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Abstract
BACKGROUND
Duodenal cancer is one of the most common subtypes of small intestinal cancer, and distant metastasis (DM) in this type of cancer still leads to poor prognosis. Although nomograms have recently been used in tumor areas, no studies have focused on the diagnostic and prognostic evaluation of DM in patients with primary duodenal cancer.

AIM
To develop and evaluate nomograms for predicting the risk of DM and personalized prognosis in patients with duodenal cancer.

METHODS
[bookmark: _Hlk157540307]Data on duodenal cancer patients diagnosed between 2010 and 2019 were extracted from the Surveillance, Epidemiology, and End Results database. Univariate and multivariate logistic regression analyses were used to identify independent risk factors for DM in patients with duodenal cancer, and univariate and multivariate Cox proportional hazards regression analyses were used to determine independent prognostic factors in duodenal cancer patients with DM. Two novel nomograms were established, and the results were evaluated by receiver operating characteristic (ROC) curves, calibration curves, and decision curve analysis (DCA).

RESULTS
A total of 2603 patients with duodenal cancer were included, of whom 457 cases (17.56%) had DM at the time of diagnosis. Logistic analysis revealed independent risk factors for DM in duodenal cancer patients, including gender, grade, tumor size, T stage, and N stage (P < 0.05). Univariate and multivariate COX analyses further identified independent prognostic factors for duodenal cancer patients with DM, including age, histological type, T stage, tumor grade, tumor size, bone metastasis, chemotherapy, and surgery (P < 0.05). The accuracy of the nomograms was validated in the training set, validation set, and expanded testing set using ROC curves, calibration curves, and DCA curves. The results of Kaplan-Meier survival curves (P < 0.001) indicated that both nomograms accurately predicted the occurrence and prognosis of DM in patients with duodenal cancer.

CONCLUSION
The two nomograms are expected as effective tools for predicting DM risk in duodenal cancer patients and offering personalized prognosis predictions for those with DM, potentially enhancing clinical decision-making.
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Core Tip: Developed and evaluated were two new nomograms for predicting the risk of distant metastasis (DM) and providing personalized prognosis for patients with primary duodenal cancer. The study involved a total of 2603 duodenal cancer patients, among whom 457 (17.56%) had DM at the time of diagnosis. Independent risk factors for DM in duodenal cancer patients were identified. Additionally, independent prognostic factors for duodenal cancer patients with DM were determined. The results indicated that the nomograms accurately predicted the occurrence and prognosis of DM in duodenal cancer patients.

INTRODUCTION
Duodenal cancer, classified as a rare malignancy within gastrointestinal tumors, is recognized as a distinct clinicopathological subtype of small intestinal cancer[1]. The incidence rate of duodenal cancer is low, with a rate lower than 0.5 per 100000, it accounting for approximately 0.3% to 1.0% of all gastrointestinal malignancies[2]. However, among malignant tumors of the small intestine, duodenal cancer represents a significant portion, accounting for 25% to 35% of cases, making it one of the high-incidence malignancies of the digestive tract[3]. The incidence of malignant tumors in the small intestine has been steadily increasing, as reported by Yao et al[4]. From 1976 to 2016, the incidence has risen by 130%, accompanied by a relative increase in the mortality rate by 26%[5]. The duodenum, the most proximal portion of the small intestine, is frequently involved in duodenal cancer cases[6]. The number of patients with duodenal cancer has been progressively rising[7-9], highlighting the importance of research in this area. Most patients with duodenal cancer remain asymptomatic until the disease reaches an advanced stage. Additionally, the difficulty in identifying duodenal cancer through imaging examinations often leads to delays in diagnosis and subsequent poor prognosis[10,11]. Thus, there is a need for an enhanced understanding and improved diagnostic methods for this disease.
In patients with duodenal cancer who develop metastasis, The most common site of metastasis is the liver, occurring in 37.5% of cases. This was followed by lymph node metastasis at a rate of 12.5%) and lung metastasis occurring in 9.4% of cases. Overall, the metastasis rate in patients with duodenal cancer is 48.5%[12]. Notably, patients with duodenal cancer who experience distant metastasis (DM) often present with multiple lesions[13]. Hence, it is crucial to develop precise models for assessing the risk of DM in patients with duodenal cancer and evaluating their prognosis. Currently, there is a scarcity of studies offering dependable data regarding the association between clinicopathological characteristics and metastatic patterns in duodenal cancer. Furthermore, there is a lack of established predictive models for determining the likelihood of DM in duodenal cancer or for predicting the prognosis of patients with duodenal cancer and DM[14]. 
Recently, nomograms have gained widespread use for evaluating the prognosis of cancer patients because of their convenience and precision, making them an ideal choice for our purpose[15,16]. Considering this, we conducted a study using a representative cohort from the Surveillance, Epidemiology, and End Results (SEER) database to assess the incidence, risk factors, and prognosis of DM in patients diagnosed with duodenal cancer and developed two nomograms: One for predicting the likelihood of DM in patients with duodenal cancer and another for predicting the overall survival (OS) of duodenal cancer patients with DM.

MATERIALS AND METHODS
Patient selection and data collection
The current data for this study on duodenal cancer were extracted from three SEER registry systems, SEER 8, SEER 12, and SEER 17, covering the period from 2010 to 2019. Only data from the period after 2010 were retrieved because the SEER database did not provide information on the site of DM. The inclusion criteria were as follows: (1) Cancer patients with a primary site in the duodenum retrieved using the topographical codes from the International Classification of Diseases for Oncology (ICD-O-3: C17.0); and (2) clinical pathological information, including primary tumor site, grade, histological type, tumor-node-metastasis, and tumor size. In addition, all patients without microscopic confirmation of duodenal cancer diagnosis were excluded. A total of 2603 patients diagnosed with duodenal cancer were included in the present study, of which 457 had DM. Finally, 2603 patients diagnosed with duodenal cancer, including 457 with DM, were included in the present study. All patients were used to form a diagnostic cohort to explore the risk factors for DM and develop a predictive nomogram. Additionally, out of 457 duodenal cancer patients with DM, 412 patients with a survival time of one month or more and available specific treatment information such as surgery, chemotherapy, and radiotherapy were used to form a prognostic cohort to study the prognostic factors for patients with DM and develop a novel prognostic nomogram.
In the diagnostic cohort, the patients were randomly divided into two sets: A training set consisting of 70% of the patients, and a validation set consisting of the remaining 30% of patients. Similarly, for the prognostic cohort, the training and validation sets were derived from corresponding patients with DM from the diagnostic cohort. For each cohort, patients in the training set were used to construct the nomogram and the corresponding patients in the validation set were used to validate the nomogram.

Data collection
In this study, several variables were selected to identify risk factors for DM in patients with duodenal cancer. These variables included age, sex, race, marital status, grade, income, histological type, T stage, N stage, metastasis information, and tumor size. Survival analyses were conducted to investigate prognostic factors in patients with duodenal cancer and DM. Based on these factors, three treatment variables were included: surgery, radiotherapy, and chemotherapy. OS was the primary outcome and was defined as the time interval between the day of diagnosis and the day of death for any reason. 

Statistical analysis
In the present study, all statistical analysis was performed with SPSS 25.0 and R software (version 4.2.3), and at P < 0.05 (two side) was considered as statistical significance. To assess the distribution of variables between the training and validation sets, all patients with duodenal cancer were randomly divided into these sets using the R software. Chi-square test or Fisher's exact test was used to compare the distribution of variables between the two sets.
In the diagnostic cohort, the univariate logistic analysis was to identify DM-related risk factors. Variables with P < 0.05 in the univariate analysis were incorporated into the multivariate logistic analysis with “Forward LR” in SPSS 25.0, to determine independent risk factors for DM in patients with duodenal cancer. Additionally, a novel diagnostic nomogram was built using the “rms” package based on independent risk factors. The receiver operating characteristic (ROC) curves of the nomogram and all independent variables were generated, and the corresponding area under the curve (AUC) was calculated to assess discrimination. Calibration curves and decision curve analysis (DCA) were used to evaluate the performance of the nomogram.
For prognostic factors, univariate Cox regression analysis was applied to determine the OS-related factors in duodenal cancer patients with DM. Significant variables (P < 0.05) were incorporated into the multivariate Cox analysis with “Forward LR” in SPSS 25.0, to further determine independent prognostic factors. A nomogram based on independent prognostic predictors was developed to predict the OS of duodenal cancer patients with DM and the individual risk score were calculated using the nomogram formula. In addition, time-dependent ROC curves of the nomogram and all independent prognostic variables at 12, 36, and 60 months were generated, and the corresponding time-dependent AUCs were applied to show discrimination. Calibration curves and DCA values at 12, 36, and 60 months were plotted to evaluate the nomogram. According to the median risk score, all patients with duodenal cancer with DM were divided into high- and low-risk groups. Kaplan-Meier (K-M) survival curves with the log-rank test were performed to show the difference in OS status between the two groups.

RESULTS
Baseline characteristics of the study population
We performed a retrospective review of patients with duodenal cancer, based on the publicly available SEER program. A total of 2603 patients diagnosed with duodenal cancer were included in this study, with 1822 patients allocated to the training set and 781 patients to the validation set. Demographic and clinical characteristics of the duodenal cancer patients are summarized in Table 1. In the training set, the mean age was 63.73 years (range: 16-97 years), and in the validation set, it was 64.11 years (range: 25-96 years). As shown in Table 1, the most common tumor grade of differentiation was grade I (43.3 % in the training set and 45.3% in the validation set). The most common T and N stages were T1-T2 (51.8% in the training set and 52.5% in the validation set) and N0 (65.3% in the training set and 64.4% in the validation set). Regarding the histological type of duodenal cancer, adenocarcinoma (not otherwise specified), accounted for 35.8% in the training set and 36.0% in the validation set. Meanwhile, the Chi-squared test indicated that the distribution was completely random (Table 1).

Incidence and risk factors of DM in duodenal cancer patients
Among the total of 2603 cases analyzed, 457 cases (17.56%) were confirmed to have DM at the time of initial diagnosis, while 2146 cases (82.44%) did not have DM. Univariate logistic analysis of 11 potential factors revealed that five variables, namely sex, grade, T stage, N stage, and tumor size, were significantly associated with DM (Table 2). Subsequently, multivariate logistic regression analysis confirmed that male sex, higher T stage, higher N stage, higher grade, and larger tumor size were independent risk factors for the development of DM in patients with primary duodenal cancer (Table 2).

Diagnostic nomogram development and validation
[bookmark: OLE_LINK8129][bookmark: OLE_LINK8130]A novel nomogram for predicting the risk of DM in patients with duodenal cancer was established based on five independent predictors (Figure 1A). The predictive accuracy of the nomogram was assessed using ROC curves in the training set, and the AUC of the nomogram was 0.804 (Figure 1B), indicating a strong predictive capability. To further validate the calibration of the nomogram, we generated calibration curves and DCA curves. The calibration curves demonstrated excellent consistency between the observed and predicted probabilities (Figure 1C). DCA curves (Figure 1D) further confirmed the reliability of the nomogram in providing valuable information for DM assessment. In the validation set, similar analyses were performed, verifying the predictive accuracy of the nomogram (Figure 1E-G). Additionally, ROC curves were generated for each individual predictor, revealing that the nomogram exhibited superior discriminative ability compared to individual factors in both the training and validation sets (Figure 2). Additionally, an expanded testing set was obtained from the SEER database to validate the applicability of the nomogram when external data were lacking. The AUC of the nomogram in the expanded testing set was 0.806 (Figure 3A). Additionally, the calibration, DCA, and ROC curves of all independent factors in the expanded testing set further demonstrated the good performance of the diagnostic nomogram (Figure 3B-D).

Prognostic factors for duodenal cancer patients with DM
In this study, we examined 457 eligible patients diagnosed with duodenal cancer and DM to investigate potential prognostic factors. Among these patients, 121 (26.5%) underwent surgery, 56 (12.3%) received radiotherapy, and 246 (53.8%) underwent chemotherapy, as outlined in Table 3. Statistical analysis, including the Chi-square test and Fisher's exact test, revealed no significant differences in all variables between the training and validation sets. Undergoing both univariate and multivariate Cox regression analyses, robust prognostic factors were identified. The results revealed that older age (P < 0.001), higher T stage (P = 0.018), higher grade (P < 0.001), bone metastasis (P < 0.001), absence of surgery (P < 0.001), and absence of chemotherapy (P < 0.001) were established as independent prognostic factors for patients with duodenal cancer and DM (Table 4). 

Prognostic nomogram development and validation
[bookmark: _Hlk157616280]Based on these prognostic factors, we developed a nomogram to predict OS in patients with duodenal cancer and DM (Figure 4). The calibration curves for OS probability at 12, 36, and 60 months indicate strong consistency between the predicted OS and actual outcomes in the training set (Figure 5A-C). Furthermore, DCA curves confirm the favorable clinical utility of the nomogram (Figure 5D-F). In the validation set, both calibration curves and DCA curves also demonstrate good accuracy (Figure 6). ROC analysis revealed the nomogram's strong discrimination ability for predicting OS in duodenal cancer patients with DM. The area under the AUC values for the nomogram were 0.795, 0.836, and 0.815 at 12, 36, and 60 months in the training set (Figure 7A), and 0.874, 0.920, and 0.926 in the validation set (Figure 7B), respectively, demonstrating excellent predictive accuracy. K-M curves further highlighted the significant difference in OS between the high-risk and low-risk groups (Figure 7C and D). Moreover, we compared the discriminatory power of the nomogram with each independent prognostic factor and found that the nomogram consistently outperformed all individual factors at 12, 36, and 60 months (Figure 8). 

Validating the prognostic nomogram in an expanded testing set
In the expanded testing set, consisting of 468 patients with DM and comprehensive data on age, chemotherapy, and surgery from the SEER database, we observed the performance of the prognostic nomogram. The results demonstrated excellent calibration, as illustrated by the calibration plots (Figure 9A-C), signifying a strong concordance between the predicted OS and the actual outcomes for patients with DM. Additionally, DCA demonstrated that the prognostic nomogram served as an effective clinical tool (Figure 9 D-F). Furthermore, the nomogram showed better discrimination than the three independent predictors at 12, 36, and 60 months (Figures 9G-I). The AUC for OS prediction at 12, 36, and 60 months was 0.804, 0.793, and 0.782, respectively (Figure 9J). Moreover, K-M survival analysis revealed distinct survival patterns between the high- and low-risk groups of patients (Figure 9K).

DISCUSSION
Distant organ metastasis is a common occurrence in duodenal cancer, a rare and aggressive malignant tumor. Approximately 26.7% of patients are diagnosed with metastasis at the time of diagnosis, with liver metastasis being the most prevalent (15.4%), followed by lung metastasis (8.1%), bone metastasis (4.6%), and brain metastases (1.2%)[17,18]. The grim prognosis associated with advanced-stage duodenal cancer is attributed to the challenges faced by patients with distant organ metastasis, who often cannot benefit from surgery, chemotherapy, and novel treatments, and are prone to experiencing various complications[19-22]. To address this, it is crucial to identify effective risk and prognostic factors for duodenal cancer patients with diabetes mellitus. In this research, we formulated a diagnostic nomogram to predict the presence of DM in recently diagnosed individuals with duodenal cancer. Additionally, we created a prognostic nomogram specifically tailored for patients already diagnosed with DM. By leveraging accessible variables, these nomograms provide diagnosis-related and prognosis-related scores, offering valuable guidance for clinical evaluation and intervention. 
Recently, the focus of research on DM in duodenal cancer has increased, with many studies primarily consisting of case reports and a limited emphasis on clinical and pathological characteristics. In our study, we utilized a substantial dataset with meticulous clinical information sourced from the SEER database. Our findings reveal that the likelihood of DM in duodenal cancer patients is 17.6%. We identified five significant predictors of DM: Sex, T stage, N stage, tumor size, and grade. A study by Jiang et al[2] emphasized the varying rates and patterns of metastasis in patients with duodenal adenocarcinoma, particularly noting significant distinctions between males and females. Their research strongly suggests that males may be more susceptible to developing metastatic lesions in duodenal cancer, indicating a potentially more prominent role in the metastatic behavior of this malignancy. Our study aligns closely with these findings, further supporting the notion that male patients are at a greater risk of encountering duodenal cancer metastasis than their female counterparts. It's important to note that T stage encodes the depth and extent of tumor invasion, while N stage encodes the degree of lymph node involvement. In our study, we observed a positive correlation between higher T stage and the incidence of DM, as well as a positive correlation between higher N stage and the incidence of DM. These findings are consistent with previous research, indicating that cellular migration, invasion, and lymph node metastasis are crucial factors contributing to tumor progression and metastasis[23-25]. The correlation between tumor size and the occurrence of metastasis is undeniable, and our study confirms this relationship[26,27].
Given the notably unfavorable prognosis in duodenal cancer patients with DM, early detection of DM is of paramount importance, enabling timely initiation of appropriate measures such as surgical resection and chemotherapy[28]. Until now, many studies have only examined individual risk factors in isolation, and we have taken a step forward by developing an innovative diagnostic nomogram to predict the risk of DM in patients with duodenal cancer. This nomogram incorporated five independent predictive factors, allowing for a comprehensive assessment of DM risk. Through rigorous evaluation using calibration curves, ROC curves, and DCA, we demonstrated the exceptional performance of our nomogram. It holds the promise of significantly enhancing the current landscape of risk assessment, offering a more accurate and personalized approach to clinical decision making.
We further examined the prognostic factors of patients with duodenal cancer and DM. Age, histological type, T stage, tumor grade, tumor size, whether surgery or chemotherapy was performed, and the presence of bone or lung metastasis were identified as prognostic factors. We developed a corresponding prognostic nomogram, which suggests that patients with bone metastasis may require more aggressive treatments due to significantly lower OS than those with liver metastasis and lung metastasis[29]. As the incidence of duodenal cancer continues to increase, there is an urgent need for new treatment strategies. However, current adjuvant chemotherapy continues to play a crucial role in prolonging patients’ lives, and some clinical trials are still ongoing[30-32]. Surgery remains the primary choice for the treatment of early stage duodenal cancer, and it still plays a role in the management of patients with advanced-stage duodenal cancer[33,34]. Remarkably, our findings demonstrated that the lack of surgical intervention and chemotherapy exerted a substantial detrimental effect on OS, consistent with the aforementioned outcomes. Furthermore, our study revealed that radiotherapy did not significantly affect the prognosis, which is consistent with a previous study[35]. Patients who underwent surgical and chemotherapy interventions achieved superior outcomes compared to those who did not receive such treatments, underscoring the pivotal role of surgery and chemotherapy in the treatment of duodenal cancer. These compelling results provide clinicians with evidence to effectively persuade hesitant patients about the substantial benefits of surgery and chemotherapy. It is widely believed that older age in duodenal cancer patients with DM is associated with a poorer OS prognosis than in younger patients[14]. Our study affirmed that older patients indeed had a higher likelihood of experiencing a poorer OS. Importantly, we introduced a novel prognostic nomogram for predicting the prognosis of duodenal cancer patients with DM, and its discriminative ability was demonstrated to surpass that of any individual predictor. This suggests that the nomogram may offer a new avenue for personalized assessment in clinical decision-making. 
Currently, there are no nomograms available for predicting the prognosis of duodenal cancer with DM. Compared with the available prognostic models, our study offers several advantages. First, our study focused on a different population than previous studies. For instance, Wang et al[36] only examined patients with small intestinal adenocarcinoma, whereas Modlin et al[37] included patients with small intestinal carcinoid tumors. In contrast, we specifically investigated the common duodenal cancer subtype with a poor prognosis and limited effective treatments. This clinical specificity has not been explored previously. Second, our study incorporated a smaller number of clinical variables, while achieving equivalent or enhanced AUC values. Third, in the absence of external data, our study conducted extensive validation using the SEER database to further validate the performance of the nomogram.
Nonetheless, there are certain limitations to this study. First, the relatively small sample size of duodenal cancer patients with DM (n = 457) may have introduced potential errors. Second, while we constructed a prediction model in the training set and validated it in the validation set, the nomograms lacked sufficient external data for complete validation, potentially leading to internal bias. Third, the information collected in the SEER database was about the disease at the time of initial diagnosis, which meant that the DM that occurred in the latter stage could not be included. Fourth, potential confounding factors, such as specific surgical approaches, chemotherapy, radiotherapy, and reasons for treatment selection, were unmeasured and therefore unreported in the SEER database, which may have impacted the results. Additionally, the predictors in this study encompassed only common clinical variables such as several critical variables such as carcinoembryonic antigen and CA-199 were not recorded in the SEER database. Finally, as this was a retrospective study, we need to confirm the nomograms designed in this study with relevant prospective studies in the future.

CONCLUSION
In conclusion, our study contributes novel insights into the diagnosis, prognosis, and treatment of duodenal cancer, particularly in the context of DM and the challenging subgroup of patients with DM. The innovative nomograms developed offer valuable tools for clinicians, providing a more accurate and personalized approach to risk assessment and clinical decision-making. While our study has shed light on critical factors influencing DM and prognosis, it is not without limitations. The relatively limited number of duodenal cancer patients with DM may introduce potential errors. Additionally, the nomograms lack external data for complete validation, potentially leading to internal bias. The retrospective nature of the study and the unavailability of certain critical variables in the SEER database further impact the generalizability of our findings. Despite these limitations, our study presents a foundation for future research. Prospective studies are warranted to confirm and further validate the nomograms designed in this study. This comprehensive approach to understanding and managing duodenal cancer, especially in high-risk subgroups, holds promise for improving patient outcomes and guiding clinical practice.

ARTICLE HIGHLIGHTS
Research background
Duodenal cancer is a prevalent subtype of small intestinal cancer, and the prognosis for patients with distant metastasis (DM) in this type of cancer remains poor. However, there is a lack of studies focusing on the diagnostic and prognostic evaluation of DM in patients with primary duodenal cancer. 

Research motivation

In this study, we aimed to utilize data from the Surveillance, Epidemiology, and End Results (SEER) database to investigate the risk factors for DM and identify prognostic factors in patients with duodenal cancer. 

Research objectives
To develop nomogram predicting the risk of DM in patients with duodenal cancer and providing personalized prognosis predictions for those with DM, aiming to enhance clinical decision-making.

Research methods
Data from duodenal cancer patients (2010-2019) were extracted from the SEER database. Univariate and multivariate logistic regression identified independent DM risk factors, while Cox proportional hazards regression determined prognostic factors in duodenal cancer patients with DM. Novel nomograms were created and evaluated using receiver operating characteristic (ROC) curves, calibration curves, and decision curve analysis (DCA).

Research results
Among 2603 duodenal cancer patients, 17.56% had DM at diagnosis. Logistic analysis identified risk factors (gender, grade, tumor size, T stage, N stage, P < 0.05). Cox analyses revealed prognostic factors (age, histological type, T stage, tumor grade, tumor size, bone metastasis, chemotherapy, surgery, P < 0.05). Nomogram accuracy was confirmed in training, validation, and testing sets (ROC, calibration, DCA curves). Kaplan-Meier curves (P < 0.001) indicated precise prediction of DM occurrence and prognosis.

Research conclusions
This study on duodenal cancer highlights the poor prognosis linked to DM. Developed and evaluated using SEER database data, two nomograms predict DM risk and personalized prognosis. Validated for accuracy, these nomograms offer clinicians a valuable tool to enhance decision-making on DM risk and prognosis in duodenal cancer patients.

Research perspectives
Future research should prospectively validate the nomograms, integrating additional factors for enhanced predictive accuracy. External validation across diverse datasets and assessing the nomograms' impact on treatment decisions are crucial. Evaluating feasibility for routine clinical use, conducting long-term follow-up studies, and considering patient-reported outcomes aim to improve applicability and enhance decision-making for duodenal cancer patients with DM.
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Figure 1 Construction and validation of a diagnostic nomogram. A: A nomogram to estimate the risk of distant metastasis in duodenal carcinoma patients; B: The receiver operating characteristic curve of the training set; C: The calibration curve of the training set; D: The decision curve analysis of the training set; E: The receiver operating characteristic curve of the validation set; F: The calibration curve of the validation set; G: The decision curve analysis of the validation set. AUC: Area under the curve.
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Figure 2 Comparison of area under the receiver operating characteristic curves between nomogram and all independent factors, including Grade, T stage, N stage, Size and Sex. A: In the training set; B: In the validation set.
[image: ] [image: ] [image: ] [image: ]
Figure 3 Validating the diagnostic nomogram in the expanded testing set. A: The receiver operating characteristic curve of the expanded testing set; B: The calibration curve of the expanded testing set; C: The decision curve analysis of the expanded testing set; D: Comparison of area under the receiver operating characteristic curves between nomogram and all independent factors, including sex, T stage, tumor size, grade stage.
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Figure 4 A prognostic nomogram for predicting the overall survival of duodenal carcinoma patients with distant metastasis for the 12, 36, and 60 months.
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Figure 5 Calibration and decision curves for 12, 36, and 60 months in the training set. A: The calibration curves of the nomogram for the 12 months in the training set; B: The calibration curves of the nomogram for the 36 months in the training set; C: The calibration curves of the nomogram for the 60 months in the training set; D: The decision curve analysis of the nomogram for the 12 months in the training set; E: The decision curve analysis of the nomogram for the 36 months in the training set; F: The decision curve analysis of the nomogram for the 60 months in the training set.
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Figure 6 Calibration and decision curve analysis for nomogram at 12, 36, and 60 months in the validation set. A: The calibration curves of the nomogram for the 12 months in the validation set; B: The calibration curves of the nomogram for the 36 months in the validation set; C: The calibration curves of the nomogram for the 60 months in the validation set; D: The decision curve analysis of the nomogram for the 12 months in the validation set; E: The decision curve analysis of the nomogram for the 36 months in the validation set; F: The decision curve analysis of the nomogram for the 60 months in the validation set.
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Figure 7 Time-dependent receiver operating characteristic curve analysis and kaplan-meier survival curves in the training and validation sets. A: Time-dependent receiver operating characteristic curve analysis of the nomogram for the 12, 36, and 60 months in the training set; B: Time-dependent receiver operating characteristic curve analysis of the nomogram for the 12, 36, and 60 months in the validation set; C: The Kaplan-Meier (K-M) survival curves of the patients in the training set; D: The K-M survival curves of the patients in the validation set.
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Figure 8 Comparison of area under the receiver operating characteristic curves between nomogram and all independent factors, including age, T stage, tumor size, grade stage, bone metastasis, surgery, and chemotherapy. A: 12 months in the training set; B: 36 months in the training set; C: 60 months in the training set; D: 12 months in the validation set; E: 36 months in the validation set; F: 60 months in the validation set.
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Figure 9 Validating the prognostic nomogram in the expanded testing set. A: The calibration curves of the nomogram for the 12 months in the expanded testing set; B: The calibration curves of the nomogram for the 36 months in the expanded testing set; C: The calibration curves of the nomogram for the 60 months in the expanded testing set; D: The decision curve analysis of the nomogram for the 12 months in the expanded testing set; E: The decision curve analysis of the nomogram for the 36 months in the expanded testing set; F: The decision curve analysis of the nomogram for the 60 months in the expanded testing set; G: Comparison of area under the receiver operating characteristic curves between nomogram and all independent factors for the 12 months in the expanded testing set; H: Comparison of area under the receiver operating characteristic curves between nomogram and all independent factors for the 36 months in the expanded testing set; I: Comparison of area under the receiver operating characteristic curves between nomogram and all independent factors for the 60 months in the expanded testing set; J: Time-dependent receiver operating characteristic curve analysis of the nomogram for the 12, 36, and 60 months in the expanded testing set; K: The Kapla-Meier survival curve of the patients in the expanded testing set. AUC: Area under the curve.

Table 1 Baseline clinical characteristics of duodenal cancer patients, n (%)
	
	Training (%)
	Validation (%)
	Overall (%)
	χ2
	P value

	
	(N n = 1822)
	(N n = 781)
	(N n = 2603)
	
	

	Age, yr
	
	
	
	0.125
	0.939

	< 60
	625 (34.3)
	266 (34.1)
	891 (34.2)
	
	

	> 70
	645 (35.4)
	282 (36.1)
	927 (35.6)
	
	

	60-70
	552 (30.3)
	233 (29.8)
	785 (30.2)
	
	

	Race
	
	
	
	2.1543
	0.3406

	Black
	358 (19.6)
	142 (18.2)
	500 (19.2)
	
	

	Other
	166 (9.1)
	84 (10.8)
	250 (9.6)
	
	

	White
	1298 (71.2)
	555 (71.1)
	1853 (71.2)
	
	

	Sex
	
	
	
	1.795
	0.180

	Female
	863 (47.4)
	393 (50.3)
	1256 (48.3)
	
	

	Male
	959 (52.6)
	388 (49.7)
	1347 (51.7)
	
	

	Marital status
	
	
	
	0.003
	0.955

	Married
	1095 (60.1)
	471 (60.3)
	1566 (60.2)
	
	

	Single
	727 (39.9)
	310 (39.7)
	1037 (39.8)
	
	

	Income
	
	
	
	3.034
	0.219

	$50000- $70000
	844 (46.3)
	377 (48.3)
	1221 (46.9)
	
	

	< $50000
	294 (16.1)
	138 (17.7)
	432 (16.6)
	
	

	> $70000
	684 (37.5)
	266 (34.1)
	950 (36.5)
	
	

	PRCDA
	
	
	
	0.635
	0.426

	No
	1338 (73.4)
	561 (71.8)
	1899 (73.0)
	
	

	Yes
	484 (26.6)
	220 (28.2)
	704 (27.0)
	
	

	T
	
	
	
	0.092
	0.761

	T1-T2
	943 (51.8)
	410 (52.5)
	1353 (52.0)
	
	

	T3-T4
	879 (48.2)
	371 (47.5)
	1250 (48.0)
	
	

	N
	
	
	
	0.160
	0.689

	N0
	1190 (65.3)
	503 (64.4)
	1693 (65.0)
	
	

	N1-N2
	632 (34.7)
	278 (35.6)
	910 (35.0)
	
	

	Grade
	
	
	
	1.132
	0.568

	I
	790 (43.3)
	354 (45.3)
	1144 (43.9)
	
	

	II
	528 (29.0)
	212 (27.1)
	740 (28.4)
	
	

	III-IV
	504 (27.7)
	215 (27.5)
	719 (27.6)
	
	

	Tumor size, mm
	
	
	
	0.018
	0.894

	< 25
	868 (47.6)
	375 (48.0)
	1243 (47.8)
	
	

	≥ 25
	954 (52.4)
	406 (52.0)
	1360 (52.2)
	
	

	Histological type 
	
	
	
	0.010
	0.995

	Adenocarcinoma
	652 (35.8)
	281 (36.0)
	933 (35.8)
	
	

	Carcinoid tumor
	661 (36.3)
	282 (36.1)
	943 (36.2)
	
	

	Other
	509 (27.9)
	218 (27.9)
	727 (27.9
	
	


PRCDA: Purchased Referred Care Delivery Area.















Table 2 Univariate and multivariate logistic analyses of distant metastasis in duodenal cancer patients
	
	Univariate analysis
	Multivariate analysis

	
	OR
	95%CI
	P value
	OR
	95%CI
	P value

	Age, yr
	
	
	
	
	
	

	< 60
	Reference 
	
	
	
	
	

	60-70
	1.164
	0.939-1.445
	0.246
	
	
	

	> 70
	1.266
	1.032-1.554
	0.058
	
	
	

	Race 
	
	
	
	
	
	

	Black
	Reference 
	
	
	
	
	

	White
	1.013
	0.817-1.265
	0.92
	
	
	

	Other
	1.014
	0.722-1.413
	0.946
	
	
	

	Sex
	
	
	
	
	
	

	Female
	Reference 
	
	
	Reference 
	
	

	Male
	1.245
	1.050-1.477
	0.035
	1.165
	0.965-1.408
	0.183

	Marital status
	
	
	
	
	
	

	Married
	Reference 
	
	
	
	
	

	Single
	1.056
	0.888-1.254
	0.603
	
	
	

	Income
	
	
	
	
	
	

	$50000-$70000
	Reference 
	
	
	
	
	

	< $50000
	0.789
	0.603-1.021
	0.137
	
	
	

	> $70000
	1.279
	1.065-1.536
	0.027
	
	
	

	PRCDA
	
	
	
	
	
	

	No
	Reference 
	
	
	
	
	

	Yes
	1.118
	0.925-1.347
	0.330
	
	
	

	T
	
	
	
	
	
	

	T1-T2
	Reference 
	
	
	Reference 
	
	

	T3-T4
	5.926
	4.832-7.316
	< 0.001
	1.779
	1.360-2.336
	< 0.001

	N
	
	
	
	
	
	

	N0
	Reference 
	
	
	Reference 
	
	

	N1-N2
	2.719
	2.289-3.233
	< 0.001
	1.306
	1.070-1.595

	0.027

	Grade
	
	
	
	
	
	

	I
	Reference 
	
	
	Reference 
	
	

	II
	4.119
	3.072-5.579
	< 0.001
	2.174
	1.560-3.053
	< 0.001

	III-IV
	16.616
	12.710-22.039
	< 0.001
	7.819
	5.689-10.870
	< 0.001

	Tumor size, mm
	
	
	
	
	
	

	< 25
	Reference 
	
	
	Reference 
	
	

	≥ 25
	5.976
	4.822-7.469
	< 0.001
	1.649
	1.249-2.186
	0.003

	Histological type 
	
	
	
	
	
	

	Adenocarcinoma
	Reference 
	
	
	
	
	

	Carcinoid tumor
	0.106
	0.078-0.142
	< 0.001
	
	
	

	Other
	0.740
	0.612-0.894
	0.009
	
	
	


PRCDA: Purchased Referred Care Delivery Area.







Table 3 Baseline clinical characteristics of patients diagnosed duodenal cancer with distant metastasis, n (%)
	
	Training (%)
	Validation (%)
	Overall (%)
	χ2
	P value

	
	(N n = 319)
	(N n = 138)
	(N n = 457)
	
	

	Age, yr
	
	
	
	0.839
	0.657

	< 60
	94 (29.5)
	46 (33.3)
	140 (30.6)
	
	

	> 70
	124 (38.9)
	53 (38.4)
	177 (38.7)
	
	

	60-70
	101 (31.7)
	39 (28.3)
	140 (30.6)
	
	

	Race
	
	
	
	0.351
	0.839

	Black
	61 (19.1)
	26 (18.8)
	87 (19.0)
	
	

	Other
	29 (9.1)
	15 (10.9)
	44 (9.6)
	
	

	White
	229 (71.8)
	97 (70.3)
	326 (71.3)
	
	

	Sex
	
	
	
	1.010
	0.315

	Female
	145 (45.5)
	55 (39.9)
	200 (43.8)
	
	

	Male
	174 (54.5)
	83 (60.1)
	257 (56.2)
	
	

	Marital status
	
	
	
	0.046
	0.831

	Married
	190 (59.6)
	80 (58.0)
	270 (59.1)
	
	

	Single
	129 (40.4)
	58 (42.0)
	187 (40.9)
	
	

	Income
	
	
	
	1.765
	0.414

	$50000-$70000
	147 (46.1)
	57 (41.3)
	204 (44.6)
	
	

	< $50000
	43 (13.5)
	16 (11.6)
	59 (12.9)
	
	

	> $70000
	129 (40.4)
	65 (47.1)
	194 (42.5)
	
	

	PRCDA
	
	
	
	2.04420
	0.153

	No
	220 (69.0)
	105 (76.1)
	325 (71.1)
	
	

	Yes
	99 (31.0)
	33 (23.9)
	132 (28.9)
	
	

	T
	
	
	0.4560
	0.500

	T1-T2
	59 (18.5)
	30 (21.7)
	89 (19.5)
	
	

	T3-T4
	260 (81.5)
	108 (78.3)
	368 (80.5)
	
	

	N
	
	
	0.043
	0.837

	N0
	146 (45.8)
	61 (44.2)
	207 (45.3)
	
	

	N1-N2
	173 (54.2)
	77 (55.8)
	250 (54.7)
	
	

	Surgery
	
	
	0.468
	0.494

	No
	238 (74.6)
	98 (71.0)
	336 (73.5)
	
	

	Yes
	81 (25.4)
	40 (29.0)
	121 (26.5)
	
	

	Chemotherapy
	
	
	0.324
	0.569

	No
	144 (45.1)
	67 (48.6)
	211 (46.2)
	
	

	Yes
	175 (54.9)
	71 (51.4)
	246 (53.8)
	
	

	Radiation
	
	
	
	0.192
	0.661

	No
	278 (87.1)
	123 (89.1)
	401 (87.7)
	
	

	Yes
	41 (12.9)
	15 (10.9)
	56 (12.3)
	
	

	Grade
	
	
	
	0.613
	0.736

	I
	35 (11.0)
	12 (8.7)
	47 (10.3)
	
	

	II
	78 (24.5)
	33 (23.9)
	111 (24.3)
	
	

	III-IV
	206 (64.6)
	93 (67.4)
	299 (65.4)
	
	

	Tumor size, mm
	
	
	
	0.157
	0.692

	< 25
	55 (17.2)
	21 (15.2)
	76 (16.6)
	
	

	 25
	264 (82.8)
	117 (84.8)
	381 (83.4)
	
	

	Histology
	
	
	
	0.506
	0.776

	Adenocarcinoma
	181 (56.7)
	78 (56.5)
	259 (56.7)
	
	

	Carcinoid tumor
	24 (7.5)
	13 (9.4)
	37 (8.1)
	
	

	Other
	114 (35.7)
	47 (34.1)
	161 (35.2)
	
	

	Lung
	
	
	
	3.109
	0.0779

	No
	290 (90.9)
	117 (84.8)
	407 (89.1)
	
	

	Yes
	29 (9.1)
	21 (15.2)
	50 (10.9)
	
	

	Bone
	
	
	
	0.072
	0.788

	No
	304 (95.3)
	133 (96.4)
	437 (95.6)
	
	

	Yes
	15 (4.7)
	5 (3.6)
	20 (4.4)
	
	

	Brain
	
	
	
	0.588
	2.326

	No
	317 (99.4)
	136 (98.6)
	453 (99.1)
	
	

	Yes
	2 (0.6)
	2 (1.4)
	4 (0.9)
	
	

	Liver
	
	
	
	0.315
	0.575

	No
	56 (17.6)
	28 (20.3)
	84 (18.4)
	
	

	Yes
	263 (82.4)
	110 (79.7)
	373 (81.6)
	
	


PRCDA: Purchased Referred Care Delivery Area.





















Table 4 Univariate and multivariate Cox analyses in duodenal cancer patients with distant metastasis
	
	Univariate analysis
	Multivariate analysis

	
	HR
	95%CI
	P value
	HR
	95%CI
	P value

	Age, yr
	
	
	
	
	
	

	< 60
	Reference
	
	
	Reference
	
	

	60-70
	1.768
	1.379-2.265
	< 0.001
	1.648
	1.280-2.123
	< 0.001

	> 70
	2.276
	1.793-2.891
	< 0.001
	1.848
	1.450-2.356
	0.002 

	Race 
	
	
	
	
	
	

	Black
	Reference 
	
	
	
	
	

	White
	1.042
	0.825-1.316
	0.771 
	
	
	

	Other
	0.702
	0.467-1.054
	0.152 
	
	
	

	Sex
	
	
	
	
	
	

	Female
	Reference 
	
	
	
	
	

	Male
	1.216
	1.001-1.478
	0.098 
	
	
	

	Marital status
	
	
	
	
	
	

	Married
	Reference 
	
	
	
	
	

	Single
	1.267
	1.045-1.536-
	0.044 
	
	
	

	Income
	
	
	
	
	
	

	$50000-$70000
	Reference 
	
	
	
	
	

	< $50000
	1.127
	0.851-1.493
	0.484 
	
	
	

	> $70000
	0.841
	0.684-1.034
	0.169 
	
	
	

	PRCDA
	
	
	
	
	
	

	No
	Reference 
	
	
	
	
	

	Yes
	0.981
	0.796-1.210
	0.882 
	
	
	

	T
	
	
	
	
	
	

	T1-T2
	Reference 
	
	
	Reference 
	
	

	T3-T4
	1.814
	1.384-2.376
	< 0.001
	1.481
	1.126-1.947
	0.018

	N
	
	
	
	
	
	

	N0
	Reference 
	
	
	
	
	

	N1-N2
	1.078
	0.890-1.307
	0.519 
	
	
	

	Grade
	
	
	
	
	
	

	I
	Reference 
	
	
	
	
	

	II
	2.805
	1.840-4.276
	< 0.001
	2.833
	1.827-4.394
	< 0.001

	III-IV
	3.642
	2.442-5.432
	< 0.001
	3.083
	2.030-4.682
	< 0.001

	Tumor size, mm
	
	
	
	
	
	

	< 25
	Reference 
	
	
	
	
	

	>=≥ 25
	1.870
	1.415-2.470
	< 0.001
	1.410
	1.055- 1.884
	0.051

	Histological type 
	
	
	
	
	
	

	Adenocarcinoma
	Reference 
	
	
	
	
	

	Carcinoid tumor
	0.146
	0.083-0.257
	< 0.001
	0.163
	0.088-0.300
	< 0.001

	Other
	0.471
	0.379-0.586
	< 0.001
	0.567
	0.450-0.713
	< 0.001

	Surgery
	
	
	
	
	
	

	No
	
	
	
	
	
	

	Yes
	0.361
	0.285-0.456
	< 0.001
	0.455
	0.357 -0.581
	< 0.001

	Chemotherapy
	
	
	
	
	
	

	No
	
	
	
	
	
	

	Yes
	0.767
	0.631- 0.931
	0.024 
	0.6004
	0.491-0.734
	< 0.001

	Radiation
	
	
	
	
	
	

	No
	
	
	
	
	
	

	Yes
	1.232
	0.944-1.608
	0.197 
	
	
	

	Bone
	
	
	
	
	
	

	No
	
	
	
	
	
	

	Yes
	3.094
	2.065-4.635
	< 0.001
	3.239
	2.138- 4.908
	< 0.001

	Liver
	
	
	
	
	
	

	No
	
	
	
	
	
	

	Yes
	1.067
	0.844- 1.347
	0.650 
	
	
	

	Brain
	
	
	
	
	
	

	No
	
	
	
	
	
	

	Yes
	1.958
	0.854-4.486
	0.183 
	
	
	

	Lung
	
	
	
	
	
	

	no
	
	
	
	
	
	

	Yes
	1.332
	0.987-1.797
	0.116 
	
	
	


HR: Hazard ratio; PRCDA: Purchased Referred Care Delivery Area.
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