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Abstract

:

Simple Summary


Esophageal cancer is the seventh most common cancer globally. Preventive measures and clinical management differ based on histologic subtype. However, information has been lacking on its most recent patterns according to histological subtype, associated risk factors, and epidemiological trends on a global scale. This study is a global analysis of the incidence/mortality trends of esophageal cancer in more than 48 countries/regions based on high quality population-based registries. We conclude that adenocarcinoma has already surpassed squamous cell carcinoma as the most frequent type of esophageal cancer in some western countries and is expected to increase in other countries. It is important to closely monitor and slow down the growing rates of obesity and metabolic syndrome, which are the important risk factors for adenocarcinoma. With the development of more advanced and less invasive technology, population-based targeted screening endoscopy would be recommended for high-risk individuals.




Abstract


This study aimed to examine the global burden, risk factors, and trends of esophageal cancer based on age, sex, and histological subtype. The data were retrieved from cancer registries database from 48 countries in the period 1980–2017. Temporal patterns of incidence and mortality were evaluated by average annual percent change (AAPC) using joinpoint regression. Associations with risk factors were examined by linear regression. The highest incidence of esophageal cancer was observed in Eastern Asia. The highest incidence of adenocarcinoma (AC) was found in the Netherlands, the United Kingdom, and Ireland. A higher AC/squamous cell carcinoma (SCC) incidence ratio was associated with a higher prevalence of obesity and elevated cholesterol. We observed an incidence increase (including AC and SCC) in some countries, with the Czech Republic (female: AAPC 4.66), Spain (female: 3.41), Norway (male: 3.10), Japan (female: 2.18), Thailand (male: 2.17), the Netherlands (male: 2.11; female: 1.88), and Canada (male: 1.51) showing the most significant increase. Countries with increasing mortality included Thailand (male: 5.24), Austria (female: 3.67), Latvia (male: 2.33), and Portugal (male: 1.12). Although the incidence of esophageal cancer showed an overall decreasing trend, an increasing trend was observed in some countries with high AC/SCC incidence ratios. More preventive measures are needed for these countries.
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1. Introduction


Esophageal cancer is the seventh most common malignancy globally, with more than 500,000 new cases diagnosed annually [1]. It is the sixth leading cause of cancer mortality, accounting for over 500,000 cancer deaths each year [1]. Patients with esophageal cancer have an overall 5-year survival below 20% [2], although the ChemoRadiotherapy for Esophageal cancer followed by Surgery Study (CROSS) and docetaxel-based triplet (fluorouracil plus leucovorin, oxaliplatin, and docetaxel (FLOT)) improved the rate to 47% and 45%, respectively [3,4]. Worldwide, it remains an important public health and clinical issue due to its aggressive nature and low survival rate. Most esophageal cancer cases are diagnosed in less developed countries [5]. However, its global burden varies greatly, ranging from the second most frequent malignancy in some regions to one of the least frequent malignancies in other regions [6].



The two main histologic subtypes of esophageal cancer are adenocarcinoma (AC) and squamous cell carcinoma (SCC) [7]. Despite SCC accounting for most of all esophageal cancer cases, recent years have witnessed an increasing trend of AC in western populations [8]. The risk factors for SCC include male gender, family history, smoking, alcohol drinking, certain dietary factors, and possibly poor oral hygiene, whereas gastro-esophageal reflux disease (GERD) and obesity are the two main established risk factors for AC, and Barrett’s esophagus is a well-known premalignant condition [9,10,11,12]. As a substantial proportion of these risk factors are modifiable, there is the potential for public health interventions to prevent cancer development.



Monitoring the epidemiological trend of esophageal cancer is crucial, as it can inform the formulation of effective public health and clinical strategies as well as provide etiological clues. Owing to its high disparity in epidemiology across different populations, a comprehensive evaluation of its global burden and recent trends using high quality cancer registry data could benefit resource planning and allocation. Determining the updated incidence of esophageal subtypes and their associated preventable risk factors is also important, as the preventive measures and clinical management would be different for AC and SCC. Nevertheless, few studies reported the disease burden by histological subtypes, associated risk factors, and recent epidemiological trends of esophageal cancer on a global scale. The previous analysis estimated the incidence by histological subtypes without trend analysis [13,14,15], or evaluated the epidemiological trend using cancer registry data up to 2007 only [5,16,17]. The Global Burden of Disease (GBD) Study [18] evaluated the pattern of esophageal disease based on modeling. Furthermore, none of these studies investigated the country-level association between the AC/SCC incidence ratio and lifestyle and metabolic risk factors for esophageal cancer. Therefore, there exists a knowledge gap on the most updated global patterns of esophageal cancer by histological subtypes and associated risk factors. The objective of this study is to evaluate the global profile, associated risk factors, and recent epidemiological trends of esophageal cancer by region, histological subtype, gender, and age using cancer registries data for 48 countries.




2. Methods


2.1. Data Source


We used a methodology adapted from our previous studies on the epidemiological trends of esophageal cancer [5], prostate cancer [19], and colorectal cancer [20] by the same team. The data on incidence/mortality of esophageal cancer from national and global registries between 1980 and 2017 were retrieved (Table S1). Specifically, Cancer Incidence in Five Continents (CI5) volumes I–XI contains data on cancer incidence from cancer registries of high quality in a substantial proportion of the countries/regions around the world [21]. Data on the population size, numbers of new cancer cases, crude incidence rate, adjusted incidence rates, and standard errors reported by age, gender, cancer type, country, region, and calendar year were available in CI5. The Surveillance, Epidemiology, and End Results (SEER) 9 program were searched to obtain the most recent cancer figures for the United States (US) [22]. The Nordic Cancer Registries (NORDCAN) were searched for the most recent data for the Northern European countries, including Finland, Denmark, Norway, Sweden, Iceland, Greenland, and the Faroe Islands [23,24]. Furthermore, we searched the World Health Organization (WHO) Mortality database for the most recent mortality figures for other countries/regions [25]. The figures in the WHO Mortality database were generated from national civil causes of death registries in different countries/regions. The WHO Mortality collected different causes of medically diagnosed deaths from national level registry databases from different countries/regions yearly. Only data with a quality level at medium or above were used in the WHO Mortality database [26]. The burden of total esophageal cancer and the two major histological types, adenocarcinoma (AC) and squamous cell carcinoma (SCC), in 2018 was estimated from GLOBOLCAN [27], CI5 [21], and previous studies [5,14]. The prevalence of lifestyle (smoking, alcohol consumption, and physical inactivity) and metabolic (obesity, diabetes, and high cholesterol) risk factors were extracted from the Global Health Observatory (GHO) data (Table S2). The International Classification of Diseases and Related Health Problem, 10th Revision (ICD-10) code C15 was used to identify “malignant neoplasm of the esophagus” in the study [28]. The current study calculated age-standardized rates (ASRs) for incidence and mortality of esophageal cancer using the Segi–Doll world standard population [29].




2.2. Statistical Analysis


The temporal patterns of incidence and mortality of esophageal cancer in the past ten years were assessed for each country/region using joinpoint regression analysis [30]. The results were presented as the average annual percent changes (AAPCs) in the ASR of incidence/mortality with 95% confidence intervals (CIs) [30]. The joinpoint regression analysis allows a more accurate interpretation of trends in cancer incidence and mortality using AAPCs and also to determine if the trend is statistically significant [31]. A logarithmic transformation of the incidence and mortality figures for each county/region was conducted before calculating the standard errors by binomial approximation. Weights equivalent to each segment’s length were apportioned for the most recent ten-year period [32]. Countries/regions/population groups with “zero” or “missing” values in incidence/mortality figures for any year during the most recent decade were excluded from the regression analysis. A maximum of three joinpoints was adopted as the parameter of trend analysis in the current study. The AAPC was estimated as the mean of annual percent changes (APCs) using geometric weighting in populations of different age groups (≥50 years and <50 years), genders (males and females), and countries/regions. The association between AC/SCC incidence ratio for esophageal cancer and prevalence of lifestyle and metabolic risk factors was examined using multivariable linear regression analysis. Missing data in the regression on risk association were handled by complete-case analysis using listwise deletion. A two-sided p value less than 0.05 was considered statistically significant. The analysis was performed using Joinpoint Regression Program (Version 4.8.0.1; Surveillance Research Program, National Cancer Institute of US) and Stata (Release 14; College Station, TX: StataCorp LP).





3. Results


3.1. Global Burden


3.1.1. Incidence


In 2018, a total of 572,034 new cases of esophageal cancer (all types) were recorded, and the ASR of incidence was 6.3 per 100,000 persons, showing about thirteen-fold variation globally (Table S3, Figure 1). The highest rates were observed in Eastern Asia (ASR 12.2), Eastern Africa (ASR 8.3), Southern Africa (ASR 7.4), and Northern Europe (ASR 5.5), whilst the lowest rates were found in Central America (ASR 0.96), Western Africa (ASR 1.2), Northern Africa (ASR 1.5) and Western Asia (ASR 1.7). This geographical difference was more pronounced among males than females. The incidence rates were higher in males than in females in all regions.




3.1.2. Mortality


Globally, a total of 508,585 related deaths occurred in 2018. The ASR of mortality was 5.5 per 100,000 persons and varied by twelve-fold (Figure 2). The highest mortality rates were found in Eastern Asia (ASR 10.7), Eastern Africa (ASR 8.2), Southern Africa (ASR 7.2), and Northern Europe (ASR 4.3), whilst the lowest rates were found in Central America (ASR 0.92), Western Africa (ASR 1.2), Northern Africa (ASR 1.5) and Western Asia (ASR 1.5). The geographical variation in mortality rates was much more marked in males than in females, whilst the mortality rates were higher in males than in females in all regions.




3.1.3. Incidence by Histologic Subtypes


Table S4 shows the gender-specific estimated number of new cases, ASR, and the AC/SCC incidence ratio by country in 2018. Among males, highest ASRs of AC were observed in the Netherlands (ASR 7.7, ratio 2.5), United Kingdom (ASR 7.5, ratio 2.9), Ireland (ASR 4.9, ratio 1.9), Denmark (ASR 4.6, ratio 1.3), New Zealand (ASR 4.2, ratio 2.7), and Iceland (ASR 4.1, ratio 1.4), whilst the highest ASRs of SCC were observed in Malawi (ASR 21.0, ratio 0.053), Mongolia (ASR 20.9, ratio 0.050), Kenya (ASR 20.3, ratio 0.057), China (ASR 18.8, ratio 0.046), Uganda (ASR 17.0, ratio 0.056), and Bangladesh (ASR 16.7, ratio 0.121). Among females, the ASRs of AC were highest in the United Kingdom (ASR 1.4, ratio 0.70), Zimbabwe (ASR 1.4, ratio 0.13), the Netherlands (ASR 1.2, ratio 0.80), and Ireland (ASR 1.0, ratio 0.46), whilst the highest ASRs of SCC were observed in Malawi (ASR 15.5, ratio 0.045), Mongolia (ASR 15.1, ratio 0.058), Kenya (ASR 15.1, ratio 0.049), Zimbabwe (ASR 10.7, ratio 0.13), and Bangladesh (ASR 10.0, ratio 0.067).





3.2. Associations between Risk Factors and AC/SCC Incidence Ratio


Among males, a higher AC/SCC incidence ratio was associated with a higher prevalence of obesity (β 0.039, 95% CI 0.023 to 0.055) and high cholesterol (β 0.028, 95% CI 0.010 to 0.047), but a lower prevalence of smoking (β −0.007, 95% CI −0.014 to −0.001), alcohol consumption (β −0.022, 95% CI −0.038 to −0.005), and diabetes (β −0.082, 95% CI −0.132 to −0.032) in different countries (Figure 3). Among females, a higher AC/SCC incidence ratio was associated with a higher prevalence of alcohol consumption (β 0.022, 95% CI 0.002 to 0.042), obesity (β 0.009, 95% CI 0.004 to 0.146), and high cholesterol (β 0.011, 95% CI 0.004 to 0.019), but a lower prevalence of diabetes (β −0.021, 95% CI −0.038 to −0.003).




3.3. Temporal Trends


The incidence and mortality trends of esophageal cancer for each country/region between 1980 and 2017 are shown in Figure S1, and the results from the joinpoint regression analysis are presented in Table S5 and Figure S2.



3.3.1. Incidence Trend


Among males, 10 regions had a decrease in incidence, and 32 regions reported stable trends (Figure 4). Regions with the most drastic decrease were Bahrain (AAPC −15.52, 95% CI −26.15 to −3.36), Colombia (AAPC −9.14, 95% CI −12.96 to −5.16), Brazil (AAPC −5.94, 95% CI −10.44 to −1.21), and India (AAPC −5.00, 95% CI −8.18 to −1.70). In contrast, six regions showed an increasing trend. Norway (AAPC 3.10, 95% CI 1.23 to 5.00), Thailand (AAPC 2.17, 95% CI 0.74 to 3.62), the Netherlands (AAPC 2.11, 95% CI 1.25 to 2.98), and Canada (AAPC 1.51, 95% CI 0.54 to 2.49) showed the most significant increases. Among females, six regions had a decrease in incidence. Regions with the most drastic decrease were reported in Brazil (AAPC −8.78, 95% CI −14.32 to −2.89), India (AAPC −7.34, 95% CI −10.25 to −4.34), the Philippines (AAPC −7.20, 95% CI −12.21 to −1.90), and Hong Kong Special Administrative Region (HKSAR) of China (AAPC −6.84, 95% CI −7.79 to −5.88). In contrast, four regions showed an increasing trend, including the Czech Republic (AAPC 4.66, 95% CI 0.47 to 9.03), Spain (AAPC 3.41, 95% CI 0.90 to 5.99), Japan (AAPC 2.18, 95% CI 0.58 to 3.80), and the Netherlands (AAPC 1.88, 95% CI 0.51 to 3.27).




3.3.2. Mortality Trend


Among males, 21 regions had a decrease in mortality, and 24 regions reported stable trends (Figure 5). Regions with the most drastic decrease were reported in USA (AAPC −5.24, 95% CI −6.01 to −4.45), Chile (AAPC −5.05, 95% CI −5.89 to −4.21), HKSAR of China (AAPC −4.91, 95% CI −5.73 to −4.08), Korea (AAPC −4.21, 95% CI −5.19 to −3.22), Colombia (AAPC −3.88, 95% CI −5.67 to −2.06), and France (AAPC −3.32, 95% CI −3.71 to −2.93). In contrast, three regions showed an increasing trend, including Thailand (AAPC 5.24, 95% CI 4.76 to 5.72), Latvia (AAPC 2.33, 95% CI 0.45 to 4.25), and Portugal (AAPC 1.12, 95% CI 0.24 to 2.01). Among females, eight regions had a decrease in mortality, and 36 regions reported stable trends. Regions with the most drastic decrease were reported in HKSAR of China (AAPC −5.86, 95% CI −8.79 to −2.84), Colombia (AAPC −4.87, 95% CI −7.12 to −2.57), the USA (black, AAPC −3.91, 95% CI −5.19 to −2.62), and Chile (AAPC −2.84, 95% CI −4.35 to −1.30). In contrast, only one region showed an increasing trend (Austria, AAPC 3.67, 95% CI 0.76 to 6.67).




3.3.3. Incidence Trend by Age Groups


The incidence decreased in 16 countries among individuals aged ≥50 years, and nine countries reported increasing trends (Figure 6). The most marked decrease was observed in the Philippines (female: AAPC −9.25, 95% CI −14.33 to −3.87), Colombia (male: AAPC −8.69, 95% CI −12.23 to −5.01), HKSAR of China (male: AAPC −4.12, 95% CI −5.22 to −3.00; female: AAPC −7.84, 95% CI −10.67 to −4.92), Mainland China (male: AAPC 2.92, 95% CI −3.80 to −2.02; female: AAPC −6.87, 95% CI −7.97 to −5.76), and Brazil (male: AAPC −6.05, 95% CI −10.66 to −1.20). The most marked increase was observed in Faroe Islands (male: AAPC 19.22, 95% CI 1.17 to 40.49), the Czech Republic (male: AAPC 1.80, 95% CI 0.37 to 3.24; female: AAPC 4.90, 95% CI 2.44 to 7.42), Uganda (male: AAPC 4.57, 95% CI 0.09 to 9.25), Spain (female: AAPC 4.14, 95% CI 0.47 to 7.93), and Norway (male: AAPC 2.77, 95% CI 0.86 to 4.73). As for individuals aged <50 years, the incidence of esophageal cancer decreased in seven countries and increased in two countries (Figure S3). The most marked decrease was observed in Mainland China (male: AAPC −3.60, 95% CI −6.53 to −0.58; female: AAPC −7.67, 95% CI −13.26 to −1.73), Slovakia (male: AAPC −7.45, 95% CI −12.02 to −2.63), Turkey (male: AAPC −7.21, 95% CI −13.70 to −0.24), Spain (male: AAPC −6.56, 95% CI −10.13 to −2.86), and France (male: AAPC −6.40, 95% CI −9.15 to −3.56). The increase was observed in Thailand (male: AAPC 12.01, 95% CI 5.57 to 18.84) and Norway (male: AAPC 6.79, 95% CI 0.10 to 13.93).






4. Discussion


This study provides the most updated assessment of the global burden, risk factors, as well as the epidemiological trends of esophageal cancer by gender, age, and histological type using data from cancer registries in 48 countries/regions. This study highlights several major epidemiological patterns of esophageal cancer. Firstly, the highest incidence and mortality rates of esophageal cancer were observed in Eastern Asia and Eastern Africa, while the lowest rates were found in Central America and Western Africa. Secondly, the highest incidence rates of AC were observed in the Netherlands, the United Kingdom, and Ireland, with a higher AC/SCC incidence ratio associated with a higher prevalence of obesity and elevated cholesterol. Thirdly, most countries/regions showed a decreasing trend in the incidence and mortality of esophageal cancer in the recent past decade, especially among males and those aged 50 years or older. Nevertheless, an increasing incidence and mortality of esophageal cancer were observed in some developed countries, especially for regions with high AC/SCC incidence ratios.



There was a substantial disparity in the epidemiology of esophageal cancer across different regions in 2018. Our results showed the highest disease burden of esophageal cancer in Eastern Asia, Eastern Africa, South Africa, and Northern Europe, and lower burden in Central America, Western Africa, Northern Africa, and Western Asia. These findings are generally consistent with those of a GBD study for esophageal cancer in 2017, although there was a slight difference in the order (Eastern Asia, South Africa, and Eastern Africa) [18]. This may be caused by the different time frames, data sources, and methods of modelling used for the estimation. For several decades, many places of Eastern Asia, Southeast Asia, South Asia, and Eastern Africa have been shown to have a high prevalence of esophageal malignancy [33]. These regions are mostly along the routes of the Silk Road and have been referred to as the “Asian esophageal cancer belt” [33]. It has been hypothesized that populations in these countries may share some common genetic predispositions for the increased risk of esophageal cancer [33]. Moreover, the variation may be attributed to the disparity in the prevalence of dietary and environmental risk factors across regions. For instance, Asian population had a higher prevalence of drinking hot beverages and lower intakes of fruit and vegetables, which were risk factors for SCC [34]. The lower male to female ratio of esophageal cancer in the African population could be attributed to etiological insights (e.g., lifestyle and environmental factors) and referral bias caused by gender inequalities in healthcare [35]. Results from the current study suggest SCC remains the predominant subtype of esophageal malignancy globally when compared to AC. While the prevalence of SCC was the highest among Asian countries, AC was more frequent in western countries. This was also reported in the previous analysis, although the timeframes and methods used for the estimation varied between studies [13,14,15]. The results also indicated that males had a substantially higher incidence than females for both histological subtypes, but this phenomenon was more marked for AC. The male-to-female ratio in the incidence of AC was up to 9:1 in the United States [36]. The reasons for this remarkable gender difference in the incidence of AC remain unclear, and sex hormones may play a role [37,38,39]. As for the risk factors, our results indicated that obesity and high cholesterol were more associated with AC, while smoking and alcohol drinking were more associated with SCC among males. This supports previous findings that obesity and metabolic syndrome were more common in AC than in SCC [40,41]. In contrast, studies identified the two strongest risk factors for SCC to be tobacco use and alcohol drinking, accounting for over 70% of total SCC cases among high-income countries or regions [42]. However, we did not identify a positive association between prevalence of smoking, alcohol drinking, and incidence of SCC among females. This is consistent with a previous case-control study that although the incidence of SCC attributable to smoking and heavy alcohol consumption is evident among males, such associations were not observed for females, and suboptimal nutrition may play a role in the difference [42].



Despite the substantial regional variation in the distribution of esophageal cancer burden, our findings demonstrate an overall decreasing trend of its incidence and mortality for the past decade. This trend was already identified in the earlier studies using data on incidence and mortality of esophageal cancer up to 2007 [5,16,17]. We also observed a more evident incidence increase among the male population, older adults, and countries with low AC/SCC incidence ratios. Probable reasons for the decreasing incidence and mortality observed may include the reduction in major risk factors, socioeconomic development, and the advancement of treatment. The prevalence of tobacco use and alcohol drinking has been decreasing globally since the 1980s, which could be relate to the general declining trend of SCC since the 1990s [13,17]. The observed decrease in incidence of SCC has been associated with socioeconomic development of many countries. We previously found that there was an inverse association between the incidence of SCC and level of GDP and HDI at the country level [5]. The substantial reduction in the incidence of SCC in many less developed regions might be attributed to the decreased prevalence of risk factors associated with improving socioeconomic status [5,18]. Although the prognosis of esophageal cancer remains poor, the general decrease in mortality may, at least to some extent, be explained by the advancement of diagnostic technology and treatment, such as detection and treatment for early-stage esophageal cancer by upper endoscopy, neoadjuvant chemotherapy, and minimally invasive esophagectomy [7]. For instance, higher survival rates can be reached by the CROSS and docetaxel-based FLOT according to the evidence from randomized controlled trials [3,4].



Notably, there is an increasing trend identified in a substantial proportion of countries, especially for the high-income regions and populations with high AC/SCC incidence ratios. The reasons behind the increasing trend of esophageal cancer of AC remain speculative. This is likely due to the recent increasing prevalence of obesity and metabolic syndrome, which were significant risk factors for AC but not SCC. It was shown that an increase in BMI for every 5 units contributed to a 52% increase in risk for AC [43]. The association was even stronger for waist circumference [44]. In contrast, obesity or central obesity could, however, reduce the risk for SCC [45]. According to a recent estimation on worldwide obesity from the WHO in 2016, the global prevalence of obesity has nearly tripled since 1975 [46]. Another study on the global burden of central obesity also found that the prevalence increased from 16.3% to 33.9% during 1985–2014 [47]. The past two decades also witnessed a marked increase in the prevalence of metabolic syndrome (from 22.8% to 27.0%) [48]. The increase in AC may also be related to the high prevalence of GERD and Barrett’s esophagus, which are strong risk factors for AC, especially among the high-income regions [49]. Obesity is also associated with a higher risk of GERD and Barrett’s esophagus [50]. H. pylori is also associated with the reduced risk of AC, since it leads to atrophic gastritis and achlorhydria [51]. H. pylori can lower gastric acid secretion, and its eradication was associated with a higher risk of GERD [52]. Although there was an increasing incidence, its mortality was decreasing in some countries, including Japan and the UK. This could be attributable to their successful measures in treatment and prevention for esophageal cancer [53,54].



This study used data from population-based cancer registries of high quality with a sum of over one million cases. This study is large-scale with a comprehensive evaluation of the recent temporal patterns of esophageal cancer among 48 countries/regions. However, there exist some limitations. First, there could be under-reporting of the incidence/mortality in less developed regions, which might be attributed to the underdevelopment of infrastructure and mechanisms of cancer reporting in these places. Second, the numbers might have been overestimated or underestimated, since the data were represented by cancer registries of major cities in some regions. Third, a direct comparison between some regions could be limited, as the cancer registration system might change across regions and over time. However, this limitation is of less concern, as we compared the incidence and mortality according to age and gender groups within the same country. Furthermore, there was a lack of analysis on the trends of the causes and tumor stages of esophageal cancer, which is also important for public health measurements and clinical practice. Lastly, most of the cancer registries used for trend analysis were only updated to 2012. Further investigation is needed when more updated data are available.



Esophageal cancer remains a major cause of cancer burden. With the global ageing in population and expansion in population size, a further increase in its disease burden could be expected—especially for AC, which is positively associated with an increasing prevalence of obesity, metabolic syndrome, and socioeconomic development. AC has already surpassed SCC to be the most frequent histological subtype of esophageal cancer in some western countries and is expected to increase in other countries. More resources should also be committed to the formulation of evidence-based prevention strategies for both SCC and AC. Smoking cessation can decrease the risk of SCC, particularly among populations from western countries [55], and control of alcohol consumption is also recommended. To cope with the future global increase of AC, it is important to closely monitor and slow down the growing rates of obesity and metabolic syndrome, which are also the risk factors for cardiovascular diseases and other cancers. The low survival rate of esophageal cancer might also call for early detection by screening, particularly for the high-risk populations. The Cytosponge can collect a large sample size of esophageal cells for analysis and be managed in the primary care settings [56]. The novel device has been regarded as a safe and accurate method of specimen collection for the screening of Barrett’s esophagus [57]. It could also potentially be used in the future for the detection of squamous dysplasia [58]. The premalignant lesions of esophageal cancer can now be treated with more advanced technology that is much less invasive than open surgery [7]. Population-based targeted screening endoscopy would be feasible in improving survival and would be cost-effective for high-risk individuals for both SCC [59,60] and AC [61]. Future studies should investigate the reasons behind these epidemiological changes and the cost-effectiveness of different preventive strategies, which may offer further insights into the specific etiology and management of esophageal cancer by histological subtypes. The recent COVID-19 pandemic has substantially increased the avoidable cancer mortality [62]. How it affects the global epidemiology of SCC and AC in the near future remains to be explored.




5. Conclusions


We conclude that although the incidence of esophageal cancer showed an overall decreasing trend, an increasing trend was observed in some countries with high AC/SCC incidence ratios. It is important to closely monitor and slow down the growing rates of obesity and metabolic syndrome, which are the important risk factors for adenocarcinoma. Population-based targeted screening endoscopy would be recommended for high-risk individuals with more advanced and less invasive technology developed. How the recent pandemic of COVID-19 affects the global epidemiology of SCC and AC in the near future remains to be explored.
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Figure 1. The global estimated incidence of esophageal cancer in 2018, both sexes, all ages: (A) male incidence; (B) female incidence. ASR, age-standardized rate. Data source: GLOBOCAN 2018, IARC (http://gco.iarc.fr/today), World Health Organization. 
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Figure 2. The global estimated mortality of esophageal cancer in 2018, both sexes, all ages: (A) male mortality; (B) female mortality. ASR, age-standardized rate. Data source: GLOBOCAN 2018, IARC (http://gco.iarc.fr/today), World Health Organization. 
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Figure 3. The risk factors associated with histological subtype ratio of esophageal cancer. These added-variable plots were generated using multi-variable linear regression models. e, residuals; AC, adenocarcinoma; SCC, squamous cell carcinoma; β, β coefficient in the linear regression. 
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Figure 4. The AAPC of the incidence of esophageal cancer in individuals aged 0–85+ years. AAPC, annual percentage change; * p values less than 0.05; ^ AAPC for these countries could not be generated, as zero or missing values were identified in any year of trend analysis; the 95% confidence intervals and p values for the tests of AAPC are presented in Table S5. 
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Figure 5. The AAPC of the mortality of esophageal cancer in individuals aged 0–85+ years. AAPC, annual percentage change; * p values less than 0.05; ^ AAPC for these countries could not be generated, as zero or missing values were identified in any year of trend analysis; the 95% confidence intervals and p values for the tests of AAPC are presented in Table S5. 
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Figure 6. The AAPC of the incidence of esophageal cancer in individuals aged ≥50 years. AAPC, annual percentage change; * p values less than 0.05; ^ AAPC for these countries could not be generated, as zero or missing values were identified in any year of trend analysis; the 95% confidence intervals and p values for the tests of AAPC are presented in Table S5. 
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