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Article info Abstract

Keywords: Objectives: We performed a systematic literature review of the staging of
Complications pelvic lymph node metastases in clinically localized prostate cancer.
Lymph node invasion Methods: The description of the evolution of the staging paradigms of
Pelvic lymphadenectomy lymph node invasion (LNI) in localized prostate cancer is based on a
Prostate cancer systematic review of the English language literature on this topic.
Radical prostatectomy Results: A single randomized trial addressing pelvic lymph node dissec-

tion (PLND) exists and no Cochrane review covers the topic of lymph
EU% ACME node staging in localized prostate cancer. Most publications are based on
www.eu-acme.org/ retrospective analyses, including some large multicenter validation stu-
europeanurology dies. The available reports demonstrate that extended PLND improves
staging and that ideally 30 lymph nodes should be removed. This
represents a shift away from either no PLND or very limited PLND, in
historic series. However, not all men need to be subjected to an extended
PLND. At least some patients can be effectively staged with limited PLND.
Conclusions: This review illustrates the evolution of lymph node staging
in prostate cancer, which changed from no staging through limited
staging to extended staging. This review provides evidence-based cri-
teria for identifying patients at risk of LNI, as well as for defining the
extent of PLND, when indicated.
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1. Introduction

Pelvic lymph node dissection (PLND) represents the
most accurate staging procedure for presence of
lymph node invasion (LNI) in clinically localized
prostate cancer [1]. Unfortunately, imaging proce-
dures such as computed tomography (CT) and
standard magnetic resonance imaging (MRI) have
very limited ability to predict LNI [2-4]. 2-[*®F]fluoro-
2-deoxyglucose positron emission tomography (FDG-
PET) imaging cannot improve the prediction of LNI
beyond that achieved with standard clinical variables
[5]. However, the use of MRI with lymphotropic
superparamagnetic nanoparticles may improve the
predictive value of imaging, as evidenced by 100%
accuracy in a recent report [6]. Similarly, there are no
sentinel lymph nodes that could determine whether
acompletelymphnode dissection isneeded ornot, as
many skip areas have been reported [7].

The extent of PLND changed over time. In some
historic series very limited PLNDs or no lymph node
dissections were performed [8]. In more recent
series the number of removed lymph nodes was
as low as five from both obturator fossae [9]. The
variability in PLND extent without doubt contributed
to differences in LNI prevalence, which ranges from
1.1% to 26% [10-16]. Burkhard and colleagues were
among the first to systematically demonstrate that
the extent of PLND is closely related to the rate of LNI
[17]. Several subsequent studies confirmed these
findings [11,12,18,19]. Those studies showed that
extended PLNDs (ePLNDs) are able to identify nodal
metastases that would not otherwise be detected by
more limited PLNDs (IPLND) [20]. However, opinions
differ about the ideal PLND extent and investigators
disagree about who should be exposed to an ePLND,
as well as on the actual extent of an ePLND [10-13].
Unfortunately, only one randomized trial addressed
the topic of lymph node dissection in clinically
localized prostate cancer [21]. Therefore, no strict
criteria can be used to determine the indications,
rationale, and extent of PLND.

In this manuscript we systematically outline the
evolution of the paradigms addressing the staging of
LNI. Moreover, we provide a rationale for identifying
patients in whom lymph node dissection should be
performed. Additionally, we provide a basis for
identifying those in whom an ePLND should be
considered. Finally, we review the existing guide-
lines addressing pelvic lymph node staging.

2. Methods

The description of the evolution of the staging paradigms of
LNI in localized prostate cancer was based on a systematic

review of the English language literature on this topic. All
manuscripts were retrieved from PubMed and were restricted
to entries with an abstract. Key words consisted of ‘“prostate
cancer” and “lymph nodes” and “metastasis,” which resulted
in 675 original articles. Of these, 43 were selected for inclusion,
based on content, clinical relevance, quality, level of evidence,
and year of publication [1-43].

3. PLND indications

There is lack of consensus regarding the indications
for PLND. Moreover, there is a clear lack of
consensus regarding the extent of PLND in those
patients in whom a lymph node dissection should be
performed.

A number of early investigators attempted to
determine the criteria for performing a lymph node
dissection in patients with clinically localized
prostate cancer [22-27]. Of those, Partin and collea-
gues pioneered a structured and validated approach
to LNI prediction, which relied on readily available
variables (prostate-specific antigen [PSA], clinical
stage, and biopsy Gleason sum), which could be
identified prior to radical prostatectomy (RP) [27]. In
2003, a nomogram was introduced to more accu-
rately identify patients at low risk of LNI and
provided a 2% increase in predictive accuracy (PA)
relative to Partin tables, within the same patient
population [28]. The benefit of this nomogram,
relative to the Partin tables, predominantly related
to the consideration of continuously coded PSA in
the nomogram versus categorically coded PSA in the
Partin tables. The Partin tables or the nomogram
could help in discriminating between low- and high-
risk LNI patients. However, neither provided a
specific cut-off for performing or not performing a
lymph node dissection.

Lack of strict criteria for performing a lymph node
dissection, combined with low rates of LNI in several
North American series, resulted in progressively
fewer nodes being removed at lymph node dissec-
tion [9,27-29]. DiMarco and colleagues examined the
number of removed lymph nodes in >7000 RP
patients treated between 1987 and 2000 [9]. The
most recent patients had on average only 5 nodes
removed compared with 14 in the most historic
ones.

4. Pathologic limitations of the PLND yield

PLND yield can be maximized by sensitizing the
pathologist to the importance of performing the
most detailed and systematic search for lymph
nodes within the resected package. At most centers,
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the standard identification of lymph nodes is based
on tactile examination of the lymph node package
and dissection of palpably identifiable nodes [30].
This technique can result in lack of identification of
small or even microscopic lymph nodes. To circum-
vent this problem, lymph nodes may be submitted
in separate packages [30]. Alternatively, the lymph
node specimens may be processed and sectioned in
toto. Finally, fat dissolution techniques may be used
to dissociate the fibrofatty tissue within the speci-
men from lymph nodes. All of these methods can
improve the nodal yield at pathologic specimen
evaluation.

5. LNI versus prognosis

Interestingly, the extent of lymph node dissection
failed to reflect biochemical recurrence (BCR),
distant recurrence (DR), and prostate cancer-specific
survival rates [9]. Similar results were reported by
Masterson and colleagues. They studied >5000
patients, where the extent of PLND failed to
significantly increase the rate of BCR [31]. Bhatta-
Dhar and colleagues added to the evidence that the
extent of PLND does not affect the rate of BCR by
demonstrating equality of BCR rates in patients with
or without a PLND [32].

However, others found that the extent of PLND
does affect the rate of BCR. Allaf and colleagues
examined the rate of BCR in patients with up to 15%
of affected lymph nodes and found that those
subjected to more extensive PLND (11.6 vs. 8.9 nodes
removed) had significantly lower BCR (10% vs. 43%)
at 5 yr after RP [12]. Bader and colleagues further
suggested that the extent of PLND may affect
symptomatic progression and prostate cancer spe-
cific mortality [16]. Unfortunately, the uncontrolled
nature of these reports cannot rule out that their
findings are due to bias.

Although, there is consensus that the extent
of PLND affects the accuracy of prostate cancer
staging, there is clearly no consensus that the extent
of PLND affects prognosis. To date no group of
investigators has convincingly demonstrated a
survival benefit related to the use of ePLND versus
IPLND.

6. Complications of PLND

Of numerous studies, one addressed the effect of
PLND extent on LNI rate and its complications in a
randomized fashion [21]. The investigators demon-
strated positive lymph nodes in 4 of 100 ePLND

samples versus 3 of 100 in IPLND samples. Compli-
cations were higher when ePLND was performed.
Prostate cancer progression was not assessed.
Nonetheless, the study suggested that the potential
benefit related to better staging might be associated
with more complications. Complications were not
invariably high in all ePLND series, as evidenced by a
cohort of Bader et al, where an overall complication
rate of 2.1% was recorded [10]. Conversely, a
substantially higher complication rate was reported
by Heidenreich et al [11].

However, when the cumulative literature on
PLND complications is examined, the rate of com-
plications ranges from 2% to 51% [10-13,21,33-38].
Therefore, PLND may not be an entirely innocuous
procedure, evenin the hands of the most experienced
surgeons. This suggests the presence of a risk-benefit
ratio, where complications are weighed against
better staging.

Unfortunately, the recent literature previously
lacked reports in which complication rates are
adjusted according to the extent of PLND, as defined
by the number of removed lymph nodes. Moreover,
virtually all available publications do not take into
account confounding variables, such as age, stage,
PSA, and grade.

The largest contemporary series (n = 963) address-
ing complications after PLND demonstrated that
ePLND predisposed to significantly higher rate of
lymphoceles (10.3% vs. 4.6%; p = 0.01) [39]. Similarly,
ePLND translated into a longer hospital stay (9.9 vs.
8.2 d; p < 0.001). Moreover, when all prospectively
recorded complications were examined as a group,
ePLND patients were at a 2-fold higher risk relative to
their IPLND counterparts.

Receiver operator characteristics (ROC) analyses
addressing the relationship between PLND extent
and the rate of overall complications, according to
the number of removed lymph nodes, were per-
formed. The ROC coordinates showed a direct
relationship between the complication rate and
nodal count (Fig. 1). For the first time it was
demonstrated that the removal of every additional
lymph node increased the complication rate in a
nonnegligible fashion.

7. PLND extent and LNI rate

Bader and colleagues as well as Heidenreich and
colleagues pioneered a systematic assessment of
the concept of PLND extent and LNI rate. Bader
et al demonstrated a false-negative rate of 5%
versus 16% in the series of Heidenreich et al
[10,11]. Other investigators confirmed these
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Fig. 1 - The relationship between the number of lymph nodes removed and examined (x-axis) and the probability of
recording one or several PLND-related complications. PLND = pelvic lymph node dissection.

findings [37,38,40,41]. The relationship between
PLND extent and the rate of LNI was recently
examined by Briganti and colleagues who demon-
strated that ePLND increases the ability to identify
LNI in two ways. First, they reported a virtually
linear increase in PA when the extent of PLND was
increased (Fig. 2) [18]. Moreover, the same group of
investigators demonstrated that the ability to

correctly predict the likelihood of LNI increases
in a virtually exponential fashion, when the
number of removed nodes is increased (Fig. 3)
[19]. Interestingly, the probability of correctly
predicting the rate of LNI was close to zero when
<10 nodes were removed. Conversely, virtually
perfect ability was reported when >30 lymph
nodes were removed.
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Fig. 2 - Nomogram predicting the probability of finding positive lymph nodes (pN+) at pelvic lymphadenectomy, according to
pretreatment prostate-specific antigen (PSA), clinical stage (CSTG), biopsy Gleason sum (Gleason Sum), and the number of
removed and examined lymph nodes (Total Nodes). It is noteworthy that the maximum effect of the number of removed
and examined lymph nodes approximates the effect of clinical T3 prostate cancer, exceeds that of biopsy Gleason sum 7,

and exceeds that of PSA of 50 ng/ml.
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Fig. 3 - The relationship between the number of removed and examined lymph nodes and the probability of detecting
lymph node invasion (LNI) in all patients (A) or in patients with biopsy Gleason sum >7 (B).

8. Contemporary tools predicting the
probability of LNI

Cagiannos and colleagues as well as Partin and
colleagues developed tools for prediction of LNI in
patients subjected to standard or IPLND [28,29]. As
reported by DiMarco and colleagues, such patients
had as few as five lymph nodes removed [9]. Based
on the limited extent of PLNDs performed in those
series, neither the Partin tables nor the Cagiannos
nomogram can be used to identify patients at risk
of LNI, if an ePLND is contemplated. To circumvent
this limitation, Briganti and colleagues developed a
nomogram predicting the rate of LNI in patients

subjected to an ePLND (Fig. 4) [20]. Their nomo-
gram was 76% accurate and relies on PSA, clinical
stage, and biopsy Gleason sum to quantify the
probability of LNI. To the best of our knowledge
this nomogram represents the first tool designed
for ePLND patients and awaits a prospective
validation. The use of this tool could provide the
most bias-free assessment of the probability of
LNI, if an ePLND is considered. Conversely, an
alternative nomogram can be used, if more limited
PLND is planned [18]. This second nomogram
(78.6% accurate) allows quantification of the effect
of extending or limiting the PLND on the rate of
LNI.
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Fig. 4 - Nomogram predicting the probability of finding positive lymph nodes (pN+) at extended pelvic lymphadenectomy
(minimum 10 nodes removed and examined), according to pretreatment prostate-specific antigen (PSA), clinical stage

(CSTG), and biopsy Gleason sum (Gleason Sum).
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Fig. 5 - Nomogram predicting the probability of exclusive nonobturator lymph node invasion (LNI) in patients undergoing
extended pelvic lymphadenectomy, according to pretreatment prostate-specific antigen (PSA), clinical stage (STAGE), and

biopsy Gleason sum (GLEASON).

Briganti and colleagues also addressed the ques-
tion of who should be subjected to an ePLND versus
who may benefit from a more limited PLND, where
only the obturator nodes are removed [42]. Within
this nomogram (80.2% accurate), the authors
demonstrated that an obturator PLND may indeed
be safely performed in a number of patients (Fig. 5).
When <10% probability of LNI outside of the
obturator fossa was predicted, the nomogram had
99% negative predictive value. In Briganti’s series
62% of patients fell into this category and in these
men the PLND could have been safely (99%) limited
to the obturator nodes. By extrapolation, such
practice might result in a 50% decrease in the rate
of complications.

o. Alternatives to the use of LNI predictive
tools

The presence of positive lymph nodes may be
predicted with nomograms. However, because these
tools are based on probabilities, they may be comple-
mented with other diagnostic aids in patients with an
a priori low risk of LNI. For example, the Briganti et al
ePLND nomogram predicts a 13% probability of LNI
forindividuals with PSA 7 ng/ml, biopsy Gleason sum
6/10, and clinical stage T2c [20]. Conversely, the
nomogram predicts a 3% probability of LNIin patients

with PSA 2.5 ng/ml, biopsy Gleason sum 6/10, and
clinical stage Tlc. In such low-risk patients an
alternative method to improve the PLND yield may
consist of radioguided PLND. This technique was
assessed by Weckermann and colleagues who
demonstrated between 6.8% and 10.7% prevalence
of LNI in patients with favorable clinical character-
istics, such as PSA <10 ng/ml, Gleason score <6, and
clinical stage <T2c [43]. With certainty technical
improvements of this modality will continue to
improve its value.

10. PLND guidelines

Several professional associations and Cancer Net-
works publish guidelines aimed at standardizing the
management of common malignancies. In European
countries, European Association of Urology (EAU)
guidelines are most widely in use. In North America,
the American Urological Association (AUA) and the
National Comprehensive Cancer Network (NCCN)
provide guidelines for the management of prostate
cancer. Of these two, the NCCN guidelines have been
recently updated, whereas the AUA guidelines await
an update.

The EAU 2005 Prostate Cancer Guidelines confirm
that accurate lymph node staging can only be
achieved intraoperatively [1]. These guidelines rely
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on a categorical classification of the risk of LNI, where
patients with clinical stage <T2, PSA <20 ng/ml,
and Gleason score of <6 are not considered as
candidates for a PLND, based on the predicted risk
of <10%. By exclusion, a PLND should be considered
in all other men in whom a RP is contemplated.

The most recent (1995) AUA Prostate Cancer
Clinical guidelines also agree that PLND represents
the gold standard for the evaluation of regional
metastases (www.auanet.org/guidelines/). This
benefit is contrasted with the increase in morbidity
and operating room time, when a PLND is performed
at RP. A 20% PLND complication rate is quoted,
despite the fact that the AUA guidelines refer to
IPLNDs, as ePLNDs were neither performed nor
discussed in this era. The AUA guidelines are less
specific with regard to PLND indications. They state
that the “Evidence is mounting that the majority of
patients who are candidates for a radical prosta-
tectomy or radiotherapy have a very low risk of
having positive pelvic lymph nodes. When the
serum PSA concentration, tumor grade and local
clinical stage used together are below certain levels,
a pelvic lymph node dissection may not be neces-
sary because, as noted on page 15, the probability of
positive lymph nodes is extremely low.” Obviously
the validity of these recommendations is somewhat
undermined by their historic nature.

The NCCN Prostate Cancer Guidelines were
updated in 2005 and include the 2001 update of
the Partin tables, which among others predict the
likelihood of LNI (www.nccn.org). The Partin pre-
dictions are used throughout the NCCN guidelines to
indicate whether a PLND should be performed. In
patients with clinical stage cT1-T2a, Gleason score
2-6, and PSA <10 ng/ml prostate cancer, the PLND is
optional and the Partin table-derived risk calcula-
tion is not suggested. In intermediate-risk prostate
cancer patients (cT2b-T2c or Gleason score 7 or PSA
10-20 ng/ml), the PLND is indicated unless the Partin
table-derived probability of LNI is <3%. In high-risk
patients (cT3a or Gleason 8-10 or PSA >20 ng/ml),
PLND is recommended regardless of the Partin LNI
predictions.

Either little or no detail is provided by all three
guidelines on the extent of PLND. The use of a cut-
off point by the EAU guidelines represents a
potential limitation. The NCCN guidelines rely on
a dynamic tool, which predicts the individual
probability of LNI. The use of a nomogram cut-off
point of 3% is clearly superior to the use of a single
cut-off point because it allows a greater extent of
interaction between clinical stage, biopsy Gleason,
and serum PSA. Nonetheless, the use of the Partin
tables for LNI risk prediction may undermine the

validity of thus obtained LNI predictions because
the Partin tables were developed on patients
treated with RP between 1994 and 2000, which no
longer can be qualified as contemporary. Finally,
the AUA guidelines LNI recommendations, which
were released in 1995 and based on even more
historic data, also cannot be applied to contem-
porary patients.

11. Conclusions

Based on the previous paragraphs a number of
conclusions can be drawn. (1) Limited PLND is
associated with a high rate of false-negative findings.
Conversely, more extended PLND results in higher
rates of LNI. (2) In patients with clinically localized
prostate cancer LNI cannot be reliably predicted with
imagingstudies or sentinel lymph node dissection. (3)
Increasing the extent of lymph node dissection
results in better ability to predict the true rate of
LNI and approximately 30 nodes need to be removed
and examined to accurately predict whether positive
lymph nodes are present. (4) The downside of more
extensive PLND consists of a higher rate of complica-
tions. Specifically, the rate of lymphoceles might
be higher. Moreover, patients subjected to more
extended PLND have a longer hospital stay. (5)
Previous tools predicting the rate of LNI no longer
apply to contemporary patients, who are subjected to
ePLNDs. The risk of LNI can be accurately quantified
with contemporary ePLND nomograms. (6) Not all
contemporary patients with clinically localized pros-
tate cancer who require a lymph node dissection
need to be subjected to an ePLND. A nomogram can
accurately identify those patients in whom an
obturator lymph node dissection may be safely
performed. (7) Although the extent of PLND is directly
proportional to the rate of LNI, there are no data
indicating that the extension of PLND improves
cancer control or survival. Most available data
indicate that the extent of PLND is unrelated to
BCR, DR, or prostate cancer-specific survival. (8) In
2007, PLND remains a purely staging procedure.
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1. An extended pelvic lymph node dissection
(ePLND) increases the probability of finding
lymph node invasion (LNI) from
A. 5% to >10%

B. 2% to 20%
C. 5% to <10%
D. >10% to >20%
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cancer, lymph node invasion (LNI) can be accu-
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A. Computed tomography (CT)

B. Magnetic resonance imaging (MRI)
C. 2-[*®F]fluoro-2-deoxyglucose positron emis-
sion tomography (FDG-PET)
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D. Sentinel lymph node biopsy
E. None of the above

3. Ideally, how many lymph nodes need to be

removed to accurately predict the presence of
lymph node invasion (LNI)?

A. 10

B. 20

C. 30

D. 40

4. Extended pelvic lymph node dissection (ePLND) is

associated with

A. Lower or same rate of complications as limited
PLND (IPLND)

B. Longer hospital stay

C. significantly higher blood loss

D. higher rate of deep venous thrombosis
(DVT)
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5. Relative to a limited pelvic lymph node dissection (IPLND) has been convincingly demonstrated
(IPLND), an extended PLND (ePLND) is associated with regard to
with A. Cost
A. Better survival rate B. Staging
B. Lower distant progression rate C. Technical difficulty
C. higher complication rate D. Disease-specific survival

D. lower biochemical recurrence (BCR)

6. The benefit of extended pelvic lymph node
dissection (ePLND) relative to limited PLND
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