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Abstract

Introduction Extended pelvic lymph node dissection (ePLND) in men undergoing robot-assisted laparoscopic radi-
cal prostatectomy (RARP) is a widely used procedure. However, little is known about anatomical site-specific yields
and subsequent metastatic patterns in these patients.

Patients and methods Data on a consecutive series of 1107 patients undergoing RARP at our centre between 2004
and 2018 were analysed. In men undergoing LN dissection, the internal, external and obturator nodes were removed
and sent in separately. We performed an analysis of LN yields in total and for each anatomical zone, patterns of LN
metastases and complications. Oncological outcome in pN+ disease was assessed including postoperative PSA per-
sistence and survival.

Results A total of 823 ePLNDs were performed in the investigated cohort resulting in 98 men being diagnosed

as pN+ (8.9%). The median (IQR) LN yield was 19 (14-25), 10 (7-13) on the right and 9 (6-12) on the left side
(P<0.001). A median of six (4-8) LNs were retrieved from the external, three (1-6) from the internal iliac artery,

and eight (6-12) from the obturator fossa. More men had metastatic LNs on the right side compared to the left (41
vs. 19). Symptomatic lymphoceles occurred exclusively in the ePLND group (2.3% vs. 0%, p =0.04). Postoperatively,
47 (47.9%) of men with pN+ reached a PSA of <0.1ug/ml. There was no association between a certain pN+ region
and postoperative PSA persistence or BCRFS. The estimated cancer specific survival rate at 5years was 98.5% for pN+
disease.

Conclusion Robot-assisted laparoscopic ePLND with a high LN yield and low complication rate is feasible. However,
we observed an imbalance in more removed and positive LNs on the right side compared to the left. A high rate

of postoperative PSA persistence and early recurrence in pN+ patients might indicate a possibly limited therapeutical
value of the procedure in already spread disease. Yet, these men demonstrated an excellent survival.

Keywords Outcome, Lymph node dissection, Prostate cancer, Laparoscopic, Robotic, da Vinci

*Correspondence:

Ashkan Mortezavi

ashkan.mortezavi@usb.ch

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12894-024-01409-8&domain=pdf

Sigg et al. BMC Urology (2024) 24:24

Introduction

Prostate cancer (PCa) disseminates initially and primar-
ily to regional lymph nodes (LNs). This observation has
caused pelvic LN dissection (PLND) to become a stand-
ard procedure during radical prostatectomy (RP). The
European (EAU) and American (AUA) urological guide-
lines endorse usage of nomograms for patient selection
and an anatomically extended template (ePLND) [1-4].

Being part of the same procedure, analogue to pros-
tatectomy a laparoscopic robot-assisted approach for
removal of the nodes has become the standard approach.
Opposing early concerns of a lower LN count with the
robotic approach, several studies have shown a compa-
rable yield [5, 6]. However, it remains unclear if due to
the technical set up of the robotic arms and their work-
ing angles all anatomical regions can be achieved equally
well.

Regardless of the surgical approach, additional per-
formance of PLND is often associated with worse
intraoperative and perioperative outcomes [7, 8]. This
gains significance considering the uncertain therapeuti-
cal benefit of PLND [1, 9, 10]. It has been claimed that
if the involved regional nodes represent the only site of
systemic disease, appropriate surgical extirpation may
be able to cure the patient and decrease the cancer spe-
cific mortality [11]. However, hard scientific evidence
proving this concept, especially in prospective trials, is
still missing. Others have proposed the diagnostic value
of PLND as a justification for the procedure since nodal
positive men with PCa undergoing RP may benefit from
early adjuvant treatment [12]. However, the true rate of
patients and urologists opting for early adjuvant andro-
gen deprivation therapy (ADT) or adjuvant external
beam radiation therapy (EBRT) remains unknown [13]
and the diagnostic value becomes more arguable in the
era of PSMA-PET/CT [14].

In order to contribute additional data and shed more
light into an area of urologic oncology with low evi-
dence level, we performed an in-depth analysis of out-
comes in a large cohort of men undergoing robot-assisted
ePLND for PCa. Our primary aim was to assess the LN
yield stratified for side and anatomical region. Secondar-
ily, we aimed to study metastatic patterns, complication
rates and the potential therapeutic benefit in removal of
regional metastatic LNs in individuals with node-positive
disease.

Patients and methods

Patients and data acquisition

We retrospectively collected clinicopathological data
of a consecutive series of men with localized PCa who
underwent robotic-assisted RP (RARP) at a single centre
between 04/2004 and 09/2017. Excluded were patients
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who previously received ADT or EBRT. Covariates
included age, body mass index (BMI), preoperative PSA
and haemoglobin value, clinical T-stage, biopsy Gleason
score, and performance of nerve-sparing. Patients were
stratified by D’Amico risk categories [15]. The local eth-
ics committee approved the present study (KEK-ZH-Nr.
2017-02335).

Surgical technique

A transperitoneal Da-Vinci-robot-assisted approach
was used in all patients as previously described [5]. All
procedures were performed with a grasping instrument
placed on the left and scissors or a hook on the right. In
general, indication for PLND was a Gleason score>7
or PSA level >10ng/ml. However, the decision was not
based on any risk score but on surgeons and patients’
discretion. Routinely, an ePLND was performed with
boundaries according to Bader et al. [16]. ePLND started
with removing the LNs nodes covering the external iliac
vessels between the ureter (upper) and the deep circum-
flex iliac vein (lower boundary). The obturator fossa LNs
were removed after identification of the obturator nerve
beneath the external iliac vein and the pelvic wall. Finally,
the lymphatic tissue along the internal iliac artery with
the obliterated umbilical artery as medial boundary were
removed. LNs from each region were retrieved and sent
to the pathologist separately. Histopathological evalu-
ation of lymphadenectomy specimens was performed
according to recommendations in pathology [17]. In
detail, during the entire study period large-format histol-
ogy was employed with the total submission of the dis-
sected tissues without any frozen sections.

Outcomes and oncological follow-up

Postoperative parameters included intraoperative com-
plications, haemoglobin on the first postoperative day,
surgical margin status, pathological stage, final Gleason
score, number of removed LNs (per region) and nodal
status. Haemoglobin difference was defined as the change
between the preoperative and postoperative value. We
evaluated the occurrence of symptomatic lymphoce-
les, transfusions and reoperations within 90days after
surgery and categorized them using the modified Cla-
vien-Dindo classification [18]. Follow-up visits occurred
6weeks, 3, 6, and 12 months after RALRP, and then yearly
with physical examination and PSA testing. The referring
urologists or the patients’ general practitioners provided
outcome data if the follow-up examinations were not per-
formed at our centre. The outcome measures were bio-
chemical recurrence-free survival (BCRFS), overall (OS)
and cancer-specific survival (CSS). Biochemical recur-
rence (BCR) was defined as a PSA value >0.1 ng/mL with
subsequent confirmation after reaching the PSA nadir of
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0.1 ng/ml postoperatively. Patients not reaching this nadir
threshold postoperatively were excluded from BCREFS
analysis. Any reported death in the records was regis-
tered and assessed whether it was PCa related. According
to internal guidelines adjuvant EBRT, immediate ADT as
well as observation were offered to nodal positive (pN+)
patients. In cases of non-measurable postoperative PSA
observation and deferred treatment was favoured over an
immediate approach. The timing and the type of postop-
erative treatment was evaluated for all pN+ patients.

Statistical analysis

We compared perioperative parameters of pN+ and
pN- patients using the Pearson chi-square for catego-
rial and Mann-Whitney-U test for continuous variables,
respectively. Categorical endpoints were assessed using
logistic regression. Univariate cox-regression analysis
was performed to evaluate the association of the clinico-
pathological parameters on survival. BCRFS, OS and CSS
curves were calculated using the Kaplan—Meier method
with significance evaluated by 2-sided log-rank statistics.
Calculations were performed using IBM SPSS Version
25 [19]. A p-value <0.05 was considered as statistically
significant.

Results

Patient cohort

Between 2004 and 2017 we performed a total number
of 1134 RARPs at our centre, of which 27 patients were
excluded from analysis due to preoperative ADT. Of the
remaining 1107 patients, 827 (75%) underwent ePLND. A
total of 11 surgeons were involved with 5 accounting for
92% of the radical prostatectomies. For baseline charac-
teristics see Table 1. In total, 16'404 LN were removed, of
which 256 (1.5%) were positive. Among patients under-
going ePLND, 98 (12%) patients were classified as pN+
on final pathology (8.9% of the total RARP cohort). These
men had significantly higher preoperative PSA values,
clinical T-stages and biopsy Gleason scores (p<0.001);
only 2% were classified as low-risk preoperatively.

Lymph node distribution

A median number of 19 (interquartile range [IQR]:
14-25) LNs were removed, 10 (IQR: 7-13) on the right
and 9 (IQR: 6-12) on the left side (p <0.001). A median of
six (IQR: 4-8) LNs were retrieved from the external iliac
vessels, eight (IQR: 6—12) from the obturator fossa and
three (IQR: 1-6) from the internal iliac arteries (Fig. 1A).
There was a significantly higher number of removed total
nodes per region when comparing sides in regards to the
obturator (mean [standard deviation], 4.9 + 3 on the right
vs. 4.5+ 3 on the left, p=0.002) and the external (right:
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3.2+2 vs. left: 2.9+2, p=0.005), but not the internal
(right: 2.1 £2 vs. left: 1.9+ 2, p=0.1) nodes.

LN metastasis

The median number of positive LNs per patient was two
(IQR 1-3); 46% (n=45) had only one, 19% (n=19) had
two, and 35% (n=34) had more than two positive LNs.
Among the pN+ patients (n=98), 49% (n=48) had uni-
or bilateral positive LNs around the external iliac artery,
52% (n=51) in the obturator fossa and 43% (n=42) in
the region of the internal iliac artery. Four Patients had
periprostatic positive lymph nodes (4.1%). Significantly
more men had metastatic LNs on the right side com-
pared to left (Fig. 1B). Patient classified as high risk had
more often positive LNs in multiple regions than patients
within the low or intermediate risk group (Fig. 2).

In the pN+ population, a total number of 2065 LNs
were removed (1059 on the right, 976 on the left; miss-
ing: 30); 255 were positive (12%), 149 on the right (14.1%)
and 100 on the left side (10.2%) (Fig. 1B; 4 periprostatic,
missing: 2). The rate of positive nodes per region based
on the total removed nodes in the corresponding area in
the pN+ cohort was 14% (86/615) around the external
iliac artery, 9.7% (88/909) in the obturator fossa and 18%
(82/447) in the region of the internal iliac artery. For the
entire ePLND cohort, these rates were 1.7, 1.1, and 2.5%,
respectively.

The internal iliac nodes were positive in 43% (n=42)
of all pN+ patients. If the internal iliac nodes would not
have been resected, 14 men (14.3%) would have been
falsely staged as pN- and a total of 82 positive LNs (33%)
would have been left in situ. Based on the total ePLND
cohort, the number of men who would need to undergo
a dissection with inclusion of the internal nodes to detect
one additional pN+ patient was 59.

Complications

Symptomatic lymphoceles occurred in 2.1% of all patients
with ePLND, whereas none were found in men with-
out (p=0.006, Supplementary Table 1). Clavien Dindo
Grade IIIA and Grade IIIB complications occurred in
1.6 and 3.3% of all ePLND patients, compared to 0.3 and
1.1% in patients without PLND (OR 3.49, CI 1.24-9.84,
p=0.012). We observed increasing rates of complications
(> Clavien Dindo Grade IIIA) over time among patients
who underwent ePLND (2004-2008: 4.2%, 2009-2012
2.4%, 2013-2017 7.3%, overall 4.8%).

Significant bleeding requiring transfusions occurred in
2.1% of all ePLND patients vs. 4.7% in men not undergo-
ing the procedure (OR 0.43, 95% CI 0.21-0.90, p=0.024).
The mean haemoglobin difference (g/l) pre- and post-
operatively between patients with lymph node dissec-
tion (3.1g/l, IQR 2.2-3.7) was not significantly smaller
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Table 1 Baseline characteristics and perioperative parameters
No PLND (n=280) pN- (n=729) pN+ (n=98) p-value

(pN- vs.
pN+)

Preoperative data

Age (years) 62 (57-67) 64 (59-68) 63 (60-68) 0.935

Body mass index (kg/mz) 259 (23.4-28) 26.1(23.9-28.7) 26.0 (23.9-28.6) 0.688

Missing 5(1.7%) 5(0.7%) 1(0.1%)

Preoperative PSA (ng/ml) 59 (4.5-79) 7.5(5-12) 134 (8.5-22.8) <0.001

Missing 0 (0%) 0 (0%) 0 (0%)

Clinical Stage <0.001

Tlc 238 (85%) 594 (81.6%) 61 (62.2%)

T2 42 (15%) 126 (17.3%) 27 (27.6%)

T3 0 (0%) 8(1.1%) 10 (10.2%)

Missing 0 (0%) 0 (0%) 0 (0%)

Biopsy Gleason Score <0.001

6 248 (88.6%) 119 (16.3%) 9(9.2%)

7a 22 (7.9%) 325 (44.6%) 27 (27.6%)

7b 9(3.2%) 141 (19.3%) 19 (19.4%)

8 0 (0%) 83 (11.4%) 17 (17.3%)

9-10 0 (0%) 54 (7.5%) 24 (24.4%)

Missing 1 (0.4%) 7 (1.0%) 2 (2.0%)

D’Amico Risk Group <0.001

Low 196 (70%) 63 (8.6%) 2 (2%)

Intermediate 67 (23.9%) 450 (61.7%) 26 (26.5%)

High 17 (6.1%) 216 (29.6%) 70 (71.4%)

Missing 0 (0%) 0 (0%) 0 (0%)

Perioperative data

Nerve sparing, any 237 (85.3%) 447 (61%) 30 (31.9%) <0.001

Missing 2(0.7%) 3(0.4%) 4 (4%)

Hemoglobin difference (g/I) 34 (26-43) 29(2.3-3.7) 2.8(2.1-3.8) 0.756

Missing 18 (6.4%) 41 (5.6%) 2 (2%)

Pathology results

Positive surgical margins 76 (27.1%) 209 (28.7%) 53 (54.1%) <0.001

pT Stage <0.001

pT2a-T2c 249 (88.9%) 499 (68.4%) 9(9.2%)

pl3a 23 (8.2%) 176 (24.1%) 41 (41.8%)

pl3b-pT4® 6 (2.1%) 50 (6.9%) 44 (44.9%)

Missing 2 (0.7%) 4(0.5%) 4 (4.1%)

Gleason Score <0.001

6 117 (41.5%) 47 (6.4%) 0 (0%)

7a 114 (41%) 332 (45.6%) 12 (12.2%)

7b 37 (13.2%) 195 (26.7%) 20 (20.4%)

8 8(2.9%) 58 (8%) 22 (22.4%)

9-10 2(0.7%) 96 (13.1%) 39 (39.8%)

Missing 2(0.7%) 1(0.1%) 5(5.1%)

Number of resected LNs - 19 (13-24) 19 (15-27) 0307

Data presented as median and inter quartile range (IQR) or as n (%).
GS Gleason score: LN lymph node: PLND pelvic lymph node dissection
2 a total of four pT4 cases in the entire cohort
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A: Number of removed lymph nodes in all patients

External iliac

19 (IQR: 14-25)

Obturator
Internal iliac
6(QR:4-8)
8 (IQR: 6-12) c ;
\ ®
3 (IQR: 1-6)
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B: metastatic pattern in pN+ patients

149 pos. LN L. 100 pos. LN

(a1 pts.)| (36 pts.) |(19pts.)

External iliac
Obturator
Internal iliac

Fig. 1 A Sagittal view on pelvis with visualization of the 3 zones of the extended pelvic lymph node dissection and the total number of removed
lymph nodes. IQR: interquartile range. B Frontal view on pelvis displaying the number of positive lymph nodes on each side and the metastatic
pattern per patient. Not shown: one patient with preprostatic metastasis, one patient with missing data, 4 metastatic periprostatic LNs. LN: lymph

node, pts.: patients

D’Amico Low and Medium Risk Group (n=27)

Obturator Internal iliac artery

48.1% (n=13) 40.7% (n=11)

18.5%

External iliac artery

51.9% (n=14)

D’Amico High Risk Group (n=69

Obturator Internal iliac artery

55.1% (n=38) 44.9% (n=31)

8.7% 5.8%

External iliac artery

53.6% (n=37)

Fig. 2 Distribution pattern of lymph node positive regions in A) D’Amico low and intermediate risk (n=28) and B) in in D'Amico high risk patients

(n=70). Missing: 2, periprostatic: 2

compared to patients without the procedure (3.6 g/1, IQR
2.6—-4.3, p<0.001).

Oncological outcome of N+ patients

Postoperatively, 47 (47.9%) of men with nodal metas-
tases reached the PSA nadir of <0.1ug/ml and 50 (51%)
experienced a PSA persistence (lost to follow-up: 1). For
men with 1, 2 or more than two positive LNs the rate of
PSA persistence was 38.6, 52.4 and 66.7%, respectively.
There was no significant association between a certain
N+ region (internal, external, obturator or multiple)
and postoperative PSA persistence or the BCREFS rate

(Table 2). Univariate logistic regression revealed that
LN metastasis (OR 17.7, 95% CI: 10.6—-27.7; p<0.001)
and seminal vesicle invasion (OR 17.2, 95% CI: 9.8—-30.3,
p<0.001) were the strongest predictors for postopera-
tive PSA persistence. Other significant predictors were a
higher PSA value, extraprostatic tumour extension, posi-
tive surgical margin, and a Gleason score of 8—10 (Sup-
plementary Table 2A).

To evaluate if the extended dissection with removal of
the internal nodes has a therapeutic effect in addition to
the diagnostic benefit, we evaluated the disease-free rate
in men with positive nodes in this area; postoperative
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Table 2 Clinicopathological characteristics and outcome of men with pN+ classified for different anatomical regions

External Internal Obturator  Ext. + Int. Ext. + Obt.  Int. + Obt. Ext. + Int. + Obt.
Patients (n) 23 14 21 6 8 10 12
Baseline
PSA (median (IQR)) (ng/ml) 18(9-36) 16(11-32)  12(6-26) 19.7 (15-45) 7.3 (4-39) 56.9(14-91)  21.8(20-40)
Histopathology (prostatectomy)
GS6 - - - - - - -
GS7a 2 (9%) 1(7%) 6 (29%) - - 2 (20%) 1(8%)
GS 7b 2 (9%) 6 (43%) 7 (33%) 2 (33%) 2 (25%) - 1 (8%)
GS 8 9 (39%) 2 (14%) 1 (5%) 3(50%) 3(38%) 3(30%) 4 (33%)
GS9-10 10 (43%) 5 (36%) 6 (29%) - 3(38%) 5 (50%) 4 (33%)
Unknown - - 1 (5%) 1(17%) - - 2 (17%)
pT Stage
pT2 (n) 4(17%) - 2 (10%) - 2 (25%) - 1 (8%)
pT3a(n) 11 (48%) 10 (71%) 10 (48%) 1 (17%) 3 (38%) 3(30%) 2 (17%)
pT3b? (n) 8 (35%) 4 (29%) 8 (38%) 4 (67%) 3(38%) 7 (70%) 7 (58%)
Unknown - - 1(5%) 1(17%) - - 2(17%)
Lymph node dissection
Number of resected LN (mean (+STD)) 20 (+7.2) 204 (+7.3) 19.7 (£6.7) 23.7 (£12.8) 19.8 (£6.3) 24.1 (£11.3) 214 (+6.2)
Number of positive LN (mean (+STD)) 14 (+0.7) 1.1 (x0.3) 1.5(x0.7) 3.7 (x14) 3(+1.2) 3.5(+£1.8) 73(x3.2)
Ratio positive LN/all LN (%) 83 46 8.7 17.1 15.7 184 370
Follow-Up
PSA persistence (%) 50 20.8 429 50 50 70 91.7
1y BCRFS (%) 71.1 80 65.6 100 50 66.7 100°

Ext External Artery: Int Internal Artery: Obt Obturator fossa: BCRFS biochemical recurrence free survival: GS Gleason Score: IQR Interquartile range: LN lymph node

?No pT4 Stage found

b only 1 patient without PSA persistence, this one with no recurrence

PSA persistence was observed in 61.0% (25/41) of
patients with positive internal iliac nodes.

The median (IQR) follow-up time for patients alive
was 59months (IQR 28-85). Deaths of any cause
and from PCa occurred in 46 patients (4.2%) and in
4 patients (0.4%), respectively. The estimated OS at
5years was 96.5% for pN+ and pN- men, and at 7 years

Overall Survival

e ———— - pN-

L % » )
o x ) ® @ 100 ) 2

Overall survival (months)

Number of patients at risk Number of patients at risk

Time (months) 0 20 40 60 80 100 120 Time (months) 0 20
pNO 1009 827 665 507 305 153 62 pNO 1009 827
pN+ %8 79 50 33 21 10 5 PN+ 8 79

Cancer-specific Survival

R

Cancer-specific survival (months)

91.5 and 94.3%. respectively (Fig. 3A, p=0.98). The
estimated CSS at 5years was 98.5% for pN+ and 100%
for pN- men, and at 7years 93.3 and 99.7%, respec-
tively (Fig. 3B, p<0.01). There was no significant
association between a certain N+ region (internal,
external, obturator or multiple) and the CSS and OS
rate (Supplementary Fig. 1).

N Biochemical recurrence-free Survival

PN+

PN-

PN+

p<0.001

<0.001
@ @ 0 S % E) o @ w
Biochemical recurrence-free survival (months)
Number of patients at risk
40 60 80 100 120 Time (months) 0 20 40 60 80
665 507 305 153 62 pNO 672 476 318 200 81
50 33 21 10 5 pN+ 48 25 10 4 3

Fig. 3 Kaplan-Meier curves for (A) overall survival (OS), (B) cancer-specific survival (CSS) and (C) biochemical recurrence-free survival (BCRFS)
after robot-assisted laparoscopic radical prostatectomy stratified for pNO and pN+. Patients not reaching a PSA nadir of <0.1 ng/mL were
not included in BCRFS analysis. P values were calculated using Log-Rank test
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In pN+ patients achieving a postoperative PSA nadir
of <0.1pg/ml (n =47), the estimated 5-year BCRES, CSS
and OS were 17.3% (Fig. 3C), 100 and 100%, respec-
tively. The median time to BCR was 21 months (IQR
8-34). In this subgroup, salvage EBRT, deferred ADT or
a combination was applied in 12 (25.5%), 5 (10.6%) and
10 (21.3%) men, respectively (Table 3). In the univariate
cox regression analysis, presence of LN metastasis was
a predictor of shorter BCRFS (OR 6.936, 95% CI 4.63—
10.38, p<0.001, Supplementary Table 2). Patients with
1, 2 or more than two positive LNs had an estimated
median BCRFS of 28, 18 and 21 months.

In pN+ patients with postoperative PSA persistence
(n=50), adjuvant EBRT, immediate ADT or a com-
bined approach was performed in 10 (20%), 18 (36%)
and 14 (28%) men, respectively (Table 3). Eight patients
(16%) declined any adjuvant therapy. In this cohort,
the 5-year CSS and OS were at 97.2 and 93.5%, and at
7 years, respectively, remained at 97.2 and 93.5%.

The average time between surgery and EBRT, ADT
or a combination are displayed in Table 3. We observed
a shorter time to EBRT (7 vs. 13months, p=0.2) and
ADT (4 vs. 21 months, p=0.06) in men with PSA-per-
sistence compared to men reaching non-detectable
levels postoperatively. In pN+ patients achieving a
postoperative PSA nadir of <0.1ug/ml (n=47), patients
who received salvage radiotherapy alone or in combi-
nation with ADT as well as patients without salvage
radiotherapy had a 5-year overall survival of 100%
(p=0.564).

In pN+ patients with biochemical persistence, the
5-year overall survival rate was 88.9% in patients
without adjuvant radiotherapy, compared to 100% in
patients with adjuvant radiotherapy alone or in combi-
nation with ADT (p=0.639).

Table 3 Postoperative therapy in nodal positive men
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Discussion

Earlier studies on region specific LN yields and metastatic
patterns were based on open prostatectomy series since
within laparoscopic procedures LNs are typically merged
and placed in endobags before retrieval [16]. In this large
series of RARC with ePLND LN packages of each region
were retrieved through the access port and send in sepa-
rately for pathological workup enabling an in-depth anal-
ysis of LN yields stratified for side and anatomical region.
Based on this detailed pathological workup we could
observe a significantly higher number of retrieved LNs on
the right side compared to left. This superior yield trans-
lated also into a significantly higher number of positive
LNs diagnosed on the right side. Notably, no prior inves-
tigation on robotic PLND during RARP has reported
site-specific lymph node yield [20-24]. A physiological
imbalance of pelvic LNs is rather unlikely, although this
cannot be excluded due to lack of data from anatomical
studies or open series [16, 25]. Only one study with a lim-
ited number of patients reported a tendency to a higher
number of positive LNs on the right than on the left side
[26] without presenting the total number on each side.
We hypothesise that the technical set-up of the robotic
approach is the most likely reason for differing LN yields;
First, the typical localization of the grasping instrument
on the left allows a decent access to the lymphatic tissue
behind the iliac vessels and lateral to the obturator nerve
on the right, while on the left the access is limited due
to the working angle. Second, the fourth arm typically
placed on the left can be used for an enhanced expo-
sure of the internal LNs on the right through traction on
the peritoneum. Third, the localisation of the sigma on
the left may lead to a more cautious preparation of the
internal LNs. Surgeons should be aware of this potential
limitation of laparoscopy, although the clinical relevance
remains unknown.

A)

Postoperative therapy Nadir reached (n=47)

Salvage EBRT 12 (25.5%)
Deferred ADT 5(10.6%)
Combination 10 (21.3%)
None 20 (42.6%)

B)

Time to therapy Nadir reached
Median time (months) to EBRT (range) 13 (3-82)
Median time (months) to ADT (range) 21 (0-106)

Postoperative therapy PSA persistence (n=50)

Adjuvant EBRT 10 (20%)

Immediate ADT 18 (36%)

Combination 14 (28%)

Therapy declined 8 (16%)

PSA persistence All pN+ p-value
7(2-110) 9(2-110) 0.261
4(1-89) 5(0-106) 0.062

A: Postoperative therapy in pN+ patients stratified for men reaching a postoperative PSA Nadir of <0.1 ng/ml and PSA persistence

B: The average time in months between surgery and external beam radiotherapy (EBRT), androgen deprivation therapy (ADT) or a combination
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The benefits of ePLND must be weighed against poten-
tial drawbacks of the procedure. Intraoperative com-
plications related to PLND are linked to the anatomical
structures in the surgical field and include injuries to
the pelvic vessels, ureter, and obturator nerve. Addition-
ally, dissection of lymphatic tissue can lead to sympto-
matic lymphoceles, lymphoedema and thromboembolic
events. Fortunately, available scientific evidence shows
that ePLND during RARP is safe with low rates of intra-
operative and postoperative complications [27]. Indeed,
we could confirm this favorable outcome data on ePLND
and did not observe any relevant injuries to the surround-
ing structures. Notably, we noticed a higher transfusion
rate in the non-ePLND group. The dissection might have
been omitted more often in men at increased risk for
bleeding and RARPs without PLND performed earlier on
the learning curve of surgeons. The rate of symptomatic
lymphoceles and reoperations were low but higher than
in the cohort without dissection and increased over time.
A possible explanation for this development may be a
more broad indication for RP and ePLND in regards to
age, BMI, comorbidities and anticoagulants with gaining
experience of the surgeons.

In an analysis of affected lymphatic sites we observed
a lower rate of metastasis in the internal iliac region and
a lower rate of men with exclusive involvement of these
nodes (Fig. 2A/B) confirming the proposed lower rate
of lymphatic drain from the prostate through this route
[25]. To further investigate, if a specific metastatic pat-
tern is a consequence of more advanced disease, we per-
formed an in-depth analysis of LN metastasis based on
region and correlated the results with oncological out-
come. We did not find an association of involved regions
with recurrence; notably, involvement of internal nodes
was not associated with a more unfavorable oncological
outcome. These findings underline that there is rather a
heterogeneous lymph drain from the prostate resulting
in various patterns of LN involvement in the pelvis than
regional involvement in the pelvis based on disease stage
or aggressiveness of the tumor.

There is still a lack of scientific evidence clarifying
whether PLND is only a staging procedure or a thera-
peutic intervention [28]. In the present cohort the value
of ePLND for accurate staging has to be questioned;
more than half of the nodal positive men (50/97) had
a postoperative PSA persistence, which would qualify
them for early postoperative imaging with PSMA PET
CT and adjuvant treatment irrespective of the nodal
status. Therefore, a potential diagnostic benefit based
on ePLND at the time of surgery was only achieved
for 47/823 (5.7%) men with non-detectable PSA after
RALP. However, since a deferred treatment after bio-
chemical recurrence was the preferred strategy in
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these men, only the modality of follow-up might have
been affected. In regard to the oncological benefit of
ePLND in terms of tumor control, the value of ePLND
also remains questionable. Among the 47 men with
non-detectable PSA postoperatively most experienced
an early recurrence resulting in ADT and/or EBRT
(5y-BCRES of 17.3%). From the overall cohort, only
20/823 (2.4%) had nodal positive disease with postop-
erative non-detectable PSA who could be spared from
additional treatment during follow-up. The number of
ePLNDs needed to perform to avoid ADT and/or EBRT
in one patient was 41. However, if the achieved disease-
free status of these very few men can be attributed to
the ePLND, as postulated before [28], remains uncer-
tain and such a question can only be answered accu-
rately in a prospective randomized clinical trial.

Finally, we performed a subgroup analysis to assess
the potential diagnostic and therapeutic value of the
extended template for PLND observing that a low prior-
ity can be given to the internal nodes; only 15 men (1.8%)
would have been falsely staged as nodal negative if the
internal nodes had not been dissected. Metastatic tis-
sue would have been left in situ in 42 (5.1%) of patients.
Among these men, 25 (60%) experienced PSA persistence
and most likely did not benefit oncologically from the
dissection.

Limitations
Our study has several limitations. It is a single-center
retrospective study, and we cannot rule out that the
site-specific surgical technique and pathological workup
may have affected the reported LN numbers. The deci-
sion whether to perform PLND was not based on an
established nomogram such as Briganti, but dependent
on counseling of the treating urologist. A more strin-
gent selection of patients would probably have led to a
more favorable cost-benefit relation for ePLND, reduc-
ing the number of ePLND to be perfomed to spare a
patient from ADT and/or EBRT. Further, during follow-
up we recorded only the rate for symptomatic lymphoce-
les, reoperations, and transfusion rates but for no other
complication. Data on metastasis-free survival, location
of recurrence or time to castration-resistance was not
available.

Finally, adjuvant treatment was not standardized and
no data on dose and field for postoperative radiation
therapy was available.

Conclusion

In this cohort of men undergoing robotic ePLND a
high LN yield could be achieved with a low complica-
tion rate. However, we observed an imbalance in more
removed and positive LNs on the right side compared
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to left. The majority of patients with positive lymph
nodes undergoes adjuvant treatment due to PSA persis-
tence or early biochemical recurrence, indicating a pos-
sibly limited therapeutical value of ePLNDin already
spread disease. Yet, these men demonstrated an excel-
lent 7y OS and CSS.
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