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1. Introduction

In prostate cancer (PCa) patients treated with radical

prostatectomy (RP) and pelvic lymph node dissection (PLND),

histopathologic evidence of lymph node (LN) metastases is

one of the strongest prognostic factors of poor oncologic

outcome [1,2]. Defining the extent of PLND is therefore of

crucial interest for the optimal staging and removal of LN

metastases.

Anatomic definitions of PLND distinguish a limited PLND

(lPLND) from an extended PLND (ePLND). LPLND is defined

by a minimal variant restricted to the obturator fossa or a

standard variant that also includes the external iliac vessels.

EPLND comprises dissection of the obturator fossa and the

external, internal and, according to some authors, the

common iliac vessels [1–8]. Only an ePLND considers

prostatic lymphatic draining sites [8,9], and more LN

metastases are removed by an ePLND compared with an

lPLND [4,6,10], potentially resulting in a prognostic benefit

[1,6,11,12]. Therefore, current guidelines of the European

Association of Urology (EAU) recommend an ePLND in PCa

patients at the time of RP if a PLND is indicated [13].

Nevertheless, there is no consensus as to what extent an

ePLND should be performed. Opinions differ whether the

common iliac vessels should be included, and published

evidence on their nodal involvement is limited [3–9,12,13].

All clinical LN mapping studies in PCa were based on

standard histopathologic LN examination [3–5]. However,

the presence of small-volume LN metastases is under-

estimated by this method [14–16]. Molecular techniques

such as polymerase chain reaction (PCR)-based methods

have shown higher sensitivities for nodal evaluation in solid

tumours including PCa [16–21], and positive molecular

results in histopathologic-negative LNs have been prospec-

tively identified as an independent prognostic marker of

biochemical recurrence following treatment for localised PCa

[14,15].

As a consequence of the demand for a detailed topography

of LN metastases, we conducted a LN metastases mapping

study combining molecular and histopathologic LN exami-

nation in intermediate- and high-risk PCa patients undergo-

ing RP and ePLND including the common iliac vessels.

2. Patients and methods

The local ethics committee approved the present study, and all patients

signed consent approved by a review board before participation.

Between March 2010 and June 2011, LN specimens were obtained from

52 consecutive patients without neoadjuvant treatment at our institu-

tion who underwent open RP and ePLND for intermediate-risk PCa

(Gleason score 7 or prostate-specific antigen [PSA] 10–20 ng/ml or

clinical tumour extension cT2b–c) or high-risk PCa (Gleason score 8–10

or PSA >20 ng/ml or clinical tumour extension �cT3a).

RP and ePLND were performed by four surgeons (MA, JEG, HK, and

TM) according to a predefined template including bilateral dissection of

the obturator fossa and the external iliac, internal iliac, and common iliac

vessels (Fig. 1). Distally, ePLND was limited by the femoral canal and

proximally by the aortic bifurcation.

LNs�3 mm were bisected. One half and the lateral edge of the second

half were formalin fixed and stained with haematoxylin and eosin for

histopathologic examination (pN0 or pN1). The remainder was snap

frozen within 30 min after removal and stored at �80 8C for later RNA

extraction. LNs >2 cm were bisected, and the resulting pieces were

examined like singular LNs <2 cm. LNs <3 mm were only assessed by

histopathology because tissue was insufficient for examination by both

techniques. The 2010 tumour classification of the Union Internationale

Contre le Cancer was applied. Standard histopathology comprised one

tissue section per formalin fixed LN piece with a size of up to 5 mm and

x tissue sections per LN piece with a size of x � 5 mm.

2.1. Quantitative reverse transcriptase-PCR assay

For RNA extraction, LNs were homogenised using the FastPrep

instrument (MP Biomedicals) and mirVana Kit (Ambion). Complemen-

tary DNA (cDNA) was generated by using the high-capacity cDNA reverse

transcription kit (Invitrogen) according to the manufacturer’s descrip-

tion. TaqMan probe and primer sets were used for the detection of PSA

and endogenous reference gene expression of hypoxanthine phosphor-

ibosyl-transferase (HPRT) 1 and ubiquitin C (UBC) (Applied Biosystems;

Table 1). Endogenous references were selected based on a comparative

analysis of six genes as described by Vandesompele et al. [22] using the

bioinformatic geNorm analysis software.

All quantitative reverse transcriptase-PCR (qRT-PCR) reactions were

performed in a total volume of 10 ml with cDNA equivalent of 50 ng RNA

from each LN, TaqMan Gene Expression Master Mix (Life Technologies)

as well as TaqMan primer and probe sets according to the manufacturer’s

description. Each experiment included cDNA from LNCaP cells as a

positive control and a nontemplate control.

PSA expression levels were analysed in duplicate, and mean signal

over background (Cq) levels were used for further analyses. Results were

normalised against the geometric mean of HPRT1 and UBC in relation to

a calibrator sample (blood of a healthy volunteer spiked with 10 LNCaP

cells per 106 peripheral blood mononuclear cells [PBMCs]) with a given

relative gene expression (RGE) value of 1.0. Results were depicted using

the DD-Cq method. Sensitivity was determined by the detection of serial

dilutions with defined copy numbers (0–103) of a cloned PSA fragment as

well as LNCaP cells (0–103) in 106 PBMC using triplicates.

Fig. 1 – Extended pelvic lymph node dissection (PLND) included bilateral
dissection of the right and left common iliac vessels (areas 1 and 2), the
right and left internal iliac vessels (areas 3 and 4), the right and left
external iliac vessels (areas 5 and 6), and the right and left obturator
fossa (areas 7 and 8). Areas 5–8 were defined as the standard PLND field.
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As a control, 143 histopathologic-negative LNs from 25 male bladder

cancer patients treated with cystoprostatectomy and histopathologic

exclusion of PCa were analysed.

2.2. Statistical analysis

Data were analysed using IBM SPSS Statistics v.20.0 and the statistical

software package R [23]. A cut-off for molecular results (molN0 or molN1)

was calculated identifying 99% of histopathologic true-negative LNs with a

safety of 99% by using the R package ‘‘tolerance’’ for estimating tolerance

intervals based on a gamma distribution of PSA RGE values [24,25].

As appropriate, the chi-square test, Kruskal-Wallis test, or Mann-Whitney

U test were applied to compare patient subgroups with molecular and

histopathologic LN status with regard to preoperative PSA value, prostate

biopsy density, D’Amico risk classification, postoperative pathologic

tumour stage, and Gleason score. The Spearman correlation coefficient

(r) and its associated p value were used as a nonparametric test for

monotonous trend between the level of evidence of LN metastases

(pN0/molN0< pN0/molN1< pN1/molN1) and ordinal clinical risk factors.

All statistical tests were performed two sided, and a p value <0.05 was

considered statistically significant. In consideration of the small sample

size and therefore to minimise lack of statistical power in each interesting

comparison, no multiplicity correction of p values was conducted.

However, in terms of a closed test procedure, multiple pairwise group

comparisons were only performed in the case of a statistically significant

overall test.

3. Results

3.1. Analytic validation of prostate-specific antigen

qRT-PCR assay

Based on a comparative analysis of six endogenous

reference genes, minimal variation was demonstrated for

the combination of HPRT1 and UBC (Fig. 2a). The applied

Table 1 – Overview of primer and probe sets used for detection of target and endogenous reference genes

Name Gene symbol Applied biosystems identification Accession number

Beta-Actin ß-Actin Hs99999903_m1 NM_001101.3

Glyceraldehyde-3-phosphate dehydrogenase GAPDH Hs99999905_m1 NM_002046.4

Hypoxanthine phosphoribosyl-transferase 1 HPRT1 Hs01003267_m1 NM_000194.2

Prostate-specific antigen/kallikrein 3 PSA/KLK3 Hs03063374_m1 NM_001030047.1

Ribosomal protein L13a RPL13A Hs01926559_g1 NM_012423.2

Tyrosine 3-monooxygenase/tryptophan 5-monooxygenase

activation protein, zeta polypeptide

YWHAZ Hs00237047_m1 NM_003406.3

Ubiquitin C UBC Hs00824723_m1 NM_021009.5

Fig. 2 – (a) Analysis of reference gene expression in 14 lymph node samples via the bioinformatic geNorm analysis software resulted in an optimal number of
two reference genes with a geNorm V value <0.15 for HPRT1 and UBC and high stability with an average geNorm M value =0.5. (b) Dilution series of LNCaP
complementary DNA (cDNA) equivalent of 100 ng to 10 pg RNA. Signal over background (Cq) levels for the target gene PSA and endogenous reference genes
HPRT1 and UBC as well as the calculated relative gene expression (RGE) for PSA (calibrator = LNCaP cDNA equivalent of 1 ng RNA) over the range is given. The
applied assay had a calculated linear correlation of r2 = 0.997 for PSA, r2 = 0.997 for HPRT1, and r2 = 0.994 for UBC. Efficiencies of the target amplification of PSA
and the reference genes HPRT1 and UBC were regarded equal because the difference of the slope of standard curves was <0.04. RGE PSA was stable in relation
to the calibrator with RGE PSA levels of 1.0 over the whole range of the dilution series. (c) Dilution series of defined numbers of LNCaP cells and PSA copy
numbers in 106 peripheral blood mononuclear cells (PBMCs) revealed a reproducible sensitivity of 1 LNCaP cell and 10 PSA copies.
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qRT-PCR assay demonstrated dynamic linearity over a range

of dilutions between 100 ng and 10 pg (Fig. 2b). Sensitivity

tests resulted in the detection of 1 LNCaP cell and 10 PSA copy

numbers in 106 PBMCs (Fig. 2c). The intra- and interassay

coefficient of variation was <10% for all qRT-PCR results

including LNCaP cell dilutions down to one single cell.

Based on the control group, a RGE PSA value of 1.47 was

calculated as a cut-off for discrimination between the

absence (molN0) and presence (molN1) of metastatic PCa

cells in LNs. Figure 3 depicts the resulting distribution of

RGE PSA values of LNs classified as negative (pN0/molN0),

positive only by molecular examination (pN0/molN1), or

histopathologically positive (pN1/molN0 and pN1/molN1).

3.2. Patient and lymph node characteristics

The mean age of patients was 64 yr. Preoperatively,

15 patients (29%) were diagnosed with intermediate-risk

and 37 patients (71%) with high-risk PCa (Table 2).

According to the anatomically predefined template of 8 LN

fields per patient, 401 LN fields were dissected in 52 patients,

which accounts for 96% of 416 possible LN fields (range: 5–8

LN fields per patient). In 9 patients (17%), 15 LN fields (4%)

were not dissected due to adhesions from previous opera-

tions or insufficient available fibrofatty tissue.

A total of 1469 LNs (median: 27 LNs per patient; range:

9–79) were dissected, of which 1186 LNs had a diameter

�3 mm and were analysed by both standard histopathology

and qRT-PCR (median: 21 LNs per patient; range: 6–49 LNs)

(Fig. 4).

On a LN-based analysis, 127 LNs (11%) were positive

on molecular examination including 32 histopathologic-

positive (pN1/molN1) (3%) and 95 histopathologic-negative

LNs (pN0/molN1) (8%). Molecular examination was negative

in 3 of 35 histopathologic-positive LNs (pN1/molN0) (9%).

On a patient-based analysis, molecular LN examination

was positive in 27 patients (52%) including 12 patients (23%)

with histopathologic-positive LNs (pN1/molN1) and

15 patients (25%) with histopathologic-negative LNs (pN0/

molN1).

In patients staged as pN1/molN1, the median number of

histopathologic LN metastases was 3 (range: 1–8), and the

median number of molecular-positive but histopathologic-

negative LNs was 4 (n = 62; range: 0–13). In patients staged

as pN0/molN1, the median number of only molecular-

positive LNs was 2 (n = 33; range: 1–8).

Two of 283 LNs <3 mm analysed only by histopathology

harboured additional micrometastases. They were present

in two patients who were staged as pN1/molN1 due to

positive results in LNs �3 mm.

3.3. Topography of lymph node metastases

Table 3 depicts the distribution of positive LNs analysed

by the different techniques. Combining both molecular and

histopathologic findings, positive LNs were located in

the standard PLND field in 71%, along the internal iliac

vessels in 16%, and along the common iliac vessels in 13%.

Fig. 3 – Logarithmic box plot of the relative gene expression (RGE) values
for PSA in lymph nodes (LNs) of the control group (n = 143) as well as LNs
classified as histopathologic and molecular negative (pN0/molN0;
n = 1056), histopathologic negative but molecular positive (pN0/molN1;
n = 95), and histopathologic positive (pN1/molN1 and pN1/molN0; n = 35)
in the study group. In the control group, the median RGE PSA value was 0
(range: 0–0.62). Based on the maximum RGE PSA of all examined
LNs/person in the control group, 1.47 was calculated as a cut-off value for
molecular results identifying 99% of histopathologic true-negative LNs
with a safety of 99%. Negative LNs (pN0/molN0) had a median RGE PSA
value of 0 (range: 0–1.43), histopathologic negative but molecular
positive LNs (pN0/molN1) had a median RGE PSA value of 41 (range:
1.56–296 630), and histopathologic LN metastases (pN1/molN1 and
pN1/molN0) had a median RGE PSA value of 83 795 (range: 0–714 518).

Table 2 – Preoperative patient characteristics

Age, yr

Mean (median) 64 (64.5)

Interquartile range 60–68

No. of patients (%)

<65 26 (50)

65–75 24 (46)

>75 2 (4)

PSA, ng/ml

Mean (median) 18 (8)

Interquartile range 6–18

No. of patients (%)

<10 31 (60)

10–20 9 (17)

>20 12 (23)

Gleason score at prostate biopsy

Mean (median) 8 (8)

Interquartile range 7–9

No. of patients (%)

6 2 (4)

7 23 (44)

8–10 27 (52)

No. of cores taken at prostate biopsy

Mean (median) 10 (10)

Interquartile range 9–12

Prostate biopsy density, %

Mean (median) 61 (60)

Interquartile range 40–83

Clinical tumour stage, no. of patients (%)

cT1c–2a 25 (48)

cT2b–c 25 (48)

cT3a–b 2 (4)

D’Amico risk group, no. of patients (%)

Intermediate risk 15 (29)

High risk 37 (71)

PSA = prostate-specific antigen.
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On a patient-based analysis, LNs outside the standard PLND

field were positive in 63% of LN-positive patients including

the internal iliac vessels in 48% and the common iliac

vessels in 37% of patients (Table 4). LNs were exclusively

positive outside the standard PLND in 22% of patients.

Notably, internal and common iliac vessels were the only

positive regions in 7% and 11% of patients, respectively.

3.4. Association of molecular and histopathologic lymph node

metastases with clinical risk factors

We determined possible associations of patients with

molecular-positive but histopathologic-negative LN

examination (pN0/molN1) as well as patients with

histopathologic- and molecular-positive LNs (pN1/molN1)

with established clinical risk factors (Table 5). In comparison

with LN-negative patients (pN0/molN0), both were signifi-

cantly associated with higher prostate biopsy density

( p = 0.028 and p < 0.001, respectively) and pathologic

tumour stage ( p = 0.003 and p < 0.001, respectively). Con-

cerning preoperative PSA levels, there was a trend to higher

levels in patients staged as pN0/molN1 ( p = 0.081) and a

significant association in patients staged as pN1/molN1

( p = 0.001).

The values of clinical risk factors deteriorated

from patients with negative LNs to patients with only

molecular-positive LNs to patients with histopathologic-

and molecular-positive LNs (pN0/molN0 < pN0/molN1

RP and ePLND 
52 PCa patients 

1469 LNs

pN0/molN1pN0/molN0

Histopathologic 
examination

283 LNs

Histopathologic
and molecular 
examination

1186 LNs

pN0 pN1mi

<3 mm≥3 mm

pN1/molN1pN1/molN0

25 patients (48%) 15 patients (29%) 0 patients (0%) 12 patients (23%)

1056 (89.0%) LNs 95 (8.0%) LNs 3 (0.3%) LNs 32 (2.7%) LNs 281 LNs 2 LNs*

Fig. 4 – Results of histopathologic and molecular lymph node (LN) analysis. *Two LN metastases that were detected in LNs <3 mm were described as
micrometastases by histopathologic examination (pN1mi) and were present in two patients staged as pN1/molN1 due to positive results in LNs I3 mm.
ePLND = extended pelvic lymph node dissection; PCa = prostate cancer; RP = radical prostatectomy.

Table 4 – Patients with lymph node metastases according to location and type of metastases

Location

Type of metastases Standard PLND,
no. of

patients (%)

Outside
standard PLND,

no. of patients (%)

Internal iliac
vessels, no.

of patients (%)

Common iliac
vessels, no.

of patients (%)

Histopathologic- and molecular-positive LNs (pN1/molN1) 11/12 (92) 7/12 (58) 4/12 (33) 4/12 (33)

Exclusively at this location 5/12 (42) 2/12 (17) 0/12 (0) 2/12 (17)

Only molecular positive LNs (pN0/molN1) 11/15 (73) 8/15 (53) 5/15 (33) 4/15 (27)

Exclusively at this location 7/15 (47) 4/15 (27) 2/15 (13) 2/15 (13)

Combination of histopathologic- and/or molecular-positive

LNs (pN1/molN1, pN0/molN1)

22/27 (81) 17/27 (63) 13/27 (48) 10/27 (37)

Exclusively at this location 10/27 (37) 6/27 (22) 2/27 (7) 3/27 (11)

LN = lymph node; PLND = pelvic lymph node dissection.

Table 3 – Topography of positive lymph nodes according to type of metastases

Location

Type of metastases Standard PLND,
no. of LNs (%)

Internal iliac vessels,
no. of LNs (%)

Common iliac vessels,
no. of LNs (%)

Histopathologic-positive LNs (pN1/molN1, pN1/molN0) 24/35 (68.6) 6/35 (17.1) 5/35 (14.3)

Molecular-positive LNs (pN1/molN1, pN0/molN1) 91/127 (71.7) 21/127 (16.5) 15/127 (11.8)

Only molecular-positive LNs (pN0/molN1) 68/95 (71.6) 15/95 (15.8) 12/95 (12.6)

Combination of histopathologic- and/or molecular-positive

LNs (pN1/molN1, pN1/molN0, pN0/molN1)

92/130 (70.7) 21/130 (16.2) 17/130 (13.1)

LN = lymph node; PLND = pelvic lymph node dissection.
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< pN1/molN1). This trend was associated with increasing

preoperative PSA levels (Spearman r = + 0.45; p = 0.001),

increasing prostate biopsy density (r = + 0.48; p < 0.001),

increasing postoperative Gleason score (r = + 0.33;

p = 0.016), and increasing pathologic tumour stage

(r = + 0.61; p < 0.001).

4. Discussion

The presence of LN metastases at PLND is one of the

strongest prognostic factors of poor oncologic outcome in

patients with localised PCa undergoing RP [1,2]. Thus

defining the extent of a PLND is crucial for the detection and

removal of potential metastatic spread.

Based on clinical studies with histopathologic nodal

evaluation, LN metastases are significantly more often

detected by an ePLND compared with an lPLND [4,6,10], and

in 58–63% of PCa patients they are located outside the

standard PLND field [3,5]. Further studies indicate that an

adequate ePLND may also result in a prognostic benefit in

patients with a limited number of LN metastases [1,6,11,12]

and node-negative men [12,26,27]. The latter may have

resulted from removal of LN metastases that were not

detected by histopathologic examination [26].

In patients undergoing RP and ePLND, LN metastases are

detected in 5–6%, 20–25%, and 30–40% related to low-,

intermediate-, and high-risk PCa [7]. As a result, current

EAU guidelines recommend an ePLND for LN staging at the

time of RP in patients with intermediate- and high-risk PCa,

whereas it can be omitted in patients with low-risk PCa

[13]. Nevertheless, the ePLND field is not clearly defined.

There is no consensus whether the common iliac vessels

should be included, and knowledge on their involvement in

LN metastases is limited [3–9,12,13].

All published mapping studies of LN metastases in PCa

with ePLND were based on histopathologic findings [3–5].

However, microscopic examination of tissue sections may

not be representative of a whole specimen because small-

volume metastases can be missed. Compared with standard

histopathologic examination and immunohistochemistry,

PCR-based methods have been established as more sensi-

tive for nodal evaluation in solid tumours including PCa

[16–21]. The method is based on previous tissue homoge-

nisation as well as subsequent amplification and detection

of tumour cell–specific transcripts, thus facilitating the

detection of small tumour cell deposits. In two prospective

studies, the detection of a positive molecular examination

in histopathologic-negative LNs was reported as an

independent prognostic marker of biochemical recurrence

following local treatment for PCa [14,15].

To our knowledge, the present study is the first to

determine the topography of LN metastases via molecular

and histopathologic examination in PCa patients treated

with RP and ePLND including the obturator fossa and the

external, internal, and common iliac vessels. Our results

confirm the higher sensitivity of qRT-PCR compared

with standard histopathology for the detection of LN

metastases resulting in the additional identification of 15

patients (29%) and 95 LNs (8%) that were only positive by

molecular examination (pN0/molN1). All patients with

Table 5 – Association of established risk factors and lymph node status*

Groups p valuey p valuez

pN0/molN0 pN0/molN1 pN1/molN1 pN1/molN1 vs
pN0/molN0

pN1/molN1 vs
pN0/molN1

pN0/molN1 vs
pN0/molN0

No. of patients 25 15 12

D’Amico risk group, no. of patients (%)

Intermediate 11 (44) 3 (20) 2 (17) 0.14

High 14 (56) 12 (80) 10 (83)

Preoperative PSA, ng/ml

Mean (median) 9.4 (6.9) 21.7 (10.3) 29.2 (27.1) 0.006 0.001 0.157 0.081

Interquartile range 4.8–8.8 6.5–18.6 8.4–46.2

Prostate biopsy density, %

Mean (median) 49.2 (50.0) 60.2 (62.5) 83.8 (85.0) 0.002 <0.001 0.258 0.028

Interquartile range 31.9–59.1 33.3–83.3 68.8–100.0

Pathologic tumor stage, no. of patients (%)

pT2 17 (68) 3 (20) 0 (0) <0.001 <0.001 0.15 0.003

pT3 8 (32) 12 (80) 11 (92)

pT4 0 (0) 0 (0) 1 (8)

Pathologic Gleason score

Mean (median) 7.2 (7.0) 7.8 (7.0) 7.9 (7.5) 0.052

Interquartile range 7.0–7.0 7.0–9.0 7.0–9.0

No. of patients (%)

6 4 (16) 0 (0) 0 (0)

7 16 (64) 9 (60) 6 (50)

8–10 5 (20) 6 (40) 6 (50)

PSA = prostate-specific antigen.
* Patient groups with histopathologic- and molecular-negative LNs (pN0/molN0), histopathologic-negative but molecular-positive LNs (pN0/molN1) as well

as histopathologic- and molecular-positive LNs (pN1/molN1).
y Kruskal-Wallis test for group comparisons in regard to quantitative data and chi-square test for comparisons of frequency data.
z Mann-Whitney U test for pairwise post hoc group comparisons in regard to quantitative data and chi-square test for post hoc pairwise comparisons of

frequency data.
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histopathologic-positive LNs were also positive on molec-

ular examination, which further supports the sensitivity

of our approach. Differences in three LNs (9%) staged as

pN1/molN0 might be due to the bisection of LNs. Of two LN

halves, each half was only examined by one of both

techniques. Therefore, small-volume metastases that were

only present in one half of the LN might only have been

detectable by one of both methods, an argument that also

applies to LNs staged as pN0/molN1.

As a limitation of the qRT-PCR method, morphologic

information such as size of LN metastases cannot be

determined. Furthermore, the method does not allow for

differentiation between disseminated tumour cells located

in LNs or circulating tumour cells (CTCs) that might have

accidentally been detected in nodal vessels. However, the

concordant distribution pattern of histopathologic LN

metastases and exclusively molecular-positive LNs in our

study, as well as their correlation with similar clinical risk

factors, argue against random detection of CTCs.

As a limitation of standard histopathology, the presence

of small-volume metastases may have been missed on

nodal slicing or microscopic examination. Step sectioning of

LN tissue or application of immunohistochemistry may

have yielded a higher sensitivity in the detection of LN

metastases.

In our study, both methods independently revealed

the occurrence of metastatic spread along the internal

and common iliac vessels in a relevant proportion of

patients. When combining molecular and histopathologic

findings, positive LNs outside the standard PLND field were

positive in 63% of LN-positive patients including the

internal iliac field in 48% and the common iliac field in

37% of patients. Notably, internal and common iliac vessels

were the only positive regions in 7% and 11% of patients,

respectively.

Based on these results, we suggest that the common iliac

vessels should be included in the ePLND field to optimise

nodal staging and to remove LNs potentially harbouring

metastases. A prospective randomised multicenter trial

initiated by the German Association of Urogenital Oncology

will further address the potential clinical benefit of an

ePLND including the common iliac vessels versus an lPLND

(SEAL study; ClinicalTrials.gov identifier NCT01555086).

5. Conclusions

We confirmed the PCR-based technique as a reliable and

more sensitive method than standard histopathology for the

detection of small-volume LN metastases of PCa patients. In

our study population, standard histopathology misclassified

more than a fourth of patients as LN negative.

We demonstrated that dissection of common iliac

vessels, at least up to the ureteral crossing, as part of the

ePLND is required to optimise nodal staging and to remove

LNs potentially harbouring metastases. A larger patient

cohort with long-term follow-up is required to determine

the clinical impact of molecular-detected metastases in the

ePLND field on biochemical recurrence and survival in PCa

patients.
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