
Korean Journal of Urology
Ⓒ The Korean Urological Association, 2014 725 Korean J Urol 2014;55:725-731

http://crossmark.crossref.org/dialog/?doi=10.4111/kju.2014.55.11.725&domain=pdf&date_stamp=2014-11-16

www.kjurology.org
http://dx.doi.org/10.4111/kju.2014.55.11.725

Original Article - Urological Oncology 

What Is the Ideal Core Number for Ultrasound-Guided 
Prostate Biopsy?
Renato Caretta Chambó, Fábio Hissachi Tsuji, Flávio de Oliveira Lima1, 
Hamilto Akihissa Yamamoto2, Carlos Márcio Nóbrega de Jesus2

Graduate in Base of Surgery Program, Botucatu Medical School, Sao Paulo State University, Botucatu, Sao Paulo, Departments of 
1Pathology and 2Urology, Hospital das Clinicas, Botucatu Medical School, Sao Paulo State University, Botucatu, Sao Paulo, Brazil

Purpose: We evaluated the utility of 10-, 12-, and 16-core prostate biopsies for detecting 
prostate cancer (PCa) and correlated the results with prostate-specific antigen (PSA) 
levels, prostate volumes, Gleason scores, and detection rates of high-grade prostatic 
intraepithelial neoplasia (HGPIN) and atypical small acinar proliferation (ASAP).
Materials and Methods: A prospective controlled study was conducted in 354 consec-
utive patients with various indications for prostate biopsy. Sixteen-core biopsy speci-
mens were obtained from 351 patients. The first 10-core biopsy specimens were ob-
tained bilaterally from the base, middle third, apex, medial, and latero-lateral regions. 
Afterward, six additional punctures were performed bilaterally in the areas more later-
al to the base, middle third, and apex regions, yielding a total of 16-core biopsy 
specimens. The detection rate of carcinoma in the initial 10-core specimens was com-
pared with that in the 12- and 16-core specimens.
Results: No significant differences in the cancer detection rate were found between the 
three biopsy protocols. PCa was found in 102 patients (29.06%) using the 10-core proto-
col, in 99 patients (28.21%) using the 12-core protocol, and in 107 patients (30.48%) us-
ing the 16-core protocol (p=0.798). The 10-, 12-, and 16-core protocols were compared 
with stratified PSA levels, stratified prostate volumes, Gleason scores, and detection 
rates of HGPIN and ASAP; no significant differences were found.
Conclusions: Cancer positivity with the 10-core protocol was not significantly different 
from that with the 12- and 16-core protocols, which indicates that the 10-core protocol 
is acceptable for performing a first biopsy.

Keywords: Needle biopsy; Prostate; Prostatic neoplasms

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial 
License (http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, 
distribution, and reproduction in any medium, provided the original work is properly cited.

Article History:
received 28 May, 2014
accepted 26 September, 2014

Corresponding Author:
Renato Caretta Chambó
Graduate in Base of Surgery 
Program, Botucatu Medical 
School, Sao Paulo State 
University, Rua Sete de 
Setembro, 860, Marília, São 
Paulo, 17502020, Brazil
TEL: +55-14-34331585
FAX: +55-14-34331511
E-mail: renato.chambo@gmail.com

INTRODUCTION

Other than skin cancers, prostate cancer (PCa) is the most 
common cancer in men and the second cause of death after 
lung cancer. The estimated numbers of new cases of PCa 
and deaths in the United States in 2014 are 233,000 and 
29,480, respectively [1]. In Brazil, the number of deaths in 
2011 was 13,129, and the estimated number of new cases 
for 2014 is 68,800 [2].

Screening for PCa is accomplished by digital rectal ex-
amination (DRE) and by measuring serum prostate-specif-

ic antigen (PSA) levels. A DRE can be uncomfortable and 
is not welcomed by patients; however, this type of examina-
tion is an important screening and staging tool despite the 
disadvantages of subjectivity and interpersonal varia-
bility among examiners. The examination can aid in the de-
tection of tumors in men with low levels of PSA [3].

Transrectal ultrasound (TRUS)-guided biopsy is the 
most accepted method for diagnosing PCa, which is de-
tected in 30% to 40% of biopsy specimens [4]. This method 
did not gain popularity until the mid-1980s, when under-
standing of the anatomy of the prostate for radical prosta-
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FIG. 1. Regions where punctures were made to collect prostate 
cores: 1, right base; 2, right middle third; 3, right apex; 4, 
latero-lateral right; 5, right medial; 6, left base; 7, left middle 
third; 8, left apex; 9, latero-lateral left; 10, left medial. 

tectomy and PSA measurement stimulated enthusiasm for 
early detection of PCa [5]. With the advent of TRUS, non-
palpable nodules began to be visualized and biopsied.

Hodge et al. [6] proposed the sextant technique for PCa 
detection, which consists of the collection of six-core biopsy 
specimens targeted at the base, middle third, and apex re-
gions of the prostate in sagittal line bilaterally. Subsequent 
studies have shown that sextant biopsies yield false-neg-
ative results in 30% of cases [7].

The sextant method was modified by the inclusion of 
more lateral biopsies (the method of five regions); four frag-
ments (two on each side) of the most lateral regions and 
three from the median line were added, totaling 13 
fragments. With this technique the number of false-neg-
ative results decreased by 35% [8]. In a subsequent study, 
Presti Jr et al. [9] showed the advantages of prostate biopsy 
techniques involving a larger number of core fragments 
and including the latero-lateral regions.

In our Department of Urology at the Botucatu Medical 
School, the 10-core protocol is standard; the sextant biopsy 
protocol, extended to obtain 12 cores during the first biopsy, 
is used at the Brazilian Society of Urology.

The aim of this study was to compare PCa detection in 
prostate biopsy specimens between the 10-core protocol 
(protocol of Botucatu Medical School) and the 12-core (used 
at the Brazilian Society of Urology) and 16-core (overall to-
tal) protocols. The number of cores collected during pros-
tate biopsy was also compared with stratified PSA levels, 
stratified prostate volumes, Gleason scores, and detection 
rates of high-grade prostatic intraepithelial neoplasia 
(HGPIN) and atypical small acinar proliferation (ASAP). 

MATERIALS AND METHODS

The current prospective controlled study was conducted from 
January 2011 to February 2012 at the Department of Urology, 
Botucatu Medical School, Sao Paulo State University, after 
approval by the Research Ethics Committee.

The criteria for inclusion in the study were as follows: 
DRE results suggestive of neoplasia, elevated PSA (＞4.0 
ng/mL in men older than 55 years and ＞2.5 ng/mL in men 
younger than 55 years), a PSA density ＞0.15 ng/mL, and 
an annual increase in the rate of PSA levels ＞0.75 ng/mL. 
Carriers of coagulopathies, individuals with urinary tract 
infections (whether diagnosed at the time of biopsy or dur-
ing treatment), and individuals who refused to provide in-
formed written consent were excluded from the study.

Consecutive patients (n=354) were recruited for the 
study; however, three of these patients were excluded: two 
for not consenting to participate in the study (did not sign 
the consent form) and another because they underwent 
sextant biopsy as a result of an unfavorable medical 
condition. The patient's medical records were reviewed, 
and variables such as age, race, serum total PSA (current 
and previous), free PSA, free PSA/total PSA, and biopsy in-
dication were analyzed.

The biopsy was performed on an outpatient basis in a 

room equipped with all material necessary for emergency 
intervention. Sedation and anesthesia were achieved by 
using 50-mcg fentanyl citrate and 5-mg midazolam. The bi-
opsies were performed by two experienced urologists.

On the morning of the procedure, a rectal enema (250 mL) 
was performed, and antibiotic prophylaxis was achieved 
with the oral administration of 500-mg ciprofloxacin 2 
hours prior to the procedure and again 8 hours afterward. 
The procedure was performed while the patient was in the 
left lateral position with the thighs flexed. The procedure 
was performed by using Dornier TRUS equipment with a 
6.5-MHz multiplanar probe, an auto-fire gun, and an 18-gauge 
needle.

Initially 10 punctures were performed, yielding core 
specimens from the following regions of the prostate bi-
laterally: base, middle third, apex, medial (transitional 
zone), and latero-lateral. After these specimens were col-
lected, six additional punctures were performed bilaterally 
in the same specimens in the more lateral regions of the 
base, middle third, and apex (Fig. 1).

A positive diagnosis of PCa was compared between the 
10-core protocol (base, middle third, apex, medial [transi-
tional zone] and latero-lateral, bilaterally) and the 12-core 
(base, middle third, apex, and more lateral regions of the 
base, middle third, and apex, bilaterally) and 16-core 
(overall total) protocols (Fig. 2). Tumor detection with the 
10-, 12-, and 16-core protocols was correlated with PSA lev-
els, prostate volumes, Gleason scores, and detection rates 
of HGPIN and ASAP.

Data were collected and recorded on an Excel spread-
sheet and analyzed by using SAS 9.2 (SAS Institute Inc., 
Cary, NC, USA). Results for age, PSA level, and prostate 
volume are expressed as means and standard deviations. 
Qualitative variables are expressed as frequencies and 
percentages. Chi-square and Fisher exact tests were used 
to evaluate differences between the variables; the sig-
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FIG. 2. Biopsy protocols: Protocol of Botucatu Medical School with 10 cores (A) - Protocol of Brazilian Society of Urology with 12 cores 
(B) - Overall total with 16 cores (C). 1, right base; 2, right middle third; 3, right apex; 4, latero-lateral right; 5, right medial; 6, left base; 
7, left middle third; 8, left apex; 9, latero-lateral left; 10, left medial: 11, right base; 12, right middle third; 13, right apex; 14, left base; 
15, left middle third; and 16, left apex.

TABLE 1. Characteristics of patients undergoing prostate biopsy 
according to age, prostate-specific antigen level, prostate 
volume, and race

    Characteristic No. Mean±SD Median (range)

Age (y)
PSA (ng/mL)
Prostate volume (mL)
Race, n (%)

White
Black
Yellow

351
351
351

279 (79.49)
  69 (19.66)

  3 (0.85)

66±8.66
25±174.47
47±26.27

67 (43–89)
  7 (0.39–2,585)
42 (10–224)

SD, standard deviation; PSA, prostate-specific antigen.

FIG. 3. Percentage of cancer positivity by the number of core 
biopsy specimens collected. p=0.79.

nificance level was set at 5%. The prevalence of PCa diag-
nosis, with 90% power, was determined by using a one-sid-
ed hypothesis test and a significance level of 5%.

RESULTS

A total of 351 consecutive patients underwent TRUS-guid-
ed prostate biopsy with 16-core fragments. Mean age, total 
PSA level, prostate volume, and race are shown in Table 1. 
Four patients had PSA levels ＞100 ng/mL (137, 198, 2,000, 
and 2,585 ng/mL)−greater than the mean and standard 
deviation.

Most patients (68.81%) had a high PSA level, 13.11% had 
an abnormal DRE result, 12.25% had an association be-
tween a high PSA and the presence of a nodule or an abnor-
mal DRE result, and 5.83% had an increased PSA velocity. 
Results of the DRE performed before prostate biopsy were 
abnormal in 93 patients (26.50%) and were normal in 258 
patients (73.50%) (T1c). Examination of the prostate by 
TRUS, before the prostate biopsy, detected hypoechoic 
nodules in 98 of the patients (27.92%).

PCa positivity in prostate biopsy specimens, by the num-
ber and location of the biopsy cores, is shown in Fig. 3. The 

cancer detection rate was not significantly different be-
tween the three biopsy protocols. PCa was detected in 102 
patients (29.06%) with the 10-core protocol, in 99 patients 
(28.21%) with the 12-core protocol, and in 107 patients 
(30.48%) with the 16-core protocol (p=0.79).

The PSA level was stratified as 0 to 2.5, 2.6 to 4.0, 4.1 to 
10.0, and ＞10.0 ng/mL, and prostate volume was stratified 
as ≤20, 20 to 50, and ＞50 cm3. PCa positivity in the pros-
tate biopsy specimens in relation to stratified PSA levels 
(ng/mL), stratified prostate volumes (cm3), and number of 
core biopsy specimens is shown in Table 2. Elevated PSA 
levels were associated with greater PCa positivity, espe-
cially when levels were ＞10.0 ng/mL. In two patients with 
a PSA level ＜2.0 ng/mL, PCa was detected on biopsy. A 
comparison of PSA levels with the number of core biopsy 
specimens showed no significant differences, nor did a com-
parison of prostate volumes with the number of core biopsy 
specimens. PCa detection rates were greatest at prostate 
volumes between 20 and 50 cm3 and were lower at prostate 
volumes ＞50 cm3.

Correlations between tumor Gleason scores, number of 
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TABLE 2. Cancer detection rates with prostate biopsies in 
relation to stratified prostate-specific antigen level, stratified 
prostate volume, and number of core biopsies

Variable 10 Cores 12 Cores 16 Cores p-value

PSA (ng/mL)
0–2.5
2.6–4.0
4.1–10.0
＞10.0

Prostate 
volume (mL)
≤20
20–50
＞50

  1 (0.28)
  6 (1.71)

  42 (11.96)
  53 (15.10)

15 (4.27)
  68 (19.37)
19 (5.41)

  2 (0.57)
  6 (1.71)

  39 (11.11)
  52 (14.81)

16 (4.56)
  65 (18.52)

18 (5.13)

  2 (0.57)
  7 (2.00)

  45 (12.82)
  53 (15.10)

17 (4.84)
  70 (19.94)

20 (5.70)

0.42
0.58
0.24
0.38

0.61
0.45
0.31

Values are presented as number (%).

prostate biopsy specimens, and PSA values are shown in 
Table 3. Most patients had tumors with a Gleason score of 
7 followed by a Gleason score of 6, and few patients had a 
Gleason score of 8 or 9. No significant differences in cancer 
detection rates with the three biopsy protocols were found 
in relation to Gleason scores and PSA values. The detection 
rates of ASAP and HGPIN in patients with negative biopsy 
results were stratified according to the three biopsy proto-
cols and PSA values (Table 4). No statistically significant 
differences were found in the detection of ASAP and 
HGPIN in relation to the number (10, 12, or 16) of cores 
collected.

DISCUSSION

PCa is an insidious neoplasm, and, as with any other malig-
nancy, early detection is important. The introduction of se-
rum PSA screening for PCa was a major breakthrough in 
the early diagnosis of the disease, which allows for the de-
tection of subclinical malignancies. The development of 
treatments such as radical prostatectomy has led to perma-
nent cure in a large number of patients or to an improved 
life expectancy.

TRUS-guided prostate biopsy has been the standard 
method for diagnosing PCa, but there is no consensus about 
the exact number of fragments to be collected. Several stud-
ies have attempted to define this number. Initially, Hodge 
et al. [6] proposed the sextant technique; however, sub-
sequent studies have shown that sextant biopsies yield 
false-negative results in 30% of cases. Eskew et al. [8], in 
a study of 119 patients, added five more core specimens to 
the sextant biopsy, which improved the cancer detection 
rate by 35%. Levine et al. [7] added six more core specimens 
to the sextant biopsy, which resulted in the detection of an 
additional 30% of cancer cases. However, Naughton et al. 
[10], in a prospective randomized study of 244 patients, 
found that the 6- and 12-core protocols yielded similar can-
cer positivity: 26% and 27%, respectively (p=0.9). Presti Jr 
et al. [9] reported that sextant biopsies failed to detect PCa 
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TABLE 4. Detection rates of high-grade prostatic intraepithelial neoplasia and ASAP in patients with negative biopsy results in 
relation to stratified prostate-specific levels and the number of core biopsies

         PSA
Detection ASAP Detection HGPIN

10 Cores 12 Cores 16 Cores p-value 10 Cores 12 Cores 16 Cores p-value

0–2.5
2.6–4.0
4.1–10.0
＞10.0
Total

0 (0)
     4 (1.14)
   14 (3.99)
     4 (1.14)
   22 (6.26)

0 (0)
     2 (0.57)
   16 (4.56)
     2 (0.57)
   20 (5.70)

0 (0)
     4 (1.14)
   17 (4.84)
     4 (1.14)
   25 (7.12)

0.26
0.32
0.44
0.52

1 (0.28)
1 (0.28)
5 (1.42)
2 (0.57)
9 (2.54)

      0 (0)
      1 (0.28)
      6 (1.71)
      2 (0.57)
      9 (2.54)

  1 (0.28)
  1 (0.28)
  6 (1.71)
  2 (0.57)
10 (2.85)

0.17

0.23

0.55

Values are presented as number (%).
ASAP, atypical small acinar proliferation; HGPIN, high-grade prostatic intraepithelial neoplasia.

in 20% of 483 patients as compared with the 8- and 10-core 
protocols collected from lateral regions.

Presti Jr [11] reviewed available studies that analyzed 
various biopsy protocols and suggested that an initial biop-
sy should include a minimum of 12 cores (extended biopsy), 
with special attention to the lateral regions of the prostate. 
In our study, PCa detection rates with the 10-, 12-, and 
16-core protocols were 29.06%, 28.21%, and 30.48%, re-
spectively (p=0.79). No statistically significant differences 
in PCa detection rates were found between these three 
protocols.

The saturation biopsies with more than 20 cores were 
proposed for patients with multiple previous negative biop-
sy results. However, it is worth noting that the false-neg-
ative rate of saturation biopsy was reported to be similar 
to that found in patients who underwent traditional initial 
extended biopsy [12]. Jones et al. [13], in a study of 226 pa-
tients, reported that PCa positivity rates were 44.6% and 
51.7%, respectively (p＞0.9), with a saturation biopsy con-
sisting of 24 cores compared with 10 cores. Pepe and 
Aragona [14] compared saturation biopsies (24–37 cores) 
with 18- and 12-core protocols; the detection rates of PCa 
on initial biopsy were 46.9%, 49% (p=0.6), and 39.8% (p=0 3), 
respectively. However, on second and third rebiopsies, the 
saturation biopsy had a higher detection rate than did the 
18-core biopsy: 22% versus 10.9% (p=0.003) and 6.2% ver-
sus 0%, respectively. Nomikos et al. [15], in a retrospective 
study, compared 24-core and 10-core protocols; PCa detec-
tion rates were 34.55% and 39.09%, respectively (p=0.43). 
However, the study by Ceylan et al. [16] showed a benefit 
of saturation biopsy. In a group of 1,120 patients, 8-, 10-, 
12-, 16-, and 20-core protocols yielded cancer detection 
rates of 18.3%, 14.8%, 24%, 22.1%, and 30.3%, respectively 
(p=0.008).

According to the literature reviewed, the sextant biopsy 
yields false-negative results in 30% of cases and should not 
be used. Saturation biopsy as initial biopsy does not appear 
to be more effective at diagnosing PCa than does extended 
biopsy. In summary, extended biopsy is indicated for the 
first biopsy and saturation biopsy may be indicated for 
rebiopsies.

Establishing a cutoff value for PSA aims to ensure greater 
diagnostic accuracy. Published data show that high-grade 

tumors may be found in patients with a PSA level as low 
as ＜4.0 ng/mL, which led to a reduction in the cutoff value 
to 2.5 ng/mL in some guidelines, especially for younger 
men, i.e., ＜60 years [17]. Physicians should evaluate PSA 
cutoff values for each patient individually to allow the diag-
nosis of aggressive tumors without increasing the diag-
nosis of indolent tumors.

The higher the PSA level, the greater the PCa positivity 
rate (especially when ＞10 ng/mL), which was also evi-
denced in other studies [15,18]. In two patients with a PSA 
level ＜2.0 ng/mL, PCa was detected on biopsy. The in-
dication for biopsy was the presence of prostatic nodules de-
tected on DRE, which indicated that this type of examina-
tion may reveal tumors in men with a low PSA level [3]. In 
other studies also, no statistically significant differences 
were found between PSA levels by the number of cores 
[15,16,18].

The number of cores required to diagnose PCa in relation 
to the size of the prostate is not yet defined. Many studies 
have shown that the greater the number of cores collected 
in larger prostates, the greater the PCa detection rate 
[16,18,19]. The Vienna nomogram was developed to define 
an appropriate number of prostate biopsy cores to improve 
the detection of PCa based on the age of the patient and the 
prostate volume. Remzi et al. [20] showed that the de-
tection rate of PCa with the Vienna nomogram was 36.7% 
compared with 22% on first biopsy in the control group of 
eight cores. However, Lecuona and Heyns [21], in a pro-
spective controlled clinical trial, suggested that there was 
no significant advantage to using the Vienna nomogram to 
determine the number of prostate biopsies to be performed 
compared with the control group of eight fragments. In our 
study, we found no statistically significant differences in 
cancer detection rates when we compared prostate vol-
umes with the number of cores collected (10, 12, and 16). 
PCa positivity in prostates ＞50 cm3 was lower when com-
pared with prostates between 20 and 50 cm3. It remains 
doubtful whether more than 16 core fragments could in-
crease the cancer positivity rate in prostates ＞50 cm3.

The correlation between Gleason scores and the biopsy 
protocol and PSA values in other studies also showed no sig-
nificant differences in tumor detection rates [15,22]. Mian 
et al. [23] studied 426 patients, 221 of whom had undergone 
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sextant biopsy and 205 saturation biopsy before radical 
prostatectomy. The sextant biopsy had a lower concor-
dance rate with Gleason scores than did the saturation bi-
opsy when compared with Gleason scores with radical 
prostatectomy. Other studies have also shown that the in-
crease in the number of cores collected improves the con-
cordance rate between Gleason scores with prostate biopsy 
and radical prostatectomy [24]. In our study, the correla-
tion of prostate biopsy Gleason scores with radical prosta-
tectomy Gleason scores was not evaluated.

Few studies have addressed the influence of increasing 
the number of fragments in prostate biopsy on the detection 
rates of HGPIN and ASAP. Ploussard et al. [25] published 
a study in which HGPIN and ASAP were detected in 35.7% 
of cases by sextant biopsy, in 28.6% of cases with 6 addi-
tional cores (total of 12 cores), and in 35.7% of cases with 
21 cores. Epstein and Potter [26] also showed no relation-
ship between the number of cores collected during prostate 
biopsy and the incidence of HGPIN and ASAP. Nomikos et 
al. [15], in a retrospective study involving patients with a 
PSA level ＜10 ng/mL, reported that a 24-core prostate bi-
opsy protocol increased the detection rate of HGPIN by 20% 
(p=0.0008) compared with a 10-core protocol. In our study, 
no statistically significant difference was found in the de-
tection rates of ASAP and HGPIN in relation to the number 
of core fragments (10, 12, or 16) collected. The detection 
rates of ASAP and HGPIN were approximately 6% and 
2.5%, respectively, consistent with the literature [27].

In our study, we collected cores bilaterally in the medial, 
transitional zone. The detection rate was low (1.8%). 
Corroborating the data of Pelzer et al. [28], we found that 
it did not improve the cancer detection rate, and there is 
currently no requirement to collect cores from the transi-
tional zone. In our sample of 351 patients, only 1 patient 
(0.28%) would have remained undiagnosed with PCa if 
cores from the transitional zone were not collected.

Considering the data presented, we concluded that the 
protocol with 10 cores on first biopsy is sufficient to obtain 
a high positivity rate (29.06%) as compared with protocols 
with more cores. The most important fact is that additional 
biopsies should capture more lateral regions of the 
prostate. In the current study, extended biopsies of addi-
tional lateral tissue increased the PCa detection rate by 
20% compared with the sextant biopsy. Thus, we observed 
that the number of lateral biopsies collected is more im-
portant than the total number of biopsies collected. Indeed, 
biopsies of the transitional zone did not increase the PCa 
detection rate. However, it is clear from the literature that 
a greater number of biopsies is required to yield higher de-
tection rates with rebiopsies (extended or saturation biop-
sies). We also propose a modification to the biopsy protocol 
used at the Botucatu Medical School, i.e., collect 10 cores, 
do not collect the 2 medial cores, and collect more lateral 
cores (base, middle third, apex and two latero-lateral, bi-
laterally).

Furthermore, we must consider that increasing the 
number of biopsy specimens collected increases the dura-

tion of the procedure and, consequently, the discomfort of 
patients, especially when analgesia is induced with local 
anesthetics, which is the most commonly used method. 
However, the number of biopsy specimens collected is not 
as important when using intravenous sedation and an-
algesia, as is performed when it is necessary to obtain a 
large number of fragments [29]. However, collection of a 
greater number of fragments could be a risk factor for com-
plications after biopsy. de Jesus et al. [30] reported that the 
collection of more than eight fragments increases the like-
lihood of infectious complications.

CONCLUSIONS

Cancer positivity with the 10-core protocol was not sig-
nificantly different from that with the 12- and 16-core pro-
tocols, which indicates that the 10-core protocol is accept-
able for performing a first biopsy.
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