
158

Original Article
Korean J Urol Oncol 2017;15(3):158-164
https://doi.org/10.22465/kjuo.2017.15.3.158

Received October 20, 2017, Revised October 23, 2017, 

Accepted October 23, 2017

Corresponding Author: Byeongdo Song 

Department of Urology, Seoul National University Bundang Hospital, 

82 Gumi-ro 173beon-gil, Bundang-gu, Seongnam 13620, Korea

E-mail: uromedi@naver.com

Tel: +82-31-787-7345, Fax: +82-31-787-4057

ORCID code: https://orcid.org/0000-0003-3961-1258

ㆍThis research was supported by a grant of the Korean Health 

Technology R&D Project through the Korea Health Industry 

Development Institute (KHIDI), funded by the Ministry of Health & 

Welfare, Republic of Korea (grant number: HI17C1264).

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

2017 Ⓒ Copyright The Korean Urological Oncology Society and The Korean Prostate Society. All Rights Reserved.

Pelvic Lymph Node Metastases in Prostate Cancer: 
Preoperative Detection With Dynamic 

Contrast-Enhanced Magnetic Resonance Imaging 
Compared With Postoperative Pathologic Result of 

Pelvic Lymph Node Dissection

Hoyoung Ryu
1
, Byeongdo Song

2
, Jinho Hwang

2
, Sung Kyu Hong

2
, 

Seok-Soo Byun
2
, Sang Eun Lee

2
, Sangchul Lee

2

1Department of Urology, Seoul National University Hospital, Seoul, Korea
2Department of Urology, Seoul National University Bundang Hospital, Seongnam, Korea

Purpose: The aim of this study is evaluating the accuracy of preoperative magnetic resonance imaging (MRI) 
in patients who underwent pelvic lymph node dissection (PLND).
Materials and Methods: The medical records of 1,528 patients who underwent radical prostatectomy and PLND 
from 2003 to 2017 in Seoul National University Bundang Hospital were retrospectively reviewed. We evaluated 
the various clinicopathologic variables including preoperative MRI findings and pathologic lymph node (LN) 
metastasis. The prediction model for pathologic LN metastasis was assessed using univariate and multivariable 
logistic regression analyses and areas under receiver operating characteristic (ROC) curves.
Results: The mean age of our cohort was 66.4±6.7 years. Positive LN finding of preoperative MRI finding was 
observed in 9.4% (145 of 1,528) of patients. 5.3% (81 of 1,528) of patients had confirmed final pathologic LN 
metastases. Sensitivity and specificity of preoperative MRI were 30.8% and 91.7%, respectively. Multivariable 
analysis showed that preoperative MRI findings, clinical stage and biopsy Gleason score were independent 
significant predictors for pathologic LN metastasis (p＜0.001, p=0.002, and p＜0.001, respectively). Prediction 
model using preoperative MRI findings and National Comprehensive Control Network risk stratification showed 
fair accuracy using ROC analysis.
Conclusions: Preoperative MRI findings for pathologic LN metastasis showed limited prediction value. A 
large-scale, multicenter, prospective study is needed to fully evaluate the clinical significance of preoperative MRI. 
(Korean J Urol Oncol 2017;15:158-164)
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INTRODUCTION

Prostate cancer is the most common cancer in men and the 

third most common cause of death among malignancies in male 

population.1 For localized prostate cancer, definite treatments 

such as radical prostatectomy (RP) or radiation therapy could 

be primary therapeutic options. However, once prostate cancer 

invades lymph node or other organs, therapeutic effects of such 

http://crossmark.crossref.org/dialog/?doi=10.22465/kjuo.2017.15.3.158&domain=pdf&date_stamp=2017-12-31


Hoyoung Ryu, et al：Diagnostic Value of Preoperative MRI Findings  159

treatment modalities become limited. Even if the therapeutic 

role of pelvic lymph node dissection (PLND) in patients with 

low-risk prostate cancer is still an open question, patients with 

intermediate- to high-risk disease are likely to benefit from 

PLND.2 For this reason, early detection of lymph node invasion 

(LNI) is important for treatment of prostate cancer. 

The Partin tables,3 the National Comprehensive Control 

Network (NCCN) practice guidelines nomogram,4,5 the 

D’Amico risk-classification6,7 are commonly used to assess the 

risk of prostate cancer. Such risk assessment tools use pre-

operative variables including prostate-specific antigen (PSA), 

biopsy Gleason score, and clinical stage to predict prognosis 

of LNI and prostate cancer after treatments.

However, such preoperative assessing tools do not include 

preoperative image studies including magnetic resonance imag-

ing (MRI). Recently, the multiparacentric MRI (mp-MRI), 

which is the combination of conventional T1-weighted MRI 

(T1WI) and T2-weighted MRI (T2WI) with various functional 

imaging modalities including diffusion-weighted MRI (DWI), 

dynamic contrast enhanced MRI (DCEI), and magnetic reso-

nance spectroscopy, has been applied in clinical filed.8 The role 

of mp-MRI has been expanded broadly to prostate biopsy, ac-

tive surveillance, advanced disease detection, and local re-

currence detection after RP.9 However, the diagnostic value of 

imaging studies including MRI are still debatable. Wolf et al.10 

reported that CT and MRI showed high specificity of 97%, but 

relatively low sensitivity of 36%. They concluded that nodal 

imaging studies should only be recommended for patients hav-

ing a probability of 45% or higher for LNI. Min et al.11 re-

ported that a combined approach of T1W, T2W, and DCEI with 

DWI demonstrated an accurate detection rate of prostate cancer, 

showing high specificity but relatively lower sensitivity. Hövels 

et al.12 reported MRI demonstrated an equally poor performance 

in the detection of LNIs from prostate cancer through 

meta-analysis.

The aim of this study is demonstrating the predictive power 

of preoperative MRI for LNI in prostate cancer patients who 

underwent PLND.

MATERIALS AND METHODS

With an approval from Institutional Review Board 

(B-1710-427-110), the medical records of 3,379 patients who 

underwent RP for prostate cancer at Seoul National University 

Bundang Hospital from November 2003 to May 2017 were an-

alyzed retrospectively. After excluding patients who did not un-

dergo PLND and those with missing data about lymph node 

state, 1,528 patients were included in our analyses. We eval-

uated the various clinicopathologic variables including pre-

operative MRI and pathologic LNI. 

In our institution, every patient diagnosed with prostate can-

cer underwent preoperative prostate MRI, including T1WI, 

T2WI, DWI, and DCEI. Positive lymph node enlargement 

(LNE) on MRI was defined when increased over 10 mm.

We stratified the cohorts into 3 groups according to the num-

ber of LNE: no significant LNE group, one LNE group, and 

more than 2 LNE group. Each group was graded as 0, 1, and 

2, respectively. 

Along with preoperative MRI, we used the NCCN risk strat-

ification to predict diagnostic values for metastasis. In NCCN 

risk stratification system, there are 5 risk categories: very low 

(T1c and Gleason score≤6 and PSA＜10 ng/mL and ＜3 pos-

itive core biopsies); low (T1‒T2a and Gleason score≤6 and 

PSA＜10 ng/mL); intermediate (T2b‒T2c or Gleason score 7 

or PSA=10‒20 ng/mL); high (T3a or Gleason score 8‒10 or 

PSA＞20 ng/mL); and very high (T3b‒T4 or Gleason primary 

pattern 5).13 The entire cohorts were classified into 3 categories 

as followings: low-risk group (very low-risk and low-risk 

group), intermediate-risk group, and high-risk group (high-risk 

and very high-risk group) according to NCCN risk stratification, 

with each group graded as 0, 1, 2, respectively. To assess pre-

dictive power of combination of preoperative MRI and NCCN 

risk stratification, we added the numerical grades of MRI group 

(0, 1, and 2) and NCCN risk group (0, 1, and 2).

The prediction model for pathologic lymph node metastasis 

was evaluated using univariate and multivariable logistic re-

gression analyses. Areas under receiver operating characteristic 

(ROC) curves (AUC) was used as an index of diagnostic 

accuracy.

IBM SPSS Statistics ver. 19.0 (IBM Co., Armonk, NY, 

USA) was used for statistical analysis, and ROC curve and the 

prediction factors were estimated using MEDCALC ver. 12 

(MedCalc, Ostend, Belgium). All p-values were 2-sided, and p

＜0.05 was considered as a significant result.

RESULTS

Demographic characteristics of subjects were as shown in 
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Table 1. Baseline characteristics of patients (n=1,528)

Characteristic Value

Age (yr)

BMI (kg/m
2)

PSA (ng/dL) 

Volume of prostate (g)

Gleason biopsy grade

  6

  7

  8≥

Clinical stage

  T1c

  T2a

  T2b+T2c

  ＞T3

Risk group

  Low

  Intermediate

  High

Operation method

  RALP

  RRP

  LRP

MRI LN positivity

  1

  2

Mean PLND LN yield 

PLND LN positivity

  1

  2

  3

  4

  5

  6

66.4±6.7 (41–82)

24.5±2.8 (14.2–54.9)

   11.3 (6.9–20.1)

35.8±14.2 (9.3–116.0)

 

299 (19.6)

752 (49.2)

477 (31.2)

 

773 (50.6)

415 (27.2)

54 (3.5)

286 (18.7)

 

156 (10.2)

617 (40.4)

755 (49.4)

 

1,060 (69.4)

458 (30.0)

10 (0.6)

145/1,528 (9.4)

126

19

7.7±5.5 (1–34)

81/1,528 (5.3)

43

22

11

3

1

1

Values are presented as mean±standard deviation (range), median 

(interquartile range), number (%), or number.

BMI: body mass index, PSA: prostate specific antigen, RALP: 

robot‐assisted laparoscopic radical prostatectomy, RRP: radical 

retropubic prostatectomy, LRP: laparoscopic radical prostatectomy, 

MRI: magnetic resonance imaging, LN: lymph node, PLND: 

pelvic lymph node dissection.

Table 1. The mean age of the cohort was 66.4±6.7 years. 

Median concentration of serum PSA was 11.34 ng/dL 

(interquartile range, 6.91–20.11 ng/dL). Positive preoperative 

MRI finding was observed in 9.4% (145 of 1,528) of patients. 

5.3% (81 of 1,528) of patients had confirmed final pathologic 

lymph node metastases.

Multivariable analysis showed that preoperative MRI find-

ings (p＜0.001), clinical stage (p=0.001) and biopsy Gleason 

score≥8 (p＜0.001) were significant independent predictors for 

pathologic LN metastasis (Table 2).

Preoperative mp-MRI (T1W, T2W, DWI, and DCEI) of 

prostate alone achieved a sensitivity of 30.86% and a specificity 

of 91.71%, respectively. NCCN risk alone and the combination 

of preoperative mp-MRI and NCCN risk stratification achieved 

sensitivities of 90.12% and 99.45% respectively, and specific-

ities of 52.87% and 49.38% respectively (Table 3).

Among 145 patients with positive LN on preoperative MRI, 

only 25 patients had confirmed final pathologic lymph node 

metastases. Especially, Among 126 patients with one positive 

LN on preoperative MRI, only 21 patients (16.7%) had con-

firmed final pathologic lymph node metastasis (Table 4).

Through ROC analysis, prediction model using preoperative 

MRI findings alone showed AUC value of 0.613 (0.588–0.638). 

The addition of preoperative MRI findings to NCCN risk strat-

ification showed fair accuracy, improving the AUC to 0.758 

(0.735–0.779) from 0.613 with NCCN risk stratification alone 

(Fig. 1).

DISCUSSION

There are several pretreatment prostate cancer risk strat-

ification systems or nomograms based on prognostic power of 

initial PSA, biopsy Gleason score and clinical T stage including 

D’Amico risk stratification, NCCN practice guideline risk-strat-

ification, and the D’Amico risk-classification.14

The Partin tables are the first nomogram to predict rates of 

organ-confined disease, positive margins, the risk of seminal 

vesicle and lymph node positivity after RP, which uses com-

monly available preoperative factors including serum PSA lev-

el, clinical stage and biopsy Gleason score.15 The Partin tables 

were initially established based on the information of the pa-

tients who underwent RP between 1982 and 1991, and it was 

upgraded with newer data acquired between 2006 to 2011.16 

The predictive accuracy of the Partin tables for LNI was from 

76% to 84%.17-20 Recently, the Partin tables are commonly used 

for making therapeutic decision to perform a lymphadenectomy 

at the time of RP. The NCCN guideline risk stratification con-

tains the minimum of clinical stage, grade and PSA it is applied 

for the selection of optimal therapeutic options as well as for 

the prediction of biochemical failure rate after definitive local 

therapy.4,21 NCCN practice guideline LNI nomogram is also 

used for predicting the prognosis of LN positive disease after 

lymphadenectomy. Moreover, the D’Amico risk-classification 
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Table 2. Univariate and multivariable competing risks analysis evaluating of lymph node invasion and risk factors

Variable
Univariate analysis Multivariate analysis

HR 95% CI p‐value HR 95% CI p‐value

Age

Body mass index 

Smoking amount (pack×year)

Operation methods

  Open vs. robotic

Prostate volume on TRUS

NCCN risk group

  Low vs. intermediate

  Low vs. high

PSA

Clinical stage

  Stage T1c

  Stage T2

  Stage≥T3 

Gleason score

  6

  7

  ≥8 

DRE

MRI LNI positive

1.003

0.962

0.997

 

0.697

1.010

7.639

1.779

16.591

1.014

 

‐
2.737

7.661

 

‐
3.596

13.998

2.798

3.375

0.970–1.037

0.886–1.043

0.984–1.010

 

0.412–1.179

0.996–1.024

 3.881–15.033

 0.217–14.564

  2.288–120.288

1.008–1.020

 

‐
1.599–4.687

 4.160–14.107

 

‐
 0.782–16.531

 3.410–57.467

1.782–4.391

2.266–5.027

0.882

0.347

0.625

 

0.179

0.179

＜0.001

0.591

0.005

＜0.001

 

‐
＜0.001

＜0.001

 

‐
0.101

＜0.001

＜0.001

＜0.001

‐
‐
‐
 

‐
‐
 

‐
‐
‐
 

‐
2.516

2.853

 

‐
3.843

11.683

 

2.694

‐
‐
‐
 

‐
‐
 

‐
‐
‐
 

‐
1.448–4.370

 2.853–10.308

 

‐
 0.828–17.832

 2.812–48.541

 

1.707–4.251

‐
‐
‐
 

‐
‐
 

‐
‐
‐
 

‐
0.001

＜0.001

 

‐
0.085

0.001

 

＜0.001

HR: hazard ratio, CI: confidence interval, TRUS: transrectal ultrasound, NCCN: National Comprehensive Control Network, PSA: prostate‐
specific antigen, DRE: digital rectal examination, MRI: magnetic resonance imaging, LNI: lymph node invasion.

Table 3. Sensitivity, specificity, and predictive values of each risk stratifications

Variable Sensitivity Specificity PPV NPV AUC (95% CI)

Preoperative MRI

NCCN

Preoperative MRI + NCCN

30.86

90.12

99.45

91.71

52.87

49.38

17.24

 9.67

33.33

95.95

98.97

94.92

0.613 (0.543–0.684)

0.717 (0.671–0.763)

0.758 (0.707–0.809)

PPV: positive predictive value, NPV: negative predictive value, AUC: areas under receiver operating characteristic curves, CI: confidence 

interval, MRI: magnetic resonance imaging, NCCN: National Comprehensive Control Network.

was originally developed to predict biochemical recurrence in 

prostate cancer patients after treatment.6

These 3 tools have been applied frequently in routine clinical 

practice. When comparing these 3 tools for prediction of LNI, 

Abdollah et al.20 showed that NCCN guideline LNI nomogram 

(AUC 82%) outperformed the Partin tables (73%) and the 

D’Amico risk-classification (75%).

However, among these 3 nomograms, imaging studies in-

cluding preoperative MRI has not been accepted as essential 

parameter to predict LNI. Therefore, we investigated whether 

preoperative MRI could improve predictive power of conven-

tional nomograms. This study aimed to evaluate the accuracy 

of preoperative MRI in patients who underwent RP with PLND 

and determinate whether preoperative MRI could improve the 

diagnostic value of conventional NCCN.

The advent of mp-MRI is known to provide more accurate 

mean of diagnosing prostate cancer in men with elevated PSA 

level, achieving a specificity of 90%, a negative predictive 

valve of 85%.22,23 To achieve the highest sensitivity and specif-

icity in detecting and assessing suspicious lesion within pros-

tate, mp-MRI combines conventional T1WI and T2WI with 

various functional imaging modalities, with a minimum of 2 

modalities. DWI and magnetic resonance spectroscopic imaging 

add specificity for lesion characterization, and DCE adds sensi-

tivity for cancer detection.8

There are several guidelines from the European Association 
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Table 4. Final lymph node pathology of patients who have positive 

lymph node findings on preoperative MRI

Positive LN on preoperative MRI MRI LN=1 MRI LN≥2

Negative pathologic LNI

Positive pathologic LNI

Pathologic LNI

  0

  1

  2

  3

  4

  5

  6

105 (83.3)

 21 (16.7)

 

105 (83.3)

 8 (6.3)

 7 (5.6)

 3 (2.4)

 2 (1.6)

0 (0)

 1 (0.8)

15 (78.9)

 4 (21.1)

 

15 (78.9)

0 (0)

 2 (10.5)

 2 (10.5)

0 (0)

0 (0)

0 (0)

Values are presented as number (%).

MRI: magnetic resonance imaging, LN: lymph node, LNI: lymph 

node invasion.

Fig. 1. Receiver operating characteristic curves: prediction model 

using preoperative MRI findings and NCCN risk stratification. MRI: 

magnetic resonance imaging, NCCN: National Comprehensive 

Control Network.

of Urology (EAU), the American Urological Association 

(AUA), and the NCCN, mentioning the potential role of 

mp-MRI in prostate biopsy, active surveillance, and recurrent 

prostate cancer.9

The EAU guideline suggests that mp-MRI followed by trans-

rectal ultrasonography (TRUS)-guided or MRI-guided biopsies 

might be useful to detect prostate cancer especially in anterior 

region, whereas conventional TRUS-guided biopsy is still per-

formed more frequently instead of the corresponding newer 

modalities. However, mp-MRI is not recommended for the pur-

pose of staging in case of low-risk prostate cancer, except when 

the results of MRI could influence management.24 The AUA 

guideline suggests that mp-MRI could identify local recurrence 

lesion and improve salvage radiation targeting,25 and the NCCN 

guideline suggests that mp-MRI could aid in deciding active 

surveillance, yet concluded mp-MRI is not recommended for 

routine use.26

In detecting lymph node metastasis, mp-MRI showed a high 

specificity of 91%–97% but a low sensitivity of 14%–
36%.10,11,27 Hövels et al.12 mentioned poor performance of MRI 

in detection of lymph node metastasis through meta-analysis 

study. Because of such low sensitivity, mp-MRI alone was not 

recommended for lymph node workup in patients without suspi-

cious lymph node lesions on CT.28 To evaluate predictive pow-

er of preoperative MRI for LNI, we analyzed the medical re-

cords of 1,528 patients who underwent RP with PLND, which 

is the largest cohort as far as we know.

In this study, the mp-MRI showed a high specificity of 

91.7% and relatively a low sensitivity of 30.8%, which are sim-

ilar to the previous study results. The ROC curve of pre-

operative MRI alone showed AUCs of 0.613 for lymph node 

metastasis. ROC curve of NCCN nomogram showed AUCs of 

0.713 that was similar to the results of Abdollah et al.20.

When combining risk grades of NCCN nomogram with the 

outcomes of preoperative MRI, the specificity and the sensi-

tivity were 99.5% and 49.4%, respectively. The ROC curve 

showed AUCs of 0.782. When the corresponding 2 parameters 

were combined, the AUCs became smaller than 0.9, but the val-

ue was greater compared to 0.613 and 0.713 of single 

parameters.

There are several limitations in this study. At first, while the 

large number of cohort enabled us to detect significant differ-

ences, our database is derived from the retrospective records 

of patients who were treated at single institution. Therefore, 

multi-institutional studies might be needed to confirm our 

findings. Furthermore, we were unable to match and compare 

the locations of lymph node lesions shown in preoperative MRI 

with the actual pathologically confirmed LNI sites. Moreover, 

the lack of information on long-term survival including can-

cer-specific survival or overall survival could be another limi-

tation to our study.

CONCLUSIONS

Our results show that preoperative MRI findings for patho-

logic LN metastasis alone showed limited prediction value. 

However, when combining with conventional NCCN risk 



Hoyoung Ryu, et al：Diagnostic Value of Preoperative MRI Findings  163

nomogram, preoperative MRI could improve predictive power. 

A large-scale, multicenter, and prospective study is needed to 

fully evaluate the clinical significance of preoperative MRI.
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