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Current prostate biopsy protocols cannot reliably identify
patients for focal therapy: correlation of low-risk prostate
cancer on biopsy with radical prostatectomy findings
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Abstract: Focal therapy appears to be an attractive alternative approach for patients with localized prostate cancer
(PCa). Identifying suitable candidates is crucial to the success of focal therapy. Currently, standard transrectal ultra-
sound (TRUS)-guided prostate biopsy remains the widespread approach to evaluate patient suitability. In this study,
we evaluated the ability of current biopsy protocols to predict cancer characteristics in radical prostatectomy (RP)
specimens. We reviewed 4437 cases from 2000 to 2008 in our PowerPath database, and identified 158 patients
with low-risk cancer, defined as a pre-biopsy PSA level < 10 ng/mL, unilateral, low tumor volume (<5%) and low to
intermediate Gleason score (GS<6) on first positive prostate biopsy. The pathological characteristics of subsequent
RP specimens were reviewed. We found that, of 158 patients with these criteria, 117 (74%) had bilateral cancer, 49
(31%) had increased tumor volume (= 10%), and 46 (29%) were upgraded to GS > 7 at RPs. When patients were
stratified by total biopsy core numbers, extended biopsy core protocols were not significantly more reliable in identify-
ing unilateral and low volume prostate cancer patients. One core positive on biopsy was not significantly superior to >
2 positive cores in predicting unilateral, low volume, low stage cancer at prostatectomy. These findings indicate that

current standard prostate biopsy protocols have limited accuracy in identifying candidates for focal therapy.
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Introduction

Increasing evidence has shown an overdetec-
tion and overtreatment of low-risk prostate can-
cer since the introduction of PSA screening in
the general population. Since prostate cancer is
often multifocal and clonally heterogeneous,
whole prostate treatments (radical prostatec-
tomy, external beam radiotherapy and brachy-
therapy) are standard practice. However, the
adverse effects and complications associated
with current standard treatments remain chal-
lenging. It has been reported that 19-27% of
prostatectomy specimens contain unifocal pros-
tate cancer [1-3]. There is growing interest in
focal therapy for prostate cancer to Ilimit
“collateral damage” and side effects.

Supporting studies have demonstrated that the
largest tumor focus within the prostate (index
lesion) predicts the outcomes of prostate can-

cer [4]. Recently, Liu and colleagues demon-
strated that a single prostate cancer cell clone
is responsible for disparate prostate cancer
metastases in human body [5]. This discovery
has encouraged focal therapy advocates. They
speculate that if we could identify the aggres-
sive clone or index lesion in the prostate, and
destroy it, we may be able to control prostate
cancer progression [6].

Focal therapy appears to be a logical and attrac-
tive alternative approach for not only unifocal,
but also multifocal prostate cancer. Organ-
sparing focal ablation therapies: cryosurgery,
high-intensity focused ultrasound (HIFU), photo-
dynamic therapy and radiofrequency therapy
have emerged and are under development [7-
10]. Appropriate identification of candidates
and target lesion(s) in the prostate becomes
crucial for successful focal therapy of prostate
cancer. With the application of new biopsy



Prostate biopsy protocol and focal therapy

Table 1. Pathologic parameters of RP from 158 patients with GS<6, unilateral, small volume of cancer

on biopsy
Bx Core# GS=>7 Vol 210% Bilateral* EPE (T3a) SVI (T3b) SM+
<7 5/22 (23%) 9/22 (41%) 20/22 (91%) 1/22 (5%) 1/22 (5%) 3/22 (14%)
89 22/59 (37%) 21/59 (36%) 42/59 (71%) 3/59 (5%) 0/59 6/59 (10%)
10-11 12/42 (29%) 10/42 (24%) 29/42 (69%) 1/42 (2%) 1/42(2%) 4/42 (9%)
12+ 7/35 (20%) 9/35 (26%) 26/35 (74%) 2/35 (6%) 0/35 5/35 (14%)
Overall 46/158 (29%) 49/158 (31%) 117/158 (74%) 7/158 (4%) 2/158 (1%) 18/158 (11%)

RP, radical prostatectomy; GS, Gleason score; Vol, volume; Bilateral*, unilateral cancer in the biopsy and bilateral in
prostatectomy; EPE, extraprostatic extension; SVI, seminal vesicle involvement, SM+, surgical margin positive; LN,
lymph node; p > 0.05 (chi-square test) for GS, Vol and Bilateral between all four groups of different biopsy core

number.

strategies and imaging technologies, more ac-
curate localization of prostate cancer or the
index lesion seems possible. At present, pros-
tate biopsy remains the best means to evaluate
patients who might be considered for focal ther-
apy. We undertook an analysis to determine if
current prostate biopsy strategies can reliably
identify candidates for focal therapy.

Materials and methods

With University of Wisconsin (UW) Institutional
Review Board (IRB) approval, we reviewed 4437
cases from 2000 to 2009 in our PowerPath
database. We identified 158 patients with low-
risk cancer, defined as a pre-biopsy PSA level <
10 ng/mL, unilateral, low tumor volume (<5%),
and low to intermediate Gleason score (GS<06)
on first positive prostate biopsy. The biopsy
cases selected were a mixed population of pa-
tients involving 136 patients’ biopsies per-
formed and diagnosed at UW and 22 were done
at local community hospitals and reviewed at
UW. Since the cases selected span 8 years, the
biopsy strategies varied between 7 or less, 8-9,
10-11 and = 12 core biopsies. These 158 pa-
tients underwent subsequent radical prostatec-
tomy (RP) at UW Hospital and Clinics within 6
months after the positive prostate biopsy. None
of these patients had any chemoradiation or
hormonal therapies prior to the surgery. RP
specimens were sampled, processed and evalu-
ated following standard protocols [11, 12].
Briefly, the prostate was weighed, measured
and inked with two colors (right, red; left, black).
Apex (5-mm segment) was transected, radially
sectioned and submitted. The bladder neck
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margin (3 mm) was shaved and submitted en
face. The rest of the prostate was serially sec-
tioned at 3-mm intervals parallel to the apical
plane, into slices, the number of which varied
according to the size of the prostate. Initially,
only odd numbered slices (for example, slices 1,
3, 5 and 7) together with apical and bladder
shave margins and representative sections of
seminal vesicles were submitted for evaluation.
If a small volume of tumor or no tumor was
identified in the initially submitted sections, the
remainder of the tissue (even slices) would then
be submitted.

The pathologic parameters of the biopsy (tumor
volume, total biopsy core number and positive
core number) and corresponding prostatectomy
(Gleason score, tumor volume, laterality, extra-
prostatic extension, margin positivity and in-
volvement of seminal vesicles and lymph node
status) were reviewed. Tumor volume of biopsy
and RP specimens were estimated on slides.
Chi-square test was used to detect group differ-
ences.

Results

The overall pathological parameters of corre-
sponding RP specimens from the 158 patients
who had small volume (<5%), unilateral cancer
on biopsy are summarized in Table 1. It has
been reported that clinically insignificant pros-
tate cancer was directly related to the number
of positive cores [13]. We then divided the 158
patients into two groups according to positive
core number. In group 1, 125 patients had 1
positive core in the biopsy samples. In group 2,
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Table 2. Characteristics of two groups of patients with unilateral prostate cancer on first positive biopsy

Group GS #Pts

Mean age (y) Mean PSA (ng/mL) Tumor volume (%)  #positive core(s)

1 <6 125 64 6.8
2 <6 33 63 7.5

<5 1
<5 >2

#Pts, number of patients; y, years; PSA, prostate specific antigen; GS, Gleason score

Table 3. Pathologic parameters of matching radical prostatectomy from group 1 (125) patients

Bx core# Prostatectomy

GS>7 Vol 210% Bilateral* EPE (T3a) SVI (T3b) SM+
<7 4/19 (21%) 7/19 (37%) 17/19 (89%) 1/19 (5%) 0/19 2/19 (10%)
89 16/45 (36%) 17/45 (38%)  31/45 (69%) 2/45 (4%) 0/45 5/45 (11%)
10-11 8/35 (23%) 8/35(23%) 23/35 (66%) 1/35 (3%) 1/35 (3%) 3/35 (9%)
12+ 4/26 (15%) 5/26 (19%) 19/26 (73%) 2/26 (8%) 0/26 4/26 (15%)

37/125 1/125 14/125

overall 32/125 (26%) (30%) 90/125 (72%) 6/125 (5%) (1%) (11%)

Bilateral*, unilateral cancer in the biopsy and bilateral in prostatectomy; Vol, tumor volume; EPE, extraprostatic
extension; SVI, seminal vesicle involvement, SM+, surgical margin positive; LN, lymph node

33 patients had = 2 positive core in the biopsy
samples. The patients’ pre-biopsy characteris-
tics are summarized in Table 2. In group 1, a
total of 125 patients were further stratified into
4 subgroups based on biopsies taken. Their RP
pathological parameters are summarized in
Table 3. In group 2, a total of 33 patients were
also divided into 4 similar subgroups by biopsy
protocol. Their RP pathological parameters are
summarized in Table 4. Only 84 of the 158 pa-
tients had radical prostatectomy (with pelvic
lymph node biopsy done at the time of
prostatectomy). None of them had any positive
lymph nodes.

Discussion

Transrectal ultrasound-guided prostate biopsy
procedures have evolved greatly over time from
the original sextant biopsy protocol [14]. Tech-
nological advances, better understanding of the
zonal anatomy of the prostate, whole mount
sectioning of radical prostatectomy specimens,
and computer modeling of localized prostate
cancers have all led to extended biopsy core
protocols directed at the lateral zones of the
gland [15-19]. These have increased the diag-
nostic accuracy of the needle biopsy and have
become a standard practice.

So far, prostate biopsy is considered the best
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means to identify patients for focal therapy.
Many investigators have suggested that ideal
candidates for focal therapy are those with low-
risk cancer, unilateral prostate cancer or domi-
nant unilateral lesion and clinically insignificant
contralateral lesion [20, 21].

In the present study, we found that of 158 pa-
tients with GS < 6, small volume (<5%) and uni-
lateral cancer on biopsy, 117 (74%) had bilat-
eral cancer, 49 (31%) had increased tumor vol-
ume (= 10%), and 46 (29 %) had upgraded GS
(= 7) on RP specimens. Interestingly, when the
patients were stratified by total biopsy core
numbers, extended biopsy core protocols did
not seem to be significantly more reliable in
identifying unilateral and low volume prostate
cancer patients (Table 1). We further stratified
patients in this cohort by numbers of positive
core. One positive core on biopsy did not seem
significantly superior to two or more unilateral
cores with tumor (p>0.05, chi-square test) in
predicting unilateral, low volume, low stage can-
cer on prostatectomy in this highly selected
group of patients (Table 3 and 4).

Other groups have reported comparable and
incomparable data to the present study (Table
5) 1, 22, 23].

Recently, two similar biopsy techniques have
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Table 4. Pathologic parameters of matching radical prostatectomy from group 2 (33) patients

Bx core# Prostatectomy

GS>7 Vol 210% Bilateral* EPE (T3a) SVI (T3b) SM+
<7 1/3 (33) 2/3 (67%) 2/3 (67%) 0/3 0/3 1/3 (33%)
89 6/14 (43%) 4/14 (29%) 11/14 (79%)  1/14(7%) 0/14 1/14 (7%)
10-11 4/7 (57%) 2/7 (29%) 7/7 (100%) o/7 o/7 1/7 (14%)
12+ 3/9 (33%) 4/9 (44%) 7/9 (78%) 0/9 0/9 1/9 (11%)
overall 14/33 (42%) 12/33(36%) 27/33(82%) 1/33 (3%) 0/33 4/33 (12%)

Bilateral*, unilateral cancer in the biopsy and bilateral in prostatectomy; Vol, tumor volume; EPE, extraprostatic
extension; SVI, seminal vesicle involvement; SM+, surgical margin positive; LN, lymph node

Table 5. Published data - PCa parameters of RP in patients with unilateral PCa on Bx

Study #cases  Selection Case Biopsy proto- Unilateral RP GS EPE SvI
criteria Source cols (#cores) PCaon RP  upgrading
Our 158 Stage 1c, One <7, 89, 10- 26% 29% 4% 1%
present PSA<10 ng/mL, center 11,212 (GS=7)
data GS<6 (UW)
Tareenet 342 Stage Tlc, One <6, 6-12,>12 28.4% - -
ali1l PSA<10 ng/mL, center
(2009) GS<7 (NYU)
Polascik 382 Stage T1c-T2b, DPC 6-16 28% 4.7% 14.9 2.5%
et alli221 PSA<10 ng/mL, Outcome (GS>7) %
(2009) GS<7 Database
Iczkowski 245 Stage Tlc, any Two 6-19 71-76% - -
et all3l PSA, any GS centers
(2008) (UCHSC
and
Baylor)
Scaleset 261 Stage T1c-T2b,  SEARCH >6 (median 8) 35.1 - -
al [23] PSA<10 ng/mL, Database
(2007) GS<6

PCa, prostate cancer; RP, radical prostatectomy; GS, Gleason score; EPE, extraprostatic extension; SVI, seminal

vesicle invasion; PSA, prostate specific antigen

been reported to identify candidates for focal
therapy better than current standard biopsy
protocols. Barzell et al. evaluated the useful-
ness of 3-dimensional extensive template
guided transperineal mapping biopsy (3-DMP) of
the prostate as a staging procedure in the ap-
propriate selection of patients for treatment
with focal cryoablation. A median of 38.75 biop-
sies were performed per side at 3-DPM, and
1.88 biopsies were completed per cubic centi-
meter of prostate. A total of 80 patients under-
went 3-DPM, in conjunction with repeat TRUS-
guided biopsies. Results of 3-DPM were com-
pared with those of TRUS-guided biopsies to
determine patient suitability for focal cryoabla-
tion. They demonstrated that 3-DPM was more
accurately in identifying candidates for focal
therapy than repeat TRUS-guided biopsies, and
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was able to precisely locate the site of the can-
cer to be selectively ablated [24].

Andriole et al. reported a 3-dimensional, tem-
plate-guided, transrectal ultrasound-guided
prostate biopsy device (TargetScan, Envision-
eering Medical Technologies, St. Louis, MO). A
12-core TargetScan biopsy procedure was per-
formed on 20 ex-vivo radical prostatectomy
specimens. Simulated 12-core TargetScan bi-
opsy was performed on all specimens, followed
by complete embedding by a single pathologist.
The simulated TargetScan biopsy detected pros-
tate cancer in 16 prostates (80%) and only high-
grade prostatic intraepithelial neoplasia (PIN) in
2 prostates. Of all missed tumors, 3 were
judged to be histologically insignificant, and 1
was of small volume with a Gleason score of 7.

Int J Clin Exp Pathol 2010;3(4):401-407
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Because biopsies are performed in a template-
guided manner and the location of the biopsy is
more precisely characterized through the use of
Cartesian coordinates, it is believed that the
TargetScan biopsy approach offers improve-
ments over conventional practice [25].

Increasing data have shown that a field effect or
field cancerization exists in prostate cancer tis-
sue. Aberrant changes occurring in tumor-
adjacent histologically normal prostatic tissue
are similar to those in cancer cells [26]. So far,
field effects have been identified involving nu-
clear morphometric changes, gene expression,
protein expression, gene promoter methylation,
DNA damage and angiogenesis [26-33]. It
seems promising that in the near future bio-
markers of field cancerized prostatic tissues
could be used to help locate cancer with biopsy
cancer negative tissue, and to identify candi-
dates for focal therapy.

Molecular imaging has made significant pro-
gresses in recent years. Most recent develop-
ments in imaging technologies, specifically in
MRI, and the emergence of targeted imaging
approaches with novel PET and gamma-emitting
tracers could lead to significant improvements
in both lesion detection and staging [34]. Re-
cently, a new functional MRI spectroscopy tech-
nique using hyperpolarized 13C-pyruvate has
been developed to detect PCa and its aggres-
siveness [35]. Using metabolomic imaging ap-
proach, Wu et al recently demonstrated that
prostate cancer metabolomic profiles could be
obtained from previous intact tissue analyses,
and the calculated malignancy index was line-
arly correlated with lesion size; the overall accu-
racy for detecting the presence of prostate can-
cer lesions was 93 to 97%. Their findings sug-
gest metabolomic imaging could map cancer-
specific biomolecular profile values onto ana-
tomical structures to direct biopsy, and perhaps
focal therapy [36].

Future development of new molecular imaging
methods that not only locate prostate cancers
or index lesions, but also interrogate the bio-
logic function of cancers may aid risk assess-
ment and therapy choices [37].

In conclusion, we believe that current standard
prostate biopsy protocols have limited accuracy
in identifying candidates for focal therapy.
Unless we can develop better methods to locate
cancer, or locate index lesions or the aggressive
cancer clone in prostates with multifocal can-
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cer, the efficacy of focal therapy of prostate can-
cer remains uncertain. Perhaps a combination
of an optimized 3-D biopsy protocol, tissue bio-
markers and molecular imaging technology can
meet the challenge of identifying candidates for
focal therapy.

Please address correspondence to: Wei Huang, MD,
Department of Pathology and Laboratory Medicine,
University of Wisconsin-Madison, 600 Highland Ave-
nue, Madison, WI 53792, USA. Tel: 608.262.5787,
Fax: 608.262.7174, E-mail: whuang23@wisc.edu
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