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Abstract
Background: Prostate cancer (PCa) remains one of the most 
common malignancies among men worldwide, with lymph node 
invasion (LNI) serving as a critical prognostic factor influencing 
treatment decisions and outcomes. This study aimed to evaluate 
the prevalence of LNI and investigate associated risk factors in 
a cohort of intermediate-risk PCa patients. 
Methods: This retrospective cross-sectional study included 
intermediate-risk PCa patients treated at Imam Khomeini 
Hospital, Tehran, Iran, from 2019 to 2024, who underwent radical 
prostatectomy with pelvic lymph node dissection (PLND). Data 
were extracted from hospital clinical documents and compared 
between patients with and without LNI. The primary outcome 
was the prevalence of LNI, while the secondary outcome aimed 
to identify associated demographic, clinical, and pathological 
risk factors. Statistical tests such as univariate logistic regression 
and ROC curve analysis were used.
Results: This study found a 12.10% prevalence of LNI. Univariate 
analysis revealed significant associations between LNI and 
advanced clinical stage, higher Gleason score, greater core 
involvement, and elevated total prostate-specific antigen (PSA) 
(OR=1.33), with all P<0.05. In multiple logistic regression analysis, 
adjusting for confounders, only PSA remained an independent 
predictor. The receiver operating characteristic (ROC) analysis 
confirmed PSA’s moderate diagnostic accuracy for LNI (area 
under the curve [AUC]=0.685, P<0.001), with an optimal cut-off 
of 16.52 ng/mL, 65% sensitivity, and 68% specificity.
Conclusion: The results indicated that only total PSA remained 
an independent predictor. This finding highlighted total PSA 
as a key biomarker for assessing LNI risk in intermediate-risk 
PCa patients. Additionally, total PSA demonstrated moderate 
diagnostic accuracy in predicting LNI, supporting its clinical 
utility in risk stratification and decision-making.
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What’s Known

•	 Lymph node invasion (LNI) significantly 
affects prognosis in intermediate-risk 
prostate cancer. Predictive factors such 
as prostate-specific antigen (PSA) level, 
Gleason score, and core involvement have 
been proposed. However, data specific to 
intermediate-risk patients remain limited, 
and independent predictors have not been 
well established through adjusted analyses 
in this subgroup.

What’s New

•	 In this study of 314 intermediate-risk 
patients, total PSA was the only independent 
predictor of LNI in multivariate analysis. 
The receiver operating characteristic 
(ROC) analysis confirmed its moderate 
diagnostic accuracy. Other factors, though 
significant in univariate analysis, were not 
independently predictive. These findings 
refined preoperative risk stratification for 
pelvic lymph node dissection.
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Introduction

Prostate cancer (PCa) is one of the most frequently diagnosed 
cancers of the male reproductive system,1 and ranks as the fifth 
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most common cause of cancer-related mortality 
worldwide among this population.2 Intermediate-
risk PCa represents a heterogeneous group of 
malignancies that occupy a critical position 
between low-risk and high-risk disease 
classifications in the spectrum of prostate 
adenocarcinoma. According to the National 
Comprehensive Cancer Network (NCCN) 
guidelines, intermediate-risk PCa is defined by 
the presence of any one of the following criteria: 
Gleason grade group 2 or 3 (Gleason score 7), 
prostate specific antigen (PSA) levels between 
10-20 ng/mL, or clinical stage T2b-T2c disease.3, 4  
This risk category accounts for approximately 
48-53% of all newly diagnosed PCa cases,5-7 
making it the most frequently encountered risk 
group in clinical practice. The intermediate-
risk classification can be further subdivided 
into favorable and unfavorable subcategories 
based on additional prognostic factors, including 
primary Gleason pattern, percentage of positive 
biopsy cores, and the number of intermediate-
risk factors present.8 Recent epidemiological 
data indicate that PCa cases are projected to 
double from 1.8 million to 2.9 million per year 
between 2020 and 2040, with intermediate-risk 
disease representing the largest proportion of 
this burden.7

Lymph node invasion (LNI) constitutes one 
of the most significant adverse prognostic 
factors in PCa, fundamentally altering disease 
trajectory and treatment recommendations. The 
presence of lymph node metastases indicates 
regional spread of disease and is associated 
with substantially increased risks of biochemical 
recurrence, distant metastasis, and cancer-
specific mortality.9 Contemporary studies 
demonstrated that LNI rates vary significantly 
across risk categories, with intermediate-
risk patients showing lymph node positivity 
rates ranging from 3.1% to 15.2%, depending 
on specific risk factors and Gleason-grade 
subgroups.10, 11 The clinical significance of LNI 
extends beyond staging, as it directly influences 
treatment decisions, including the need for 
adjuvant therapies, radiation field planning, and 
long-term surveillance strategies.12 Extended 
pelvic lymph node dissection (PLND) remains 
the gold standard for accurate nodal staging, 
with studies showing that 72.2% of positive 
lymph nodes are located outside the standard 
obturator template, emphasizing the importance 
of comprehensive lymph node assessment.13

Risk factors associated with lymph node 
invasion in PCa have been extensively 
investigated, with multiple clinical and pathological 
parameters demonstrating independent 
predictive value. Primary risk factors include 

elevated PSA levels, with studies showing that 
patients with PSA values above 10 ng/mL have 
significantly higher rates of nodal metastasis.14, 15 
Gleason grade group represents another crucial 
predictor, with intermediate-risk International 
Society of Urological Pathology (ISUP) grade 3  
(Gleason 4+3=7) patients demonstrating LNI 
rates of 5.1% compared to 3.1% and 3.7% for 
ISUP grade 1 and 2, respectively.11 Additional 
significant risk factors include the percentage 
of positive biopsy cores, with multiple logistic 
regression analyses demonstrating that higher 
percentages of involved cores correlate directly 
with increased LNI risk.14 Clinical staging 
parameters, particularly T2 substaging, tumor 
burden, and prostate imaging reporting and data 
system (PI-RADS) v2 scores on multiparametric 
MRI, emerged as independent predictors of lymph 
node metastasis.15 Novel risk factors such as body 
mass index (BMI) have also been identified, with 
obesity serving as an independent predictor of 
multiple lymph node metastases in intermediate- 
and high-risk patients.10 The integration of 
these risk factors into predictive nomograms 
and decision-making algorithms continues to 
evolve, with contemporary models achieving 
improved discrimination for identifying patients 
most likely to benefit from extended PLND.16 
The objective of this study was to evaluate the 
prevalence of LNI in patients with intermediate-
risk PCa and identify demographic, clinical, and 
pathological factors associated with LNI, thereby 
improving risk stratification and guiding surgical 
management decisions. Understanding these 
factors is critical for optimizing patient selection 
for PLND during radical prostatectomy.

Materials and Methods

Study Design and Participants
This retrospective cross-sectional study was 

conducted on intermediate-risk PCa patients 
who visited Imam Khomeini Hospital, Tehran, 
Iran, between 2019 and 2024, and underwent 
radical prostatectomy with lymph node 
resection. Patients whose radical prostatectomy 
pathology samples showed LNI were classified 
as the metastatic lymph node group, while those 
without invasion were considered the non-
metastatic group.

Ethical Issues 
The research was conducted in accordance 

with the tenets of the Declaration of Helsinki. This 
study originated from research project (code: 
90713) and received ethical approval (code: 
IR.TUMS.IKHC.REC.1404.164) from the Tehran 
University of Medical Sciences, Tehran, Iran.  
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Furthermore, the authors have strictly observed 
ethical issues (including plagiarism, data fabrication, 
and double publication). Written informed consent 
was obtained from all the participants. 

Inclusion and Exclusion Criteria
Eligible participants for this study included 

male patients aged 18 years or older at the 
time of PCa diagnosis who had histologically 
confirmed prostate adenocarcinoma and met 
the NCCN criteria for intermediate-risk PCa 
at diagnosis. All included patients underwent 
radical prostatectomy with PLND. Patients 
were excluded if they did not undergo radical 
prostatectomy, if PLND was not performed during 
surgery, if lymph node sampling was inadequate 
(defined as fewer than 10 lymph nodes removed), 
or if pathological staging data were incomplete.

Intermediate-Risk PCa Criteria
Intermediate-risk PCa is a heterogeneous 

group of tumors with moderate aggressiveness 
that falls between low-risk and high-risk 
categories according to standard risk 
stratification systems. The widely accepted 
D’Amico classification system, used by major 
oncology organizations such as the NCCN and 
the European Association of Urology (EAU), 
defines intermediate-risk PCa by the presence 
of any one of the following criteria: A PSA level 
between 10 and 20 ng/mL, a Gleason score of 7 
(which includes both 3+4 and 4+3 patterns), or a 
clinical stage of T2b or T2c.17, 18

Data Collection Procedure
In this study, the required sample was selected 

from patients with intermediate-risk PCa. Their 
demographic and clinical information was 
extracted from the clinical document archived 
at the hospital and the hospital information 
system (HIS). Demographic characteristics 
included age, marital status, history of smoking, 
BMI, and family history of PCa. Clinical and 
pathological data comprised initial clinical 
staging at diagnosis, Gleason score from needle 
biopsy, prostate volume, number (percentage) 
of involved cores, preoperative PSA level, and 
the incidence of LNI based on pathology results 
from radical prostatectomy with lymph node 
resection. The collected data were compared 
between patients with and without LNI to identify 
demographic, clinical, and pathological risk 
factors associated with an increased risk of LNI.

Outcomes
The primary outcome of this study was to 

determine the prevalence of LNI among patients 
with intermediate-risk PCa. The secondary 

outcome focused on identifying and analyzing 
demographic, clinical, and pathological risk 
factors associated with LNI in this population. 

Statistical Analysis
Statistical analyses were performed using 

Statistical Package for the Social Sciences 
(SPSS) software (version 27, IBM Corp., USA). 
The Kolmogorov-Smirnov test was applied to 
assess the normality of quantitative variables. 
Comparisons between PCa patients with 
and without LNI were conducted using the 
independent t test for quantitative variables and 
the Chi square test for categorical variables. 
To identify factors associated with LNI, both 
univariate and multiple logistic regression 
analyses were utilized. Receiver operating 
characteristic (ROC) curve analysis was 
employed to determine optimal cut-off points for 
total PSA, evaluating diagnostic performance 
through the area under the curve (AUC), 
sensitivity, and specificity. Statistical significance 
was defined as P<0.05.

Results

This study included 314 PCa male patients with a 
mean age of 63.28±4.80 years. The prevalence 
of LNI was 12.10% (38 of 314). The frequency 
distribution of demographic and clinical 
characteristics between PCa patients with and 
without LNI indicated significant differences for 
clinical stage, Gleason score, core involvement 
percentage, and total PSA levels, indicating 
distinct distributions between the two groups. 
Conversely, no significant differences were found 
for marital status, smoking history, family history 
of PCa, age, BMI, or prostate volume, suggesting 
comparable distributions for these variables 
regardless of nodal involvement status (table 1).

In the univariate logistic regression analysis 
assessing the correlation between clinico-
demographic predictors and LNI, several 
variables demonstrated significant associations. 
Clinical stage T2c was significantly associated 
with increased LNI, with an odds ratio (OR) of 
2.38. Similarly, a higher Gleason score (4+3) was 
significantly associated with LNI, showing an OR 
of 2.64. Among core involvement percentages, 
the categories of 40-50% and greater than 50% 
were significantly associated with LNI, with 
ORs of 4.08 and 8.16, respectively. Total PSA 
levels were also significantly associated with 
LNI, exhibiting an OR of 1.33. Other variables, 
including PCa heredity, age, BMI, prostate 
volume, and core involvement percentages 
below 40%, indicated no statistically significant 
correlations with LNI in this unadjusted model. 
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These findings highlighted that advanced clinical 
stage, higher Gleason score, greater core 
involvement, and elevated PSA were important 
predictors of LNI (table 2).

When variables were adjusted for 
confounders, including demographic (age, 

BMI, and PCa heridity) and clinico-pathological 
(clinical stage, Gleason score, prostate volume, 
Core involvement percentage, and total PSA) 
variables in the multiple logistic regression 
analysis, total PSA emerged as a significant 
independent predictor, with an OR of 1.32, 

Table 1: Data frequency distribution among patients with and without LNI
Variable LNI P value

No 
(n=276)

Yes 
(n=38)

Total 
(n=314)

Frequency 
n (%)

Frequency 
n (%)

N

Marital status Single 16 (84.2) 3 (15.8) 19 0.611*
Married 260 (88.1) 35 (11.9) 295

Smoking No 207 (87.7) 29 (12.3) 236 0.860*
Yes 69 (88.5) 9 (11.5) 78

PCa heredity No 242 (89) 30 (11) 272 0.138*
Yes 34 (81) 8 (19) 42

Clinical stage T2b 206 (90.7) 21 (9.3) 227 0.012*
T2c 70 (80.5) 17 (19.5) 87

Gleason score 3+4 235 (90) 26 (10) 261 0.010*
4+3 41 (77.4) 12 (22.6) 53

Core involvement 
percentage (%)

<10 49 (89.1) 6 (10.9) 55 0.004*
10-20 95 (92.2) 8 (7.8) 103
20-30 65 (85.5) 11 (14.5) 76
30-40 54 (91.5) 5 (8.5) 59
40-50 10 (66.7) 5 (33.3) 15
>50 3 (50) 3 (50) 6

 mean±SD mean±SD mean±SD  
Age (Year) 63.12±4.77 64.45±4.90 63.28±4.80 0.110**
BMI (Kg/m2) 25.04±3.00 24.18±2.22 24.93±2.93 0.091**
Total PSA (ng/mL) 15.38±2.46 16.87±2.53 15.56±2.51 <0.001**
Prostate volume (CC) 31.63±5.66 32.32±5.72 31.71±5.66 0.245**
PCa: Prostate cancer; BMI: Body mass index; PSA: Prostate-specific antigen; *Chi square test; **Independent t test, P<0.05 
was considered statistically significant.

Table 2: The correlation between clinico-demographic predictors and LNI using univariate logistic regression in an unadjusted 
model
Clinico-demographic predictors OR 95% CI 

(lower–upper)
P value

PCa heredity No Ref (1)
Yes 1.89 0.80-4.47 0.143

Clinical stage T2b Ref (1)
T2c 2.38 1.18-4.77 0.014

Gleason score 3+4 Ref (1)
4+3 2.64 1.23-5.65 0.012

Core involvement 
percentage (%)

<10 Ref (1)
10-20 0.68 0.22-2.09 0.510
20-30 1.38 0.47-3.99 0.550
30-40 0.75 0.21-2.63 0.661
40-50 4.08 1.04-16.03 0.044
>50 8.16 1.33-49.95 0.023

Age (Year) 1.05 0.98-1.13 0.112
BMI (Kg/m2) 0.90 0.79-1.01 0.092
Total PSA (ng/mL) 1.33 1.12-1.57 <0.001
Prostate volume (mL) 1.02 0.96-1.08 0.248
OR: Odds ratio; CI: Confidence interval; Ref: Reference; PCa: Prostate cancer; BMI: Body mass index; PSA: Prostate-specific 
antigen; univariate logistic regression test was used. P<0.05 was considered statistically significant.
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indicating a 32% increased risk of LNI for each 1 
ng/mL increase in PSA. Although clinical stage 
T2c and Gleason score 4+3 showed elevated 
ORs suggestive of higher risk, their associations 
did not reach statistical significance. Among 
core involvement percentages, the category 
exceeding 50% exhibited a remarkably high OR, 
indicating a strong potential association with 
LNI. However, this result was not significant. 
Besides, other core involvement ranges 
demonstrated no significant correlations. These 
findings underscore total PSA as an independent 
predictor of LNI, while higher clinical stage, 
Gleason score, and extensive core involvement 
might contribute to increased risk. However, 
their significance was not independent in the 
adjusted model (table 3).

In the diagnostic assessment of LNI among 
intermediate-risk PCa patients, ROC curve 
analysis for total PSA demonstrated moderate 
predictive accuracy. The AUC was 0.685, which 
was statistically significant. Three optimal 
cut-off points were identified: at 15.53 ng/mL, 
sensitivity and specificity reached 78% and 
45%, respectively. At 16.05 ng/mL, these values 
were 73% and 53%; and at 16.52 ng/mL, they 
were 65% and 68%, respectively. This indicated 
a trade-off wherein higher PSA thresholds 
improve specificity at the expense of reduced 
sensitivity (table 4 and figure 1).

Discussion

Our findings revealed significant associations 
between LNI and several clinical factors in 
intermediate-risk PCa, including advanced 
clinical stage (T2c; OR=2.38), higher 

Table 3: The correlation between clinico-demographic predictors and LNI using multiple logistic regression in an adjusted 
model
Clinico-demographic predictors OR 95% CI (lower-upper) P value
Clinical stage T2b Ref (1)

T2c 2.40 0.98-5.89 0.055
Gleason score 3+4 Ref (1)

4+3 2.11 0.91-4.89 0.080
Core involvement 
percentage (%)

<10 Ref (1)
10-20 0.98 0.30-3.12 0.975
20–30 1.97 0.60-6.42 0.260
30–40 0.70 0.18-2.69 0.610
40–50 1.34 0.27-6.63 0.718
>50 8.83 0.99-78.67 0.051

Total PSA (ng/ml) 1.32 1.09-1.59 0.004
OR: Odds ratio; CI: Confidence interval; Ref: Reference; PCa: Prostate cancer; BMI: Body mass index; PSA: Prostate-specific 
antigen; logistic regression test was used. P<0.05 was considered statistically significant.

Table 4: Diagnostic value of total PSA in LNI diagnosis of intermediate-risk PCa patients using ROC curve analysis 
Biomarker AUC (0-1) LNI

Cut point  
(ng/mL)

Sensitivity (%) Specificity (%) 95% CI 
(lower–upper)

P value

15.53 78 45
Total PSA  
(ng/mL)

0.685 16.05 73 53 0.587–0.782 <0.001
16.52 65 68
16.52 65 68

CI: Confidence interval; AUC: Area Under the Curve; PSA: Prostate-specific antigen; Statistical test: ROC Curve analysis; 
P<0.05 was considered statistically significant.

Figure 1: The receiver operating characteristic (ROC) curve 
illustrates the diagnostic accuracy of total prostate-specific 
antigen (PSA) in predicting lymph node invasion (LNI) in 
patients with intermediate-risk prostate cancer (PCa). 
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Gleason score (4+3; OR=2.64), increased 
core involvement (40-50%; OR=4.08; >50%; 
OR=8.16), and elevated total PSA levels 
(OR=1.33). Importantly, only PSA remained 
an independent predictor of LNI in multiple 
logistic regression analysis (OR=1.32 per ng/mL  
increase). ROC curve analysis confirmed the 
moderate diagnostic accuracy of total PSA 
for predicting LNI, demonstrating convergent 
findings with multiple previous investigations.19-21 
These results strongly aligned with established 
literature, where PSA has consistently emerged 
as the most robust independent predictor 
of lymph node metastasis. Porcaro and 
colleagues demonstrated that PSA was the 
sole independent predictor of bilateral LNI in 
high-risk PCa patients (OR=1.058),20 while in 
another study, they confirmed PSA as the only 
independent predictor of extensive LNI with an 
OR of 1.054.19 

The percentage of positive cores, which 
showed strong univariate associations in our 
study, has been extensively validated as a leading 
predictor of LNI across multiple contemporary 
studies. Winter and colleagues found that the 
percentage of positive cores was the most 
accurate predictor of LNI, with 77% accuracy, 
surpassing PSA (71.1%) and clinical staging.22 
Briganti and colleagues also demonstrated 
that the percentage of positive cores was the 
most accurate predictor of LNI.23 Recent large-
scale analyses confirmed that patients with 
>50% positive cores demonstrated significantly 
elevated LNI rates.24, 25 A previous study showed 
that 91.4% of lymph node-positive patients had 
≥50% core involvement.25 Our observed Gleason 
score associations (4+3 pattern showing 
OR=2.64) were consistent with established risk 
stratification data, where intermediate-risk ISUP 
grade 3 patients demonstrated LNI rates of 
5.1%, compared to 3.1-3.7% for those with lower 
grades.11 Contemporary nomograms, including 
the extensively validated Briganti models, 
consistently identified PSA, clinical stage, 
Gleason grade, and percentage of positive 
cores as the fundamental predictors of LNI, with 
external validation studies confirming predictive 
accuracies ranging from 71-87.6%.23, 26, 27 The 
singular independence of PSA in multiple logistic 
regression analysis, despite robust univariate 
associations for other factors, reflected 
the complex interdependence of PCa risk 
parameters and underscored PSA’s fundamental 
role as the most reliable preoperative predictor 
of lymph node metastasis across diverse patient 
populations and institutional settings. 

The findings of the present study also 
revealed that factors, such as PCa heredity, age, 

BMI, prostate volume, and core involvement 
below 40%, demonstrated no statistically 
significant associations with LNI in intermediate-
risk PCa patients. This finding that Pca heredity 
lacked significant association with LNI in 
intermediate-risk patients aligned with earlier 
evidence indicating that a positive family history 
did not independently predict nodal metastases. 
In a case-control study, self-reported family 
history—categorized as none, moderate (one 
affected first- or second-degree relative), or high 
(≥2 relatives)—showed no significant impact 
on tumor stage or lymph node involvement 
after radical prostatectomy (OR for moderate 
family history=1.48).28 Similarly, patient’s age 
was shown not to influence LNI when other 
prognostic factors were controlled: a paired 
analysis across age groups (<55, 56–65, >65 
years) demonstrated no differences in LNI rates 
among age-matched patients with equivalent 
PSA levels, Gleason scores, and biopsy 
involvement.29 

Contrasting with studies that report BMI 
as an independent predictor of multiple nodal 
metastases,10 we found no significant BMI–LNI 
relationship. Notably, Briganti and colleagues 
observed that the frequency of positive lymph 
nodes did not differ across normal weight, 
overweight, and obese categories after extended 
PLND.30 Likewise, although a study by Hong 
and colleagues linked larger prostate volume 
to increased LNI risk in univariate analysis, this 
association disappeared after adjusting for PSA, 
clinical stage, age, race, and BMI.31 Collectively, 
these convergent findings underscored that 
heredity, age, BMI, and prostate volume did 
not confer additional predictive value for nodal 
metastasis beyond established factors, such 
as PSA, Gleason grade, clinical stage, and 
percentage of positive cores, and should not 
alter nodal staging strategies or the decision 
to perform extended PLND in intermediate-risk 
PCa patients.

First, the retrospective cross-sectional 
design of the study inherently limited the ability 
to establish causal relationships and might be 
subject to selection bias, as only patients who 
underwent radical prostatectomy with adequate 
lymph node dissection were included. Second, 
the study was conducted at a single tertiary care 
center, which might limit the generalizability of the 
findings to broader or more diverse populations. 
Third, the reliance on existing medical records 
and hospital information systems might have 
introduced information bias due to incomplete 
or inconsistent data documentation. Finally, 
intermediate-risk PCa was a heterogeneous 
group, and the study’s stratification might not 
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fully capture the variability in tumor biology 
and behavior, potentially influencing the 
identification of risk factors associated with 
LNI. Future prospective multicenter studies with 
larger sample sizes are warranted to validate 
and extend these findings.

Conclusion

The findings of this study demonstrated that, 
in the unadjusted model, advanced clinical 
stage (T2c), higher Gleason score (4+3), 
and greater percentages of core involvement 
were significantly associated with increased 
risk of LNI in intermediate-risk PCa patients, 
alongside elevated total PSA levels. However, 
after adjusting for potential confounders, total 
PSA remained the only significant independent 
predictor of LNI, with each incremental increase 
in PSA conferring a higher risk. Although 
clinical stage T2c, Gleason score 4+3, and core 
involvement exceeding 50% indicated elevated 
ORs suggestive of increased LNI risk, these 
were not independent risk factors. Furthermore, 
ROC curve analysis confirmed the moderate 
diagnostic accuracy of total PSA for predicting 
LNI, with identified cut points balancing 
sensitivity and specificity. Collectively, these 
results underscore the central role of total PSA 
as an independent biomarker for lymph node 
involvement in intermediate-risk PCa, while 
other clinical and pathological factors might 
contribute to risk. However, they require further 
validation in adjusted models.
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