
ORIGINAL ARTICLE

Diagnostic accuracy of extended biopsies for the staging of

microfocal prostate cancers in autopsy specimen

NB Delongchamps1,2, G de la Roza3, V Chandan3, R Jones1, G Threatte3, M Jumbelic4 and GP Haas1

1Department of Urology, SUNY Upstate Medical University, Syracuse, NY, USA; 2Department of Urology, Cochin Hospital,
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Clinically insignificant prostate cancers may be predicted when biopsies show a microfocal cancer
(MiFC). However, at least one-third of MiFC are underestimated by biopsies. The aim of this study
was to evaluate the staging accuracy of different biopsy regimen showing a MiFC. We performed 18
biopsy cores on 164 autopsy prostates. Six cores were taken from the mid-peripheral zone (MPZ), 6
from the lateral PZ (LPZ) and 6 from the central zone (CZ). We tested seven different biopsy
regimens by distinguishing the MPZ, LPZ or CZ biopsies either separately or associated with each
other. Of the cancers detected by biopsies, we selected those showing a MiFC and compared our
findings with whole mount analysis. The positive predictive value of a MiFC referred to how often,
when needle biopsies showed a MiFC, there was a clinically insignificant cancer on whole mount
prostate analysis. We found that the positive predictive value of a MiFC on 6 or 12 biopsy cores was
similar irrespective of biopsy location (PE1). On MPZ, MPZ plus LPZ and all 18 biopsies, it was 40,
70 and 87%, respectively (Po0.1). Tumor volume of cancers showing a MiFC on MPZ biopsies was
significantly higher than those showing a MiFC on MPZ plus LPZ, or all 18 biopsies (Po0.05).
These results show that performing additional cores in case of MiFC on sextant biopsies may help
differentiating significant from insignificant cancers.
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Introduction

Major efforts have been carried out to enhance prostate
cancer detection rate through prostate-specific antigen
(PSA) screening and biopsy sampling, leading to an
overall downward stage migration.1–3 These efforts led to
increased detection of small, well-differentiated cancers,
which may not have an aggressive behavior.4 These small
(p0.5 cm3) and well-differentiated cancers (Gleason score
o7), designated as ‘clinically insignificant’,5,6 may not be
of immediate threat, and may not need radical and
possibly morbid treatment. Clinically insignificant cancers
represent up to 30% of all T1c stage cancers.6,7

To avoid overtreatment, staging tools are therefore
needed to identify nonaggressive and clinically insignif-
icant cancers. Some studies proposed models which
based on clinical, biological and biopsy findings would
predict the presence of clinically insignificant cancers on
radical prostatectomy (RP) specimens.6,8,9 The number of
positive biopsy cores, the amount of cancer involvement
and the Gleason score on biopsies were associated with
clinical significance.6,10 Small amounts of well-differen-

tiated cancer on sextant biopsies, so called microfocal
cancers (MiFCs), were reported to predict clinically
insignificant cancer on RP specimen.6 However, one to
two-thirds of MiFC are clinically significant on RP.11,12

The low number of cores taken at biopsy may explain
these results. Indeed, prostate cancer is often multifocal13

and 1 MiFC detected in 6–10 cores does not exclude other
overlooked contiguous or distant tumors that could be
detected by a more extensive biopsy protocol.

Unfortunately clinical studies are subject to verifica-
tion bias because many small, insignificant cancers are
treated by observation regimens or by radiation without
ever obtaining histological verification of the true extend
of the lesion. We identified 25 cases of MiFC from a
cohort of 164 cases that were part of a larger prostate
cancer detection study on autopsy prostates using an
extended, ex vivo biopsy protocol and whole mount
analysis of entire gland.14 Of them, we selected those
showing a MiFC in 1 of 6, 12 or 18 cores and compared
our findings with whole mount analysis.

Materials and methods

Tissue collection
We prospectively collected 202 consecutive prostate
glands from deceased men that were provided by the
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University Hospital, Syracuse, NY, the Onondaga
County Medical Examiner, Syracuse, NY, and by the
National Disease Research Interchange, Philadelphia,
PA. At autopsy, the entire prostate gland was excised
and placed in 10% neutral buffered formalin. Prostatic
tissue was not entirely removed in 38 (19%) of the
prostates autopsied; these subjects were excluded,
leaving 164 prostate glands available for analysis.

Ex vivo prostate biopsy
Biopsies were performed in a manner that mimicked
clinical biopsy under the direction of an experienced
urologist (GPH). Biopsies were taken with a standard 18F
spring-loaded biopsy gun (Bard Maxcore, CR Bard,
Covengton, GA, USA). The biopsy gun needle was
inserted through the posterior surface of the gland with a
451 angle, and bilateral samples were taken from the
apex, mid-gland and base. Six cores were taken from the
mid-peripheral zone (MPZ) as in traditional sextant
biopsy protocols. A total of 12 additional cores were
taken, 6 cores from the central zone (CZ) and 6 from the
lateral PZ (LPZ; Figure 1). For each biopsy with cancer,
Gleason score, number of positive cores, percentage of
cancer involvement in a core and tumor location were
determined. A MiFC was defined as one positive core
with less than 50% of cancer involvement and a Gleason
score p6. Comparatively, a macrofocal cancer (MaFC)
was defined as more than one positive core and/or more
than 50% of cancer involvement in 1 core and/or a
Gleason score X7.

Whole mount prostate processing and histological

evaluation
After fixation for at least 72 h, the glands were separated
from the surrounding tissue. The glands were cut into
4mm sections perpendicular to the posterior plane. The
blocks obtained were labeled and embedded in paraffin,
and then sectioned to produce 5-mm whole mount
sections that were stained with hematoxylin–eosin. A
single pathologist (GdlR) microscopically analyzed all

samples in a blinded fashion without any information on
biopsy location. Examination of the biopsies was carried
out prior to the examination of whole mount sections to
avoid assessment biased of biopsies. Each tumor focus
detected was outlined on whole mount sections. Im-
munohistochemical studies using a cocktail containing
basal cell marker p63 and P504S/a-methylacyl-coen-
zyme A racemase were performed for cases that were not
unequivocally considered cancerous on morphology
alone. The total number of tumor foci and their location
were recorded. An area of carcinoma was considered a
separate focus if it was separated by a low-power field
diameter (4.5mm) from the nearest adjacent focus.15

Each tumor focus was graded according to the modified
Gleason grading system.16

Digital reconstruction and calculation of tumor volume
The surface of each tumor focus was determined by
computerized planimetry, using an image analysis
program (ImageJ).17 Tumor volume was calculated by
multiplying each tumor surface by the section thickness
and by 1.5 to compensate for tissue shrinkage.18 The
index tumor volume was that of the largest focus of
carcinoma. Total tumor volume was calculated as the
sum of the volumes of individual foci. Tumors were
considered clinically insignificant if they were organ
confined with an index tumor volume o0.5 cm3 and a
Gleason score 6 or less.5,6

Statistical analyses
Statistical analyses were performed using Stata 9.0 (Stata
Corporation, College Station, TX, USA), with Po0.05
considered statistically significant. The positive predic-
tive value referred to how often, when needle biopsies
showed a MiFC, there was a clinically insignificant
cancer on whole mount analysis. The negative predictive
value referred to how often, when needle biopsies
showed a MaFC, there was not clinically insignificant
cancer but in fact a clinically significant cancer on whole
mount analysis. The w2-test was used to compare
predictive values and the Mann–Whitney test to compare
tumor volumes between the groups.

Results

Table 1 shows the pathological characteristics of the 25
biopsy-detected prostate cancers. Median age at death
was 70 years (range 49–92). Median gland volume was
45 cm3 (range 22–95). Median index and total tumor
volume was 0.4 and 0.83 cm3, respectively. A total of 15
(60%) cancers were having Gleason score 6 or less, and 10
(40%) were having Gleason score 7 or higher. Six cancers
were unifocal. The median number of tumor foci per
cancer was 2 (range 1–6). On the basis of histological
criteria, 16 cancers (64%) were clinically significant and 9
(36%) were clinically insignificant.

A total of 5 MiFC were detected with the MPZ biopsies
alone, 13 with the LPZ biopsies alone and 5 with the CZ
biopsies alone. Of them, two (40%), six (54%) and two
(40%) were clinically insignificant, respectively. MPZ
biopsies detected nine, LPZ biopsies detected six and CZ
biopsies detected five MaFC. Of them, eight (89%), six

Figure 1 Schema of the biopsy cores location. The first six cores
(1–6) were taken from the mid-peripheral zone (MPZ), the next six
cores (7–12) from the central zone (CZ) and the last six cores (13–18)
from the lateral PZ (LPZ).
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(100%) and five (100%) were clinically significant,
respectively. The positive and negative predictive values
of a MiFC on six cores were not statistically different
between the three biopsy locations in the MPZ, LPZ or
CZ (P¼ 1).

MPZ and LPZ biopsies together detected 10 MiFC and
15 MaFC. A total of 7 (70%) of the MiFC were clinically
insignificant and 13 (86.7%) of the MaFC were signifi-
cant. MPZ and CZ biopsies together detected 4 MiFC and
13 MaFC. A total of 2 (50%) of the MiFC were clinically
insignificant and 11 (85%) of the MaFC were significant.
LPZ and CZ biopsies together detected 9 MiFC and 13
MaFC. A total of 5 (55%) of the MiFC were clinically
insignificant and 11 (85%) of the MaFC were significant.
The positive and negative predictive values of a MiFC on

12 biopsy cores were not statistically different between
the 3 biopsy locations (P¼ 1).

With 18 cores altogether (MPZ, CZ and LPZ), 7 MiFC
and 18 MaFC were detected. A total of 6 (86%) of the
MiFC were clinically insignificant and 15 (83%) of the
MaFC were significant. The positive predictive value of a
MiFC was increasing with the number of cores taken, but
the difference was not significant (P¼ 0.1).

Although three significant cancers detected on MPZ
biopsies were MiFC (cases 17, 20 and 23), two of them
showed additional foci of cancer when the six LPZ
biopsies were added. The third showed additional foci of
cancer when the six CZ biopsies were added (Table 1).
Although three significant cancers detected on MPZ and
LPZ biopsies together were MiFC (cases 10, 19 and 20),
two of them showed additional foci of cancer when the
six CZ biopsies were added (Tables 1 and 2).

The index and total tumor volumes of the MiFCs
detected on either six MPZ, LPZ or CZ biopsies were not
significantly different (P40.1; Table 3). MiFCs detected
on 18 biopsies had smaller tumor volumes than those
detected on 6 biopsies targeted in the CZ or MPZ. MiFCs
detected on 12 biopsies (in the MPZ plus LPZ) had
smaller tumor volumes than those detected on six MPZ
biopsies (Tables 3 and 4).

Discussion

With the widespread use of PSA screening, the incidence
of T1c stage prostate cancer has increased. Many of the
tumors are low-volume and low-grade cancer, which

Table 1 Correlation between biopsy result and whole mount analysis in the 25 cases of biopsy-detected prostate cancers

Case Biopsy results Whole mount analysis

MPZ biopsies LPZ biopsies CZ biopsies Pathologic stage Gleason score Clinical significance

1 Negative MiFC Negative pT2a 3+3 Insignificant
2 Negative MiFC Negative pT2a 3+3 Insignificant
3 MaFC Negative Negative pT2c 3+3 Insignificant
4 MaFC Negative MaFC pT3a 4+5 Significant
5 MiFC MiFC MiFC pT2c 3+3 Insignificant
6 MaFC MiFC MaFC pT2c 3+4 Significant
7 Negative MiFC MiFC pT2c 3+3 Insignificant
8 Negative MiFC Negative pT2c 3+3 Insignificant
9 MaFC MiFC Negative pT3a 4+3 Significant
10 Negative MiFC Negative pT2c 3+4 Significant
11 Negative MiFC Negative pT2a 3+3 Insignificant
12 MaFC MaFC Negative pT2b 3+3 Significant
13 Negative MiFC Negative pT2c 3+3 Insignificant
14 MaFC Negative Negative pT2a 3+4 Significant
15 Negative MaFC Negative pT2a 3+3 Significant
16 Negative MaFC Negative pT2a 3+4 Significant
17 MiFC MiFC MiFC pT3a 3+3 Significant
18 MiFC Negative Negative pT2c 3+3 Insignificant
19 Negative MiFC MiFC pT2c 3+3 Significant
20 MiFC Negative MiFC pT3a 4+3 Significant
21 MaFC MaFC Negative pT2c 3+4 Significant
22 MaFC Negative MaFC pT3a 3+4 Significant
23 MiFC MiFC Negative pT2c 3+3 Significant
24 Negative MaFC MaFC pT3a 3+3 Significant
25 MaFC MaFC MaFC pT2a 4+4 Significant

Abbreviations: CZ, central zone; LPZ, lateral PZ; MaFC, macrofocal cancer; MiFC, microfocal cancer; MPZ, mid-peripheral zone.
Negative: no biopsy core positive for cancer.
MaFC: more than one positive core for cancer and/or more than 50% of cancer involvement in one core and/or Gleason grade patterns of 4 or 5.
MiFC: one single positive biopsy with less than 50% of cancer involvement and the absence of grade 4 or 5 patterns.

Table 2 Predictive values of a MiFC on 6, 12 and 18 cores

PPV (%) NPV (%)

6 cores
MPZ 40 89
LPZ 54 100
CZ 40 100

12 cores
MPZ plus LPZ 70 87
MPZ plus CZ 50 85
LPZ plus CZ 56 85

18 cores
MPZ plus LPZ plus CZ 86 83

Abbreviations: CZ, central zone; LPZ, lateral PZ; MiFC, microfocal cancer;
MPZ, mid-peripheral zone; NPV, negative predictive value; PPV, positive
predictive value.
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may not be clinically significant. Tumor volume is
directly related to the risk of capsular penetration,
seminal vesicle invasion and microscopic metastases to
the pelvic lymph nodes.5,19,20 Small and well-differen-
tiated cancers are therefore not thought to be of
immediate threat. Stamey et al.5 and Epstein et al.6

defined clinically insignificant cancers as organ confined
with an index tumor volume o0.5 cm3 and absence of
grade 4 or 5 patterns. Using these histological criteria in
patients with T1c stage disease, the reported incidence of
clinically insignificant cancers on RP specimen was
reported to be up to 30%.6,9,10,12 Increasing numbers of
such patients are placed on active surveillance regimens.

The finding of adverse pathological features at biopsy
is predictive of advanced disease on RP specimen.21–23

However, predicting insignificant cancer at biopsy is
more difficult. There has been several attempts to define
criteria to predict insignificant cancer preoperatively,
using biopsy results alone or combined with PSA density
(PSAD) or f/t PSA. However, there are controversies on
the amount of cancer on biopsies that should be
considered as microfocal. Epstein et al.6 first introduced
the concept of MiFC on biopsies combined with PSAD to
predict clinically insignificant disease. For patients with
a PSAD less than 0.1 ngml�1 cm�3, a MiFC was defined
by low-grade (Gleason score o7) cancer on less than
three cores with no core showing more than 50% of
cancer involvement. For patients with a PSAD between
0.1 and 0.15 ngml-1 cm-3, a MiFC was defined by no more
than one positive core with less than 3mm of cancer
involvement. Using this model, they reported positive
predictive values for insignificant cancer of 75–88.5%
with negative predictive values of 75–95%.6,8 In a
subsequent study, they reported that patients with a f/t
PSA415% and no more than one positive core with low-
grade cancer and less than 3mm of cancer involvement
had positive and negative predictive values of 94 and
77% for insignificant cancer on RP specimen.7 In contrast,

Noguchi et al.9 did not find any advantage in using
PSAD or f/t PSA in combination with biopsy findings.
They reported that patients with one positive core with
less than 3mm of cancer involvement and low-grade
cancer had positive and negative predictive values of 75
and 95%, irrespectively of their level of PSAD or f/t PSA.
Other authors evaluated more restrictive biopsy criteria
to predict clinical insignificance. Allan et al.11 reported
that less than 0.5mm of cancer with no Gleason score47
on a single core was predictive of insignificant cancer in
only 67% of the cases. Others used the percentage of
cancer involvement instead of the length of cancer, and
reported that less than 10% of cancer involvement on a
single core predicted clinically insignificant cancer in
only 77% of the cases.10

Clearly, the multitude of proposed algorithms creates a
challenge in proposing useful clinical recommendations.
The studies have in common a low and heterogeneous
number of cores taken at biopsy and differ in the biopsy
schema used.6,11 Moreover, there is no information
currently available relative to the location of the MiFC
at biopsy. Extended biopsies have been shown to
increase the detection rate of prostate cancer,24 suggest-
ing that performing additional biopsies could be an
interesting strategy to exclude any other contiguous or
distant tumors in the prostate of patients presenting with
a single MiFC on sextant biopsies. A recent report
showed indeed that 70% of the patients presenting a
MiFC on 10-core biopsies showed additional cancer
patterns on saturation biopsies.25 Epstein et al.26 also
reported that saturation biopsies showed additional
tumor foci in patients with a MiFC on standard biopsies.
They performed ex vivo saturation biopsies on RP
specimen from patients harboring small amount of
cancer on biopsies (no core with more than 50%
involvement; Gleason score less than 7, and fewer than
3 cores involved). As in the present study, insignificant
cancer at RP was considered organ confined, with no

Table 3 Index and total tumor volumes of prostate cancers detected with a MiFC on biopsies

6 biopsies 12 biopsies 18 biopsies

MPZ LPZ CZ MPZ plus LPZ MPZ plus CZ LPZ plus CZ MPZ plus LPZ plus CZ

Median TTV (cm3) 0.96 (0.64–1.31) 0.51 (0.05–4.9) 0.95 (0.34–1.1) 0.32 (0.05–0.95) 0.76 (0.34–1.3) 0.29 (0.05–1.9) 0.29 (0.05–0.64)
Median ITV (cm3) 0.59 (0.37–1.2) 0.32 (0.03–3.9) 0.59 (0.32–0.95) 0.24 (0.03–0.95) 0.59 (0.32–1.2) 0.18 (0.03–1.2) 0.17 (0.03–0.37)

Abbreviations: CZ, central zone; ITV, index tumor volume; LPZ, lateral PZ; MiFC, microfocal cancer; MPZ, mid-peripheral zone; TTV, total tumor volume.

Table 4 Tumor volume of cancers detected with a MiFC on 6 biopsies as compared to 12 or 18 biopsies: P-values, Mann–Whitney test

12 biopsies 18 biopsies

MPZ plus LPZ MPZ plus CZ LPZ plus CZ MPZ plus LPZ plus CZ

6 biopsies
MPZ
ITV 0.03 0.6 0.2 0.006
TTV 0.007 0.4 0.1 0.006

LPZ
ITV 0.4 0.4 0.6 0.1
TTV 0.2 0.6 0.5 0.1

CZ
ITV 0.06 0.9 0.3 0.005
TTV 0.02 0.7 0.2 0.01

Abbreviations: CZ, central zone; ITV, index tumor volume; LPZ, lateral PZ; MiFC, microfocal cancer; MPZ, mid-peripheral zone; TTV, total tumor volume.
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Gleason score X7, and a tumor volume p0.5 cm3. Of the
cancer specimens, 29% had been incorrectly classified
before surgery using standard biopsy schemes. Using
saturation biopsy, they decreased to 11.5% the amount of
incorrectly classified cancers.26

We found that the predictive values of a MiFC on six
biopsies were similar irrespectively of the cores location
in the MPZ, LPZ or CZ. Increasing the number of cores
increased the positive predictive value of a MiFC,
although the difference was not significant (Po0.1).
However, cancers showing a MiFC on MPZ biopsies had
a significantly higher tumor volume than those showing
a MiFC on MPZ plus LPZ biopsies together.

Contrary to LPZ biopsies, biopsies directed to the CZ
did not demonstrate any advantage in enhancing cancer
detection rate.24 However, CZ biopsies could have an
interest for cancer staging, by detecting additional
tumors in this area. Recent reports suggested indeed
that tumors located in the CZ were of higher volume
than those located in the PZ.27 With the additional LPZ
and CZ biopsies, all three cases of significant cancers
diagnosed with a MiFC on sextant biopsies were
upgraded to cases with unfavorable biopsy features.
With the additional CZ biopsies, two of the three cases of
significant cancers diagnosed with a MiFC on extended
12-core biopsies (MPZ plus LPZ biopsies) were also
upwarded to cases with unfavorable biopsy features.

Additional biopsies showed also additional cancer
patterns in a small amount of prostate glands with
insignificant cancers, therefore decreasing the negative
predictive value of a MiFC. Nevertheless, the first
objective is to detect aggressive cancers in patients that
should not be included in active surveillance protocols.

The definition of MiFC we used differs from what has
been proposed earlier in literature. However, there is
currently no consensus on what amount of cancer on
biopsies should be considered as microfocal, as well as
how to measure it (percentage or length of cancer). The
purpose of this study was not to identify the best criteria
to define a MiFC, but to evaluate the ability of additional
cores to increase its predictive value.

This study was limited by the small amount of cases
diagnosed with a MiFC, and we failed to show any
significant statistical difference between the positive
predictive value of a MiFC on 6, 12 and 18 biopsies.
However, even with this small sample size, the compar-
ison of tumor volumes showed significant differences
between MiFC detected with sextant and extended
biopsies, suggesting that a MiFC on extended biopsies
was more predictive of a small cancer. It is indeed likely
that increasing the number of biopsies allows a better
estimation of tumor volume. However, tumor volume is
not the only criteria to characterize insignificant cancer,
because small cancers can be poorly differentiated or
have extracapsular extension. Another limitation of the
study is related to the absence of a strict reproducibility
of the ex vivo biopsy, that could have introduced
detection bias. Some authors reported the use of biopsy
templates to perform accurate pathological mapping of
the prostate.28 However, the aim of our biopsy technique
was to mimic clinical biopsy, which is also known for its
poor reproducibility, especially between prostates of very
different sizes.

It should also be noted that the definition of ‘clinical
significance’ is strictly based on histological criteria and

does not include patients age, PSA, or comorbidities.29

Furthermore, all the cancers detected in this study could
be considered as ‘clinically insignificant’ as none of the
deceased men were known to have prostate cancer. The
purpose of this study was not to select the best
candidates for prostate cancer screening or active
treatment. Although autopsy data are of major value to
investigate prostate cancer risk factors such as genetic
polymorphism30 or inflammatory changes,31 we think
that histological data alone are not sufficient to evaluate
cancer significance. However, because of the absence of
verification bias, we think that autopsied prostates are an
accurate model for the evaluation of prostate biopsy.

In conclusion, the presence of a MiFC on sextant
biopsies was not predictive of insignificant cancer. The
MiFC detected with 12 and 18 biopsies were predictive of
smaller cancers. All the significant cancers that were
MiFC on sextant biopsies (MPZ cores) showed at least
one additional positive biopsy with additional sampling.
Performing additional laterally and centrally directed
biopsies may therefore improve staging for patients
showing a MiFC on sextant biopsies. In patients with 12
or more biopsy regimens MiFC predicts low-volume,
low-grade disease and would not require additional
biopsies in order to advise them of treatment strategies.
The need for future biopsies would have to be based on
clinical parameters.
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