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Prostate needle biopsy plays a pivotal role not only in the diagnosis but also the management of patients 
with prostate cancer.  Prostate cancer is often multifocal and diagnosis of the lesion could therefore be 
difficult with diagnostic imaging only; thus, multiple core biopsies are taken from several different regions of 
the prostate.  In current practice, 10- or 12-core needle biopsy is considered the clinical standard.  Several 
techniques have been reported to improve the orientation of the specimens, but tissue marking, which 
could theoretically provide important information on the location of the lesion in the prostate, has been 
rarely reported.  Therefore, in this study, we evaluated the clinical significance of systematic 12-core needle 
biopsy with tissue marking for preoperative prediction of lesion sites and clinicopathological features of 
patients.  We evaluated 93 patients who underwent 12-core prostate biopsy and subsequent radical 
prostatectomy.  We correlated the biopsy results to the prostate sites in which biopsies were performed and 
prognostic factors of the patients, especially the degree of extraprostatic extension (EPE) obtained in 
surgical specimens.  Among 253 cancer foci detected in 93 prostatectomy specimens, 168 (66.4%) foci 
were detected by biopsy.  All patients had proven cancer.  EPE-positive cancers were associated with a 
larger number of positive cores, larger tumor length, and higher percentage of cancer tissue in the 
corresponding cores.  Systematic 12-core prostate biopsy with tissue marking is useful for preoperative 
detection of cancer foci and provides valuable information that enables effective surgical strategies.
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Introduction
The prevalence of prostate cancer has markedly 

increased in Japan over the past decades.  This increased 
incidence could be partly explained by the widely applied 
prostate-specific antigen (PSA) screening (Sonoda et al. 
2004).  Needle biopsy is the most common diagnostic 
modality for prostate cancer after serum PSA screening.  
Prostate cancers are often multifocal and, in contrast to 
other human malignancies, its diagnosis can be very chal-
lenging when only diagnostic imaging such as ultrasonog-
raphy or magnetic resonance imaging (MRI) is used.  
Therefore, prostate biopsies are taken from several regions 
of the prostate at this juncture.  Because of the diagnostic 
importance of prostate biopsy sampling, various biopsy 
procedures have been developed.  Currently, sampling by a 
10- or 12-core needle at the lateral zones is considered the 

standard practice (Eskew et al. 1997; Babaian et al. 2000).
When a histopathological diagnosis of cancer is deter-

mined by needle biopsy, treatment algorithms including 
surgical procedures are determined according to the local-
ization of the cancer, histological grade, and life expectancy 
of patients.  Most prostate cancers are acinar adenocarcino-
mas, and other types of adenocarcinoma such as ductal ade-
nocarcinoma and mucinous carcinoma are rare.  The histo-
logical grade of prostate cancer is usually reported 
according to the Gleason scoring system (Bostwick 1994).  
The Gleason score is calculated on the basis of the domi-
nant histological grades, from grade 1 (well differentiated) 
to grade 5 (poorly differentiated).  The score is derived by 
adding the two most prevalent pattern grades and is often 
indicated by its separate components (e.g., Gleason score 4 
+ 3 = 7).  Prostate needle biopsy is useful for the manage-
ment of prostate cancer and also for predicting pathological 
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features of radical prostatectomy (Bjurlin et al. 2013).  
Histopathological findings obtained by prostate core needle 
biopsy, including the number of cancer-positive cores, the 
length of the cancer, the percentage of cancer tissue in the 
cores sampled, and the Gleason score, have all been 
reported to be associated with various prognostic factors, 
including tumor size, the presence of extraprostatic exten-
sion (EPE), positive surgical margin, seminal vesicle inva-
sion, and perineural invasion (pn) (Pound et al. 1999; 
Stamey et al. 1999; Quinn et al. 2003).  However, little is 
known about the association of biopsy results with multifo-
cality and anatomical localization of prostate cancer 
(Bjurlin et al. 2013).

Tissue marking techniques for prostate biopsy speci-
mens have been reported in some studies (Terris and 
McNeal 2002; Firoozi et al. 2009).  However, in these stud-
ies, tissue markings were performed to distinguish each 
needle biopsy core, not necessarily identifying the orienta-
tion of each core, and its advantages of predicting cancer 
location was therefore rather limited.  Recently, the orienta-
tion of each biopsy core, with or without the use of tissue 
marking techniques, has been attempted, and its benefits in 
predicting a more precise location of the foci of cancer have 
been reported in the literature (Galosi et al. 2011; Yamanaka 
et al. 2013).  However, these works did not provide the 
details regarding cancer localization.  Therefore, the precise 
localization of the intraprostate sites of the cancer is pivotal 
in determining the treatment algorithm of the patients; how-
ever, no studies are available in this field.

Therefore, in this study, we examined whether the 
12-core needle biopsy with the newly developed tissue 
marking technique could enable us to identify the location, 
multifocality, and EPE of prostate cancer in a more precise 
manner compared with the results obtained from surgical 
specimens of prostate cancer.

Materials and Methods
In this study, 93 patients with prostatic acinar adenocarcinoma 

were evaluated, all of which were diagnosed by initial prostate core 
needle biopsy from 12 portions (six from the right side and six from 
the left side).  All patients subsequently received total prostatectomy 
at Tohoku University Hospital, Sendai, Japan between 2003 and 
2012.  Patients diagnosed by repeated biopsy and preoperative hor-
monal therapy and/or irradiation were excluded from the study.

In all patients, prostate needle biopsies were performed tran-
srectally using the ALOKA Pro Sound 5000 (Aloka, Tokyo, Japan) 
with a 5-MHz endocavitary probe and an 18-gauge core biopsy nee-
dle with a spring-loaded biopsy gun.  Biopsies were systematically 
sampled from 12 portions as follows: three from the medial part, two 
from the lateral part, in each of the lobes, and two from the anterior 
apical peripheral zone (Orikasa et al. 2008) (Fig. 1A).  Each biopsy 
was marked with black ink at the anterior end (opposite site of the 
rectal side) following sampling by urologists prior to fixation in 10% 
formalin.  This method makes it possible to identify cancer localiza-
tion.  Each sample was fixed in 10% buffered formalin, embedded in 
paraffin, and subsequently sectioned in 2-μm thick slices.  Tissue sec-
tions were stained with hematoxylin and eosin (HE).  HE-stained 

specimens were microscopically examined to calculate Gleason score, 
length and percentage of tumor tissue, and localization ({posterior 
[rectal (capsular) side], middle, or anterior [opposite rectal (capsular) 
side]}) of the cancer portion.

All prostatectomy specimens were fixed in 10% buffered for-
malin for 1-2 days.  Fixed specimens were also marked with ink over 
the entire surface and cut at 5-mm intervals from the apex to the base.  
These transversely resected segments were submitted for whole-
mount processing.  Cancer foci were considered different if they were 
separated by more than 5 mm in a single section or if they were 
located in a different region from the cancer lesion of the adjacent 
(above or below) section (Fig. 1B).  The histopathological features of 
each cancer lesion were individually and carefully evaluated.  The 
parameters assessed for each surgical specimen included tumor size, 
localization, Gleason score, pn, EPE, and resection margin (RM).

The detectability of foci of adenocarcinoma in biopsy speci-
mens was assessed retrospectively by comparing the histopathologi-
cal features of prostatectomy and biopsy specimens.  Individual can-
cer lesions in the prostatectomy specimens were defined as detectable 
in the biopsy (a detected cancer) if one or more biopsy cores corre-
sponding to its location were positive for cancer.  Statistical analysis 
was performed using the chi-square test.

Because one of the most important factors determining the clin-
ical stage of prostate cancer is EPE, we also evaluated whether we 
could determine the presence of EPE in the biopsy specimens in con-
junction with preoperative serum PSA levels and histological parame-
ters using univariate and multivariate logistic regression analyses.  
Histological parameters included number of positive cores, the 
Gleason score, maximum tumor length, and the maximum percentage 
of cancer tissue in the most affected core.

All statistical analyses were performed using JMP Pro version 
10.0.2 (SAS Institute Inc., Cary, NC, USA).  A P-value < 0.05 was 
considered statistically significant.

The Ethics Committee at Tohoku University School of 
Medicine approved the research protocols of this study.

Results
Table 1 summarizes the clinicopathological features of 

the 93 patients evaluated in the study.  The mean age of the 
patients was 64.2 ± 6.0 years.  The mean length of biopsy 
specimens was 15.1 ± 0.1 mm.  The mean number of can-
cer-positive biopsy cores was 3.2 ± 2.1 per patient.  The 
overall (global) Gleason score ranged from 6 to 9 and the 
number of patients for each score was as follows: score 6, 
39 (42%); score 7, 47 (51%); score 8, 5 (5%); and score 9, 
2 (2%).

In total, 253 separate adenocarcinoma lesions were 
observed in the prostatectomy specimens from the 93 
patients.  The mean number of cancer foci per patient was 
2.7 ± 1.3, and two or more different foci of adenocarcinoma 
were identified in 75 (81%) patients.  The number of cancer 
foci per patient was not correlated with patient age or PSA 
(P = 0.93 and P = 0.1, respectively; data not shown).  The 
mean maximum length of the cancer lesions was 10.1 ± 7.5 
mm.  With regard to cancer localization, 110 (44%) lesions 
were observed in the anterior region, 125 (49%) in the pos-
terior, and 18 (7%) in both the anterior and posterior 
regions.  In total, 189 (75%) lesions were observed in the 
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peripheral zone (PZ), whereas 64 (25%) were observed in 
the transitional zone (TZ).  The mean maximum length of 
the cancer lesions was 10.1 ± 7.4 mm in the PZ and 10.1 ± 
7.8 mm in the TZ, with no differences between the PZ and 
TZ lesions.  The Gleason score of individual cancer lesions 
was 6, 7, 8, and 9 in 131 (52%), 115 (45%), six (2.4%), and 
one (0.4%) patients, respectively.  The number of foci 
exhibiting EPE was 15 (6%; 14 patients), pn was 15 (6%; 
14 patients), and positive RM was 27 (11%; 24 patients).

In total, 168/253 lesions identified in the prostatec-
tomy specimens (66.4%) were detected in the biopsy speci-
mens (Table 2).  The mean maximum length of detected 
cancers was 12.4 ± 7.8 mm, which were significantly larger 
(P = 0.0011) than that of undetected cancers (5.5 ± 3.8 
mm).  The cancer detection rate was 64.5% (71/110) in the 
anterior region, 67.2% (84/125) in the posterior region, and 
72% (13/18) in both the anterior and posterior regions (P = 

0.81).  The detectability of carcinoma in the PZ was 68.3%, 
showing a slightly higher rate than the detectability of car-
cinoma in the TZ (60.9%), although no statistical signifi-
cance was detected (P = 0.28).  The mean maximum length 
of detected cancers was 12.3 ± 7.6 mm in the PZ and 13.0 ± 
8.4 mm in TZ, with no statistically significant difference.  
The number of carcinoma lesions with high Gleason scores 
(> 7) was 101 (60.1%) in detected cancers and 21 (24.7%) 
in undetected cancers (P < 0.0001).  In the detected cancers, 
the positive rate of EPE was 93% (14/15), the positive rate 
of pn was 90% (55/61), and the positive rate of RM was 
100% (27/27) (P < 0.0001, P = 0.02, P < 0.0001, respec-
tively).  One patient had an EPE-positive cancer lesion that 
had not been preoperatively detected, although the same 
patient had another EPE-positive cancer lesion that had 
been identified.

Parameters related to the preoperative prostate biopsy 
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Fig. 1.  Overview of the biopsy protocol and prostatectomy specimens.
 (A) Representative illustration of the 12-corebiopsy protocol.  Left, frontal sections; right, horizontal sections.  #1-6 cor-

respond to sextant, #7-#10 to lateral biopsies, and #11-#12 to apical anterior peripheral zone (AAPZ) biopsies.  TZ, 
transition zone; PZ, peripheral zone.

 (B) Definition of cancer detectability.  Among the three cancers illustrated in the figure, a meshed tumor was defined as 
detectable foci of carcinoma, including that on biopsy core of #7.
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correlating with the existence of EPE in the prostatectomy 
specimen included the number of cancer-positive biopsy 
cores, the mean maximum length of the biopsy core per 
cancer lesion, and the mean maximum percentage of cancer 
tissue (Table 3).  The number of positive biopsy cores was 
significantly higher in EPE-positive tumors (mean, 2.9 ± 
1.4) than in EPE-negative tumors (mean, 1.8 ± 1.4) (P = 

0.01).  The mean maximum percentage of cancer tissue 
among the corresponding biopsy cores was also signifi-
cantly higher in EPE-positive cancers (46.4 ± 26.9%) than 
in EPE-negative cancers (24.5 ± 20.6%) (P = 0.0003).  The 
mean maximum length of the biopsy cores per cancer was 
6.6 ± 3.1 mm in EPE-positive cancers and 3.5 ± 2.9 mm in 
EPE-negative cancers (P < 0.0001).  There were 15 EPE-
positive cancer lesions in the prostatectomy specimens; 
among these 14 foci of adenocarcinoma had been detected 
by the preoperative biopsy, all of which were detected in 
different patients.  One EPE-positive cancer remained unde-
tected in the preoperative biopsy; this patient was one of the 
aforementioned 14 patients, i.e., only one patient had two 
EPE-positive cancer lesions in a single prostatectomy speci-
men.  In addition, these EPE-positive lesions demonstrated 
maximum tumor length and maximum percentage of cancer 
tissue in the biopsy cores.

The histopathological features of the detected EPE-
positive cancers are summarized in Table 4.  In these 14 
cancers, the overall Gleason scores of prostatectomy speci-
mens corresponded to those of biopsy specimens.  Biopsy 
specimen parameters relevant to detection are summarized 
in Table 5.  The univariate analysis demonstrated that the 
maximum percentage of cancer tissue in affected cores was 
significantly correlated with the presence of EPE (P = 
0.022), whereas the preoperative serum PSA values, num-
ber of positive cores, Gleason score, and maximum tumor 
length were not (P = 0.25, P = 0.16, P = 0.14, P = 0.091, 
respectively).  However, no statistically significant factors 
predicting the presence of EPE were detected among any of 
the preoperative factors evaluated in this study.

Discussion
In our present study, 253 individual foci of adenocarci-

noma were detected in 93 prostatectomy specimens, with 
81% of the patients having multifocal carcinoma lesions.  
These results were consistent with those reported in previ-

Table 1.  Clinicopathological features of 93 patients.

All patients 
(n = 93)

Mean Age, yr (range) 64.2 (49-77)
Mean serum PSA (ng/m) (range) 6.3 (1.3-17.8)
Biopsy results (range) 

No. of positive core 3.2 (1-10)
Max. tumor length (mm) 4.9 (0.5-14)
Max. occupation rate (%) 33.2 (2.5-100)
Overall Gleason score (%)

6 39 (41.9)
7 47 (50.5)
8 5 (5.4)
9 2 (2.2)

Prostatectomy specimen (range)
No. of tumor/patient 2.7 (1-7)
No. of detected tumor 1.8 (1-4)
No. of undetected tumor 1.0 (0-4)
Max. length of cancer (mm) 10.5 (1-38)
Overall Gleason score (%)

6 21 (22.6)
7 68 (7.3)
8 1 (1.0)
9 3 (3.2)

RM positive 25 (26.9)
pn positive 52 (55.9)

Table 2.  Histopathological features of detected and undetected cancers.

Detected cancer
(n = 168)

Undetected cancer
(n = 85) P

Max. tumor length, mean (mm) 12.4 5.5 0.0011
Localization of tumor

ant  71 (42.3%) 39 (45.9%) 0.81
post  84 (50.0%) 41 (48.2%)
ant+post 13 (7.7%) 5 (5.9%)
PZ 129 (76.8%) 60 (70.6%) 0.28
TZ  39 (23.2%) 25 (29.4%)

Gleason score
6  67 (39.9%) 64 (75.3%) < 0.0001
7 or more 101 (60.1%) 21 (24.7%)
EPE positive 14 (8.3%) 1 (1.2%) < 0.0001
RM positive  27 (16.1%) 0 (0%) 0.02
pn positive  55 (23.7%) 6 (7.6%) < 0.0001
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ous studies (Arora et al. 2004; Cheng et al. 2005; Andreoiu 
and Cheng 2010).  Meticulous marking by black ink to 
identify the anterior and posterior side of prostate core nee-
dle biopsies, thereby identifying the anterior and posterior 

ends of the specimen, enabled precise localization of the 
cancer prior to surgery, resulting in appropriate selection of 
surgical procedures.  Thus, we could identify the precise 
intraprostatic lesion site for 66.4% (168 cancer lesions of 

Table 3.  Association of histopathological features of detected cancers with EPE.

EPE positive
(n = 14)

EPE negative
(n = 154) P

Biopsy results, mean
No. of positive cores 2.9 ± 1.4 1.8 ± 1.4 0.01
Max. %cancer (%) 46.4 ± 26.9 24.5 ± 20.6 0.0003
Max. tumor length (mm) 6.6 ± 3.1 3.5 ± 2.9 < 0.0001
Prostatectomy specimen (%)
Localization of tumor

ant 1 (7.1%)  70 (45.5%) 0.007
post 12 (85.7%)  72 (46.8%)
ant + post 1 (7.1%) 12 (7.8%)
PZ 13 (92.9%) 116 (75.3%) 0.1
TZ 1 (7.1%)  38 (24.7%)

Gleason score
6 1 (7.1%)  66 (42.9%) 0.009
7 or more 13 (92.9%)  88 (57.1%)
RM  3 (21.4%)  24 (15.6%) 0.6
pn 13 (92.9%)  48 (31.2%) < 0.0001

Table 4.  Histopathological features of EPE-positive, detected cancers (14 cases).

Gls of prostatectomy Gls of biopsy specimen Max. length of cancer (mm)

3 + 3 3 + 3 21
4 + 3 4 + 3 20
4 + 4 4 + 4 16
3 + 4 3 + 4 17
3 + 4 3 + 4 19
3 + 4 3 + 4 22
4 + 3 4 + 3 20
4 + 3 4 + 3 20
4 + 3 3 + 4 18
4 + 3 4 + 3 15
3 + 4 3 + 3 16
4 + 3 3 + 4 20
4 + 3 4 + 3 19
4 + 3 4 + 3 17

Table 5.  Predictive value of preoperative parameters for EPE.

Variables Univariate analysis
(P values)

Multivariate analysis
(P values)

Serum PSA 0.25 0.30
No. of positive cores 0.16 0.62
Max. tumor length (mm) 0.091 0.52
Max. %cancer (%) 0.022 0.14
Biopsy Gleason score 0.14 0.17
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253 total cancers) of the lesions.  This marking technique, 
although somewhat time-consuming and labor-intensive, 
may substantively contribute to optimizing the selection of 
surgical techniques for prostatectomy.  Meeks et al. (2013) 
also reported the difference in cancer detectability by 
biopsy according to the site of the cancer, in which they 
divided the prostate gland into six regions (basal, middle, 
and apex portion in each left and right lobe) and reported 
that the detection rates of carcinoma in prostate biopsies 
varied from 67% to 82% in the different regions of the 
prostate.  However, to the best of our knowledge, there have 
been no previous reports on the detection of carcinoma sites 
in prostatectomy specimens retrieved by preoperative pros-
tate biopsy.  The detection rate of the carcinoma from the 
biopsy specimens was 64%, which appeared to be relatively 
low.  We speculate that following were the reasons underly-
ing this relatively low detection rate: 1) multiple foci of 
adenocarcinoma existed in a single cutting slice, so there 
were many small cancer foci that went undetected and were 
not included in the biopsy cores; 2) conversely, a single 
cancer focus, especially large-sized lesions, could be 
detected in two or more biopsy cores.

We performed all biopsies using the transrectal 
approach, which makes it easier to detect cancers located in 
the PZ than in the TZ.  However, there were no significant 
differences in terms of preoperative detectability between 
cancers located in the PZ and the TZ in the present study, 
although a slightly higher detection rate of lesions in the PZ 
was observed.  This may be because of both the good 
detectability of TZ cancers using our biopsy methods and 
the presence of many undetected small cancers in the PZ 
region; however, further investigations are warranted for 
clarification.

In the present study, preoperative cancer detectability 
was significantly associated with the tumor size, Gleason 
score, and EPE status by prostatectomy, i.e., preoperatively 
detectable cancer lesions were significantly larger and had 
significantly higher Gleason scores and EPE positivity than 
undetectable lesions.  These results also indicated that clini-
cally important cancer lesions could be detected using our 
systematic 12-core biopsy method, and many undetected 
cancers could be of minor clinical importance.  The factor 
most significantly influencing cancer detectability was the 
size of the cancer and not the Gleason score or EPE pres-
ence.

The results of our study regarding the prediction of the 
EPE status in operative specimens were also consistent with 
those observed in previous studies, in which factors predict-
ing EPE in biopsy specimens were reported as the number 
of corresponding positive cores, maximum tumor length, 
maximum cancer-involvement percentage among corre-
sponding cores, and Gleason score (Pound et al. 1999; 
Stamey et al. 1999; Quinn et al. 2003; Ishizaki et al. 2012).  
In addition, we demonstrated a significant association of 
these parameters in the preoperative biopsy with the EPE 
status in the operated prostatectomy specimen for the first 

time using cancer site prediction methods based on the 
biopsy procedure with the marking technique.  In addition, 
we also demonstrated that the relative percentage of cancer 
tissue throughout the biopsy length was the only statisti-
cally significant factor in the univariate analysis.  This 
could be due to the relatively higher number of EPE-
positive patients included in this study compared with pre-
vious studies (Gao et al. 2000; Ohori et al. 2004; Yamanaka 
et al. 2013); however, further investigations are required for 
clarification.

This study also indicated the usefulness of cancer-site 
prediction by the biopsy procedure that included marking of 
the anterior and posterior ends of each biopsy core, as pre-
viously reported (Galosi et al. 2011; Yamanaka et al. 2013).  
Yamanaka et al. (2013) demonstrated by multivariate analy-
sis that the presence of cancer on the posterior margin of 
the biopsy core was one of the significant independent pre-
dictors for EPE.  In this study, we also demonstrated that 
the EPE-positive cancers were observed in biopsy cores 
with maximum tumor lengths and maximum cancer-
involvement percentage.  The overall predictive rate of the 
EPE status among the preoperative biopsy factors was rela-
tively low, but the possibility of the presence of EPE should 
be suspected in preoperative biopsies with the largest per-
centage of cancer tissue.  By combining cancer-site predic-
tion methods, the accurate position of the EPE-positive 
cancer can be achieved preoperatively, leading to appropri-
ate decision-making regarding the surgical technique.  
Marking with black ink as reported in this study could pro-
vide critical information and is by no means time-consum-
ing or labor intensive.

With this simple but novel marking method of surgical 
biopsy specimens, we could identify the exact intraprostatic 
location of the lesions from which biopsy specimens were 
obtained.  The biopsy method that we introduced in this 
particular study enables relevant selection of surgical pro-
cedures on an individual basis.

Conclusion
For the first time, we could compare the histopatho-

logical factors precisely between preoperative and operative 
biopsy specimens using cancer-site prediction methods and 
identified the factors associated with the EPE status.  
Cancer-site prediction by preoperative biopsies systemati-
cally obtained by 12-core needles, marking, and precise 
identification of the anterior–posterior site as well as mea-
surement of cancer volume proved clinically critical to 
selecting the appropriate operative strategy.
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