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Background

Various lymph node staging strategies were reported to be significantly correlated with perihilar cholangiocarcinoma(pCCA) prognosis. This study aimed to evaluate their predictive abilities and construct an optimal model predicting overall survival (OS).



Methods

Patients with pCCA were collected as the training cohort from the Surveillance, Epidemiology, and End Results (SEER) database. Four models were constructed, involving four LNs staging strategies. The optimal model for predicting OS was evaluated by calculation of the concordance index (C-index) and Akaike information criterion (AIC), and validated by using the area under curve (AUC) and calibration curves. The clinical benefits of nomogram were evaluated by decision curve analysis (DCA). A Chinese cohort was collected to be an external validation cohort.



Results

There were 319 patients and 109 patients in the SEER database and Chinese cohort respectively. We developed an optimal model involving age, T stage, tumor size, LODDS, which showed better predictive accuracy than others. The C-index of the nomogram was 0.695, the time-dependent AUC exceeded 0.7 within 36 months which was significantly higher than that of the American Joint Committee on Cancer (AJCC) stage. The calibration curves for survival probability showed the nomogram prediction had good uniformity of the practical survival. The DCA curves exhibited our nomogram with higher clinical utility compared with the AJCC stage and single LOODS.



Conclusions

LODDS is a strong independent prognostic factor, and the nomogram has a great ability to predict OS, which helps assist clinicians to conduct personalized clinical practice.
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Introduction

Cholangiocarcinoma (CCA) is rare biliary tract malignancies with higher aggressive and poor prognosis (1), and pCCA is the most common subtype and makes up to sixty percent of CCA (2). Primary lesion resection and lymph node dissection are routine strategies for pCCA patients until now, but the long-term survival of patients is still not ideal (3). Therefore, increasingly prognostic factors have been identified, such as race, age, tumor size and so on (4, 5), one of these which affected the OS and curative effect after surgery is lymph node metastasis (6, 7). The number of intraoperative lymph node dissection and the status of lymph nodes (LNs) is significantly helpful for evaluating lymph node metastasis (8).

In the 7th AJCC stage for pCCA, the identification of the N stage mainly depends on the metastatic area of LNs (9). According to subsequently numerous clinical studies, the new 8th AJCC stage adopts the number of positive LNs to better predict prognosis (10). However, recent studies indicated it had similar predictive capability compared with the 7th AJCC stage (11, 12). Consequently, it is a little difficult to apply the separate number of metastatic LNs for evaluating the prognosis and need to identify some novel prognostic indicators. Recently, the LNR and LODDS, two novel staging systems for predicting lymph node metastasis, have been convinced by some professors and have shown predictive accuracy for the OS compared with the traditional N stage (13, 14), LNR is equal to the ratio of positive LNs to the retrieved LNs. The LODDS is defined as log [(0.5+ (positive LNs)/(0.5+ (negative LNs))], and they have shown excellent advantages for evaluating prognosis in various malignant tumors and LODDS was deemed as the most predictively accurate method compared with others (15–17). However, only a few articles studied the advantages of LODDS in pCCA patients, and it had not been incorporated into an excellently prognostic model for pCCA patients. Nomogram has been increasingly popular and has the important ability to predict cancer-related patient’s OS individually (18, 19). According to the nomogram score, clinicians could better implement individualized treatments. Furthermore, because of the better accuracy of LODDS, it would become a significant reference for the new staging systems.

In our study, we used cox regression analysis to screen out independent factors and constructed four models involving 7th, 8th N stage, LNR, and LODDS. An optimal model predicting OS was selected by the minimal C-index and maximal AIC, and LODDS could become the optimally predictive factors compared with others in the training cohort. Subsequently, a nomogram was established based on the above model, and verified by an external cohort from China, with the aim of popularization and application.



Methods


Study Population

Original data was collected from Surveillance, Epidemiology, and End Results (SEER) database of American Cancer Institute (http://seer.cancer.gov/) by SEER*Stat software (version 8.3.8). The inclusion criteria: According to the CS Schema v0204+, and all the patients were diagnosed as pCCA; the exclusion criteria: the patients lacked race, TNM stage, grade classification, tumor size, surgical, and LNs information. Due to the original SEER cohort adopting the 7th TNM stage, after analyzing the 7th and 8th of AJCC stage, only the N stage was altered by using the number of regionally positive LNs. Therefore, we transformed the 7th N stage to the 8th N stage for subsequent analysis. An additional validation cohort including pCCA patients undergoing surgery were collected from the Faculty of Hepato-Pancreato-Biliary Surgery in Chinese PLA General Hospital. The patients were follow-up by telephone or outpatient clinic interview. The study was approved by the ethics committee of the Chinese PLA General Hospital.



Statistical Analysis

Categorical variables were reported as counts and proportions and analyzed by the chi-squared test for comparison among groups. We used univariate cox analysis to select potentially prognostic factors, and which were further included in multivariate cox analysis to obtain the independent prognostic factors. X-tile software (version 3.6.1) was used to access the optimal cut-off values of variables. According to the optimal cut-off value of variables, we convert the continuous variables to the categorical variables. The optimal model predicting OS was verified by the maximal C-index and minimal AIC. OS was defined as the time from the date of surgery to death or last follow-up. The Kaplan-Meier (KM) curves were presented to describe the OS of each subgroup. A nomogram containing LODDS was finally constructed, with the aim to predict the OS of patients. The calibration curves and time-dependent ROC curves within 36 months were exhibited to estimate the nomogram’s predictive capability. DCA is widely applied to evaluate prediction models with the advantage of integrating patients or decision-makers preferences into the analysis and is increasingly used in clinical studies. We presented the DCA curves to analyze the clinical benefits of the nomogram compared with that of the AJCC stage and single LODDS. All statistical analysis in our study was completed by R software (version 4.0.2) and SPSS (version 26.0), the main utilized R packages were “ggplot2”, “Cschange”, “rms” and “timeROC”. For all statistical tests, a p-value less than 0.05 in two-sided was regarded as statistically significant.




Results


Patients’ Characteristics

According to the CS Schema v0204+, we extracted 15811 pCCA patients meet the inclusion criteria. Finally, we obtained a cohort containing 319 surgical patients between 2010 and 2015 based on the exclusion criteria. All the 319 patients undergoing surgery were included in the training cohort from the SEER database. Most of the patients were diagnosed with cholangiocarcinoma (314[98%]), the male (205[64%]) to female (114[36%]) ratio was 1.80: 1, most of the patients were older than 65 years old (188 [59%]), the white race (245 [77%]). In terms of pathological diagnosis, most of the patients were diagnosed with T2 stage (199 [62%]), 7th N0 stage (173[54%]), 8th N0 stage (174 [55%]), M0 (309 [97%]) and moderately differentiated (163[51%]). The tumor size of most patients was smaller than that of 3cm (186 [58%]). Resected LNs in most patients were more than 4 (217 [68%]). Most patients do not have liver metastasis. Besides, there were 174 patients without positive LNs, instead, 145 patients with one more positive LNs in the training cohort.

A total of 109 pCCA patients undergoing surgery were selected as the external validation cohort from the Chinese PLA General Hospital. The pathological diagnosis was cholangiocarcinoma for all the patients, the male (76[70%]) to female (33[30%]) ratio was 2.30: 1, most of the patients were younger than 65 years old (74 [68%]). In terms of pathological diagnosis, most of the patients were diagnosed with T2 stage (66 [61%]), 8th N0 stage (67 [61%]), M0 stage (109 [100%]) and moderately differentiated (66[61%]). The tumor size of most patients was smaller than that of 3cm (64 [59%]). Resected LNs in most patients were more than 4 (84 [77%]). Then, there were 86 patients without positive LNs, instead of 23 patients with one more positive LNs in the external cohort.

The detailed clinicopathologic characteristics and demographics of the two cohorts were shown in Table 1.


Table 1 | Demographics and characteristics of patients in Training and Validation cohorts.





The Optimal Threshold of LNR and LODDS

To better guide clinical practice, two continuous variables LNR and LODDS were classified via the X-tile software which can calculate the optimal threshold among the different groups. In our study, the LNR ranged from 0 to 1, and the LODDS ranged from -2.03 to 1.18. As shown in Table 2, the LNR was grouped into LNR1 (LNR<0.27) and LNR2 (LNR≥0.27), and LODDS was classified into LODDS1 -2.03≤LODDS<-0.88, LODDS2 -0.88<LODDS≤-0.16, and LODDS3 LODDS>-0.16. Relevant LNR and LODDS groupings were also shown in Table 1.


Table 2 | The optimal cut-off value of LNR and LODDS.





Cox Regression Analysis and Identification of Prognostic Factors

Univariate cox regression analysis revealed that age of diagnosis (p=0.018), race (p=0.009), T stage (p<0.001), M stage (p=0.031), tumor size (p=0.007) were potential prognostic factors except four lymph node evaluation factors. The results also revealed the four lymph node evaluation factors (7th N stage, 8th N stage, LNR, and LODDS) also achieved statistical significance(p<0.001). Then the age of diagnosis, race, T stage, M stage, and tumor size were included in the first multivariate cox regression analysis. The results revealed that age of diagnosis, T stage, and tumor size could be deemed as independent prognostic factors(p<0.05). The detailed results were shown in Table 3. Finally, we established four models containing the age of diagnosis, T stage, tumor size and one of four lymph node evaluation factors. As shown in Table 4, the second multivariate cox regression analysis showed the 7th N1 stage, 8th N stage, LNR2, and LODDS2,3 were independent prognostic factors(p<0.05). The KM curves exhibited that the four lymph node evaluation factors managed to significantly discriminate the OS of each group (Figures 1A–D).


Table 3 | Univariate and multivariate Cox analysis of prognostic factors.




Table 4 | Evaluation of four models.






Figure 1 | Kaplan-Meier curves for pCCA patients based on four lymph node evaluation factors. (A) 7th N stage. (B) 8th N stage. (C) LNR. (D) LODDS.





Development and Validation of a Nomogram Predicting OS

Comparisons of discriminability among four models were conducted in these two cohorts. In the training cohort, the C-index of models based on the 7th stage, 8th stage, LNR, LODDS were 0.680, 0.685, 0.685, 0.695, respectively. The AIC was 1501.86, 1497.66, 1493.90, 1491 for the 7th stage, 8th stage, LNR, LODDS (Table 4). The maximal C-index and the minimal AIC were distinguished in the model containing LODDS, this result showed this model had the more excellent predictivity for OS, and the LODDS could be regarded as the strongest prognostic factor among the four lymph node evaluation factors. Based on the above results, A prognostic nomogram predicting 1-, 2-, and 3- OS was constructed and an example was exhibited (Figure 2A). the C-index of the nomogram was 0.695(95%CI 0.652 to 0.738) that showed it had superior predictive capability compared with the AJCC stage (0.655, 95%CI 0.611 to 0.698, p = 0.043) in the training cohort. Similarly, the C-index of the nomogram was 0.688 (95%CI 0.626 to 0.749) that also showed it had superior predictive capability than that of the AJCC stage (0.592, 95%CI 0.525 to 0.660, p = 0.019) in the validation cohort. As shown in Figure 2B, we further explored the significance of nomogram in the negative LNs group and the positive LNs group, the boxplot showed nomogram with the highest C-index for predicting OS. The time-dependent AUC of the nomogram predicting OS exceeded 0.7 within 36 months in the training cohort (Figure 2C), while it exceeded 0.7 within 30months, and was 0.685 at 36 months in the validation cohort (Figure 2D). It remains significantly higher than that of AJCC stage and single LODDS, this result showed our nomogram had favorable discrimination. The calibration curves for survival probability showed the nomogram prediction had good uniformity of the practical observation in the training cohort at 1-, 2-, 3-years, similarly, the validation cohort showed similar results (Figures 2E–J). Besides, DCA curves exhibited more excellent net benefits in predictive nomogram compared with the AJCC stage and single LODDS among 40%-80% and 45%-95% threshold probability respectively (Figures 3A, B). The above results also showed it had wide application in the Eastern and Western.




Figure 2 | (A) The nomogram for predicting OS for pCCA patients. (B) Boxplot of C-index in four subgroups. (C) The time-dependent AUC of the nomogram in training cohort. (D) The time-dependent AUC of the nomogram in the validation cohort. (E–G) Calibration curves showed the probability of 1-, 2-, and 3-year OS between the nomogram prediction and the practical observation in the training cohort. (H–J) Calibration curves reveal the probability of 1-, 2-, and 3-year OS between the nomogram prediction and the practical observation in the validation cohort.






Figure 3 | (A) Decision curves showed clinical benefits of the nomogram predicting OS in the training cohort. (B) Decision curves showed clinical benefits of the nomogram predicting OS in the validation cohort.






Discussion

Perihilar cholangiocarcinoma remains the most common and malignant subtype of biliary tract malignancies (2). Patients with pCCA have a poor prognosis due to late diagnosis and high malignancy (20). Under this condition, lymph node metastasis plays an indispensable prognostic role in tumor progression. Because of increasing importance in assessing patients’ prognosis, various stage criteria (N stage, LNR and LODDS) have been studied by a partial clinician (21). Therefore, we were fully interested in methods of evaluating lymph node metastasis. By univariate and multivariate cox regression, we constructed four models containing independent factors and lymph node evaluation factors. According to the maximal C-index and minimal AIC, an optimal model containing LODDS was selected. Finally, we constructed a nomogram based on this optimal model to predict the OS of pCCA patients, and which had higher clinical benefits than the 8th AJCC stage. The calibration curves showed there were good discriminative and calibration capabilities in this nomogram. To our knowledge, our study firstly reports a nomogram based on LODDS for predicting OS of pCCA patients and performs validation by the population from eastern and western surgery centers.

Previous studies had proposed various significantly prognostic factors for patients with pCCA, such as the age of diagnosis, tumor size, and lymph node metastasis (7, 8). In our study, these key prognostic factors were fully considered. Lurje G et al. and Aoba T et al. study both reported lymph node metastasis was a strong prognostic factor and relevant with shorter OS of patients (13, 22). In the clinical practices, there are various evaluation methods of lymph node metastasis. In the 7th AJCC stage, the N stage was used to evaluate lymph node metastasis by exploring whether there is lymph node metastasis in certain areas (9), but the various clinical studies had proposed that Judging by the metastatic area of LNs had few limitations (8, 21). Consequently, the 8th AJCC stage was newly revised. The number of regional positive LNs was used as the evaluation standard: N0 stage was no positive LNs detected, N1 stage was 1-3 LNs detected, and N2 stage was the more than 4 regionally positive LNs were retrieved (10). However, recently studies indicated it had similar predictive capability compared with the 7th AJCC stage according to the above criteria (11, 12, 23). In our study, according the C-index of models, it was confirmed that the models involving 7th and 8th N stage has comparable predictive accuracy(0.680 vs. 0.685). The reason may be the difference in surgical methods and operative habits of different medical centers, the detected number of LNs was non-uniform, and there was no guarantee that a certain number of LNs can be detected for analysis. In our study, the median retrieved LNs were 6 both in these two cohorts. Although there is no specific requirement for the retrieved number of LNs in the 8th AJCC stage, the N stage lacked the well predictive capability. It revealed that the clinical efficacy of the N stage remains to be further considered and whether extended lymph node dissection is indispensable during operation. Aim to the above problems, LODDS and LNR were discovered by clinicians and hopeful to be used in the clinical practice (24, 25). They contained more information than the N stage, so it is more reasonable than the N stage. Guglielmi A et al. study suggested that LNR has greater predictive power compared to the N stage (26). However, LNR similarly depended on the retrieved number of LNs, it inevitably divided some patients into high LNR group due to the insufficiently retrieved number of LNs leading the underestimated number of positive LNs. Therefore, LODDS, a new method for evaluating lymph node metastasis, was proposed. The calculation of LODDS uses empirical transformation methods. With these statistical characteristics, LODDS has better accuracy to predict patient prognosis. Previous studies have shown that LODDS has well predictive accuracy in various cancers, such as gastric cancer, pancreatic cancer and so on (15, 17). Although some articles have studied the predictive effect of LODDS for pCCA, the predictive capability of it remains to be further verified by an external cohort of mature medical centers.

In this study, by comparing with the other three models by C-index, AIC and other verification indicators, the model containing LODDS is established, with the best predictive capability. Finally, we obtained an optimal model containing four independent prognostic factors: age, T stage, tumor size, and LODDS, and a nomogram was constructed based on the above model. This study also proved that our model had greater predictive value compared with the traditional AJCC stage in the eastern and western cohorts. In addition, the relevant information included in the model was relatively easy to obtain and further evaluated in clinical practice, which would be more convenient for clinical application. We further explored the significance of nomogram in the negative LNs group and the positive LNs group according to the C-index and found that it was better used in these two groups than the AJCC stage and single LODDS in the training cohort, and similarly, better than that in the validation cohort. Besides, the DCA curves demonstrated that our nomogram predicting OS had higher clinical benefits than the traditional AJCC stage and single indicator in these two cohorts. Interestingly, for the population in the validation cohort from China, nomogram had better improvement, the reason may be the different baseline and increasingly mature technique in our surgical center. It could also better reflect the advantages of our nomogram in advanced patients and the prospect of popularization and application in the Eastern and Western, and with the further development of biliary surgery, the application of nomogram may be more extensive.

Although this nomogram had a great performance for predicting the OS of pCCA patients, some limitations also existed in this study. Firstly, the data of the training cohort come from the SEER database, while the validation cohort comes from China, some biases were inevitable because of regional difference, but the results better illustrated the universality of the nomogram application. Besides, our study was a retrospective study with its inherent defects. Secondly, the cut-off value of LODDS in our study is based on X-tile software, although it is significantly suitable for this study population, whether it is suitable for the general population deserved further confirmation from multi-center, large-volume clinical studies. Furthermore, we also need a uniform standard for LODDS stratified truncation value to apply it to clinical work gradually.



Conclusion

The nomogram had importantly potential value in clinical practice. Compared with the AJCC stage, our nomogram could be regarded as a more accurate and credible method predicting the OS of pCCA patients, which has more clinical utility and more convenience to guide clinical practice. Our study also revealed LODDS is an accurately prognostic factor than other N stage and LNR. Hopefully, LODDS could promote the development of the novel stage for pCCA and guide the implementation of personalized treatment.
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