
 

 

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 limit 
“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 
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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≤6) 
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 

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, 

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

Bx Core# GS ≥ 7 Vol ≥10% 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%) 

8-9 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. 



Prostate biopsy protocol and focal therapy 

 
 
403                                                                                                       Int J Clin Exp Pathol 2010;3(4):401-407 

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 

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 

 

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 ≤5 1 

2 ≤6 33 63 7.5 ≤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 ≥10% Bilateral* EPE (T3a) SVI (T3b) SM+ 
≤7 4/19 (21%) 7/19 (37%) 17/19 (89%) 1/19 (5%) 0/19 2/19 (10%) 
8-9 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%) 

overall 32/125 (26%) 
37/125 
(30%) 90/125 (72%) 6/125 (5%) 

1/125 
(1%) 

14/125 
(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 
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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 

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. 

 

 

Table 4. Pathologic parameters of matching radical prostatectomy from group 2 (33) patients 
Bx core# Prostatectomy 
  GS ≥ 7 Vol ≥10% Bilateral* EPE (T3a) SVI (T3b) SM+ 
≤7 1/3 (33) 2/3 (67%) 2/3 (67%) 0/3 0/3 1/3 (33%) 
8-9 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%) 0/7 0/7 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  
criteria 

Case 
Source 

Biopsy proto-
cols (#cores) 

Unilateral 
PCa on RP 

RP GS 
upgrading 

EPE SVI 

Our    
present 
data 

158 Stage 1c, 
PSA<10 ng/mL, 
GS≤6 

One  
center 
(UW) 

≤7, 8-9, 10-
11, ≥12 

26% 29% 
(GS≥7) 

4% 1% 

Tareen et 
al[1] 

(2009) 

342 Stage T1c, 
PSA<10 ng/mL, 
GS<7 

One  
center 
(NYU) 

<6, 6-12, >12 28.4% - - - 

Polascik 
et al[[22]] 
(2009) 

382 Stage T1c-T2b, 
PSA<10 ng/mL, 
GS≤7 

DPC  
Outcome 
Database 

6-16 28% 4.7% 
(GS>7) 

14.9
% 

2.5% 

Iczkowski 
et al[3]

(2008) 

245 Stage T1c, any 
PSA, any GS 

Two  
centers 
(UCHSC 
and 
Baylor) 

6-19 71-76% - - - 

Scales et 
al [23]
(2007) 

261 Stage T1c-T2b, 
PSA<10 ng/mL, 
GS≤6 

SEARCH 
Database 

>6 (median 8) 35.1 - - - 

PCa, prostate cancer; RP, radical prostatectomy; GS, Gleason score; EPE, extraprostatic extension; SVI, seminal 
vesicle invasion; PSA, prostate specific antigen 
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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-

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.  
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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  
 
References 
 
[1] Tareen B, Godoy G, Sankin A, Temkin S, Lepor H 

and Taneja SS. Can contemporary transrectal 
prostate biopsy accurately select candidates for 
hemi-ablative focal therapy of prostate cancer? 
BJU Int 2009;104(2):195-9. 

[2] Mouraviev V, Mayes JM, Sun L, Madden JF, Moul 
JW and Polascik TJ. Prostate cancer laterality as 
a rationale of focal ablative therapy for the treat-
ment of clinically localized prostate cancer. Can-
cer 2007; 110:906-910. 

[3] Iczkowski KA, Hossain D, Torkko KC, Qian J, Lu-
cia MS, Wheeler TM, Rewcastle JC and Bostwick 
DG. Preoperative prediction of unifocal, unilat-
eral, margin-negative, and small volume prostate 
cancer. Urology 2008;71:1166-1171. 

[4] Stamey TA, McNeal JM, Wise AM and Clayton JL. 
Secondary cancers in the prostate do not deter-
mine PSA biochemical failure in untreated men 
undergoing radical retropubic prostatectomy. Eur 
Urol 2001; 39 Suppl 4:22-23. 

[5] Liu W, Laitinen S, Khan S, Vihinen M, Kowalski J, 
Yu G, Chen L, Ewing CM, Eisenberger MA, Car-
ducci MA, Nelson WG, Yegnasubramanian S, Luo 
J, Wang Y, Xu J, Isaacs WB, Visakorpi T and Bova 
GS. Copy number analysis indicates monoclonal 
origin of lethal metastatic prostate cancer. Nat 
Med 2009; 15:559-565. 

[6] Ahmed HU. The index lesion and the origin of 
prostate cancer. N Engl J Med 2009;361:1704-
1706. 

[7] Lambert EH, Bolte K, Masson P and Katz AE. 
Focal cryosurgery: encouraging health outcomes 
for unifocal prostate cancer. Urology 2007;69: 
1117-1120. 

[8] Marberger M. Energy-based ablative therapy of 
prostate cancer: high-intensity focused ultra-
sound and cryoablation. Curr Opin Urol 2007; 
17:194-199. 

[9] Ahmed HU, Moore C and Emberton M. Minimally-
invasive technologies in uro-oncology: the role of 
cryotherapy, HIFU and photodynamic therapy in 
whole gland and focal therapy of localised pros-
tate cancer. Surg Oncol 2009;18: 219-232. 

[10] Barqawi AB and Crawford ED. The current use 
and future trends of focal surgical therapy in the 
management of localized prostate cancer. Can-



Prostate biopsy protocol and focal therapy 

 
 
406                                                                                                       Int J Clin Exp Pathol 2010;3(4):401-407 

cer J 2007; 13:313-317. 
[11] Srigley JR. Key issues in handling and reporting 

radical prostatectomy specimens. Arch Pathol 
Lab Med 2006; 130:303-317. 

[12] Sehdev AE, Pan CC and Epstein JI. Comparative 
analysis of sampling methods for grossing radi-
cal prostatectomy specimens performed for non-
palpable (stage T1c) prostatic adenocarcinoma. 
Hum Pathol 2001; 32:494-499. 

[13] Ochiai A, Troncoso P, Chen ME, Lloreta J and 
Babaian RJ. The relationship between tumor 
volume and the number of positive cores in men 
undergoing multisite extended biopsy: implica-
tion for expectant management. J Urol 2005; 
174: 2164-2168, discussion 2168. 

[14] Hodge KK, McNeal JE, Terris MK and Stamey TA. 
Random systematic versus directed ultrasound 
guided transrectal core biopsies of the prostate. 
J Urol 1989; 142:71-74; discussion 74-75. 

[15] Ravery V, Goldblatt L, Royer B, Blanc E, Toublanc 
M and Boccon-Gibod L. Extensive biopsy protocol 
improves the detection rate of prostate cancer. J 
Urol 2000; 164:393-396. 

[16] Gore JL, Shariat SF, Miles BJ, Kadmon D, Jiang 
N, Wheeler TM and Slawin KM. Optimal combi-
nations of systematic sextant and laterally di-
rected biopsies for the detection of prostate 
cancer. J Urol 2001; 165:1554-1559. 

[17] Stamatiou K, Alevizos A, Karanasiou V, Mariolis 
A, Mihas C, Papathanasiou M, Bovis K and 
Sofras F. Impact of additional sampling in the 
TRUS-guided biopsy for the diagnosis of prostate 
cancer. Urol Int 2007; 78:313-317. 

[18] Ravery V, Dominique S, Panhard X, Toublanc M, 
Boccon-Gibod L and Boccon-Gibod L. The 20-
core prostate biopsy protocol--a new gold stan-
dard? J Urol 2008; 179:504-507. 

[19] Eskicorapci SY, Guliyev F, Akdogan B, Dogan HS, 
Ergen A and Ozen H. Individualization of the 
biopsy protocol according to the prostate gland 
volume for prostate cancer detection. J Urol 
2005; 173:1536-1540. 

[20] Eggener SE, Scardino PT, Carroll PR, Zelefsky 
MJ, Sartor O, Hricak H, Wheeler TM, Fine SW, 
Trachtenberg J, Rubin MA, Ohori M, Kuroiwa K, 
Rossignol M and Abenhaim L. Focal therapy for 
localized prostate cancer: a critical appraisal of 
rationale and modalities. J Urol 2007;178:2260-
2267. 

[21] Polascik TJ and Mouraviev V. Focal therapy for 
prostate cancer is a reasonable treatment op-
tion in properly selected patients. Urology 2009; 
74:726-730. 

[22] Polascik TJ, Mayes JM, Schroeck FR, Sun L, Mad-
den JF, Moul JW and Mouraviev V. Patient selec-
tion for hemiablative focal therapy of prostate 
cancer: variables predictive of tumor unilaterality 
based upon radical prostatectomy. Cancer 
2009; 115:2104-2110. 

[23] Scales CD, Jr., Presti JC, Jr., Kane CJ, Terris MK, 
Aronson WJ, Amling CL and Freedland SJ. Pre-
dicting unilateral prostate cancer based on bi-

opsy features: implications for focal ablative 
therapy--results from the SEARCH database. J 
Urol 2007; 178:1249-1252. 

[24] Barzell WE and Melamed MR. Appropriate pa-
tient selection in the focal treatment of prostate 
cancer: the role of transperineal 3-dimensional 
pathologic mapping of the prostate--a 4-year 
experience. Urology 2007;70:27-35. 

[25] Andriole GL, Bullock TL, Belani JS, Traxel E, Yan 
Y, Bostwick DG and Humphrey PA. Is there a 
better way to biopsy the prostate? Prospects for 
a novel transrectal systematic biopsy approach. 
Urology 2007;70:22-26. 

[26] Chandran UR, Dhir R, Ma C, Michalopoulos G, 
Becich M and Gilbertson J. Differences in gene 
expression in prostate cancer, normal appearing 
prostate tissue adjacent to cancer and prostate 
tissue from cancer free organ donors. BMC Can-
cer 2005;5:45. 

[27] Haaland CM, Heaphy CM, Butler KS, Fischer EG, 
Griffith JK and Bisoffi M. Differential gene ex-
pression in tumor adjacent histologically normal 
prostatic tissue indicates field cancerization. Int 
J Oncol 2009;35:537-546. 

[28] Huang D, Casale GP, Tian J, Lele SM, Pisarev 
VM, Simpson MA and Hemstreet GP, 3rd. Udp-
glucose dehydrogenase as a novel field-specific 
candidate biomarker of prostate cancer. Int J 
Cancer 2010;126:315-327. 

[29] Veltri RW, Khan MA, Miller MC, Epstein JI, Man-
gold LA, Walsh PC and Partin AW. Ability to pre-
dict metastasis based on pathology findings and 
alterations in nuclear structure of normal-
appearing and cancer peripheral zone epithe-
lium in the prostate. Clin Cancer Res 2004;10: 
3465-3473. 

[30] Mehrotra J, Varde S, Wang H, Chiu H, Vargo J, 
Gray K, Nagle RB, Neri JR and Mazumder A. 
Quantitative, spatial resolution of the epigenetic 
field effect in prostate cancer. Prostate 2008; 
68:152-160. 

[31] Hanson JA, Gillespie JW, Grover A, Tangrea MA, 
Chuaqui RF, Emmert-Buck MR, Tangrea JA, Li-
butti SK, Linehan WM and Woodson KG. Gene 
promoter methylation in prostate tumor-
associated stromal cells. J Natl Cancer Inst 
2006;98:255-261. 

[32] Malins DC, Johnson PM, Barker EA, Polissar NL, 
Wheeler TM and Anderson KM. Cancer-related 
changes in prostate DNA as men age and early 
identification of metastasis in primary prostate 
tumors. Proc Natl Acad Sci U S A 2003;100: 
5401-5406. 

[33] Siegal JA, Yu E and Brawer MK. Topography of 
neovascularity in human prostate carcinoma. 
Cancer 1995;75:2545-2551. 

[34] Turkbey B, Albert PS, Kurdziel K and Choyke PL. 
Imaging localized prostate cancer: current ap-
proaches and new developments. AJR Am J Ro-
entgenol 2009;192:1471-1480. 

[35] Albers MJ, Bok R, Chen AP, Cunningham CH, 
Zierhut ML, Zhang VY, Kohler SJ, Tropp J, Hurd 



Prostate biopsy protocol and focal therapy 

 
 
407                                                                                                       Int J Clin Exp Pathol 2010;3(4):401-407 

RE, Yen YF, Nelson SJ, Vigneron DB and Kur-
hanewicz J. Hyperpolarized 13C lactate, pyru-
vate, and alanine: noninvasive biomarkers for 
prostate cancer detection and grading. Cancer 
Res 2008;68:8607-8615. 

[36] Wu C, Jordan K, Ratai E, Sheng J, Adkins C, De-
Feo E, Jenkins B, Ying L, McDougal W and Cheng 

L. Metabolomic Imaging for Human Prostate 
Cancer Detection Sci Transl Med 2010;2:16-18. 

[37] Yang SY, Adelstein J and Kassis AI. Putative mo-
lecular signatures for the imaging of prostate 
cancer. Expert Rev Mol Diagn 2010;10:65-74. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


