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Background

The hepatic metastasis pattern of esophageal cancer (EC) has not been fully explored. The primary objective of this study was to explore the predictors of esophageal cancer with hepatic metastasis (ECHM) at the time of diagnosis. In addition, we also analyzed the factors affecting ECHM prognosis.



Methods

We used the Surveillance, Epidemiology and End Result (SEER) database to identify ECHM patients at the time of initial diagnosis. The ECHM predictors were identified using multivariate logistic regression. Multivariate Cox regression and competing survival risk analyses were performed to identify factors associated with all-cause mortality and EC-specific mortality of ECHM, respectively.



Results

A total of 10,965 eligible EC patients were identified in the SEER database between 2010 and 2016, of which 1,197 were ECHM patients, accounting for 10.9% of the entire cohort. In the whole cohort, eight ECHM predictors (age, primary site, grade, histology type, T staging, N staging, insurance status, and number of extrahepatic metastatic sites) were determined using multivariate logistic regression analysis. Multivariate Cox regression and multivariate competing survival risks models confirmed that the male sex, advanced age, squamous cancer, and multiple extrahepatic metastasis increased the risk of both all-cause and EC-specific mortality, whereas chemotherapy and chemotherapy plus radiotherapy significantly reduced the risk of both.



Conclusions

This study explored population-level predictors of hepatic metastasis at the time of EC diagnosis and analyzed the clinical characteristics affecting the prognosis in ECHM patients. These findings may provide clinicians with a reference for the screening and treatment of hepatic metastasis in EC.
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Introduction

Esophageal cancer (EC) is the 7th most common malignancy among all cancers and the 6th leading cause of cancer-related deaths with estimated 572,000 cases and more than 508,000 deaths globally in 2018 (1, 2). The survival time in patients with advanced EC is significantly shortened, especially in those with distant metastasis (3). Moreover, nearly 40% of EC patients are diagnosed when distant metastasis has already occurred, with the 5-year survival rate in these patients being just 4% (4, 5). The dismal prognosis in these patients may be associated with the propensity of EC for metastasis, even in some cases when carcinomas are superficial; moreover, there is a lack of effective treatment for distant metastasis (6–8). Therefore, distant organ metastases of EC represent a significant cause of mortality.

According to recent reports, hepatic, lung, and bone metastases are frequently observed in EC cancer, affecting 15.6, 9.7, and 7.7% of these patients, respectively, with the liver being the most common site for distant metastasis (5, 9). Moreover, the prognosis in patients with hepatic metastasis is dismal, and it is difficult to effectively treat such cases (10). Therefore, it is particularly important to accurately predict hepatic metastases in EC at the time of diagnosis and formulate the optimal treatment plan.

The primary objective of this study was to explore the predictors of EC with hepatic metastasis (ECHM) on the population level. In addition, we aimed to analyze the factors affecting ECHM prognosis.



Materials and Methods


Database

We downloaded all of the data in this study from the Surveillance, Epidemiology, and End Results (SEER) database, which contains incidence data from population-based cancer registries, accounting for approximately 34.6% of the US population from 18 registration centers. SEER provides patient information up to 2016 in November 2018 and has been releasing hepatic metastasis-related information since 2010. Therefore, we were able to obtain data on ECHM patients from 2010 to 2016. In this study, we used the SEER*State (version 8.3.6) released by SEER to extract data from eligible patients.



Study Population

Using the SEER database, we obtained data for 28,213 EC patients, from January 1, 2010 to December 31, 2016. The inclusion criteria were as follows: >18 years old, EC as a first primary tumor, with complete follow-up data, with complete information about hepatic metastasis, and diagnosis confirmed based on the pathology. The exclusion criteria were: ≤18 years old, without definite information about hepatic metastasis, non-first primary tumor, lack of active follow-up, and confirmed diagnosis based on autopsy or death certificate. As a result, 10,965 EC cases were included in this study, of which 1,197 were ECHM patients (Figure 1). To determine whether these ECHM patients had de novo metastasis or recurrence from previously treated locally advanced EC, we queried the IDs of all EC patients between 1975 and 2016, confirming that these ECHM patients were diagnosed with EC for the first time.




Figure 1 | Data extraction flowchart from the SEER database.



According to the SEER database, races were categorized as white, African-American, and other races. Age was classified according to three intervals (18–57, 58–77, and 78+ years old). The primary tumor site of EC included the upper third of the esophagus and cervical esophagus (upper), the middle third of the esophagus (middle), lower third of the esophagus, and abdominal esophagus (lower), and overlapping lesion of the esophagus. Histology type of EC was divided into adenocarcinoma (codes 8140–8389), squamous cell carcinoma (codes 8050–8089), and remaining codes for others. Histology grade was classified into well-differentiated (Grade I), moderately differentiated (Grade II), and poorly differentiated/undifferentiated (Grade III/IV). The TNM staging was classified according to the 7th edition of the AJCC Cancer Staging Manual of the American Joint Committee on Cancer (11). Adjuvant therapy included four categories: radiotherapy, chemotherapy, chemotherapy plus radiotherapy, and no above treatment. This study used the SEER database with no personal identifiers; therefore, the approval of an institutional review Committee or informed patient consent was not required.



Statistical Analyses

Logistic regression analysis was performed to identify ECHM predictors. The variables with P-value <0.05 in the univariate logistic regression analysis were included in the multivariate regression. Cox regression analysis was used to determine the factors related to all-cause mortality. Then, the variables with P-value <0.05 in the univariate Cox analysis were included in the multivariate Cox regression analysis. Fine and Gray’s competing survival risk regression was used to assess EC-specific mortality (12). Survival data were estimated using the Kaplan–Meier method and the Log-rank test was used to calculate the P-value between different groups.

Statistical analyses were conducted using SPSS 23.0 (IBM Corporation, Armonk, NY, USA), except for forest plots, Kaplan–Meier survival curves, and competing risks survival analysis, which were carried out using the ‘forestplot’, ‘survival’, and ‘cmprsk’ package in R software (version 3.6.1; R Foundation), respectively. A two-sided P-value <0.05 was considered statistically significant.




Results


Patient Characteristics

The current study included 10,965 EC patients of which 1,197 had ECHM. The median age of the patients with ECHM was 63.0 years old, and the cohort consisted of 1,041 (86.97%) male and 156 (13.03%) female patients. Compared with older patients and those of African-American races, most ECHM patients were younger than 77 years old (n = 1,058, 88.4%) and white race (n = 1,056, 88.2%). Most of the tumors (n = 998, 83.4%) were located in the lower portion of the esophagus and the main histological type was adenocarcinoma (n = 921, 76.9%). In addition, the majority of ECHM patients were diagnosed as grade III/IV (n = 745, 62.2%) and N1 staging (n = 664, 55.5%). The clinical and socio-demographic characteristics are shown in Table 1.


Table 1 | Clinical characteristics and demographic of patients with esophageal cancer with hepatic metastasis at diagnosis.





Predictors for ECHM

In the entire cohort, the univariate logistic regression analysis showed that 10 variables including gender, age, primary tumor location, tumor grade, histology type, T staging, N staging, race, insurance, marital status, and number of extrahepatic metastatic sites were significantly associated with ECHM (P < 0.05) (Table S1). In multivariate logistic regression analysis using these 10 variables, the age, tumor site, grade, histology type, T staging, N staging, insurance status, and number of extrahepatic metastases were independent predictors of hepatic metastasis in the entire cohort. For example, the lesion in the middle portion of the esophagus [odds ratio (OR), 1.72; P = 0.026], lower portion of the esophagus (OR, 3.41; P < 0.001), and overlapping region (OR, 3.12; P < 0.001) had a greater likelihood to be associated with hepatic metastasis than that in the upper portion of the esophagus. Compared with Grade I, Grade II (OR, 1.85; P = 0.002) and Grade III/IV (OR, 2.48; P < 0.001) had higher proportion of hepatic metastasis. The risk of hepatic metastasis in patients with N1 (OR, 2.18; P < 0.001), N2 (OR, 3.20; P < 0.001), and N3 (OR, 2.18; P < 0.001) was higher than that in patients with N0. The risk odds of hepatic metastases in uninsured patients (OR, 1.55; P = 0.009) was more than five times higher than that in insured patients. In addition, compared with no extrahepatic metastasis, one (OR, 5.18; P < 0.001), two (OR, 7.28; P < 0.001), and three extrahepatic metastases (OR, 9.13; P < 0.001) greatly increased the risk ratio of hepatic metastasis. By contrast, ages 58–77 years (OR, 0.79; P = 0.003) and >78 years (OR, 0.66; P < 0.001), and T2 (OR, 0.34; P < 0.001), and T3 (OR, 0.30; P < 0.001) were associated with lower risk of hepatic metastasis (Table 2 and Figure 2). Furthermore, sex, tumor site, histology type, T staging, N staging, and number of extrahepatic metastases were related to hepatic metastasis in the subset of patients with metastatic disease (Table 2).


Table 2 | Multivariate logistic regression for patients of esophageal cancer with hepatic metastasis.






Figure 2 | Forest plot of multivariate regression analysis for esophageal cancer with hepatic metastasis.





Survival Assessment and Identification of Prognostic Factors in ECHM Patients

In the entire cohort, the median survival time was 11.0 months [interquartile range (IQR): 4–25 months]. By contrast, the median survival time in ECHM patients was 5.0 months (IQR: 2.0–10.0 months). ECHM significantly shortened the survival time in EC patients. However, ECHM patients who were treated with chemotherapy alone or chemotherapy plus radiotherapy had the longest survival time (7.0 months), whereas those who were not treated with adjuvant chemotherapy or radiotherapy had the shortest median survival time (2.0 months).

The univariate Cox regression analysis showed that 10 clinical characteristics were related to all-cause mortality (P < 0.05) (Table S2). In multivariate Cox regression analysis, the male sex, advanced age, non-adenocarcinoma tissues, multiple extrahepatic metastasis, and absence of insurance were associated with the poorer overall survival in ECHM patients. For example, men [hazard ratio (HR), 1.40; P < 0.001] had a worse prognosis than women. Patients older than 78 years (HR, 1.48; P = 0.001) had a higher risk of mortality than those aged 18–57 years. In the histological type, squamous carcinoma (HR, 1.30; P < 0.003) and other histological types (HR, 1.52; P < 0.001) had a greater hazard ratio than adenocarcinoma did. Compared with patients with 0/1 extrahepatic metastases and those who had insurance, two (HR, 1.29; P < 0.001) and ≥three extrahepatic metastases (HR, 1.64; P < 0.001) and uninsured patients (HR, 1.46; P = 0.005) suffered more life-threatening consequences from EC. However, radiotherapy alone (HR, 0.70; P = 0.002), chemotherapy alone (HR, 0.25; P < 0.001), and radiotherapy plus chemotherapy (HR, 0.24; P < 0.001) were significantly related to a decreased all-cause mortality. The overall survival estimates in ECHM patients according sex, age, histology type, number of extrahepatic metastatic sites, insurance, and therapeutic schedule are shown in Figure 3.




Figure 3 | Kaplan–Meier overall survival curves of ECHM patients stratified by sex (A), age (B), histology type (C), number of extrahepatic metastatic (D), insurance (E), and adjuvant therapy (F).



In the multivariate competing survival risk analysis (Table 3) for EC-specific mortality among ECHM patients, the male sex (HR, 1.27; P = 0.026); squamous carcinoma (HR, 1.29; P = 0.032); and two (HR, 1.19; P = 0.025) and ≥three extrahepatic metastatic sites (HR, 1.39; P = 0.008) were associated with increased EC-specific mortality. However, the African-American race (HR, 0.68; P = 0.018), chemotherapy alone (HR, 0.40; P < 0.001), and chemotherapy plus radiotherapy (HR, 0.42; P < 0.001) were significantly associated with a decreased EC-specific mortality.


Table 3 | Multivariate Cox regression for all-cause mortality and multivariate competing survival risk analysis for esophageal cancer-specific mortality among patients with esophageal cancer with hepatic metastasis.



From the results above, we can conclude that the male sex, squamous carcinoma, and multiple extrahepatic metastases not only increase the risk of all-cause mortality, but also increase the risk of EC-specific mortality. By contrast, chemotherapy and chemotherapy plus radiotherapy significantly reduce the risk of both.

In this study, we found that 6-month and 1-year survival rates in ECHM patients treated with radiotherapy alone were 16.2 and 1.9%, in those treated with chemotherapy alone were 58.1 and 32.2%, and in those treated with radiotherapy plus chemotherapy were 61.9 and 27.9%, respectively. We also found that chemotherapy or radiotherapy plus chemotherapy significantly improved median overall survival in patients with metastatic disease, especially those with ECHM (Table 4).


Table 4 | Median survival time of esophageal cancer patients by extent of systemic metastatic disease.






Discussion

In this research, we explored the population-level ECHM predictors. We also quantified survival assessments and examined clinical characteristics of poorer survival in ECHM patients. Previous studies have shown that the liver was the most common organ for EC distant metastasis (5, 9). In the SEER database, we found that 10.9% of EC patients had hepatic metastases at the time of diagnosis, and 45.6% of patients with metastatic disease had hepatic metastases. Hence, early identification and comprehensive therapy of hepatic metastases may change the natural course of EC and improve overall survival time and quality of life in these patients. Hence, it is of great clinical significance to explore the population-level predictors of ECHM and to provide clinicians with a resource for the assessment of hepatic metastasis risk.

Among the entire cohort, we found that lesions in the middle, lower, and overlapping parts of the esophagus, Grades II and III/IV, adenocarcinoma, and N1, N2, and N3 staging increased the risk of developing hepatic metastasis, which was similar to the previously shown risk factors of EC with distant metastasis (5, 13, 14). Moreover, older patients were less likely to suffer from hepatic metastasis than younger patients, which was also consistent with the findings of a previous study (5). We also found that cases with more extrahepatic metastatic sites and patients who had no insurance had a higher risk of developing hepatic metastasis, which had not yet been reported before, to the best of our knowledge. Furthermore, this study showed that T2 and T3 staging in the entire cohort had a lower risk for hepatic metastasis, and that T4 staging was not related to hepatic metastasis, which was similar to a previous research on EC with bone metastasis (14). We thought that this may be because the T staging was evaluated according to the depth of tumor invasion, whereas most of the T staging of advanced EC that could be resected in this study was mostly based on clinical staging; nevertheless, it was not accurate enough. In our study, N1, N2, and N3 staging might be predictors for hepatic metastasis. Previous research had also confirmed that N staging was a predictor for distant site metastasis of EC (13).

With regard to the site, tumor location in the lower and middle part of the esophagus or having overlapping lesions was associated with a higher risk of hepatic metastases than having tumors in the upper esophagus. We speculate that the majority of esophageal adenocarcinomas are located in the lower part, whereas squamous cell carcinoma often occurs in the upper region (15). Previous studies have demonstrated that circulating tumor cells could be found more commonly in the blood of patients with esophageal adenocarcinoma than in those with squamous cell carcinoma (16), suggesting that adenocarcinoma may be associated with a higher risk for distant organ metastasis. Therefore, esophageal adenocarcinoma is more prone to develop hepatic and brain metastases (9). We also found that the risk of hepatic metastasis in esophageal adenocarcinoma was 1.78 times higher than that in squamous carcinoma. Moreover, grade might be another predictor for hepatic metastasis. Grades II and III/IV were associated with significantly greater risk for hepatic metastasis than Grade I. The risk for hepatic metastasis was also greater among uninsured than insured patients, and the absence of insurance shortened overall survival time. We speculate that patients with health insurance were likely to get more early medical intervention. Nevertheless, it should be noted that in our cohort, there was a small number of patients with unknown insurance, unknown race, and unknown marital status, which may have reduced the accuracy of our results. However, these patients were not excluded from this study because the impact of these three demographic variables on hepatic metastasis was not critical to minimize the selection bias caused by the exclusion of these patients.

According to the results above, we believe that better attention should be given to patients with higher number of risk factors, such as younger patients, those with the tumor located in the middle and lower parts of the esophagus or having overlapping lesions, those with worse grade, late N staging, absence of insurance, and higher number of extrahepatic metastatic sites, who might be more susceptible to hepatic metastasis. Understanding the metastatic patterns of EC may contribute to making clinical decisions, including early diagnosis and treatment. Since the liver is the most common metastatic site, routine imaging examination as recommended by the NCCN guidelines (17) should be maintained.

The prognosis in EC patients with metastatic disease is often dismal, and the 5-year survival is only 4.8%, which is much lower than that in patients with regional and localized EC (25.1 and 46.7%, respectively) (18). Therefore, it is very important to identify the factors that affect survival in ECHM patients. Our results showed that the male sex, older age, squamous carcinoma, absence of insurance, and the presence of more metastatic sites could significantly increase all-cause mortality in ECHM patients. It is worth noting that we also used the competing risk survival model in this research, which is the most appropriate method for analyzing cancer-specific survival in the presence of other causes of death. In this model, the male sex, squamous carcinoma, and having more metastatic sites could significantly increase EC-specific mortality (Table 3). Moreover, to the best of our knowledge, this is the first report on population-based survival results among ECHM patients.

Recent studies demonstrated that EC patients treated with palliative chemotherapy or targeted therapy could achieve better overall survival benefits compared to those treated with the optimal supportive care alone (19). Palliative systemic chemotherapy has been considered a standard salvage treatment for ECHM patients (20). In our research, the median survival time in ECHM patients was increased by 6 months from lack of any treatment to chemotherapy or radiotherapy plus chemotherapy, suggesting that ECHM patients can benefit from chemotherapy or radiotherapy plus chemotherapy. Patients who were treated with chemotherapy or radiotherapy plus chemotherapy had the longest median survival. As EC is a highly invasive tumor, monotherapy may not yield a satisfactory outcome. At present, there are numerous types of research on multimodality treatment for hepatic metastasis. Reported treatments include stereotactic irradiation combined with systemic chemotherapy (21) systemic chemotherapy plus radiofrequency ablation and hepatectomy (22), intra-arterial chemotherapy (5-fluorouracil) (23), and chemoradiotherapy (24). However, these studies are case reports, and research with a larger sample size is necessary. In the present study, the efficacy of ECHM chemotherapy or chemotherapy plus radiotherapy was explored at the population-based level, showing that these treatments increased median survival in ECHM patients. However, further randomized clinical trials are needed.

Although our research was based on the population-level and contained a large number of cases, some limitations should not be ignored. First, important clinical information was lacking in the SEER database, including smoking status, performance status, and genetic background, among other factors. The occurrence of hepatic metastases may not be related to only the predictors we have identified in this study, but may also be affected by genetic background, smoking history, and other factors. Second, we did not have detailed information regarding metastasis, such as the size of the metastatic lesions and the exact number of metastatic lesions in the liver. Third, in the SEER database, there was a lack of detailed information about chemotherapy and radiotherapy, such as the chemotherapy drug regimen, the radiotherapy dose, the sequence of radiotherapy and chemotherapy, and the radiotherapy site. Nevertheless, a relatively homogenous group of therapeutic methods for a larger population has been determined in the database.

In this study, we found that several factors, such as the middle, lower, and overlapping lesions; worse grade; and more extrahepatic metastases, were associated with an increased risk of ECHM. Patients with these risk factors should be screened for hepatic metastasis. If EC patients are found to have hepatic metastasis and have risk factors for poor prognosis, especially among males, and those with squamous carcinoma and multiple extrahepatic metastases, we should adequately evaluate their condition and give them appropriate adjuvant therapy, such as chemotherapy or chemotherapy plus radiotherapy.
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