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The Clinical Management of Patients With a Small
Volume of Prostatic Cancer on Biopsy:
What Are the Risks of Progression?
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Clinically localized prostate cancer is associated with a wide variation in biologic
behavior, and men with the less aggressive form of the disease may never develop symptoms. There has been a rise in prostate cancer incidence in countries
in which the blood test for prostatic-specific antigen (PSA) is common, and concerns have been expressed that this may be because of the increased detection of
indolent disease, subjecting these men to unnecessary treatment and associated
side effects. For the current review, the authors conducted a systematic evalua-

1

Cancer Research United Kingdom Clinical Centre, St. James’s University Hospital, Leeds, United
Kingdom.

tion of the literature regarding the outcomes of men who were diagnosed on the

2
Histopathology, Airedale
Keighley, United Kingdom.

patients with microfocal cancer, regardless of how it was defined, had adverse

General

Hospital,

3

Cochrane Urological Cancers Unit, Velindre
National Health Service Trust, Cardiff, Wales,
United Kingdom.

basis of a small volume of cancer in prostatic biopsies. The results indicated that,
despite differences in study design and reporting, a significant proportion of
pathologic findings and a significant risk of PSA recurrence after undergoing radical prostatectomy. Biochemical and clinical recurrences also were observed after
radiotherapy or watchful waiting. The authors concluded that patients with
microfocal carcinoma on biopsy should be advised that their disease is not
necessarily ‘‘insignificant’’ and should be counseled accordingly. Cancer 2008;
112:971–81.  2008 American Cancer Society.
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C

linically localized prostate cancer is associated with a wide variation in biologic behavior,1 and men with the less aggressive
form of the disease may never develop symptoms. There has been a
rise in prostate cancer incidence in countries in which the blood
test for prostatic-specific antigen (PSA) is common, and concerns
have been expressed that this may be because of the increased
detection of indolent disease,2 subjecting these men to unnecessary
treatment and associated side-effects. It has been estimated that
only 13% to 22% of men who have prostate cancer detected on the
basis of the PSA test would benefit from treatment.3 Current imaging modalities have a limited ability to observe the extent of prostate cancer within the gland4 and, thus, cannot be used to monitor
tumor behavior or the rate of growth. Histologic grading, in the
form of the Gleason score,5,6 is a well established prognostic factor
in prostatic cancer but is most powerful at the extreme ends of the
spectrum, with high scores from 8 to 10 associated with aggressive
disease.7 However, most patients present with intermediate Gleason
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scores of 6 or 7. The other commonly used prognostic factors in prostate cancer are clinical stage and
the level of serum PSA at presentation, which are
indicators of disease extent and/or tumor volume.
Nevertheless, clinical staging often underestimates
disease extent compared with findings at radical
prostatectomy.8 In addition, PSA is produced by both
benign and malignant prostatic epithelial cells, so
that serum levels increase in both benign prostatic
hyperplasia and cancer, conditions that commonly
coexist in older men.9 Consequently, the combination of clinical stage, serum PSA level at presentation, and Gleason score, particularly in the common,
low-to-moderate ranges, can provide only imprecise
indications of the likely significance of the finding of
prostate cancer for an individual patient. For
instance, for a patient with nonpalpable disease, a
serum PSA level of 6.5 ng/mL, and a biopsy Gleason
score of 7, the chances of having cancer limited to
the prostate gland (organ confined) or extraprostatic
extension (EPE) appear to be split almost equally
(estimated median probability of organ confinement,
54%; 95% confidence interval, 49%–59%).10 Therefore, other prognostic factors are required, and it has
been claimed that the measurement of the extent of
carcinoma in diagnostic biopsies is useful to predict
the natural course of the disease1 and guide treatment decisions, although the evidence for this has
not been reviewed systematically. If small-volume
cancer in the biopsies equates with good outcomes,
then this would be a strong argument in favor of
watchful waiting for this group of patients. With the
rise of PSA-detected prostate cancer in asymptomatic
men, this is an increasingly common clinical situation that affects up to 29% of men.11
The objective of this review was to systematically
evaluate the literature regarding the outcomes of
men diagnosed on the basis of a small volume of
cancer in prostatic biopsies. Biochemical or clinical
recurrence or progression and prostate cancer-specific mortality clearly are the most relevant outcome
measures. In addition, however, spread of carcinoma
beyond the confines of the prostate (EPE),12 a large
tumor volume,13 the presence of high Gleason
grades, and positive margins14 have been associated
with an increased risk of progressive disease after
radical prostatectomy. Indeed, some investigators
believe that tumors that do not exhibit any of these
features lack the ability to progress during a patient’s
lifespan and, thus, are ‘‘clinically insignificant.’’11,15–26
A strong association between microfocal carcinoma
on biopsy and ‘‘clinically insignificant’’ disease in the
prostatectomy specimen would be a strong argument
against actively treating these patients. Therefore,

pathologic stage, the tumor volume, and surgical
margin status also are valid outcome measures for
patients undergoing radical prostatectomy.

MATERIALS AND METHODS
The previously described,27 overarching, comprehensive search strategy to identify all articles relevant to
prostate cancer and pathology was updated to the
end of March 2007 and was extended to include Scopus in addition to MEDLINE, Embase, and the Web
of Knowledge. To search for additional studies, hand
searching of relevant journals was undertaken, and
the reference lists of retrieved articles were scrutinized. There were no language restrictions. The
resulting bibliographic database (Endnote, version 7)
was searched for articles that dealt with tumor extent
on biopsy, yielding 238 articles for close reading.
Thirty-four articles11,15–26,28–48 addressed the specific
question of the correlation between small-volume
(‘‘microfocal’’) cancer on biopsy and pathologic findings, biochemical or clinical progression, or mortality, and 32 of those articles provided original
data.11,15–26,28–48 Three of those articles were unique:
One referred to the number of positive biopsy sites
rather than cores,42 another examined the relation
between the number of positive cores on each side
(right or left) and the incidence of extraprostatic
spread on that side,48 and the final article took into
account both biopsy cancer volume and presenting
PSA density in the presentation of results.46 Those 3
articles were not considered further, because they
did not provide data that were comparable with data
from the other 29 articles.
Structured data extraction was performed as
described previously to define the study design and
outcomes reporting27 that allowed comparison
between studies. Data specific to the question under
scrutiny included the definition of microfocal carcinoma and the number of biopsy cores obtained,
because the diagnosis of microfocal carcinoma may
have different implications, depending on how extensively the prostate was sampled.
Data were extracted and checked by 2 reviewers,
and any differences were settled through discussion.
Authors were contacted for clarification in case of
doubt or language restrictions. However, only limited
data could be extracted from 3 articles25,43,45 because
of these restrictions.
Where possible, outcome data were pooled to
estimate the overall risk associated with small-volume cancer at biopsy (Comprehensive Meta-analysis,
Biostat Inc.). A fixed-effect model was used if there
was no evidence of heterogeneity at a significance
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TABLE 1
Details of the Origin and Characteristics of Patients With Microfocal Carcinoma
Reference

Origin and dates

Allan, 200322
Barthelemy, 199615
Boccon-Gibod, 200520
Bruce, 199628
Cupp, 199535
D’Amico, 200016
Dietrick, 199536
Egevad, 199829
Furuya, 200230
Gardner, 199817
Guzzo, 200541
Hoedemaeker, 200321
Huber, 200645
Kakehi, 200018
Kakehi, 200231
Kim, 200623
Lee, 200325
Miyake, 200340
Montesino, 200543
Ochiai, 200524
Postma, 200511
RP
WW
Ravery, 199632
Ravery, 199633
RP
WW
Roemeling, 200647
Taverna, 200626
Wang, 199737
Weldon, 199519
Wills, 199838
Zackrisson, 200444

Baltimore, Md: 1999–2000
Creteil, France: 1989–1994
Paris, France: 1988–2004
Lexington, Ky: 1990–94
Rochester, NY: ND
Boston, Mass: 1988–1998
Stanford, Calif: 1987–1990
Uppsala, Sweden: 1993–1997
Toyama, Japan: ND
New York, NY: 1990–1995
Philadelphia, Pa: 1991–2000
Rotterdam, the Netherlands: 1994–1997
Ried im Innkreis, Germany: 2003–2004
Nine institutions, Japan: 1990–1998
Eight institutions, Japan: ND-1997
Seoul, Korea: 2003–2005
Boston, Mass, 1980–2000
Akashi/Kobe, Japan: 1993–2001
Pamplona, Spain: 1992–2004
Houston, Tex: 1997–2003
Rotterdam, the Netherlands: 1994–2003

Paris, France: 1988–1995
Paris, France: 1988–1995

Rotterdam, the Netherlands, 1993–1999
Milan, Italy: 1998–2004
Chicago, Ill: 1992–1995
San Francisco/San Rafael, Calif: 1986–1993
Baltimore, Md: ND
Goteborg, Sweden: 1995–2000

Age: Median
[Mean/Range], y

Clinical stage: No. of patients (%)

PSA: Median
[Mean/Range], ng/mL

ND [58/47–70]
ND [65.5/50–74]
63.8 [ND/44–75]
ND [66.1/45–80]
ND
ND
ND
ND
ND [66.9/ND]
ND
ND
ND
ND
ND for overall group
ND [ND/49–91]
ND
61 [ND/40–76]
67 [ND/56–76]
ND [ND/58–77]
60 [ND/55–64]

Abnormal DRE, 10/54 (18.5)
T1c, 6 (22); T2, 20 (74); T3a, 1 (4)
T1c, 42 (75); T2, 14 (25)
T1c, 16 (33); T2, 30 (61); T3a, 3 (6); M1, 3 (6)
T1c or T2
T1c, 52 (79); T2, 14 (21)
ND
ND
Clinically localized
ND
T1c, 52 (51); T2, 50 (49)
ND
ND
T1c
T1c, 47 (60); T2, 27 (35); T3, 4 (5)
T1c, 21 (66); T2, 11 (34)
T1c, 12 (86); T2a, 2 (14)
T1c, 10 (71); T2a, 4 (29)
T1c, 19 (95); T2a, 1 (5)
T1c, 58 (79.5); T2a, 15 (20.5)

ND [6.3/0.8–16]
ND [12.85/1.6–39]
8.5 [ND/11–35]
ND [6.8/0.3–139]
ND
ND [ND/ND-20]
ND
ND
ND [8.1/ND]
ND
ND [ND/0.8–46]
ND
ND
ND for overall group
ND for overall group
ND [6.9/ND]
5.75 [5.5/0.9–9]
4.4 [ND/2.2–48]
7.4 [8.4/5.2–17.1]
5 [ND/4–8.1]

62.8 [ND/55–72]
68.6 [ND/57–77]
ND

T1c, 65 (63); T2, 36 (35); T3a, 2 (2); Tx, 0 (0)
T1c, 63 (58); T2, 39 (36); T3, 0 (0); Tx, 6 (6)
Clinically localized

4.4 [ND/0.9–21]
3.7 [ND/1.2–24.8]
ND

ND [64.8/52.3–74.5]
ND [72.5/53–96]
ND [65.7/55–75.3]
ND [63.7/50–74]
ND
67 [ND/42–77]
ND
ND

T1a–T1b, 6 (25); T1c, 5 (21); T2, 13 (54)
ND
T1c, 186 (63.5); T2, 107 (36.5)
ND
ND
T1c, 6 (18); T2, 27 (82)
Clinically organ confined
ND

ND [16.4/1.6–48]
ND [18.4/3.8–44]
ND [4.8/0.3–15]
ND [7.5/ND]
ND
6.5 [ND/1.2–167]
ND
ND

PSA indicates prostate-specific antigen; ND, no data; DRE, digital rectal examination; T, tumor classification; RP, retroperitoneal prostatectomy; WW watchful waiting.

level of P 5 .1. If heterogeneity was evident, then a
random-effects model was used. The results are presented as event rates (risk) in forest plots in which
each study is represented by a solid square. Horizontal lines passing through the squares in the plots correspond to the 95% confidence interval, and the
overall estimate is represented by a solid diamond at
the base of the plot.

RESULTS
All identified studies were retrospective. The origin of
the articles and clinical characteristics of the subgroups of patients with microfocal carcinoma are
given in Table 1. Four studies reported on men who
were diagnosed in the context of the European Randomized Trial for Screening of Prostate Cancer either

in the Netherlands11,21,47 or in Sweden.44 Details of
patient selection are provided in Table 2.

Definition of Small-volume (Microfocal) Cancer on Biopsy
Studies varied in the maximum number of biopsy
cores that were allowed to qualify for the definition
of microfocal carcinoma and whether or not the
maximum length of carcinoma and highest Gleason
score were specified. Because the stringency of the
definitions may have a bearing on the results, these
are presented relative to the number of positive cores
allowed and then relative to the increasing values for
the maximum length of cancer within the core and
the maximum Gleason score, where applicable
(Tables 3–6). A single positive core and a cutoff value
of 3 mm for the cancer length were the most com-
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mon values adopted, but restrictions on Gleason
grades varied even among the articles that used these
values (Table 4).

Findings in the Radical Prostatectomy Specimen
One question that is relevant to patients is how often, after a diagnosis of microfocal carcinoma, the
operation may be considered as over treatment
because no tumor is found in the surgical specimen.
TABLE 2
Details of Methods of Patient Identification and Exclusions
Method of patient identification
Review of biopsy database for cases of microfocal carcinoma and patients treated by
Radical prostatectomy11,15,17,20–23,25,26,37,40,41,43,44
Watchful waiting11,31
Any modality18,28,47
Review of radical prostatectomy database to determine preoperative predictors of
favorable pathologic findings and report on subgroup with microfocal cancer on
biopsy16,24,29,30,32,34–36,38,42,46
Criteria for excluding patients
Neoadjuvant therapy29,30,42,47
Prior transurethral resection39,46
Slides unavailable for review28,39,42
Incomplete data on
Clinical stage37,46
Preoperative PSA value37,46
Biopsy cancer volume15,32,41,46
No. of biopsies taken29,35
Clinical follow-up11

Of the 15 articles that provided complete information
in this area, 10 articles16–18,21–24,40,45,48 reported tumor present in all specimens, and 5 articles11,25,26,43,47 reported no tumor (pathologic T0
tumor classification) in a small percentage of
patients. Overall, there was no tumor reported in
0.8% of patients (7 of 879 patients).
Concentrating on articles with the smallest maximum length of cancer in the positive core (Table 3),
6 studies16,22,25,26,38,41 reported an EPE that ranged
between 4% and 45% (median, 13.5%). The overall
estimate of the risk (Fig. 1) that patients with microfocal cancer would present with EPE was 17.6% (95%
confidence interval, 7.9%–34.8%). When margin positivity was reported,16,22,25,28,41 it ranged between 5%
and 19% (median, 11%). The combined estimate
(Fig. 2) suggested that approximately 12% of men
with small-volume disease had positive surgical margins at radical prostatectomy (risk, 11.7%; 95% confidence interval, 8.3%–16.3%). Even when the
definition was restricted further by a maximum Gleason score of 6, the proportion of patients with EPE
ranged between 4% and 45% (median, 14%)22,25,33
and between 7%25 and 9%22 of patients had positive
margins.
By using a previously suggested definition of microfocal carcinoma49 (Table 4), 7 articles11,17,19,20,21,23,38
reported variations in the frequency of extraprostatic
disease ranging between 0% and 51.5%. The overall

TABLE 3
Correlations of Microfocal Disease on Biopsy With Radical Prostatectomy Findings: One Biopsy Core Positive, Most Restrictive Lengths of Cancer
Reference

Maximum
cancer, mm*

GS: Maximum/Median
[Mean/Range]

No. of biopsies:
Median [Mean/Range]

No. of patients/
No. lost to follow-up

Adverse pathologic features in RP
specimen: No. of patients (%)

Allan, 200322

0.5

6 [ND]

ND [6.3/3–8]

54/0

Lee, 200325

5%

6/ND [ND/5–6]

ND [ND/4–10]

14/0

D’Amico, 200016

5%

7

ND: Sextant strategy

66/0

Guzzo, 200541

5%

Any/ND [5.4/2–8]

ND

102/ND

Wills, 199838
Taverna, 200626

1
1

6
Too small for grading

ND
ND [13/8–20]

18/10
79/0

Ravery, 199632
Dietrick, 199536
Bruce, 199628

<10%
2
2

Any [ND]
6/ND, no grade 4 or 5
Any [ND]

Sextant strategy
Sextant strategy
ND

<37/ND
14/ND
27/NDy

EPE, 2 (4); EPE with tumor 0.5 cc and/or GS >6,
18 (33); positive margins, 5 (9)
EPE, 2 (14); positive margins, 1 (7); EPE and/or
tumor >0.2 cc and/or GS 4/5 and/or positive
margins, 13 (93)
EPE, 4 (6); positive margins, 7 (11); cancer
involving at least half of 1 lobe, 61 (92)
EPE, 14 (14); tumor 5% of the gland, 51 (50);
positive margins, 12 (12)
EPE, 8 (45): Focal, 5 (28); extensive, 3 (17)
EPE, 10 (13); tumor >5% of gland volume and/or
GS >6, 48 (61)
EPE and/or positive margins, ND (12.5)
Tumor 0.5 cc,7 (50)
EPE, 7/27 (26); seminal vesicle invasion, 1/26 (4);
positive margins, 5/26 (19); positive lymph
nodes, 2/27 (7)

GS indicates Gleason score; RP, radical prostatectomy; ND, no data; EPE, extraprostatic extension.
* Percentages in this column indicate the percentage of the core was positive.
y
Surgery was abandoned in 1 patient because of lymph node metastasis on frozen section at operation.
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TABLE 4
Correlations of Microfocal Disease on Biopsy With Radical Prostatectomy Findings: One Biopsy Core Positive, Cancer Length Cutoff, 3 mm
Reference

GS: Maximum/Median
[Mean/Range]

No. of biopsies:
Median [Mean/Range]

No. of patients/
No. lost to follow-up

Adverse pathologic features in RP specimen:
No. of patients (%)

Weldon, 199519
Wills, 199838
Hoedemaeker, 200321

6/ND, no grade 4 or 5
6/ND
6/ND, no grade 4 or 5

ND
ND
61

33/0
28/ND

Postma, 200511

6/6 [ND/4–6], no grade 4 or 5

Sextant strategy

105/13

Boccon-Gibod, 200520

6 [ND]

56/0

Cupp, 199535
Egevad, 199829
Gardner, 199817

6 [ND]
6 [ND]
6/5 [ND/3–6]

ND: Strategy 6 then
10 from 1996
ND [ND/4–10]
ND (ND) 8–10
ND [ND/6-ND]

Kim, 200623
Barthelemy,199615
Wang, 199737

6/ND [2–6]
Any/ND [5.44/3–9]
Any [ND]

ND
9 [9/9]
ND

32/0
16/ND
42/17

EPE, 17 (51.5); EPE or tumor 0.5 cc, 31 (94)
EPE, 9 (32): Focal, 5 (18); extensive, 4 (14)
EPE, 3 (9); EPE and/or tumor 0.5 cc and/or GS 4
or 5, 12 (40); positive margins, 5 (15)
EPE, 5 (5); positive margins, 15 (14); EPE and/or
tumor >0.5 cc and/or GS 4 or 5 and/or margins
positive, 38 (35)
EPE, ND (8); tumor 0.5 cc, 32 (57) tumor 0.5; GS
 7, 40 (71); positive margins, 0 (0)
Tumor 1.0 cc, 13 (87); tumor 0.5 cc, 14 (93)
ND (all tumors <1 cc)
EPE, 22 (26); tumor 5% of gland volume, 75 (90);
positive margins, 8 (10)
EPE, 0 (0), tumor 0.5 cc and/or GS >6, 27 (84)
EPE, 1 (6); tumor >0.5 cc, 13 (81)
Tumor 0.5 cc, 24 (57)

15/ND
6/ND
83/0

GS indicates Gleason score; RP radical prostatectomy, ND, no data; EPE, extraprostatic extension.

TABLE 5
Correlations of Microfocal Disease on Biopsy With Radical Prostatectomy Findings: One Biopsy Core Positive With No
Restriction on Cancer Length
Reference

GS: Maximum/Median |[Mean/Range]

No. of biopsies:
Median [Mean/Range]

No. of patients/
No. lost to follow-up

Adverse pathologic features:
No. of patients (%)

Miyake, 200340
Ravery, 199633
Ochiai, 200524

4/3 [2.9/2–4]
Any/7 [6.5/3–9]
Any/ND [ND]

ND
Sextant strategy
ND [ND/10–11]

14/0
24/ND
73/0

Huber, 200645

Any/ND [ND]

ND

42/ND

EPE, 4 (29)
EPE, 7 (29); positive margins, 4 (17)
EPE, 5 (7); EPE and/or dominant tumor >0.5 cc
and/or margins positive and/or GS 4/5, 42 (57.5)
EPE, 5 (12)

GS indicates Gleason score; ND, no data; EPE, extraprostatic extension

TABLE 6
Correlations of Microfocal Disease on Biopsy With Radical Prostatectomy Findings: Up to w Positive Biopsy Cores
Reference

Maximum
cancer

GS: Maximum/
Median [Mean]

No. of biopsies:
Median [Mean/Range]

No. of patients/
No. lost to follow-up

Adverse pathologic features:
No. of patients (%)

Montesino, 200543

5 Malignant glands

Any/ND

ND

20/ND

Zackrisson, 200544
Furuya, 200230
Kakehi, 200018
Roemeling, 200647

Total, 3 mm
50% Of any core
50% Of any core
Any

Any/ND
6/ND [4.4]
6/5 [ND]
6/ND, no grade 4/5

ND
ND
ND [ND/6–8]
Sextant at least

60/ND
19/0
48/0 or 42/4
131/0 or 118/13

EPE, 1 (5); tumor 5% of prostate or
multifocal, 17 (85)
Tumor 0.5 mL, 40 (67)
EPE, 2 (11); tumor 0.5 cc, 8 (53)
EPE, 12/48 (25); tumor 0.5 cc, 22/42 (52)
EPE, 8/131 (7); tumor 0.5 mL, 34/118 (29)

GS indicates Gleason score; ND, no data; EPE, extraprostatic extension.
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FIGURE 1. This plot illustrates the risk of extraprostatic extension using the most restrictive definition of microfocal carcinoma. 95% CI indicates 95% confidence interval.

FIGURE 2. This plot illustrates the risk of positive surgical margins using the most restrictive definition of microfocal carcinoma. 95% CI indicates 95% confidence interval.

FIGURE 3. This plot illustrates the risk of extraprostatic extension using the most common definition of microfocal carcinoma (a single positive core, length
of cancer cutoff of 3 mm, and Gleason score <7). 95% CI indicates 95% confidence interval; PSA, prostate-specific antigen.

risk was estimated at 17.6% (Fig. 3). Too few articles
reported on margin positivity to allow a meaningful
analysis, but the frequency of positive margins ranged between 0% and 14% of patients (median, 10%
of patients).11,20,35

Clinical Outcomes
Patients treated by radical prostatectomy
The number of PSA recurrences for patients with
microfocal carcinoma ranged from 0% to 26% (median, 8.5%) (Table 7). Small-volume cancer on biopsy
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TABLE 7
Recurrence After Radical Prostatectomy With Articles Presented in the Order of Decreasing Stringency of the Definition of Microfocal Carcinoma
Definition of microfocal cancer

Definition of PSA recurrence

Reference

Maximum
No. of cores

Cancer
length, mm*

GS

PSA, ng/mL

Gardner, 199817
Postma, 200511
Lee, 200325
D’Amico, 200016
Ravery, 199632

1
1
1
1
1

3
3
5%
5%
10%

6
6
6
7
Any

Kakehi, 200018
Roemeling, 200647
Ravery, 199633

1–2
1–2
1

50%
Any
Any

6
6
Any

>0.1
0.2
ND
0.1
Rise after undetectable
or persistent postsurgery
ND
>0.1 & Rising
0.1

No. of
measurements

No. of PSA
recurrences (%)

Follow-up: Median
[Mean/Range], mo

1
1
2
3

6/83 (7)
4/87 (5)
0/14
ND (‘‘approximately 10%’’)
5/23 (22)

ND [ND/ND]
45 [ND/3–96]
17.3 [ND]
ND
ND [ND/6-ND]

3

1/48 (2)
13/136 (10)
ND (26)

21.9 [ND/6.7–74.3]
ND for subgroup
ND

PSA indicates prostate-specific antigen; GS, Gleason score; ND, no data.
* Percentages in this column indicate the percentage of the core that was positive.

FIGURE 4. This plot illustrates the risk of prostate-specific antigen recurrence after radical prostatectomy. 95% CI indicates 95% confidence interval.
was associated with an estimated risk of developing
PSA recurrence of 8.6% (range, 6.1%–12.1%) (Fig. 4).
Only 3 articles reported on symptomatic recurrences
or death, with no patients,11,47 1 of 48 patients
(2%),31 and 2 of 136 patients (1.5%)47 experiencing
recurrence and with 1 reported death.47.

Patients treated by radical radiotherapy
None of the 3 studies that reported symptomatic
recurrences or death provided a specific definition of
PSA recurrence for the subgroup that received radical
radiotherapy, and 1 study did not provide data on
the length of follow-up.47 PSA recurrences were
observed in 0 of 12 patients18 (0%; median follow-up,
33.1 months; range, 14.6–98.7 months), in 16 of 91
patients (18%),47 and in 2 of 10 patients (20%; mean

follow-up, 29.5 months; range, 6–54 months).28 Two
patients with microfocal carcinoma developed metastases (2%), and 2 patients died of cancer (2%).47

Patients treated by androgen-deprivation therapy
One article reported the outcomes a group of 21
patients who had 1 or 2 positive biopsy cores that
showed 50% cancer involvement.18 None of those
patients had evidence of clinical progression after a
median follow-up of 26.8 months (range, 7.1–111
months).
Patients undergoing watchful waiting
The number of patients in each study was small, but
a rising PSA levels were reported in 9 of 15 patients
who had 1 positive core (60%; mean follow-up, 22
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months; range, 6–48 months)34; and clinical progression was observed in 1 of 25 patients (4%; median
follow-up, 27.3 months; range, 7.7–67.6 months) who
had 1 or 2 positive biopsy cores and 50% involvement with carcinoma18 and in 1 of 82 patients (1%;
median follow-up, 30 months; range, 5–86 months)
who had 3 mm of carcinoma in a single core.11 The
latter study also reported that 4 patients (5%), 12
patients (15%), and 18 patients (22%) had PSA doubling times of <2 years, <3 years, and <4 years,
respectively. By using PSA doubling times as the only
outcome measure, favorable biopsy features (1 or 2
positive biopsy cores with 50% involvement by cancer; 38 patients) were only prognostic when combined with World Health Organization grade (grade 1
vs grade 2 or 3) and initial PSA level (P 5 .0034).31
Conversion to definitive therapy affected 19 of 64
patients (30%; follow-up length and reasons for conversion not given) with 1 or 2 positive cores.47

Limitations on Interpretation
Data on the clinical characteristics of the patient
population were not always given, but there were
marked variations in the proportion of men who
were diagnosed because of a raised PSA alone, from
18.5%22 to 95%43 (Table 1), indicating differences in
patient selection. Other biases inherent to retrospective studies also were apparent, particularly in terms
of incomplete data (Table 2); so that the proportion
of patients excluded from the final analysis was up
to 29%,37 although, in most studies, this proportion
was not clear (Tables 3–6). Final sample sizes were
not always given, were limited by the number of
patients treated in individual institutions, and usually
were small, ranging from 6 patients29 to 131
patients42 (median, 34 patients) (Tables 3–6). Not all
articles provided complete information on biopsy
technique; however, when they did, biopsy strategies
and the actual numbers of cores obtained varied
(Tables 3–6), and it is possible that a small focus of
carcinoma in 1 of 10 biopsies may be less significant
than in 1 of 2 biopsies. Only 1 article compared the
outcomes of patients who had undergone 6 biopsies
versus 7 biopsies and reported no significant differences in the frequency of EPE or positive margins.31
Finally, there were large variations in the reported outcomes of patients undergoing radical
treatment, but how much of this was attributable to
treatment rather than to biologic tumor characteristics was unclear, because no details were provided
about surgical expertise or the specifics of the radiotherapy treatment, although radiation dose was
altered according to clinical stage in 1 study.28

DISCUSSION
To our knowledge, this is the first systematic review of
the evidence for a relation between small tumor volume in diagnostic prostatic biopsies and patient outcomes. This review focused on the specific question
of the significance of small-volume cancer, because
this is an increasingly common clinical situation, and
greater proportions of men are diagnosed with clinically localized prostate cancer that is detected through
PSA testing. The number of patients reported within
these retrospective studies was relatively small, and
comparisons were limited because of differences in
the definition of microfocal carcinoma and in the outcome measures reported between studies. Nevertheless, the overall findings indicate that a small volume
of cancer in prostatic biopsies is not necessarily indicative of a good prognosis.
In the majority of articles, the treatment was surgical, and correlations were made between small-volume cancer in the diagnostic biopsies and findings
at radical prostatectomy. Tumor was present in the
surgical specimen in >99% of patients. Because of
concerns about over detection and over treatment of
indolent prostate cancer,2 there have been attempts
to differentiate ‘‘significant’’ disease (potentially lifethreatening) from ‘‘insignificant’’ disease on the basis
of radical prostatectomy findings and to identify preoperative parameters that would differentiate
between the 2 disease types. Small tumor volume in
the prostatectomy specimen is considered to be an
indication of indolence because of the relatively slow
doubling time of prostate cancer.50 It has been suggested that tumors 0.5 cc are unlikely to reach a
significant size within the lifespan of the individual.51
In this review, few articles provided data on volume
alone; however, all20,35,36 but 1 study47 indicated that
at least 50% of patients had tumors 0.5 cc (Tables
3–5). Because extraprostatic spread, margin positivity,
and high Gleason scores also are adverse prognostic
factors, organ confinement, margin negativity, and a
maximum Gleason score of 6 subsequently were
added to the definition of ‘‘insignificant’’ cancer.52
We observed that the pooled estimate of the risk of
extraprostatic spread was significant for patients with
microfocal carcinoma on biopsy regardless of how
this was defined (18.2% [see Fig. 1] and 17.6% [see
Fig. 3]). The pooled estimate for margin positivity
also indicated a significant risk (11.7% [see Fig. 2]).
Overall, between 33%22 and 84%23 of patients in this
review had at least 1 adverse pathologic feature in
the radical prostatectomy specimen and, thus, were
considered to have ‘‘significant,’’ potentially progressive carcinoma. The authors concluded that microfocal carcinoma on biopsy could not be used as an
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absolute criterion in the selection of patients for conservative management.
Adverse pathologic findings are not necessarily
associated with subsequent relapse, but the pooled
estimate of the risk of PSA relapse after radical prostatectomy also was significant in patients with
microfocal disease (8.6%) (see Fig. 4). Clinical recurrences or deaths from cancer rarely were observed in
this group of patients. However, prostate cancer typically progresses slowly, and 2 years may be considered as a minimum postoperative follow-up, after
which patients who have not suffered a biochemical
relapse have a 90% recurrence-free survival rate.53
The average length of follow-up was >2 years in only
111 of the 311,18,25 studies that provided this information (Table 7). Therefore, the risk of relapse in the
surgical series may have been underestimated in the
remaining reports. Follow-up generally was longer in
the 3 small studies that investigated recurrences after
radiotherapy, and PSA recurrences were reported in
up to 20% of patients.28 Deaths because of prostate
cancer also were recorded.47 Thus, microfocal cancer
on biopsy, particularly if the definition is not restricted by Gleason score28 or length of cancer present,47 also is not necessarily indicative of a good
prognosis in patients who receive are treated by
radiotherapy.
Only 5 studies investigated the outcomes of
patients who opted for watchful waiting; and comparisons were difficult, because different outcome
measures were used (PSA doubling times or rising
PSA) in addition to differences in the definition of
microfocal carcinoma. Nevertheless, even by limiting
the amount of cancer to 3 mm in a single core and
excluding patients with high-grade disease (Gleason
4 or 5) in their biopsies, 22% of patients had a PSA
doubling time <4 years in 1 report.11
One of the reasons for the lack of correlation
between microfocal carcinoma on biopsy and good
outcomes may be that biopsy findings are not representative of the overall tumor burden unless large
numbers of cores are taken. Limited data were given
regarding biopsy numbers, precluding a detailed
analysis. Nevertheless, the study with the highest
mean number and range of biopsy numbers still
demonstrated that >60% of patients with microfocal
carcinoma on biopsy had significant disease in the
radical prostatectomy specimen.26 Furthermore, 1 article looked at this specific issue and observed no
differences in the rates of extraprostatic extent or
margin positivity relative to the number of biopsies
taken.41 Nevertheless, given the limitations of the biopsy instruments, each needle core, at most, will
sample only sample 0.01 cc of the prostate, repre-
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senting far less than 1% of an average gland. In addition, needle placement and reach may be important
factors, because it has been demonstrated that,
regardless of the number of biopsies taken, anterior
tumors are particularly difficult to diagnose by using
the transrectal approach.54,55 Sampling error, therefore, is an inevitable problem in prostatic cancer.
Another issue to consider is the variation in the
frequency of adverse findings between studies, particularly in the surgical series, leading to relatively
wide ranges for the estimated risks. Some of these
variations may have been caused by differences in
the definition of microfocal carcinoma, because, for
instance, the frequency of PSA recurrence was highest (range, 22%–26%) when there were no restrictions
on the Gleason score32,34 and lowest (range, 2%–7%)
when the cancer length was restricted and the Gleason score was 6.11,17,25,31 Some of the variations in
the frequency of EPE also may have been attributable
to patient selection, because EPE was reported less
commonly in studies of screened populations11,21 and
in studies that included a high proportion20,25 (rather
than a low proportion19) of patients with PSA-detected
(T1c) prostate cancer (Figs. 1, 3). Finally, although
patient selection also may have been a factor in the
reported differences for other adverse pathologic and
clinical outcomes, variations in both margin positivity56 and PSA recurrence57 also may be influenced by
surgical expertise, because it has it has been estimated
that approximately 63% of the variation in the frequency of PSA relapses could be explained by genuine
differences in surgical skill and approach.57 These
potential confounding factors obviously affect studies
of all patients with prostatic carcinoma and not only
those with microfocal carcinoma.
The final consideration regarding our estimations
of the risk associated with microfocal carcinoma is
whether the patient samples investigated in the original studies were representative of the population of
patients with prostatic carcinoma. In fact, patients
were referred to individual institutions and were
identified for treatment using individual selection
protocols. In addition, all of the studies were retrospective, and not all of the data pertaining to each
patient were collected routinely. Most studies dealt
with these missing data by omitting the patients who
were affected from the final analysis. However, unless
the data were missing completely at random, the
results of the studies could be biased58; however,
because it was not always clear how many patients
were lost, the magnitude of the potential problem
could not be assessed.
In conclusion, despite the differences in study
design and reporting, a significant proportion of
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patients with microfocal cancer, regardless of how it
is defined, have adverse pathologic findings and a
significant risk of PSA recurrence after radical prostatectomy. Biochemical and clinical recurrences also
were observed after radiotherapy or watchful waiting.
Therefore, patients with microfocal carcinoma on biopsy should be advised that their disease is not necessarily ‘‘insignificant’’ and should be counseled
accordingly.

REFERENCES
1.
2.

3.

4.
5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

Wilt TJ, Thompson IM. Clinically localised prostate cancer.
BMJ. 2006;333:1102–1106.
Etzioni R, Penson DF, Legler JM, et al. Overdiagnosis due
to prostate-specific antigen screening: lessons from U.S.
prostate cancer incidence trends. J Natl Cancer Inst. 2002;
94:981–990.
McGregor M, Hanley JA, Boivin JF, McLean RG. Screening
for prostate cancer: estimating the magnitude of overdetection. CMAJ. 1998;159:1368–1372.
Akin O, Hricak H. Imaging of prostate cancer. Radiol Clin
North Am. 2007;45:207–222.
Gleason DF, Mellinger GT. Prediction of prognosis for prostatic adenocarcinoma by combined histological grading
and clinical staging. J Urol. 1974;111:58–64.
Bailar JC 3rd, Mellinger GT, Gleason DF. Survival rates of
patients with prostatic cancer, tumor stage, and differentiation—preliminary report. Cancer Chemother Rep. 1966;50:
129–136.
Albertsen PC, Hanley JA, Gleason DF, Barry MJ. Competing
risk analysis of men aged 55 to 74 years at diagnosis managed conservatively for clinically localized prostate cancer.
JAMA. 1998;280:975–980.
Alexander RB, Maguire MG, Epstein JI, Walsh PC. Pathological stage is higher in older men with clinical stage B1 adenocarcinoma of the prostate. J Urol. 1989;141:880–882.
Stamey TA, Caldwell M, McNeal JE, Nolley R, Hemenez M,
Downs J. The prostate specific antigen era in the United
States is over for prostate cancer: what happened in the
last 20 years? J Urol. 2004;172:1297–1301.
Partin AW, Mangold LA, Lamm DM, Walsh PC, Epstein JI,
Pearson JD. Contemporary update of prostate cancer staging nomograms (Partin tables) for the new millennium.
Urology. 2001;58:843–848.
Postma R, de Vries SH, Roobol MJ, Wildhagen MF, Schroder
FH, van der Kwast TH. Incidence and follow-up of patients
with focal prostate carcinoma in 2 screening rounds after an
interval of 4 years. Cancer. 2005;103:708–716.
Gerber GS, Thisted RA, Scardino PT, et al. Results of radical
prostatectomy in men with clinically localized prostate
cancer. JAMA. 1996;276:615–619.
McNeal JE, Bostwick DG, Kindrachuk RA, Redwine EA,
Freiha FS, Stamey TA. Patterns of progression in prostate
cancer. Lancet. 1986;1:60–63.
Connolly SS, O’Toole GC, O’Malley KJ, et al. Positive apical
surgical margins after radical retropubic prostatectomy,
truth or artefact? Scand J Urol Nephrol. 2004;38:26–31.
Barthelemy Y, Gasman D, Bellot J, Chopin D, Abbou CC.
Prognostic value of a positive single ultrasound-guided
prostatic biopsy regarding tumor volume and intracapsular
nature of prostatic adenocarcinoma. Prog Urol. 1996;6:920–
925.

16. D’Amico AV, Wu Y, Chen MH, Nash M, Renshaw AA,
Richie JP. Pathologic findings and prostate specific antigen outcome after radical prostatectomy for patients
diagnosed on the basis of a single microscopic focus of
prostate carcinoma with a Gleason score 7. Cancer.
2000;89:1810–1817.
17. Gardner TA, Lemer ML, Schlegel PN, Waldbaum RS,
Vaughan ED Jr, Steckel J. Microfocal prostate cancer: biopsy cancer volume does not predict actual tumour volume. Br J Urol. 1998;81:839–843.
18. Kakehi Y, Kamoto T, Ogawa O, et al. Clinical significance of
nonpalpable prostate cancer with favorable biopsy features
in Japanese men. Eur Urol. 2000;37:552–558.
19. Weldon VE, Tavel FR, Neuwirth H, Cohen R. Failure of
focal prostate cancer on biopsy to predict focal prostate
cancer: the importance of prevalence. J Urol. 1995;154:
1074–1077.
20. Boccon-Gibod LM, Dumonceau O, Toublanc M, Ravery V,
Boccon-Gibod LA. Micro-focal prostate cancer: a comparison of biopsy and radical prostatectomy specimen features. Eur Urol. 2005;48:895–899.
21. Hoedemaeker RF, Van der Kwast TH, Schroder FH. The
clinical significance of a small focus of well-differentiated
carcinoma at prostate biopsy. BJU Int. 2003;92(suppl 2):92–
96.
22. Allan RW, Sanderson H, Epstein JI. Correlation of minute
(0.5 MM or less) focus of prostate adenocarcinoma on needle biopsy with radical prostatectomy specimen: role of
prostate specific antigen density. J Urol. 2003;170:370–372.
23. Kim YJ, Lee SC, Chang IH, et al. Clinical significance of a
single-core positive prostate cancers detected on extended
prostate needle biopsy. Korean J Urol. 2006;47:475–481.
24. Ochiai A, Troncoso P, Chen ME, Lloreta J, Babaian RJ. The
relationship between tumor volume and the number of
positive cores in men undergoing multisite extended biopsy: implication for expectant management. J Urol.
2005;174:2164–2168.
25. Lee AK, Doytchinova T, Chen MH, et al. Can the core length
involved with prostate cancer identify clinically insignificant
disease in low risk patients diagnosed on the basis of a single positive core? Urol Oncol. 2003;21:123–127.
26. Taverna G, Colombo P, Seveso M, et al. Single small focus
of prostate adenocarcinoma (< or 5 1 mm and too small
for grading) and clinical significant disease after radical
prostatectomy. Arch Ital Urol Androl. 2006;78:57–60.
27. Harnden P, Shelley MD, Clements H, et al. The prognostic
significance of perineural invasion in prostatic cancer
biopsies: a systematic review. Cancer. 2007;109:13–24.
28. Bruce RG, Rankin WR, Cibull ML, Rayens MK, Banks ER,
Wood DP Jr. Single focus of adenocarcinoma in the prostate biopsy specimen is not predictive of the pathologic
stage of disease. Urology. 1996;48:75–79.
29. Egevad L, Norberg M, Mattson S, Norlen BJ, Busch C. Estimation of prostate cancer volume by multiple core biopsies before radical prostatectomy. Urology. 1998;52:653–658.
30. Furuya Y, Fuse H, Nagakawa O, Masai M. Preoperative parameters to predict tumor volume in Japanese patients with nonpalpable prostate cancer. Int J Clin Oncol. 2002;7:109–113.
31. Kakehi Y, Kamoto T, Shiraishi T, et al. Correlation of initial
PSA level and biopsy features with PSA-doubling time in
early stage prostate cancers in Japanese men. Eur Urol.
2002;41:47–53.
32. Ravery V, Schmid HP, Toublanc M, et al. Does the proportion of tumor tissue in biopsies reflect the extent of localized prostate cancer?. Prog Urol. 1996;6:386–391.

Review: Small-volume Prostate CA Risks/Harnden et al.
33. Ravery V, Szabo J, Toublanc M, et al. A single positive prostate biopsy in 6 does not predict a low-volume prostate
tumour. Br J Urol. 1996;77:724–728.
34. Ravery V, Szabo J, Billebaud T, et al. A single positive prostatic biopsy out of 6 systematic biopsies is not correlated
with the intracapsular nature of the tumor on an individual
level. Prog Urol. 1996;6:70–75.
35. Cupp MR, Bostwick DG, Myers RP, Oesterling JE. The volume of prostate cancer in the biopsy specimen cannot reliably predict the quantity of cancer in the radical
prostatectomy specimen on an individual basis. J Urol.
1995;153:1543–1548.
36. Dietrick DD, McNeal JE, Stamey TA. Core cancer length in
ultrasound-guided systematic sextant biopsies: a preoperative evaluation of prostate cancer volume. Urology. 1995;
45:987–992.
37. Wang X, Brannigan RE, Rademaker AW, McVary KT, Oyasu
R. One core positive prostate biopsy is a poor predictor of
cancer volume in the radical prostatectomy specimen.
J Urol. 1997;158:1431–1435.
38. Wills ML, Sauvageot J, Partin AW, Gurganus R, Epstein JI.
Ability of sextant biopsies to predict radical prostatectomy
stage. Urology. 1998;51:759–764.
39. Hoedemaeker RF, Van der Kwast TH, Schroder FH. The
clinical significance of a small focus of well differentiated
carcinoma on prostate biopsy. Nederlands Tijdschrift voor
Urologie. 2001;9:3–9.
40. Miyake H, Ono Y, Park SJ, Hara I, Eto H. Pathological findings of radical prostatectomy specimens in Japanese men
diagnosed on single core positive prostate biopsy in 8 with
a Gleason score less than 4. Int J Urol. 2003;10:383–386.
41. Guzzo TJ, Vira M, Hwang WT, et al. Impact of multiple biopsy cores on predicting final tumor volume in prostate
cancer detected by a single microscopic focus of cancer on
biopsy. Urology. 2005;66:361–365.
42. Cheng L, Poulos CK, Pan CX, et al. Preoperative prediction
of small volume cancer (less than 0.5 mL) in radical prostatectomy specimens. J Urol. 2005;174:898–902.
43. Montesino SM, Jimenez AJ, Fernandez SP, et al. Minimal
prostatic adenocarcinomas in the biopsy treated with radical prostatectomy. Actas Urol Esp. 2005;29:481–484.
44. Zackrisson B, Aus G, Bergdahl S, et al. The risk of finding
focal cancer (less than 3 mm) remains high on re-biopsy
of patients with persistently increased prostate specific
antigen but the clinical significance is questionable. J Urol.
2004;171:1500–1503.
45. Huber J, Dallinger B, Wurnschimmel E. One positive core—
do we operate too much? J Urol Urogynake. 2006;13:18–20.

981

46. Augustin H, Hammerer PG, Graefen M, et al. Insignificant
prostate cancer in radical prostatectomy specimen: time
trends and preoperative prediction. Eur Urol. 2003;43:455–
460.
47. Roemeling S, Roobol MJ, Postma R, et al. Management and
survival of screen-detected prostate cancer patients who
might have been suitable for active surveillance. Eur Urol.
2006;50:475–482.
48. Tarjan M, Tot T. Prediction of extracapsular extension of
prostate cancer based on systematic core biopsies. Scand J
Urol Nephrol. 2006;40:459–464.
49. Terris MK, Haney DJ, Johnstone IM, McNeal JE, Stamey TA.
Prediction of prostate cancer volume using prostate-specific antigen levels, transrectal ultrasound, and systematic
sextant biopsies. Urology. 1995;45:75–80.
50. Schmid HP, McNeal JE, Stamey TA. Observations on the
doubling time of prostate cancer. The use of serial prostate- specific antigen in patients with untreated disease as
a measure of increasing cancer volume. Cancer. 1993;71:
2031–2040.
51. Stamey TA, Freiha FS, McNeal JE, Redwine EA, Whittemore
AS, Schmid HP. Localized prostate cancer. Relationship of
tumor volume to clinical significance for treatment of
prostate cancer. Cancer. 1993;71:933–938.
52. Epstein JI, Chan DW, Sokoll LJ, et al. Nonpalpable stage
T1c prostate cancer: prediction of insignificant disease
using free/total prostate specific antigen levels and needle
biopsy findings. J Urol. 1998;160:2407–2411.
53. Pound CR, Partin AW, Eisenberger MA, Chan DW, Pearson
JD, Walsh PC. Natural history of progression after PSA elevation following radical prostatectomy. JAMA. 1999;281:
1591–1597.
54. Bott SR, Young MP, Kellett MJ, Parkinson MC;Contributors
to the UCL Hospitals’ Trust Radical Prostatectomy Database. Anterior prostate cancer: is it more difficult to diagnose? BJU Int. 2002;89:886–889.
55. Koppie TM, Bianco FJ, Kuroiwa K, et al. The clinical features
of anterior prostate cancers. BJU Int. 2006;98:1167–1171.
56. Eastham JA, Kattan MW, Riedel E, et al. Variations among
individual surgeons in the rate of positive surgical margins
in radical prostatectomy specimens. J Urol. 2003;170:2292–
2295.
57. Bianco FJ Jr, Eastham JA, Vickers AM, et al. Impact of the
radical prostatectomy surgical technique and surgeon experience on freedom from cancer recurrence [Abstract
4569]. J Clin Oncol. 2006;24:18S.
58. Altman DG, Bland JM. Missing data. BMJ. 2007;334:424–
424.

