 (0.8) 9 (2.1) 3 (0.7)

Other 39 (1.9) 30 (1.8) 9 (2.1) 7 (1.7)

Unknown 24 (1.1) 15 (0.9) 9 (2.1) 5 (1.2)

Prostate-specific antigen — ng/ml‡

Median (IQR) 6.7 (4.6–10.2) 7 (4.8–10.8) 5.5 (3.9–8.1) 6.9 (4.8–11.6)

Maximum 231.6 231.6 113.6 101.7

Tumor stage — no. (%)§

No cancer 791 (37.6) 639 (38.3) 152 (34.9) NA

Any cancer 1312 (62.4) 1028 (61.7) 284 (65.1) 404 (100)

T1c 1127 (53.6) 907 (54.4) 220 (50.5) NA

T2 NA NA NA 334 (82.7)

T2a 155 (7.4) 104 (6.2) 51 (11.7) NA

T2b 13 (0.6) 8 (0.5) 5 (1.1) NA

T2c 16 (0.8) 9 (0.5) 7 (1.6) NA

T3a 0 0 0 43 (10.6)

T3b 0 0 0 22 (5.4)

T4 1 (<0.1) 0 1 (0.2) 3 (0.7)

Previous biopsy result — no. (%)

No previous biopsy 436 (20.7) NA 436 (100) 102 (25.2)

Negative 873 (41.5) 873 (52.4) NA 98 (24.3)

Positive 794 (37.8) 794 (47.6) NA 204 (50.5)

Prostate volume on MRI — cm3‡

Median (IQR) 51 (37–71) 52 (38–74) 45 (36–61) 40 (31–53)

Maximum 420 420 155 200

No. of visible targets per prostate on MRI 2.5±1.3 2.4±1.2 2.7±1.4 2.9±1.4

Patients with available PI-RADS score — no. (%)¶ 723 (34.4) 538 (32.3) 185 (42.4) 149 (36.9)

Score on PI-RADS — no./total no. (%)

1 0 0 0 0

2 51/723 (7.1) 41/538 (7.6) 10/185 (5.4) 4/149 (2.7)

3 87/723 (12) 66/538 (12.3) 21/185 (11.4) 9/149 (6.0)

4 345/723 (47.7) 257/538 (47.8) 88/185 (47.6) 68/149 (45.6)

5 240/723 (33.2) 174/538 (32.3) 66/185 (35.7) 68/149 (45.6)

No. of cores on MRI-targeted biopsy 4.9±2.5 4.8±2.4 5.4±2.8 5.8±2.7

No. of samples on systematic biopsy 12.1±0.6 12.1±0.6 12.2±0.8 12.1±0.5

No. of positive samples on MRI-targeted biopsy 1.7±2.3 1.5±2.1 2.3±2.8 3.2±2.3

No. of positive samples on systematic biopsy 1.8±2.6 1.6±2.3 2.6±3.1 3.2±2.5

*  Plus–minus values are means ±SD. Percentages may not total 100 because of rounding. IQR denotes interquartile range, MRI magnetic 
resonance imaging, and NA not applicable.

†  Race was reported by the patients. Patients could report Hispanic ethnic background rather than choosing a racial group.
‡  Measurements of prostate-specific antigen and MRI prostate volume were reported in the combined-biopsy data; the last measurement be-

fore surgery is reported in the prostatectomy cohort.
§  The tumor stage is reported as the clinical stage in the biopsy cohorts and as the stage on whole-mount histopathological analysis in the 

prostatectomy cohort.
¶  Scores on the Prostate Imaging Reporting and Data System (PI-RADS) range from 1 to 5, with higher scores indicating more clinically suspi-

cious lesions. In this study, PI-RADS scoring began in April 2015, so only scores that were obtained after that date are listed here.
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patients who had undergone previous biopsy and 
those who had not with respect to rates of detec-
tion of additional clinically significant cancers 
(grade group ≥3) on MRI-targeted biopsy (differ-
ence, −0.7 percentage points; 95% confidence 
interval [CI], −3.4 to 2.5) and on systematic bi-
opsy (difference, −0.4 percentage points; 95% CI, 
−1.7 to 1.1) (Table S3).

 Correlation with Whole-Mount 
Histopathological Analysis

Among the patients who underwent radical 
prostatectomy, upgrading on histopathological 
analysis after undergoing combined biopsy oc-

curred in 58 of 404 patients (14.4%). Of these 58 
patients, 14 (3.5% of those who underwent radi-
cal prostatectomy) were upgraded to clinically 
significant disease (grade group ≥3). The rates 
of any upgrading or clinically significant up-
grading on whole-mount histopathological analy-
sis were substantially higher for systematic 
 biopsy (41.6% and 16.8%, respectively) and MRI-
targeted biopsy (30.9% and 8.7%, respectively) 
than for combined biopsy (14.4% and 3.5%, re-
spectively) (Fig. 4). Differences in rates of up-
grading between systematic and targeted biopsy 
were significant (P≤0.002 for all comparisons) 
(Table S5).

Figure 2. Prostate Cancer Detection According to Biopsy Method.

Shown are the total numbers and percentages of cancers that were detected by systematic biopsy, MRI-targeted bi-
opsy, and a combination of the two methods in each of the five grade groups among the 2103 patients who were in-
cluded in the primary analysis. The difference in the rates of cancer detection between systematic biopsy and MRI-
targeted biopsy were significant for grade group 1 (P<0.001), group 3 (P = 0.004), group 4 (P<0.001), and group 5 
(P = 0.003). A P value of less than 0.01 was considered to indicate statistical significance after the use of the Bonfer-
roni correction to account for the five primary grade groups. MRI-targeted biopsy led to the detection of significant-
ly more cancers than systematic biopsy in groups 3, 4, and 5. Systematic biopsy led to the detection of significantly 
more cancers than MRI-targeted biopsy in group 1. Also shown are the numbers and percentages of patients who 
received an upgraded diagnosis on the basis of the biopsy method that was used. When cancer detection rates were 
clustered in grade group 2 or higher or in grade group 3 or higher, MRI-targeted biopsy showed a higher rate of can-
cer detection than systematic biopsy. Newly detected cancers in grade group 1 were seen with the combination of 
all biopsy methods but were most pronounced with the use of systematic biopsy alone. In the combined-biopsy group, 
a new diagnosis of grade group 1 cancer (in 105 patients [5.0%]) was defined as the total number of grade group 1 
cancer diagnoses on combined biopsy (in 394 patients) minus all grade group 1 diagnoses on targeted biopsy alone 
(in 289 patients). Details regarding the statistical analysis are provided in the Supplementary Appendix.
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Downgrading to clinically insignificant can-
cer (grade group 1) on whole-mount histopatho-
logical analysis was uncommon regardless of 
biopsy method. However, such downgrading was 
most common among the patients who under-
went combined biopsy (3.7%) (Fig. 4). The differ-
ences in downgrading rates to clinically insig-
nificant disease between systematic biopsy and 
targeted biopsy were not significant (2.2% and 
2.5%, respectively; P = 1.00) (Table S5). Cross-
tabulations showing rates of cancer detection 
according to biopsy method against whole-
mount histopathological analysis are provided in 
Table S4.

Discussion

The current approach to prostate cancer diagno-
sis is characterized by a considerable degree of 
diagnostic uncertainty. This uncertainty has con-
tributed to both overtreatment and undertreat-
ment and has left the medical community uncer-
tain of the most effective method for diagnosing 
prostate cancer. With the addition of MRI-tar-
geted biopsy to systematic biopsy, we may have 
entered an era of increased diagnostic certainty 
in prostate cancer. In this study, we found that 
combined biopsy leads to an increase in the 
number of cancer diagnoses and improves the 

likelihood that the biopsy findings are predictive 
of the true pathologic nature of the patient’s 
disease. Patients who are found to have grade 
group 2 prostate cancer on combined biopsy 
have only a small chance of having clinically 
significant disease of grade group 3 or higher. 
This knowledge should reduce the risks of both 
overtreatment and undertreatment out of fear of 
misdiagnosis.

An alternative perspective may argue for the 
use of MRI-targeted biopsy alone, since it is re-
sponsible for the detection of a majority of 
clinically significant cancers, requires 12 fewer 
biopsy cores, and leads to 5% fewer diagnoses 
of clinically insignificant cancers. However, we 
found that the omission of systematic biopsy 
would lead to missing 1.9% more grade group 3 
cancers and 5.8% more grade group 2 cancers in 
our study population. More important, among 
the patients in whom prostate cancer is diag-
nosed, the use of MRI-targeted biopsy alone 
leads to high diagnostic uncertainty, since this 
method used in isolation is associated with a 
30.9% rate of any upgrading of the cancer group 
and an 8.7% rate of upgrading the cancer to a 
clinically significant grade group on whole-
mount histopathological analysis. Therefore, al-
though combined biopsy resulted in a small net 
increase in the diagnosis of indolent cancers, its 

Figure 3. Cross-Tabulation of Highest Grade Group Detected by Biopsy Method.

Shown are the numbers and percentages of the 2103 men who were included in the primary analysis in whom no 
prostate cancer was diagnosed or in whom prostate cancer was diagnosed (grade groups 1 through 5) on systematic 
biopsy or MRI-targeted biopsy. The areas that are shaded in gray indicate the men in whom systematic biopsy and 
targeted biopsy detected cancer of the same grade group. The areas that are shaded in blue indicate the men who 
were found to have a cancer in a higher grade group on MRI-targeted biopsy, and the areas that are shaded in green 
indicate the men who were found to have cancer in a higher grade group on systematic biopsy.
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high predictive value for a patient’s true patho-
logical grade group reduces the likelihood of 
misdiagnosis and should translate into decreased 
diagnostic uncertainty. With decreased diagnos-
tic uncertainty, both overtreatment and under-
treatment should be reduced.

Several earlier studies have shown that MRI-
targeted biopsy outperforms systematic biopsy in 
the diagnosis of clinically significant cancer.17,20,38 
However, few of the previous trials have shown 
whether systematic biopsy can be entirely omit-
ted17,39 and lacked a reference test against which 
to assess the various biopsy methods. Rouvière 
et al.18 assessed combined biopsy as a possible 
improvement in diagnostic method; however, 
the investigators did not routinely use MRI-tar-
geted biopsy software or 3.0-tesla MRI scanners, 
which led to some uncertainty regarding their 
conclusions. Controversy remains regarding 
whether the use of targeting software results in 
better cancer detection than cognitive fusion.18,40,41 
In addition, Rouvière et al. also lacked a refer-
ence test, such as whole-mount histopathologi-
cal analysis. Our data, which represent a sub-

stantially larger population, show improved 
cancer detection with combined biopsy and 
correlation with whole-mount histopathological 
analysis. Potentially, these data may usher in a 
new era of increased confidence in the selection 
of prostate cancer treatment on the basis of bi-
opsy results. Future research may define pre-
biopsy measures under which selected patients 
may undergo MRI-targeted biopsy only.

Our study has several strengths, including 
the enrollment of patients who had undergone 
previous biopsy and those who had not, which 
allowed for comparisons between these two 
subgroups. By design, all the patients underwent 
all available diagnostic methods, which reduced 
the possibility of selection bias. In addition, the 
definition of clinically significant cancer as 
grade group 3 or higher represents a liberal 
threshold. If grade group 2 or higher had been 
used as a threshold for clinically significant dis-
ease, combined biopsy would have resulted in 
the detection of even more clinically significant 
cancers (Table S2). Finally, this study assessed 
each diagnostic method against the standard of 

Figure 4. Downgrading and Upgrading of Cancer Grade Group after Whole-Mount Histopathological Analysis, According to Biopsy Method.

Among the 404 men who underwent radical prostatectomy, shown are the numbers and percentages of those in whom the grade group 
of prostate cancer was downgraded or upgraded after whole-mount histopathological analysis of surgical specimens according to the bi-
opsy method that was used. The areas that are shaded in blue indicate the downgrading of events from biopsy to whole-mount analysis, 
and the areas shaded in red indicate the upgrading of events. Darker colors represent more extreme levels of downgrading or upgrading. 
The lowest percentage of upgrading events was seen with combined biopsy (14.4%) and the highest with systematic biopsy (41.6%). Dif-
ferences in rates of upgrading between systematic and MRI-targeted biopsy were significant for upgrading of any grade group (P = 0.002), 
upgrading to grade group 2 or higher (P<0.001), and upgrading to grade group 3 or higher (P<0.001). The differences in rates of down-
grading were not significant for any grouping. A P value of less than 0.006 was considered to indicate statistical significance with the use 
of the Bonferroni correction to account for the eight secondary outcomes. Results of the statistical analyses are shown in Table S5.
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whole-mount histopathological analysis among 
the men who underwent radical prostatectomy.

However, our study also has several limita-
tions. It was performed at an institution where 
many practitioners were experienced in perform-
ing and interpreting prostate MRI and prostate 
histopathological analysis. These results may not 
be reproducible at institutions with less experi-
enced practitioners.42 In our study, if any MRI 
scans were incorrectly labeled as normal or ab-
normal, such errors could have led to bias. Also, 
since MRI-targeted biopsies were performed be-
fore systematic biopsies, it is possible that MRI 
information, such as hemorrhage tracks, might 
have influenced the performance of systematic 
biopsies. Furthermore, the use of one physician 
to perform the systematic biopsy and another to 
perform the MRI-directed biopsy is not repre-
sentative of actual practice patterns. The study 
focused specifically on patients with MRI-visible 
lesions, so these findings are not applicable to 
patients with normal results on prostate MRI. In 
addition, radical prostatectomy was not per-
formed in all the patients with a prostate cancer 
diagnosis, which created the possibility of selec-
tion bias in the prostatectomy cohort. All our 
patients were referrals, and the referral patterns 
of our institution may not reflect the pattern of 
disease in the community. Finally, our study was 
conducted in a single institution, a factor that 
may limit its generalizability.

Among patients with MRI-visible prostate 
lesions, the addition of MRI-targeted biopsy to 
systematic biopsy increased the detection of 
clinically significant cancers (grade group ≥3) 
and led to a net decrease in the detection of 
clinically insignificant cancers. Although many 
of these benefits resulted from MRI-targeted 
biopsy alone, omission of systematic biopsy 
would have led to missing the diagnosis of 8.8% 
of clinically significant cancers. Furthermore, 
among the patients who underwent subsequent 
radical prostatectomy, combined biopsy was as-
sociated with the lowest rate of upgrading of the 
cancer grade group between biopsy and whole-
mount histopathological analysis. Collectively, 
these findings suggest that combined biopsy 
provides improved diagnostic accuracy over ei-
ther systematic or MRI-targeted biopsy alone 
and better predicts the results of final histo-
pathological analysis.
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clinical trial registration

The Journal requires investigators to register their clinical trials  
in a public trials registry. The members of the International Committee  
of Medical Journal Editors (ICMJE) will consider most reports of clinical  

trials for publication only if the trials have been registered.  
Current information on requirements and appropriate registries  

is available at www.icmje.org/about-icmje/faqs/.
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