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Abstract

Introduction: Prostate biopsies incur the risk of being false-nega-
tive and this risk has not yet been evaluated for 12-core prostate
biopsy. We calculated the false-negative rate of 12-core prostate
biopsy and determined the patient characteristics which might
affect detection rate.

Methods: We included 90 prostate cancer patients (mean age of
64, range: 49-77) diagnosed with transrectal ultrasound guided
12-core prostate biopsy between December 2005 and April 2008.
All patients underwent radical retropubic prostatectomy and the
12-core prostate biopsy procedure was repeated on surgical speci-
men ex-vivo. Results of preoperative and postoperative prostate
biopsies were compared. We analyzed the influence of patient age,
prostate weight, serum prostate-specific antigen (PSA) level, free/
total PSA ratio, PSA density and Gleason score on detection rate.
Results: In 67.8% of patients, prostate cancer was detected with
repeated ex-vivo biopsies using the same mapping postoperative-
ly. We found an increase in PSA level, PSA density and biopsy
Gleason score; patient age, decreases in prostate weight and free/
total PSA ratio yielded higher detection rates. All cores, except
the left-lateral cores, showed mild-moderate or moderate internal
consistency. Preoperative in-vivo biopsy Gleason scores remained
the same, decreased and increased in 43.3%, 8.9% and 47.8% of
patients, respectively, on final specimen pathology.

Conclusions: The detection rate of prostate cancer with 12-core
biopsy in patients (all of whom had prostate cancer) was consider-
ably low. Effectively, repeat biopsies can still be negative despite
the patient’s reality of having prostate cancer. The detection rate is
higher if 12-core biopsies are repeated in younger patients, patients
with high PSA levels, PSA density and Gleason scores, in addition
in patients with smaller prostates, lower free/total PSA ratios.

Introduction

The most accurate way to detect cancer cells inside the
prostate gland is the surgical removal and histopathological
examination of the entire gland. As this approach is clini-

cally inapplicable to each patient with suspicious findings,
prostate biopsy is accepted as the best diagnostic technique
to detect prostate cancer. Indeed, the introduction of tran-
srectal ultrasound (TRUS)-guided systematic sextant biopsy
method by Hodge and colleagues in 1989 revolutionized
the early diagnosis of prostate cancer.! However, there are
two shortcomings of this technique. Firstly, the amount of
tissue sampled during prostate biopsy is limited and can-
cer cells can be missed. Secondly, the way prostate biopsy
accurately diagnoses prostate cancer is unclear and various
prostate biopsy regimens were introduced to optimize the
detection rate.>* Presumably, the most extensive and inva-
sive regimens had better detection rates, compared to biopsy
regimens with less biopsy cores. These regimens are intro-
duced as “gold” standards, despite the inherent sampling
error of needle-directed biopsies and false negative results.

The purpose of this study was to calculate the false nega-
tive rate of the 12-core prostate biopsy and correlate it to
patient characteristics which might have affected this rate.
In addition, we evaluated the internal consistency of the
results of each core sampled ex-vivo and in-vivo.

Methods

diagnosed with TRUS-guided 12-core prostate biopsy due
to elevated prostate-specific antigen (PSA) level or palpable
nodule between December 2005 and April 2008. The biopsy
was performed in our department. The patients’ character-
istics, such as age, prostate weight, serum PSA level, free/
total PSA ratio, PSA density, Gleason score and the region
of the adenocarcinoma detected, were recorded. Patients
were informed about the study and provided informed con-
sent. The study was approved by the ethics committee at
our institution.

All patients underwent radical retropubic prostatectomy
and 12-core prostate biopsy was taken from the same regions
of the removed prostate ex-vivo (Fig. 1). The weights of the
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Fig. 1. Mapping of the prostate.

prostates were immediately measured after their removal,
just before performing ex-vivo biopsies. Comparison of pre-
operative in-vivo and postoperative ex-vivo prostate biopsies
was done regarding the detection rate; we also analyzed
the influence of patient age, prostate weight, serum PSA
level, free/total PSA ratio, PSA density and Gleason score
on detection rate. Additionally, the internal consistency of
the results of each core was evaluated.

Continuous variables were summarized with mean, stan-
dard deviation, medium, minimum and maximum; categori-
cal variables were presented with number and percentage.
The internal consistency of the histopathological results of
the preoperative and postoperative prostate biopsies was
evaluated with Kappa value. A Kappa value of 0.0 to 0.2
was categorized as mild consistency, 0.2 to 0.4 as mild-
moderate and 0.4 to 0.6 as moderate. The sensitivity value
and 95% confidence intervals of sensitivity regarding patient
characteristics were calculated. The p value was set to 0.05.

Results

A total of 90 prostate cancer patients (mean age of 64 range:
49-77) diagnosed with TRUS-guided 12-core prostate biopsy
were included in the study. We tallied the patient charac-
teristics (Table 1).

Patients were grouped according to their PSA levels.
There were 5, 43 and 42 patients in groups of PSA level
<4, 4-10 and >10 ng/mL, respectively. Free/total PSA ratio
was <0.15 in 63, between 0.15 and 0.25 in 18 and >0.25
in 9 patients. PSA density was <15 mg/mL and =15 mg/mL
in 28 and 62 patients, respectively. Gleason score was 5, 6,
7,8 and 9 in 3, 42, 32, 13 patients, respectively (Table 2).

In 67.8% of patients, prostate cancer was detected his-
tologically on samples obtained with repeat ex-vivo biop-
sies, using the same mapping postoperatively. Increase in

Table 1. Patient characteristics

Mean = SD Median Min-Max
Patient age (year) 64 +7 65 49-77
PSA (ng/mL) 12.23 + 9.22 9.38 2.10-46.00
Prostate weight (gr) 50.7 £ 24.9 45 10-45
Gleason score 6.6 + 1.1 6 0-9
Free/total PSA ratio 0.14 + 0.09 0.13 0.01-0.54
PSA density 0.28 + 0.25 0.2 0.02-1.39

PSA level, PSA density and biopsy Gleason score, whereas
decrease in prostate weight, patient age and free/total PSA
ratio yield higher prostate cancer detection rates on repeat
ex-vivo 12-core prostate biopsies (Table 2) (Fig. 2).

The internal consistency of the histopathological results
of the preoperative and postoperative prostate biopsies was
evaluated with Kappa value. All but left-lateral core (#11
in Figure 1) showed mild-moderate or moderate internal
consistency (Table 3).

The mean Gleason scores of the biopsies done preop-
eratively and postoperatively were both 6.2 (range 4-9)
and there was no statistically significant difference between
them. However, they were both significantly different than
the final Gleason score of the prostates resected, the mean
of which was 6.7 (range 4-9) (p<0.001 for each). Compared
to the preoperative in-vivo 12-core biopsies, the Gleason
scores remained same, increased and decreased in 78.9%,
6.7% and 14.4%, respectively, on postoperative ex-vivo
biopsies and 43.3%, 47.8% and 8.9% of patients on final
specimen pathology (Table 4).

Discussion

has been accepted as the “gold” standard technique for pros-
tate biopsies, there is controversy regarding the efficiency
of this technique; many studies have been conducted to
improve the detection rate of this procedure. Several authors
claim that sampling done with sextant biopsy is not enough
and suggest increasing the number of cores. Levine and
colleagues demonstrated that two consecutive sets of TRUS-
guided sextant biopsies of the prostate performed in a single
office visit is a cost-effective biopsy strategy, as it increased
the number of cancers detected by 30%.” In another study,
Babaian and colleagues reported that classical sextant
biopsy protocol could not detect 20% to 25% of prostate
cancer; they introduced an 11-core biopsy technique which
improved the detection rate.® The current tendency is to
increase the number of cores; the detection rates of 18-,
20- and 24-core prostate biopsies have been evaluated.**
Moreover, some authors have evaluated saturation biopsy
as primary biopsy due to the increased rate of detection.”
However, most of these studies do not compare the risks
and complications (such as bleeding, urinary obstruction,
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Fig. 2. Sensitivity change regarding patient’s age, prostate weight, prostate-specific antigen (PSA) levels, free/total PSA ratio, PSA density and

Gleason scores.

vasovagal reaction and infection) between the classical sex-
tant biopsy protocol and protocols with more biopsy cores,
besides the improved cancer detection rat.?

Similarly, the direction of the biopsies, the number of
cores and the standard way of obtaining sextant biopsies
have been replaced by laterally directed sextant biopsies
to optimize the detection rate.®'® Biopsy cores obtained
this way include biopsies from the posterolateral aspect of
the peripheral zone, the most common location for early
prostate cancer. In their study, Eskicorapci and colleagues
demonstrated that adding lateral peripheral biopsies to the
conventional sextant biopsy technique increased the rate of
cancer detection by 25.5%."

As prostate cancer is multifocal and the sampled amount
with sextant biopsy technique is around 90 mm?, the vol-
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ume of the prostate plays a role in the detection rate.’ In
their study, Eskicorapci and colleagues demonstrated that
patients with a larger prostate had lower cancer detection
rates; the authors determined the optimum number of cores
per biopsy according to prostate volume in patients who
experienced prostate biopsy for the first time.” Similar
concerns have been raised by Vashi and colleagues; they
concluded that younger men and men with larger prostate
glands require more than 6 cores to confirm the diagnosis
of life-threatening prostate cancer.’ In addition to prostate
volume, PSA level may be associated with biopsy outcomes.
There are several studies demonstrating that the detection
of prostate cancer with prostate biopsy increases as the PSA
level increases.''8 Although different uses of PSA, such as
PSA density, free/total PSA rate or PSA velocity, have been
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Table 2. Sensitivity of ex-vivo 12-core prostate biopsy
procedure in different patient groups.

Sen(s;;wty 95% CI*

PSA level (ng/mL) <4 5 40.0 11.8-76.9
4-10 43 62.8 47.9-75.6

>10 42 76.2 61.5-86.5

Free/total PSA ratio <0.15 63 81.0 69.6-88.8
0.15-0.25 18 38.9 20.3-61.4

>0.25 9 333 12.6-64.0

PSA density <0.15 28 44.8 28.4-62.5
=0.15 62 78.7 66.9-87.1

Gleason score 5 3 333 6.2-79.2
6 42 52.4 37.7-66.6

7 32 84.4 68.3-93.1

89 13 84.6 57.8-95.7
Prostate weight (gr) <30 9 100.0 70.0-100.0
30-60 57 75.4 62.9-84.7

>60 24 375 21.2-57.3

Patient age (year) <60 27 741 55.3-86.8
60-70 47 68.1 55.8-79.6

>70 16 56.3 33.2-76.9

*Cl= confidence interval.

suggested to improve the detection of prostate cancer, these
indications are not yet used in routine practice.'®2°

In spite of all these ancillary techniques and extensive
sampling strategies, prostate biopsies still incur the risk of
being false negative. Two studies provide more concrete
data regarding the reliability of prostate biopsies. In 1998,
Svetec and colleagues performed an ex-vivo sextant biopsy
on 90 prostates removed for biopsy-proven cancer and
found that 45.6% were negative.?”” Similar results have been
reported by Fink and colleagues in 2001. They compared the
cancer detection of two consecutive sets of ex-vivo prostate
biopsies using either the sextant or the 10-core technique.?®
The authors demonstrated that two consecutive sets of sex-
tant biopsies detected 74.7% of prostate cancer, whereas
the cumulative cancer detection rate was 90.1% for two
sets of the 10-core technique.” The authors concluded that
9.9% of all the cancers, most of which were clinically sig-
nificant, were not diagnosed, even though 20-core biopsies
were taken.?

In this study, the false negative rate of 12-core prostate
biopsy technique was found to be more than 30%. To our
knowledge, there are no studies evaluating the detection
ability of this procedure in patients documented with prostate
cancer. The detection rate increased with the increases in
PSA level, PSA density and biopsy Gleason score. Similarly,
decreases in prostate weight, patient age and free/total PSA
ratio yielded higher prostate cancer detection rates on repeat
12-core prostate biopsies done ex-vivo (Table 2, Fig. 2).
These findings support the results demonstrated by Leibovici

and colleagues.” They showed an association between posi-
tive biopsy results and age, serum PSA levels and prostate
volume. Although Numao and colleagues demonstrated that
most cancers missed by 12-core prostate biopsies are mostly
low-grade and low-volume diseases, they also showed a risk
of missing significant anterior cancers.*

Readers may wonder if repeat 12-core prostate biopsies
done ex-vivo can represent the TRUS-guided 12-core pros-
tate biopsies done in-vivo prior to surgery. Mild-moderate
or moderate internal consistency was demonstrated in all
of the sampled cores, except the left-lateral core (Kappa
value = 0.18); this shows that the results obtained with ex-
vivo and in-vivo biopsies are similar. On the other hand, we
do not have any explanation as to why the biopsies taken
from the left-lateral core was not similar. We believe further
studies are needed to elucidate this finding.

The mean Gleason score of the biopsies done preopera-
tively and postoperatively was not statistically different in
our study. However, they were both significantly different
than the final Gleason score of the prostates resected. These
findings support the results of the meta-analysis done by
Cohen and colleagues. They reviewed the medical records
of 14 839 patients and found that the biopsy Gleason
score matched the Gleason score of the prostatectomy
specimen only in 63% of patients.’’ More importantly, our
study revealed that biopsy underestimated Gleason scores
in 47.8% of patients, confirming previous radical prosta-
tectomy series.>**> These findings are important. Gleason
scores obtained from prostate biopsy play an important role
in deciding the optimal treatment for prostate cancer patients
and Gleason score upgrading is linked with adverse patho-
logical outcomes with biochemical reccurence.*? Therefore,
urologists and patients must consider that Gleason score of
the prostate biopsy can be understaged in half of the patients

Table 3. Internal consistency between the prostate biopsies
done in-vivo and ex-vivo

Core Kappa value* P
1 0.28 0.007
2 0.29 0.006
3 0.32 0.001
4 0.22 0.033
3 0.31 0.003
6 0.52 <0.001
7 0.42 <0.001
8 0.40 <0.001
9 0.36 <0.001
10 0.30 0.004
1 0.18 0.085
12 0.39 <0.001

*Internal consistency was evaluated as kappa value with 0.0-0.2, 0.2-0.4 and 0.4-0.6
indicating mild, mild-moderate and moderate consistency, repectively. **P value for kappa
value.
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Table 4. The changes in Gleason scores on postoperative
ex-vivo biopsies and final specimen pathology compared to
preoperative in-vivo biopsies.

Postoperative Final
Gleason score difference n % n %
Same 71 78.9 39 43.3
Increased 6 6.7 43 47.8
Decreased 13 14.4 8 8.9
Total 90 100.0 90 100.0

with prostate cancer.

This study has its limitations. Firstly, the preoperative
TRUS-guided 12-core prostate biopsies were not performed
by the same physician. Although there is no evidence to
support that the results of prostate biopsy differ among
urologists who perform it, we believe this factor may have
influenced our data. Moreover, since all patients had initial
positive in-vivo biopsy, it is not possible to measure the effe-
ct of prostate size change on the sensitivity of these biopsy
results. However, the results of the present study showed
that a decrease in prostate weight yields higher prostate
cancer detection rates on repeat ex-vivo 12-core prosta-
te biopsies. Secondly, comparing the clinical significance
of the detected and missed prostate cancers might provide
further understanding on the risk of false-negative prostate
biopsies. Thirdly, this study included men with previously
positive prostate biopsy and excluded men with false-nega-
tive initial biopsy. Therefore, the actual risk of false-negative
biopsy may be much higher and further studies are required
to determine this risk.

Conclusion

The detection rate of prostate cancer with the 12-core biopsy
technique in patients with proven prostate cancer on radical
prostatectomy specimen was considerably low when repeat-
ed in the same way ex-vivo. Effectively, repeat biopsies done
in patients with persistent PSA elevations and other biopsy
indications can still demonstrate negative cancer findings
despite the fact that these patients have prostate cancer. The
detection rate of prostate cancer is higher if 12-core biopsies
are repeated in patients with younger age, higher PSA levels,
PSA density and Gleason scores and in patients with smaller
prostates and lower free/total PSA ratios.
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