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Objective

This study aimed to develop prognostic prediction models for patients with Siewert type II/III adenocarcinoma of the esophagogastric junction (AEG) who received neoadjuvant therapy (neoadjuvant chemoradiotherapy or neoadjuvant chemotherapy) and radical surgery. A baseline nomogram and a post-operative nomogram were constructed before neoadjuvant therapy and after surgery. The predictive performance of the constructed nomograms was internally validated and compared to the TNM staging system.



Materials and Methods

A total of 245 patients diagnosed with Siewert type II/III AEG and treated with neoadjuvant therapy followed by radical surgery at The Fourth Hospital of Hebei Medical University between January 2011 and December 2017 were enrolled. The variables before neoadjuvant therapy were defined as baseline factors, while the variables of baseline factors along with the variables of treatment and postoperative pathology were defined as post-operative factors. To construct the corresponding nomograms, independent predictors of baseline and post-operative factors were identified. The C-index and a time-dependent receiver operating characteristic curve were used to evaluate the model’s discrimination ability. The calibration ability of the model was determined by comparing the probability of predicted free-recurrence to the actual free-recurrence. Decision curve analysis (DCA) was used to determine the clinical usefulness of the nomogram.



Results

Among the baseline factors, age, cT stage, cN stage, Borrmann type, and staging laparoscopy were independent prognostic predictors. In contrast, among the post-operative factors, age, cN stage, staging laparoscopy, ypT stage, clinical response, number of positive lymph nodes, number of negative lymph nodes, laurén classification, and lymphatic, or perineural invasion (VELPI) were independent prognostic predictors. The two nomograms were constructed using the independent predictors of prognosis. The C-indexes for the baseline and post-operative nomograms were 0.690 (95% CI, 0.644-0.736) and 0.817 (95% CI, 0.782-0.853), respectively. The AUCs of the baseline nomogram at 3 and 5 years were both greater than cTNM (73.1 vs 58.8, 76.1 vs 55.7). Similarly, the AUCs of the post-operative nomogram were both greater than ypTNM (85.2 vs 69.1, 88.2 vs 71.3) at 3 and 5 years. The calibration curves indicated that both models had a high degree of calibration ability. By comparing the DCA at 3 and 5 years, we determined that the two nomograms constructed had better clinical utility than the TNM staging system.



Conclusions

The constructed nomograms have a more accurate predictive ability than the eighth edition TNM staging system, which can be useful for treatment selection and follow-up monitoring of patients.
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Introduction

Over the last few decades, the incidence of adenocarcinoma of esophagogastric junction (AEG) has increased globally, raising new concerns (1, 2). AEG is a term that refers to digestive tract malignancy that occurs in a special anatomical site within the epicenter located 5 cm above and below the esophagogastric junction (EGJ). Siewert typing is the world’s most widely used method. Siewert type II AEGs have an epicenter located between 1 cm above and 2 cm below the EGJ, and Siewert type III AEGSs have an epicenter located 2-5 cm below the EGJ (3). In patients with Siewert type II/III AEG, surgical resection is the primary treatment. However, because the majority of patients are in the advanced stage at the time of diagnosis, the 5-year survival rate is only 20%-30% even with radical resection (4–6). Neoadjuvant chemoradiotherapy and neoadjuvant chemotherapy are the primary components of neoadjuvant therapy for AEG. Neoadjuvant therapy has been shown to improve the prognosis of AEG patients by reducing the clinical stage of the tumor and increasing the rate of radical surgical resection. According to the current study, both methods of neoadjuvant therapy appear to have comparable survival benefits (7).

The TNM staging system issued by the American Joint Committee on Cancer (AJCC) is the primary tool for determining the patients’ treatment mode and prognosis. The 8th edition of the TNM staging system included clinical staging (cTNM) and post-neoadjuvant pathological staging (ypTNM), as well as the proposal to use the staging system for esophageal and gastric cancer for Siewert type II and III AEG, respectively (8). These updates provide more precise guidance for Siewert type II/III AEG patients receiving neoadjuvant therapy. However, because the TNM staging system is limited to anatomical variables such as tumor infiltration depth, lymph node invasion, and distant metastasis, the prognosis of patients with the same TNM staging remains heterogeneous. The integration of multiple factors, including patient demographic characteristics, treatment, and clinicopathological characteristics in the construction of a nomogram prediction model, has become a trend in tumor prognosis research and has been endorsed by the AJCC (9). The nomogram has been used to assist in the selection of individualized treatment and the development of follow-up strategies for patients with a variety of tumor types (10–12). Among gastrointestinal tumors, the nomogram is most widely used for colon cancer since it has been shown to be more clinically useful than the TNM staging system in predicting patient recurrence or survival (13–15). On the basis of molecular and clinicopathological features, a third-generation clinical calculator for colon cancer has been established (16). Numerous research has established nomograms for AEG. Gabriel E et al. (17) developed a prognostic calculator for patients with esophagus adenocarcinoma based on patient and treatment factors, which could predict the individual survival probability of patients receiving or not receiving neoadjuvant chemoradiotherapy before treatment. Zhou et al. (18) developed a nomogram for AEG patients using the Surveillance, Epidemiology, and End Results (SEER) database. Liu et al. (19) established Siewert II AEG patients undergoing preoperative radiotherapy based on the SEER database. Chen (20) established a nomogram for patients with Siewert type II/III AEG who did not receive preoperative treatment. Lemini R et al. (21) further externally validated several currently existing prognostic prediction models for the patients with esophageal adenocarcinoma. Unfortunately, none of these models showed satisfactory prediction accuracy. To our knowledge, we are the first to develop the prognostic prediction model for patients with Siewert type II/III AEG that includes both neoadjuvant chemoradiotherapy and neoadjuvant chemotherapy in combination with radical resection. To correspond to the TNM staging system, a baseline nomogram and a post-operative nomogram were constructed before the neoadjuvant therapy and after surgery to determine the probability of free-recurrence at 3 and 5 years, respectively. The predictive performance of the constructed nomograms was internally validated and compared to the TNM staging system.



Materials and Methods


Study Population

A total of 245 patients diagnosed with Siewert type II/III AEG who received neoadjuvant therapy followed by radical surgery at The Fourth Hospital of Hebei Medical University between January 2011 and December 2017 were included in the study. The following inclusion criteria were used (1): gastroscopy and histologically confirmed Siewert type II/III AEG; (2) patients treated with preoperative neoadjuvant chemoradiotherapy or neoadjuvant chemotherapy followed by R0 resection. The exclusion criterion was as follows:(1) absence of important clinicopathological or therapeutic data; (2) patients with multifocal gastric cancer or other malignancies. (3) the presence of distant metastases before neoadjuvant therapy, including patients with occult peritoneal metastases or positive laparoscopic cytology during staging laparoscopy. (4) death within 30 days after surgery. The study was reviewed and approved by the Ethics Committee of The Fourth Hospital of Hebei Medical University. The patients provided written informed consent.



Variables

Demographic, clinicopathological, and therapeutic data were retrospectively extracted from medical records. The variables included age at diagnosis, sex, clinical stage, Borrmann type, Siewert type, pre-treatment tumor markers, type of neoadjuvant therapy, surgical procedure (subtotal/total gastrectomy), and clinical response according to the Response Evaluation Criteria in Solid Tumors (RECIST version 1.1) [complete response (CR), partial response (PR), stable disease (SD), and progressive disease (PD)], laparoscopic cytology (negative/not performed), postneoadjuvant pathologic stage, AJCC tumor regression grade, number of positive lymph nodes, number of negative lymph nodes, Laurén classification, venous, lymphatic, or perineural invasion (VELPI), Histologic grade, and HER-2 expression.

The AJCC TNM staging system, 8th edition, was used in this study. In reference to previous studies, the tumor markers carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA19-9) were included (22, 23). Neoadjuvant therapies included neoadjuvant chemoradiotherapy and chemotherapy. Patients receiving neoadjuvant chemotherapy were preoperatively administered with two cycles of SOX (capecitabine plus oxaliplatin) or XELOX (S1 plus oxaliplatin) regimen. Surgery was performed 4 weeks after neoadjuvant chemotherapy, while the preoperative chemotherapy regimen was repeated 4 weeks after surgery (24). Additionally, for patients undergoing neoadjuvant radiotherapy, intensity-modulated radiation therapy (IMRT) (50.4Gy/25 fraction) was used in conjunction with an XELOX chemotherapy regimen. Surgery was performed 6-8 weeks following the final dose of radiotherapy. XELOX regimen was repeated as postoperative adjuvant chemotherapy 4 weeks after surgery (25). The majority of patients scheduled for neoadjuvant therapy at our center underwent staging laparoscopy prior to treatment. Staging laparoscopy aimed to look for occult peritoneal metastases that had not been detected by imaging and to perform concurrent laparoscopic cytology. All patients underwent radical resection involving total or subtotal gastrectomy combined with D2 lymphadenectomy.



Follow-up

Follow-up visits were conducted every 3 months for the first 2 years, every 6 months for the next 3 years, and annually thereafter. Disease-free survival (DFS) was defined as the time between the date of operation and the date of recurrence or the last follow-up if recurrence did not occur. The final follow-up was in November 2021.



Construction and Validation of the Nomogram

The variables before neoadjuvant therapy were defined as baseline factors, whereas the variables of baseline factors along with the variables of treatment and postoperative pathology were defined as post-operative factors. All variables were subjected to univariate Cox regressions. Subsequently, Multivariate Cox analyses were conducted separately for variables with a P<0.05 in the univariate Cox regression analysis for baseline and postoperative factors. The baseline and post-operative nomograms were constructed using multivariate Cox regression based on the independent risk factors identified. Harrell’s concordance index (c-index) and a time-dependent receiver operating characteristic (ROC) curve were used to assess the model’s discrimination ability. The C-index ranges from 0.5 to 1.0, and a higher C-index indicated better discrimination of the model. The calibration ability of the model was determined by comparing the predicted probability of free-recurrence to the actual free-recurrence. Finally, decision curve analysis (DCA) was used to determine the clinical usefulness of the nomogram.



Statistics Analysis

Categorical variables were expressed as frequency rates, while continuous variables were expressed as the median (interquartile range [IQR]). All continuous variables were subjected to linearity testing. Continuous variables with nonlinearity were modeled using restricted cubic splines. Univariate and multivariate analyses were performed using Cox regression models to determine the association between prognostic predictors and DFS, while hazard ratios (HRs) and 95% confidence intervals (CIs) were generated. To identify variables for multivariate Cox proportional hazards regression models, a backward stepwise selection method with the Akaike information criterion (AIC) was used. The nomograms were constructed based on the independent variables identified by multivariate analysis. Statistical analysis was performed using R software (version 4.0.3, http://www.R-project.org). The nomogram and calibration curve were generated using the Hmisc, rms, and ggplot2 packages, while riskRegression was used for receiver operating characteristic curve analysis (ROC), and “ggDCA” for decision curve analysis (DCA).




Results


Patients Characteristics and Univariate Cox Regression Analysis

Table 1 shows the demographic, clinicopathological, and treatment data of the 245 patients included in the study. The median follow-up time was 47 (IQR, 23-82) months. The median age of the patients was 62 (IQR, 57-66) years. There were 203 (82.9%) men and 42 (17.1%) women. 71 (29.0%) cases were diagnosed as Siewert type II and 174 (71.0%) cases as Siewert type III. For clinical stages, 65 patients were classified as cT2-3 stage and 180 patients as cT4 stage. Additionally, 54 patients were classified as cN0 stage and 191 patients as a cN1-3 stage. For Borrmann type, 5 patients were type I, 86 were type II, 139 were type III, and 15 were type IV. Among the pre-treatment tumor markers, 74 patients had elevated CEA and 64 patients had elevated CA199 levels. Pre-treatment laparoscopic cytology was performed and diagnosed as negative in 184 patients, while 61 patients were not examined. Neoadjuvant chemoradiotherapy was administered to 76 patients, neoadjuvant chemotherapy with the XELOX regimen was administered to 66 patients, and neoadjuvant chemotherapy with the SOX regimen was administered to 103 patients. Total gastrectomy was performed on 168 patients, whereas subtotal gastrectomy was performed on 77 individuals. 159 (64.9%) patients received neoadjuvant therapy and achieved objective remission (CR+PR). For the post neoadjuvant pathologic stage, there were 20, 35, and 190 cases of ypT0, ypT1-2, ypT3-4, respectively. There were 125, 59, 40, and 21 cases of ypTN0, ypTN1, ypTN2, ypTN3, respectively. There were 23 cases of AJCC-TRG grade 0, 62 cases of grade 1, 101 cases of grade 2, and 59 cases of grade 3. The median number of positive lymph nodes was 0 (0, 3), while negative lymph nodes were 24 (15, 33). For the Laurén classification, 118 (48.2%) were Intestinal, 75 (30.6%) were Diffuse, and 26 (10.6%) were mixed. A total of 139 patients presented with VELPI. 188 patients showed poor or undifferentiated histological grade. 38 patients showed a positive her2 status (immunohistochemistry 3+).


Table 1 | Demographic, treatment, and clinicopathological characteristics of patients and univariate analyses for disease-free survival.



Due to the small number of patients with Borrmann type I, these individuals were excluded from the Cox analysis. Among the included continuous variables, age and the number of positive lymph nodes had a nonlinear relationship with recurrence, but the number of negative lymph nodes had a linear relationship with recurrence (Figure 1). Among the baseline factors, univariate cox analysis showed that age, cT stage, cN stage, Borrmann type, and laparoscopic cytology all influenced DFS (p=<0.05). Among the treatment factors, however, the only clinical response affected DFS (p=<0.05). Among the postoperative pathological factors, ypT stage, ypN stage, AJCC-TRG, number of positive lymph nodes, number of negative lymph nodes, Laurén classification, VELPI, and Her-2 status affected prognosis (p=<0.05), as shown in Table 1.




Figure 1 | Risk of recurrence as a function of (A) age, (B) Number of positive lymph nodes, and (C) Number of negative lymph nodes. Solid line = risk function. Dashed lines = 95% confidence bands for the risk function.





Independent Prognostic Factors Among the Baseline and Postoperative Factors

In the multivariate analysis, age, cT stage, cN stage, Borrmann type, laparoscopic cytology all had an effect on DFS among the baseline factors (Table 2). Among the postoperative factors, Age, cN stage, Laparoscopic cytology, ypT stage, Clinical response, number of positive lymph nodes, number of negative lymph nodes, Laurén classification, VELPI all independently influenced DFS (Table 2).


Table 2 | Multivariate analyses for disease-free survival of baseline and post-therapy factors.





Construction of Baseline and Post-Operative Nomograms

The baseline and post-operative nomograms were constructed using independent prognostic factors identified in cox regression. Each variable in the model was assigned a score, and the scores were summed to obtain a total score corresponding to the probability of free-recurrence at 3 and 5 years. The higher the total score, the lower the probability of free-recurrence for the patient (Figures 2A, B).




Figure 2 | The 3- and 5-year DFS of Siewert Type II/III AEG patients were predicted by the baseline nomogram (A) and post-therapy nomogram (B). Each variable in the model corresponded to a score, and all the scores were summed to obtain a total score corresponding to the probability of free-recurrence at 3 and 5 years.





Internal Validation and Comparison With AJCC

The C-indexes for the model baseline and post-operative nomograms were 0.690(95% CI,0.644-0.736) and 0.817(95% CI,0.782-0.853), respectively. In the time-dependent ROC, the AUCs of the baseline nomogram at 3 and 5 years were both greater than cTNM (73.1 vs 58.8, 76.1 vs 55.7). Similarly, the AUCs of the postoperative nomogram at 3 and 5 years were both greater than ypTNM (85.2 vs 69.1, 88.2 vs 71.3), as shown in Figure 3. The calibration curves showed that both models had a good calibration ability (Figure 4). By comparing the DCA curves at 3 and 5 years, we found that the two nomograms had better clinical utility than the TNM staging system (Figure 5).




Figure 3 | ROC of nomograms and the AJCC staging system for 3- and 5-year DFS prediction in Siewert Type II/III AEG patients. (A) 3-year ROC for baseline nomogram and cTNM staging. (B) 5-year ROC for baseline nomogram and cTNM staging. (C) 3-year ROC for post-therapy nomogram and ypTNM staging. (D) 5-year ROC for post-therapy nomogram and ypTNM staging. Receiver operating characteristic curves; AUC, Area under the curve.






Figure 4 | Calibration curves for the baseline nomogram (A) and post-therapy nomogram (B) predicted 3- and 5-year DFS.






Figure 5 | Decision curve analysis (DCA) of the nomogram model and AJCC staging model for predicting 3- and 5-year DFS. (A) 3-year DCA for baseline nomogram and cTNM staging. (B) 5-year DCA for baseline nomogram and cTNM staging. (C) 3-year DCA for post-therapy nomogram and ypTNM staging. (D) 5-year DCA for post-therapy nomogram and ypTNM staging.






Discussion

Although the optimal multidisciplinary treatment strategy for patients with advanced Siewert type II/III AEG remains controversial, neoadjuvant therapy in combination with surgical resection continues to be the primary approach. The most often used treatment modality is neoadjuvant chemotherapy or neoadjuvant radiotherapy. However, with the advent of targeted drugs and immune checkpoint inhibitors, preoperative therapies have become more diverse (26). The purpose of constructing a baseline nomogram was mainly to estimate the prognosis of individual patients before they are scheduled to receive neoadjuvant chemoradiotherapy or neoadjuvant chemotherapy and to provide a basis for an individualized therapeutic approach.

Age, cT stage, cN stage, Borrmann type, and staging laparoscopy were the predictors in the baseline nomogram. Some studies have shown that age is an independent risk factor affecting the prognosis of patients with AEG, and the prognosis worsens with increasing age (27–29). Nevertheless, other researchers have demonstrated that age is not a factor contributing to prognosis (30–32). The explanation for this variation between research could be because different studies used different subjects, treatment, and age cut-off values. In this study, age was found to be nonlinearly related to patient prognosis, with the risk of recurrence decreasing with age in patients under 60 years old and increasing with age above 60 years old. The advanced cT and cN stages were associated with a worse prognosis, which was consistent with previous studies (33, 34). The accuracy of clinical staging has significantly improved as a result of advances in imaging technologies and standardization of operations. Multi-detector computed tomography (MDCT) is the most commonly used imaging technique for the comprehensive assessment of clinical staging of AEG. MDCT has a high accuracy for cT staging of gastric cancer (35–37), but its accuracy for cN staging is relatively limited (38–40). Therefore, in this study, cN staging was divided into cN0 or cN+ to reduce bias in cN staging. Peritoneal metastasis is one of the common distant metastases sites for AEG. The presence or absence of peritoneal metastasis has a significant impact on the treatment strategy is chosen and patient prognosis (41). MDCT is currently the main method for evaluating distant metastases, with a high degree of accuracy in evaluating liver and lung metastasis. However, its assessment of peritoneal metastases is unsatisfactory, particularly for occult peritoneal metastasis. MDCT has high specificity but low sensitivity in diagnosing and evaluating peritoneal metastases (42–44). Sarela AI et al. (45) conducted a retrospective assessment of 657 patients with gastric cancer and AEG who underwent CT evaluation for M0. Peritoneal metastases were detected in 149 patients (23%) and significantly correlated with tumor location after laparoscopy, with AEG patients being more likely to have occult peritoneal metastases. In patients with progressive gastric cancer and AEG, staging laparoscopy can improve the accuracy of peritoneal metastasis diagnosis (46). In our study, 75.1% of patients underwent staging laparoscopy before neoadjuvant therapy, and the results indicated that patients who had a negative laparoscopy had a better prognosis than those who did not undergo laparoscopy. According to certain studies, diagnostic laparoscopy and cytology should be performed on all patients with Siewert II/III AEG with cT3/T4 before neoadjuvant chemotherapy to determine the presence of occult peritoneal metastases (47). Additionally, Borrmann type is a predictor in the baseline nomogram. Borrmann type I patients was excluded from this study due to the small sample size. Borrmann type III/IV patients have a worse prognosis than Borrmann type II patients, consistent with previous studies (48).

After neoadjuvant therapy and surgical resection, we added treatment and postoperative pathology variables to the baseline variables and identified independent risk factors among them to construct a post-operative nomogram. Age and laparoscopic staging were also significant predictive factors of prognosis. Among the anatomical variables of T and N elements, the number of positive lymph nodes was chosen to replace ypN staging and the number of negative lymph nodes was added to improve the predictive efficacy of the model. Additionally, the prognostic assessment of ypT staging in patients with AEG is controversial. Sisic L et al. (49) demonstrated that survival curves for patients with AEG and gastric cancer treated with neoadjuvant therapy at ypT0-2 staging were overlapping, with ypT3-4 staging showing prognostic stratification. They hypothesized that residual tumor cells following neoadjuvant therapy may remain in any layer of the GI tract, and therefore ypT staging did not provide a good stratification of prognosis. In this study, ypT staging was further optimized into ypT0, ypT1/2, and ypT3/4 categories. The results indicated that this prediction model included the four anatomical variables of T and N elements, cN staging, ypT staging, number of positive lymph nodes, and number of negative lymph nodes, but not cT staging. It has been demonstrated that the ypTNM stage rather than the initial cTNM stage is the main determinant of prognosis in neoadjuvant-treated AEG patients (50). The present findings indicate that lymph node status including the presence of preoperative lymph node metastases or more numbers of positive lymph nodes postoperatively indicated a poor prognosis, but a greater number of negative lymph nodes dissection improved prognosis. Optimized ypT staging was also found to be an independent risk factor for prognosis. In patients with AEG, clinical response was an independent risk factor for prognosis which is consistent with our previous study (24). Patients whose tumors were effectively controlled locally (CR+PR) had a better prognosis. To simplify the model, we used VELPI as a reference from a previous study on colon cancer prognosis (16). Additionally, it is an independent factor affecting prognosis in the model. Lymphovascular invasion (LVI) has been reported to be more prevalent in AEG patients than in esophageal and gastric cancers, particularly in Siewert type III. It may be associated with the development of this type of AEG in patients with chronic atrophic gastritis, a condition in which the mucosa is thin and tumor cells are more likely to invade the lymph vessels. AEGs with LVI have a worse prognosis (51). Additionally, Lauren classification is a significant independent factor affecting prognosis, with patients with a diffuse prognosis having a worse prognosis, which is consistent with previous reports (52).

The C-indexes of model baseline and post-operative nomograms are 0.690 and 0.817, respectively, indicating that both models have good predictive performance, while the postoperative nomogram model performed better. The prognosis of patients is dynamic. Both the patient’s response to neoadjuvant therapy and post-operative clinicopathological features can affect their prognosis. Therefore, the post-therapy nomogram has a better predictive performance. Additionally, the constructed nomogram had higher predictive efficiency than TNM when the AUC and DCA curves were compared. Unlike the TNM staging system, which categorizes AEG patients with Siewert type II/III into distinct staging sites, the model we constructed integrated these patients into a single model with high predictive performance. Therefore, it will be more practical and convenient for individualized patient management. Just as the clinical significance of cTNM staging and ypTNM staging in the 8th edition of the TNM staging system, we developed corresponding baseline and post-operative prediction models respectively. The models demonstrated higher prognostic predictive efficacy than the TNM staging system which can provide useful information for patient individualized treatment and follow-up.

There are some limitations to this study. First, this single-center retrospective analysis may have introduced bias in patient selection. Second, because the majority of patients with Siewert type II/III AEG are treated with general surgery in China, only patients with transabdominal radical resection were included in this study. Patients undergoing transthoracic resection were excluded due to the large variation in treatment modalities among thoracic clinicians. Third, patients with neoadjuvant targeted or immunotherapy were excluded due to the lack of sufficient follow-up time and inconsistent clinical response assessment criteria.

In conclusion, the nomogram we constructed has a more accurate predictive ability than the TNM staging system, which can provide useful information for patient treatment selection and follow-up monitoring.
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