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The technique of prostate biopsy has evolved over the past 10 years to
improve our ability to detect prostate cancer. Extended biopsy schemes can be
performed in the office under local anesthesia and are well tolerated. In addi-
tion to detection, the role of extended biopsy schemes in refining tumor grad-
ing and risk assessment has become better defined. This review discusses the
evolution of prostate biopsy techniques from the sextant scheme to the extended
scheme and demonstrates the latter's utility in clinical decision making.
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The early and accurate detection of prostate cancer is critical for the appro-
priate management of patients. In most cases, a prostate biopsy is the ini-
tial means of making a diagnosis. Transperineal biopsies under finger guid-

ance were the most common means of detecting prostate cancer until transrectal
biopsies under ultrasound guidance were introduced.1 A prostate nodule or symp-
tomatic metastatic disease was the indication to perform a prostate biopsy. With
the clinical introduction of prostate-specific antigen (PSA), a new indication for
prostate biopsy arose, specifically, an elevated PSA in the absence of any abnor-
mality on digital rectal examination (DRE) or symptoms.2 The need for “random
sampling” of the prostate arose, and systematic biopsy was introduced.

Sextant Biopsies
In 1989, systematic sextant biopsies under transrectal ultrasound guidance revo-
lutionized our ability to detect prostate cancer.3 As originally described, 6 biop-
sies were obtained in the parasagittal plane halfway between the lateral border
and midline of the prostate on both right and left sides from the base, mid-gland,
and apex (Figure 1A). This systematic scheme resulted in a much higher cancer
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detection rate than was seen in prior
prostate cancer screening studies.
With respect to the derivation of the
sextant template, no obvious reason
other than symmetry was apparent
for either the number or position of
the needle core samples. Little was
done regarding the refinement of this
technique until, in an editorial,
Stamey suggested moving the biop-
sies more laterally to better sample
the anterior horns of the peripheral
zone.4 This recommendation came
from the better understanding of the
zonal origin of prostate cancer of-
fered by the meticulous pathological
description from McNeal and col-
leagues.5 It was clear that the major-
ity of prostate cancers (approximately
80%) originated in the peripheral
zone. Thus, the entire excursion of lat-
erally directed needles would traverse
the peripheral zone, maximizing the
sampling of this critical zone.

Sampling Error in 
Sextant Biopsies
A systematic biopsy is a sampling of
the prostate gland and, as with sam-
pling under any circumstance, sam-
pling error can occur. That error oc-
curs was well demonstrated by a
unique study in which 2 consecutive
sets of sextant biopsies of the prostate
were performed in a single office visit
in 137 consecutive patients.6 A total

of 43 cancers were detected in the en-
tire study population (31% cancer de-
tection rate). Using the first sextant
biopsy set as the reference set, 30
cancers were detected (70% of all can-
cers). When the second biopsy set of
the same prostates was used as the
reference, however, 40 cancers were
detected (93% of all cancers). 

A second line of evidence regarding
sampling error from sextant biopsies
comes from the observation that in a
referral-based population undergoing
sextant biopsies, cancer detection
rates are inversely related to prostate
size.7 Cancer detection rates were 40%,
37%, 29%, 22%, 15%, and 12% for
prostate sizes of 20 cc, 30 cc, 40 cc,
50 cc, 60 cc, and 70 cc, respectively.
Although this phenomenon is, in part,
related to selection bias (ie, men with
larger prostates due to benign prosta-
tic hyperplasia have an elevated PSA
level and thus enrich a population re-
ferred for an abnormal PSA), it also
may reflect sampling error (ie, 6 nee-
dle cores sample a large prostate less
efficiently than a small prostate).

Evolution of the Extended
Biopsy Schemes for Initial
Biopsy Patients
Sextant biopsies remained the stan-
dard practice and were unquestioned
until the novel study from Eskew and
colleagues reported on a 5-region

biopsy scheme.8 The 5 regions in-
cluded the standard sextant biopsy
regimen obtained halfway between
the lateral border and midline of the
prostate on both right and left sides
(regions 2 and 4) but also obtained
2 biopsies from each lateral aspect of
the prostate (regions 1 and 5) and
3 biopsies from the midline at the
apex, mid-gland, and base (region 3)
(Figure 1B). In their initial report on
119 patients, the overall cancer detec-
tion rate was 40%, much higher than
the 20% to 25% typically seen in sex-
tant biopsy series. The authors re-
ported a very high complication rate
of gross hematuria in over 80% of the
patients. In reviewing the location of
the needle placement from region 3, it
was apparent that these needle cores
penetrated the urethra. Before one
could eliminate these needle cores from
a biopsy scheme, however, it was im-
portant to note the unique contribution
to cancer detection that these sites pro-
vided. In fact only 2 of the 48 cancers
in this series were uniquely identified
by these midline region 3 biopsies.

This work prompted an investiga-
tion on the utility of adding 4 lateral
biopsies of the peripheral zone to the
routine sextant biopsy regimen (10-
core biopsy scheme, Figure 1C).9 Be-
cause the midline biopsies described
above had a very low unique cancer
detection rate and resulted in a high
complication rate, they were deleted
from our biopsy template. We reported
on 483 patients who were undergoing
an initial biopsy either for an elevated
PSA level or an abnormal DRE. Using
gray-scale transrectal ultrasound, we
first biopsied all hypoechoic lesions
and performed then a 10-core ex-
tended biopsy scheme. Our protocol
also attempted to control for prostate
size by taking 6 additional cores from
the transition zone (16-core scheme)
for any gland greater than 50 cc in
size. Forty-two percent of the patients
had cancer on biopsy (202/483).
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Figure 1. Schematic diagram of biopsy
schemes in coronal plane. A. Standard sex-
tant biopsy scheme. B. 5-region biopsy
scheme. C. 10-core biopsy scheme. D. 11-core
biopsy scheme. Light circles represent transi-
tion zone biopsies. E. 12-core biopsy scheme. 
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Routine sextant biopsies detected 161
cancers (80% of all cancers detected),
and the combination of sextant and
lateral biopsies, for a total of 10 pe-
ripheral zone biopsies, detected 194
cancers (96% of all cancers detected).
Only 8 of 202 cancers (4%) were de-
tected by the lesion-directed biopsies
(n � 5) or the transition zone biopsies
(n � 3).  We concluded: 1) traditional

sextant biopsies may miss over 20%
of cancers; 2) a lateral sextant regi-
men (apex, lateral mid, lateral base)
outperforms the traditional midlobar
sextant regimen (89% vs 80%, respec-
tively; P � .027); 3) regardless of the
number of systematic biopsies per-
formed (6 vs 8 vs 10), variations in
cancer detection rates were most pro-
nounced in patients with PSA levels �
10 ng/mL or in patients with prostate
sizes � 50 cc, reflecting the impor-
tance of sampling as patients with
lower PSA levels or larger prostates
more commonly may have smaller
cancer volumes per unit of prostate
tissue; 4) anteriorly directed biopsies
rarely uniquely identify cancers in
men undergoing initial biopsies with
an extended peripheral zone scheme;
5) when performed in conjunction
with extended peripheral-zone biopsy
schemes, lesion-directed biopsies pro-
vide little unique cancer identification;
and 6) when comparing the detection
rates of the 5 systematic peripheral-
zone regions in the 10-biopsy scheme,
the midlobar base region demonstrated
the lowest detection rate as well as the
lowest unique cancer detection rate.
From the last observation we con-
cluded that the midlobar base biopsy
could be omitted from the systematic
biopsy scheme. The low yield from this
biopsy site may result, in part, from
sampling the central zone, where the
incidence of cancer is low (� 5%).

Several other investigators have re-
ported on various extended biopsy
schemes. Babaian and associates eval-
uated an 11-core biopsy strategy in 362
patients (Figure 1D).10 Of note, only 85
of these patients (23%) were first-time
biopsy patients. The biopsy scheme in-
cluded the standard sextant along with
bilateral anterior-horn biopsies, bilat-
eral transition-zone biopsies, and a

midline biopsy. The detection rate for
patients undergoing initial biopsy was
34% (29 of 85), and 9 cancers were
uniquely identified by non-sextant
sites (31% increase in cancer detection
rate). Of the non-sextant, uniquely
identified cancers, 7 were identified by
the anterior-horn biopsies and 2 by the
transition-zone biopsy.

Gore and colleagues evaluated a
12-core biopsy scheme in 396 pa-
tients.11 A standard sextant scheme
was combined with a laterally di-
rected sextant scheme at the apex,
mid, and base bilaterally (Figure 1E).
This series comprised 264 (67%) first-
time biopsy patients, and the cancer
detection rate in this subgroup was
42%. Standard sextant biopsies would
have detected only 71% of the cancers
in this group. The lateral sextant
biopsy scheme along with the apical
and base biopsies from the standard
sextant scheme detected all of the
cancers in this subgroup.

We felt it important to attempt to
validate extended biopsy schemes in a
fashion analogous to that employed
in clinical trials. Too often in thera-
peutic trials, agents that are found to
be successful in single-institution
studies show lower efficacy in multi-
center trials. To achieve this, we ana-
lyzed a retrospective data set of 2299
first-time biopsy patients who had
undergone a 12-core systematic
biopsy scheme (standard sextant and

lateral sextant) by 167 community-
based urologists.12 This large series
demonstrated the reproducibility of
extended biopsy schemes in the hands
of practicing urologists, and it should
be noted that the overall cancer de-
tection rate (44%) was essentially
identical to those demonstrated by
several of the above-mentioned,
single-center studies. This study also
enabled us to make additional obser-
vations regarding the pathologic
characteristics stratified as a function
of patient age or PSA. In general,
increasing patient age was associated
with a higher cancer detection rate, a
larger number of cores involved with
cancer, longer measured length of
cancer on an individual core, and a
higher rate of high-grade cancer
(Gleason grade 4 or 5). Similar trends
were observed with increasing PSA
levels. With respect to the individual
yield of a particular core site, the low-
est yield came from the midlobar-mid
and midlobar-base biopsy from the
standard sextant scheme. When vari-
ous biopsy schemes were retrospec-
tively simulated and then compared
with the “gold-standard” 12-biopsy
scheme (assume it detects 100% of the
cancers in the population) the follow-
ing rates were observed: standard
sextant had 78%; lateral-apex, lateral-
mid, lateral-base (lateral sextant) had
83%; apex, lateral-apex, lateral-mid,
lateral-base (optimal 8-core scheme)
had 92%; apex, mid, lateral-apex,
lateral-mid, lateral-base (optimal 10-
core scheme) had 96%.

The above study helped validate the
12-core extended biopsy scheme, but
even with this approach there is a
possibility of undersampling the apex
of the prostate. The entire apex is
composed of peripheral zone. As de-
scribed above, biopsies performed at
the apex or lateral apex may not sam-
ple the anterior apex. In 1 study in
which men underwent a 12-core
scheme involving the standard sextant

Traditional sextant biopsies may miss over 20% of cancers.
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and lateral-mid, lateral-base, and
anterior apex, the anterior apex
uniquely contributed to cancer detec-
tion in 6% of men with a normal DRE
and prostates � 50 cc in size.13

Repeat-Biopsy Patients
Urologists are often troubled by pa-
tients with a negative biopsy who
continue to have a rising PSA or other
indicator that raises concern for a
missed cancer. There have been sev-
eral attempts to refine PSA for more
accurate assessment of the need for
repeat biopsy, including the PSA level
indexed to either total prostate volume
(PSA density), transition-zone volume
(transition-zone density), or the
free:total PSA ratio. One large study
involving 820 patients with a prior
negative biopsy demonstrated that the
free:total PSA ratio (area under the
curve [AUC] � 0.745) and transition-
zone density (AUC � 0.691) were more
powerful predictors of cancer on re-
peat biopsy compared with PSA den-
sity (AUC � 0.618) or total PSA
(0.603).14 The change of PSA over time
(PSA velocity and PSA doubling time)
has been suggested as possible indica-
tors for prostate biopsy, but a recent
report from the European Randomized
Study of Screening for Prostate Cancer
failed to show clinical utility for either
PSA velocity (AUC � 0.549) or PSA
doubling time (AUC � 0.573).15

A recent development in the area of
prostate cancer markers has been the
introduction of a urine test designed
to detect messenger RNA of the
prostate-cancer gene 3 (PCA3), which
is highly expressed in the majority of
prostate-cancer cells.16 The utility of
this urinary assay was assessed re-
cently in 233 men who had at least
one prior negative biopsy. An ade-
quate urinary sample was obtained in
97% of patients, and the PCA3 assay
outperformed PSA in predicting can-
cer with an AUC � 0.68 compared
with an AUC � 0.52 for PSA.17

No matter what parameter is used
to determine the need for a repeat
biopsy, it is important to first address
the adequacy of the initial biopsy.
Factors to consider include the loca-
tion and number of cores taken as
well as the size of the prostate. We
have previously reported that in a
repeat-biopsy population, detection
rates vary as a function of the extent
of the initial biopsy.18 If the prior neg-
ative biopsy was a sextant scheme, the
cancer detection rate was 39% with a
repeat extended biopsy, whereas if the
prior negative biopsy was an ex-
tended scheme, the cancer detection
rate was 28%. Because we individu-
ally labeled each core from the repeat
biopsy, we could identify the unique
cancer detection rate from each site.
In general, apical and laterally di-
rected biopsies resulted in the highest
unique cancer detection rates. The yield
from laterally directed biopsies de-
creased in patients who had undergone
prior extended biopsy schemes, be-
cause these regions had been previ-
ously sampled by this negative biopsy.
A subset of 139 patients underwent 6
additional transition-zone biopsies. The
unique cancer yields in the transition-
zone biopsies (cumulative for a total of
6 cores per patient) were low, regardless
of type of prior biopsy scheme (3.4%
for prior sextant biopsy and 5.6% for
prior extended biopsy). This further
confirmed the lack of utility of transi-
tion biopsies in these patients.

More aggressive biopsy approaches
have been advocated in patients with
prior negative biopsies. The largest
“saturation biopsy” series analyzed
224 men.19 It must be noted that these
biopsies are performed under anesthe-
sia as an outpatient procedure. The
mean number of cores obtained was
23 (range 14 to 45). Indications for
repeat biopsy included elevated PSA
in 108, abnormal DRE and elevated
PSA in 27, abnormal DRE alone in 4,
high-grade prostatic intraepithelial

neoplasia in 64, and atypia in 21.
Cancer was detected in 77 of 224 pa-
tients (34%). Complications occurred
in 27 patients (12%) and included sep-
sis in 1, hematuria requiring hospital-
ization in 12, and urinary retention in
10. This study did not provide infor-
mation regarding positive biopsy site
identification. Thus, statements re-
garding the utility of such approaches
seem premature.

The utility of an office-based satura-
tion biopsy for initial biopsy has been
studied by Jones and colleagues.20 In
sequential cohorts, they demonstrated
similar cancer detection rates in pa-
tients undergoing a 24-core saturation
scheme (45%, 62 of 139) compared
with a 10-core scheme (52%, 45 of 87).
Thus, saturation biopsies do not appear
to be necessary for initial biopsy.

Another approach similar to satura-
tion biopsy techniques has used a
transperineal template to better sam-
ple the prostate. In this series, 88 men
had a mean of 15.1 cores taken, and
cancer was identified in 38 (43%).21

High grade prostatic intraepithelial
neoplasia or atypia was the indication
for repeat biopsy in 12 (14%). All pro-
cedures were performed as outpa-
tients using general or regional anes-
thesia. Although this study suggested
the zone of origin for the cancers
(peripheral or transition) based on the
specific sector of the core on the grid,
such assumptions might be flawed due
to variation in prostate sizes and
shapes as well as the anatomic bound-
aries of the peripheral and transition
zones (anterior horn of peripheral
zone extends anteriorly in the lateral
aspect of the mid and base of the
gland, whereas essentially the entire
apex is composed of peripheral zone).

Needle Biopsy and 
Risk Stratification
Over the past several years, we have
appreciated that the utility of the
needle cores goes well beyond the
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presence or absence of cancer. These
needle cores also contribute to risk
assessment in patients found to have
cancer. Accurate grading is important
to clinical decision making. We have
shown that extended biopsy schemes
result in more accurate grade assess-
ment.22 In this series we noted clini-
cally significant upgrading in 23% of
patients who had undergone an ex-
tended biopsy scheme compared to
38% in those who had undergone a
sextant scheme. This observation was
validated in a much larger series that
showed that obtaining � 8 cores was
associated with a lower risk of being
upgraded (odds ratio � 0.62).23 The
study also showed that upgrading was
associated with a higher rate of ad-
verse pathological features as well as
a higher risk of serologic relapse
(relative risk � 1.86, 95% confidence
interval, 1.30-2.64).

In addition to more accurate clini-
cal grading, extended biopsy schemes
have contributed to more accurate
clinical staging and risk of failure.
Unfortunately biopsy results have not
been directly incorporated into formal
staging systems such as the TNM
classification for prostate cancer.
Such an omission is, in my opinion, a

gross oversight that one hopes will be
corrected in the future. Below I will
illustrate some of the more recent
studies from the Shared Equal Access
Regional Cancer Hospital (SEARCH)
research group that have better de-
fined the importance of needle biopsy
results in predicting a pathologic end-
point such as extracapsular exten-
sion, positive surgical margins, or
seminal vesicle invasion and thus
might alter the decision of whether to
preserve the neurovascular bundle or

to undertake a wide excision on a
specific side at radical prostatectomy. 

In 1 study of 1094 patients treated
by radical prostatectomy, we demon-
strated on multivariate analysis that
the percentage of positive cores inde-
pendently predicted positive surgical
margins (odds ratio � 3.2), non-organ
confined disease (odds ratio � 9.8),
and seminal vesicle invasion (odds
ratio � 22.5).24 In addition, the per-
centage of positive cores indepen-
dently predicted risk of serologic
relapse (hazard ratio � 5.0) (Figure 2).
We further assessed whether the
dominant force in predicting risk of re-
lapse was the total percentage of posi-
tive cores or the percentage of positive
cores from the most involved side, and
we noted that it was the latter. In ad-
dition we observed that the percentage
of positive cores further stratified low
and intermediate risk patients using
the traditional D’Amico classification
but not the high-risk patients.25

In another study we evaluated 992
patients treated by radical prostatec-
tomy and directly determined whether
biopsy laterality could improve upon
either the 1992 or 1997 TNM classifi-
cation system for prostate cancer.26

As currently described, the TNM
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system relies predominantly upon
findings on DRE, which introduces
significant subjectivity. We sought to
determine whether knowing if the
prostate biopsy was positive on 1 side
or both sides contributed to assess-
ment of risk of serologic relapse. We
found that if patients had either T1c
or T2a disease, they could be further
substratified on the basis of whether
they had unilateral or bilateral positive
biopsies (Figure 3). In a multivariate
analysis, this refined staging system
outperformed both the 1992 and the
1997 TNM staging system.

Conclusions
Extended prostate biopsy schemes in-
crease cancer detection rates by more
efficiently sampling the prostate. An
initial biopsy should include a mini-
mum of 12 cores with particular at-
tention to sampling the lateral aspect
of the prostate. A repeat biopsy
should take additional cores from the
anterior apex, or a saturation biopsy
should be considered. Extended biop-
sies result in more accurate clinical
grading and significantly contribute
to risk assessment. Future revisions of
the TNM classification system should
include biopsy data.

Dr. Presti is a consultant to Gen-Probe In-
corporated.
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Main Points
• Sextant biopsies undersample most prostates and can miss many cancers.

• Extended biopsies increase cancer detection rates and decrease sampling error.

• Initial biopsies should include at least 12 cores from the peripheral zone.

• For repeat biopsies, consideration for anterior apical biopsies or saturation approaches is recommended.

• Extended biopsies result in more accurate clinical grading and significantly contribute to risk assessment.
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