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Abstract
Background Pancreatic cancer is a fatal tumor, and the status of perineural invasion (PNI) of pancreatic cancer was 
positively related to poor prognosis including overall survival and recurrence-free survival. This study aims to develop 
and validate a predictive model based on serum biomarkers to accurately predict the perineural invasion.

Materials and methods The patients from No.924 Hospital of PLA Joint Logistic Support Force were included. 
The predictive model was developed in the training cohort using logistic regression analysis, and then tested in the 
validation cohort. The area under curve (AUC), calibration curves and decision curve analysis were used to validate the 
predictive accuracy and clinical benefits of nomogram.

Results A nomogram was developed using preoperative total bilirubin, preoperative blood glucose, preoperative 
CA19-9. It achieved good AUC values of 0.753 and 0.737 in predicting PNI in training and validation cohorts, 
respectively. Calibration curves showed nomogram had good uniformity of the practical probability of PNI. Decision 
curve analyses revealed that the nomogram provided higher diagnostic accuracy and superior net benefit compared 
to single indicators.

Conclusion The present study constructed and validate a novel nomogram predicted the PNI of resectable PHAC 
patients with high stability and accuracy. Besides, it could better screen high-risk probability of PNI in these patients, 
and optimize treatment decision-making.
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Introduction
Pancreatic cancer are increasingly threatening human life 
and health and impose a serious disease burden on soci-
ety worldwide [1]. The inconspicuous early symptoms 
lead to difficult diagnosis and poor treatment outcome of 
pancreatic cancer, which increases the mortality rate [2, 
3]. To date, radical surgery is the only curable treatment 
for patients with pancreatic cancer [4], like radical pan-
creatoduodenectomy (PD) remains the only treatment 
for pancreatic head adenocarcinoma (PHAC) patients 
[5]. However, due to the presence of distant metastasis 
or local invasion, fewer patients are suitable for surgical 
treatment, and most patients lack surgery opportunity at 
the time of diagnosis, thus, other treatments like radio-
therapy and chemotherapy are the main treatment strat-
egies for pancreatic cancer [6]. Previously, PHAC was 
reported have a significantly higher incidence compared 
to the pancreatic body/tail adenocarcinoma [1]. There-
fore, improving the prognosis of PHAC had increased 
our team and numerous researches’ interests.

Perineural invasion (PNI) is considered as a pivotal risk 
factor of early recurrence and poor prognosis of vari-
ous malignancies, such as pancreatic [7, 8], biliary tract 
[9] and colorectal [10, 11] cancer, while the incidence of 
PNI is very high in PHAC [12]. but mechanism of PNI in 
tumors is unclear. At present, several studies reveal some 
potential mechanism mediated the early PNI of pancre-
atic cancer. Jurcak NR et al. found the axon guidance 
molecules can promote perineural invasion and metasta-
sis of pancreatic tumors in mice model [13]. Huang et al. 
also demonstrated the MMP1/PAR1/SP/NK1R paracrine 
loop contributes to PNI of pancreatic cancer cells [14]. 
PNI is deemed as a process whereby cancer cells invade 
the nerves surrounded the tissue, thus causing metastatic 
spread and pain generation [12], which contributed to the 
both poor long-term survival and life quality of PHAC 
patients. Moreover, Fouquet T et al. demonstrated PNI is 
more accurate than T stage and lymph node status to pre-
dict early recurrence after pancreatoduodenectomy for 
PHAC [15]. Therefore, early identification of PNI is help-
ful in the management of the patients with PHAC. Up 
to date, Chari et al. has depicted that 34-40% of patients 
with pancreatic cancer are associated with diabetes [16], 
thus, hyperglycemia has certain influence on progres-
sion of PHAC. Carbohydrate antigen19-9 (CA19-9) is the 
most virtual serologic indicator for the diagnosis and pre-
dicting prognosis of PHAC [17]. Wang et al. performed a 
retrospective study to suggest CA19-9 and blood glucose 
level are novel indicators for neural invasion of PHAC 
[18]. However, no predictive nomogram was constructed 
to predict the PNI probability of PHAC patients, and the 
predictive power of single CA19-9 or blood glucose level 
reflected the PNI probability was limited, thus, it urgently 

need to development a novel predictive model to assess 
the PNI probability accurately.

Therefore, in the present study, we performed the uni-
variate and multivariate logistic regression analyses to 
screen out the independent risk factors of probability 
of PNI of patients with PHAC based on a retrospective 
analysis. Then, a nomogram assessed PNI probability was 
developed in the training cohort with good predictive 
accuracy, and verified in the validation cohort. It helps 
assist clinician to discriminate the patients with high-risk 
probability of PNI, and further guide the clinical practice.

Materials and methods
Patients’ selection
The patients with PHAC who received radical surgery in 
the Department of General Surgery of the No.924 Hos-
pital of PLA Joint Logistic Support Force between Janu-
ary 2010 and June 2020. The clinical information of these 
participants was collected and analyzed retrospectively. 
This study was approved by the Ethics Committee of the 
No.924 Hospital of PLA Joint Logistic Support Force, and 
participants’ written informed consent were obtained.

Inclusion and exclusion criteria
The inclusion criteria: (1) Resectable PHAC; (2) R0 sur-
gery was implemented; (3) PHAC was confirmed by 
postoperative pathology; (d) American Society of Anes-
thesiologists (ASA) grade was ≤ III; The exclusion cri-
teria: (1) complications or other causes lead death; (2) 
incomplete clinical data; (3) accompanied by other malig-
nant tumors; (4) distant metastasis [19].

Follow-up after resection
After surgery, patients received the following tests every 
3–6 months until death or loss to follow-up. Examina-
tions during the follow-up period included CA19-9, chest 
and abdomen CT, abdomen MRI. The final follow-up 
date was 30th June 2021.

Statistical analysis
R software (version 4.0.2) and SPSS software (version 
26.0) were used for all statistical analyses and graphics. 
Main R source packages include “survival”, “rms”, “pROC” 
[20], et al. Continuous variables were showed as mean 
(standard deviation) or median (interquartile range), and 
were tested by Student’s t test or Mann-Whitney U test. 
Categorical variables were reported as numbers with per-
centages and tested using Chi-squared test or Fisher’s 
exact test. The univariate and multivariate logistic regres-
sion analyses were used to identify independent risk fac-
tors. We used The Youden index and the closest-to-(0, 
1) criterion to calculate optimal threshold of nomo-
gram score. The Kaplan-Meier method and the log-rank 
test was used to depict survival curves. The AUC of the 
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ROC and decision curve analysis (DCA) were employed 
to estimate the performance of nomogram. All the P 
value < 0.05 in two-sided was considered statistically 
significant.

Results
Patients’ demographics and clinical characteristics
Of 421 patients underwent radical surgery who were col-
lected for this study, while a total of 389 patients included 
into this study meet the screen criteria. Based on the 7:3 
ratio of distribution, A total of 273 and 116 patients were 
randomly assigned to the training and validation cohorts. 
Corresponding detailed demographics and characteris-
tics of PHAC patients in these two cohorts were shown in 
Table 1, Of note, there were not any differences between 
the training and validation cohorts (P > 0.05). Compari-
son of OS and RFS of patients in the two cohorts was no 
statistical differences (Table 1). Additionally, comparisons 
of clinicopathological variables among patients with PNI 
and without PNI are demonstrated in Table 2. Compared 
with PHAC patients without PNI, these patients with 
PNI more often had preoperative obstructive jaundice; a 
higher preoperative hemoglobin, blood glucose, total bili-
rubin (TBIL), CA19-9, CA125 and fibrinogen (P < 0.05), 
and the patients with PNI had significantly shorter over-
all and recurrence free survival than the patients without 
PNI (P < 0.001).

The prognostic value of PNI for overall survival and 
recurrence-free survival
There are significant differences in long-term survival 
between patients with and without PNI. As shown in 
Fig. 1A-B, the median OS of patients with PNI was sig-
nificantly shorter than that of patients without PNI (19.3 
vs. 29.4 months and 19.1 vs. 28.5 months) in the train-
ing and validation cohorts, respectively (P < 0.001). The 
median RFS of patients with PNI was also significantly 
shorter compare to that of patients without PNI (12.5 
vs. 22.7 months and 12.0 vs. 22.7 months) in the training 
and validation cohorts, respectively (Fig. 1C-D, P < 0.001, 
P = 0.008).

Identification and selection of independent risk factors for 
PNI
Univariate logistic regression analysis revealed obstruc-
tive jaundice (P < 0.001), preoperative blood glucose 
(P < 0.001), preoperative albumin (P = 0.034), preop-
erative total bilirubin (P < 0.001), preoperative CA19-9 
(P < 0.001), preoperative CA125 (P = 0.040), preopera-
tive fibrinogen (P < 0.001). Considering the collinearity 
between the obstructive jaundice and total bilirubin, 
only the total bilirubin was included in the multivari-
ate analysis (Table  3). Multivariable logistic regression 
analysis showed preoperative blood glucose (P = 0.001), 
preoperative total bilirubin (P = 0.029), and preoperative 

Table 1 Characteristics of patients with pancreatic head adenocarcinoma in the two cohorts (n = 389)
Variables Training cohort Validation cohort P 

value(n = 273) (n = 116)
Age ≤ 60 years, N (%) 133 (48.7%) 60 (51.7%) 0.587
Male, N (%) 161 (59.0%) 66 (56.9%) 0.704
BMI, mean (SD), kg/m2 23.0 (3.0) 23.43 (2.9) 0.153
ASA grade ≤ II, N (%) 233 (85.3%) 107 (92.2%) 0.061
Biliary infection, N (%) 9 (3.3%) 3 (2.6%) 0.960
Obstructive jaundice, N (%) 136 (49.8%) 61 (52.6%) 0.617
Weight-loss ≥ 5 kg, N (%) 34 (12.5%) 9 (7.8%) 0.177
Preoperative Hb, median (IQR), g/L 127.0 (118.0, 137.0) 126.0 (117.0, 138.0) 0.847
Preoperative BG, median (IQR), mmol/L 5.4 (4.8, 6.7) 5.8 (5.0, 7.3) 0.552
Preoperative ALB, median (IQR), g/L 39.1 (36.5, 41.2) 39.0 (35.6, 41.7) 0.864
Preoperative TBIL, median (IQR), µmol/L 28.3 (11.1, 165.5) 29.6 (10.3, 170.4) 0.857
Preoperative CA19-9, median (IQR), U/mL 121.0 (31.4, 372.2) 166.1 (39.3, 401.6) 0.821
Preoperative CEA, median (IQR), ng/mL 3.1 (2.0, 4.5) 2.7 (1.8, 4.8) 0.297
Preoperative CA125, median (IQR), U/mL 12.9 (9.4, 19.8) 13.5 (9.4, 21.3) 0.812
Preoperative FIB, median (IQR), g/L 3.7 (3.1, 4.6) 3.5 (3.0, 4.3) 0.068
Maximum tumor size, median (IQR), cm † 3.0 (2.5, 4.0) 3.0 (2.5, 4.0) 0.629
Median RFS (95% CI), months 14.7 (12.9–16.5) 15.4 (11.3–19.4) 0.607
Median OS (95% CI), months 24.0 (20.7, 29.6) 23.8 (19.3, 28.3) 0.809
Postoperative adjuvant therapy, N (%) 196 (71.8%) 83(71.5%) 0.984
†, preoperative imaging results

Abbreviations: SD, standard deviation; IQR, interquartile range; BMI, Body Mass Index; ASA grade, American Society of Anesthesiologists physical status classification; 
Hb, hemoglobin; BG, blood glucose; ALB, albumin; TBIL, total bilirubin; CA19-9, carbohydrate antigen19-9; CEA, carcinoembryonic antigen; CA125, carbohydrate 
antigen125; FIB, fibrinogen; RFS, recurrence-free survival; OS, overall survival; CI, confidence interval
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Table 2 Clinicopathological characteristics between patients with and without PNI
Variables PNI-positive group PNI-negative group P value

(n = 252) (n = 137)
Age ≤ 60 years, N (%) 124 (49.2%) 69 (50.4%) 0.827
Male, N (%) 144 (57.1%) 83 (60.6%) 0.511
BMI, mean (SD), kg/m2 23.1 (2.9) 23.1 (2.9) 1.000
ASA grade ≤ II, N (%) 217 (86.1%) 123 (89.8%) 0.297
Biliary infection, N (%) 8 (3.2%) 4 (2.9%) 1.000
Obstructive jaundice, N (%) 149 (59.1%) 48 (35.0%) < 0.001
Weight-loss ≥ 5 kg, N (%) 27 (10.7%) 16 (11.7%) 0.772
Preoperative Hb, median (IQR), g/L 126.0 (117.0, 136.0) 129.0 (119.0, 139.0) 0.042
Preoperative BG, median (IQR), mmol/L 5.8 (5.1, 7.3) 5.2 (4.6, 6.1) < 0.001
Preoperative ALB, median (IQR), g/L 38.9 (35.5, 40.8) 39.4 (37.0, 42.1) 0.055
Preoperative TBIL, median (IQR), µmol/L 85.8 (12.6, 210.3) 14.0 (9.3, 67.2) < 0.001
Preoperative CA19-9, median (IQR), U/mL 189.5 (55.8, 569.2) 42.3 (14.1, 206.6) < 0.001
Preoperative CEA, median (IQR), ng/mL 3.2 (2.1, 4.7) 2.6 (1.7, 4.4) 0.484
Preoperative CA125, median (IQR), U/mL 14.0 (9.7, 21.5) 11.7 (8.3, 17.0) 0.012
Preoperative FIB, median (IQR), per g/L 3.9 (3.2, 4.7) 3.4 (2.9, 4.3) 0.001
Maximum tumor size, median (IQR), cm † 3.0 (2.5, 3.8) 3.0 (2.5, 4.0) 0.275
Median RFS (95% CI), months 12.3 (11.3–13,3) 22.7 (17.6–27.8) < 0.001
Median OS (95% CI), months 19.1 (16.7–21.5) 29.4 (21.9–36.9) < 0.001
Postoperative adjuvant therapy, N (%) 171 (67.9%) 108 (78.8%) 0.356
†, preoperative imaging results

Abbreviations: PNI, perineural invasion; SD, standard deviation; IQR, interquartile range; BMI, Body Mass Index; ASA grade, American Society of Anesthesiologists 
physical status classification; Hb, hemoglobin; BG, blood glucose; ALB, albumin; TBIL, total bilirubin; CA19-9, carbohydrate antigen19-9; CEA, carcinoembryonic 
antigen; CA125, carbohydrate antigen125; FIB, fibrinogen; RFS, recurrence-free survival; OS, overall survival; CI, confidence interval

Fig. 1 (A-B) Kaplan-Meier curves of overall survival for patients with and without PNI in the training and validation cohorts. (C-D) Kaplan-Meier curves of 
recurrence free survival for patients with and without PNI in the training and validation cohorts
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CA19-9 (P = 0.010) were independently risk factors for 
PNI (Table 3).

Development and validation of nomogram predicting 
probability of PNI
Next, based on all above the independent risk factors, a 
nomogram was constructed to evaluate PNI probability 
by summing scores on the point scales for these signifi-
cant prognostic factors identified in the logistic model 
(Fig. 2A). The C-statistics of the nomogram was 0.753 and 
0.737 in the training and validation cohorts respectively, 
which showed this nomogram had good predictive capa-
bility. The calibration curves for PNI probability showed 
the nomogram prediction had good uniformity of the 
practical observation in the training cohort (Fig. 2B), and 
the validation cohort showed similar results (Fig.  2C). 
The AUC values for PNI prediction were 0.753 (95% CI, 
0.696–0.811), and 0.737 (95% CI,0.645–0.829) in these 
two cohorts (Fig. 3A-B). The discrimination ability of the 
nomogram was further evaluated by dividing the pre-
dicted probabilities of PNI into two risk groups accord-
ing to the different nomogram scores (Low-risk group 
with a nomogram score ≤ 40; and High-risk group with a 
nomogram score > 40). We found that the high-risk group 

had a higher probability of PNI than the low-risk group: 
High risk vs. Low risk, 89.7% vs. 50.0% in training cohort; 
74.4% vs. 35.3% in validation cohort (both P < 0.001, 
Fig. 3C).

Clinical utility analysis for predictive model
Decision curve analysis (DCA) was used to facilitate 
comparison between the nomogram models with the 
other single indicators. The results exhibited more excel-
lent net benefits in predictive model compared with the 
other single indicators in training and validation cohorts 
respectively (Fig. 3D-E). It suggested the clinical useful-
ness of the nomogram was stable and steady in predicting 
PNI.

Discussion
The very high mortality and recurrence rate in pancre-
atic head adenocarcinoma (PHAC) places importance 
on exploiting the novel predictive model to improve 
long-term survival of patients with PHAC [1, 4, 21]. At 
present, several studies showed that perineural invasion 
(PNI) is considered as the pivotal risk factor for various 
malignancies including PHAC [10–12]. Thus, it urgently 
needs a novel nomogram based on some preoperative 

Table 3 Univariate and multivariate logistic regression analyses for predicting PNI probability of patients with pancreatic head 
adenocarcinoma in the training cohort
Characteristics Univariate analysis Multivariate analysis

B HR (95% CI) P value B HR (95% CI) P 
value

Age, > 60 vs. ≤ 60, years 0.143 1.154 (0.700-1.902) 0.574
Gender, female vs. male -0.379 0.685 (0.409–1.147) 0.150
BMI, per kg/m2 0.011 1.011 (0.928-1.100) 0.808
ASA grade, III vs. ≤ II 0.101 1.107 (0.542–2.261) 0.781
Biliary infection, yes vs. no 0.051 1.052 (0.257–4.305) 0.944
Obstructive jaundice, yes vs. no 0.988 2.687 (1.598–4.518) < 0.001
Weight-loss ≥ 5 kg, yes vs. no -0.189 0.828 (0.394–1.739) 0.618
Preoperative Hb, per g/L -0.015 0.985 (0.968–1.002) 0.084
Preoperative BG per mmol/L 0.457 1.579 (1.283–1.943) < 0.001 0.336 1.399 

(1.144–1.710)
0.001

Preoperative ALB, per g/L -0.073 0.930 (0.869–0.995) 0.034 0.010 1.010 
(0.932–1.095)

0.808

Preoperative TBIL per µmol/L 0.007 1.007 (1.004–1.010) < 0.001 0.004 1.004 
(1.000-1.007)

0.029

Preoperative CA19-9, per U/mL 0.002 1.002 (1.001–1.004) < 0.001 0.002 1.002 
(1.000-1.003)

0.010

Preoperative CEA, per ng/mL 0.017 1.018 (0.962–1.076) 0.541
Preoperative CA125, per U/mL 0.025 1.025 (1.001–1.050) 0.040 0.010 1.010 

(0.988–1.031)
0.381

Preoperative FIB, per g/L 0.472 1.603 (1.245–2.064) < 0.001 0.093 1.097 
(0.795–1.514)

0.573

Maximum tumor size, per cm † -0.080 0.923 (0.764–1.115) 0.407
Bold text hinted that these variables were statistically significant in univariate or multivariate analysis. ¶ Considering the collinearity between the obstructive 
jaundice and TBIL, only the TBIL was included in the multivariate analysis. †, preoperative imaging results

Abbreviations: HR, hazard Ratio. B, coefficient; CI, confidence interval; BMI, body Mass Index; ASA grade, American Society of Anesthesiologists physical status 
classification; Hb, hemoglobin; BG, blood glucose; ALB, albumin; TBIL, total bilirubin; CA19-9, carbohydrate antigen19-9; CEA, carcinoembryonic antigen; CA125, 
carbohydrate antigen125; FIB, fibrinogen
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indicators to predictive PNI probability before surgery. 
In the present study, we developed a novel nomogram 
assessed the probability of PNI of patients with PHAC, 
and validated it in the internal validation cohort. Of 389 
patients with PHAC met the include criteria, and plenty 
of preoperative variables including age, gender, common 
syndromes, and serum indicators, such as blood glucose, 
Carbohydrate antigen 125 (CA125), and Carbohydrate 
antigen19-9 (CA19-9) et al. Based on the univariate and 
multivariate logistic regression analysis, we finally devel-
oped a novel nomogram involved three independent 
risk factors (preoperative blood glucose, preoperative 
total bilirubin, and preoperative CA19-9) to predict PNI 
probability of patients in the training cohort, while these 
factors were easy to obtain in clinical practice. CA19-9 
is the most virtual serologic indicator and predictor for 
the diagnosis and predicting prognosis of PHAC [17, 
22], extremely elevated CA19-9 level often indicate poor 
prognosis, and it can also play the encouraging role in 
the progression of PHAC [22]. However, CA19-9 has 
limited specificity, and thus is not recommended for the 
early screening of pancreatic cancer. Recently, increas-
ing studies focus on combining multi-serum biomarkers 

with CA19-9 for pancreatic cancer detection [23]. In 
addition, the relationship between CA19-9 and PNI was 
reported by Wang et.al [18], which is similar to our study, 
the CA19-9 is the independent risk factor of PNI. Like 
our study, Wang et al. also suggested elevated blood glu-
cose level are positively related with PNI of PHAC [18]. 
It implies the hyperglycemia take a positive effect on 
pancreas status and play an accelerated role in malignant 
progression of PHAC. Therefore, it is essential to surveil 
the blood glucose level of PHAC patients before surgery 
timely. Previous study revealed the bilirubin as a risk 
indicator to evaluate prognosis of PHAC patients [24]. 
But no study illuminates the correlation of bilirubin with 
PNI probability. In the present study, preoperative total 
bilirubin was also considered as an independent risk fac-
tor of PNI, and combining it with other two biomarkers 
can predict the PNI with better predictive accuracy com-
pared to that of single indicator.

The predictive model (nomogram) uses various inde-
pendent prognostic factors including demographics, 
biology and genomics to estimate the risk of disease 
development or potential outcomes [25–28]. It is a valu-
able tool for healthcare personnel to accurately evaluate 

Fig. 2 (A) The nomogram predicting probability of PNI of patients with PHAC. (B-C) Calibration curves showing nomogram prediction had the uniformity 
of the practical probability of PNI in the training and validation cohorts
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the potential risk associated with a specific clinical out-
come, allows for informed and confident clinical deci-
sion-making [28, 29]. At present, various predictive 
models were developed and used in personal treatment 
for cancers including pancreatic cancer. Li et al. con-
structed a perioperative serum scoring systems pre-
dict early recurrence and poor prognosis of pancreatic 
cancer. The novel serum scoring systems can effectively 
evaluate the recurrence rate and overall survival rate with 
good AUC value [30]. Guo et al. developed a nomogram 
for predicting lymph node positivity in pancreatic head 
cancer, it has certain ability to predict lymphatic metas-
tasis preoperatively [31]. Besides, some nomogram was 
developed to predict PNI in diverse tumors [32–34]. 
Huang et al. constructed a prediction model which inte-
grated the radiomics signature and carcinoembryonic 
antigen (CEA) level into a prediction model for effec-
tive risk assessment of PNI in colorectal cancer [32]. Liu 
and Huang et al. also developed and validated a nomo-
gram for the preoperative prediction of PNI in patients 
with gastric and colorectal cancer, respectively [33, 34]. 

Recently, various clinical-radiomics models were devel-
oped to identify the tumor perineural invasion status 
with good predictive ability. Zhang et al. developed a 
radiomics nomogram based on multiparametric mag-
netic resonance imaging for preoperative prediction of 
perineural invasion status of rectal cancer. They found 
that the fusion radiomics signature performed better pre-
dictive capability to evaluate prognosis [35]. Zhang and 
Zhan et al. also constructed radiomics model for the pre-
operative prediction of PNI in patients with prostate can-
cer and perihilar cholangiocarcinoma, respectively [36, 
37]. However, no predictive nomogram was constructed 
to predict the PNI probability of PHAC patients, and sin-
gle CA19-9 or blood glucose level reflected the PNI prob-
ability was limited, thus, it needs to development a novel 
predictive model to assess the PNI probability accurately 
in PHAC patients. In this study, the predictive model we 
constructed provided a good tool to distinguish patients 
with high-risk PNI before surgery. Patients with PHAC 
were preoperatively divided into high-risk group (nomo-
gram score > 40 points) and low-risk group (nomogram 

Fig. 3 (A-B) the AUC value of the nomogram prediction in the training and validation cohorts. (C) Boxplot of probability of PNI (%) between the high-risk 
and low-risk in the training and validation cohorts. (D-E) Decision curve analysis showed clinical benefits of the model predicting PNI compare to the 
single indicators (CA19-9, total bilirubin, and blood glucose) in the training and validation cohorts
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score ≤ 40 points). Incidence statistical analyses revealed 
that patients in the high-risk group had significantly 
higher incidence than those in the low-risk group. There-
fore, the stratification of model could be used for iden-
tifying patients who are susceptive to PNI, and further 
guide the clinician to perform the positive intervention. 
Next, the results of AUC showed that our model had 
preferable predictive capability. Decision curve analysis 
(DCA) was used to facilitate comparison between the 
nomogram models with the other single indicators [38]. 
DCA graphically shows the clinical usefulness of the 
nomogram model for PNI probability on a continuum 
of potential thresholds for risk of PNI (the x-axis) and 
the net benefit of using the model to the risk of stratify-
ing patients relative to the assumption that no patient 
had PNI (the y-axis). In this study, DCA illuminated the 
model had higher clinical benefits than the single indica-
tors, and the calibration curves also suggested there were 
good discrimination and calibration capabilities.

Although the present model had a great performance 
for predicting PNI probability, some limitations also 
existed. Firstly, the data of all cohorts were collected 
retrospectively, thus, the study was performed with its 
inherent defects. Besides, CA19-9 non-secretors were 
not identified at the baseline and excluded from the 
study. Secondly, the TNM stage was not obtain before 
surgery, thus the present nomogram is used for all TNM 
stage of patients with PHAC. Thirdly, despite the internal 
validation cohort has been used to increase its reliability, 
the wide application of this model deserved further con-
firmation. Therefore, it also needs further large prospec-
tive studies to confirm the effectiveness of the present 
model.

Conclusion
We developed and validated a novel predictive model 
assessed probability of PNI of patients with resecable 
PHAC based on the preoperative serum indicators. 
Hopefully, this nomogram would help assist clinician to 
discriminate the PHAC patients with high-risk probabil-
ity of PNI, and optimize overall treatment decision-mak-
ing for patients with PHAC.
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