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                        ORIGINAL ARTICLE    

 Identifi cation and characterization of nodal metastases in prostate 
cancer patients at high risk for lymph node involvement      

    SOFIE     ISEBAERT  1, ∗   ,       KARIN     HAUSTERMANS  1, ∗   ,       LAURA VAN DEN     BERGH  1  , 
      STEVEN     JONIAU  2  ,       PIET     DIRIX  1  ,       RAYMOND     OYEN  3  ,       CHRISTOPHE M.     DEROOSE  4  , 
      HENDRIK VAN     POPPEL  2     &         EVELYNE     LERUT  5    

  1 Radiation Oncology, University Hospitals Leuven and Department of Oncology, KU Leuven, Leuven, Belgium, 
 2 Urology, University Hospitals Leuven and Department of Development and Regeneration, KU Leuven, Leuven, 
Belgium,  3 Radiology, University Hospitals Leuven and Department of Imaging and Pathology, KU Leuven, Leuven, 
Belgium,  4 Nuclear Medicine, University Hospitals Leuven and Department of Imaging and Pathology, KU Leuven, 
Leuven, Belgium and  5  Pathology, University Hospitals Leuven and Department of Imaging and Pathology, 
KU Leuven, Leuven, Belgium                             

  Abstract 
  Aim.  To investigate whether blood-based markers could be used to identify prostate cancer (PCa) patients harboring 
lymph node (LN) metastases. In addition, E-cadherin expression was studied within the concept of epithelial mesenchymal 
plasticity.  Material and methods.  Seventy-fi ve patients with clinically localized PCa who underwent a superextended 
lymphadenectomy followed by radical prostatectomy (RP) were included in this study. Preoperative plasma/serum levels 
of endoglin, transforming growth factor- β 1 (TGF- β 1), osteopontin, vascular endothelial growth factor (VEGF), vascular 
cell adhesion molecule-1 (VCAM-1), and E-cadherin were measured using commercially available enzyme immunoassays 
in 47/75 patients and correlated with clinicopathological parameters. E-cadherin expression in the diagnostic biopsies 
(n    �    63), RP specimens (n    �    75) and LN metastases (n    �    106) was examined by immunohistochemical analysis.  Results.  
Occult LN metastases were present in almost half of the patients (37/75), with a total of 106 affected LN. Preoperative 
levels of endoglin, TGF- β 1, osteopontin, VEGF, VCAM-1 nor E-cadherin were signifi cantly associated with LN status. 
Only a positive correlation between plasma endoglin and serum prostate-specifi c antigen was found (Spearman ’ s  r    �     0.44; 
p    �    0.002). The majority of biopsies (91.9%) and RP specimens (79.7%) showed strong E-cadherin expression, while 
in the LN this was found to be much weaker (28.9%). While the staining pattern in the isolated tumor cells (ITC) 
and micrometastases was mainly homogenous, the macrometastases showed a much more heterogeneous pattern 
( χ  ² , p    �    0.0001).  Conclusion.  In this study, none of the blood-based markers tested could be used for nodal staging in 
PCa, nor could E-cadherin expression in the tissue. However, the difference in E-cadherin expression pattern between 
the ITC/micrometastases and the macrometastases may point to another biological behavior. The specifi c staining pattern 
seen in the macrometastases could indicate an ongoing mesenchymal epithelial transition, presumed to be a mechanism 
for metastatic colonization. As the latter is the rate-limiting step in the metastatic process, evaluation of the E-cadherin 
expression pattern could have potential therapeutic implications.   

 Lymph nodes on the draining lymphatic vessels 
from the primary tumor are often the fi rst place of 
metastasis, as well as a springboard for further sys-
temic dissemination. It is therefore evident that the 
presence of lymph node (LN) metastases is an 
important prognostic factor in many cancers and 
also in prostate cancer (PCa) [1]. Until now, only 

an extended pelvic LN dissection (LND) ensures 
a reliable LN staging. Yet, this invasive procedure 
is associated with signifi cant morbidity. Currently, 
suffi ciently accurate non-invasive strategies to pre-
dict nodal status are lacking as the reported sensitiv-
ity levels of both conventional and functional 
imaging techniques are low, and even contemporary 
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risk-stratifi cation models have several disadvantages 
[2,3]. Much less effort has been put into the search 
for blood-based markers for nodal staging, although 
this could potentially provide an ideal strategy to 
identify patients at high risk for LN involvement 
(LNI). 

 Several blood-based markers have been put 
forward for the diagnosis, staging and prognosis of 
PCa [4]. Many of these, including endoglin, trans-
forming growth factor- β  (TGF- β ), osteopontin, vas-
cular endothelial factor (VEGF) and vascular cell 
adhesion molecule-1 (VCAM-1), are related in one 
way or another to the process of cancer metastasis. 
 Endoglin, also known as CD105, is a TGF- β  co-
receptor that is abundantly expressed on vascular 
endothelial cells. Shed CD105 levels may be useful 
as an indicator for disease progression and to iden-
tify patients at risk of recurrence and metastasis [5]. 
TGF- β  itself is an ubiquitous cytokine that plays 
an active role in many cellular processes and its 
dichotomous role in tumor progression has clearly 
been demonstrated. Depending on the specifi c 
context, TGF- β  can promote cancer metastasis 
through its effects on the tumor microenvironment, 
enhanced invasive properties and inhibition of the 
cellular immune system [6]. Osteopontin is a multi-
functional secreted phosphoglycoprotein that has 
also been implicated in tumor metastasis and high 
levels of osteopontin in the blood are associated with 
poor prognosis [7]. The glycoprotein VEGF pro-
motes angiogenesis, being one of the hallmarks of 
cancer. Increased levels of VEGF have been reported 
in patients with metastatic disease [8]. VCAM-1 is 
a transmembrane glycoprotein that is transiently 
expressed on the surface of endothelial cells in 
response to VEGF and other cytokines, and it has 
also been shown to function as an adhesion molecule 
facilitating metastasis. Moreover, serum levels of 
soluble VCAM-1 could serve as a surrogate clinical 
marker for tumor angiogenesis and disease pro-
gression [9]. In general, these markers have been 
used to predict biochemical recurrence [10], and for 
some of these a signifi cant association with the 
 presence of LN metastases has been described as 
well [11]. 

 Not only is the search for the  ideal  nodal staging 
technique still ongoing, also the clinical relevance of 
small metastatic deposits has yet to be determined. 
There are indications that patients with node- positive 
disease could be subclassifi ed according to prognos-
tic impact based on features such as the number 
of affected LN or the nodal tumor volume [12]. 
 Furthermore, more insight into the underlying 
biological characteristics of these metastases could 
help to further understand the differences in response 
to treatment between node-positive patients. The 

importance of the latter is demonstrated by the fact 
that therapies that have been developed for patients 
with overt metastases are not always effi cacious in 
patients with micrometastatic disease and vice versa 
[13]. A potential interesting protein within this con-
text is E-cadherin, which is well known to be impor-
tant for proper cell-cell adhesion. Decreased 
expression of this cell surface glycoprotein is thought 
to be a central event in the acquisition of an invasive 
and metastatic phenotype and is considered a marker 
of the epithelial to mesenchymal transition (EMT) 
process [14]. Moreover, cleavage of E-cadherin has 
been linked to the malignant progression of PCa 
[15] and accumulation of an 80 kDa fragment of 
this protein into the serum of PCa patients has been 
reported [16]. 

 In this study, the association of the preoperative 
plasma or serum levels of endoglin, TGF- β 1, osteo-
pontin, VEGF, VCAM-1, and E-cadherin with LN 
status was investigated in PCa patients at high risk 
for LNI who underwent a bilateral superextended 
lymphadenectomy completed by radical prostatec-
tomy (RP). The expression of E-cadherin in the 
 diagnostic needle biopsies, RP specimens and LN 
metastases was also studied by means of immuno-
histochemistry within the concept of epithelial 
mesenchymal plasticity.  

 Material and methods  

 Patients 

 This study is a subanalysis of a prospective imaging 
study designed to evaluate  11 C-choline positron 
emission tomography (PET)-computed tomography 
(CT) and diffusion-weighted magnetic resonance 
imaging (MRI) for preoperative nodal staging in PCa 
patients at high risk for LNI [17]. From February 
2008 to February 2011, 75 consecutive patients 
(median age: 66 years; range 49 – 74 years) with local-
ized, biopsy-proven prostate adenocarcinoma who 
were scheduled for retropubic RP and superextended 
(se)LND were enrolled. Digital rectal examination 
and transrectal ultrasonography (TRUS) were used 
to stage the primary tumor. The following inclusion 
 criteria had to be met: 1) a risk of    �    10% but  �    35% 
for LN metastases according to the Partin tables (as 
no predictive model existed for cT3 at the time of 
the study conception, cT3 tumors were considered 
stage cT2c); 2) no pelvic LNI on contrast-enhanced 
CT (i.e.  �    8 mm in transverse dimension); 3) no 
bone metastases on bone scan; 4) WHO performance 
status  �    2; 5) no previous hormonal therapy, radio-
therapy or prostatectomy; and 6) no previous/other 
malignancy. The study was approved by the local 
 ethics committee and written informed consent was 
obtained from all patients.   
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 Surgery and histological examination 

 All patients underwent a bilateral seLND, removing 
all LN surrounding the common iliac, external iliac 
and internal iliac vessels, in the obturator fossa and 
in the presacral region, followed by open RRP. The 
lateral limit consisted of the pelvic sidewall, and the 
medial limit was the perivesical fat. The LN speci-
mens were collected and labeled on a standardized 
LN map, comprising all anatomic regions just listed. 
These were then, together with the RP specimen, 
sent to the pathology department for histological 
examination. 

 Prostatectomy specimens were entirely embed-
ded and handled according to the guidelines [18]. 
Gleason scores were determined and tumors 
were pathologically staged according to the 2002 
TNM classifi cation. In addition, tumor volume was 
recorded, both in absolute (ml) and relative (percent-
age) measures. The latter was calculated as follows: 
[sum of all tumor areas on the slides (cm ² )  ∗  slice 
thickness (0.3cm)  ∗  1.33 (shrinkage factor to correct 
for fi xation-induced shrinking)]/prostate weight 
(g) ∗ 100. 

 LN were fi xed in 6% formalin overnight. All sta-
tions were examined by palpation, visual inspection 
and sectioning. The lamellated (1 mm sections) LN 
were then embedded in paraffi n and all blocks were 
serially sectioned until the whole LN was cut. Every 
300  μ , one 5  μ  section was immunohistochemically 
stained for pankeratin [monoclonal mouse anti-
human antibody, clone AE1/AE3, Ready-to-Use, 
Dako, Denmark  –  automatical staining (Dako PT 
Link, Dako, Denmark)]. All slides (n    �    8906) were 
microscopically evaluated for the presence of metas-
tases by an experienced uropathologist (E.L.). The 
maximal diameter of each metastatic deposit was 
noted and categorized in macrometastases (macro; 
 �    2 mm), micrometastases (micro;  �    0.2 mm and  
  �    2 mm) and isolated tumor cells (ITC;  �    0.2 mm), 
in accordance with the defi nitions used for breast 
cancer.   

 Measurement of blood-based markers 

 From 47 of 75 patients, preoperative plasma and 
serum samples were collected at least six weeks after 
transrectal-guided needle biopsy, either on the day 
before surgery or just before the start of the surgical 
procedure. Blood was collected into Vacutainer  ®   
plastic K 2  EDTA tubes (plasma) or Vacutainer  ®   
plastic serum tubes (serum) (Becton Dickinson, 
New Jersey USA). After centrifugation (10 min at 
1500    �     g ), the supernatans, corresponding either to 
the plasma or serum, was aliquoted and immediately 
frozen and stored at  	 80 ° C in polypropylene cryo-
preservation vials (Sarstedt, N ü mbrecht, Germany). 

Plasma levels of endoglin, osteopontin, soluble 
VCAM-1 (sVCAM-1), and VEGF were measured 
with the commercially available enzyme-linked 
immunosorbent assays (ELISA) from R & D Systems 
(Minneapolis, USA). Serum levels of TGF- β 1 and 
sE-cadherin were measured with ELISA kits from 
respectively R & D Systems and Takara Bio Inc (Shiga, 
Japan). All assays were performed according to the 
manufacturer ’ s protocol. All samples were run in 
duplicate and mean values were used for analysis.   

 Immunohistochemical analysis of E-cadherin 

 Immunohistochemical staining for E-cadherin 
[monoclonal mouse anti-human antibody, clone 
NCH-38, Ready-to-Use, Dako, Denmark  –  auto-
matical staining (Dako PT Link, Dako, Denmark)] 
was performed on the diagnostic needle biopsies, the 
RP specimens and the LN. 

 As for the diagnostic biopsies, the tissue cylinder 
with the highest Gleason score and the highest tumor 
percentage was stained for E-cadherin. For the resec-
tion specimens, the whole-mount slide containing 
the area determining the staging (in case of extraca-
psular extension/invasion of seminal vesicles) or the 
slide with the highest percentage of tumor (in case 
of pT2) was stained. All LN sections that were pos-
itive for pankeratin were also stained for E-cadherin. 
E-cadherin staining intensity was scored as negative/
weak, moderate or strong and the staining pattern 
as heterogeneous (i.e.  �    1 staining intensity score) 
or homogeneous (the same intensity score through-
out the whole tumor). In case of staining hetero-
geneity, the most prevalent staining intensity was 
scored (Figure 1).   

 Statistical analysis 

 All statistical analyses were performed using the soft-
ware package STATISTICA 11.0  ®   (StatSoft Inc, 
Tulsa, OK, USA). To compare the clinical and path-
ological features between node-negative and -posi-
tive patients, either the Mann-Whitney U-test or the 
 χ  ² -test was performed. The Mann-Whitney U-test 
and Kruskal-Wallis test were used to test for differ-
ences in plasma or serum levels of the blood-based 
markers between clinical and pathological features. 
Spearman ’ s rank correlation coeffi cient was used to 
compare ordinal and continuous variables. 

 To compare the E-cadherin staining intensity and 
staining pattern between LN negative and LN posi-
tive patients in the biopsy and prostatectomy speci-
mens and between the different LN metastases (ITC, 
Micro or Macro), the  χ  ² -test was used. To test whether 
the E-Cadherin staining intensity and staining pat-
tern was linked to the size of the LN metastases, a 
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  Figure 1.     Scoring of immunohistochemical staining for E-cadherin. E-cadherin staining intensity was scored as (a) negative/weak, 
(b) moderate or (c) strong. The E-cadherin staining pattern was annotated as homogeneous (c) or heterogeneous (d), respectively.  

Kruskal-Wallis test was used. Statistical signifi cance 
was set as p    �    0.05.    

 Results  

 Patient results and pathological analysis 

 Table I summarizes patient and disease characteris-
tics of all 75 patients enrolled in this study. At the 
time of inclusion, 33 (44%) patients had a diagnostic 
needle biopsy Gleason score  �    8 and 55 (73%) 
patients were staged  �    cT3a. Median preoperative 
serum prostate-specifi c antigen (PSA) serum level 
was 10.4 ng/ml (range 1.5 – 70.9). Upon histological 
examination of the resection specimen, respectively, 
32 (43%) and 42 (56%) patients had a Gleason score 
 �    8 and  �    pT3a-stage and the median tumor volume 
was found to be 7.1% (range 0.4 – 37.0). In total, 
1665 LN were removed with a median of 21 (range 
7 – 49) nodes per patient. Step-section immunohis-
tochemical analysis with pankeratin revealed LN 
metastases in almost half of the patients (37/75) 
and a total of 106 (6.4%) affected LN (median 2, 
range 1 – 10) was found. When taking into account 
only the largest metastasis per LN, 47 (44%) of these 
LN metastases were classifi ed as macro (median 

diameter 4.0 mm, range 2.1 – 10.0 mm), 47 (44%) 
as micro (median diameter 0.673 mm, range 
0.207 – 1.871 mm) and 12 (11%) as ITC (median 
diameter 0.088 mm, range 0.037 – 0.190 mm). When 
considering all metastatic deposits detected per LN, 
an additional 29 micros and 65 ITC were found. For 
all further molecular analyses, only the data on the 
largest metastasis per LN were used, resulting in, 
respectively, 23/75 (31%), 11/75 (15%) and 3/75 
(4%) patients harboring macros, micros and ITC. 

 As expected, the presence of LN metastases cor-
related with pT-stage: patients with a prostate adeno-
carcinoma  �    pT3a had more nodal metastases as 
compared to those with lower pT-stage ( χ  ² , 
p    �    0.0001). The same held true for the Gleason 
score: the incidence of metastatic LN was associated 
with higher Gleason scores ( χ  ² , p    �    0.0001). Also 
tumor volume was signifi cantly higher in patients 
with LN metastases as compared those without 
(Mann-Whitney U, p    �    0.05). Age, preoperative PSA 
levels, biopsy Gleason score and the number of LN 
removed per patient did not signifi cantly differ 
between both patient groups, while clinical T-stage 
was higher in patients with positive LN ( χ  ² , 
p    �    0.043).   
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  Table I. Patient and disease characteristics.  

Patients with 
negative LN 

(n    �    38)

Patients with 
positive LN 

(n    �    37)
Total 

(n    �    75)

Age, year (median  �  range) 66 (52 – 73) 66 (49 – 74) 66 (49 – 74)
Preoperative PSA, ng/ml   (median  �  range) 10.1 (1.5 – 70.9) 10.6 (5.0 – 25.0) 10.4 (1.5 – 70.9)
Clinical T-stage (2002 TNM)

  1c
  2a
  2b
  2c
  3a
  3b
  4

  0 (0)
  1 (2.6)
  2 (5.3)

  11 (28.9)
  23 (60.5)
  1 (2.6)
  0 (0)

  1 (2.7)
  1 (2.7)
  1 (2.7)
  3 (8.1)

  20 (54.1)
  10 (27.0)
  1 (2.7)

  1 (1.3)
  2 (2.7)
  3 (4.0)

  14 (18.7)
  43 (57.3)
  11 (14.7)
  1 (1.3)

Biopsy Gleason score
  6
  7 (3    �    4)
  7 (4    �    3)
  8
  9 (4    �    5)
  9 (5    �    4)
  10

  2 (5.3)
  16 (42.1)
  6 (15.8)
  9 (23.7)
  3 (7.9)
  2 (5.3)
  0 (0)

  0 (0)
  7 (18.9)

  11 (29.7)
  12 (32.4)
  6 (16.2)
  0 (0)
  1 (2.7)

  2 (2.7)
  23 (30.7)
  17 (22.7)
  21 (28.0)
  9 (12.0)
  2 (2.7)
  1 (1.3)

RP pathologic T-stage   (2002 TNM)
  2b
  2c
  3a
  3b
  4

  2 (5.3)
  24 (63.2)
  10 (26.3)
  0 (0)
  2 (5.3)

  0 (0)
  7 (18.9)

  10 (27.0)
  19 (51.4)
  1 (2.7)

  2 (2.7)
  31 (41.3)
  20 (26.7)
  19 (25.3)
  3 (4.0)

RP pathologic Gleason score
  7 (3    �    4)
  7 (4    �    3)
  8
  9 (4    �    5)
  9 (5    �    4)
  10

  15 (39.5)
  16 (42.1)
  2 (5.3)
  4 (10.5)
  1 (2.6)
  0 (0)

  3 (8.1)
  9 (24.3)

  12 (32.4)
  11 (29.7)
  1 (2.7)
  1 (2.7)

  18 (24.0)
  25 (33.3)
  14 (18.7)
  15 (20.0)
  2 (2.7)
  1 (1.3)

Tumor volume (median  �  range)
  Relative (%)
  Absolute (ml)

  6.4 (0.4 – 19.4)
  2.6 (0.3 – 10.7)

  9.2 (0.9 – 37.0)
  4.2 (0.9 – 24.0)

  7.1 (0.4 – 37.0)
  3.4 (0.3 – 24.0)

Nodes examined per patient (median  �  range)   21 (7 – 42)   21 (10 – 49)   21 (7 – 49)

    LN, lymph node; PSA, prostate-specifi c antigen; RP, radical prostatectomy.   
 Numbers between parentheses are percentages unless indicated otherwise.   

 Blood-based markers 

 From 47 of 75 patients, preoperative plasma and 
serum samples were available for analysis. The patient 
and disease characteristics from this subgroup did 
not signifi cantly differ from the entire patient group. 
The median expression levels of the different mark-
ers tested, i.e. endoglin, osteopontin, sE-cadherin, 
sVCAM-1, TGF- β 1 and VEGF, are summarized in 
Table II. Unfortunately, for none of these, the expres-
sion level was signifi cantly different between node-
negative and -positive patients. When testing for 
differences in levels of these blood-based markers 
between clinical and pathological features, only a 
correlation between plasma endoglin levels and 
serum PSA levels was found (Spearman ’ s  r     �    0.44; 
p    �    0.002).   

 E-cadherin expression in biopsy, prostatectomy 
and LN specimens 

 An overview of all tissue samples available for analy-
sis is depicted in Supplementary Figure 1 (available 
online at http://informahealthcare.com/doi/abs/
10.3109/0284186X.2013.813070). Twelve patients 
had their biopsy taken in another hospital, resulting 
in 63 patients from whom biopsies were available for 
E-cadherin staining. Resection specimens and LN 
were available from all patients. From one of the 63 
diagnostic needle biopsies and one of the 75 RP 
specimens, the residual tissue on the E-cadherin 
stained section was too small for adequate evalua-
tion. As for the LN metastases, in two cases the 
ITC that were present on the pankeratin stained sec-
tion could not be retrieved on the E-cadherin stained 
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(90.0% vs. 66.0% vs. 17.0%) ( χ  ² , p    �    0.0001) 
(Table IV). For the latter, the following expression 
pattern was often observed: a strong expression of 
E-cadherin at the rim and a weaker expression in 
the central part of the metastasis. At last, a more 
heterogeneous distribution in larger lymph node 
metastases was found (Kruskal-Wallis, p    �    0.0001) 
(Supplementary Figure 2, available online at http://
informa health care.com/doi/abs/10.3109/0284186X.
2013.813070), which was in accordance with the pre-
viously mentioned different expression pattern seen in 
the ITC/micros versus the one in the macros.    

 Discussion 

 Despite tremendous efforts, estimating the burden of 
nodal disease as well as its clinical relevance still 
poses major challenges for the treatment of patients 
with PCa. The former is illustrated also in this study 
by the much higher frequency of LN metastases that 
was found, i.e. in almost half of the patients, 
than anticipated from the Partin tables. This could 
in part be explained by the fact that the Partin tables 
did not include patients with extracapsular exten-
sion, but even contemporary risk-stratifi cation 
models may underestimate the preoperative risk for 

section and these were therefore excluded from the 
analysis. The results of the immunohistochemical 
analysis of the E-cadherin expression in the biopsy 
and prostatectomy specimens on the one hand and 
in the different LN metastases on the other hand are 
shown in Tables III and IV, respectively. 

 The majority of biopsies (91.9%) and RP 
specimens (79.7%) showed strong E-cadherin 
expression. Moreover, the staining pattern was 
found to be mostly homogeneous, i.e. in 74.2% and 
64.9%, respectively. No signifi cant differences in 
the E-cadherin staining intensity or staining pattern 
were found between patients with negative LN and 
patients with positive LN (Table III). 

 In general, E-cadherin expression in the LN was 
found to be weaker as compared to the primary 
tumor: negative to weak staining was observed in 
almost half of the LN (46.2%), while moderate to 
strong staining was seen in, respectively, 25.0% and 
28.9% of all nodes. Also the staining pattern in the 
LN was much more heterogeneous as compared to 
the primary tumor (53.9% vs. 35.1%). While the 
E-cadherin staining intensity did not differ signifi -
cantly between the different types of LN metastases, 
the staining pattern in the ITC and micros was much 
more homogeneous as compared to the macros 

  Table II. Preoperative plasma and serum levels of potential markers for nodal staging.  

Patients with negative 
LN (n    �    26)

Patients with positive 
LN (n    �    21) Total (n    �    47)

Endoglin 1 , ng/ml 4.5 (2.9 – 6.2) 4.6 (2.9 – 6.1) 4.6 (2.9 – 6.2)
Osteopontin 1 , ng/ml 76.9 (39.2 – 159.1) 71.7 (34.8 – 187.9) 73.4 (34.8 – 187.9)
sE-cadherin 2 , mg/ml 4.2 (2.9 – 12.8) 4.4 (3.0 – 11.6) 4.2 (2.9 – 12.8)
sVCAM-1 1 , ng/ml 652.9 (259.0 – 1241.4) 624.5 (441.2 – 1358.4) 624.5 (259.0 – 1358.4)
TGF- β 1 2 , ng/ml 18.6 (7.2 – 43.4) 27.2 (9.1 – 45.7) 21.0 (7.2 – 45.7)
VEGF 1 , pg/ml 82.8 (12.7 – 289.5) 85.4 (24.6 – 218.9) 85.4 (12.7 – 289.5)

     1 plasma levels;  2 serum levels; s, soluble; TGF- β 1, tumor growth factor 1; VCAM-1, vascular cell adhesion 
molecule-1; VEGF, vascular endothelial growth factor.   
 All data are presented as median (range).   

  Table III. E-cadherin staining biopsies and radical prostatectomy specimens.  

Biopsy RP specimen

pN0
  (n    �    32)

pN1
  (n    �    30)

Total 
(n    �    62)

pN0
  (n    �    37)

pN1
  (n    �    37)

Total 
(n    �    74)

Staining intensity
Negative/weak 0 (0) 0 (0) 0 (0) 2 (5.4) 3 (8.1) 5 (6.8)
Moderate 1 (3.1) 4 (13.3) 5 (8.1) 5 (13.5) 5 (13.5) 10 (13.5)
Strong 31 (96.9) 26 (86.7) 57 (91.9) 30 (81.1) 29 (78.4) 59 (79.7)

Staining pattern
Homogeneous 23 (71.9) 23 (76.7) 46 (74.2) 26 (70.3) 22 (59.5) 48 (64.9)
Heterogeneous 9 (28.1) 7 (23.3) 16 (25.8) 11 (29.7) 15 (40.4) 26 (35.1)

    RP, radical prostatectomy; pN0, patients with negative lymph nodes; pN1, patients with positive lymph 
nodes.   
 Numbers between parentheses are column percentages.   
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LN involvement [2,3]. Other strategies are therefore 
warranted for the upfront identifi cation of patients 
harboring lymph node disease as this could aid to 
better stratify patients towards a more personalized 
and targeted approach. 

 Since biomarkers that can be assayed from blood 
will likely be easily implemented in the clinical rou-
tine, we investigated a panel of promising blood-
based markers for nodal staging. More specifi c, we 
investigated the preoperative plasma or serum expres-
sion levels of endoglin, osteopontin, sE-cadherin, 
sVCAM-1, TGF- β 1 and VEGF. This selection was 
based on a literature search for circulating markers 
thought to be important molecular determinants of 
PCa metastasis. Unfortunately, we were not able to 
demonstrate a signifi cantly different expression level 
of any of these markers between those patients with 
LN metastases and those without. In contrast, sig-
nifi cant associations of preoperative plasma levels of 
endoglin, TGF- β 1 and VEGF with LN status have 
already been reported [11,19,20]. Contributing fac-
tors to these confl icting results are the fact that the 
patient cohorts in these studies were much larger than 
ours and importantly, only a very limited number of 
patients had  �    cT3a-stage disease as compared to our 
study in which about 70% of patients were staged 
 �    cT3a. In a study by Kuefer and colleagues, high 
serum expression levels of sE-cadherin at the time of 
diagnosis were shown to be signifi cantly associated 
with an increased risk for biochemical relapse [16]. 
However, the authors did not assess the serum levels 
of this 80kDa fragment in lymph-node positive 
patients. In our cohort, we did not fi nd any association 
of sE-cadherin levels with LN status. When testing for 
differences in levels of these markers between clinico-
pathological features, only a correlation between pre-
operative plasma endoglin and serum PSA was found. 
This is in accordance with the results of Svatek et   al. 
who found signifi cantly elevated preoperative plasma 
endoglin levels in patients with higher preoperative 
serum PSA levels [20]. Urine-based biomarkers might 
represent a good alternative to blood-based markers 
[21], but these were not investigated in this study. 

 In solid tumors, the dissemination of cancer cells 
is accompanied by the emergence of an EMT pro-
cess. As stated earlier, downregulation of E-cadherin 
expression is considered an EMT marker [14]. Con-
cerning the expression of E-cadherin in RP speci-
mens, confl icting data are reported in the literature, 
with some studies showing decreased expression of 
E-cadherin as tumors advance and metastasize while 
others did not demonstrate this relationship. In a 
study by Rubin et   al., a high-density tissue microar-
ray analysis of E-cadherin expression in 325 clini-
cally localized and 97 metastatic prostate tumor 
samples demonstrated intermediate to intense 
E-cadherin expression in approximately 90% of the 
samples, while other studies reported aberrant 
E-cadherin expression in the range of 50 – 75% of the 
high grade tumors [22]. Our data are in close accor-
dance with the results of Rubin et   al., as 93.2% of 
our RP specimens also showed moderate to strong 
E-cadherin expression. However, the signifi cant 
association observed between aberrant E-cadherin 
expression and larger tumors in their study was not 
seen in ours. 

 As compared to the primary tumor, E-cadherin 
expression in the LN was generally found to be 
weaker and more heterogeneous in our study. Some 
other groups have found similar results [23,24], 
while others did not [25]. Moreover, we observed a 
signifi cant association between the E-cadherin stain-
ing pattern and the size of the metastatic deposits, 
with larger LN metastases showing a more heteroge-
neous expression pattern. This could not be merely 
ascribed to a volume effect, as this association was 
not observed for the primary tumors. The specifi c 
expression pattern that was often observed in the 
macros, i.e. a strong expression of E-cadherin at the 
rim and a weaker expression in the central part, 
could indicate that E-cadherin is actually re-ex-
pressed in these metastases. Altogether these data 
support the hypothesis of a transient downregulation 
of E-cadherin. At the time of invasion in the lym-
phatic system, EMT occurs with a concurrent loss 
of E-cadherin expression. However, once a critical 

  Table IV. E-cadherin staining lymph node metastases.  

ITC   
(n    �    10)

Micro 
(n    �    47)

Macro 
(n    �    47)

Total 
(n    �    104)

Staining intensity
Negative/weak 6 (60.0) 19 (40.4) 23 (48.9) 48 (46.2)
Moderate 3 (30.0) 11 (23.4) 12 (25.5) 26 (25.0)
Strong 1 (10.0) 17 (36.2) 12 (25.5) 30 (28.9)

Staining pattern ∗ 
Homogeneous 9 (90.0) 31 (66.0)  8 (17.0) 48 (46.2)
Heterogeneous 1 (10.0) 16 (34.0) 39 (83.0) 56 (53.9)

    ITC, isolated tumor cells; Macro, macrometastases; Micro, micrometastasis.   
  ∗ , p-value    �    0.0001 ( χ  2 ). Numbers between parentheses are column percentages.   
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tumor mass has been reached within the LN, it seems 
that a mesenchymal to epithelial reverting transition 
(MET) takes place. The latter is presumed to be a 
mechanism for metastatic colonization, which is the 
rate-limiting step in the metastatic process [26]. 

 Our study has several potential limitations. Fore-
most are the limitations inherent to any retrospec-
tive analysis. Second, our sample size is relatively 
small and the current follow-up is still too short to 
analyze the potential association of the preoperative 
levels of these blood-based markers with the treat-
ment outcome. Obviously, metastasis can occur 
through a direct route, bypassing the LN. It is quite 
plausible that later correlation with biochemical 
disease-free survival, or indeed the occurrence of 
distant metastases itself, will show signifi cant cor-
relation with some of the tested markers, which are 
by no means LN specifi c. The same holds true for 
the analysis of the prognostic impact of the different 
types of LN metastases, i.e. ITC, micros and mac-
ros. Especially in this high-risk PCa patient cohort 
strong end-points such as clinical failure or time to 
develop castration-resistant PCa will be required in 
order to make any meaningful conclusions. Obvi-
ously, adjuvant therapy will have to be taken into 
account. Nevertheless, the very meticulous immu-
nohistochemical analysis by means of pankeratin 
staining of all serially sectioned LN makes of this 
patient cohort a unique reference data set for pelvic 
LN metastasis. 

 In conclusion, none of the blood-based markers 
tested could be used for nodal staging in PCa nor 
could the E-cadherin expression, at least not in this 
patient cohort. However, the fact that a much more 
heterogeneous E-cadherin expression pattern was 
observed in the macros as compared to the ITC/
micros, may point to a difference in further metastatic 
potential (biological behavior) and perhaps clinical 
relevance. The specifi c staining pattern seen in the 
macros could indicate an ongoing MET process, pre-
sumed to be a mechanism for metastatic colonization. 
As the latter is the rate-limiting step in the metastatic 
process, evaluation of the E-cadherin expression pat-
tern could have potential therapeutic implications. 
For example, in case of heterogeneous E-cadherin 
expression in the LN metastases immediate adjuvant 
treatment should probably be initiated, while in case 
of weak and homogeneous nodal E-cadherin staining 
a more expectant approach could be considered. With 
the high incidence of PCa, the emergence of new 
technologies to identify lymph node metastases and 
the new targeted therapies to treat patients with 
lymph node metastasis on the rise, subclassifying 
patients with lymph node-positive disease will become 
imperative as not all patients with LN metastases 
seem to have an invariable poor prognosis.   
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