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Objective

In this study, we retrieved the data available in the Surveillance, Epidemiology, and End Results database to identify the prognostic factors for patients with pancreatic head cancer who had undergone pancreaticoduodenectomy and developed a prediction model for clinical reference.



Methods

We screened the data between 1973 and 2015. Propensity score matching (PSM) was used to control for the confounding factors. Kaplan-Meier (log-rank test) curves were used to compare the survival rates. A nomogram was established using multifactorial Cox regression.



Results

In total, 4099 patients were identified. Their median survival was 22 months, with 74.2%, 36.5%, and 26.2% survival after 1, 3, and 5 years, respectively. The median cancer-specific survival was 24.0 months, with 71.1%, 32.6%, and 21.9% survival after 1, 3, and 5 years, respectively. The results of the Cox proportional risk regression showed that age, insurance status, gender, histological type, degree of tissue differentiation, T and N stages, tumor size, extent of regional lymph node dissection, and postoperative radiotherapy or chemotherapy are independent factors affecting prognosis. PSM was used twice to eliminate any bias from the unbalanced covariates in the raw data. After PSM, the patients who had received postoperative radiotherapy were found to have a better survival prognosis and disease-specific survival prognosis than those who had not received radiotherapy [HR = 0.809, 95% CI (0.731–0.894), P < 0.001 and HR = 0.814, 95% CI (0.732–0.904), P < 0.001; respectively]. A similar result was observed for the patients who had received postoperative chemotherapy versus those who had not [HR = 0.703, 95% CI (0.633–0.78), P < 0.001 and HR = 0.736, 95% CI (0.658–0.822), P < 0.001, for survival and disease-specific survival prognoses, respectively]. Finally, the β coefficients of the Cox proportional risk regression were used to establish a nomogram.



Conclusion

Age, insurance status, gender, histological type, degree of differentiation, T and N stages, tumor size, regional lymph node dissection, and postoperative radiotherapy or chemotherapy are factors affecting the prognosis in pancreatic head cancer after pancreaticoduodenectomy. Postoperative radiotherapy and chemotherapy can improve patient survival. These still need to be further validated in the future.
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Introduction

The new cases of pancreatic cancer in the United States in 2017 corresponded to 9% of all the cases of malignancies in the country. This cancer type is the ninth most common cancer and the fourth cause of cancer-related deaths in the United States, with an estimated 53,670 new cases and 43,090 deaths in 2017 (1). In China, there is an increasing trend in the incidence of pancreatic cancer, which has the 7th highest mortality rate among all the malignancies (2). Since there is no specific method for early detection of pancreatic head cancer and pancreatic tumors progress rapidly, patients are often lost to surgery at the time of diagnosis. Released data from the Surveillance, Epidemiology, and End Results (SEER) database show that, of the 20,470 patients diagnosed with pancreatic head cancer between 2010 and 2015, only 37.6% (7,688/20,470) had undergone surgery, with pancreaticoduodenectomy accounting for 78.5% (6,037/7,688) of all the surgical procedures. Pancreaticoduodenectomy, also known as the Whipple procedure, was first reported in 1935 by Whipple (3). This procedure is considered to be one of the most complex abdominal surgeries and characterized by high trauma and complication rates since it requires removal of numerous organs and reconstruction of the digestive tract, including the pancreas, biliary tract, and gastrointestinal tract. The median survival period of patients with pancreatic head cancer is less than two years after the surgery. In the face of such a complex procedure with extremely high postoperative complications, new methods that can effectively and accurately predict the postoperative survival rate should be identified and evaluated to establish an optimal customized treatment strategy.

The TNM staging guidelines developed by the American Joint Committee on Cancer (AJCC) are widely used in clinical practice to predict prognoses of patients with pancreatic cancer. This staging procedure is based on tumor size, extent of invasion, and lymph node and metastatic statuses. Although it is used to predict the post-surgery prognosis of patients with pancreatic cancer, its precision is often sub-optimal. There are also other potential factors affecting the prognosis, including postoperative radiotherapy or chemotherapy. Therefore, more accurate and specific prediction models than TNM staging are needed for prognostic analysis of patients with pancreatic head cancer who underwent radical pancreaticoduodenectomy.

Nomogram is a simple multivariate prediction model that incorporates multiple variables affecting prognosis to calculate the survival probability of an individual (4). Recently, disease-specific nomograms have been increasingly used for prognostic prediction in various malignancies (5–11). In addition, with the promotion and development of adjuvant therapy, treatment of pancreatic cancer has taken a multidisciplinary and comprehensive form, with surgery constituting the core. Therefore, this study aimed to develop and validate a nomogram with better applicability and higher predictive accuracy that can be used for individualized assessment of post-surgery survival of pancreatic head cancer patients undergoing pancreaticoduodenectomy.



Materials and Methods


Population and Inclusion Criteria

This retrospective cohort study evaluated the survival of patients with pancreatic head cancer who had undergone pancreaticoduodenectomy. The patient data were derived from the database of SEER, a cancer surveillance research program established by the National Cancer Institute in 1973 and used by the National Institutes of Health to collect the cancer statistics in the U.S. The database currently has an ongoing collection of data related to cancer incidence, prevalence, and survival rate from 18 regional registries, tracking approximately 34.6% of the U.S. population. In this study, we evaluated the prognoses of patients in the SEER database who were diagnosed with primary pancreatic head cancer between 2010 and 2015. Our exclusion criteria were i) incomplete data or missing data with important variables, including histopathological information and type of surgery, and ii) patients with secondary pancreatic cancer.

The clinical data in the SEER database include age, race, sex, primary site, histological type, degree of tissue differentiation, T and N stages, tumor size, regional lymph node dissection, radiotherapy, chemotherapy, survival time, cut-off time, survival status, and cause of death. In the SEER database, the histological grades of the tumors include grade I (well-differentiated), grade II (moderately differentiated), grade III (poorly differentiated), and grade IV (undifferentiated). Pancreatic cancer is defined using the criteria of International Classification of Diseases in Oncology, 3rd edition (ICD-O-3), code C23.9. The histological types include epithelial neoplasms (codes 8010–8049); adenomas and adenocarcinomas (codes 8140–8389); cystic, mucinous, and serous neoplasms (codes 8440–8499); ductal and lobular neoplasms (codes 8500–8549); and complex epithelial neoplasms (codes 8560–8579). We reviewed the SEER database based on the procedure record codes and the SEER Data Variable Dictionary to distinguish between the different procedure types. The item “37” in the SEER data “RX Summ-Surg Prim Site (1998+)” (NAACCR item 1290, code 37) corresponds to “Pancreatic Duodenectomy (Whipple)”. Cause-specific survival (CSS) is defined in this article as the cause of death due to pancreatic cancer. The CSS corresponds to the record “Pancreas” in the variable “COD to site rec KM.” It was calculated by the SEER database by using algorithms that extracted the cause of death from the death certificates to determine a single, disease-specific cause of death. Notably, in some cases, attribution of a single cause of death may be difficult and incorrect. For example, the cause of death may be attributed to the site of metastasis rather than the primary site.



Statistical Analysis

Categorical variables were presented as frequencies (%), and χ2 or Fisher’s exact test was used for comparative analysis. Continuous variables were presented as mean ± SD or median [interquartile range (IQR)], and independent samples t-test or Mann-Whitney U-test was used for comparative analysis. Survival curves were plotted using the Kaplan-Meier method and compared using the log-rank test. The risk ratio (HR) was calculated using the Cox proportional risk model. The SEER data were extracted using SEER*Stat 8.3.5 in client-server mode. Statistical analyses were performed using SPSS Statistics 24.0 (IBM, Chicago, IL) and R software (https://www.r-project.org/) along with the optional packages of the software. Two-tailed P-values < 0.05 were considered statistically significant.



Propensity Score Matching (PSM)

Another objective of this study was to assess the impact of postoperative radiotherapy or chemotherapy on survival. The uneven distribution of the patient characteristics in the SEER database population usually biases the conclusions. In this study, via PSM on the raw data, we controlled for covariates that would affect the treatment selection process. The covariates include identified prognostic factors and other factors or variables in the SEER data. The propensity score was considered to be the probability of a patient to receive postoperative radiotherapy or chemotherapy and estimated using a non-parsimonious logistic multiple regression model. A nearest-neighbor matching algorithm (ratio = 1: 1 without replacement) was used, and the caliper width was 0.05 SDs of the logit model used to calculate the scores.



Multivariate Cox Regression Analysis and Nomogram Development and Validation

A multifactorial regression analysis was performed using a Cox proportional risk model. The obtained variables were included in the model to calculate the effect of these factors on the survival benefit of patients after pancreaticoduodenectomy. The β coefficients from the multifactorial Cox regression analysis were used to establish the nomogram. Calibration and receiver operating characteristic curves were used to validate the predictive performance of the model.




Results


Search Results and Characteristics of the Included Patients

By applying the criteria stated above, this retrospective study initially identified that the SEER database had 7688 patients with stage M0 pancreatic head cancer who had undergone surgery between 2010 and 2015. However, we excluded 2,939 of these patients from this study because they had undergone procedures other than pancreaticoduodenectomy, such as mass enucleation and partial pancreatectomy. In addition, additional 650 patients were excluded because of unknown T or N stage, extent of lymph node dissection, pathological tissue, tissue differentiation, or tumor size. We finally identified 4099 patients. The flow chart of data acquisition and screening is shown in Figure 1. The demographic and clinicopathological characteristics of the patients obtained from the SEER database are shown in Table 1.




Figure 1 | Flow chart of the study-population screening.




Table 1 | Demographic and clinicopathological characteristics of the included population.





Univariate and Multifactorial Cox Regression Analysis of Survival Prognosis

Univariate Cox regression analysis showed that age, gender, insurance status, histological classification, degree of tissue differentiation, T and N stages, tumor size (mm), and postoperative chemotherapy (Yes/No) or radiotherapy (Yes/No) are factors that affect the prognosis, whereas race and extent of regional lymphadenectomy are not. Multifactorial Cox regression analysis showed that age, gender, insurance status, histological type, degree of tissue differentiation, T and N stages, tumor size (mm), postoperative chemotherapy (Yes/No) or radiotherapy (Yes/No), and extent of regional lymph node dissection are independent factors affecting the prognosis, whereas race is not (Table 2).


Table 2 | Univariate and multivariate cox regression analyses of the prognoses of the patients with pancreatic head cancer who had undergone pancreaticoduodenectomy.





PSM and Survival Analysis of the Patients Treated With Postoperative Radiotherapy or Chemotherapy

Data from 4099 patients identified from the SEER database were used for analysis. Of these patients, 1236 underwent only surgery (S group), 38 underwent surgery and postoperative radiotherapy (S+R group), 1597 underwent surgery and postoperative chemotherapy (S+C group), 129 underwent preoperative radiotherapy, surgery, and postoperative chemotherapy (R+S+C group), and 1099 underwent surgery, postoperative radiotherapy, and postoperative chemotherapy (S+R+C group). Their postoperative median survivals were 16, 19, 23, 24, and 25 months, respectively, and the pancreatic-cancer–specific median survivals were 19, 19, 24, 25, 27, and 24 months, respectively. Their all K-M survival curves are shown in Figure 2. The patients who received preoperative radiotherapy also received postoperative chemotherapy and were not significantly different from those who received only postoperative chemotherapy [Log Rank (Mantel-Cox) test = 0.177].




Figure 2 | K-M survival curves for each therapy. (A) The log-rank test of the cumulative survival rate showed that the survival prognoses of the R+C (1597 cases), R+S+C (129 cases), and S+C+R (1099 cases) groups were significantly improved compared with that of the R group (1236 cases). In addition, there were significant differences between the S+C+R (1099 cases) and S+C (1597 cases) groups. There were no significant differences among the other groups. (B) The log-rank test of the pancreatic-cancer–specific survival rate showed that the R+C (1597 cases) and S+C+R (1099 cases) groups had higher rates than the R group (1236 cases). In addition, there were significant differences between the S+C+R (1099 cases) and S+C (1597 cases) groups. There were no significant differences among the other groups.



To eliminate the potential bias from preoperative radiotherapy, the 129 patients in the R+S+C group were removed, and the remaining patients were matched based on the propensity scores. Table 3 shows the baseline clinicopathological characteristics of the patients divided into two groups according to whether postoperative radiotherapy was administered. The two groups had unbalanced baseline characteristics of age, tumor size, insurance status, gender, histological type, degree of tissue differentiation, T and N stages, and postoperative chemotherapy (with/without); therefore, these factors were matched as covariates for a 1: 1 propensity score to obtain two balanced groups (Table 3). Survival and pancreatic-cancer–specific survival rates were found to be higher in the 1137 patients who had received postoperative radiotherapy than in the 1137 patients who had not. Their median postoperative survivals were 25 and 22 months, respectively [HR = 0.809, 95% CI (0.731–0.894), P < 0.001], and their pancreatic-cancer–specific survivals were 24 and 27 months, respectively [HR = 0.814, 95% CI (0.732–0.904), P < 0.001] (Figure 3).


Table 3 | Baseline characteristics of the patients in the postoperative-radiotherapy group before and after PSM.






Figure 3 | K-M survival curves for patients who had received postoperative radiotherapy versus those without radiotherapy after PSM. (A) Overall survival. (B) Pancreatic cancer disease-specific survival.



Table 4 shows the baseline clinical characteristics of the patients who had received postoperative chemotherapy versus those of the patients who had not. Patients who had received postoperative chemotherapy were imbalanced with those who had not in terms of age at diagnosis, tumor size, insurance status, histological type, degree of tissue differentiation, T and N stages, extent of regional lymph node clearance, and postoperative radiotherapy (Yes/No). Therefore, these factors were included as covariates in the model for 1: 1 PSM to obtain two balanced groups of patients (Table 4). Then, further analysis showed that the postoperative survival and pancreatic-cancer–specific survival rates of the 1017 patients who had received postoperative chemotherapy were higher than those of the 1017 patients who had not; the median survival rates were 24 and 14 months, respectively [HR = 0.703, 95% CI (0.633–0.78), P < 0.001], and the pancreatic-cancer–specific survival rates were 25 months and 16 months, respectively [HR = 0.736, 95% CI (0.658–0.822), P < 0.001] (Figure 4).


Table 4 | Baseline characteristics of the patients in the postoperative-chemotherapy group before and after PSM.






Figure 4 | K-M survival curves for patients who had received postoperative chemotherapy versus patients without chemotherapy after PSM. (A) Overall survival. (B) Pancreatic cancer disease-specific survival.





Construction of a Nomogram Prediction Model

The results of the multivariate Cox regression model are shown in Table 2. The variables age, insurance status, gender, histology, degree of tissue differentiation, T and N stages, tumor size, regional lymph node dissection, and postoperative radiotherapy (Yes/No) or chemotherapy (Yes/No) were found to be statistically significant. The β coefficient of the model was used to establish the nomogram (Figure 5). The model performance was calibrated and determined using the Bootstrap internal validation method. The calibration curves showed a good identity between the predicted and actual survival outcomes (Figure 6A). The area under the curve (AUC) was used to evaluate the discrimination of 1-year, 3-year, and 5-year overall survival with 0.740, 0.743, and 0.743, respectively (Figure 6B).




Figure 5 | The nomogram of pancreaticoduodenectomy for pancreatic head cancer.






Figure 6 | (A) Calibration curve of the nomogram. (B) 1-year, 3-year, and 5-year Receiver Operating Characteristic curves of the nomogram.






Discussion

In recent years, the incidences of carcinoma of the ampulla, distal cholangiocarcinoma, and pancreatic cancer (head, neck, and uncinate process carcinoma of pancreas) have gradually increased, and thus these cancers pose serious health risks. Pancreatoduodenectomy was developed more than 100 years ago and has evolved since then. It has been modified into many surgical procedures, including extended pancreatoduodenectomy and pylorus-preserving pancreatoduodenectomy. With the development of minimally invasive techniques and the clinical application of computers, pancreaticoduodenectomy can also be now performed using minimally invasive techniques, such as laparoscopy and robotics, and has been shown to be similar to the traditional open pancreaticoduodenectomy in terms of the outcome (12, 13). It should be noted that such minimally invasive procedures have the advantage of enhanced postoperative recovery. Although the prognosis of pancreaticoduodenectomy has improved by virtue of the technological developments and innovations in surgical techniques, this procedure is still one of the most technically complex and complicated procedures among abdominal surgical procedures. Identification of the factors affecting the prognosis of pancreatic cancer patients who have undergone pancreaticoduodenectomy will enable clinicians to customize an optimal treatment strategy.

In this study, we screened the data in the SEER database for patients diagnosed with pancreatic head cancer between 2010 and 2015 and selected the patients who had undergone pancreaticoduodenectomy. Based on the clinical variables provided by the SEER database, we found that age, insurance status, gender, histological type, degree of tissue differentiation, T and N stages, tumor size, extent of regional lymph node dissection, and postoperative radiotherapy or chemotherapy were independent factors affecting the prognosis of pancreaticoduodenectomy. We used this information to develop and validate a prognostic prediction nomogram. In addition, we also analyzed the effects of preoperative and postoperative adjuvant radiotherapies and postoperative adjuvant chemotherapy on postoperative survival. The results showed that postoperative radiotherapy or chemotherapy improves postoperative survival, whereas preoperative radiotherapy is of little benefit to patients. Because there are fewer patients receiving preoperative radiotherapy (only 129 cases) and these patients also received postoperative chemotherapy which may cause potential bias, the actual survival benefits of preoperative neoadjuvant radiotherapy still need to be further evaluated by more high-quality and better-designed studies in the future.

From the analysis results, the prognosis of patients with pancreatic head cancer after pancreaticoduodenectomy is mainly closely related to the status of the tumor itself, including T and N stages, tumor size, histology, and degree of tissue differentiation. Specifically, late T or N stage, large tumor size, or low degree of tissue differentiation is correlated with poor prognosis. In addition, patient survival outcomes also differed by insurance status, age, and gender, but there was no significant difference in postoperative survival outcome among races. Specifically, patients with Medicare had better overall survival than those without Medicare or with basic Medicare. Old age was found to be associated with poor postoperative survival. This observation may be related to more comorbidities and poorer surgical tolerance in old patients than in young patients. Interestingly, the survival prognosis of the male patients was poorer than that of the female patients, and this observation is similar to the results of previous related studies as well as previous studies on other solid tumors (14–16).

With the development and promotion of neoadjuvant and adjuvant therapies, the current treatment strategy for pancreatic malignancies is a multidisciplinary and comprehensive treatment with surgery as the core. Especially, when endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) can be used for the diagnosis of solid pancreatic lesions (17, 18), a large number of pancreatic cancers can be pathologically diagnosed before surgery. This has prompted some experts to think about whether postoperative adjuvant therapy can be treated in advance, that is, neoadjuvant therapy. But the pro-fibrotic response and cytotoxicity induced by neoadjuvant chemotherapy causes loss of healthy tissue planes and poses a challenge to any surgical procedure. However, the SEER database lacks records of preoperative chemotherapy for pancreatic cancer, preventing us from obtaining data on patients who had received neoadjuvant chemotherapy. The SEER database has only the records of pancreatic cancer patients who had received postoperative chemotherapy. In recent years, FOLFIRINOX (Fluorouracil + Leucovorin + Irinotecan + Oxaliplatin) and Nab-Paclitaxel Plus Gemcitabine have been shown to result in significant improvements in the survival of patients with pancreatic malignancies (19). In this study, approximately 69% (2825/4099) of the patients in our study had been recorded in the database to have received postoperative chemotherapy, resulting in a significantly longer survival time of 8 months (HR = 0.773, 95% CI: 0.713–0.838). Of the total 4099 patients, 1266 patients (30.9%) had received radiation therapy. The proportion receiving postoperative radiation was significantly higher in patients receiving postoperative chemotherapy than in those not receiving, and postoperative radiation therapy may have biased the effect of chemotherapy; therefore, we put unbalanced variables, including radiation therapy data, into covariates for PSM to obtain newly balanced data (1017 patients receiving postoperative chemotherapy and 1017 patients not receiving postoperative chemotherapy). The new data analysis showed that the patients who had received postoperative chemotherapy continued to have higher survival rates than those who had not received postoperative chemotherapy, with their median survivals being 24 and 14 months, respectively [HR = 0.703, 95% CI (0.633–0.78), P <0.001], and the pancreatic-cancer–specific survivals being 25 and 16 months, respectively [HR = 0.736, 95% CI (0.658–0.822), P < 0.001].

At present, this study is one of the largest studies in the real world evaluating the effects of radiation therapy in pancreatic cancer patients undergoing pancreaticoduodenectomy. In our study, 129 (3.14%) of the 4099 patients received preoperative radiotherapy and 1137 patients (27.7%) received postoperative radiotherapy. Both univariate and multifactorial Cox regression analyses found that postoperative radiotherapy was beneficial for the patients, unlike preoperative radiotherapy. Similarly, the proportion of patients receiving postoperative chemotherapy was significantly higher in patients who had received radiotherapy than in those who had not; therefore, PSM was performed to obtain balanced cohort data (1137 patients who had received postoperative radiotherapy and 1137 who did not). The results from the new analysis showed that the prognosis of the patients who had received postoperative radiotherapy was better than those who had not, and their median postoperative survivals were 25 and 22 months, respectively [HR = 0.809, 95% CI (0.731–0.894), P < 0.001], and the pancreatic-cancer–specific median survivals were 24 and 27 months, respectively [HR = 0.814, 95% CI (0.732–0.904), P < 0.001].

Radiation technology has greatly improved, and over time, radiotherapy techniques will be more precise in delivering the maximum dose to the tumor target and the minimum dose to the healthy tissue. In addition, any shift in the location of the pancreatic tumor due to respiration is taken into account via imaging comparisons and integration before each treatment (20). As reported by Wang et al, receiving both radiotherapy and chemotherapy was found to significantly improve the overall survival in locally advanced and metastatic pancreatic cancer within an acceptable toxicity range. A similar conclusion was obtained in the present study that patients undergoing pancreaticoduodenectomy with both radiotherapy and chemotherapy after surgery could achieve a greater benefit than those with monotherapy (Figure 5).

The nomogram developed in this study overcomes the shortcomings, including low specificity as well as low accuracy, of the AJCC TNM system and a previously developed nomogram (9, 21) for predicting the postoperative survival in pancreatic head cancer. When patients were predicted for survival by this nomogram, other variables, including gender, age, insurance status, tumor histological classification, degree of differentiation, extent of regional lymph node dissection, and postoperative radiotherapy or chemotherapy, together with the degree of tumor invasion, tumor size, and lymph node metastasis, were identified as prognostic risk factors. This nomogram was specially designed for patients with pancreatic head cancer who have undergone or will undergo pancreaticoduodenectomy. The results of the Bootstrap internal validation method showed that the predicted and observed values were similar for 1-, 3-, and 5-year survival rates (Figure 6A). From a practical point of view, the variables incorporated in the nomogram are also readily available in patients undergoing pancreaticoduodenectomy. With this simple and easily available information, clinicians can accurately predict survival and provide patients with valid information about different treatment options.

The merit of this study is that the conclusions were derived from the large population and authoritative data in the SEER database, whereby the risks of selection and publication biases were minimized. Since the SEER data had been derived from a large number of unselected patients, the conclusions of this study are universally applicable to populations, such as those in other regions of the world. In this study, after analyzing the factors affecting postoperative survival, a new prediction model was established. This prognostic prediction model may guide clinicians in the treatment of pancreatic cancer and enable them to customize effective treatment strategies.


Limitations

Undeniably, there are several limitations in our analysis. First of all, some important laboratory data (such as CA19-9, CA125, c-reactive protein, neutrophil-to-lymphocyte ratio) and other factors that may affect the prognosis were not included in our analysis because of the lack of corresponding records in the SEER database. Although we used PSM to reduce bias, the residual confusion due to the unrecorded variables in the SEER database cannot be disregarded. Therefore, some potentially unknown influencing factors may bias the analysis results. Nevertheless, the SEER database provides sufficient sample volume to reduce possible bias, and our conclusions are still of great informative value. Second, due to the absence of neoadjuvant chemotherapy data and insufficient neoadjuvant radiotherapy data in the SEER database, we cannot accurately assess the effect of neoadjuvant radiotherapy and chemotherapy before surgery. Also, the long enrollment period of patients may also be a limitation, because the changes and improvements in surgery, chemotherapy, and radiotherapy techniques can bias the conclusions. Finally, we used the Bootstrap internal validation method to evaluate the model performance. The results showed that our prediction model has a good performance, but we do not know the accuracy of the model application since the model lacks external validation based on other cohorts.




Conclusion

Age at diagnosis, medical insurance, gender, pathological tissue type and degree of differentiation, T and N stages of the tumor, tumor size, the intraoperative extent of lymph node dissection, and postoperative radiotherapy or chemotherapy are independent prognostic factors for pancreatic head cancer patients undergoing pancreaticoduodenectomy. Specifically, when patients are old, without health insurance, male, with pathological tissues in the order of epithelial, cystic mucinous and plasmacytic tumors, adenomas, ductal and lobular tumors, and complex epithelium, low degree of tissue differentiation, advanced T or N stage, or low regional lymphadenectomy is correlated with poor prognosis for postoperative survival. Postoperative radiotherapy or chemotherapy significantly improves patient survival. These conclusions should be verified through high-quality prospective studies in the future. The nomogram prediction model developed in this paper has a good prediction accuracy and can enable clinicians to predict the survival of a patient with pancreatic head cancer after pancreaticoduodenectomy.
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