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Amaç: Rektal prostat muayenesi normal olan ve Prostat spesifik antijen (PSA) yüksekliği nedeniyle transrektal ultrason eşliğinde iğne biyopsisi 
(TRUS-BX) yapılan hastalarda kor uzunluğunun prostat kanseri yakalama üzerindeki etkisini araştırmak.
Gereç ve Yöntem: Mart 2002 ile Nisan 2015 arasında TRUS-BX yapılan 3520 hastanın verileri retrospektif olarak analiz edildi. Rektal prostat 
muayenesi normal olan ve TRUS’da lezyonu olan 1627 hasta çalışmaya dahil edildi. Ortalama kor uzunluğu (OKU), toplam kor uzunluğunun alınan 
kor sayısına bölünmesiyle elde edildi. Yaş, PSA, prostat volümü, ortalama kor uzunluğu ve kor sayısının (10-12 kor) kanser yakalama üzerine etkisi 
araştırıldı.
Bulgular: Ortalama hasta yaşı, PSA ve prostat volümü sırasıyla 62,3±7,9 yıl, 9,1±7,8 ng/mL, 55,8±21 mL idi ve 394 (%24,2) hastada kanser bulundu. 
Ortalama OKU, 12,7±1,7 (4,3-21,5) mm olarak bulundu. 1068 (%65,6) hastadan 10 kor, 559 (%34,4) hastadan 12 kor biyopsi yapıldığı görüldü. 
Yüksek yaş, PSA, ortalama kor uzunluğu, kor sayısı ve volümü ile kanser yakalama oranı arasında tek değişkenli analizde anlamlı ilişki bulundu. 
(p<0,001, p<0,001, p=0,006 p=0,043 ve p<0,001; sırasıyla). Çok değişkenli analizde artan yaş, PSA, ortalama kor uzunluğu, kor sayısı ve azalan 

Öz

Objective: To reveal the significance of core length in current primary transrectal ultrasound-guided prostate biopsy (TRUS-PB) in patients with 
normal digital rectal examination.
Materials and Methods: Data of 3520 patients, who received TRUS-PB between March 2002 and April 2015, were reviewed retrospectively. A total 
of 1627 primary biopsy patients with a normal digital examination and with no lesion in TRUS were included in the study. The mean core length was 
found by dividing the sum of the total core lengths by the core number. The relationships of cancer detection rate (CDR) with age, Prostate-specific 
antigen (PSA) value, prostate volume, number of cores (10 or 12 cores) and mean core length were investigated. 
Results: The mean patient age, PSA and prostate volume were 62.3±7.9 years, 9.1±7.8 ng/mL and 55.8±21 mL, respectively. Cancer was diagnosed 
in 394 patients (24.2%). The mean core length was 12.7±1.7 (4.3-21.5) mm. Ten- and 12- core biopsies were performed in 1068 (65.6%), and 559 
(34.4%) patients, respectively. Older age, PSA, mean core length, number of cores and reduced prostate volume were found to be associated with 
CDR (p<0.001, p<0.001, p=0.006 p=0.043, and p<0.001, respectively). In the multivariate analysis, age, PSA, prostate volume, mean core length, and 
number of cores were found to be independent factors in CDR (p<0.001, p<0.001, p<0.001, p=0.006 and p=0.009, respectively). 
Conclusion: Age, PSA, prostate volume, and number of cores, together with core length, are independent risk factors for cancer detection in TRUS-
PB.
Keywords: Biopsy, Prostate cancer, Transrectal core biopsy 

Abstract

What’s known on the subject? and What does the study add?

The core length is a significant quality indicator of Bx, since it may define better sampling of prostate. However, there is still no cut-off value. 
Moreover, studies have involved heterogeneous patient groups, and have not focused on the patients with isolated PSA elevation.
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Introduction

Transrectal ultrasound (TRUS)-guided prostate biopsy (PB) 
is currently the most valuable diagnostic tool for prostate 
cancer diagnosis. The cancer detection rate (CDR) ranges from 
20% to 40% with the first PB (1). CDR depends on patient-
related factors, such as patient age, prostate-specific antigen 
(PSA) level, prostate volume, as well as number of cores and 
transportation mode of the pathology specimens. Besides, the 
experience of the urologist and pathologist has paramount 
importance (2,3,4,5). Recently, a number of studies on core 
length have remarkably increased. Core length is a significant 
quality indicator of PB, since it may define better sampling 
of the prostate (2,3). However, there is still no cut-off value. 
Moreover, studies have involved heterogeneous patient groups, 
and have not focused on patients with isolated PSA elevation. 
In this study, patient-related parameters, such as age, PSA level 
and prostate volume were investigated together with the effect 
of core length on CDR in patients with isolated PSA undergoing 
TRUS-PB.

Materials and Methods

Ethics Statement 

The Institutional Review Board of Hacettepe University 
Hospital approved this study (approval number: GO 18/746-
06). The need for informed consent from patients was waived 
by the Institutional Review Board because this study was a 
retrospective analysis. The records and information of patients 
were anonymized and de-identified prior to analysis.

Patient Population

Data of 3520 patients who had undergone TRUS-PB between 
March 2002 and April 2015 were retrospectively investigated. 
Patients with an abnormal digital rectal examination (DRE) or 
with TRUS lesions were excluded. The data of 1627 primary 
biopsy patients with isolated PSA elevation were investigated.

TRUS-guided Biopsy and Pathologic Examination 

All patients were subjected to antibiotic prophylaxis before the 
procedure. The same US device (BK US®) and 18-gauge biopsy 
gun (Pro-Mag™) were used in all patients. Prostate volume 
was calculated by measuring three dimensions of the prostate 
in all patients. Before performing the biopsy, all patients were 
administered periprostatic nerve block by using 2% prilocaine. 

Ten- or 12-core biopsies were taken in the lateral decubitus 
position. All biopsies were separately placed into the tubes 
containing 10% formaldehyde, and they were sent to the 
laboratory to be examined by the uropathologists, together 
with the records of the location of the biopsy. The tissues 
were analyzed by uropathologists; the measurements and 
pathological results of all cores were written in the pathology 
report.

Examination of Factors

Age, PSA level, number, and length of all biopsied cores were 
recorded for all patients. Patients with atypical small acinar 
proliferation (ASAP) and high-grade prostatic intraepithelial 
neoplasia (HGPIN) were not included in the cancer group. The 
mean core length was calculated by dividing the sum of core 
lengths by the number of cores. The relationships between age, 
PSA level, prostate volume, mean core length, and core number 
were analyzed in patients in whom cancer was detected. The 
mean core length at the base, mid and apex of the prostate were 
compared. Also, the relationship between each core length and 
CDR was investigated.

Statistical Analysis

All the analyses were done by using the SPSS version 23.0 (IBM 
Corp. Released 2015. IBM SPSS Statistics for Windows, version 
23.0. Armonk, NY: IBM Corp.). Student’s t-test and analysis of 
variance (ANOVA) were used for normally distributed variables, 
while the Mann-Whitney U test was used for non-normally 
distributed variables. Chi-square test was used to evaluate the 
categorical variables. In multivariate analysis, binary logistic 
regression analysis was used together with receiver operating 
characteristic (ROC) analysis to obtain the cut-off value. A p 
value of less than 0.05 was considered statistically significant 
in all analyses.

Results

A total of 1627 primary biopsy patients with a normal digital 
examination and with no lesion in TRUS were included in 
the study. The mean patient age, PSA level, and prostate 
volume were 62.3±7.9 years, 9.1±7.8 ng/mL and 55.8±21 mL, 
respectively. Cancer was detected in 394 patients (24.2%). The 
calculated mean core length was 12.7±1.7 (range: 4.3-21.5) 
mm. 10- and 12-core biopsies were performed in 1068 (65.6%), 
and 559 (34.4%) patients, respectively. 

prostat volümü kanser yakalamak için bağımsız değişkenler olarak görüldü (p<0,001, p<0,001, p=0,006, p=0,009, p<0,001; sırasıyla).
Sonuç: İzole PSA yüksekliği nedeniyle TRUS-BX yapılan hastalarda yaş, PSA, prostat volümü, kor sayısı ile birlikte kor uzunluğu da kanser yakalama 
oranını bağımsız olarak artırmaktadır.
Anahtar Kelimeler: Biyopsi, Kor uzunluğu, Prostat kanseri
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Univariate analysis revealed that patients with cancer had older 
age, higher PSA level and higher mean core length (p<0.001, 
p<0.001 and p=0.006, respectively), whereas smaller mean 
prostate volume (p<0.001). The 12-core group had a significantly 
higher CDR compared to the 10-core group (p=0.043) (Table 1). 
Multivariate analysis revealed that age, PSA level, mean core 
length, prostate volume and number of cores were found to 
be independent factors in the CDR (p<0.001, p<0.001, p=0.006, 
p<0.001 and p=0.009, respectively) (Table 2). 

Cancer was detected in 1.723 of 17.388 cores (7.6%). The 
mean core length was 12.80±3.2 (1-35) mm. The mean length 
of the cores with and without cancer was 13.46±3.1 mm and 
12.73±3.2 mm, respectively (p<0.001). When the ROC analysis 
was performed, the threshold value was determined to be 13 
mm with 55.5% sensitivity and 50.7% specificity (AUC: 0.555, 
p<0.001) (Figure 1). 

The core lengths were compared regarding the base, mid, and 
apex locations. It was found that the core length at the base 
was significantly higher compared to that at the mid and apex 
(p<0.001, p<0.001, respectively) and the core length at the mid-
prostate was higher than at the apex (p<0.001). The lengths 
of the cores at the base, mid and apex of the prostate were 
determined to be higher in the group with cancer (p=0.014 
p=0.046 and p=0.016, respectively) (Table 3).

Discussion

TRUS-PB has an obvious role in the diagnosis of prostate cancer 
and has continued to increase its diagnostic efficacy in recent 
years as well. Systematic sextant PB procedure was introduced 
to clinical use in 1989 and has been improved over the years. 
One of the most important steps in increasing CDR was 
increasing the number of biopsy cores shown by many authors 
(4,6). Similarly, others demonstrated a significant increase in 
CDR by laterally directed cores (7,8).

There were some debates about how many core biopsies should 
be obtained until recent years, biopsy up to the 10-12 cores 
became standard since it significantly increased the CDR without 
increasing side effects. Although there were no significant 
differences regarding the CDR between 12-core, 18-core, and 
24-core biopsy methods, the side effects were increased with 
the increasing number of cores (9). In our study, the CDR was 
significantly higher in the systematic 12-core biopsy compared 
to the 10-core biopsy.

Another important issue is sampling of all prostatic regions 
equally. In particular, the transperineal approach comes to 
the forefront regarding the sampling of the apex (10,11). The 
efficacy of the transperineal approach in detecting prostate 
cancer compared to the transrectal approach is another debate. 
Some studies revealed increased CDR without increasing 
complications by transperineal whereas others demonstrated 
similar CDR and complication rates (12,13,14). Although office-
based transperineal PB with epidural anesthesia is an important 
diagnostic method, the transrectal approach maintains its 
place as an important diagnostic method due to ease of its use 
together with the current experience of urologists. 

Figure 1. Receiver operating characteristic analysis curve of cancer detection 
with core lengths of 17.146 cores, AUC: 0.555 (p<0.001)

Table 1. The results of univariate analysis of the variables 
(age, Prostate-specific antigen level, prostate volume, cores, 
and core length)

Cancer No cancer p

Age, year (mean ± SD) 65.4±7.3 61.3±8.7 <0.01*
PSA, ng/mL (mean ± SD) 11.3±10.8 8.3±6.4 <0.01**
Volume, mL (mean ± SD) 58.5±20 46.9±21.3 <0.01**
Mean core length, mm 
(mean ± SD)

12.96±1.5 12.64±1.8 0.006**

Core number

10 cores 22.7% 77.3%

0.043***

12 cores 27.2% 72.8%

PSA: Prostate-specific antigen, *t-test, **Mann-Whitney U test, ***Chi-square test, 

Table 2. The results of multivariate analysis of parameters in 
detecting prostate cancer
Parameters p Odds Ratio (OR) 95% CI

Age, year <0.001 1.049 1.04-1.08

PSA, ng/mL <0.001 1.105 1.07-1.13

Volume, mL <0.001 0.937 0.92-0.94

Core length, mm  0.006 1.116 1.03-1.20

Core number, 12 cores  0.009 1.210 1.04-1.39

PSA: Prostate-specific antigen, CI: Confidence interval
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The optimum sampling of the prostatic apex is an important 
issue since urologists may face some difficulties in performing 
ideally. Iczkowski et al. (15) showed that the cores from the 
prostatic base and the mid had higher core lengths compared 
to the apex, and the core length was a significant variable for 
CDR at the apex. They also identified that the longest cores 
were caught from the base and the shortest from the apex. We 
suggest that the most probable reason for obtaining shorter 
cores from the apex is technical difficulties. Urologists need to 
be more cautious to sample apex better. 

In our study, PSA was found to be an independent variable 
increasing CDR. Moreover, patients with smaller prostate had 
cancer more commonly. A possible explanation is our exclusion 
criteria; patients with a palpable nodule were excluded in 
our study, only patients with an elevated PSA were included. 
Increased PSA value per unit tissue and increased sampling ratio 
to the total prostate volume might explain increased CDR in 
smaller size prostates.

Core length is a significant parameter regarding the quality 
of PB. The importance of core length in CDR is controversial 
and there is insufficient data in studies (16,17,18). In a study 
including 3.479 patients, the core length in patients diagnosed 
with and without cancer was not different (16.1±1.8 vs. 16.1±1.9 
mm, respectively, p=0.945), (5). The authors suggested that this 
result might be due to the core lengths being so close to each 
other. Moreover, in the same study, when the core number was 
also considered to have no effect on CDR, it might be suggested 
that the inclusion of abnormal digital rectal examination (DRE) 
findings and suspicious lesion on TRUS in the patient population 
might also be a cause.

The cut-off value for the core length in cancer detection was 
11.9 mm in a series involving 331 patients (17). The cancer 
rates in patients with the core lengths below and above this 
value were 23% and 39%, respectively. On the other hand, the 
researchers found that upgrading was increased in patients with 
short core lengths when they compared the core length to the 
final pathologies of the patients who had undergone radical 
prostatectomy (18). In our study, the core length in patients with 
cancer was significantly higher than in patients without cancer. 
In multivariate analysis, higher core length was independently 
associated with CDR. In our study, to make a more homogenous 

patient cohort, the patients with abnormal DRE findings and 
patients with TRUS lesions were excluded.

In our study, the cut-off value was found to be 13 mm by 
evaluating 17.388 cores. The sensitivity and specificity were 
55.5% and 50.7%, respectively. The sensitivity and specificity 
may be thought not high values, but increasing core length 
or core number will not increase the CDR in prostates without 
cancer. If we consider that most of the patients and cores did 
not have cancer in this study, the absence of cancer in the long 
cores obtained from these areas may hide the importance of 
the increased core length and CDR in cancerous locations of 
cancerous prostates. Another important point is ignorance 
of important parameters such as PSA level and age during a 
core-based evaluation. For example, when a patient with a low 
PSA level was compared to another patient with a high PSA 
level, both having similar core lengths, the mean core length 
measured for each patient can be a more significant parameter. 
We suggest that increased core length, together with an 
increased number of cores, will enhance the biopsy quality by 
allowing sampling of the prostate more efficiently.

The most significant limitation of this study was its retrospective 
design. Conducting the study in a research hospital, physicians 
having different levels of biopsy experience and a study period 
of 13 years can be considered other limitations of the study. 
To involve patients with ASAP and HGPIN in the study is a 
limitation; however, these two parameters did not take place 
in our data. The absence of biopsy complications in the present 
data has prevented the investigation of the relationship between 
the effects of cancer detection and the complications.

Conclusion

Increased age, PSA level, and reduced prostate volume, together 
with increased core length, are independent factors for detecting 
cancer in patients undergoing TRUS-PB due to isolated PSA 
elevation. Increased core length is an essential parameter of 
biopsy quality by increasing the CDR.

Ethics 

Ethics Committee Approval: The Institutional Review Board 
of Hacettepe University Hospital approved this study (approval 
number: GO 18/746-06). 

Table 3. Comparison of total core length of base, mid, and apex, cancerous and noncancerous localizations

Parameters
Site

Base  p Mid p Apex p

Cancer
Absent, mm 13 (1-25) 0.014* 12(1-25) 0.046* 11 (1-24) 0.016*

Present, mm 14 (2-25) 13 (2-24) 12 (9-22)

Mean core length, mm 13.3±3 <0.001** 12.8±3.1 <0.001** 11.8±3.5 <0.001**

*ANOVA, **Mann-Whitney U test
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