
Articles © The authors   |   Journal compilation © World J Oncol and Elmer Press Inc™   |   www.wjon.org
This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits 

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited
505

Original Article World J Oncol. 2023;14(6):505-517

Development and Validation of Nomograms Based on 
Nutritional Risk Index for Predicting Extracapsular  

Extension and Seminal Vesicle Invasion in Patients 
Undergoing Radical Prostatectomy

Ze Nan Liua, d, Zi Ang Lia, d, Ji De Hea, Jia Long Wua, Lei Qiua, Zhen Kun Zhaoa, 
 Min Lub, Hai Bic, e, Jian Lua, e

Abstract

Background: The aim of the study was to investigate the predictive 
value of the nutritional risk index (NRI) for extracapsular extension 
(ECE) and seminal vesicle invasion (SVI) in prostate cancer (PCa) pa-
tients undergoing radical prostatectomy (RP), and further develop and 
validate predictive nomograms for ECE and SVI based on the NRI.

Methods: We retrospectively analyzed 734 PCa patients who under-
went RP between 2010 and 2020 in the Department of Urology at Pe-
king University Third Hospital. The enrolled patients were randomly 
divided into a primary cohort (n = 489) and a validation cohort (n = 
245) in a 2:1 manner. The baseline NRI of patients was calculated 
using serum albumin level and body mass index, and a malnutrition 
status was defined as NRI ≤ 98. Univariate and multivariate logistic 
regression analyses were conducted to identify predictors for ECE 
and SVI. Nomograms for predicting ECE and SVI were established 
based on the results of the multivariate logistic regression analysis. 
The performance of the nomograms was estimated using Harrell’s 
concordance index (C-index), the area under curve (AUC) of receiver 
operating characteristic (ROC) curves and the calibration curves.

Results: In the primary cohort, 70 (14.3%) patients with NRI ≤ 98 
were classified as malnutrition, while the remaining 419 (85.7%) 
patients with NRI > 98 were considered to have normal nutrition. 
The nomograms for predicting ECE and SVI shared common fac-
tors including NRI, percentage of positive biopsy cores (PPC) and 
biopsy Gleason score, while prostate-specific antigen (PSA) levels 

and PSA density (PSAD) were only incorporated in ECE nomogram. 
The C-indexes of the nomograms for predicting ECE and SVI were 
0.785 (95% confidence interval (CI): 0.745 - 0.826) and 0.852 (95% 
CI: 0.806 - 0.898), respectively. The calibration curves demonstrated 
excellent agreement between the predictions by the nomograms and 
the actual observations. The results remained reproducible when the 
nomograms were applied to the validation cohort.

Conclusions: The NRI is significantly associated with ECE and SVI in 
PCa patients. The nomogram established based on the NRI in our study 
can provide individualized risk estimation for ECE and SVI in PCa 
patients, and may be valuable for clinicians in making well-informed 
decisions regarding treatment strategies and patient management.
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Introduction

Prostate cancer (PCa) is one of the most common malignant tu-
mors of the urogenital system and ranks as the second leading 
cause of male cancer-related deaths worldwide. It is projected 
that there will be approximately 288,300 new cases of PCa and 
34,700 PCa-related deaths in the United States by 2023 [1]. 
Radical prostatectomy (RP) has emerged as the gold standard 
treatment for localized PCa due to its superior efficacy in can-
cer control and survival benefits [2]. However, the presences 
of extracapsular extension (ECE) and seminal vesicle invasion 
(SVI) by PCa are recognized as significant risk factors for un-
favorable oncologic outcome following RP [3]. Consequently, 
it is crucial to identify PCa patients at a high risk for ECE 
and SVI before RP in order to develop appropriate surgical 
treatment strategies, such as avoiding positive surgical mar-
gin (PSM), as well as maximizing the preservation of erectile 
and urinary control function in cases where the neurovascu-
lar bundle (NVB) can be preserved. Additionally, identifying 
high risk patients can aid in determining the need for adjuvant 
treatment [4, 5]. Various clinical parameters, including pros-
tate-specific antigen (PSA) levels, digital rectal examination 
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(DRE) findings, biopsy Gleason score and multiparametric 
magnetic resonance imaging (mp-MRI), have been identified 
as useful tools in predicting adverse pathological features such 
as ECE and SVI in PCa patients [6, 7]. Several multivariable 
prediction tools based on these clinical parameters have been 
developed to enhance the accuracy of predicting ECE and 
SVI [8, 9]. However, the predictive models solely based on 
traditional clinical variables have limited accuracy. Therefore, 
there is need for additional reliable novel markers to improve 
the accuracy of predicting ECE and SVI before surgery.

Numerous studies have consistently indicated that the pro-
gression and metastasis of cancer are influenced not only by tu-
mor type, disease stage and treatment approach [10], but also by 
the nutritional status of patients [11, 12]. The relationship between 
nutrition and the development of tumor is an intricate mechanism 
that plays a significant role in tumorigenesis [13]. Traditionally, 
the nutritional status of cancer patients was often assessed using 
body mass index (BMI) and serum albumin (ALB) levels [14]. 
However, relying solely on these parameters may not provide 
an accurate assessment of nutritional status [15, 16]. To address 
this limitation, the nutritional risk index (NRI) has emerged as a 
more reliable and objective tool for assessing nutritional status in 
various types of cancer [17-19]. The NRI takes into account the 
patient’s height, weight, and serum ALB level, providing a more 
comprehensive evaluation [20]. However, there are currently 
limited available data on the use of NRI in PCa [21-23]. Fur-
thermore, no clinical studies have investigated the potential asso-
ciation between NRI and the aggressiveness and adverse patho-
logical features of PCa. Therefore, the objective of this study was 
to bridge this research gap by exploring the predictive value of 
NRI for ECE and SVI in PCa patients, and further develop novel 
predictive nomograms for ECE and SVI based on NRI, which 
can provide valuable guidance for the clinical formulation of PCa 
treatment strategies. By exploring the relationship between NRI 
and adverse pathological features of PCa, this study sought to 
enhance our understanding of the impact of nutritional status on 
PCa progression and inform personalized treatment approaches.

Materials and Methods

Study population

After obtaining approval from the Medical Science Research 
Ethics Committee, data of 895 PCa patients who underwent 
RP between 2010 and 2020 from the PCa database in the De-
partment of Urology at Peking University Third Hospital were 
extracted. We reviewed and collected comprehensive clinico-
pathologic data for each patient carefully. To ensure the reliabil-
ity and validity of our study, patients who met the following cri-
teria were excluded: 1) those with histological types other than 
adenocarcinoma; 2) those who had received prior neoadjuvant 
therapy; 3) those with any incomplete clinicopathologic infor-
mation. As a result, a total of 734 PCa patients were deemed 
eligible for further analysis. To ensure the generalizability of 
our findings, the eligible patients were randomly divided into 
two cohorts: a primary cohort consisting of 489 patients and a 
validation cohort consisting of 245 patients. The allocation was 

done in a 2:1 manner, respectively. This study was conducted in 
compliance with the ethical standards of the responsible institu-
tion on human subjects as well as with the Helsinki Declaration.

Data collection and pathological evaluation

The clinical and pathological variables of the enrolled patients 
were retrospectively collected from the database. These vari-
ables included age, height, weight, BMI, ALB, DRE, percent-
age of positive biopsy cores (PPC), biopsy Gleason score, 
preoperative PSA level, prostate volume (PV), PSA density 
(PSAD), ECE and SVI. BMI (kg/m2) was calculated by di-
viding weight by the square of height. The NRI was calcu-
lated using the formula: (1.489 × serum albumin concentration 
(g/L)) + (41.7 × present body weight (PBW)/ideal body weight 
(IBW)). IBW was calculated as: height2 (m) × 22. The ratio of 
PBW to IBW was set to 1 when the PBW exceeded the IBW 
[20]. Based upon the original publication describing NRI, pa-
tients were divided into a malnutrition group (NRI ≤ 98) and a 
normal nutrition group (NRI > 98) [20]. The PPC was calcu-
lated by dividing the total number of positive biopsy cores by 
the total number of biopsy cores obtained. PV was determined 
using transrectal ultrasonography (TURS) or mp-MRI. PV was 
calculated using the formula: (anteroposterior diameter) × (left 
and right diameter) × (upper and lower diameter) × 0.52. PSAD 
was calculated by dividing the total PSA (tPSA) by PV.

All surgical specimens after RP were processed according 
to standard pathological procedures. The pathological report was 
standardized based on the histological/architectural thresholds 
proposed by the WHO classification of tumors of the urinary 
system and male genital organs [24]. The Gleason scoring sys-
tem, recommended by the International Society of Urological 
Pathology (ISUP) 2005 and 2014 consensus conferences, was 
used [25]. ECE was defined as the presence of tumor beyond 
the borders of the gland, admixed with periprostatic fat tissue, 
or within loose connective tissue and/or perineural spaces of the 
NVBs in the posterolateral area. SVI was defined as tumor inva-
sion of the extra-prostatic seminal vesicle [26].

Statistical analysis

Continuous variables were presented as median and interquar-
tile range (IQR), while categorical variables were expressed 
as the number of patients with respective percentages. Inter-
group comparisons were performed using the Student’s t-test 
or Mann-Whitney U test for continuous variables, and the χ2 
test or Fisher’s exact test for categorical variables. Univariate 
and multivariate logistic regression analyses were conducted 
to evaluate the predictors for ECE and SVI. The nomograms 
for predicting ECE and SVI were established based on the re-
sult of the multivariate logistic regression analysis. The per-
formance of the nomograms was estimated using Harrell’s 
concordance index (C-index) and the area under curve (AUC) 
of receiver operating characteristic (ROC) curves, and the cali-
bration curves of the nomograms were plotted to evaluate the 
consistency between the nomograms’ predication and the ac-
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tual observation. In the external validation of the nomograms, 
the total points of each case in the validation cohort were cal-
culated according to the established nomograms, and these 
points were included as factors in the logistic regression model 
to derive the validation C-index, AUC and calibration curves. 
All statistical analyses were performed using SPSS Statistics 
version 26.0 (IBM, Armonk, New York) and R version 3.6.1 
(R Project for Statistical Computing, Vienna, Austria). A two-
sided P value < 0.05 was considered statistically significant.

Results

Clinicopathologic characteristics of patients

A total of 734 PCa patients treated with RP were included in 

the study. The entire cohort was randomly divided into a pri-
mary cohort (n = 489) and a validation cohort (n = 245) in a 2:1 
manner. Apart from BMI (P = 0.030), PPC (P = 0.034), biopsy 
Gleason score (P = 0.003) and ECE (P = 0.049), no statistically 
significant difference in baseline characteristics between the two 
cohorts can be observed. The baseline characteristics of the pri-
mary cohort and validation cohort are presented in Table 1.

In the primary cohort, 70 (14.3%) patients with NRI ≤ 
98 were classified as malnutrition, while the remaining 419 
(85.7%) patients with NRI > 98 were considered to have nor-
mal nutrition. The incidences of ECE in the malnutrition group 
(NRI ≤ 98) and the normal nutrition group (NRI > 98) were 
60.0% (n = 42) and 44.6% (n = 187), respectively. Similarly, the 
incidences of SVI in the two groups were 27.1% (n = 19) and 
15.8% (n = 66), respectively. There were significant differences 
between the two groups in terms of age (P = 0.030), BMI (P = 
0.01), preoperative PSA level (P = 0.020), ECE (P = 0.017) and 

Table 1.  Baseline Characteristics of the Separate Patient Cohorts

Characteristics Primary cohort (n = 489) Validation cohort (n = 245) P value
Age (years), median (IQR) 69.0 (64.0 - 74.0) 69.0 (65.0 - 75.5) 0.246
BMI (kg/m2), n (%) 0.030
  < 25 252 (51.5%) 147 (60.0%)
  ≥ 25 237 (48.5%) 98 (40.0%)
NRI, n (%) 0.354
  > 98 419 (85.7%) 216 (88.2%)
  ≤ 98 70 (14.3%) 29 (11.8%)
DRE, n (%) 0.387
  Normal 388 (79.3%) 201 (82.0%)
  Abnormal 101 (20.7%) 44 (18.0%)
PPC (%), median (IQR) 41.7 (23.1 - 66.7) 33.3 (21.4 - 58.3) 0.034
Biopsy Gleason score, n (%) 0.003
  ≤ 3+4 190 (38.9%) 123 (50.2%)
  ≥ 4+3 299 (61.1%) 122 (49.8%)
Preoperative PSA (ng/mL), n (%) 0.258
  < 20 350 (71.6%) 185 (75.5%)
  ≥ 20 139 (28.4%) 60 (24.5%)
Prostate volume (mL), median (IQR) 35.6 (25.4 - 48.8) 34.8 (23.4 - 50.7) 0.674
PSAD, n (%) 0.879
  ≤ 0.15 82 (16.8%) 40 (16.3%)
  > 0.15 407 (83.2%) 205 (83.7%)
ECE, n (%) 0.049
  Absent 260 (53.2%) 149 (60.8%)
  Present 229 (46.8%) 96 (39.2%)
SVI, n (%) 0.071
  Absent 404 (82.6%) 215 (87.8%)
  Present 85 (17.4%) 30 (12.2%)

BMI: body mass index; DRE: digital rectal examination; ECE: extracapsular extension; IQR: interquartile range; NRI: nutritional risk index; PPC: 
percentage of positive biopsy cores; PSA: prostate-specific antigen; PSAD: prostate-specific antigen density; SVI: seminal vesicle invasion.
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SVI (P = 0.020). Compared to the normal nutrition group (NRI 
> 98), patients in the malnutrition group (NRI ≤ 98) were older, 
had lower BMI and higher PSA levels, and were more likely to 
develop ECE and SVI. The clinicopathologic characteristics of 
patients in the primary cohort are shown in Table 2.

Univariate and multivariate analyses for ECE and SVI in 
primary cohort

The results of univariate logistic analyses demonstrated a sig-
nificant association between NRI, PPC, biopsy Gleason score, 
PSA and PSAD with ECE as well as SVI (P < 0.05). Incorpo-
rated the above factors into a multivariate logistic regression 
analysis, NRI (odds ratio (OR): 1.901, 95% confidence inter-
val (CI): 1.050 - 3.440, P = 0.034), PPC (OR: 1.016, 95% CI: 
1.008 - 1.024, P < 0.001), biopsy Gleason score (OR: 3.520, 
95% CI: 2.263 - 5.475, P < 0.001), PSA (OR: 2.299, 95% CI: 
1.406 - 3.758, P = 0.001) and PSAD (OR: 2.000, 95% CI: 
1.077 - 3.713, P = 0.028) were identified as independent pre-
dictors for ECE (Table 3). Additionally, NRI (OR: 2.255, 95% 

CI: 1.088 - 4.676, P = 0.029), PPC (OR: 1.034, 95% CI: 1.023 
- 1.045, P < 0.001) and biopsy Gleason score (OR: 8.626, 95% 
CI: 2.986 - 24.915, P < 0.001) were identified as independent 
predictors for SVI (Table 4).

Nomograms for ECE and SVI based on NRI in primary 
cohort

The nomograms presented in Figure 1a (ECE) and Figure 1b 
(SVI) integrated all significant independent risk factors identi-
fied in the primary cohort. The C-index of the nomogram for 
predicting ECE was 0.785 (95% CI: 0.745 - 0.826), indicating a 
moderate level of accuracy. Similarly, the C-index of the nomo-
gram for predicting SVI was 0.852 (95% CI: 0.806 - 0.898), in-
dicating a higher level of accuracy. The corresponding AUC of 
the ROC cures, as shown in Figure 2a, further supported the pre-
dictive performance of the nomograms. In addition, the calibra-
tion curves for ECE and SVI also showed excellent agreement 
between the predictions made by the nomogram and the actual 
observation in the primary cohort, as depicted in Figure 3a, b.

Table 2.  Clinicopathologic Characteristics of Patients in Primary Cohort

Characteristics Malnutrition (NRI ≤ 98, n = 70) Normal nutrition (NRI > 98, n = 419) P value
Age (years), median (IQR) 70.5 (65.0 - 76.0) 69.0 (64.0 - 74.0) 0.030
BMI (kg/m2), n (%) 0.010
  < 25 46 (65.7%) 206 (49.2%)
  ≥ 25 24 (34.3%) 213 (50.8%)
DRE, n (%) 0.642
  Normal 57 (81.4%) 331 (79.0%)
  Abnormal 13 (18.6%) 88 (21.0%)
PPC (%), median (IQR) 41.7 (16.7-73.3) 41.7 (24.1-66.7) 0.607
Biopsy Gleason score, n (%) 0.751
  ≤ 3+4 26 (37.1%) 164 (39.1%)
  ≥ 4+3 44 (62.9%) 255 (60.9%)
Preoperative PSA (ng/mL), n (%) 0.020
  < 20 42 (60.0%) 308 (73.5%)
  ≥ 20 28 (40.0%) 111 (26.5%)
Prostate volume (mL), median (IQR) 37.3 (27.4 - 46.8) 35.1 (25.1 - 49.1) 0.606
PSAD, n (%) 0.196
  ≤ 0.15 8 (11.4%) 74 (17.7%)
  > 0.15 62 (88.6%) 345 (82.3%)
ECE, n (%) 0.017
  Absent 28 (40.0%) 232 (55.4%)
  Present 42 (60.0%) 187 (44.6%)
SVI, n (%) 0.020
  Absent 51 (72.9%) 353 (84.2%)
  Present 19 (27.1%) 66 (15.8%)

BMI: body mass index; DRE: digital rectal examination; ECE: extracapsular extension; IQR: interquartile range; NRI: nutritional risk index; PPC: 
percentage of positive biopsy cores; PSA: prostate-specific antigen; PSAD: prostate-specific antigen density; SVI: seminal vesicle invasion.
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External validation of nomograms for ECE and SVI

We conducted external validation of the created nomograms 
in a separate validation cohort. The nomogram for predicting 
ECE achieved a C-index of 0.750 (95% CI: 0.689 - 0.811), 
indicating a moderate level of discrimination. In comparison, 
the nomogram for predicting SVI achieved a slightly higher C-
index of 0.790 (95% CI: 0.719 - 0.861), suggesting a slightly 
better discriminatory ability than the ECE prediction. The cor-
responding AUC of ROC curves, as shown in Figure 2b, fur-
ther supported the predictive performance of the nomograms. 
The ROC curves demonstrated that the nomograms exhibited 
strong discriminatory power for both ECE and SVI. Further-
more, the calibration curves for nomograms predicting ECE 
and SVI also displayed great agreement between the predicted 
probabilities by the nomogram and the actual observations in 
the validation cohort, as depicted in Figure 3c, d.

Discussion

To the best of our knowledge, this study is the first to investi-
gate the potential impact of NRI on the risk of ECE and SVI 

in PCa patients who underwent RP. Our results indicated that 
malnutrition as assessed by NRI was identified as an independ-
ent predictor for both ECE and SVI in the multivariate analysis. 
Additionally, we further incorporated other independent risk 
factors identified in the multivariate analysis and developed 
nomograms to predict the likelihood of ECE and SVI in PCa 
patients. The performance of these nomograms was evaluated 
using the C-index, the AUC of the ROC curves and the cali-
bration curves. The results demonstrated great reliability and 
accuracy of the prediction models both in the primary and vali-
dation cohorts. Our findings might be beneficial for providing 
valuable insights for clinicians in making informed decisions 
regarding treatment strategies and patient management in PCa.

Research evidence suggests that malnutrition and ca-
chexia contribute to approximately 20-30% of cancer-related 
deaths, rather than the cancer itself [27]. Malnutrition can 
weaken the body’s immune system and reduce the effective-
ness of treatment, thereby accelerating disease progression, 
local recurrence, and distant metastasis [28, 29]. Therefore, 
early nutritional assessment has a crucial impact on improv-
ing the incidence or mortality of tumor associated with malnu-
trition [30]. The NRI, which combines BMI and ALB levels, 
has become a widely used nutritional evaluation indicator due 
to its simplicity and interpretability. NRI not only serves as a 

Table 3.  Univariate and Multivariate Analyses for ECE in Primary Cohort

Variables
Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value
Age (years) 0.992 (0.968 - 1.016) 0.503
BMI (kg/m2)
  < 25 Ref
  ≥ 25 1.034 (0.725 - 1.475) 0.854
NRI
  > 98 Ref Ref
  ≤ 98 1.861 (1.111 - 3.116) 0.018 1.901 (1.050 - 3.440) 0.034
DRE
  Normal Ref
  Abnormal 1.330 (0.858 - 2.062) 0.203
PPC (%) 1.026 (1.019 - 1.033) < 0.001 1.016 (1.008 - 1.024) < 0.001
Biopsy Gleason score
  ≤ 3+4 Ref Ref
  ≥ 4+3 5.385 (3.574 - 8.114) < 0.001 3.520 (2.263 - 5.475) < 0.001
Preoperative PSA (ng/mL)
  < 20 Ref Ref
  ≥ 20 4.610 (2.993 - 7.099) < 0.001 2.299 (1.406 - 3.758) 0.001
Prostate volume (mL) 0.996 (0.988 - 1.005) 0.384
PSAD
  ≤ 0.15 Ref Ref
  > 0.15 3.828 (2.191 - 6.687) < 0.001 2.000 (1.077 - 3.713) 0.028

BMI: body mass index; CI: confidence interval; DRE: digital rectal examination; ECE: extracapsular extension; NRI: nutritional risk index; OR: odds 
ratio; PPC: percentage of positive biopsy cores; PSA: prostate-specific antigen; PSAD: prostate-specific antigen density; Ref: reference.
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nutritional screening tool but has also been proven to be an 
independent prognostic factor for various types of cancer [14, 
31]. In the field of PCa, several studies have pointed out that 
poor nutritional status, as indicated by an NRI < 92, was an 
independent prognostic factor for overall survival in patients 
with both metastatic hormone-naive prostate cancer (mHNPC) 
and metastatic castration-resistant prostate cancer (mCRPC) 
[22, 23]. In addition, Shu et al [32] found that malnutrition 
patients (NRI ≤ 98) had a significantly higher incidence and 
severity of postoperative complications compared with those 
of normal nutrition patients (NRI > 98). However, there is cur-
rently no research exploring the potential association between 
NRI and adverse pathology of PCa. Therefore, we conducted 
the study to fill the above research gap and determined the 
independent predictive role of NRI in ECE and SVI in PCa. 
Similar studies in other fields can support our findings. For 
instance, a multicenter retrospective study from Korea showed 
that a low NRI (92 - 98) was associated with aggressive tu-
mor characteristics including large tumor size, advanced stage, 
and high nuclear grade in patients with renal cell carcinoma 
after nephrectomy [33]. Prijovic et al [34] also observed sta-
tistically significant inverse correlations between NRI and risk 
of muscle layer invasion, lymphovascular invasion (LVI), and 
lymph nodes metastases in bladder cancer patients treated with 

radical cystectomy. These findings highlight the importance of 
considering the nutritional status of patients when assessing 
tumor characteristics and prognosis. Further research in dif-
ferent populations and tumor types is needed to validate these 
results and explore potential mechanisms underlying the asso-
ciation between NRI and aggressive tumor behavior.

ECE and SVI are two crucial pathologic features of PCa, 
which have a significant impact on patient prognosis and sur-
gical strategy [35]. The incidence of ECE and SVI appeared to 
be heterogeneous, with recent studies reporting rates ranging 
from 17% to 54% for ECE [6, 7, 36] and 8% to 17.6% for SVI 
[37-39]. In our study cohort, the incidence of ECE and SVI was 
found to be 46.8% and 17.4%, respectively, which is consistent 
with these reported in recent research. The presence of ECE di-
rectly affects the surgical approach taken towards the pericap-
sular structures of the prostate, particularly the posterior lateral 
NVBs [40]. In case of patients with localized PCa, the cur-
rent guidelines from American Urological Association (AUA) 
recommend performing nerve-sparing RP [41]. This technique 
has been shown to significantly improve postoperative urinary 
control and erectile function [42, 43]. However, it is important 
to note that it also carries an increased risk of PSMs in patients 
with ECE. Thus, urologists face the great challenge of strik-
ing a balance between the potential surgical risks and benefits 

Table 4.  Univariate and Multivariate Analyses for SVI in Primary Cohort

Variables
Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value
Age (years) 0.987 (0.956 - 1.018) 0.408
BMI (kg/m2)
  < 25 Ref
  ≥ 25 0.742 (0.463 - 1.190) 0.216
NRI
  > 98 Ref Ref
  ≤ 98 1.993 (1.106 - 3.590) 0.022 2.255 (1.088 - 4.676) 0.029
DRE
  Normal Ref
  Abnormal 0.718 (0.386 - 1.336) 0.296
PPC (%) 1.043 (1.033 - 1.053) < 0.001 1.034 (1.023 - 1.045) < 0.001
Biopsy Gleason score
  ≤ 3+4 Ref Ref
  ≥ 4+3 17.278 (6.213 - 48.047) < 0.001 8.626 (2.986 - 24.915) < 0.001
Preoperative PSA (ng/mL)
  < 20 Ref Ref
  ≥ 20 4.749 (2.909 - 7.751) < 0.001 1.628 (0.882 - 3.004) 0.119
Prostate volume (mL) 1.001 (0.990 - 1.012) 0.859
PSAD
  ≤ 0.15 Ref Ref
  ≥ 0.15 3.051 (1.282 - 7.258) 0.012 1.072 (0.381 - 3.018) 0.895

BMI: body mass index; CI: confidence interval; DRE: digital rectal examination; NRI: nutritional risk index; OR: odds ratio; PPC: percentage of positive 
biopsy cores; PSA: prostate-specific antigen; PSAD: prostate-specific antigen density; Ref: reference; SVI: seminal vesicle invasion.
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associated with ECE. On the other hand, ECE has also been 
identified as an independent predictor for biochemical recur-
rence (BCR), and a study has reported that the 5-year BCR 
rate in patients with organ-confined PCa was relatively low 

at 13%, whereas in PCa patients with ECE, the rate can be 
as high as 27% [44]. Similarly, in PCa patients with SVI, the 
5- and 10-year biochemical failure rates were reported to be 
60% and 72%, respectively, which were significantly higher 

Figure 1. Nomograms for predicting ECE (a) and SVI (b). bGS: biopsy Gleason score; ECE: extracapsular extension; NRI: 
nutritional risk index; PPC: percentage of positive biopsy cores; PSA: prostate-specific antigen; PSAD: prostate-specific antigen 
density; SVI: seminal vesicle invasion.
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than those observed in patients with pT2 disease [45]. Patients 
with SVI are considered as a very high-risk group, and their 
treatment should be approached with caution. Asymptomatic 
patients with a life expectancy of less than 5 years are typical-

ly only considered for androgen deprivation therapy (ADT), 
radiotherapy or active surveillance. Therefore, it is crucial to 
accurately predict the risk of ECE and SVI before surgery in 
order to make informed decisions regarding patient selection, 

Figure 2. ROC curves for nomograms predicting ECE and SVI in the primary cohort (a) and validation cohort (b). Red curves for 
ECE; blue curves for SVI. AUC: area under curve; ECE: extracapsular extension; ROC: receiver operating characteristic; SVI: 
seminal vesicle invasion.
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treatment planning, and surgical strategy for PCa.
Several models have been constructed to accurately pre-

dict ECE and SVI in PCa prior to operation. One such model 
is the probability table developed by Partin for ECE predic-
tion considering clinical stage, PSA levels, and biopsy Gleason 
score, which achieved high predictive accuracy (AUC = 0.84) 
and gained widely recognized internationality [46]. However, 
the model could not provide side-specific ECE prediction, a 
limitation that was addressed by Martini et al [7] and Soeterik 
et al [8]. Tosoian et al [9] recently updated the Partin tables to 
predict the pathological stage in patients who underwent RP in 
the contemporary setting, and the AUCs of their binary logis-
tic models for predicting ECE and SVI were 0.724 and 0.856, 
respectively. Despite these models’ complexity, there is still a 
requirement for further refinement to enhance their generaliz-
ability in light of the advancements in imaging technology and 
the excavation of new predictive markers [47]. Additionally, 
Nyarangi-Dix et al have proposed a novel risk model that in-
tegrated clinical and mp-MRI parameters to predict ECE in 
RP specimens. The model exhibits remarkable discrimination 
(AUC = 0.86) and calibration, indicating its potential clinical 
utility [48]. However, it should be noted that the model in-

corporates certain intricate features that may not be easily ac-
cessible in real-world clinical setting. Furthermore, the model 
has not yet undergone external validation, which raises uncer-
tainties regarding its performance when applied to diverse pa-
tient populations. Similarly, Martini et al [38] also established 
a nomogram for the prediction of SVI based on a combination 
of clinical variables such as preoperative PSA, biopsy Gleason 
grade and maximal percentage of core involvement along with 
documented SVI on mp-MRI. The nomogram demonstrated 
excellent discriminatory ability, as evidenced by an AUC val-
ue of 0.847. However, these results may be limited due to the 
relatively small number of cases of SVI included in the model. 
Moreover, it is worth mentioning that these models contain-
ing mp-MRI findings are heavily dependent on the presence or 
absence of ECE and SVI on mp-MRI. In our study, we deter-
mined the significant predictive value of nutritional status, par-
ticularly the NRI, in relation to adverse pathological features of 
PCa based on a sufficient number of cases with ECE and SVI. 
Focused on NRI combined with variables such as PSA, biopsy 
Gleason score and PPC that are easily applicable in clinical 
practice, we established a predictive nomogram, and conducted 
external validation of the model. The results indicate that the 

Figure 3. Calibration curves for nomograms predicting ECE and SVI in the primary cohort (a: ECE; b: SVI) and validation cohort 
(c: ECE; d: SVI). ECE: extracapsular extension; SVI: seminal vesicle invasion.
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prediction model we established exhibits great prediction per-
formance in both the primary and validation cohorts.

There are several limitations of the study that should be 
acknowledged. Firstly, both the primary cohort and validation 
cohort of the study were derived from the same retrospective 
dataset, which introduced an inevitable potential for selection 
bias despite of randomizing the grouping. Secondly, due to 
the relatively small sample size, the accuracy of the models 
still needed to be validated internally and externally in large 
multicenter studies to estimate its wider applicability. Thirdly, 
our study mainly focused on the patients with PCa who under-
went RP. However, it is important to note that there has been a 
growing trend in recent years towards the utilization of RP in 
patients with more aggressive disease characteristics [49, 50]. 
Consequently, the results of our study may not be directly ap-
plicable to patients receiving alternative therapeutic approach-
es, such as active surveillance or radiotherapy. Additionally, 
the optimal cut-off value of NRI for malnutrition among pa-
tients with PCa may differ across various populations, which 
may potentially impact the generalizability of our results to 
different populations. Finally, although the prediction nomo-
grams established in our study showed great predictive per-
formance, the accuracy of prediction models based solely on 
clinicopathological factors could be limited. Model refinement 
may be necessary to refine the nomograms by adjusting coef-
ficients or adding/removing variables to improve their predic-
tive accuracy. Recent research has highlighted the value of pre-
operative MRI in evaluating ECE and SVI in PCa patients [6, 
7], suggesting that the integration of radiological information 
into predictive models may enhance the accuracy of predic-
tion. Therefore, it is imperative that future prospective studies 
are supposed to be conducted to explore the combination of 
the model with imaging tools, with the aim of improving the 
prediction of ECE and SVI in PCa.

Conclusion

In conclusion, the NRI can be considered a reliable tool for as-
sessing nutritional status, which is also significantly associated 
with adverse pathological features, particularly ECE and SVI, 
in patients with PCa. Moreover, the nomogram established 
based on the NRI in our study can provide an individualized 
risk estimation for ECE and SVI in PCa patients, and may be 
valuable for clinicians in making well-informed decisions re-
garding treatment strategies and patient management.
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