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Thirty years have witnessed dramatic changes in the manner in which we diagnose and manage prostate cancer. With prostate-
specific antigen screening, there was a shift towards smaller, clinically localized tumors. Tumors are often multifocal and display 
phenotypic and molecular heterogeneity. Pathologic evaluation of tissue obtained by needle biopsy remains the gold standard 
for the diagnosis and risk assessment of prostate cancer. Years of experience with grading, along with changes in the amount of 
biopsy tissue obtained and diagnostic tools available, have produced shifts in grading practices among genitourinary patholo-
gists. Trends in Gleason grading and advances in pathological risk assessment are reviewed with particular emphasis on recent 
Gleason grading modifications of the International Society of Urologic Pathology. Efforts to maximize the amount of information 
from pathological specimens, whether it be morphometric, histochemical, or molecular, may improve predictive accuracy of pros-
tate biopsies. New diagnostic techniques are needed to optimize management decisions.
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The last 30 years have witnessed immense growth in our under-
standing of the biology of prostate cancer. Whereas the depen-
dence on androgens for prostate cancer growth and development 
has been known since the pioneering work of Hudgins and Hodges 
(1), the mechanistic role of restored androgen receptor (AR) signal-
ing driving progression in patients treated with androgen blockade 
has now been established (2). Ongoing molecular genetic investi-
gations have revealed a number of key molecular alterations that 
occur with high frequency in prostate cancer, including loss of 
PTEN, amplification of cMYC, and TMPRSS2:ETS transloca-
tions amongst others (3). The role of chronic inflammation and 
oxidative stress in the development and progression of prostate 
cancer is a subject of increasing interest (4,5). All of these inves-
tigations are critically important for the development of new and 
improved prostate cancer therapies.

In parallel with these advances, over the last 30  years, there 
have been dramatic changes in the manner in which we diagnose 
and manage prostate cancer. The advent of the prostate-specific 
antigen (PSA) screening in the late 1980s, coupled with increased 
public awareness of the disease, has resulted in a marked shift 
in stage towards clinically localized disease (6–8). Pathologically, 
pre–PSA-era tumors tended to be large, occupying the majority 
of the glandular volume, and often had extensive extraprostatic 
extension. In contrast, tumors of today are typically smaller in 
volume, organ-confined, and associated with improved therapeu-
tic outcomes (7,8). Indeed, it is now clear that more men die with 
prostate cancer than of prostate cancer. Concern arises that we are 
now detecting more clinically insignificant cancers, cancers that 
might be better managed expectantly (9). Recognition of these 
limited cancers pathologically becomes crucial in order to prop-
erly stratify patients for expectant management. 

The Pathology of Prostate Cancer and the 
Gleason Grading System
The volume or extent of a tumor combined with its biologic 
aggressiveness ultimately determines the outcome for a patient 
following treatment. In the mid-1990s, it was recognized that 
prostate cancer is a multifocal disease and that large tumors often 
result from the assimilation of multiple smaller tumors as they 
grow to confluence (10). Individual tumors may display marked 
differences in grade, molecular markers, and DNA ploidy from 
region to region even within a single tumor (11,12).Understanding 
the impact of specific molecular abnormalities on disease progression 
and therapeutic outcome is still unclear and an area of intensive 
study. Thus, the pathological evaluation of prostate cancer remains 
central to assessing the risk of progression. The Gleason grade of a 
tumor reflects its biologic aggressiveness and is currently the most 
important pathologic prognostic factor for prostate cancer that can 
be readily determined on biopsy or prostatectomy. The Gleason 
system is a five-tiered classification that categorizes tumors by their 
architectural pattern of growth rather than cytologic features. Since 
its first description by Donald Gleason in 1966 (13), the grading 
system has undergone a number of modifications over time by 
Gleason and others (14,15). Tumors often display more than one 
pattern of growth. This was originally addressed by the Gleason 
system by adding the two most prominent patterns, a primary 
pattern (majority of tumor) and a secondary pattern (second most 
extensive pattern), together to obtain a Gleason “score.” If only one 
pattern was present, then the grade was doubled with the resulting 
sums between 2 (grade 1 + grade 1) and 10 (grade 5 + grade 5).

Years of experience with Gleason grading in relation to dis-
ease outcomes, along with changes in the amount of tissue 
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obtained at biopsy and the diagnostic tools available such as immu-
nohistochemistry for basal cell–specific markers (high molecular 
weight cytokeratins, p63) and alpha methylacyl Co-A racemase, 
have produced shifts in diagnostic and grading practices among 
academic genitourinary pathologists. In 2005, eighty genitourinary 
pathologists of the International Society of Urologic Pathology 
(ISUP) participated in a practice survey and consensus confer-
ence to document and address trends in and refine the guidelines 
for Gleason grading (15). Most notable of the changes to the 
classic Gleason grading system included 1)  restrictions as to the 
assignment of very low grades (patterns 1 and 2) to biopsy speci-
mens, 2) refinement of the separation of pattern 3 from pattern 4, 
3) guidelines for assigning grade to cribriform patterns, 4) Gleason 
grading of variant carcinomas, and 5) Gleason scoring of biopsies 
when minor amounts of high-grade tumor or tertiary-grade pat-
terns are present. A comparison of the classic Gleason system as 
refined by Gleason in 1977 (14) and the 2005 modifications is pre-
sented in Table 1.

The 2005 ISUP Consensus Conference on Gleason 
Grading Modifications
The first recommendation by the ISUP was that Gleason grade pat-
terns 1 and 2 should be rarely applied to tumors on needle biopsy 
because most such tumors are upgraded on subsequent prostatec-
tomy. Most cases that would have been graded as 1 + 1 (score = 2) 
years ago would today be diagnosed as benign adenosis with the use 
of basal cell markers. This trend is not new. In a study looking at 
temporal trends in Gleason scoring, Gleason scores of 2–4 fell from 
21% of tumors in 1983–84 to 11% in 1992–93 (16). By 2001, the 
proportion had dwindled to less than 5% (17). Data from a recent 
European study suggest that abandoning Gleason scores below 6 
on prostatectomy specimens may not be prudent because tumors 
that were graded with Gleason scores of 2–4 had better progno-
sis than those graded as Gleason score 5–6 on prostatectomy (18). 

However, whereas Gleason score 2–4 tumors represented 16.4% 
of tumors diagnosed on biopsy in this study, they only accounted 
for 4.6% of the tumors at prostatectomy, again demonstrating that 
most tumors have higher grade foci at prostatectomy. 

Tumors that contain some proportion of pattern 4 or 5 (rep-
resenting Gleason scores of 7–10) behave more aggressively than 
those graded with Gleason scores of 2–6 (19). Thus, the more 
important distinction lies in the separation of pattern 3 from pat-
tern 4. In a departure from the original description of the Gleason 
system, it was recommended by the ISUP that single cells or ill-
defined glands with poorly formed lumenae not be allowed within 
Gleason pattern 3.  The latter should be within Gleason pattern 
4.  Pattern 3 should be reserved for tumors that have small dis-
crete glands of variable size and well-defined lumenae separated 
by variable amounts of stroma. In addition, most cribriform can-
cers should be Gleason pattern 4. Consensus was that only small 
cribriform arrangements with smooth borders should warrant 
the designation of pattern 3. In practice, this distinction becomes 
somewhat arbitrary and subject to interobserver variability. In our 
experience, tumors with even small amounts of cribriform cancer 
regardless of the size of the cribriform glands behaved aggressively 
(20). Nevertheless, the above recommendations of the 2005 ISUP 
Consensus Conference may potentially have the effect of grade 
migration towards higher Gleason scores.

Finally, the 2005 ISUP Consensus Group recommended modi-
fications to the assignment of individual grade patterns to the final 
Gleason score on biopsy. In the classic Gleason system, a grade 
pattern had to represent at least 5% of the tumor to be included 
in the Gleason score as a secondary pattern. In the 2005 modified 
system, higher grade patterns regardless of quantity were included 
in the score (98% pattern 3 and 2% pattern 4 is scored as 3 + 4 = 7). 
If more than two grades exist for a tumor on biopsy, then the most 
extensive pattern (the primary pattern) and the highest pattern of 
those remaining regardless of relative amount is included in the 

Table 1.  Comparison of the classical and International Society of Urological Pathology modified Gleason grading system

Classical Gleason system (14) 2005 ISUP modified Gleason system (15)

Pattern 1: Well-differentiated small, uniform, and closely packed  
glands in tight circumscribed masses

Pattern 2: Similar to pattern 1, with moderate variation in size and shape 
of glands and some cellular atypia; glands more loosely packed but 
still relatively circumscribed

Pattern 3: Very small infiltrating glands with marked irregularity of size 
and shape but generally retaining individual glandular differentiation; 
individual cells invading stroma away from circumscribed glandular 
masses; papillary and cribriform arrangements ranging from small to 
large but maintaining smooth rounded edges

Pattern 4: Raggedly infiltrating fused glands that coalesce and branch 
and are no longer single and separate; glands with large clear cells 
resembling hypernephroma

Pattern 5: Infiltrative, very poorly differentiated cells arranged in 
solid or diffuse masses or individual cells with essentially no 
glandular differentiation; includes signet ring cell morphology and 
comedocarcinoma

Pattern 1: Circumscribed nodule of closely packed, separate, uniform 
round-oval, medium-sized glands (generally larger than pattern 3)

Pattern 2: Similar to pattern 1, but more loosely packed glands with 
minimal infiltration at edges of tumor nodule and mild glandular 
irregularity

Pattern 3: Small discrete glandular acini (generally smaller  
than patterns 1 and 2) with marked variation in size and shape  
and that typically infiltrate amongst nonneoplastic prostatic acini;  
smoothly circumscribed small cribriform glandular  
units

Pattern 4: Fused microacinar glands and ill-defined glands with poorly 
formed glandular lumina; large cribriform glandular units or cribriform 
glands with irregular borders; hypernephromatoid, ductal tumors

Pattern 5: Tumor cells with essentially no glandular differentiation 
arranged in solid sheets, cords, or single cells; comedocarcinoma 
with central necrosis surrounded by papillary, cribriform, or solid cell 
masses

Gleason scoring
Gleason score obtained by adding together the most prominent pattern 

(primary) with the second most prominent pattern (secondary)
Same scoring method used for prostatectomy and biopsy

Similar to classical, with following exceptions: Gleason scores 2–4 should 
rarely (if ever) be assigned to tumors on biopsies

On biopsies, the Gleason score should be obtained by adding together 
the most prominent pattern (primary) with the highest remaining 
grade pattern (even if tertiary or <5%)
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score (eg, a tumor with 70% pattern 3, 25% pattern 4, and 5% 
pattern 5 is scored as 3 + 5 = 8). Theoretically, this could result in a 
trend towards higher Gleason scores on biopsy when these modi-
fications to the Gleason grading system are applied. Conversely, 
these modifications could ultimately result in fewer prostate can-
cers being upgraded upon prostatectomy, a situation that occurs 
frequently when comparing biopsy grade with final tumor grade 
on prostatectomy (21). However, it should be noted that the refine-
ments documented in the 2005 ISUP Consensus Conference 
report represent an attempt to standardize grading trends already 
practiced by leading genitourinary pathologists around the world 
rather than a new approach to Gleason grading. Thus, these modi-
fications may have more impact on the general pathology com-
munity than the academic community. Nevertheless, it has been 
shown that application of the 2005 modifications had the effect 
of increasing average Gleason scores in population studies (22,23). 
Whether the modifications lead to improved correlation with clini-
cal outcome remains to be seen.

Diagnostic Trends for Prostate Cancer 
and the Identification of Indolent Tumors: 
Impact on Expectant Management
Despite the advances in molecular diagnostics, imaging modalities, 
and clinical chemistry, the pathologic evaluation of prostatic tissue 
obtained by needle biopsy remains the gold standard for the 
diagnosis and risk assessment of prostate cancer. Ultimately, the 
goal of pathologic examination of prostate biopsies is to 1) establish 
a diagnosis of cancer, and 2)  help determine the aggressiveness 
(grade) and extent of the tumor to guide management decisions. 
Because most prostate tumors of today are not clinically palpable, 
prostate biopsies are taken systematically but randomly from the 
right and left sides of the prostate from base to apex. Although 
the caliber of the biopsy needles has become smaller, resulting in 
less tissue obtained per biopsy core, the number of cores obtained 
per biopsy session has increased. What began as sextant biopsies 
in the 1980s has been extended to 10, 12, or more biopsies 
concentrating on lateral portions of the gland in attempts to 
improve tumor detection. Yet, even extended biopsy schemes 
sample a limited portion of the prostate and frequently miss tumors 
(24). Consequently, many men undergo repeat biopsies that may 
or may not be necessary. Although repetition of the biopsy process 
itself does not interfere with pathological interpretation, each 
consecutive biopsy is still subject to the same sampling limitations 
as the original biopsy. Moreover, when cancer is sampled by needle 
biopsy, the Gleason score as determined on biopsy may not be the 
same as, and is often lower than, that determined on subsequent 
prostatectomy when the entire gland is examined (21). The main 
reason for this is that small foci of higher grade tumor can be missed 
by needle biopsy but readily seen when the whole prostatectomy 
is examined. However, grade discrepancies between biopsy and 
prostatectomy may also occur when different pathologists review 
the biopsy and prostatectomy specimens. Interobserver variation 
in Gleason scoring is well documented (25–27). Studies have 
demonstrated improved grade concordance between biopsy 
and subsequent prostatectomy when the biopsies are graded by 
experienced genitourinary pathologists (28,29). Therefore, it is our 

practice to have the pathology reviewed by inhouse genitourinary 
pathologists prior to making management decisions for all outside 
referral patients.

Although the number of cores positive for cancer in a given 
set of biopsies correlates with tumor volume, the finding of small 
amounts of tumor on a single biopsy does not always indicate a 
clinically inconsequential tumor (30). The most commonly used 
definition of “insignificant” tumor is a tumor confined to the 
prostate with a volume of less than 0.5 cm3 and a Gleason score 
of 6 or less (no pattern 4 or 5) at prostatectomy (31). Epstein et al. 
define a tumor at biopsy as being “potentially insignificant” if the 
following criteria are met: 1) stage T1c, 2) PSA density less than 
0.15 ng/mL/g, 3) Gleason score 6 or less (no pattern 4 or 5), and 
4) tumor involving less than three cores with no core having more 
than 50% tumor involvement (32). However, attempts to predict 
clinical significance using biopsy criteria are imperfect with sen-
sitivities ranging from 35% to 83% and specificities ranging from 
68% to 98% (33). Furthermore, when such criteria were used to 
select patients for expectant management, 31.5% of the patients 
progressed within 2 years (34). Accurate identification of tumors 
that can be assured not to progress is therefore problematic. This 
is due in large part to the limited tumor sampling with current 
random systematic biopsy methods and because tumors within 
the anterior prostate, or those in large prostates, are often missed 
(35,36). To address this, more recent approaches using prostate 
mapping biopsy techniques employing large numbers of biopsies 
in a template-guided three-dimensional manner that more accu-
rately “maps” the prostate for areas of cancer may be better able 
to distinguish those tumors that require immediate therapy from 
those that could be managed expectantly (37). This technique is 
labor-intensive, expensive, requires operating room time, and is 
currently used mainly as a staging procedure in men with prostate 
cancer opting for targeted focal therapy.

Advances in Molecular and Systems 
Pathology
Compared with some other tumor sites such as colon (Kras) and 
breast (Her2/neu) where molecular diagnostics have become part 
of the standard of care, prostate cancer has lagged behind in identi-
fying robust genetic or gene expression profiles that have an impact 
on patient care decisions. Although alterations of PTEN and the 
TMPRSS2:ETS gene fusions have been identified in large pro-
portions of prostate cancer, their utility as prognostic or predictive 
biomarkers is still controversial. In the last decade, several DNA 
and RNA tests have been developed that have either failed to make 
it to the clinic or have not received wide implementation into clini-
cal practice because of their added value and/or economics. For 
example, although promoter hypermethylation of GSTP1 has been 
identified in a large number of prostate cancers (3), GSTP1 pro-
tein loss by methylation is an early event in prostate carcinogenesis 
and has not been shown to contribute added value over classical 
pathology for treatment decisions. Hypermethylation of a number 
of other genes (eg, APC, RAR-beta2, CDH1, and others) has been 
identified in prostate cancers, and some of these have been shown 
to have potential prognostic value; however, well-designed valida-
tion studies are needed. 
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To better identify prostate cancers expected to behave aggres-
sively, efforts have recently been focused on combining classical 
pathologic information with molecular or image analysis data 
derived from the biopsy specimen. For example, a commercially 
available assay (Myriad Genetics, Salt Lake City, UT) has been 
developed that determines a prostate cancer RNA expression sig-
nature derived from 31 cell cycle proliferation genes. In a recent 
study on RNA extracted from formalin-fixed paraffin-embedded 
tumor tissue obtained from prostatectomy and transurethral resec-
tion specimens, the cell cycle progression (CCP) score derived from 
these 31 cell cycle genes normalized to 15 housekeeping genes was 
found to be an independent prognostic indicator (38). The CCP 
score was predictive of outcome and showed additive value in a 
calculated risk score when combined with Gleason score. The 
performance of the assay on prostate biopsy tissue and its clinical 
utility is under investigation. A systems-based pathology approach 
combined classical pathological features (Gleason score, dominant 
Gleason grade) on biopsy with immunofluorescent analyses of tis-
sue markers (AR, Ki-67) and various image analysis measurements 
to determine risk of progression and showed improvement over 
standard pathology (39). Unfortunately, most prostate cancers are 
extremely heterogeneous, not only in terms of tumor grade but also 
molecular expression patterns and genetic abnormalities (11,12). 
This has important ramifications when attempting to identify 
those features associated with an aggressive phenotype using biop-
sies that only sample a limited portion of a tumor.

Conclusion
In an era when more conservative management options exist for 
prostate cancer including targeted focal therapy and expectant 
management, it becomes more crucial to be able to determine the 
aggressiveness and extent of tumors accurately. The pathologist’s 
ability to do this is hampered by limitations in the amount of 
information obtainable from routine prostate biopsies. The tissue 
obtained on biopsy is a static view of a tumor at a particular point 
in the course of a dynamic process in which the tumor continues 
to evolve over time. Predicting the behavior of a tumor from 
a single biopsy is much like trying to define the slope of a curve 
from a single data point. Approaches that aim to maximize the 
amount of information from pathological specimens, whether it 
be morphometric, histochemical or molecular, may ultimately 
improve the predictive accuracy of prostate biopsies. The chall-
enges are to provide this information in a cost effective manner 
within a timeframe that allows for proper clinical decision making. 
It is, therefore, critical that improved diagnostic techniques be 
developed to optimize management decisions.

References
	 1.	 Huggins C, Hodges CV. Studies on prostatic cancer. I. The effect of castra-

tion, of estrogen and androgen injection on serum phosphatases in meta-
static carcinoma of the prostate. CA Cancer J Clin. 1972;22(4):232–240.

	 2.	 Lonergan PE, Tindall DJ. Androgen receptor signaling in prostate cancer 
development and progression. J Carcinog. 2011;10:20.

	 3.	 Gurel B, Iwata T, Koh CM, et al. Molecular alterations in prostate cancer as diag-
nostic, prognostic, and therapeutic targets. Adv Anat Pathol. 2008;15(6):319–331.

	 4.	 Koul HK, Kumar B, Koul S, et  al. The role of inflammation and infec-
tion in prostate cancer: importance in prevention, diagnosis and treatment. 
Drugs Today. 2010;46(12):929–943.

	 5.	 Lucia MS, Lambert JR, Platz EA, De Marzo AM. Inflammation as a 
target in prostate cancer. In: Figg WD, Chau CH, Small EJ, eds. Drug 
Management of Prostate Cancer. New York, NY: Springer; 2010:375–386.

	 6.	 Stephenson RA. Population-based prostate cancer trends in the United 
States: patterns of change in the era of prostate-specific antigen. World J 
Urol. 1997;15(6):331–335.

	 7.	 Falzarano SM, Magi-Galluzzi C. Prostate cancer staging and grading at 
radical prostatectomy over time. Adv Anat Pathol. 2011;18(2):159–164.

	 8.	 Moul JW, Wu H, Sun L, et al. Epidemiology of radical prostatectomy for 
localized prostate cancer in the era of prostate-specific antigen: an over-
view of the Department of Defense Center for Prostate Disease Research 
national database. Surgery. 2002;132(2):213–219.

	 9.	 Klotz L. Active surveillance for prostate cancer: a review. Arch Esp Urol. 
2011;64(8):806–814.

	 10.	 Miller GJ, Cygan JM. Morphology of prostate cancer: the effects of mul-
tifocality on histological grade, tumor volume and capsule penetration. J 
Urol. 1994;152(5, pt 2):1709–1713.

	 11.	 Karavitakis M, Ahmed HU, Abel PD, et al. Tumor focality in prostate can-
cer: implications for focal therapy. Nat Rev Clin Oncol. 2011;8(1):48–55.

	 12.	 Liu J, Lau SK, Varma VA, et al. Molecular mapping of tumor heterogene-
ity on clinical tissue specimens with multiplexed quantum dots. ACS Nano. 
2010;4(5):2755–2765.

	 13.	 Gleason DF. Classification of prostatic carcinomas. Cancer Chemother Rep. 
1966;50(3):125–128.

	 14.	 Gleason DF. Histological grading and clinical staging of prostatic carci-
noma. In: Tannenbaum M, ed. Urologic Pathology: The Prostate. Philadelphia, 
PA: Lea&Feibiger; 1977:171–198.

	 15.	 Epstein JI, Allsbrook WC, Jr, Amin MB, et  al. The 2005 International 
Society of Urological Pathology (ISUP) Consensus Conference 
on Gleason Grading of Prostatic Carcinoma. Am J Surg Pathol. 
2005;29(9):1228–1242.

	 16.	 Gilliland FD, Gleason DF, Hunt WC, et  al. Trends in Gleason 
score for prostate cancer diagnosed between 1983 and 1993. J Urol. 
2001;165(3):846–850.

	 17.	 Ghani KR, Grigor K, Tulloch DN, et al. Trends in reporting Gleason score 1991 
to 2001: changes in the pathologist’s practice. Eur Urol. 2005;47(2):196–201.

	 18.	 Brookman-May S, May M, Wieland WF, et  al. Should we abstain from 
Gleason 2-4 in the diagnosis of prostate cancer? Results of a German mul-
ticenter study. World J Urol. 2012;30(1):97–103.

	 19.	 Pan CC, Potter SR, Partin AW, Epstein JI. The prognostic significance of 
tertiary Gleason patterns of higher grade in radical prostatectomy speci-
mens. A proposal to modify the Gleason grading system. Am J Surg Pathol. 
2000;24(4):563–569.

	 20.	 Iczkowski KA, Torkko KC, Kotnis GR, et al. Digital quantification of five 
high-grade prostate cancer patterns, including the cribriform pattern, and 
their association with adverse outcome. Am J Clin Pathol. 2011;136(1):98–107.

	 21.	 Sved PD, Gomez P, Manoharan M, et al. Limitations of biopsy Gleason 
grade: implications for counseling patients with biopsy Gleason score 6 
prostate cancer. J Urol. 2004;172(1):98–102.

	 22.	 Zareba P, Zhang J, Yilmaz A, et al. The impact of the 2005 International 
Society of Urological Pathology (ISUP) consensus on Gleason grading in 
contemporary practice. Histopathol. 2009;55(4):384–391.

	 23.	 Guimaraes MS, Billis A, Quintal MM, et  al. The impact of the 2005 
International Society of Urological Pathology (ISUP) consensus confer-
ence on standard Gleason grading of prostatic carcinoma. Mod Pathol. 
2006;19(1s):139A.

	 24.	 Raja J, Ramachandran N, Munneke G, et al. Current status of transrectal 
ultrasound-guided prostate biopsy in the diagnosis of prostate cancer. Clin 
Radiol. 2006;61(2):142–153.

	 25.	 Ruijter E, van Leenders G, Miller G, et al. Errors in histological grading 
by prostatic needle biopsy specimens: frequency and predisposing factors. 
J Pathol. 2000;192(2):229–233.

	 26.	 Renshaw AA, Schultz D, Cote K, et al. Accurate Gleason grading of pros-
tatic carcinoma in prostate needle biopsies by general pathologists. Arch 
Pathol Lab Med. 2003;127(8):1007–1008.

	 27.	 Truesdale MD, Cheetham PJ, Turk AT, et al. Gleason score concordance 
on biopsy-confirmed prostate cancer: is pathological re-evaluation neces-
sary prior to radical prostatectomy? BJU Int. 2011;107(5):749–754.

 at Pennsylvania State U
niversity on Septem

ber 16, 2016
http://jncim

ono.oxfordjournals.org/
D

ow
nloaded from

 

http://jncimono.oxfordjournals.org/


Journal of the National Cancer Institute Monographs, No. 45, 2012	 161

	 28.	 Fine SW, Epstein JI. A  contemporary study correlating pros-
tate needle biopsy and radical prostatectomy Gleason score. J Urol. 
2008;179(4):1335–1338.

	 29.	 Barqawi AB, Turcanu R, Gamito EJ, et  al. The value of second-opinion 
pathology diagnoses on prostate biopsies from patients referred for man-
agement of prostate cancer. Int J Clin Exp Pathol. 2011;4(5):468–475.

	 30.	 Quann P, Jarrard DF, Huang W. Current prostate biopsy protocols cannot 
reliably identify patients for focal therapy: correlation of low-risk prostate 
cancer on biopsy with radical prostatectomy findings. Int J Clin Exp Pathol. 
2010;3(4):401–407.

	 31.	 Stamey TA, Freiha FS, McNeal JE, et al. Localized prostate cancer: rela-
tionship of tumor volume to clinical significance for treatment of prostate 
cancer. Cancer. 1993;71(suppl 3):933–938.

	 32.	 Epstein JI, Sanderson H, Carter HB, et al. Utility of saturation biopsy to 
predict insignificant cancer at radical prostatectomy. Urology. 2005;66(2): 
356–360.

	 33.	 Noguchi M, Stamey TA, McNeal JE, et al. Relationship between system-
atic biopsies and histological features of 222 radical prostatectomy speci-
mens: lack of prediction of tumor significance for men with nonpalpable 
prostate cancer. J Urol. 2001;166(1):104–109; discussion 109–110.

	 34.	 Carter HB, Walsh PC, Landis P, Epstein JI. Expectant management of 
nonpalpable prostate cancer with curative intent: preliminary results. J 
Urol. 2002;167(3):1231–1234.

	 35.	 Takashima R, Egawa S, Kuwao S, Baba S. Anterior distribution of stage 
T1c nonpalpable tumors in radical prostatectomy specimens. Urology. 
2002;59(5):692–697.

	 36.	 Kulkarni GS, Al-Azab R, Lockwood G, et al. Evidence for a biopsy derived 
grade artifact among larger prostate glands. J Urol. 2006;175(2):505–509.

	 37.	 Crawford ED, Wilson SS, Torkko KC, et al. Clinical staging of prostate 
cancer: a computer-simulated study of transperineal prostate biopsy. BJU 
Int. 2005;96(7):999–1004.

	 38.	 Cuzick J, Swanson GP, Fisher G, et al. Prognostic value of an RNA expres-
sion signature derived from cell cycle proliferation genes in patients with 
prostate cancer: a retrospective study. Lancet Oncol. 2011;12(3):245–255.

	 39.	 Donovan MJ, Khan FM, Fernandez G, et  al. Personalized prediction of 
tumor response and cancer progression on prostate needle biopsy. J Urol. 
2009;182(1):125–132.

Affiliation of authors: Department of Pathology, University of Colorado 
Denver School of Medicine, Aurora, CO.

 at Pennsylvania State U
niversity on Septem

ber 16, 2016
http://jncim

ono.oxfordjournals.org/
D

ow
nloaded from

 

http://jncimono.oxfordjournals.org/

