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Abstract. The present study aimed to determine the adequate 
pelvic lymph node dissection (PLND) range for Japanese males 
undergoing radical prostatectomy. A total of 467 Japanese 
patients who underwent antegrade radical prostatectomy at 
the National Kyushu Cancer Center (Fukuoka, Japan) were 
retrospectively reviewed. The patients were divided into 
two groups according to the PLND extent: The standard 
(obturator + internal iliac nodes) group and the expanded (stan-
dard + additional nodes) group, which accounted for 64.5% 
(301/467) and 35.5% (166/467) of the patients, respectively. No 
differences were observed in the preoperative and postopera-
tive characteristics of the two groups. In addition, there was no 
difference in PSA recurrence between the two groups. There 
were no differences between the standard and expanded groups 
in the low-, intermediate- and high-risk groups (P=0.1456, 
P=0.1581, P=0.2125, respectively). The median number of 
lymph node dissection was 13 and 19, in the standard and 
expanded groups respectively (P<0.0001). However, regarding 
the number of lymph node metastases and the rate of patients 
with lymph node metastasis, no significant difference was 
observed between the standard and expanded groups (P=0.4219 
and P=0.4257, respectively). According to multivariate 
analysis, a significant difference in the presence of lymph node 
metastasis (hazard ratio 3.547; P=0.0247), but not in the PLND 
extent, was detected in patients with prostate specific antigen 
failure (P=0.0655). When expanding the dissection extent, the 
number of dissected lymph nodes increases, but is not associ-
ated with the number or rate of positive lymph nodes. Thus, 
the current dissection range is considered to be appropriate for 
Japanese men undergoing radical prostatectomy.

Introduction

Pelvic lymph node dissection (PLND) represents the most 
accurate and reliable staging procedure for the detection of 
lymph node invasion in prostate cancer (1). For PLND in radical 
prostatectomy (RP), its adaptation, significance and dissec-
tion range have been previously discussed (2). The European 
Association of Urology (EAU) and National Comprehensive 
Cancer Network (NCCN) guidelines recommend determining 
the adaptation of PLND using nomograms to predict the risk 
of preoperative lymph node metastases when performing 
PLND, and extended PLND is considered desirable if cases are 
evaluated as an adaptation of PLND (1,3). However, to date, no 
consensus has been reached. Therefore, to assess the associa-
tion between the range of PLND and prostate specific antigen 
(PSA) failure, a retrospective investigation was conducted 
using the clinicopathological data of patients who underwent 
RP, but had not received preoperative treatment.

Materials and methods

Patient characteristics and risk‑group classification. Between 
August 1998 and May 2013, 638 consecutive patients with clini-
cally localized prostate cancer underwent RP at the National 
Kyushu Cancer Center (Fukuoka, Japan) and were reviewed. 
RP was performed in an open retropubic manner in all cases. 
In total, 171 patients were excluded from this study, including 
151 patients due to a past history of receiving hormone therapy, 
14 patients due to no PLND being performed and 6 patients 
due to unclear biopsy or prostatectomy specimen findings. The 
patients were classified into three risk groups according to the 
D'Amico criteria (4). Two pathologists evaluated the degree 
of malignancy in the biopsy and prostatectomy specimens 
according to the 2005 International Society of Urological 
Pathology Consensus Conference on Gleason grading system 
and determined the pathological stage based on the 2009 
Tumor‑Node‑Metastasis classification (5,6).

PLND technique. All patients underwent standard PLND as a 
minimum, which was performed along the lower edge of the 
external iliac vein, the caudal limit being the deep circumflex 
iliac vein and femoral canal, preserving the lymphatics overlying 
the external iliac artery. The proximal border was bifurcation 
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of the common iliac artery, and all tissue in the angle between 
the external and internal iliac arteries and obturator nerve was 
removed. All fatty, connective and lymphatic tissue of the obtu-
rator fossa along the obturator muscle was removed, leaving 
the obturator nerve and vessels bare. Subsequently, the internal 
iliac artery and, as far as possible, the internal iliac vein were 
skeletonized up to the obturator arteriovenous branch section. 
The patients were subdivided into two subgroups according 
to the lymph node dissection technique: Standard PLND and 
expanded (extended + more extended) PLND. The technique 
for extended PLND included the technique for standard PLND 
as well as the lymphatics overlying the external iliac artery and 
vein, until reaching the genitofemoral nerve laterally. More 
extended PLND included the technique of extended PLND as 
well as the lymphatics overlying the common iliac artery up to 
the ureteric crossing cranially.

Tissue processing and PSA level determination. The RP speci-
mens were fixed in 15% neutral buffered formalin (Wako Pure 
Chemical Industries, Ltd., Osaka, Japan) for 48-96 h at room 
temperature, and whole organ prostate specimens were serially 
sectioned perpendicular to the rectal surface at 5 mm intervals. 
Sections that were predominantly caudal and cephalic were 
cut in the sagittal plane at 5 mm intervals in order to assess 
the bladder neck and apical margins. The specimens were 
subsequently embedded in paraffin, cut into 5 µm sections and 
stained with hematoxylin and eosin. Extraprostatic extension 
was defined as the extension of the tumor from the prostate to 
the periprostatic soft tissue. The presence of tumor cells at the 
stained resection margin was defined as a positive resection 
margin. The follow-up schedule after RP involved a PSA assay 
performed every 3 months for the first 2 years, followed by every 
4 months for the next 3 years and every 6 months thereafter. 
Disease recurrence or PSA failure was determined as the time 
point when the serum PSA level was >0.2 ng/ml, and RP was 
performed if the PSA level did not decrease below 0.2 ng/ml 
following surgery. A number of patients who underwent RP were 
subsequently treated with radiation and/or hormone therapy 
prior to the serum PSA level exceeding 0.2 ng/ml. Therefore, 
in these patients, the time point of adjuvant therapy was defined 
as the date of disease recurrence. All patients provided their 
written informed consent to participate in this study, and the 
study protocol was approved by the Ethics Committee of the 
National Kyushu Cancer Center (Fukuoka, Japan).

Statistical analysis. Statistical analyses were performed 
using the JMP® Pro, version 11.0.0 software package (SAS 
Institute, Inc., Cary, NC, USA). The PSA failure-free rate was 
determined according to the Kaplan-Meier method, and the 
significance of clinicopathological parameters associated with 
PSA failure was assessed using the Cox proportional hazards 
regression model. The χ2 test and Mann-Whitney U test was 
used to assess the differences between standard PLND and 
expanded PLND. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Clinicopathological characteristics. The clinicopathological 
characteristics according to the PLND technique used are 

presented in Table I. All patients were Japanese (median age, 
66 years; range, 47-77), and the PSA levels ranged between 
0.623 and 39.413 ng/ml (median, 7.486 ng/ml; normal range 
<4.0 ng/ml). The median follow-up period after surgery was 
53.8 months. According to the PLND technique used, the 
standard PLND group and the expanded group contained 301 
(64.5%) and 166 (35.5%) patients, respectively. No differences 
were observed in the preoperative characteristics, including 
age, preoperative PSA, clinical tumor stage and biopsy 
Gleason score, between the groups (Table I). There were 
also no differences in postoperative characteristics, such as 
pathological tumor stage, final Gleason score, extraprostatic 
extension, resection margin, seminal vesicle invasion and 
lymph node metastasis between the groups. In addition, there 
was no significant difference in PSA recurrence between the 
two groups. Furthermore, lymph node metastasis was not 
observed in any patient in the low-risk group, but was detected 
in 5 patients in the intermediate-risk group and 8 patients in 
the high-risk group.

Association between the lymph node dissection number 
and lymph node metastasis for each PLND technique. In 
total, 301 patients (64.5%) underwent standard PLND and 
166 patients (35.5%) underwent expanded PLND (Table II). 
The median number of dissected lymph nodes was 13 and 19, 
respectively, and there was a significant difference between 
the standard PLND and expanded PLND groups (P<0.0001; 
Table II). Lymph node metastasis was observed in 7 patients 
(2.3%) in the standard PLND group and 6 patients (3.6%) 
in the expanded PLND group. With regard to the number of 
lymph node metastases and the rate of lymph node metastasis, 
no significant difference was observed between the standard 
PLND and expanded PLND groups (P=0.4219 and P=0.4257, 
respectively).

PSA failure‑free survival rate of each dissection template 
according to risk group classification. According to the 
D'Amico criteria, 47 (15.6%), 157 (52.2%) and 97 (32.2%) of 
the patients in the standard PLND group, and 58 (34.9%), 56 
(33.7) and 52 (31.4) patients in the expanded PLND group were 
classified into the low‑, intermediate‑ and high‑risk groups, 
respectively. In the low-risk groups, the 5-year PSA failure-free 
rates in the standard and expanded PLND groups were 100 and 
94.4%, respectively (Fig. 1). In the intermediate-risk groups, 
the 5-year PSA failure-free rates in the standard and expanded 
PLND groups were 88.1 and 91.1%, respectively (Fig. 1). In 
the high-risk groups, the 5-year PSA failure-free rates in the 
standard and expanded PLND groups were 67.6 and 78.9%, 
respectively (Fig. 1). There was no significant difference in the 
frequency of patients in the low-, intermediate- and high-risk 
groups between the standard and expanded PLND categories 
(P=0.1456, P=0.1581 and P=0.2125, respectively).

Association between patient characteristics and PSA failure. 
According to the Cox proportional hazards analysis, all 
characteristics without a preoperative variable, such as age, 
were significant predictors based on the univariate analysis 
(Table III). In the multivariate analysis, significant differences 
were identified in the preoperative characteristics, including 
preoperative PSA, biopsy Gleason score and clinical tumor 
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stage, and in the postoperative characteristics, such as patho-
logical tumor stage, resection margin positive and lymph node 
metastasis, between the patients with and without PSA failure 
(Table III). A significant difference in PSA failure between the 
PLND techniques was only observed in the univariate analysis 
(P=0.0312); no significant differences were detected in the 
multivariate analysis (P=0.0655).

Discussion

In patients undergoing RP for prostate cancer, PLND is the 
most accurate and reliable lymph node staging procedure, 
as imaging techniques have be demonstrated to be insuf-
ficient (7-9). However, to date, no consensus has been reached 
regarding the extent of PLND required to achieve optimal 

Table I. Clinicopathological characteristics of patients.

 Extent of PLND
 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------
 Expanded
 -----------------------------------------------------------------
    Extended More extended
    (standard  (standard  
 Standarda, Expandedb,  + external + external and 
Characteristic n (%) n (%) P-value iliac) common iliac) 

Total no. of patients 301 (64.5) 166 (35.5)  125 41
Age, years     
  <70 210 (69.8) 112 (67.5) 0.6082 90 (72.0) 22 (53.7)
  ≥70 91 (30.2) 54 (32.5)  35 (28.0) 19 (46.3)
Preoperative PSA, ng/ml     
  ≤10 222 (73.8) 111 (66.9) 0.1157 84 (67.2) 27 (65.9)
  >10 79 (26.2) 55 (33.1)  41 (32.8) 14 (34.1)
Clinical T stage     
  cT1c 195 (64.8) 121 (72.9) 0.0708 92 (73.6) 29 (70.7)
  ≥cT2a 106 (35.2) 45 (27.1)  33 (26.4) 12 (29.3)
Biopsy Gleason score     
  ≤7 222 (73.8) 131 (78.9) 0.2146 98 (78.4) 33 (80.5)
  >8 79 (26.2) 35 (21.1)  27 (21.6) 8 (19.5)
Pathological T stage     
  ≤pT2 186 (61.8) 107 (64.5) 0.5682 77 (61.6) 30 (73.2)
  ≥pT3 115 (38.2) 59 (35.5)  48 (38.4) 11 (26.8)
Final Gleason score     
  ≤7 239 (79.4) 125 (72.3) 0.3068 95 (76.0) 30 (73.2)
  >8 62 (20.6) 41 (27.7)  30 (24.0) 11 (26.8)
Extraprostatic extension     
  Negative 208 (69.1) 116 (69.9) 0.8622 86 (68.8) 30 (73.2)
  Positive 93 (30.9) 50 (30.1)  39 (31.2) 11 (26.8)
Resection margin     
  Negative 239 (79.4) 140 (84.3) 0.1868 103 (82.4) 37 (90.2)
  Positive 62 (20.6) 26 (15.7)  22 (17.6) 4 (9.8)
Seminal vesicle invasion     
  Negative 281 (93.4) 159 (95.8) 0.2707 118 (94.4) 41 (100)
  Positive 20 (6.6) 7 (4.2)  7 (5.6) 0
Lymph node metastasis     
  Negative 294 (97.7) 160 (96.4) 0.4257 120 (96.0) 40 (97.6)
  Positive 7 (2.3) 6 (3.6)  5 (4.0) 1 (2.4)
PSA recurrence 46 (15.3) 22 (13.3) 0.5526 18 (14.4) 4 (9.8)

aStandard indicates dissection of the obturator + internal iliac nodes. bExpanded includes the extended (standard + external iliac) and more 
extended (standard + external and common iliac) groups. Clinical and pathological staging was based on the 2009 Tumor-Node-Metastasis 
classification. P‑values calculated using χ2 test. PLND, pelvic lymph node dissection; PSA, prostate‑specific antigen.
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lymph node staging. Previous studies have argued that the 
extent of PLND may be directly correlated with a higher rate 
of pN1 stage cases (10,11). Conversely, another study reported 
no difference in the rate of pN1 stage cases between patients 
who received limited and extended PLND (12). Thus, the 
extent of PLND has varied by era, institution and individual 
urologist due to the lack of consensus regarding its anatomical 
extension. In recent years, standard PLND, which is similar 
(but not identical) to extended PLND in the NCCN guidelines, 
has been performed at the National Kyushu Cancer Center. 
When RP was initially performed at this institution, all cases 
underwent more extended PLND, which includes the common 
iliac, external, obturator and internal lymph nodes, as there 
was no consensus among the urologic surgeons with regard to 
the extent of PLND, and performing PLND with an increased 
range may allow for the surgical resection of microscopic 
lymph node metastases. However, even including cases 
receiving preoperative hormone therapy, the proportion of 
lymph node metastasis and PSA recurrence rate following RP 
at the National Kyushu Cancer Center institution were lower 
compared with previous studies (13,14). Therefore, the range 
of lymph node dissection was gradually reduced to extended 
PLND, and finally standard PLND, regardless of the D'Amico 
risk classification, as more RP procedures were performed. 
A survival advantage with more extensive lymphadenectomy 

has been suggested by several studies, potentially due to the 
elimination of microscopic metastases (15-18). The purpose 
of the current study was to evaluate the adequate PLND tech-
nique for prostate cancer in RP. Compared with a multicenter 
study, the advantage of this single institutional study is that all 
of the operations were performed by or under the supervision 
of urological surgeons who performed standardized surgery, 
resulting in negligible differences in the dissection of area and 
methods.

As presented in Table I, the patients were classified 
into two groups according to the range of PLND: Standard 
PLND (obturator + internal iliac) and expanded PLND (stan-
dard + additional nodes) groups, accounting for 64.5 (301/467) 
and 35.5% (166/467) of the patients, respectively. No differ-
ences were observed in the preoperative and postoperative 
characteristics. In addition, there was no difference in PSA 
recurrence between the two groups. The range of extended 
PLND differs according to the guidelines used. According to 
the NCCN guidelines, extended PLND includes the removal of 
all node-bearing tissue from the area bounded by the external 
iliac vein anteriority, the pelvic side wall laterally, the bladder 
wall medially, the floor of the pelvic posteriorly, Cooper's liga-
ment distally and the internal iliac artery proximally (3). On the 
other hand, according to the EAU guidelines, extended PLND 
includes the removal of the nodes overlying the external iliac 

Table II. The association between the lymph node dissection number and lymph node metastasis in the each technique of PLND.

 Extent of PLND
 -------------------------------------------------------------------------------------------------------------------------------------------------------------
 Expanded
 ------------------------------------------------------------
    Extended More extended
    (standard +  (standard + 
    external external and
Characteristic Standarda Expandedb P-value iliac) common iliac) 

Total no. of patients, n (%) 301 (64.5) 166 (35.5) - 125 41
Lymph node metastasis, n (%)    0.4257
  Negative 294 (97.7) 160 (96.4)  120 (96.0) 40 (97.6)
  Positive 7 (2.3) 6 (3.6)  5 (4.0) 1 (2.4)
Total no. of dissected nodes,  13 (0-31) 19 (5-40) <0.0001 19 (5-40) 19 (12-35)
median (range)
  Upper obturator 11 (0-29) 8 (2-22) - 9 (2-22) 8 (2-18)
  Lower obturator + internal iliac 3 (0-14) 2 (0-16)  2 (0-11) 1 (0-16)
  External iliac - 7 (0-21)  7 (0-21) 8 (0-16)
  Common iliac - 0 (0-8)  - 2 (0-8)
Total no. of positive nodes,  0 (0-5) 0 (0-5) 0.4219 0 (0-5) 0 (0-1)
median (range)
  Upper obturator 0 (0-4) 0 (0-1) - 0 (0-1) 0
  Lower obturator + internal iliac 0 (0-1) 0 (0-2)  0 (0-2) 0
  External iliac - 0 (0-2)  0 (0-2) 0 (0-1)
  Common iliac - 0 (0)  - 0

aStandard indicates dissection of the obturator + internal iliac nodes. bExpanded includes the extended (standard + external iliac) and more 
extended (standard + external and common iliac) groups. P-values calculated using χ2 test and Mann Whitney U test. PLND, pelvic lymph node 
dissection.
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artery and vein, the nodes within the obturator fossa located 
cranially and caudally to the obturator nerve and the nodes 
medial and lateral to the internal iliac artery (1). The major 
difference between these guidelines is the range of extended 
PLND, that is, whether the nodes overlying the external iliac 
artery were resected. At the National Kyushu Cancer Center, 
the standard PLND range is similar (but not identical) to the 
extended PLND range in the NCCN guidelines, as it was 
performed along the lower edge of the external iliac vein, 
so that the nodes overlying the external iliac vein were not 
resected. The correlation between the lymph node dissection 

number and lymph node metastasis number was examined 
for each technique of PLND (Table II). By decreasing the 
dissected area from expanded PLND to standard PLND, the 
number of dissected lymph nodes decreased significantly 
(P<0.0001). However, with regard to the number of lymph node 
metastases and the rate of patients with lymph node metastasis, 
no significant difference was observed between the standard 
PLND and expanded PLND groups (P=0.4219 and P=0.4257, 
respectively). A greater number of lymph nodes are able to be 
dissected when the dissection extent is increased; however, the 
expansion of the dissection range was not associated with the 
number or rate of positive lymph nodes detected. According 
to these results, the present study hypothesizes that there is no 
need to expand the dissection range further than the standard 
technique of PLND at the National Kyushu Cancer Center.

The present study subsequently examined the PSA 
failure-free survival rates of each dissection technique 
according to each risk group classification (Fig. 1). In the 
intermediate- and high-risk groups, the 5-year PSA failure-free 
rates for standard PLND were lower than that of expanded 
PLND. The risk of lymph node metastasis among the patients 
in the low-risk group was minimal (1,19). Thus, the therapeutic 
role of PLND remains unclear and these guidelines indicate that 
extended PLND may only be recommended for intermediate-, 
high-risk or highly suspicious patients. However, the results of 
the present study revealed that there was no significant differ-
ence in the outcomes after standard and expanded PLND, not 
only in the low-risk group but also in the intermediate- and 
high-risk groups (P=0.1456, P=0.1581, P=0.2125, respectively). 
According to these results, the current study speculates that it 
is not necessary to expand the dissection range further than the 
standard technique of PLND at the National Kyushu Cancer 
Center, even in intermediate- and high-risk patients.

The correlation between patient characteristics and PSA 
failure were next examined in the RP cases (Table III). First, 
all factors excluding age were determined to affect PSA recur-
rence in the univariate analysis. Ultimately, PSA, cT and biopsy 
Gleason score were factors used in risk classification, and pT, 
resection margin and lymph node metastasis were factors 
affecting PSA recurrence in the multivariate analysis. Lymph 
node metastasis was a significant factor, however, the dissection 
range was not according to the multivariate analysis (P=0.0655).

In the current study, it was possible to dissect a greater 
number of lymph nodes by widening the range of lymph node 
dissection. However, widening the range of lymph node dissec-
tion was not linked to an increase in lymph node metastasis, 
thus it may not affect PSA failure after RP. According to these 
results, the National Kyushu Cancer Center's standard dissec-
tion range for prostate cancer is considered to be reasonable; 
however, there is a small difference between this standard 
dissection range and the extended dissection range around the 
femoral vein between the NCCN and EAU guidelines.

RP has been applied as one of the local radical therapy 
modalities for prostate cancer cases which have no metastases, 
including to the lymph nodes, in preoperative image evalua-
tions. Therefore, it is very rare for surgeons to perform PLND 
while recognizing hard and swollen lymph nodes, which are 
suspected of lymph node metastasis during surgery. Namely, 
lymphadenectomy in prostate cancer occurs when surgeons 
determine the dissection area according to the anatomical 

Figure 1. The PSA failure-free survival rate of each dissection technique 
according to each risk group classification. PSA, prostate specific antigen.
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index, and dissect the connective tissue, including the lymph 
nodes, as much as possible. Then, the presence or absence 
of pathologic lymph node metastasis is determined by 
observing lymph nodes from the excised connective tissue. 
In some series, the number of nodes removed during lymph-
adenectomy has been significantly correlated with time to 
disease progression (13). In one population-based study with 
a 10-year follow-up, patients undergoing excision of at least 
10 nodes (node-negative patients) had a lower risk of prostate 
cancer‑specific mortality at 10 years than those who did not 
undergo lymphadenectomy (15). However, the number of 
dissected lymph nodes is considered to be a secondary result, 
as the number of dissected lymph nodes is also affected by 
pathological examinations (20), and the secure removal of 
connective tissue including the lymph nodes in the dissection 
area is likely to be more important than the number of dissected 
lymph nodes. An expansion of the pelvic cavity is required 
by urologists so that larger quantities of connective tissue, 
including lymph nodes, are able to be removed, and the dissec-
tion of connective tissues must be performed to the greatest 
extent possible, in order to eliminate localized microscopic 
metastases surgically. Though it was not shown in the table of 
this article, there were no patients with lymph node metastasis 
in the low-risk group. In addition, the rates of patients with 
lymph node metastasis were low (2.3 and 3.6% in the standard 
and expanded group, respectively), but this does not indicate 
whether PLND may surgically eliminate microscopic lymph 
node metastases that are not able not be pathologically diag-
nosed as lymph node metastases. Therefore, PLND may be 
necessary in the RP cases with intermediate- and high-risk, 

but not for patients with low-risk disease. The NCCN and 
EAU guidelines also indicate that extended PLND must only 
be recommended for intermediate- and high-risk patients, 
consistent with the hypothesis of the present study.

In conclusion, at the National Kyushu Cancer Center, the 
reduced the range of PLND has been gradually reduced over 
time, and standard PLND is routinely performed. Although a 
greater number of lymph nodes are able to be dissected when 
the dissection extent is greater, the expansion of the dissection 
range was not associated with the number or rate of positive 
lymph nodes. Therefore, the current dissection range is consid-
ered to be appropriate for Japanese males undergoing radical 
prostatectomy.
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