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To elucidate the real-world oncological outcomes of robot-assisted radical prostatectomy (RARP) and 
effectiveness of extended pelvic lymph node dissection (ext-LDN) in the RARP era. Data from 8 194 
patients who underwent RARP, including age, clinical T stage, prostate-specific antigen (PSA) before 
prostate cancer diagnosis (initial PSA), follow-up years, biopsied specimen grade group (GG), and 
whether they underwent lymph node dissection or not and presurgical androgen deprivation therapy, 
were recorded. Oncological outcomes among three risk groups (low, intermediate, and poor risks) 
were analyzed using Kaplan–Meier curves. In intermediate and poor risk cohorts, PSA failure-free, 
clinical recurrence-free, castration-resistant prostate cancer (CRPC)-free survival, and overall survival 
(OS) were compared between the ext-LDN groups and no or limited lymph node dissection (no-ltd-
LND) groups before and after propensity matching for initial PSA, clinical stage, GG, and androgen 
deprivation therapy. Four survivals (PSA failure-free, clinical recurrence-free, CRPC-free survival, and 
OS) were noted among the three risk groups that generally reflected the risks. In comparison between 
ext-LDN and no-ltd-LND groups, propensity matching matched four factors. No significant difference 
was observed in the four survivals with or without ext-LDN. In the intermediate-risk, high-risk, and 
locally advanced cohorts (cT3–4), similar analyses were performed as the subanalyses; no significant 
difference was observed in the three subanalyses. We showed survival differences among the risk 
groups and that extended pelvic lymph node dissection has no oncological effectiveness using the 
largest patient cohort in the literature.

Robotic-assisted radical prostatectomy (RARP) for clinically localized prostate cancer has reduced the 
difficulty of complex maneuvers such as vesicourethral anastomosis compared to open or laparoscopic 
surgery, and it facilitates optional treatments including extended lymph node dissection (ext-LND)1. The 
National Comprehensive Cancer Network (NCCN) classification of prostate cancer is based on clinical T stage, 
pathological grade group of biopsied specimens (GG), and initial (pre-biopsy) prostate-specific antigen (iPSA). 
The clinical T stage is determined by digital rectal examination and/or multi-parametric magnetic resonance 
imaging (mpMRI), with mpMRI showing more accuracy2,3. In Japan, mpMRI and RARP are covered by the 
national insurance; therefore, most prostate cancer patients are risk-classified by mpMRI and treated by RARP, 
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if indicated. The effectiveness of open and laparoscopic radical prostatectomy has been previously described4–8. 
However, only a few reports on such assessments are mentioned in literature in the mpMRI and RARP era. The 
oncological outcome can be assessed by biochemical recurrence-free, clinical recurrence-free, and castration-
resistant prostate cancer (CRPC)-free survival as well as overall survival (OS), however the literature in the 
mpMRI and RARP era assessed only by biochemical recurrence with small number of patients9–11.

The NCCN guidelines recommend undergoing ext-LND during prostatectomy for intermediate- and high- 
(including very high-) risk patients because of its diagnostic value rather than effectiveness12. According to a 
systematic review13, although ext-LND represents the most accurate staging procedure, its direct therapeutic 
effect remains unproven. The review concluded that ext-LND results in worse intraoperative and perioperative 
outcomes, including increased operative time, blood loss, length of hospital stays, and postoperative 
complications, without significant improvements in the survival or cancer recurrence rates. Thus, the treatment 
effects of ext-LND in RARP have not been sufficiently studied.

We have developed a comprehensive database of patients with prostate cancer treated with RARP in Japan 
( h t t p s :  / / w w w .  u r o l o g  y . k u h p  . k y o t  o - u . a c  . j p / i n  f o r m a t  i o n / r e s e a r c h _ a c t i v i t i e s . h t m l). Using the robust database, we 
initially aimed to compare the oncological outcomes of RARP among low-, intermediate-, and high-risk patients 
categorized based on the NCCN risk classification. Our secondary aim was to determine whether ext-LND is 
beneficial for patients with intermediate risk or higher by propensity score matching. Our study findings will 
not only facilitate making accurate predictions of treatment outcomes in the era where refined surgeries are 
performed via RARP but also clarify the controversy on the therapeutic effects of ext-LND.

Materials/subjects and methods
Data acquisition
We retrospectively collected the clinical data of 8 194 patients who underwent RARP from 2011 to 2023 at 
25 tertiary care centers nationwide in Japan. (see Supplemental Methods; A word file, that describes affiliated 
institutions). All cases were allocated a patient ID for analyses. Ext-LND was performed on a case-by-case basis 
at each facility’s preoperative conference and surgeon’s decision.

Factors for analyses and their data cleaning
We performed data cleaning, and columns containing cleaned data were appended with “[corrected]” (data 
not shown). PSA failure was defined as follow-up PSA of ≥ 0.2 ng/ml with a confirmatory increase. Of note, in 
patients whose postoperative PSA was not < 0.2 ng/mL, the surgical date was defined as the PSA failure date. 
Clinical recurrence was defined as the presence of recurrence on imaging studies, such as computed tomography 
or mpMRI. Limited lymph node dissection (ltd-LND) was defined as the dissection of the obturator fossa only, 
whereas ext-LND was defined as the dissection of the obturator fossa, external iliac, and internal iliac, including 
a more expansive template.

Data processing and cleaning for statistical analyses were performed as shown in Supplemental Methods. 
Briefly, data formats were corrected (e.g., mm/dd/yyyy data was changed to yyyy/mm/dd). The patients with 
lacking data and metastases in the lymph nodes and/or distant organs (cN1 and/or cM1) as well as those who 
were too young or old were removed. The categorical data were binarized. Thus, a total of 7 384 cases were 
analyzed.

Statistical analysis
We utilized Kolmogorov–Smirnov test, Kruskal–Wallis test with Dunn’s post-hoc test, The Mann–Whitney U 
test, Fisher’s exact tests, Kaplan–Meier method, log-rank test and Cox proportional hazards model for statistical 
analyses. Propensity matching was utilized for balancing groups. Detailed statistical methods are shown in 
Supplemental Methods.

Ethics approval and consent to participate
The present study was approved by the Ethics Committee of Kyoto University Graduate School and Faculty 
of Medicine (Approved Protocol Number R3168), and performed in accordance with the 1964 Declaration 
of Helsinki and its subsequent amendments or comparable ethical standards. All study participants provided 
informed consent before participation in the study and had the right to withdraw voluntarily and without penalty.

Results
Comparisons of factors among low-, intermediate- and high-risk cases
To obtain a comprehensive overview of the entire database, we examined the patient characteristics within 
each risk category. Normality tests for age, iPSA, and years from surgery to the final observation indicated that 
these variables followed non-normal distributions (Supplemental Fig. 1). The median ages of the high- (70.0 
[66.0–73.1] years), intermediate- (70.0 [65.0–73.0] years), and low-risk (69.0 [64.0–73.0] years) groups were 
significantly, although slightly, different from each other (Fig. 1A). The median iPSA for the high-, intermediate-, 
and low-risk groups decreased in that order (9.3 [6.3–16.0] ng/mL, 7.5 [5.5–10.6] ng/mL, and 6.1 [5.1–7.6] ng/
mL, respectively; Fig.  1B). Follow-up periods were similar among the three groups (high-risk: 2.6 [1.4–4.5] 
years, intermediate-risk: 2.7 [1.3–4.5] years, low-risk: 2.9 [1.4–4.8] years; Fig. 1C). The proportion of patients 
who underwent ext-LND was significantly higher in the high-risk group (38.6%) than in the intermediate- 
(11.3%) and low-risk (3.1%; Fig. 1D). The median numbers of removed lymph nodes were 19 (interquartile 
range: 13–26) and 8 (5–13) in ext-LND and ltd-LND, respectively. The percentage of patients with pN1 after 
lymph node dissection was 6.82% for those with cN0, compared to 55.1% for those with cN1. All cases with 
grade group 4 or 5 were classified as high-risk group according to the risk classification (Fig. 1E) groups. The 
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high-risk group was more likely to undergo presurgical androgen deprivation therapy (ADT) (26.7%) than the 
intermediate- (9.8%) and low-risk (6.8%) groups (Fig. 1F).

The survival probability for PSA failure was significantly different among the three groups (p < 0.001, log-
rank test, Fig. 2A). The survival rates for clinical recurrence and CRPC were significantly different between the 
low- and high-risk groups and between the intermediate- and high-risk groups (p < 0.001), but not between the 
low- and intermediate-risk groups (p = 0.159 and 0.937, respectively; Figs. 2B and C). The OS was significantly 
different between the intermediate- and high-risk groups (p = 0.037), but not between the low- and intermediate-
risk groups (p = 0.703) and between the low- and high-risk groups (p = 0.119, Fig. 2D).

Patient characteristics
To analyze the effectiveness of ext-LND, we only conducted analyses on the intermediate- or high-risk groups (n 
= 6 674). We further compared the patient characteristics between the no-LND plus ltd-LND (no-ltd-LND) and 
ext-LND groups. The iPSA was significantly higher in the ext-LND group (9.8 [6.6–15.6] ng/mL) than in the no-
ltd-LND group (7.8 [5.6–11.3] ng/mL, p < 0.001, Table 1). More patients with clinical T3–4 stage were included 
in the ext-LND group (21.5%) than in the no-ltd-LND group (6.8%, p < 0.0001, Fisher’s exact test, Table 2). For 
the statistical analyses, the GGs (grades 1–5) were re-categorized into the following binary data: grade 1 vs. 2–5, 
grades 1–2 vs. 3–5, grades 1–3 vs. 4–5, and grades 1–4 vs. 5. Although all cases in the ext-LND group had higher 
GGs throughout all the binarized categories, the comparison of GG1–3 vs. GG4–5 showed the lowest p-value 
(1.9 10−99), with the ratio of GG4–5 being 59.6% in the ext-LND group as compared to 29.7% in the no-ltd-LND 
group (Table 2). The ext-LND group (73.1%) has a higher proportion of high-risk patients than the no-ltd-LND 
group (35.6%, p < 0.001, Table 2). Overall, iPSA, ratio of clinical T stage (cT1–2 vs. cT3–4), ratio of high-grade 
biopsied specimens (GG1–3 vs. GG4–5), ratio of high-risk cases (intermediate vs. high-risk), which were the 
three factors defining risks, were significantly different between the ext-LND group and the no-ltd-LND group.

We utilized the values of the iPSA, clinical T stage, GG1–3 vs. GG4–5, and usage of preoperative androgen 
blockade for propensity matching. To find the best matched cohort, we calculated the p-values and SMDs of the 
matching factors using a range of caliper values (Supplemental methods and Supplemental Table 1). When using 

Fig. 1. Patient characteristics from the different risk groups. The distributions of age (A), initial PSA (iPSA, B), 
and follow-up years (C) among the high-, intermediate-, and low-risk groups. Asterisks (*) indicate statistically 
significant differences between groups by Dunn’s method. D: The distribution of patients who underwent 
extended lymph node dissection (ext), those who underwent limited lymph node dissection (ltd), or those who 
did not undergo lymph node dissection (none). E: The distribution of patients diagnosed with grade groups 
1–5 based on the results of the prostate biopsy pathology. F: The distribution of patients who underwent 
presurgical ADT.
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a caliper of 0.00009, all factors had SMD of < 0.1 and p of > 0.2 in 945 cases in both groups. In fact, the values of 
the four factors were well balanced (Tables 1–2).

After the propensity matching, we performed survival analyses using pre- and post-matched case data (Fig. 3). 
The biochemical recurrence-free survival (PSA-Fail-Free Survival) was significantly higher in the no-ltd-LND 
group (5-year survival: 78.9%) than in the ext-LND group (5-year survival: 5.8%, HR: 1.77 [95% CI: 1.56–2.00], 
p < 0.001) in the pre-matched cohort (Fig. 3A). However, the PSA-Fail-Free Survival was similar between the 

Fig. 2. Kaplan–Meier survival analysis. Survival probabilities for PSA failure (A), clinical recurrence (B), 
CRPC (C), and overall survival (D) among the high-, intermediate-, and low-risk groups.
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no-ltd-LND (5-year survival: 79.3%) and ext-LND (5-year survival: 78.7%, HR = 1.07 [0.78–1.48], p = 0.672) 
groups in the post-matched cohort (Fig. 3B). Clinical recurrence-free survival was significantly higher in the 
no-ltd-LND group (5-year survival: 97.6%) than in the ext-LND group (5-year survival: 94.0%, HR: 2.69 [95% 
CI: 1.94–3.72], p < 0.001) in the pre-matched cohort (Fig. 3C). However, clinical recurrence-free survival was 
similar between the no-ltd-LND (5-year survival: 96.3%) and ext-LND (5-year survival: 95.9%, HR: 1.28 [0.56–
2.93], p = 0.551) groups in the post-matched cohort (Fig. 3D). The survival before CRPC (CRPC-free survival) 
was significantly higher in the no-ltd-LND group (5-year survival: 98.7%) than in the ext-LND group (5-year 
survival: 97.2%, HR: 2.63 [95% CI: 1.61–4.32], p < 0.001 in the pre-matched cohort (Fig.  3E). However, the 
CRPC-free survival was similar between the ext-LND (5-year survival: 99.6%) and no-ltd-LND groups (5-year 
survival: 97.6%, HR: 0.33 [0.07–1.66], p = 0.159) in the post-matched cohort (Fig. 3F). The OS was significantly 
better in the no-ltd-LND group (5-year survival: 98.0%) than in the ext-LND group (5-year survival: 97.5%, 
HR: 1.62 [1.03–2.55], p = 0.034) in the pre-matched cohort (Fig. 3G), whereas the OS was not different between 
the no-ltd-LND (5-year survival: 97.5%) and ext-LND groups (5-year survival: 97.7%, HR: 1.91 [0.48–7.66], p = 
0.351) in the post-matched cohort (Fig. 3H).

Survival analyses for high-risk-only, intermediate-risk-only, and clinical T3–4-only cohorts
For the subgroup analyses, we performed similar analyses in the high-risk-only, intermediate-risk-only, and 
locally advanced-only (cT3–4) cohorts. In the high-risk-only cohort, similar to the total cohort (intermediate- 
and high-risk cohorts), age and follow-up years were not different between the ext-LND and no-ltd-LND 
groups, but the iPSA was higher in the ext-LND group than in the no-ltd-LND group (“high-risk only” in 
Table 1). The ext-LND cohort had a higher number of patients with cT3-4 and a lower number of patients who 
underwent ADT, but the ratio of the high GG was not different between the two groups (Table 2). In the analysis 
to find the best caliper value, values were well balanced in age (p = 0.208), iPSA (p = 0.729) and follow-up years 
(p = 0.703) as depicted in Table 1 as well as in clinical T stage (p = 1.000), grade group (p = 1.000) and ADT (p 
= 0.438) as presented in Table 2 at the caliper value 0.03 (n = 1064, each; Supplemental Table 2). Differences were 
not observed in the four survival analyses in the post-matched cohort (Fig. 4). In the intermediate-risk-only 
cohort, age and follow-up years were not different between the ext-LND and no-ltd-LND groups, but the iPSA 
was higher in the ext-LND group than in the no-ltd-LND group (“int.-risk only” in Table 1). A smaller number 
of patients in the ext-LND cohort underwent ADT (Table 2). Values were well balanced in age (p = 0.134), 
iPSA (p = 0.951) and follow-up years (p = 0.252) as shown in Table 1 as well as in ADT (p = 1.000) as depicted 
in Table 2 at the caliper value 0.00004 (n = 362 each; Supplemental Table 1). No differences were observed in 
the four survival analyses in the post-matched cohort (Fig. 5). In the locally advanced-only cohort, similar to 
the other cohorts, age and follow-up years were not different between the ext-LND and no-ltd-LND groups, 
but the iPSA was higher in the ext-LND group (Table 1). The ext-LND group had a higher number of high-GG 
cases (p = 0.043) and a lower number of patients who underwent ADT (p < 0.001) (Table 2). Values were well 
balanced in age (p = 0.172), iPSA (p = 0.725) and follow-up years (p = 0.550) as shown in Table 1 as well as in 
GG (p = 1.000) and ADT (p = 0.700) as shown in Table 2 at the caliper value 0.003 (n = 241 each; Supplemental 
Table 1). No statistically significant differences were observed in the four survival analyses in the post-matched 
cohort (Fig. 6).

Cohort Factors

Median [IQR] values before matching Median [IQR] values after matching

SMDext_LND (n=1563) no_ltd_LND (n=5111) p value ext_LND (n=1113) no_ltd_LND (n=1113) p value

int. & high (caliper=0.00002)

age (years) 70.0 [65.0–73.0] 70.0 [66.0–73.0] 0.183

*

69.0 [65.0–73.0] 70.0 [65.0–73.0] 0.280

0.060initial PSA (ng/mL) 9.8 [6.6–15.6] 7.8 [5.6–11.3] <0.001 8.4 [6.1–12.3] 8.1 [5.9–11.7] 0.113

follow-up years 2.6 [1.4–4.5] 2.7 [1.3–4.5] 0.773 2.7 [1.5–4.8] 2.9 [1.5–5.0] 0.557

ext_LND (n=1143) no_ltd_LND (n=1817) p value ext_LND (n=1064) no_ltd_LND (n=1064) p value

high only (caliper=0.03)

age (years) 70.0 [66.0–73.0] 70.0 [66.0–74.0] 0.252

*

70.0 [66.0–74.0] 70.0 [66.0–73.0] 0.208

0.024initial PSA (ng/mL) 10.6 [7.1–18.3] 8.5 [6.0–14.2] <0.001 10.1 [6.8–17.9] 10.2 [6.9–16.7] 0.729

follow-up years 2.6 [1.4–4.5] 2.7 [1.3–4.5] 0.825 2.7 [1.3–4.6] 2.6 [1.4–4.6] 0.703

ext_LND (n=420) no_ltd_LND (n=3294) p value ext_LND (n=362) no_ltd_LND (n=362) p value

int only (caliper=0.00004)

age (years) 70.0 [66.0–73.0] 69.0 [65.0–73.0] 0.023

*

69.0 [65.0–73.0] 70.0 [66.0–73.0] 0.134

0.007initial PSA (ng/mL) 7.5 [5.5–10.5] 7.8 [5.8–11.5] 0.015 7.3 [5.5–10.8] 7.3 [5.5–10.8] 0.951

follow-up years 2.7 [1.3–4.5] 2.9 [1.5–4.9] 0.235 3.0 [1.6–5.0] 3.1 [1.6–5.0] 0.252

ext_LND (n=333) no_ltd_LND (n=343) p value ext_LND (n=241) no_ltd_LND (n=241) p value

T34 only (caliper=0.003)

age (years) 70.0[65.0–73.0] 71.0 [67.0–74.0] 0.050

*

70.0 [66.0–73.0] 71.0 [66.0–74.0] 0.172

0.051initial PSA (ng/mL) 11.5 [7.9–19.5] 9.1 [6.3–16.3] <0.001 10.5 [7.4–16.1] 10.2 [6.9–18.8] 0.725

follow-up years 2.6 [1.5–4.3] 3.0 [1.4–5.0] 0.051 2.8 [1.5–4.5] 3.0 [1.4–4.8] 0.550

Table 1. Comparisons of prepoerative factors (continuous values) between ext_LND and no_ltd_LND in 
intermediate and high risk patients. ext_LND: patient group who performed extended lymph node dissection, 
no_ltd_LND: patient group who performed limited lymph node dissection or who performed neither limited 
nor extended lymph node dissection. *: p value was below.05, IQR: interquartile range, p value: Mann Whitney 
U tests, SMD: standardized mean difference. initial PSA was used for propensity matching.
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Fig. 3. Kaplan–Meier survival curves for the pre-matched and post-matched cohorts of the LND groups with 
intermediate and high risks. Survival probabilities for PSA failure (A, B), clinical recurrence (C, D), CRPC (E, 
F), and overall survival (G, H) in the pre-matched (A, C, E, G) and post-matched (B, D, F, H) cohorts among 
patients who did not undergo lymph node dissection (no-ltd-LND) and those who underwent extended LND 
(ext-LND). HR: hazard ratio and its 95% confidence interval (brackets), which was calculated by using the Cox 
proportional hazards model. Values highlighted in blue and orange represent 5-year survival. “no & ltd-LND” 
represent the survival curves of patients who did not undergo LND or those who underwent ltd-LND. “ext-
LND” represents the survival curves of patients who underwent extended lymph node dissection.
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Fig. 4. Kaplan–Meier survival curves of the pre-matched and post-matched cohorts of the LND group with 
a high risk. Survival probabilities for PSA failure (A, B), clinical recurrence (C, D), CRPC (E, F), and overall 
survival (G, H) in the pre-matched (A, C, E, G) and post-matched (B, D, F, H) cohorts among patients who 
did not undergo lymph node dissection (no-ltd-LND) and those who underwent extended LND (ext-LND). 
HR: hazard ratio and its 95% confidence interval (brackets), which was calculated by Cox proportional hazards 
model. Values highlighted in blue and orange represent 5-year survival. “no & ltd-LND” represents the survival 
curves of patients who did not undergo LND or those who performed limited LND. “ext-LND” represents the 
survival curves of patients who underwent extended lymph node dissection.

 

Scientific Reports |        (2025) 15:17680 8| https://doi.org/10.1038/s41598-025-00926-2

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Fig. 5. Kaplan–Meier survival curves for the pre-matched and post-matched cohorts of LND groups with an 
intermediate risk. Survival probabilities for PSA failure (A, B), clinical recurrence (C, D), CRPC (E, F), and 
overall survival (G, H) in the pre-matched (A, C, E, G) and post-matched (B, D, F, H) cohorts among patients 
who did not undergo LND (no-ltd-LND) and those who underwent extended LND (ext-LND). HR: hazard 
ratio and its 95% confidence interval (brackets), which was calculated by using a Cox proportional hazards 
model. Values highlighted in blue and orange represent 5-year survival. “no & ltd-LND” represents the survival 
curves of patients who did not undergo LND or those who underwent ltd-LND. “ext-LND” represents the 
survival curves of patients who underwent extended lymph node dissection.
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Fig. 6. Kaplan–Meier survival curves for the pre-matched and post-matched cohorts of the LND groups with 
clinical T3 or T4 on MRI. Survival probabilities for PSA failure (A, B), clinical recurrence (C, D), CRPC (E, 
F), and overall survival (G, H) in the pre-matched (A, C, E, G) and post-matched (B, D, F, H) cohorts among 
patients who did not undergo LND (no-ltd-LND) and those who underwent extended LND (ext-LND). HR: 
hazard ratio and its 95% confidence interval (brackets), which was calculated by using a Cox proportional 
hazards model. Values highlighted in blue and orange represent 5-year survival. “no & ltd-LND” represents the 
survival curves of patients who did not undergo LND or those who performed limited lymph node dissection. 
“ext-LND” represents the survival curves of patients who underwent extended lymph node dissection.
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Discussion
We conducted several analyses using a comprehensive database of patients who underwent RARP. Although 
no significant difference was found in the OS among the risk categories, the other survival parameters (PSA 
failure, clinical recurrence, and CRPC) were different among the risk groups. Ext-LND did not lead to improved 
oncological outcomes, even in the era of RARP using the da Vinci system.

The oncological benefit at the time of radical prostatectomy (RP) has been reported in a previous systematic 
review13. Recently, a prospective randomized study involving 300 cases assessed the effectiveness of ext-LND and 
ltd-LND. Although it is unknown if the surgeries were performed by RARP or not, the surgeries were conducted 
by five selected expert surgeons. Similar to the findings of the current study, they showed no differences in 
the PSA-Fail-Free Survival, metastasis-free survival, and cancer-specific survival among the risk groups14. 
As RP is now mainly performed by robot-assisted surgery, LND can now be performed more delicately and 
precisely through high-resolution three-dimensional imaging and highly flexible articulated arms. Better PSA-
Fail-Free Survival has been reported for ext-LND than for ltd-LND in Japanese patients; however, this study 
did not performing matching of a small cohort (n = 378)15. Another Japanese report showed similar analyses 
(small cohort and no matching), but they reported opposite results, stating that ext-LND did not improve the 
outcomes16. A previous report that performed analyses with propensity matching showed that the PSA-Fail-Free 
Survival was not improved by ext-LND17. Although robotic-assisted ext-LND achieved increased lymph node 
yield and higher detection rates of lymph node metastases, it did not improve the biochemical outcomes at the 
short-term follow-up18.

The importance of LND in other cancers may raise intriguing questions. Previous systematic reviews and 
meta-analyses have indicated that ext-LND is associated with improved oncologic outcomes among bladder 
cancer cases19,20. However, a recent randomized controlled trial showed that ext-LND did not demonstrate a 
significant advantage over ltd-LND in terms of recurrence-free survival (primary endpoint), cancer-specific 
survival, and OS21. Similar concerns also arise in renal cell carcinoma (RCC), where the benefits of LND 
remain uncertain22,23. As with bladder cancer and RCC, we question the utility of LND in cancer control for 
prostate cancer. Reasons for this include the potential immunological benefits of preserving lymph nodes and 
the inherent difficulty in achieving cancer control through LND alone. Future research, including refined basic 
science studies and large-scale prospective clinical trials, is needed to resolve these doubts across various cancer 
types.

In conclusion, our study successfully demonstrated real-world survival differences among patients with 
localized prostate cancer by each risk category. Additionally, our analysis using large-scale propensity matching 
revealed that extended LND does not improve the survival outcomes of patients with prostate cancer even with 
robotic surgery.
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Data sets generated during and/or analyzed during the current study are available from the corresponding au-
thor on reasonable request.  h t t p s :   /  / w w  w . u r o l o g  y . k u   h p . k y o   t  o - u   . a  c . j p  / i n f o  r m a  t i o n / r e s  e a r c h _ a c t i v  i t i e s . h t m l.

Received: 9 December 2024; Accepted: 2 May 2025

References
 1. Asimakopoulos, A. D. et al. Laparoscopic versus robot-assisted bilateral nerve-sparing radical prostatectomy: Comparison of 

pentafecta rates for a single surgeon. Surg. Endosc. 27, 4297–4304 (2013).
 2. Soeterik, T. F. et al. Multiparametric magnetic resonance imaging should be preferred over digital rectal examination for prostate 

cancer local staging and disease risk classification. Urology 147, 205–212 (2021).
 3. Omri, N., Alex, S., Jacob, B. & Ofer, N. The additive value of mpMRI on prostate cancer detection: comparison between patients 

with and without a suspicious digital rectal examination (DRE). Urol. Oncol. 39(728), e7-728.e11 (2021).
 4. Han, M., Partin, A. W., Piantadosi, S., Epstein, J. I. & Walsh, P. C. Era specific biochemical recurrence-free survival following 

radical prostatectomy for clinically localized prostate cancer. J. Urol. 166, 416–419 (2001).
 5. Busch, J. et al. Long-term oncological and continence outcomes after laparoscopic radical prostatectomy: A single-centre 

experience. BJU Int. 110, E985–E990 (2012).
 6. Touijer, K. et al. Oncologic outcome after laparoscopic radical prostatectomy: 10 years of experience. Eur. Urol. 55, 1014–1019 

(2009).
 7. Moreira, D. M. et al. Cigarette smoking is associated with an increased risk of biochemical disease recurrence, metastasis, 

castration-resistant prostate cancer, and mortality after radical prostatectomy: Results from the SEARCH database. Cancer 120, 
197–204 (2014).

 8. Komori, T. et al. Long-term prognosis and treatment strategy of persistent PSA after radical prostatectomy. Ann. Surg. Oncol. 30, 
6936–6942 (2023).

 9. Sooriakumaran, P. et al. Biochemical recurrence after robot-assisted radical prostatectomy in a European single-centre cohort with 
a minimum follow-up time of 5 years. Eur. Urol. 62, 768–774 (2012).

 10. Suardi, N. et al. Long-term biochemical recurrence rates after robot-assisted radical prostatectomy: Analysis of a single-center 
series of patients with a minimum follow-up of 5 years. Urology 79, 133–138 (2012).

 11. Rajan, P. et al. Oncologic outcomes after robot-assisted radical prostatectomy: A large European single-centre cohort with median 
10-year follow-up. Eur. Urol. Focus 4, 351–359 (2018).

 12. Schaeffer, E. M. et al. Prostate Cancer, version 4.2023, NCCN clinical practice Guidelines in oncology. J. Natl. Compr. Canc. Netw. 
21, 1067–1096 (2023).

 13. Fossati, N. et al. The benefits and harms of different extents of lymph node dissection during radical prostatectomy for prostate 
cancer: A systematic review. Eur. Urol. 72, 84–109 (2017).

 14. Lestingi, J. F. et al. Extended versus limited pelvic lymph node dissection during radical prostatectomy for intermediate- and high-
risk prostate cancer: Early oncological outcomes from a randomized phase 3 trial. Eur. Urol. 79, 595–604 (2021).

 15. Morizane, S. et al. Extent of pelvic lymph node dissection improves early oncological outcomes for patients with high-risk prostate 
cancer without lymph node involvement after robot-assisted radical prostatectomy. Int. J. Clin. Oncol. 27, 781–789 (2022).

Scientific Reports |        (2025) 15:17680 11| https://doi.org/10.1038/s41598-025-00926-2

www.nature.com/scientificreports/

https://www.urology.kuhp.kyoto-u.ac.jp/information/research_activities.html
http://www.nature.com/scientificreports


 16. Hori, S. et al. Clinical significance of limited and extended pelvic lymph node dissection during robot-assisted radical prostatectomy 
for patients with localized prostate cancer: A retrospective, propensity score matching analysis. Int. J. Urol. 30, 168–175 (2023).

 17. Kim, K. H. et al. Extended vs standard lymph node dissection in robot-assisted radical prostatectomy for intermediate- or high-
risk prostate cancer: A propensity-score-matching analysis. BJU Int. 112, 216–223 (2013).

 18. Nagaya, N., Chua, K. J., Sterling, J., Horie, S. & Kim, I. Y. Extended versus standard pelvic lymph node dissection yields no 
difference in 3-year biochemical recurrence rates. Prostate Int. 11, 107–112 (2023).

 19. Bruins, H. M. et al. The impact of the extent of lymphadenectomy on oncologic outcomes in patients undergoing radical cystectomy 
for bladder cancer: A systematic review. Eur. Urol. 66, 1065–1077 (2014).

 20. Bi, L. et al. Extended vs non-extended pelvic lymph node dissection and their influence on recurrence-free survival in patients 
undergoing radical cystectomy for bladder cancer: A systematic review and meta-analysis of comparative studies. BJU Int. 113, 
E39–E48 (2014).

 21. Gschwend, J. E. et al. Extended Versus limited lymph node dissection in bladder cancer patients undergoing radical cystectomy: 
Survival results from a prospective, randomized trial. Eur. Urol. 75, 604–611 (2019).

 22. Capitanio, U. et al. Lymph node dissection in renal cell carcinoma. Eur. Uro. 60, 1212–1220 (2011).
 23. John, N. T., Blum, K. A. & Hakimi, A. A. Role of lymph node dissection in renal cell cancer. Urol. Oncol. 37, 187–192 (2019).

Acknowledgements
This study was supported by a Clinical Research Support Grant from University of Miyazaki Hospital. Authors 
acknowledge the assistance of the following individuals: Toshihide Hosomi, Masafumi Tsuruta, Naoki Hayata, 
Mizuho Akahane, Takashi Matsuoka, Jin Kono, and Yuki Kita, Department of Urology, Kyoto University Grad-
uate School of Medicine; Yohei Abe, Akihiko Nagoshi, Tasuku Fujiwara, Takanari Kambe, Yuta Mine, Hiroki 
Hagimoto, Shiori Murata, Hidetoshi Kokubun, Naofumi Tsutsumi, Toshinari Yamasaki, and Mutsushi Kawak-
ita, Department of Urology, Kobe City Medical Center General Hospital; Naoto Takaoka, Hiroki Watanabe, 
Yurina Funahashi, Maki Fujiwara, Hiroaki Kawanishi, and Kazuhiro Okumura, Department of Urology, Tenri 
Yorozu Hospital; Masatoshi Kumagai, Masakatsu Ueda, Masaaki Imamura, and Koji Yoshimura, Department 
of Urology Shizuoka General Hospital; Tomoya Okuno, Takahiro Kirisawa, Ayumu Matsuda, and Yoshiyuki 
Matsui, Department of Urology, National Cancer Center Hospital; Kyohei Sugiyama, and Koji Inoue, Depart-
ment of Urology, Kurashiki Central Hospital; Atsushi Igarashi, Hiromasa Araki, Takayoshi Miura, Yu Miyazaki, 
Mutsuki Mishina, and Hiroshi Okuno, Department of Urology, National Hospital Organization Kyoto Medical 
Center; Shinya Abe, Kazuma Hiramatsu, Noriyuki Makita, Yuki Kamiyama, and Takehiko Segawa, Department 
of Urology, Kyoto City Hospital; Yosuke Shimizu Sojun Kanamaru, Department of Urology, Kobe City Nishi-Ko-
be Medical Center; Tatsuya Hazama, Yuya Yamada, Toshifumi Takahashi, Hideto Ota, Masahiro Tamaki, and 
Noriyuki Ito, Department of Urology, Japanese Red Cross Wakayama Medical Center; Ken Maekawa, Masakatsu 
Hirano, Takehiro Takahashi, and Hiroyuki Onishi, Department of Urology, Japanese Red Cross Osaka Hospi-
tal; Kazunari Tsuchihashi, Satoshi Ishitoya, Department of Urology, Japanese Red Cross Otsu Hospital; Shuhei 
Koike, Ryosuke Ikeuchi. Kosuke Nishizaki, Takeshi Soda, and Takuya Okada, Department of Urology, Kitano 
Hospital; Kodai Hattahara, Koji Nishizawa, and Toru Yoshida, Department of Urology, Shiga General Hospi-
tal; Takaaki Takuma, Yuichi Uemura, and Jun Watanabe, Department of Urology, Toyooka Hospital; Daisuke 
Takahashi, Kana Kohashiguchi, and Takeru Fujimoto, Department of Urology, Himeji Medical Center; Kosuke 
Ogawa, Suguru Ito, and Kazutoshi Okubo, Department of Urology, Kyoto Katsura Hospital; Ryosuke Suzuki, 
Department of Urology, Numazu City Hospital; Shotaro Hatano, Shuhei Goto, and Shigeki Fukuzawa, Depart-
ment of Urology, Shimada General Medical Center; Kanji Nagahama and Toshiya Akao, Department of Urolo-
gy, Rakuwakai Otowa Hospital; Tomomi Kamba, Department of Urology, Faculty of Life Sciences, Kumamoto 
University; Motohiro Taguchi, and Shingo Yamamoto, Department of Urology, Hyogo Medical University; At-
sushi Koizumi, and Tomonori Habuchi, Department of Urology, Akita University Graduate School of Medicine; 
Hiroyuki Nishiyama, Department of Urology, University of Tsukuba; Koji Yamasaki, Department of Urology, 
Miyazaki University; We also appreciate all members of the Daimonji Clinical Application Database (Dai-CAD).

Author contributions
Conception and design: AS; Acquisition of data: AS, MK, TS, RS, RK, YS, HN, YS, RI, MN, KK, HI, NK, KS; 
Analysis and interpretation of data: AS, KN; Drafting of the manuscript: AS; Critical revision of the manuscript 
for important intellectual content: AS, KN, SA, TG; Statistical analysis: KN; Supervision: TK, TG, TK; Other: 
DaiCAD project administration: AS, SA, MK, RS, TG, TK.

Funding
This report was supported by Clinical Research Support Grant from Miyazaki University.

Declarations

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at  h t t p s : / / d o i . o r g / 1 
0 . 1 0 3 8 / s 4 1 5 9 8 - 0 2 5 - 0 0 9 2 6 - 2     .  

Correspondence and requests for materials should be addressed to A.S. or T.K.

Reprints and permissions information is available at www.nature.com/reprints.

Scientific Reports |        (2025) 15:17680 12| https://doi.org/10.1038/s41598-025-00926-2

www.nature.com/scientificreports/

https://doi.org/10.1038/s41598-025-00926-2
https://doi.org/10.1038/s41598-025-00926-2
http://www.nature.com/scientificreports


Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 
4.0 International License, which permits any non-commercial use, sharing, 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 you modified the licensed material. You do not have 
permission under this licence to share adapted material derived from this article or parts of it. 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  h t t p : / / c r e a t i v e c o m m o 
n s . o r g / l i c e n s e s / b y - n c - n d / 4 . 0 /     .  

© The Author(s) 2025 

Daimonji Clinical Application Database (Dai-CAD) study group

Tomomi Kamba4, Tomonori Habuchi5, Hiroyuki Nishiyama6, Shingo Yamamoto13 & Takahiro 
Inoue14

14Department of Urology, Mie University Graduate School of Medicine, Tsu, Japan.

Scientific Reports |        (2025) 15:17680 13| https://doi.org/10.1038/s41598-025-00926-2

www.nature.com/scientificreports/

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	Reevaluating the therapeutic role of extended lymph node dissection in the era of robot-assisted radical prostatectomy
	Materials/subjects and methods
	Data acquisition
	Factors for analyses and their data cleaning
	Statistical analysis
	Ethics approval and consent to participate

	Results
	Comparisons of factors among low-, intermediate- and high-risk cases
	Patient characteristics
	Survival analyses for high-risk-only, intermediate-risk-only, and clinical T3–4-only cohorts

	Discussion
	References


