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ABSTRACT
Purpose: Lymph node dissection during radical prostatectomy (RP) remains under debate due to an 
unclear impact on oncological outcomes. Here, we investigate long-term oncological events after RP +/- 
pelvic lymph node dissection (PLND).
Methods: All patients who had an RP from 2006 to 2021 (N=15,515) in the Danish Prostate Registry were 
included. Cumulative incidence of biochemical failure (BF), subsequent treatment, and prostate can-
cer-specific death by the Aalen Johansen estimator from the time of RP were compared for men without 
lymph nodes removed (pNx), without positive lymph nodes (pN0), and with lymph node invasion (pN1). 
Area under the curve (AUC) of the receiver operating characteristic was used to determine the added value 
of PLND for outcome discrimination. 
Results: The 15-year incidences of BF were pNx = 22% (95% confidence interval [95CI]: 20–23), pN0 = 37% 
(95CI: 35–39), and pN1 = 70% (95CI: 65–76). Fifteen-year incidences of subsequent treatment were 19% 
(95CI: 18–20), 31% (95CI: 29–33), and 84% (95CI: 79–89) for men with pNx, pN0, and pN1. Fifteen-year risk 
of prostate cancer-specific death was 2.1% (95CI: 1.6–2.6), 5.5% (95CI: 4.6–6.5), and 25% (95CI: 18–32) for 
men with pNx, pN0, and pN1. The AUC for the 10-year BF increased from 74% (95CI: 72–77) to 76% (95CI: 
73–78) with the addition of pN0/pN1 in the model. The main limitation was the inability to differentiate the 
number of malignant nodes removed.
Conclusion: Men with positive lymph nodes after PLND faced a high risk of BF, subsequent treatment, and 
prostate cancer-specific death. As the addition of PLND did not substantially improve the discriminative 
ability, the added benefit of PLND is likely limited. The side effects of PLND should be considered in relation 
to its possible advantages.
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Introduction

Pelvic lymph node dissection (PLND) during radical prostatec-
tomy (RP) was initially performed as a staging procedure lim-
ited to the obturator fossa, with the node-positive disease 
being considered an adverse pathological finding [1]. This indi-
cated the need for androgen deprivation therapy, as demon-
strated in the Messing trial in 1999 [2]. The trial was criticised for 
its limited dissection, low accrual, and power, which could lead 
to undertreatment due to the limited PLND. In contrast, adju-
vant therapy would be an overtreatment when PLND alone 
would lead to a cure. Later studies showed that extended PLND 
could find more patients with positive lymph nodes, albeit with 
the risk of more complications [1, 3, 4]. As a result, extended 
PLND has become the standard for PLND. However, the benefit 
of extended PLND in terms of oncological outcomes has been 
harder to show, and the literature lacks evidence of the 

long-term outcomes of PLND beyond biochemical failure (BF) 
[1, 5, 6]. Here, we use nationwide prospectively maintained reg-
istries to describe the long-term risk of BF, secondary therapies, 
and disease-specific mortality following RP with or without 
PLND. The aim is to discuss the long-term oncological out-
comes of PLND in RP.

Patients and methods

We extracted data from the prospectively maintained Danish 
Prostate Registry (DanProst) on all men who underwent RP 
from January 1, 2006 to December 31, 2021, without any other 
prostate cancer-related treatment up to 31 days after surgery 
[7]. All Danish patients who underwent RP within the study 
period are included in the registry, and the registry has shown 
excellent completeness and veracity [8, 9]. The period was 
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chosen to adhere to updated ISUP guidelines, and national 
guidelines recommending that extended PLND be performed in 
patients with a higher risk of lymph node involvement [10, 11]. 
Patients had PLND if they met the criteria based on available 
nomograms. PLND was performed according to the standard at 
the time of surgery [6, 12–14]. RP was performed either through 
open surgery or robot-assisted surgery, with the first robot-as-
sisted procedure conducted in 2009. After 2009, the number of 
robot-assisted procedures grew rapidly, and by the late 2010s, 
nearly all procedures were performed using robotic assistance, 
with only a few exceptions. Data included the age at RP, preoper-
ative prostate-specific antigen (PSA) level, and clinical and speci-
men tumour pathology [7, 10]. The risk of lymph node invasion 
was calculated using the Memorial Sloan Kettering Cancer Center 
(MSKCC) and Briganti 2012 nomograms [13, 15]. Information 
about nerve sparing surgery, comorbidities, and history of adju-
vant treatments was extracted from the Danish National Registry 
of Patients [16]. The updated Charlson Comorbidity Index (CCI) at 
the time of RP was calculated based on the registered comorbid-
ities up to 1 year before RP [17]. Postoperative follow-up included 
regular PSA measurements at the department performing the 
procedure and subsequent follow-up by GPs. The assessment of 
BF was based on PSA values extracted from the laboratory regis-
try and assessed for all men with at least one PSA measurement 
registered within a year following RP and with no prior treatment 
for prostate cancer other than RP [18]. The laboratory registry has 
been stepwise-introduced per region since 2008. We determined 
BF as a PSA ≥ 0.2 ng/ml after a nadir of ≤ 0.1 ng/ml. Persistent PSA 
was included as BF at the time of the lowest measured PSA within 
the first year, as we intended to define men who were not cured. 
Salvage treatment was defined as any post-operative radiation or 
hormonal therapy administered, regardless of the underlying rea-
son for treatment initiation (e.g. clinical decision-making or par-
ticipation in clinical trials). Vitality status was extracted from the 
central person registry and cause of death from the Danish 
Registry of Causes of Death until December 31, 2022 [19]. The 
ICD-10 code of ‘C619’ was used to determine prostate cancer-spe-
cific death. All other causes of death were grouped as other 
causes of death. 

Patients with pT0 and patients diagnosed with metastatic 
prostate cancer and patients with lymph node metastasis on 
conventional imaging were excluded to ensure homogeneity of 
the cohort, to include only patients undergoing PLND where 
nodal status was determined pathologically. Patients from 
Greenland and the Faroe Islands and individuals who emigrated 
were excluded because of a lack of data regarding follow-up 
after the RP. Hormonal therapy was defined as the administration 
of androgen deprivation therapy, Bicalutamide, or any novel 
hormonal therapy. To minimise the impact of concurrent clinical 
trial enrolment, patients receiving radiation therapy within 6 
months following surgery were excluded.

Statistical analysis

A multivariable logistic regression is fitted to define the associa-
tion between pre-operative characteristics and pN1 in our 

cohort, with pNx and pN0 defined as no event. The Aalen 
Johansen estimator for competing risk estimates the cumulative 
incidence of BF with subsequent treatment and death as com-
peting risks, salvage treatment (salvage radiation or hormonal 
therapy) with death as a competing risk, and prostate can-
cer-specific death with other causes of death as a competing risk, 
all reported by Gray’s test. The pathological lymph node cate-
gory (pNx, pN0, pN1) was stratified for all cumulative incidences. 
The observation period was from the time of RP to prostate can-
cer-specific death, other cause of death, or censoring (31-12-
2022). Three multivariable cause-specific Cox (CSC) models were 
fitted including preoperative variables (age at RP, last PSA before 
RP, clinical T-category, Gleason grade group [GG] of last biopsy 
set before RP, percentage positive biopsies, calculated as the 
number of positive biopsies by the total number of biopsies, and 
CCI), perioperative variables (preoperative characteristics and 
pathological GG, and surgical margins), and perioperative varia-
bles + lymph node category for 10-year risk of BF and 15-year risk 
of prostate cancer-specific death. The performance of the three 
CSC models is assessed by calibration plot, the area under the 
curve (AUC) of the receiver operating characteristic (ROC), Brier 
scores, and decision curve analysis. Brier score is a measure of 
accuracy. It specifically is the mean sum between the predicted 
and observed risk. The lower the score, the better the accuracy. 
All statistical analyses were performed using R version 4.1.2 (R 
Development Core Team, Vienna, Austria) running on RStudio 
version 2022.07.01 (© 2009–2022 by Rstudio, Inc).

Results

A total of 15,515 men were treated with RPs between 2006 and 
2021 (Figure 1). PLND was performed in 7,087 patients, with 1,010 
patients having pN1 disease (Supplementary Figure 1). Generally, 
patients with pN1 and pN0 exhibited a more advanced stage of 
prostate cancer, elevated PSA levels, and a higher frequency of 
positive surgical margins compared to pNx (Table 1). Gleason 
score, PSA, tumour category, and percentage positive biopsies 
were associated with pN1 disease (Supplementary Table 1).

The median time to censoring (follow-up) was 8.8 years 
(interquartile range [IQR]: 5.3–13) with 1,201 patients followed 
for more than 15 years. There were 11,416 men with PSA levels 
available, with a median of 7 PSA measurements (IQR: 4–10) 
taken for BF assessment. The overall 15-year cumulative 
incidence of BF, salvage therapy (radiation or hormonal therapy), 
and prostate cancer-specific death were 31% (95% confidence 
interval [95%CI]: 30–32), 27% (95%CI: 26–28), and 4.5% (95%CI: 
3.9–5.0). The incidence of BF was not affected by the year of RP 
(Supplementary Figure 2). The 15-year cumulative incidence of 
BF was 22% (95%CI: 20–23), 37% (95%CI: 35–39), and 70% 
(95%CI: 65–76) for pNx, pN0, and pN1 (p < 0.001) (Figure 2A + 
Supplementary Table 2). Cumulative incidence of salvage 
radiation 15 years post-surgery was 13% (95%CI: 12–14), 20% 
(95%CI: 18–21), and 25% (95%CI: 20–29), for pNx, pN0, and pN1  
(p < 0.001), and cumulative incidence of hormonal therapy  
15 years post-surgery was 5.4% (95%CI: 4.6–6.3), 11% (95%CI: 
10–13), and 60% (95%CI: 54–65), for pNx, pN0, and pN1 (p < 
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0.001) (Figure 2B/C + Supplementary Table 2). The cumulative 
incidence of prostate cancer-specific death 15 years post-
surgery was 2.1% (95%CI: 1.6–2.6), 5.5% (95%CI: 4.6–6.5), and 
25% (95%CI: 18–32), for pNx, pN0, and pN1 (p < 0.001) (Figure 
2D + Supplementary Table 2). 

In men who underwent PLND, pN1 was associated with BF 
(hazard ratio: 2.2, 95%CI: 2.2–2.8) and prostate cancer-specific 
death (hazard ratio: 2.6, 95%CI: 1.83–3.7; Supplementary Table 3) 
compared to pN0 when adjusted for other perioperative 
variables. The AUCs of the 10-year BF for the perioperative and 
perioperative + lymph node category were 74% (95%CI: 72–77) 
and 76% (95%CI: 73–78), and the Brier scores were 20.1% (95%CI: 
19.3–21.0) and 19.7% (95%CI: 18.8–20.5). The AUCs of the 15-year 
risk of prostate cancer death were 80% (95%CI: 76–84) and 80% 
(95%CI: 75–84) for the perioperative and perioperative + lymph 
node category, and the Brier scores were 6.2% (95%CI: 5.3–7.2) 
and 6.0% (95%CI:5.1–7.0). The addition of lymph nodes 
marginally increased the unweighted decision curve for BF and 
prostate cancer-specific death prediction (Supplementary Figure 
3+4). We performed a sensitivity analysis for the prediction of BF 
that included only patients who underwent RP in 2014 or later to 
ensure comparable follow-up times. The model’s predictive 
performance remained similar, with AUCs not markedly different 
from those observed in the full cohort (Supplementary Table 4).

Multicollinearity was assessed as part of the review process and 
found not to influence the conclusions (Supplementary Table 5).

The AUCs of the 10-year BF stratified by the Briganti nomogram 
and MSKCC nomogram were 73% (95%CI: 70–75) for both and 
the Brier scores were 21.2% (95%CI: 20.5–22.0) and 21.1% (95%CI: 
20.4–21.9). The AUCs of the 15-year prostate cancer-specific 

death stratified by the Briganti nomogram and MSKCC nomogram 
were 79% (95%CI: 74–85) and 82% (95%CI: 77–86), and the Brier 
scores were 6.9% (95%CI: 5.6–8.1) and 6.8% (95%CI: 5.5–8.1). 

Discussion 

Lymph node spread is a distinct disease entity that induces sev-
eral alterations in the tumour immunity that facilitate further 
metastatic spread [20]. This raises the question of whether 
lymph node-positive disease can be cured if removed and/or if 
detection should be established to guide adjuvant interven-
tions. Finding lymph node spread on imaging has historically 
been challenging because of the low sensitivity of conventional 
radiological procedures, such as computed tomography (CT) 
scans, making surgical lymphadenectomy an important tool to 
detect lymph node disease. Lymph node dissection in cancer 
surgery remains under debate due to an unclear impact on 
oncological outcomes, not only in prostate cancer but also in 
other cancers, most notably in cystectomy for muscle-invasive 
bladder cancer, where the lymph node template is similar to the 
template in RP [21, 22]. Cystectomy with extended lymphad-
enectomy increased positive lymph node yield without improv-
ing overall survival, as demonstrated in SWOG S1011 [23]. Our 
data show that most men with removed positive lymph nodes 
are likely to experience biochemical and clinical progression 
and that they have a high risk of prostate cancer-specific death. 
Despite our study design preventing us from quantifying the 
true magnitude of the effect of PLND, given the large proportion 
of men with pN1 undergoing subsequent treatment, the poten-
tial for cure appears limited. Therefore, the benefit of removing 
pN1 will primarily lie in delaying the need for further treatment. 
Our data confirm previous retrospective modelling studies that 
have found a particularly high risk of prostate cancer-specific 
death in patients with surgical pathological confirmed lymph 
node metastasis (pN1) compared to lymph node-negative (pN0) 
patients [24]. There are currently two randomised trials that 
show no benefit in terms of biochemical-free survival of 
extended compared to limited PLND [6, 14]. One of the two ran-
domised trials recently published secondary outcomes showing 
a protective effect of extended PLND on metastasis develop-
ment, but showed similar results of metastasis-free survival rate 
at 10 years between limited PLND and extended PLND (85%, 
95% CI 81–89% vs. 88%, 95%CI 84–1%) [25]. Until these trials 
have published results on long-term oncological outcomes, the 
uncertainty of the benefit of performing PLND regarding the 
harms associated with the extended procedure remains.

If PLND is only to be performed for staging, the increased risk 
of lymphocele, deep venous thrombosis, and a higher 90-day 
mortality rate compared to no PLND must be considered [1]. 
Furthermore, extended PLND has a higher complication rate, 
longer operative time, higher risk of bleeding, and longer 
length of hospital stays than the limited PLND [3, 6]. We 
investigated the added value of PLND staging post-PLND 
decision. In post-PLND decision models with perioperative 
clinical variables, the lymph node category did not contribute 
substantially to distinguishing between patients at risk of 

Figure 1.  Flowchart illustration of the formation of the cohort.
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recurrence and disease-specific death, questioning the 
usefulness of PLND in staging. This is especially evident as PSMA-
PET and MRI are non-invasive alternatives for lymph node 
staging [26]. However, omitting PLND will raise questions about 
how disease recurrence is managed and may increase the 
proportion of men with persistent PSA following RP, where the 
evidence for disease management is currently low. Therefore, 
PLND will likely remain important in staging patients for 

selection in future trials until better imaging has been proven 
sufficient. Several studies have been performed and are in the 
pipeline to investigate the treatment options for men with 
persistent PSA following RP, such as the RADICALS-RT, RADICALS-
HD, SPORTT, PRIMORDIUM, and ARASTEP [27–29]. These trials 
have investigated the use and treatment timing of radiotherapy, 
ADT, and androgen receptor pathway inhibitors (ARPI) in terms 
of metastasis-free survival. The development of targeted 
treatments for persistent and recurrent disease may eventually 
outperform PLND in long-term effectiveness, leading to a 
decreased use of PLND.

This study was limited by the inability to differentiate the 
number of malignant nodes removed, as this was not reported 
consistently in the registries. As a result, we excluded this 
variable to reduce the risk of reporting bias. PLND has been 
performed differently over time, and likely differences may have 
occurred based on local tradition and surgical experience; 
however, data have not demonstrated any significant impact of 
the extent of PLND on oncological outcome [6, 14]. Previous 
research has shown that two or fewer malignant lymph nodes 
had markedly better cancer-specific survival at 15-year follow-
up compared with more than two malignant lymph nodes [30]. 
Thus, adding the number of lymph nodes may refine the 
prostate cancer-specific death predictions at 15 years, 
considering the marginal difference between the three models. 
Furthermore, the decision to perform PLND reflects the clinical 
practice within Denmark; consequently, comparing the long-
term outcomes between pN1/pN0 and pNx reflects the selection 
for PLND in men with higher-risk disease, as shown by the 
clinical characteristics associated with pN1 disease. Thus, we 
reemphasise that our prediction models should be interpreted 
in the light of a current post-PLND treatment decision. Moreover, 
a proportion of patients in our cohort participated in clinical 
trials (e.g. RADICALS), which may have influenced treatment 
timing or decisions, particularly regarding early treatment for 
some patients. However, excluding these patients would have 
introduced selection bias and reduced the generalisability of 
our findings, as clinical trial participation is an inherent part of 
clinical practice. Strengths of our study include the large sample 
size and long follow-up compared to the duration and number 
of patients in the clinical trials conducted [1]. Finally, information 
on whether biopsies were performed following MR and the use 
of PSMA-PET in the diagnostic workup was not retrievable in the 
registers. However, PSMA-PET has not been used routinely in 
Denmark in the period studied, and although MRI-guided 
biopsies have been demonstrated to perform differently from 
standard transrectal biopsies, this change will unlikely influence 
results as MRI-guided biopsies will have been equally distributed 
among men regardless of whether PLND has been performed. A 
major strength is the longitudinal assessment of BF, salvage 
treatment, and death in the same cohort. 

Conclusion 

Men with positive lymph nodes after PLND face a high risk of BF, 
salvage treatment, and prostate cancer-specific death. Since 

Table 1.  Baseline characteristics of patients undergoing radical 
prostatectomy with or without pelvic lymph node dissection in a Danish 
national cohort from 2006 to 2021.

Variable pNx  
(n = 8,428)

pN0  
(n = 6,077)

pN1  
(n = 1,010)

RPs per 4-year period, n (%)
  2006–2009 1,485 (17.6%) 1,509 (25%) 75 (7.4%)
  2010–2013 2,502 (29.8%) 1,170 (19.2%) 131 (12.9%)
  2014–2017 2,508 (29.9%) 1,541 (25.4%) 353 (34.8%)
  2018–2021 1,933 (23.0%) 1,857 (30.6%) 451 (44.5%)
Age at RP (years), Median 
(IQR)

65 (60–69) 67 (62–70) 68 (63–72)

PSA at diagnosis (ng/mL), 
Median (IQR)

7.5 (5.5–11) 9.9 (7.0–16) 14 (8.6–22)

Clinical T-stage, n (%)
  cT1 2,950 (38.5) 1,317 (23.9) 110 (12.6)
  cT2 427 (5.6) 322 (5.8) 22 (2.5)
  cT2a 751 (9.8) 494 (8.9) 35 (4.0)
  cT2b 476 (6.2) 413 (7.5) 69 (7.9)
  cT2c 2,405 (31.4) 1,813 (32.8) 202 (23.2)
  cT3+4 645 (8.4) 1,162 (21.0) 434 (49.8)
  Missing 774 556 138
Percentage positive 
biopsies before RP, 
median (IQR)

36 (20.0, 58.3) 50 (31.8, 66.7) 67 (41.7, 90.0)

Biopsy grade group before RP, n (%)
  ISUP1 3,062 (36.3) 926 (15.2) 39 (3.9)
  ISUP2 3,839 (45.6) 1,929 (31.7) 228 (22.6)
  ISUP3 662 (7.9) 1,295 (21.3) 314 (31.1)
  ISUP2/3 303 (3.6) 432 (7.1) 23 (2.3)
  ISUP4 247 (2.9) 904 (14.9) 184 (18.2)
  ISUP5 59 (0.7) 443 (7.3) 209 (20.7)
 � Unspecified 

adenocarcinoma 
210 (2.5) 129 (2.1) 12 (1.2)

  Non-malignant 46 (0.5) 19 (0.3) < 5 (0.1)
Briganti 2012 nomogram 
score in %, median (IQR)

4 (2–8) 12 (6–28) 38 (16–59)

  Missing, n 2,659 1,550 222
MSKCC score in %, median 
(IQR)

5.6 (2.8, 10.3) 18 (9.4, 30.0) 35 (21.3, 53.0)

  Missing, n 2,659 1,773 234
Nerve sparing RP, n (%)
  No 3,418 (40.6) 4,121 (67.8) 795 (78.7)
  Unilateral 2,860 (33.9) 1,567 (25.8) 193 (19.1)
  Bilateral 2,150 (25.5) 389 (6.4) 22 (2.2)
Surgical margins RP, n (%)
  Positive 1,545 (18.3) 1,550 (25.5) 447 (44.3)
  Negative 6,432 (76.3) 4,173 (68.7) 522 (51.7)
  Unknown 451 (5.4) 354 (5.8) 41 (4.1)

RP: radical prostatectomy; pN: pathological node assessment; cT-stage/category: 
clinical tumour category; IQR: Interquartile range; 95CI: 95% confidence interval.
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adding the result of the PLND to the prediction model does not 
significantly enhance the discriminative ability, its role in stag-
ing warrants further examination. Given the associated harms, 
future randomised controlled trials should explore whether 
high-risk patients could avoid PLND or require more intensive 
treatment.
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