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Background

early-stage esophageal carcinoma (EC) patients lack typical clinical signs and symptoms and are often diagnosed and treated at a late stage, leading to a poor prognosis and a high incidence of metachronous esophageal squamous cell carcinoma (MESCC) and second primary carcinoma (SPC). The aims of the review were to identify and quantify risk factors for MESCC and analysis location of SPC in postoperative patients with EC; to predict incidence of MESCC over follow-up time.





Methods

an electronic search of studies reporting potential risk factors, the incidence of MESCC, and the location of SPC were performed on PubMed, Web of Science, Cochrane Library, Embase, and Scopus from inception to 10 November 2022. The Newcastle-Ottawa scale was used to assess the study quality, and the qualitative strength of evidence rating of all items was provided. The meta-regression model was used to predict the incidence of MESCC over follow-up time, the location distribution of SPC was presented using clustered column chart, while the publication bias was assessed using funnel plots and Egger’s test.





Results

smoking, age, history of multiple other cancer, and Lugol-voiding lesions (LVLs) were determined to be the risk factors of MESCC. LVLs were qualitatively determined as “definite” and the history of multiple other cancer as “likely.” The overall pooled MESCC incidence was 20.3% (95% CI: 13.8% to 26.8%), with an increase of 0.20% for each additional year of follow-up. The head and neck were the most common locations for SPC, followed by the esophagus.





Conclusion

timely investigating the age of patients, previous history of cancer and monitoring the number of LVLs in the first 5 years after operation are of great significance to identify high-risk populations of MESCC for timely medical care. Education and behavior correction about smoking are advocated. Tumor markers should be regularly detected in the head and neck, esophagus, and stomach. Endoscopic resection was associated with a higher incidence of MESCC, which provided a reference for doctors to choose the removal method.





Systematic review registration

https://www.crd.york.ac.uk/PROSPERO/, identifier CRD42022377030.
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1 Introduction

Esophageal carcinoma (EC) is a significant health issue ranked the eighth most prevalent globally. The 5-year survival rate range from 15-25%; thus, it is the sixth most common cause of cancer-related deaths in the world (1). Esophageal squamous cell carcinoma (ESCC) is the most prominent globally among esophageal cancers. The “Asian esophageal carcinoma belt” consisting of Iran, Kazakhstan, and northern and central China has one of the highest incidences of ESCC, estimated to exceed 100 cases per 100,000 persons annually. Southeastern Africa and the United States are other regions with high incidence (1, 2). Currently, endoscopic resection (ER) and esophagectomy are the first and second treatment options for EC in Western countries and Asia, primarily Japan and China. The ER is considered a first-line EC treatment because it is minimally invasive (3). However, patients with early-stage EC lack typical clinical signs and symptoms and are often diagnosed late, making the outcome of EC treatment poor. Moreover, EC patients are likely to develop MESCC after treatment, which makes the survival and prognosis of patients even worse. Metachronous ESCC (MESCC) is an independent primary malignancy that arises in the preserved esophagus after the first endoscopic or surgical treatment of EC. Some studies have identified the Lugol-voiding lesions (LVLs) as a risk factor for MESCC (4, 5). In contrast, others have associated age with MESCC (6–8), but there are no relevant reviews or meta-analyses on the risk factors of MESCC. Therefore, it is imperative to identify and systematically summarize the risk factors for MESCC for optimal prevention, surveillance, prompt diagnosis, treatment, and post-treatment follow-up.

Studies have shown varying incidences of MESCC after treatment. A study by Uno et al. reported an incidence of 14.9% in 40.5 months after endoscopic submucosal dissection (9), while Kim et al. reported about 8.3% in 6 years after endoscopic submucosal dissection (10). Furthermore, the incidence of MESCC has been reported to increase over time, from 11.4%, 20.6%, and 39.3% in 2, 5, and 10 years after endoscopic submucosal dissection, respectively (7). However, no unified conclusion exists on the incidence of MESCC after ER for EC. Thus, evaluating the cumulated MESCC incidence and predicting the 5-year and 10-year incidence rates is necessary. In addition, it has been reported that an unrelated second primary carcinoma (SPC) could occur in treated EC patients. The SPC is a primary cancer occurring at any site after endoscopic or surgical treatment of EC and pathologically proven not to be the recurrence or metastasis of the first carcinoma. According to studies (11–13), SPC after endoscopic or surgical treatment for EC may occur in the stomach, esophagus, liver, lung, and lymph nodes. Nevertheless, there are limited knowledge about their distribution among studies. Therefore, it is necessary to comprehensively describe the location of SPC after endoscopic or surgical treatment for EC.

This study explored the risk factors for the development of MESCC, evaluated the incidence of MESCC, and ranked the locations of the SPC. The outcome of this analysis will guide clinical practices and effectively identify high-risk populations, optimizing the outcome of patient prognosis.




2 Methods



2.1 Protocol

The protocol was registered according to the Preferred Reporting Items for Systemic Reviews and Meta-Analysis (PRISMA) guidelines (14, 15) in the International Prospective Register of Systematic Reviews (PROSPERO) with registration number CRD42022377030.




2.2 Search strategy

With the assistance of an evidence-based medicine specialist, the following search terms of interest were considered to construct a strategy: (1) the esophagus, (2) the method of removing carcinoma, (3) carcinoma occurrence after removal, and (4) risk factors. The online databases of PubMed, Web of Science, Cochrane Library, Embase, and Scopus were searched from inception to 10 November 2022. The search terms were performed separately in all databases and combined with free words. Furthermore, the reference lists of all included articles were screened manually to capture studies omitted in the initial search. Only literature published in English without regional restrictions was included. The search strategies on all databases are presented in the Supplementary Materials (Search Strategies).




2.3 Eligibility criteria

MESCC was defined as a non-recurrent squamous cell carcinoma that appeared in the esophagus after the first endoscopic or surgical treatment of EC. SPC was defined as primary carcinoma occurring at any site after endoscopic or surgical treatment of EC, which was pathologically proven not to be the recurrence or metastasis of the first carcinoma. Inclusion criteria were: 1) patients with curative ER (endoscopic submucosal dissection and endoscopic mucosal resection) or surgery (esophagectomy) or the above regiments combined with chemoradiotherapy, excluding chemoradiotherapy alone and untreated, 2) intervention: existed a risk factor associated with the occurrence of MESCC, 3) comparison: without the risk factor above, 4) reported at least 1 potential risk factor or incidence of MESCC or distribution of SPC and met the definition, 5) randomized controlled trials, cohort or case-control studies. Exclusion criteria were: 1) studies with duplicate data (choose the study with the most comprehensive data), 2) case reports, reviews, comments, and meeting records, 3) animal studies and 4) publications on other diseases.




2.4 Study selection

The screening process was conducted by automatically excluding duplicated studies using EndNote X9 software and manually by a reviewer. Afterward, the titles, abstracts, and full text were reviewed independently by 2 reviewers according to the inclusion and exclusion criteria, and discrepancies were resolved by consensus or by a third independent researcher. All relative studies that addressed complications other than metachronous carcinoma and second carcinomas after EC removal were excluded during the title and abstract review phase. Case reports, case series, and meeting abstracts were excluded. Prospective studies can identify potentially modifiable risk factors because the sequence of items and the development of MESCCs is clear. Conversely, items identified in the retrospective study can only be considered associated modifiable factors because of no temporal relationship.




2.5 Quality assessment

The semi-quantitative principle of star system of the Newcastle-Ottawa Scale (NOS) was used to assess the quality of observational studies. The risk of bias and methodological quality of the included studies was assessed independently by 2 blinded reviewers, and discrepancies were resolved through discussions with a third reviewer. The NOS tool consists of 8 items in 3 domains (selection, comparability, and outcome) used to assess the quality of cohort studies. For each item, a series of response options are provided with a star system such that higher stars indicate higher quality. Based on the full-text review of each study, the researcher must select the most appropriate response option. If responses indicate a low risk of bias, 1 star is assigned, except for the comparability domain, which is assigned 2 stars. Overall, the score ranges from 0 – 9 stars, with 1-4 stars, 5-6 stars, and 7-9 stars indicating low, moderate, and high quality, respectively. Studies were not excluded based on their quality assessment score. Studies with low-quality assessment scores were not excluded. However, their score was used to determine the strength of their evidence qualitatively.




2.6 Data extraction

Data were collected in a standard pre-designed form and verified independently by reviewers. The data include 1) The baseline characteristics comprising title, first author, publication year, region, study design, study period, sample size, inclusion and exclusion criteria, 2) risk factors: removal method of EC, the definition of MESCC, follow-up period, potential risk factor, the method of factor measurement, measurement values reported, statistical test used, significance level; 3) incidence of MESCC, the definition of SPC, location of SPC; 4) methodological information: all relevant details on selection, comparability, and outcome or exposure. Studies with the same subjects or a part of them were excluded to avoid duplication. Some risk factors that fall into more than 2 categories, such as alcohol consumption, were regrouped into 2, rarely drinking and heavy drinking. However, in the original text, there were four groups: seldom, light, moderate, and heavy drinking. Raw data and hazard ratio were recorded for each risk factor when available. Adjusted effect sizes were preferred, followed by raw data if the above data were present simultaneously.




2.7 Data synthesis and analysis

The risk ratio (RR) at 95% confidence interval (CI) for factors of dichotomous variables was calculated using the Comprehensive Meta-Analysis software (version 3.3.070) and the statistical significance (p-value) at <0.05. The pooled effect sizes were computed based on the heterogeneity among studies, with the fixed effects model when it was low and the random effects model when it was high. Heterogeneity was evaluated using I2 statistics and Cochran’s Q test with a value of >50% and/or p<0.05, indicating significant heterogeneity. Subgroup analysis was performed to explore potential sources of heterogeneity according to a) removal method, b) type of cohort study (prospective or retrospective), c) follow-up schedule (annual or biannual or every 6 – 12 months), d) median/mean follow-up time (< or >60 months), and e) data type. Sensitivity analysis was performed by applying the other analysis model or (and) excluding 1study at a time. Risk factors reported by 3 or more studies were quantitatively analyzed to estimate a combined RR. Likewise, the strength of evidence of all items was qualitatively rated to label each risk factor as “definite,” “likely,” “unclear,” or “not a risk factor” based on the number and percentage of studies evaluating the factors and showing a positive association (Table 1). The pooled incidence of MESCC was calculated with a random-effects model. Using R software (version 4.1.3), the Meta-regression model predicted MESCC occurrence over follow-up time at yearly intervals. The location distribution of SPC was presented using a clustered column chart. The funnel plots and Egger’s test were used to qualitatively and quantitatively assess publication bias. Funnel plots were applied for the outcomes of more than 5 enrolled studies.


Table 1 | Defining the strength of a risk factor.







3 Results



3.1 Study selection

The initial 5 database searches yielded a total of 1788 articles. After EndNote X9 software automatically removed duplicates, 1038 articles remained. Upon screening the titles and abstracts of the 1038 articles, only 92 studies were included for full-text review. Following the full-text review, 22 studies were included in this study, among which 13 were analyzed for risk factors, 21 for incidence of MESCC, and 9 studies for the location distribution of SPC. A total of 13 factors, 11 of which were quantitatively analyzed. The Supplementary Materials (Figure 1) shows the flowchart illustrating the retrieved articles’ selection process.




Figure 1 | Flow diagram of the selection process for the studies.






3.2 Study characteristics

The characteristics of included studies and quality evaluation are displayed in Supplementary Materials (Table 2) and Table 2. All the studies utilized a cohort study design, of which 17 were retrospective and 5 prospective. The studies were performed in Asia, with the majority from Japan, 2 from mainland China, 2 from Taiwan, China and 1 from Korea. The ESCC was the most common type of pathological EC reported in most (18/22) of the studies consisting of 5151 patients, while only 4 studies with 1191 patients reported adenocarcinoma, precancerous lesion, intra-mucosal, or unclassified carcinoma. Among the patients in the included studies, 3651 (16 studies), 2323 (5 studies), and 368 (1 study) patients underwent ER of EC, surgery, and ER or surgery, respectively. The follow-up time was reported in different forms, of which 14 studies were reported in median, 4 in mean, and the remaining 4 in other forms or unknown.


Table 2 | Quality Evaluation of Included Studies.






3.3 Risk factors



3.1.1 Demographic, individual factors

Smoking and gender were quantitatively analyzed in 10 studies with low heterogeneity (I2 = 40.20% and 38.99%, respectively). The risk of MESCC was positively correlated with the amount of smoking (RR1.504, 95%CI 1.175 to 1.924, P=0.001) and had no statistically significant association with gender (RR0.871, 95%CI 0.688 to 1.102, P=0.251). The results of fixed effects model and random effects model were statistically consistent. The results of the subgroup analysis based on pre-determined subgroup variables were presented in Table 3. The results indicated that the follow-up time was a source of heterogeneity for smoking as a potential risk factor. Upon dividing the follow-up time into 3 groups, the heterogeneity of all the groups were 0. However, only the unknown follow-up time group with a negative result was statistically insignificant. Neither the subgroup analysis nor the sensitivity analysis identified sources of heterogeneity.


Table 3 | Subgroup analysis of potential risk factors with high heterogeneity.



There was no heterogeneity among the 6 articles analyzed for age as a potential risk factor. However, the study of Wen-Lun Wang (8) set 50 years old as the cut-off value, while others reported 65 years. Nevertheless, the result was still statistically significant after excluding this study, and the risk of MESCC increased with younger age (RR 0.690, 95% CI 0.564 to 0.844, p=0.000).

The 6 studies about alcohol consumption were enrolled with high heterogeneity (I2 = 66.817%). There was no significant association between alcohol consumption and MESCC in the fixed (RR 1.356, 95% CI 0.859 to 2.141, p=0.191) and random (RR 2.091, 95% CI 0.843 to 5.190, p=0.112) effect models. Subgroup analysis did not find out a source of heterogeneity. In sensitivity analysis, after excluding of the study of Yuka Azuma (17), the results became to be statistically significant (RR3.014, 95%CI 1.105 to 8.223, P=0.031). However, the heterogeneity remained almost unchanged.

The 4 studies that described the history of multiple other cancers as a risk factor had a low heterogeneity (I2 = 2.925%). The study participants with a history of multiple other cancer were more likely to develop MESCC (RR 2.089, 95% CI 1.494 to 2.921, p=0.000). Three studies reported smoking after ER as a potential risk factor for MESCC. However, it was not statistically significant (RR 1.165, 95% CI 0.744 to 1.823, p=0.505). Also, the 3 studies showed no heterogeneity.

The 3 studies that described alcohol consumption after ER as a risk factor had a high heterogeneity (I2 = 90.207%). However, there was no statistical significance and heterogeneity when the study by Satoshi Abiko (16) was excluded in the sensitivity analysis. The results showed no significant association between alcohol consumption after ER and MESCC (RR 1.320, 95% CI 0.508 to 3.433, p=0.569), as shown in Figure 2.




Figure 2 | Forest plot of demographic, individual factors. (A) smoking; (B) gender; (C) age; (D) alcohol consumption; (E) history of multiple other cancer; (F) smoking after ER; (G) alcohol consumption after ER; MOC, multiple other cancer; ER, endoscopic resection.



Qualitatively, the studies that reported risk factors were of moderate or high quality with smoking, gender, age, alcohol consumption, history of multiple other cancer, smoking after ER, and alcohol consumption after ER showing 3, 1, 1, 1, 2, 0, and 1 positive results, respectively. Most of the strength of evidence for the risk factors was labeled as unclear, 1 as likely, and 1 as not a risk factor qualitatively in Tables 4 and 5.


Table 4 | Qualitative and quantitative results of risk factors and incidence analysis.




Table 5 | Quantitative results and data types of potential risk factors.






3.3.2 Endoscopic and histological factors

The 9 LVLs, 4 tumor location, and 3 tumor depth studies had no heterogeneity. The risk of MESCC was associated with increasing LVLs (RR 3.667, 95% CI 2.587 to 5.197, p=0.000), irrespective of tumor location (RR 1.095, 95% CI 0.835 to 1.435, p=0.513) and tumor depth (RR 0.736, 95% CI 0.395 to 1.369, p=0.333). Based on different cut-off standards, the subgroup analysis of the 4 studies on the macroscopic type of tumor showed a decrease in the source of heterogeneity from 49.5% to 0%. However, the results for both subgroups were not statistically significant, which was consistent with the overall result, as shown in Figure 3.




Figure 3 | Forest plot of endoscopic and histological factors. (A) LVLs; (B) tumor location; (C) tumor depth; (D) macroscopic type; LVLs, Lugol-voiding lesions.



Qualitatively, the studies that reported risk factors were of moderate or high quality. Except for 6 studies on LVLs, none of studies on the tumor location, tumor depth and macroscopic type showed positive results. The above 3 factors were labeled as not a risk factor except for LVLs, whose strength of evidence was qualitatively definite. Two studies identified tumor sizes with a cut-off value of 35mm or 30 mm as a factor; however, there was no significant relationship between tumor size and MESCC. Two studies reported lymphovascular invasion as a factor and were not statistically significant. All qualitative and quantitative results are summarized in Tables 4 and 5.





3.4 Incidence of MESCC after ER and surgery

Incidence data were extracted from 21 studies. Heterogeneity was high among the 3 subgroups. The random effect model analysis showed that the pooled cumulative incidence of MESCC was 25.7% (95% CI: 19.2%, 32.2%) after ER, 1.6% (95%CI: 0.8%, 2.4%) after surgery, and 5.2% (95% CI: 3.1%, 7.9%) after surgery or ER. The overall pooled MESCC occurrence was 20.3% (95% CI: 13.8%, 26.8%), as shown in Figure 4. None of the predetermined subgroup analysis variables effectively controlled for heterogeneity shown in Table 6.




Figure 4 | Forest plot of incidence of metachronous esophageal carcinoma (subgroup: removal method).




Table 6 | Subgroup analysis of the incidence of metachronous esophageal carcinoma.



Among 21 studies, 18 reported the duration of follow-up, of which 13 were presented as median and 5 as mean. The meta-regression analysis showed that the incidence of MESCC increased with an extended follow-up time. For each additional year of follow-up, the incidence increased by 0.20%. Due to the different presentation formats (median and mean) of the follow-up time, subgroup analysis was performed. In the median subgroup, the incidence of MESCC increased by 0.36% while the mean decreased by 0.2% for each additional year of follow-up. The predicted 5-year and 10-year incidence rates of MESCC were 12.65% (95% CI: -7.56%, 30.10%) and 13.65% (95% CI: -5.16%, 32.35%), respectively.




3.5 Location of SPC after ER and surgery

Twelve studies described the distribution of SPC, of which SPC occurring after ER or surgery was diagnosed in more than 20 organs or systems of patients. The head and neck (31.12%) were the most common locations for the distribution of SPC, followed by the esophagus (20.52%), stomach (19.43%), lung (8.82%), and colorectal (5.65%), as shown in Figure 5.




Figure 5 | Distribution of second primary cancers.






3.6 Risk-of-bias assessment

The Egger test analysis showed no publication bias for the following risk factors, including smoking (p=0.38), gender (p=0.28), age (p=0.41), history of multiple other cancer (p=0.35), smoking after ER (p=0.46), alcohol consumption after ER (p=0.37), tumor location (p=0.28), tumor depth (p=0.43) and macroscopic type (p=0.073). Conversely, alcohol consumption (p=0.025) and LVLs (p=0.014) showed publication bias. Also, the incidence of MESCC had publication bias (p=0.012). The funnel plots are summarized in Figure 6.




Figure 6 | Funnel plot of risk factors and incidence analysis. (A) the incidence of metachronous esophageal carcinoma; (B) age; (C) alcohol consumption; (D) smoking; (E) Lugol-voiding lesions; (F) gender.







4 Discussion

This study involves 3 parts, risk factors for MESCC, incidence of MESCC and distribution of SPC. To our knowledge, this study is the first to examine the risk factors and incidence for MESCC after endoscopic or surgical resection of EC.

In terms of risk factors, 13 potential risk factors for MESCC were analyzed, among which 7 risk factors including smoking, gender, age, alcohol consumption, history of multiple other cancer, smoking after ER, and alcohol consumption after ER were categorized as demographic, individual factors. In contrast, LVLs, tumor location, macroscopic type, tumor depth, tumor size and lymphovascular invasion were categorized as endoscopic and histological factors. All factors except tumor size and lymphovascular invasion were quantitatively analyzed and the heterogeneity of smoking, gender, alcohol consumption, alcohol consumption after ER and macroscopic type were higher than 30%. After sensitivity analysis and subgroup analysis, factors of smoking, age, and history of multiple other cancer in demographic, individual category and the factor of LVLs in endoscopic and histological category were quantitatively determined to be associated with the development of MESCC. Smoking increases cancer risk by damaging DNA, producing carcinogens, and affecting immune function. The articles suggested that smoking may affect the prognosis and risk of SPC in patients with EC (32, 33), which is consistent with the conclusion of this review. Some studies suggested that the incidence of MESCC was not related to age (7, 8). However, some studies have also shown that age may have a protective factor effect on the development of MESCC (21, 34), which is consistent with the conclusion of the review. This is mainly because, with increasing age, patients pay more attention to their health, dietary habits, postoperative treatment, and follow-up. Therefore, regardless of age, patients should maintain a good lifestyle and adhere to regular follow-ups after EC removal to reduce the risk of developing MESCC. In this study, LVLs were also identified as a risk factor for developing MESCC after EC removal because LVLs are essential markers for predicting the early reoccurrence of EC in the residual mucosa after ER. Previous studies have shown that patients with LVLs (5, 10, 19, 35, 36) or other types of cancers in the past (21, 24) are prone to reoccurring EC and MESCC after removal of EC, respectively. In the qualitative analysis of factors, LVLs were identified as “definite factors,” history of multiple other cancer as a “likely factor,” while smoking, gender, age, alcohol consumption, and alcohol consumption after ER as “unclear factors” and the others as “not a risk factor.”. However, the negative results for other poorly documented risk factors do not invalidate them as risk factors related to the incidence of MESCC.

Based on the identified risk factors including smoking, age, history of multiple other cancer and LVLs, high-risk populations are found timely and strictly monitored and followed up to prevent patients from ending dangerous outcomes. Age, history of multiple other cancer, LVLs are unchangeable health risk factors, and smoking is changeable health risk factor. For unchangeable risk factors, routine investigation and surveillance are necessary. Once risk factors are found, attention should be paid to this population. People with young age, history of multiple other cancer, or detected LVLs were identified as high-risk populations. Timely investigating the age of patients, previous history of cancer and monitoring the number of LVLs are of great significance for individuals who will develop MESCC after removal of EC. Detected LVLs are explicitly correlated with the incidence of MESCC. Immediate monitoring of MESCC when LVLs occur facilitates timely physician treatment and patient recovery. For changeable risk factors, education and behavior correction are important. Smoking less or even no smoking should be actively advocated. Although this study showed that the postoperative smoking of the patient had nothing to do with the incidence of MESCC, which may be related to the lack of included studies, there is absolutely no harm in stopping smoking.

In terms of the incidence of MESCC, the overall pooled MESCC occurrence was 20.3%. The MESCC occurrence after ER, surgery and surgery or ER was 25.7%, 1.6% and 5.2%, respectively. None of the previously identified variables for subgroup analysis reasonably explained the sources of heterogeneity. Surgery has a lower incidence of MESCC suggested that the method of removal could affect the incidence of MESCC, which provided a reference for doctors to choose the removal method. This is consistent to some extent with the findings of Bestetti et al. on early gastric cancer, where ER was associated with higher risk of recurrence compared with surgery (37). The lower incidence of MESCC may be related to more complete surgical resection of the lesion. Compared with surgery, ER has more stringent conditions, such as the absence of lymph node metastasis, shallow depth of tumor involvement, etc. Currently, preoperative clinical staging relies on imaging which is not as sensitive as postoperative pathological biopsy, which may lead to inaccuracy on some patients and requirement for a sophisticated and mature preoperative assessment method. However, the small number of included papers with surgery as the treatment did have an impact on the reliability of the results. The meta-regression prediction of the incidence of MESCC at 5 and 10 years was 12.65% and 13.65%, respectively. This result shows that the incidence of MESCC was high in the first 5 years after operation reaching half of the overall pooled incidence and decreasing afterward. Thus, focusing on the first 5 years after operation is critical, which will provide the basis for clinical prevention and practice.

In terms of distribution of SPC, this review identified the most common location of SPC of the EC after ER or surgery was head and neck, followed by the esophagus. Therefore, in clinical practice, physicians should be concerned about the occurrence of MESCC and the emergence of head and neck carcinoma, EC, gastric carcinoma, and lung carcinoma in EC patients after operation, which requires physicians to enhance the detection of tumor markers at these sites.

Governments should not only invest more in primary health services to enable faster diagnosis and timely treatment, such as screening and follow-up of high-risk populations, but also invest more in scientific research to enable science to guide clinical practice more accurately. Clarifying the responsibilities of primary medical staff, actively carrying out community population education, and consolidating the important position of primary medical institutions in the entire medical system are of great significance for education, supervision, monitoring. Once suspected signs of MESCC or SPC are found, they will be referred to a higher-level hospital immediately.

Policy makers need to develop a comprehensive evaluation system for doctors which abandons the principle of “leaving the hospital is over” and values the lifelong management of the patients. The monitoring and long-term follow-up of patients should be included in the evaluation system of doctors, including the monitoring of risk factors and SPC, especially in the first 5 years after operation. Hospital staff should be assigned to monitor clinicians’ prescriptions, such as whether clinicians regularly detect LVLs of patients. The cost of diagnosis and treatment of EC should be covered by medical insurance to increase the compliance of patients.

Researchers should focus on both clinical research and basic theoretical research. Designing large, rigorously designed cohort studies to verify and validate the risk factors of MESCC and the increased incidence of MESCC per additional year. Research on the relationship between postoperative factors of EC and MESCC is encouraged and expected. It is the most direct and effective to determine the basic molecular biology causes of MESCC after operation of EC, but it is also the most arduous and painstaking.

Some limitations exist in the review. Firstly, the number of studies and sample size included limited the reliability and outreach of the results. In particular, there was a lack of monitoring of postoperative behavior of EC patients. Secondly, although subgroup analysis was performed in predicting annual increases in incidence, differences in the follow-up schedule and time led to bias in the results. Thirdly, even if subgroup analysis was performed in risk factor analysis, different data types would inevitably affect the results. Fourthly, most of the data came from male. It is well known that male and female have distinct differences in physical states, lifestyle habits, susceptibility genes and other aspects, even though the results of this study indicated that gender had nothing to do with the occurrence of MESCC. What is more, all of studies were from Asia, which lack of data support from Western research. Last but not least, due to the nature of the review articles, it is not possible to determine whether the risk factors identified in this study are independent risk factors.
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Ga Hee Kim (10) High No Raw
Yuji Urabe (19) High Yes Raw
Ayaka Tajiri (21) High Yes Raw
Toshiyuki Yoshio (26) High No Raw
Nobuhiko Ogasawara (7) High Yes HR
Wen-Lun Wang (8) High Yes HR
Kengo Onochi (28) High Yes HR
Tumor location Yuka Azuma (17) High No Raw
Ga Hee Kim (10) High No Raw
Ayaka Tajiri (21) High No Raw
Nobuhiko Ogasawara (7) High No HR
Macroscopic type Yuka Azuma (17) High No Raw
Nobuhiko Ogasawara (7) High No HR
Ayaka Tajiri (21) High No Raw
Chikatoshi Katada (31) High No HR
Tumor depth Yuka Azuma (17) High No Raw
Ga Hee Kim (10) High No Raw
Ming-Hung Hsu (20) High No HR
Tumor size Nobuhiko Ogasawara (7) High No HR
Ming-Hung Hsu (20) High No HR
Lymphovascular invasion Ga Hee Kim (10) High No HR
Ming-Hung Hsu (20) High No HR

HR, Hazard Ratio; ER, endoscopic resection; LVLs, Lugol-voiding lesions.





