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Abstract
Background: Although prostate biopsy is an accepted option for cancer detection, there is little data regarding the clinical outcome of 18-core
transrectal ultrasound (TRUS)-guided biopsy. This retrospective study compared cancer detection rates and biopsy complications between 12-
and 18-core TRUS biopsy in Asian patients with prostate-specific antigen (PSA) levels between 4.0 and 20.0 ng/mL.
Methods: In total, 1120 consecutive patients with PSA levels between 4.0 and 20.0 ng/mL were divided into the 12-core (552 patients) and 18-
core TRUS biopsy (568 patients) groups. The clinical outcomes of the 12- and 18-core TRUS-biopsy groups were compared. Clinical outcomes
were evaluated by comparing the prostate cancer detection rates and post-biopsy complication rates.
Results: There were no significant group differences in the PSA levels, but the mean age was significantly older in the 12-core biopsy group than
in the 18-core biopsy group (mean age, 67.0 vs. 64.0 years, respectively; p ¼ 0.001). The abnormal digital rectal examination rate was higher in
the 12-core biopsy group than in the 18-core biopsy group (39.9% vs. 24.5%, respectively; p < 0.001). The prostate cancer detection rate was
significantly higher in the 18-core group than in the 12-core group [adjusted odds ratio: 2.75, 95% confidence interval ¼ 2.04e3.01; p < 0.001],
especially in patients with age � 50 years, PSA < 10 and cancer clinical stage cT1. ( p < 0.001). Moreover, in patients with prostate volumes
>30 mL or PSA densities <0.2, the prostate cancer detection rate was significantly higher in the 18-core group than in the 12-core group. There
were no differences in the complication rates (e.g., urinary retention, hematuria, urinary tract infection, and urosepsis).
Conclusion: In Asian patients with serum PSA levels between 4.0 and 20.0 ng/mL, 18-core biopsy was associated with superior clinical out-
comes to those of 12-core biopsy for detecting prostate cancer.
Copyright © 2018, the Chinese Medical Association. Published by Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

In 1989, Hodge et al. first proposed the ultrasound-guided
sextant method for prostate biopsy, with a true-positive rate
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of 20%e30% and a false-negative rate of 15%e35%.1 This
six-core biopsy method has long been recognized as inadequate
for cancer detection because it overlooks 15%e30% of un-
derlying cancer.2e4 In 1995, Stamey et al., after analyzing the
histological cuts of radical prostatectomies, observed that the
higher tumor volume was in the peripheral zone more lateral to
the sextant plane and recommended shifting biopsies more
laterally to better sample the anterior horn of the peripheral
zone.5 Ploussard et al. compared cancer detection rates (CDRs)
and found that the 12-core procedure improved the CDR by
19.4% ( p ¼ 0.004) relative to that of the sextant approach.6,7
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Fig. 1. Flowchart of patients at different time periods enrolled for analysis.

PSA ¼ prostate-specific antigen. TRUS ¼ transrectal ultrasound.
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Currently, the extended 12-core systemic biopsy that in-
corporates apical and far-lateral cores in the template distri-
bution is recommended by the American Urological
Association (AUA).8 Initially, we followed the 12-core biopsy
method suggested by the AUA, but only an approximately
17.6% CDR was found in our clinical practice. The benefits of
increasing the number of cores from 12 to 18 have not been
consistently demonstrated across studies.9,10 Although the
benefit of 18-core biopsy was more evident in a randomized
controlled trial study by Francisco et al., the trial was limited
by the small study sample, which prompted us to investigate
the problem further by incorporating more study groups and to
modify the 18-core biopsy method to use a more lateral site
sampling than that used in the 12-core biopsy method.9,10

The most widely accepted indication for prostate biopsy is
a prostate-specific antigen (PSA) value of >4.0 ng/mL.11e16

For PSA levels from 4.0 to 10.0 ng/mL, the positive predic-
tive value has been found to be approximately 25%17; this
increases from 42% to 64% for PSA levels >10 ng/mL.17

Based on the preceding cited study,17 the inclusion criteria
in the present study were patients with PSA levels from 4 to
20 ng/mL to exclude mostly normal or abnormal population
groups.

This retrospective study aimed to investigate the differences
in clinical outcomes between 12- and 18-core biopsy. An
increased number of biopsy cores may improve CDRs, but the
risk of detection of insignificant prostate cancer (PCa) may
also be elevated. Additionally, because of the concerns about
the safety of the 18-core procedure, we also compared the
complication rates between the two groups. This is the first
study to specifically investigate the use of 18-core biopsy in
Asian patients with serum PSA levels from 4.0 to 20.0 ng/mL.

2. Methods

From our institutional review board-approved prostate bi-
opsy database, we reviewed 1120 patients with serum PSA
concentrations from 4.0 to 20.0 ng/mL who underwent initial
transrectal ultrasound (TRUS)-guided needle biopsies at our
hospital during an approximately 5-year study period (January
2009eDecember 2014). From 2009 to 2012, most patients
underwent a 12-core biopsy (six cores from the peripheral
zone (PZ) and six cores from the parasagittal zone), and from
2012 to 2014, most patients underwent 18-core TRUS biopsy
(eight cores from the PZ and 10 cores from the parasagittal
zone). The study design designated the major core group in
each period and excluded patients with PSA values <4 and
>20 ng/mL. For example, from 2009 to 2011, a total of 1433
patients underwent TRUS-biopsy; of these, 720 patients un-
derwent the 12-core method, which accounts for the most part
(50.2%). We excluded patients without PSA within 4e20 ng/
mL; a total of 552 patients represented this cohort. Fig. 1 il-
lustrates a diagram summarizing our study protocol.

One day before the procedure, the patients were given a
cleansing enema and prophylactic parenteral fluoroquinolone
antibiotic. The antibiotic was administered for 1 day pre-
procedure. The biopsy protocol included an ultrasound-
guided prostate examination to detect hypoechoic areas. We
used a multifrequency (5e10 MHz) biplanar side-fire probe on
a BK Medical instrument (Flex Focus 1202; BK Medical,
Germany) to obtain axial and sagittal images. Prostate and
transition zone (TZ) volumes were calculated by using the
formula for a prostate ellipsoid, (transverse width � transverse
length � longitudinal height � 0.52). PSA density was
calculated by dividing PSA by prostate volume. All patients
were placed in the left lateral decubitus position with knee and
hips flexed 90� and were administered general intravenous
anesthesia. In all patients, biopsy sites were identified by using
a biplane probe; samples were obtained by using an 18-gauge
needle with a spring-loaded biopsy gun. As an example, the
right parasagittal sample distribution in a patient from the 18-
core group is shown in Fig. 2.

The Gleason grading system is used to help evaluate the
prognosis of men with prostate cancer by using samples from
a prostate biopsy. The total score was calculated on the basis
of how the cells looked under a microscope, with half of the
score based on the appearance of the most common cell
morphology (scored 1e5) and the other half based on the
appearance of the highest-grade cell morphology (scored
1e5). These two numbers were then combined to produce a
total score for the cancer.18

Insignificant PCa was defined according to the Epstein
criteria14: PSA density (PSAD) �0.15 ng/mL/g, Gleason score
�6, fewer than three positive cores, and <50% cancer
involvement in any core; significant PCa was defined as that
with a Gleason score of �8.19

Adverse events were graded according to the National
Cancer Institute Common Toxicity Criteria version 4.0. He-
maturia Grade III was defined as gross hematuria requiring
transfusion, medication, or hospitalization and for which
elective endoscopic, radiologic, or operative intervention was
indicated and/or when it limited the patient's self-care activ-
ities of daily living. Grade II urinary retention was defined as
urinary retention for which the placement of a urinary,
suprapubic, or intermittent catheter was indicated or for which



Fig. 2. Sampling sites in 12- and 18-core prostate biopsy.
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the administration of medication was indicated. Urinary tract
infection complication is defined as a disease characterized by
an infectious process involving the urinary tract, most
commonly the bladder and the urethra.
2.1. Statistical analysis
Table 1

Characteristics of patients in the 12- and 18-core biopsy groups.

12 core (n ¼ 552) 18 core (n ¼ 568) p

Median IQR Median IQR

Age 67.00 (60.00e74.00) 64.00 (59.00e71.00) 0.001**

PSA (ng/ml) 7.72 (5.97e11.00) 7.46 (5.82e10.83) 0.239

PSA density

(ng/ml/cc)

0.17 (0.12e0.26) 0.16 (0.11e0.23) 0.006**

F-PSA 1.16 (0.81e1.63) 1.15 (0.83e1.65) 0.963

Prostate volume

(ml)

45.65 (33.75e61.22) 48.80 (35.20e66.00) 0.011*

TZ 30.80 (20.80e41.30) 45.00 (35.15e89.85) 0.021*

Abnormal DRE

(n, %)a
220 (39.9%) 139 (24.5%) <0.001**

F-PSA, % 0.20 (0.16e0.31) 0.19 (0.16e0.27) 0.576

F ¼ free; PSA ¼ prostate specific antigen; TZ ¼ transition zone;

DRE ¼ digital rectal examination.

*p < 0.05, **p < 0.01.
a Chi-square test.
The differences in distributions between the 12-core group
and 18-core group were examined by using an independent t-
test for continuous variables and the chi-square test for cate-
gorical variables. The associations between the PCa detection
rates and the 12-core and 18-core groups were assessed by
using an adjusted odds ratio (aOR) and 95% confidence in-
terval (CI) with logistic regression. Analyses were performed
by using the Statistical Package for the Social Sciences (IBM
SPSS version 22.0; International Business Machines Corp,
New York, USA) for data management and statistical analyses.
A p value of �0.05 was considered as indicating statistical
significance. Statistical bias was corrected, and Software G
power 3.1.3. (Heinrich-Heine-Universit€at Düsseldorf, Düssel-
dorf, Germany) was used to compute effect sizes and to
graphically display the results of power analyses.

3. Results

The patient characteristics of the two core biopsy groups are
listed in Table 1. Compared with the patients in the 18-core
biopsy group, those in the 12-core biopsy group had (a) a
higher mean age (67.0 vs. 64.0 years, p ¼ 0.001), (b) a higher
PSAD (0.17 vs. 0.16 ng/mL/cc, p ¼ 0.006), (c) a lower prostate
volume (45.6 vs. 48.8 mL, p ¼ 0.011), and (d) a higher
abnormal digital rectal examination (DRE) rate (39.9% vs.
24.5%, p < 0.001) (Table 1). No 5a-reductase inhibitor or
androgen deprivation therapies were used in any of the patients.

Overall, 552 and 568 patients were divided into the 12- and
18-core biopsy groups, respectively, and cancer was detected in
97 and 188 patients in the 12-core and 18-core biopsy groups,
respectively. The PCa detection rate was significantly higher in
the 18-core biopsy group than in the 12-core biopsy group
(33.1% vs. 17.6%; aOR: 2.75; 95% CI ¼ 2.04e3.01;
p < 0.001). The power was calculated as 1.00 according to the
core number data by using software G power 3.1.3. For the



Table 2

Comparison of age, PSA, PSA density, prostate volume, and clinical stage in

12- and 18-core biopsy-positive patients.

Variables 12 core (n ¼ 97) 18 core (n ¼ 188) p

n % n %

Age (years)

<50 0 0% 10 100.0% e
�50 97 35.3% 178 64.73% <0.001**

PSA (ng/ml)

4e9.9 56 30.11% 130 69.89% <0.001**
10e20 41 42.71% 55 57.29% 0.153

PSA density (ng/ml/cc)

<0.2 37 24.20% 116 75.80% <0.001**
�0.2 60 45.50% 72 54.50% 0.296

Prostate volume (ml)

�30 32 47.80% 35 52.20% 0.714

>30 65 29.80% 153 70.20% <0.001**
Clinical state

T1 41 23.03% 137 76.97% <0.001**
T2 53 53.00% 47 47.00% 0.549

T3-4 3 42.86% 4 57.14% 0.705

PSA ¼ prostate-specific antigen.

Chi-square test. *p < 0.05, **p < 0.01.

Table 3

Comparison of the percentages of different prostate cancer grades between

patients who underwent 12-core and 18-core biopsy.

12 core (n ¼ 552) 18 core (n ¼ 568) p

n % n %

Gleason score

�6 58 10.51% 73 12.85% 0.190

7 26 4.71% 59 10.39% <0.001**
8 7 1.27% 21 3.70% 0.008

9-10 6 1.09% 35 6.16% <0.001**
Group

ASAP 13 2.40% 10 1.80% 0.532

HGPIN 11 2.00% 7 1.20% 0.346

Group
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patients who were positively diagnosed as having PCa, the
prostate volume was significantly smaller (<30 vs. �30 mL;
aOR: 0.59; 95% CI ¼ 0.39e0.89; p < 0.012). In the patients
who were positively identified as having PCa, the PSAD was
significantly higher (�0.2 vs. <0.2; aOR: 1.41; 95%
CI ¼ 1.02e1.95; p ¼ 0.039). Fig. 3 shows the positive core
sites in the 12- and 18-core biopsy groups; there was no sig-
nificant difference in the positive core sites between the groups.

Comparison of age, PSA, PSA density, prostate volume,
and clinical stage in 12- and 18-core biopsy-positive patients
revealed that the cancer detection rate was significantly higher
with 18-core biopsy than with 12-core biopsy, especially in
patients with age �50 years, PSA <10 and cancer clinical
stage cT1. ( p < 0.001) (Table 2). Among patients with pros-
tate volumes >30 mL, cancer was detected in 65 (29.8%) and
153 (70.2%) patients from the 12-core and 18-core biopsy
groups, respectively ( p < 0.001, chi-square test) (Table 2). We
also found that for the patients with PSADs <0.2, cancer was
detected in 37 (24.2%) and 112 (75.8%) patients from the 12-
core and 18-core biopsy groups, respectively ( p ¼ 0.001, chi-
square test) (Table 2).

The percentages of patients with different PCa grades are
shown in Table 3. These data show that there were no higher
rates of insignificant cancer according to the Epstein criteria,
atypical small acinar proliferation, or high-grade prostatic
intraepithelial neoplasia. The 18-core biopsy increased the
detection of both higher-grade PCa (Gleason score 7, Gleason
score 8, and Gleason score 9e10) and significant PCa (Glea-
son score �8) (9.9% vs. 2.4%; p < 0.001)

Regarding adverse events, no significant difference in
complication rates (such as urinary retention or urosepsis) was
found between the two groups. Only one patient who under-
went 18-core biopsy developed severe urosepsis and died
because of multiple organ failure. This 51-year-old patient had
a history of hypertension and gout and presented with high
fever and irritable consciousness 1 day after the biopsy pro-
cedure. Dyspnea and desaturation developed, and the patient
received intubation with ventilator support. The disease pro-
gressed due to sepsis, and acute renal failure occurred
following which hemodialysis was performed. He died 10
days after the biopsy procedure due to multiple organ failure,
including adult respiratory distress syndrome (ARDS), renal
failure, and heart failure. Final blood and urine culture yielded
bacteria with extended-spectrum b-lactamases (Table 4).

4. Discussion

Patients in the 12-core group were older, had a larger
PSAD, a lower prostate volume, and a higher abnormal DRE
Fig. 3. The positive core sites in 12- and 18-core biopsies.
rate than those in the patients in the 18-core biopsy group.
Because of the differences in the basic patient data, we con-
sulted with a statistical specialist to correct for bias in inter-
preting the results. In the adjusted data, the 18-core biopsy still
demonstrated a better cancer detection rate than that of the 12-
core biopsy. Other demographic features, such as PSA, F-PSA,
and the cancer detection rate in TZ biopsy, were not signifi-
cantly different between the groups. Detection of PCa was
significantly better in the 18-core group, specifically in pa-
tients with prostate volume >30 mL or PSAD <0.220,21 than in
the 12-core group.

According to the National Comprehensive Cancer Network
guideline, insignificant PCa mostly can be treated with active
surveillance or observation; however, high-grade PCa or
Insignificant PCa 16 2.90% 30 5.30% 0.039*

Significant PCa (GS � 8) 13 2.40% 56 9.90% <0.001**

Chi-square test. *p < 0.05, **p < 0.01.

ASAP ¼ atypical small acinar proliferation; GS ¼ Gleason score;

HGPIN ¼ High-Grade Prostatic Intraepithelial Neoplasia; PCa ¼ prostate

cancer.

Insignificant prostate cancer: Prostate-specific density (PSAD) � 0.15 ng/mL

per gram, Gleason score (GS) � 6, fewer than three positive cores and <50%
cancer involvement in any core.



Table 4

Comparison of complication grades between 12-core and 18-core biopsy.

Variables 12 core (n ¼ 552) 18 core (n ¼ 568) p

n (%) n (%)

Urinary retention (Grade II) 4 (0.7%) 7 (1.2%) 0.389

Hematuria (Grade III) 8 (1.4%) 10 (1.8%) 0.679

UTI 3 (0.5%) 5 (0.9%) 0.503

Urosepsis 0 (0.0%) 1 (0.2%) 0.324

Mortality 0 (0.0%) 1 (0.2%) 0.324

UTI ¼ urinary tract infection.

Chi-square test.
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significant PCa mostly needs to be treated with radical pros-
tatectomy, radiotherapy, or hormone therapy. Consequently,
higher CDR in high-grade PCa or significant PCa may prompt
early interventional therapy.

We predicted the possibility of insignificant PCa in this
study by using the Epstein criteria22 and compared the insig-
nificant CDRs between the 12-core and 18-core biopsy groups.
Our data showed that the insignificant cancer detection rate
was not higher in the 18-core biopsy group than in the 12-core
biopsy group. There was no evidence that 18-core biopsy
clinically elevated insignificant cancer detection. Yasuhide
et al.23 and Li et al.24 also reported that the insignificant cancer
detection rate was not higher in the extended biopsy group.
However, Francisco et al.10 reported that although there was
no statistically significant difference in detection rates, clini-
cally insignificant PCa was diagnosed more often in their
extended biopsy group (5.9% vs 14.3%, p ¼ 0.38); therefore,
the risk of detecting clinically insignificant PCa should not be
neglected when using extended biopsy.

Our study also found a higher detection rate for higher-
grade PCa (Gleason score 7, 8, and 9e10) and significant
PCa (9.9% vs 2.4%, p < 0.001) in the 18-core group than in
the 12-core group. Li et al.24,25 reported that an increase to
�20 prostate biopsy samples to achieve saturation increased
the detection rate of clinically significant PCa, but there was
no statistically significant difference in the detection of higher-
grade cancer. All of these studies have concluded that
increasing the number of biopsy cores significantly increased
PCa detection rates. Although there have been few other
relevant studies to determine if an increased number of biopsy
cores can improve detection rates for higher-grade PCa or
significant PCa, our study provides evidence that 18-core
Table 5

Comparison of previously published evaluations of different core biopsy numbers

Number of patients Core numbers

Abd et al.30 1546 12 8

Jean et al.31 269 12 8

Rochester et al.32 244 15 12

Vincenzo et al.9 3460 18 12 No

Zhang Feng-bo et al.29 252 24 14

Francisco et al.10 150 18 12

Irani et al.33 339 20 12

Li et al.24 3776 �20 10e14

Yasuhide et al.23 332 16 12 No (slightly

Present study 1120 18 12 Yes

BMI ¼ body mass index; DRE ¼ Digital rectal examination; PSAD ¼ prostate-sp
biopsy can improve the detection rate for significant PCa
without increasing that of insignificant PCa.

We also found no between-group differences in terms of
complication rates (e.g., hematuria, urinary retention, or sepsis)
in our study. The results were consistent with those of previous
studies.10,23 In our case, one patient experienced complications
due to sepsis involving multiple organ failure, including
pneumonia complicated with ARDS, renal failure, and heart
failure. Therefore, further study is warranted to determine
whether prostate biopsy will increase mortality rate. Gallina
et al.26 reported a large, population-based study evaluating
mortality in men undergoing prostate biopsy between 1989 and
2000 in Canada. A higher, overall 120-day mortality rate was
observed in 22,175 patients who underwent biopsy compared
with the 1778 controls (1.3% vs. 0.3%, respectively;
p < 0.001). Multivariable analysis revealed that increasing age
and comorbidity were independent predictors of mortality. Two
other reports involving large study groups from the European
Randomized Study of Screening for Prostate Cancer (ERSPC)
and the Prostate, Lung, Colorectal and Ovarian Cancer
Screening (PLCO) screening trials reported contrasting results.
The 120-day mortality rate among screen-positive patients
undergoing prostate biopsy was similar to that of screen-
negative patients in the ERSPC and lower than that of
screen-negative patients in the PLCO study.26

Although the optimum number of cores for prostate biopsy
remains unclear,27,28 many studies have shown that extended
prostate biopsies are superior to 12-core protocols for detecting
PCa. For example, consistent with our present results, Yasuhide
et al.23 and Li et al.24 reported that an increase in the number of
prostate biopsy cores would increase PCa detection rates.23,24,29

A randomized study reported by Francisco et al.15 also supported
that extending the sampling protocol from 12 to 18 cores at
initial prostate biopsy improved the CDRs (Table 5).

On the other hand, Vincenzo et al.9 in 2008 conducted a study
similar to ours (comparing 12 and 18 prostate biopsy cores) but
arrived at the opposite conclusion (Table 5).9,30e32 This
discrepancy in results could be related to sampling at the same
position in other studies rather than extending the biopsy core to
different sites, as we did in our study. The biopsy location,
particularly including the PZ, is therefore more important than
the number of biopsies taken (Fig. 4, Table 6).9,10 In a random-
ized multicenter study, Irani et al.33 reported that there was no
and their associated cancer detection rates.

Higher detection rate Risk for prostate cancer

No Age, BMI

No N/A

No N/A

Yes (V > 50 mL) N/A

Yes N/A

Yes N/A

No N/A

Yes (PSA < 10) N/A

higher) Yes (V > 30 mL, PSAD < 0.2) N/A

Yes (V > 30 mL, PSAD < 0.2) PSAD, Volume, Abnormal DRE

ecific antigen density; V ¼ prostate volume.



Table 6

Comparison of previous publications that evaluated increased biopsy sampling from 12 to 18 cores.

Vincenzo et al.9 Francisco et al.10 Present study

Number of patients 3460 150 1120

Age, years 12 core 18 core 12 core 18 core 12 core 18 core

65.9 ± 7.7 65.3 ± 7.2 64.5 ± 7.26 65.08 ± 6.82 66.72 ± 10.21 65.06 ± 9.30

PSA (ng/mL) 12 core 18 core 12 core 18 core 12 core 18 core

7.12 ± 2.8 7.07 ± 2.7 8.89 ± 3.83 8.40 ± 3.60 8.86 ± 3.75 8.65 ± 3.75

Study design retrospective randomized trial retrospective

Cancer detection rate 12 core 18 core 12 core 18 core 12 core 18 core

38.4% 39.9% 30.7% 48% 17.6% 33.1%

Increased detection? No Yes (V > 55 mL) Yes Yes Yes (V > 30 mL,

PSAD < 0.2)

Biopsy location same different different

PSA ¼ prostate-specific antigen; PSAD ¼ prostate-specific antigen density; V ¼ prostate volume.

Fig. 4. Comparison of previous publication findings that evaluated increased biopsy sampling from 12 to 18 cores.
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significant advantage in using an extended 20-core biopsy pro-
tocol instead of a 12-core protocol during an initial prostate bi-
opsy, but they also stated that no group was superior to the other
and that their findings did not necessarily mean that a 12-core
biopsy was inferior to the 20-core biopsy with respect to the
cancer detection rate; the results could have been caused by low
statistical power.

Our study had several limitations that should be addressed.
In particular, this was a retrospective non-randomized study,
and the choices of 12-core or 18-core biopsy were based on
the investigating physicians' discretion, which led to some
substantial differences (i.e., younger age and larger prostate
volume in the 18-core group and higher abnormal DRE rate in
the 12-core group) between the two groups. Therefore, a
multicenter, large-scale, prospective, randomized trial of 18-
core biopsy will be of higher scientific value. Nonetheless,
to the best of our knowledge, this was the first reported study
to focus specifically on 18-core biopsy in Asian population.
Our study demonstrated a better cancer detection rate than that
of 12-core biopsy. Despite the study limitations, the study
provides evidence that an 18-core biopsy is as safe as a 12-
core biopsy.

In conclusion, the clinical outcomes of 18-core biopsy for
detecting PCa in Asian patients with serum PSA levels from
4.0 to 20.0 ng/mL were found to be superior to those of 12-
core biopsy. However, larger scale, randomized controlled
trials are warranted to confirm the efficacy and safety of 18-
core PCa biopsy.

References

1. Hodge KK, McNeal JE, Terris M, Ritenour CW, Petros JA, Marshall FF,

et al. Random systematic versus directed ultrasound guided transrectal

core biopsies of the prostate. J Urol 1989;142:71e4.

2. Norberg M, Egevad L, Holmberg L, Sparen P, Norlen BJ, Busch C. The

sextant protocol for ultrasound-guided core biopsies of the prostate un-

derestimates the presence of cancer. Urology 1997;50:562e6.

3. Presti Jr JC, Chang JJ, Bhargava V, Shinohara K. The optimal systematic

prostate biopsy scheme should include 8 rather than 6 biopsies: results of a

prospective clinical trial. J Urol 2000;163:163e6.

4. Eskew LA, Bare RL, McCullough DL. Systematic 5 region prostate bi-

opsy is superior to sextant method for diagnosing carcinoma of the

prostate. J Urol 1997;157:199e203.

5. Stamey TA. Making the most out of six systematic sextant biopsies.

Urology 1996;45:2e12.

6. Ploussard G, Nicolaiew N, Marchand C, Terry S, Vacherot F,

Vordos D, et al. Prospective evaluation of an extended 21-core biopsy

scheme as initial prostate cancer diagnostic strategy. Eur Urol 2014;

65:154e61.

7. Guichard G, Larre S, Gallina A, Lazar A, Faucon H, Chemama S, et al.

Extended 21-sample needle biopsy protocol for diagnosis of prostate

cancer in 1000 consecutive patients. Eur Urol 2007;52:430e5.

8. Bjurlin MA, Carter HB, Schellhammer P, Cookson MS, Gomella LG,

Troyer D, et al. Optimization of initial prostate biopsy in clinical practice:

sampling, labeling and specimen processing. J Urol 2013;189:2039e46.

9. Scattoni V, Roscigno M, Raber M, Deh�o F, Maga T, Zanoni M, et al.

Initial extended transrectal prostate biopsydare more prostate cancers

detected with 18 cores than with 12 cores? J Urol 2008;179:1327e31.

10. Rodríguez-Covarrubias F, Gonz�alez-Ramírez A, Aguilar-Davidov B,

Castillejos-Molina R, Sotomayor M, Feria-Bernal G. Extended sampling

at first biopsy improves cancer detection rate: results of a prospective,
randomized trial comparing 12 versus 18-core prostate biopsy. J Urol

2011;185:2132e6.

11. Matlaga BR, Eskew LA, McCullough DL. Prostate biopsy: indications

and technique. J Urol 2003;169:12e9.

12. Ukimura O, Coleman JA, de la Taille A, Emberton M, Epstein JI,

Freedland SJ, et al. Contemporary role of systematic prostate biopsies:

indications, techniques, and implications for patient care. Eur Urol 2013;

63:214e30.
13. Coley CM, Barry MJ, Fleming C, Mulley AG. Early detection of

prostate cancer. Part I: prior probability and effectiveness of tests.

The American College of Physicians. Ann Intern Med 1997;126:

394e406.
14. Schr€oder FH, van der Cruijsen-Koeter I, de Koning HJ, Vis AN,

Hoedemaeker RF, Kranse R, et al. Prostate cancer detection at low

prostate specific antigen. J Urol 2000;163:806e12.

15. Brawer MK, Chetner MP, Beatie J, Buchner DM, Vessella RL, Lange PH.

Screening for prostatic carcinoma with prostate specific antigen. J Urol

1992;147:841e5.

16. Thompson IM, Pauler DK, Goodman PJ, Tangen CM, Lucia MS,

Parnes HL, et al. Prevalence of prostate cancer among men with a

prostate-specific antigen level < or ¼4.0 ng per milliliter. N Engl J Med

2004;350:2239e46.

17. Catalona WJ, Richie JP, Ahmann FR, Hudson MA, Scardino PT,

Flanigan RC, et al. Comparison of digital rectal examination and serum

prostate specific antigen in the early detection of prostate cancer: re-

sults of a multicenter clinical trial of 6,630 men. J Urol 2017;197:

S200e7.
18. Epstein JI. Pathology of prostatic neoplasia. In: Wein AJ, editor. Text

book of Campbell-Walsh urology. 11th ed. Canada: Elsevier; 2016.

p. 2594.

19. Sonn GA, Chang E, Natarajan S, Margolis DJ, Macairan M, Lieu P, et al.

Value of targeted prostate biopsy using magnetic resonanceeultrasound

fusion in men with prior negative biopsy and elevated prostate-specific

antigen. Eur Urol 2014;65:809e15.
20. Yokomizo Y, Miyoshi Y, Nakaigawa N, Makiyama K, Ogawa T, Yao M,

et al. Free PSA/total PSA ratio increases the detection rate of prostate

cancer in twelve-core biopsy. Urol Int 2009;82:280e5.

21. Chen CS, Wang SS, Li JR, Cheng CL, Yang CR, Chen WM, et al. PSA

density as a better predictor of prostate cancer than percent-free PSA in a

repeat biopsy. J Chin Med Assoc 2011;74:552e5.

22. Epstein JI, Walsh PC, Carmichael M, Brendler CB. Pathologic and clin-

ical findings to predict tumor extent of nonpalpable (stage T1c) prostate

cancer. JAMA 1994;271:368e74.

23. Miyoshi Y, Furuya M, Teranishi J, Noguchi K, Uemura H, Yokomizo Y,

et al. Comparison of 12- and 16-core prostate biopsy in Japanese patients

with serum prostate-specific antigen level of 4.0-20.0 ng/mL. Urol J 2014;

11:1609e14.

24. Li YH, Elshafei A, Li J, Gong M, Susan L, Fareed K, Jones JS. Transrectal

saturation technique may improve cancer detection as an initial prostate

biopsy strategy in men with prostate-specific antigen <10 ng/mL. Eur

Urol 2014;65:1178e83.

25. Li YH, Elshafei A, Li J, Hatem A, Zippe CD, Fareed K, et al. Potential

benefit of transrectal saturation prostate biopsy as an initial biopsy strat-

egy: decreased likelihood of finding significant cancer on future biopsy.

J Urol 2014;83:714e8.

26. Borghesi M, Ahmed H, Nam R, Schaeffer E, Schiavina R, Taneja S, et al.

Complications after systematic, random, and image-guided prostate bi-

opsy. Eur Urol 2017;71:353e65.

27. Isbarn H, Briganti A, De Visschere PJ, Fütterer JJ, Ghadjar P,
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