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carcinoma after pancreaticoduodenectomy
Guangsheng Yu1†, Shuai Xu1†, Junjie Kong1, Jingyi He1 and Jun Liu1* 

Abstract 

Background  Duodenal papilla carcinoma (DPC) is prone to relapse even after radical pancreaticoduodenectomy 
(PD) (including robotic, laparoscopic and open approach). This study aimed to develop web calculators to predict 
early recurrence (ER) (within two years after surgery) and long-term survival in patients with DPC after PD.

Methods  Patients with DPC after radical PD were included. Univariate and multivariate logistic regression analyses 
were used to identify independent risk factors. Two web calculators were developed based on independent risk fac-
tors in the training cohort and then tested in the validation cohort.

Results  Of the 251 patients who met the inclusion criteria, 180 and 71 patients were enrolled in the training and vali-
dation cohorts, respectively. Multivariate logistic regression analysis revealed that tumor size [Odds Ratio (OR) 1.386; 
95% confidence interval (CI) 1070–1.797; P = 0.014]; number of lymph node metastasis (OR 2.535; 95% CI 1.114–5.769; 
P = 0.027), perineural invasion (OR 3.078; 95% CI 1.147–8.257; P = 0.026), and tumor differentiation (OR 3.552; 95% CI 
1.132–11.152; P = 0.030) were independent risk factors for ER. Nomogram based on the above four factors achieved 
good C-statistics of 0.759 and 0.729 in predicting ER in the training and the validation cohorts, respectively. Time-
dependent ROC analysis (timeROC) and decision curve analysis (DCA) revealed that the nomogram provided superior 
diagnostic capacity and net benefit compared with single variable.

Conclusions  This study developed and validated two web calculators that can predict ER and long-term survival 
in patients with DPC with high degree of stability and accuracy.
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Background
Duodenal papilla carcinoma (DPC) is a malignant tumor 
occurring in the duodenal papilla region (including the 
intrapapillary bile duct and pancreatic duct) and accounts 
for about 60% of primary duodenal malignant tumors [1, 
2]. Compared with pancreatic ductal adenocarcinoma 
(PDAC) and distal cholangiocarcinoma (DCC), DPC has 
a higher resection rate and a better long-term prognosis 
[3]. 
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Radical pancreaticoduodenectomy (PD) represents the 
main surgical strategy for the treatment of DPC, with a 
5-year survival rate of about 50% [3]. However, due to the 
difference in tumor histological grade, tumor size and 
surrounding tissue invasion, some patients with DPC 
are still prone to relapse after surgery, which seriously 
threatens the long-term survival of these patients [3, 
4]. Multiple studies have shown that tumor size, lymph 
node metastasis, tumor differentiation, perineural inva-
sion and TNM stage are independent prognostic factors 
affecting the long-term survival of patients with DPC [5–
7]. However, there is no prediction model that combines 
these independent prognostic factors to predict early 
recurrence (ER) and overall survival (OS) of patients with 
DPC, so as to provide objective evaluation indicators and 
clinical references [8, 9].

Therefore, in the present study, we retrospectively ana-
lyzed clinical and follow-up data from patients with DPC 
at our center to screen for independent prognostic fac-
tors affecting ER and long-term survival. In addition, the 
web-based calculators for ER and long-term survival in 
DPC patients were developed following the predictive 
models to help clinicians screen high-risk patients with 
poor prognosis and timely adjust corresponding treat-
ment and follow-up strategies to improve the long-term 
survival outcomes in these patients.

Methods
Study population
Clinical pathology results and follow-up data were 
included for patients with DPC who underwent radi-
cal PD at the Department of Liver Transplantation and 
Hepatobiliary Surgery of Shandong Provincial Hospital 
between January 2011 and October 2020. This study was 
approved by the Medical Ethics Committee of Shandong 
Provincial Hospital (No.2022–178), and all patients gave 
informed consent and signed written informed consent.

Inclusion and exclusion criteria
The pre-operative resectability of the DPC was evaluated 
under the multi-disciplinary team (MDT) strategy, and 
the diagnosis was confirmed based on the post-opera-
tive histopathology results. The inclusion criteria were 
as follows: (1) age ≥ 18 years; (2) DPC was confirmed by 
pathological report; (3) radical PD was performed and R0 
resection was confirmed by postoperative pathology; (4) 
the American Society of Anesthesiologists (ASA) staging 
was I-III; (5) no neoadjuvant therapy (NAT) was received 
before operation. Exclusion criteria were as follows: (1) 
death due to complications or other causes other than 
DPC; (2) incomplete data or lost to follow-up; (3) accom-
panied by other malignant tumors; (4) the presence of 
distant metastasis.

Follow up after resection
Patients were followed up every three to six months after 
surgery through outpatient reviews or telephone inter-
views. The results of follow-up were recorded until the 
patient died or was lost to follow-up. Examination dur-
ing follow-up included enhanced abdominal and pelvic 
CT and/or MRI scans, chest X-rays, and tumor marker 
screening, among others. Tumor recurrence was deter-
mined comprehensively based on imaging and serologi-
cal findings. Postoperative chemotherapy and regular 
surveillance were recommended. A standard adjuvant 
chemotherapy regimen has not been established in 
China. In our center, the main chemotherapy regimens 
include gemcitabine-based regimens or combinations 
of gemcitabine and 5-Fu. The primary endpoint of this 
study was early recurrence (ER), and the secondary end-
point was overall survival (OS). ER was defined as tumor 
recurrence within 2  years after radical resection (In the 
result section of this article, we use the minimum P-value 
method to reverse verify this definition [10, 11]). OS was 
calculated from the date of PD to either the date of death 
or the date of the last follow-up [12]. The final follow-up 
date for this study was October 31, 2022.

Study variables and definition
All patients underwent standard open or minimally inva-
sive approach (robotic or laparoscopic). The specific sur-
gical procedures and protocols have been reported in 
detail in our previous studies [13, 14]. Surgical modality 
was not a focus in this study, as a number of domestic and 
international studies have demonstrated that a minimally 
invasive or open approach is not a prognostic factor for 
long-term survival of patients after surgery [15–18].

Conventional demographic indicators included age, 
sex, body mass index (BMI), ASA health staging, and 
personal history. Serological variables include: blood rou-
tine, biochemical indicators and tumor markers, among 
others. Serological indicators were based on the results 
of the first post-admission examination. Histopathologic 
findings included tumor size (the largest tumor diameter 
recorded in the pathological reports), tumor differentia-
tion, surrounding invasion, and lymph node metastasis. 
The Clavien-Dindo grading system assesses postoperative 
complications, and severe complications were defined as 
Clavien-Dindo grade III or higher [19]. R0 resection was 
defined as the absence of tumor cells at the microscopic 
margin [20].

Statistical analysis
Continuous variables conforming to normal distribution 
were expressed as mean ± standard deviation (SD), and 
differences between groups were compared by student’s 
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t test; while continuous variables that did not conform 
to normal distribution were expressed as median (inter-
quartile range, [IQR]), and differences between groups 
were compared by Mann–Whitney U test [21]. Cat-
egorical variables were expressed as frequency (%), and 
differences between groups were compared by Pearson 
chi-square test, continuity-corrected chi-square test 
or Fisher’s exact probability test. Referring to previ-
ous studies [11, 22], univariate and multivariate logistic 
regression analyses were used to determine independ-
ent prognostic factors for ER in the training cohort. 
The DPC-ER nomogram was developed according to 
the proportion of regression coefficients of independent 
prognostic factors. The calibration curve, receiver oper-
ating characteristic (ROC) curve, time-dependent ROC 
(timeROC) curve, and decision curve analysis (DCA) 
were used to evaluate the performances of different mod-
els across the two cohorts. The optimal cut-off value for 
the nomogram score was calculated using the maximum 
Youden index method. The Kaplan–Meier survival curve 
was used to describe the long-term survival of patients, 
and the log-rank test was used to compare the differences 
between groups. All tests were two-tailed, and P < 0.05 
was defined as statistically significant. The statistical soft-
ware we used in the present study includes R software 
(version 3.6.3, R Foundation for Statistical Computing, 
Vienna, Austria) and SPSS software (version 25.0, IBM, 
Armonk, New York, USA). The packages used in the R 
environment mainly include: “survival”,“survminer”,“rm
da”,“nomogramFormula”,“timeROC”,“rms”,“pROC”, “Dyn-
Nom” and “rsconnect”.

Results
Clinical characteristics of patients
A total of 251 patients met the inclusion and exclusion 
criteria to be included in the study. All patients were ran-
domized in a ratio of approximately 7:3, with 180 patients 
enrolled in the training cohort and 71 in the validation 
cohort (Supplementary Fig.  1). During the follow-up 
period, 81 (35.2%) patients experienced ER, including 
56 (31.1%) patients in the training cohort and 25 (35.2%) 
patients in the validation cohort (P = 0.531). The median 
RFS of patients in the training cohort was 36.5 (95% con-
fidence interval [CI]: 27.2–45.8) months, and the median 
OS was 50.2 (95%CI: 41.1–59.3) months. The median 
RFS in the validation cohort was 27.6 (95%CI: 22.9–32.3) 
months, and the median OS was 50.5 (95%CI: 25.0–76.0) 
months. There were no significant differences between 
the two cohorts in demographic, serological, tumor his-
topathology characteristics, or long-term survival out-
comes. The detailed characteristics of patients with DPC 
in the training and validation cohorts were presented in 
Table 1.

Table  2 compared the clinical and follow-up data for 
81 patients with ER and 170 patients without ER. The 
results demonstrated that patients with ER had a higher 
proportion of lymph node metastasis (39.5% vs. 18.2%, 
P = 0.001), peripheral nerve invasion (28.4% vs. 9.4%, 
P < 0.001), TNM stage III (35.8% vs. 18.2%, P = 0.005) and 
poorly differentiated tumors (38.3% vs. 20.0, P = 0.001). 
Additionally, tumors were relatively larger in the ER 
group (2.5 cm vs. 2.0 cm, P = 0.003). The median RFS of 
patients in the ER group was 11.4 (95%CI: 10.1–12.7) 
months, and the median OS was 21.9 (95%CI: 18.2–25.6) 
months, both significantly shorter than those in the 
non-ER group (both P values < 0.001). Additional demo-
graphic, serological and histopathological results for both 
groups are detailed in Table 2.

Validation of ER definitions and ER sites.
As mentioned above, we used the minimum P-value 
method to conduct a minimum P-value analysis of 
postoperative OS in the potential ER group and the 
non-ER group following previous studies [10, 11]. The 
results indicated that the P-value of log-rank test was 
the smallest when the cut-off value was 24  months 
(P = 3.596 × 10–44) (Supplementary Table  1). Among the 
81 ER patients, local recurrence and liver metastasis 
were the most common, accounting for 19.8% and 48.1%, 
respectively. See Supplementary Table 2 for details of the 
ER sites.

Identification of independent prognostic factors for ER 
and the development of a prognostic nomogram 
in the training cohort
Multivariate logistic regression analysis revealed that 
tumor size (odds ratio [OR]: 1.386; 95% CI: 1.070–1.797; 
P = 0.014), number of lymph node metastasis (OR: 2.535; 
95% CI: 1.114–5.769; P = 0.027), perineural invasion (OR: 
3.078; 95% CI: 1.147–8.257; P = 0.026), poorly tumor dif-
ferentiation (OR: 3.552; 95% CI: 1.132–11.152; P = 0.030) 
were the independent prognostic factors for ER of DPC 
after radical resection (Table 3). Then, we constructed the 
prognostic nomogram for predicting ER of DPC based on 
the above four independent prognostic factors (Fig. 1A).

Performance of the DPC‑ER nomogram for predicting ER 
compared to a single variable and TNM stage in training 
and validation cohorts
As shown in Fig. 1B-1C, calibration curves showed that 
the DPC-ER nomogram fitted well both in the training 
cohort and the validation cohort (the P values of Hos-
mer–Lemeshow test were 0.242 and 0.210 in the train-
ing cohort and the validation cohort, respectively). The 
C-statistics or the area under the ROC (AUC) curve of 
the DPC-ER nomogram for ER prediction was 0.759 (95% 
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CI, 0.685–0.832) in the training cohort and 0.729 (95% 
CI, 0.601–0.856) in the validation cohort, which were 
both significantly superior to a single variable and TNM 
stage (all P < 0.05, Fig. 2A-2B, Supplementary Fig. 2A-2B, 
Supplementary Table 3).

Decision curve analysis (DCA) converts complex 
mathematical models into simple and easy-to-under-
stand graphics for display, in order to intuitively judge the 
practicability and net benefits of different models [23]. 
DCA demonstrated that the DPC-ER nomogram pro-
vided superior net benefits when compared with a single 
variable and TNM stage (Fig. 2C-2D and Supplementary 

Fig.  2C-2D, in the training and validation cohorts, 
respectively).

The discriminatory ability of the nomogram was fur-
ther evaluated by dividing patients into two risk groups 
according to different nomogram scores (the low-risk 
group with a nomogram score ≤ 63; and the high-risk 
group with a nomogram score > 63) (Fig. 1A). The results 
revealed that the high-risk group had a higher ER inci-
dence than the low-risk group in the two cohorts: high-
risk group vs. low-risk group, 48.9% vs. 12.5% in the 
training cohort, P < 0.001; 47.2% vs. 22.9% in the valida-
tion cohort, P = 0.032 (Fig. 2E, Supplementary Table 4).

Table 1  Clinicopathological characteristics of patients with DPC in the training and validation cohorts (n = 251)

Abbreviation: DPC Duodenal papilla carcinoma, IQR Interquartile range, BMI Body mass index, ASA grade American Society of Anesthesiologists physical status 
classification, WBC White blood cell, ALB Albumin, TBIL Total bilirubin, CA19-9 Carbohydrate antigen19-9, CEA Carcinoembryonic antigen, CA125 Carbohydrate 
antigen125, FAR Fibrinogen-to-albumin ratio, NLR Neutrophil–lymphocyte ratio, PLR Platelet to lymphocyte ratio, RFS Recurrence free survival, OS Overall survival, 
CI Confidence interval

Data are presented as n (%) or median (IQR); Bold text hinted that these variables were statistically significant

Variables Training cohort Validation cohort P value
(n = 180) (n = 71)

Age ≤ 60 years 101 (56.1) 34 (47.9) 0.239

Gender, Male 97 (53.9) 42 (59.2) 0.450

BMI, kg/m2 23.2 (21.1–25.7) 23.8 (21.5–25.9) 0.433

ASA grade ≤ II 154 (85.6) 56 (78.9) 0.197

Biliary infection 46 (25.6) 16 (22.5) 0.617

Biliary drainage 46 (25.6) 20 (28.2) 0.672

Jaundice history 99 (55.0) 37 (52.1) 0.679

Diabetes history 26 (14.4) 8 (11.3) 0.508

Preoperative WBC, 109/L 6.1 (4.8–7.4) 5.9 (4.7–7.4) 0.539

Preoperative ALB, g/L 37.9 (35.4–40.5) 37.8 (35.1–40.8) 0.817

Preoperative TBIL, μmol/L 23.7 (11.9–97.4) 32.4 (9.7–115.5) 0.729

Preoperative glucose, mmol/L 5.4 (4.8–6.0) 5.1 (4.6–6.2) 0.346

Preoperative CA19-9, U/mL 39.9 (11.0–106.8) 29.6 (13.0–76.7) 0.782

Preoperative CA125, U/mL 11.2 (7.9–17.7) 11.7 (8.8–17.8) 0.360

Preoperative CEA, ng/mL 2.2 (1.5–3.3) 2.1 (1.2–3.5) 0.544

Preoperative FAR 0.107 (0.085–0.130) 0.097 (0.083–0.136) 0.624

Preoperative NLR 2.3 (1.7–3.6) 2.1 (1.5–3.3) 0.142

Preoperative PLR 162.0 (124.0–234.3) 151.2 (122.3–204.3) 0.357

Tumor size, cm 2.0 (1.5–3.0) 2.5 (1.8–3.5) 0.211

Without lymph node metastasis 135 (75.0) 53 (74.6) 0.681

Perineural invasion 24 (13.3) 15 (21.1) 0.125

Vascular invasion 7 (3.9) 1 (1.4) 0.543

TNM stage (I/II/III) 86/49/45 (47.8/27.2/25.0) 45/11/15 (63.4/15.5/21.1) 0.060

Poorly differentiated 47 (26.1) 18 (25.4) 0.893

Clavien-Dindo grade ≥ III 23 (12.8) 13 (18.3) 0.260

Early recurrence 56 (31.1) 25 (35.2) 0.531

Adjuvant chemotherapy 87 (48.3) 38 (53.5) 0.459

Follow-up, months 37.5 (18.8–54.5) 33.8 (14.7–47.8) 0.051

Median RFS (95% CI), months 36.5 (27.2–45.8) 27.6 (22.9–32.3) 0.182

Median OS (95% CI), months 50.2 (41.1–59.3) 50.5 (25.0–76.0) 0.288
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The long‑term survival outcomes of patients in different 
risk groups
As shown in Fig.  3A-3D, there were significant differ-
ences in long-term survival outcomes between different 
risk groups. The 1-, 3-, 5-year OS rates of patients in the 
low-risk group were 100.0%, 87.6%, 66.0% in the train-
ing cohorts, and 100.0%, 68.6%, 40.0% in the validation 
cohort, which were all significantly higher than those in 
the high-risk group: 90.0%, 50.7%, 21.6% in the training 
cohort, and 93.9%, 46.4%, 30.9% in the validation cohort 
(P < 0.001) (Fig.  3A-3B, Supplementary Table  5). Similar 
trends in RFS rates were observed in both groups. The 
detailed results can be seen in Fig.  3C-3D and Supple-
mentary Table 6.

Performance of the DPC‑OS nomogram for predicting OS 
compared to a single variable in training and validation 
cohorts
Subsequently, we developed the DPC-OS nomogram for 
predicting long-term survival outcomes of DPC patients 
based on the above four independent prognostic factors 
(Supplementary Fig.  3A). Time-dependent ROC curve 
(timeROC) analysis was used to further demonstrate 
the performance of DPC-OS nomogram and single vari-
able in predicting long-term survival outcomes. The area 
under the timeROC (timeAUCs) of the DPC-OS nomo-
gram for predicting OS within 5 years in the training and 
validation cohorts were 0.666–0.848 and 0.638–0.953, 
respectively, which were significantly superior to those 

Table 2  Clinicopathological characteristics and surgical outcomes between patients in DPC-ER group and Non-DPC-ER group

Abbreviation: DPC Duodenal papilla carcinoma, ER Early recurrence, IQR Interquartile range, BMI Body mass index, ASA grade American Society of Anesthesiologists 
physical status classification, WBC White blood cell, ALB Albumin, TBIL Total bilirubin, CA19-9 Carbohydrate antigen19-9, CEA Carcinoembryonic antigen, 
CA125 Carbohydrate antigen125, FAR Fibrinogen-to-albumin ratio, NLR Neutrophil–lymphocyte ratio, PLR Platelet to lymphocyte ratio, RFS Recurrence free survival, 
OS Overall survival, CI Confidence interval, NA Not available

Data are presented as n (%) or median (IQR); Bold text hinted that these variables were statistically significant

Variables Non-DPC-ER group DPC-ER group P value
(n = 170) (n = 81)

Age ≤ 60 years 92 (54.1) 43 (53.1) 0.878

Gender, Male 97 (57.1) 42 (51.9) 0.438

BMI, kg/m2 23.8 (21.4–26.1) 22.7 (20.8–24.6) 0.023
ASA grade ≤ II 144 (84.7) 66 (81.5) 0.518

Biliary infection 41 (24.1) 21 (25.9) 0.756

Biliary drainage 43 (25.3) 23 (28.4) 0.602

Jaundice history 90 (52.9) 46 (56.8) 0.567

Diabetes history 23 (13.5) 11 (13.6) 0.991

Preoperative WBC, 10^9/L 6.2 (4.8–7.4) 5.9 (4.7–7.1) 0.519

Preoperative ALB, g/L 37.9 (35.6–40.4) 37.5 (34.5–40.8) 0.728

Preoperative TBIL, μmol/L 24.0 (11.9–99.8) 31.5 (9.7–104.8) 0.752

Preoperative glucose, mmol/L 5.3 (4.7–6.0) 5.2 (4.8–6.2) 0.733

Preoperative CA19-9, U/mL 31.8 (10.8–82.1) 46.9 (15.2–133.2) 0.048
Preoperative CA125, U/mL 11.0 (8.1–17.7) 12.1 (9.0–18.2) 0.267

Preoperative CEA, ng/mL 2.2 (1.4–3.4) 2.0 (1.3–3.1) 0.535

Preoperative FAR 0.106 (0.084–0.127) 0.108 (0.086–0.139) 0.363

Preoperative NLR 2.3 (1.6–3.6) 2.4 (1.6–3.4) 0.983

Preoperative PLR 154.8 (116.4–218.3) 162.3 (131.6–230.0) 0.258

Tumor size, cm 2.0 (1.5–3.0) 2.5 (1.8–4.0) 0.003
Lymph node metastasis 31 (18.2) 32 (39.5) 0.001
Perineural invasion 16 (9.4) 23 (28.4)  < 0.001
Vascular invasion 5 (2.9) 3 (3.7) 0.748

TNM stage (I/II/III) 99/40/31 (58.2/23.5/18.2) 32/20/29 (39.5/24.7/35.8) 0.005
Poorly differentiated 34 (20.0) 31 (38.3) 0.001
Clavien-Dindo grade ≥ III 26 (15.3) 10 (12.3) 0.533

Adjuvant chemotherapy 85 (50.0) 40 (49.4) 0.927

Median RFS (95% CI), months 62.5 (NA-NA) 11.4 (10.1–12.7)  < 0.001
Median OS (95% CI), months NA (NA-NA) 21.9 (18.2–25.6)  < 0.001
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of the other four variables (all P < 0.001). More details of 
the timeAUCs of the DPC-OS nomogram and other vari-
ables within 5 years are shown in Supplementary Table 7 
and Supplementary Fig. 3B-3C.

Development of the web‑based online calculators 
in predicting ER and OS
To facilitate clinical application, we further converted the 
DPC-ER nomogram and DPC-OS nomogram into web 
calculators (Supplementary Fig.  4- Supplementary Fiure 
5). The web calculators can be accessed at http://​114.​115.​
144.​103/​dpc and https://​abc123-​456.​shiny​apps.​io/​AAC-​
OS/ to predict the ER and OS in patients with DPC after 
PD. The prediction probability can be easily determined 

by inputting clinical features and reading the output 
results generated by the webserver.

Discussion
The duodenal papilla is located at the opening where the 
pancreatic-bile ducts merge into the duodenum [1, 2]. 
Tumors growing in this region can present with progres-
sive and painless jaundice at an early stage, offering the 
possibility of early diagnosis [3, 24]. Compared to distal 
cholangiocarcinoma and pancreatic head adenocarci-
noma, DPC has a higher resection rate and a better long-
term prognosis, with a five-year survival rate of up to 50% 
[3]. PD is by far the preferred strategy for radical resec-
tion of DPC, however, even after radical resection, some 

Table 3  Univariable and multivariable logistic analysis for ER in the training cohort

Abbreviation: DPC Duodenal papilla carcinoma, ER Early recurrence,  OR Odds ratio, B Coefficient, CI Confidence interval, BMI Body mass index, ASA grade American 
Society of Anesthesiologists physical status classification, WBC White blood cell, ALB Albumin, TBIL Total bilirubin, CA19-9 Carbohydrate antigen19-9, 
CEA Carcinoembryonic antigen, CA125 Carbohydrate antigen125, FAR Fibrinogen-to-albumin ratio, NLR Neutrophil–lymphocyte ratio, PLR Platelet to lymphocyte ratio

Bold text hinted that these variables were statistically significant in univariable or multivariable analyses

Characteristics Univariable analysis Multivariable analysis

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

Age, > 60 vs ≤ 60, years 0.044 1.045 (0.554–1.973) 0.891

Gender, male vs female -0.435 0.647 (0.343–1.220) 0.178

BMI, per kg/m2 -0.058 0.943 (0.862–1.032) 0.205

ASA grade, ≥ III vs ≤ II 0.187 1.205 (0.501–2.899) 0.677

Biliary infection, yes vs no 0.093 1.098 (0.535–2.250) 0.799

Biliary drainage, yes vs no -0.182 0.834 (0.399–1.742) 0.629

Jaundice, yes vs no 0.126 1.134 (0.600–2.143) 0.698

Diabetes history, yes vs no -0.236 0.789 (0.311–2.002) 0.619

Preoperative WBC, per 10^9/L 0.047 1.048 (0.900–1.220) 0.546

Preoperative ALB, per g/L -0.025 0.975 (0.898–1.059) 0.552

Preoperative TBIL, per μmol/L 0.000 1.000 (0.996–1.004) 0.983

Preoperative glucose, per mmol/L -0.056 0.945 (0.769–1.162) 0.593

Preoperative CA19-9, per U/mL 0.002 1.002 (1.000–1.003) 0.013 0.001 1.001 (0.999–1.002) 0.229

Preoperative CA125, per U/mL 0.009 1.009 (0.983–1.037) 0.495

Preoperative CEA, per ng/mL -0.002 0.998 (0.981–1.015) 0.792

Preoperative FAR*100 0.054 1.056 (0.973–1.146) 0.195

Preoperative NLR 0.003 1.003 (0.943–1.067) 0.927

Preoperative PLR 0.001 1.001 (0.999–1.003) 0.393

Tumor size, per cm 0.326 1.385 (1.097–1.749) 0.006 0.327 1.386 (1.070–1.797) 0.014
Number of lymph node metastasis

0–3 vs 0 1.077 2.936 (1.400–6.157) 0.004 0.930 2.535 (1.114–5.769) 0.027
 > 3 vs 0 1.822 6.182 (1.083–35.297) 0.040 1.754 5.780 (0.848–39.389) 0.073

Perineural invasion, yes vs no 1.335 3.800 (1.568–9.210) 0.003 1.124 3.078 (1.147–8.257) 0.026
Vascular invasion, yes vs no 0.530 1.698 (0.367–7.854) 0.498

Differentiation

Moderate vs Well 0.972 2.643 (0.999–6.995) 0.050 0.492 1.635 (0.572–4.677) 0.359

Poor vs Well 1.777 5.910 (2.099–16.636) 0.001 1.268 3.552 (1.132–11.152) 0.030
Clavien-Dindo grade, ≥ III vs ≤ II -0.281 0.755 (0.281–2.031) 0.578

Adjuvant chemotherapy, yes vs no -0.111 0.895 (0.476–1.684) 0.731

http://114.115.144.103/dpc
http://114.115.144.103/dpc
https://abc123-456.shinyapps.io/AAC-OS/
https://abc123-456.shinyapps.io/AAC-OS/
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patients are prone to relapse. In this study, we integrated 
four independent prognostic factors for DPC to develop 
and validate a series of nomograms to predict ER and 
long-term survival for DPC after PD. Both the DPC-ER 
and DPC-OS nomogram showed higher predictive accu-
racy and net benefit than single variable (including tumor 

size, perineural invasion, lymph node metastasis, and 
tumor differentiation status).

Early tumor recurrence is a common and fatal condi-
tion in various malignancies, including DPC, and often 
indicates a poor prognosis [2, 25, 26]. Although DPC 
has a better long-term prognosis than pancreatic head 

Fig. 1  DPC-ER nomogram for predicting early recurrence (ER) of patients with duodenal papilla carcinoma (DPC) after radical 
pancreaticoduodenectomy (PD) and calibration curves in the two cohorts. [A, DPC-ER nomogram, the optimal cutoff value of nomogram score 
was 63, low-risk group: nomogram score ≤ 63; high-risk group: nomogram score > 63; B-C, calibration curves in the training and the validation 
cohorts, respectively.]
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Fig. 2  The performance of the DPC-ER nomogram for predicting early recurrence (ER) compared with single variable in the training and validation 
cohorts. [A-B, receiver operating characteristic (ROC) curve analyses in the training and the validation cohorts, respectively; C-D, decision curve 
analysis (DCA) in the training and the validation cohorts, respectively; E, comparison of ER rates between patients in low- and high- risk groups]
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adenocarcinoma and distal cholangiocarcinoma, 30% of 
patients relapse within 2  years of surgery, particularly 
liver metastasis and local recurrence [3]. During follow-
up, therefore, care should be taken to monitor the pri-
mary tumor site and liver, and screening for independent 
prognostic factors associated with tumor recurrence 
may help guide further treatment of these patients and 
improve their overall prognosis [3, 12]. Previous studies 
have shown that tumor size, lymph node metastasis and 

tumor differentiation status are important prognostic 
factors affecting the recurrence and long-term survival of 
DPC after resection [3]. Consistent with previous studies, 
in the present study, multivariate logistic regression anal-
ysis revealed that tumor size, peripheral nerve invasion, 
lymph node metastasis, and tumor differentiation status 
were also independent prognostic factors for ER of DPC.

Yoen et al. [27] analyzed preoperative imaging findings 
of ampullary or papilla carcinoma and found that tumor 

Fig. 3  Survival analysis between patients with nomogram score ≤ 63 (low-risk group) and > 63 (high-risk group) in the two cohorts. [A-B, overall 
survival (OS) between patients in the low-, and high- risk groups in the two cohorts; C-D, recurrence-free survival (RFS) between patients in the low-, 
and high- risk groups in the two cohorts]
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size was an independent prognostic factor affecting OS 
and disease-free survival (DFS). Park et al. [28] also indi-
cated that tumor recurrence was significantly affected by 
tumor diameter. Larger tumor diameters often indicate 
that the tumor was detected later and has a broader inva-
sion area [27, 28]. Several studies have shown that lymph 
node metastasis and perineural invasion are the major 
factors affecting the recurrence and long-term survival of 
DPC after surgery. de Castro et al. [29] demonstrated that 
the long-term prognosis of patients was negatively corre-
lated with the number of lymph node metastases. Sakata 
et  al. [30] also found that the number, not the location, 
of positive regional lymph nodes independently affects 
long-term survival after resection in patients with ampul-
lary carcinoma. These findings suggest that standardized 
lymph node dissection may be important in improv-
ing long-term outcomes in these patients. Although the 
incidence of perineural invasion in DPC is lower, peri-
neural invasion often indicates tumor progression and a 
poorer prognosis [31]. Junrungsee et  al. [24] retrospec-
tively analyzed the clinicopathological data of 72 patients 
with carcinoma of the ampulla of vater (CAV) treated by 
PD and found that tumor differentiation status was also 
an important prognostic factor affecting the long-term 
survival of these patients. Tumor differentiation status 
is also an important prognostic factor for ER and long-
term survival in patients with DPC. Poor tumor differ-
entiation often indicates strong invasion ability and early 
metastasis [24, 29, 31]. It is worth noting that adjuvant 
chemotherapy was not an independent prognostic factor 
for ER and only about half of the patients received adju-
vant chemotherapy, given that the cause could be related 
to psychosocial factors and chemotherapy side effects. 
The definitive benefit of adjuvant therapy and the opti-
mal choice of the therapeutic schema for DPC patients is 
unknown [32]. In China, some patients prefer to opt for 
Chinese herbal remedies.

In this study, we demonstrated the value of these four 
factors in predicting long-term survival outcomes with 
DPC and, for the first time, combined these four inde-
pendent prognostic factors to develop DPC-ER and 
DPC-OS models for ER and OS prediction. The results 
indicated that the prediction models exhibited satisfac-
tory prediction performance in both the training and 
validation cohorts. The DPC nomogram models were 
more accurate in predicting ER and long-term survival 
compared to a single variable and TNM stage. In addi-
tion, patients were further divided into different risk 
subgroups according to the DPC-ER nomogram score 
(high-risk group: nomogram score > 63; low-risk group: 
nomogram score ≤ 63). The results showed that patients 
in the high-risk group had significantly higher ER rates 
than those in the low-risk group, and that patients in the 

low-risk group had significantly better RFS and OS than 
those in the high-risk group. Thus, with the DPC predic-
tive models, we can screen high-risk patients for tumor 
recurrence at an early stage and recommend them for 
closer post-operative follow-up and timely adjuvant ther-
apy to prolong survival. In addition, we further transform 
the series nomogram into an online calculator so that it 
can be used in real-time to provide predictive capabilities 
in computers or mobile terminals, thus generating a high 
level of clinical utility [33].

Although the DPC prediction models constructed in 
this study can effectively screen ER patients and accu-
rately predict their long-term survival after radical resec-
tion, several limitations need to be clarified. First, this 
study is a retrospective study conducted from a single 
center, and inherent biases are inevitable. In the future, 
multicenter and prospective studies are needed to vali-
date the predictive power of the web-based calculators. 
Second, the sample size of this study is relatively small 
and we will further collect relevant patients in the future 
to provide more convincing validation results. Third, 
pathology classification of DPC was not performed in 
this study due to constraints from existing pathology 
diagnosis results. Finally, given the fact that the specific 
adjuvant therapy and outcomes were unknown, further 
exploration of the clinical efficacy of adjuvant therapy 
and different adjuvant therapies in patients in high-risk 
and low-risk subgroups is warranted in the future.

Conclusions
In conclusion, this study integrated four independent 
prognostic factors, including tumor size, lymph node 
metastasis, tumor differentiation status, and perineural 
invasion, to develop the DPC web calculators for predict-
ing ER and long-term survival of DPC after radical resec-
tion. With its high predictive accuracy and net benefit, 
the web-based calculators can screen high-risk patients 
prone to relapses, which is expected to help clinicians 
make individualized clinical decisions and improve over-
all survival outcomes for these patients.
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