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The mortality-to-incidence ratio (MIR) is widely used to evaluate the efficacy of cancer management outcomes for individual countries. However, the association among health care expenditure, human development index (HDI), and changes in MIR over time (δMIR) remains unknown. We aimed to elucidate the significance between these indicators and gastric cancer outcomes in different countries. Among the regions, Asia had the highest number of new gastric cancer cases, gastric cancer-related deaths, age-standardized ratio of incidence, and mortality. Chile had the highest age-standardized ratio (ASR) for gastric cancer incidence and the highest ASR for mortality. Moreover, MIR was highest in Africa (0.91) and lowest in North America (0.43). Of note, MIR was negatively associated with HDI, current health expenditure (CHE) per capita, and CHE/GDP % and δMIR was positively associated with CHE/GDP % in countries with very high HDI. However, δMIR showed no significant associations with these indicators in the countries analyzed. In conclusion, increased HDI, CHE per capita, and CHE/GDP are associated with improved gastric cancer outcomes. In addition, the δMIR could be an indicator that can be used to evaluate the improvement in cancer management outcomes over time.
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INTRODUCTION

Along with increasing life expectancy, cancer has become the leading cause of death in humans, and the incidence of cancer and cancer-related deaths is growing rapidly (1). Gastric cancer is one of the most common cancers worldwide; gastric cancer has the fifth highest incidence among all cancers, and the third leading cause of cancer-related deaths in 2018 (2). The epidemiology of gastric cancer varies in different regions. For instance, gastric cancer incidence and mortality rates are highest in Eastern Asia, while the rates in North America are lower than those in other regions (2, 3).

Several risk factors are involved in gastric cancer, such as obesity and gastro-esophageal reflux disease, which are risk factors for cardia gastric cancer, whereas Helicobacter pylori (HP) infection, alcohol consumption, and intake of salty and salt-preserved food are risk factors for non-cardia gastric cancer (4–6). Efforts were made to improve the incidence rate of gastric cancer, such as HP infection eradication, food preservation, and lifestyle modifications (3, 6). In addition, the improvements in population-based screening involving biomarkers and early endoscopy-based detection, as well as the improvements in the treatment modalities for gastric cancer, had remarkably reduced the mortality rate of gastric cancer. However, the mortality rates vary in different regions (7–9). Hence, a good indicator to evaluate the improvement of gastric cancer management and outcome is needed.

The mortality-to-incidence ratio (MIR) is an indicator that is widely used to evaluate cancer management outcomes in different countries (10–12). MIR was found to be associated with the success of cancer screening, surveillance, and treatment in colorectal cancer and in other cancer types worldwide (10–12). MIRs were reported to be lower in countries with advanced public health systems (11–13). Nonetheless, there is a lack of indicators to evaluate the improvement of gastric cancer management outcomes over time and the association with health expenditure among countries.

To elucidate the relationship, we conducted an analysis using the 2012 and 2018 GLOBOCAN gastric cancer incidence and mortality statistics from 59 countries to determine the association among the human development index (HDI), current health expenditure (CHE), MIR, and the change in MIR between 2012 and 2018.



METHODS

Cancer epidemiological data were obtained from the GLOBOCAN project (http://gco.iarc.fr/), which is maintained by the International Agency for Research on Cancer of the World Health Organization. GLOBOCAN, which received an update in 2018, is a public access database that provides contemporary estimates of cancer epidemiology worldwide. HDI data was obtained from the Human Development Report Office of the United Nations Development Programme (http://hdr.undp.org/en). HDI was categorized as very high (0.800–1.000), high (0.700–0.799), medium (0.550–0.699), and low (0.350–0.549). In this investigation, countries were excluded based on the data quality report in GLOBOCAN (N = 123), based on missing data (N = 7), and based on outlier MIRs (N = 2). A total of 59 countries were included in the final analysis. No personal information was used in this study, and all data were obtained from public databases. No approval of the Institutional Review Board was needed as well.

Data on health expenditures, including the per capita CHE and the CHE/GDP (ratio of CHE to the percentage of gross domestic product or GDP), were obtained from the World Health Statistics database (https://www.who.int/gho/publications/world_health_statistics/en/). MIR was defined as the ratio of the crude rate (CR) of mortality to the CR of incidence, as previously described (10, 14–16). The δMIR was defined as the difference between the MIR in 2012 and in 2018 (δMIR = MIR [in 2012]–MIR [in 2018]) (17). Associations among the MIR, δMIR, and other factors in various countries were estimated using Spearman's rank correlation coefficient using the SPSS statistical software version 15.0 (SPSS, Inc., Chicago, IL). p values of <0.05 were considered statistically significant. Scatterplots were generated using Microsoft Excel.



RESULTS


Epidemiology of Gastric Cancer According to Regions

To evaluate the global burden of gastric cancer in 2018, we analyzed the global data and summarized them in Table 1. Asia had the highest numbers of new cases (715,905) and deaths (532,673), as well as the highest age-standardized rate (ASR) of new cases (13.4) and deaths (9.9), followed by Latin America and the Caribbean (9.1 and 6.1, respectively). In contrast, the lowest numbers of new cases (25,602) and deaths (11,060) were found in North America, which also had the lowest ASR of new cases (3.9) and deaths (1.7). Of note, the MIR was highest in Africa, with a value of 0.91, and lowest in North America, with a value of 0.43.


Table 1. Summary of the number, crude rank, age-standardized rate, and mortality-to-incidence ratio of gastric cancer according to the regions.
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Epidemiology and the Three Indicators of Gastric Cancer in Different Countries

The HDI, CHE, cancer incidence, cancer mortality, and MIR in gastric cancer in 59 countries in 2018 are summarized in Table 2. Chile had the highest ASR for gastric cancer incidence and the highest ASR for mortality. The United States of America had the lowest MIR of 0.42, whereas Cyprus had the highest MIR of 0.92. By comparing the δMIRs of the investigated countries, we found that the MIRs in most countries decreased in 2018. Fiji had the highest δMIR of 0.30, followed by Belarus and Chile, with a δMIR of 0.26.


Table 2. Summary of human development index, current health expenditure, cancer incidence, cancer mortality, and mortality-to-incidence ratio in gastric cancer of selected countries (N = 59).
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Next, we analyzed the association of three indicators, namely, HDI, CHE per capita (in USD), and CHE as a percentage of GDP (CHE/GDP, %), with the crude rate of incidence and mortality in gastric cancer (Supplementary Figures 1A–F). However, no association was found among those indicators with the CR of incidence and mortality.



Association Between MIR and the Three Indicators in Different Countries

We further analyzed the association of MIR with HDI, CHE per capita, and CHE/GDP. These three indicators were negatively associated with the MIR for gastric cancer in 2018 (Spearman's rank correlation coefficient ρ, −0.618, −0.628, and −0.592, respectively; all P < 0.001; Figures 1A–C). Furthermore, we analyzed the association of these three indicators with δMIR from 2012 to 2018, and no significant associations of these indicators with δMIR were found (Supplementary Figure 2). Subgroup analysis showed a positive correlation between δMIR and CHE_GDP in “very high” HDI countries (HDI 0.8–1.0, defined by the United Nations Development Programme) (Spearman's rank correlation coefficient ρ = 0.407, P = 0.006; Figure 2).
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FIGURE 1. The (A) human development index, (B) current health expenditure per capita, and (C) current health expenditure as a percentage of gross domestic product are significantly associated with the mortality-to-incidence ratio in gastric cancer.
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FIGURE 2. Association between human development index (HDI), current health expenditure per capita, current health expenditure as percentage of gross domestic product and delta mortality-to-incidence ratio in gastric cancer in very high HDI countries (A–C) and others (D–F).





DISCUSSION

This study aimed to analyze the association among the levels of economic development, health expenditure, gastric cancer outcomes globally in 2018, and the improvement of gastric cancer management over time. We found that gastric cancer incidence, mortality, rank of all cancers, and cumulative risk of incidence were highest in Asia. Chile had the highest ASR for gastric cancer incidence and the highest ASR for mortality. Overall, our findings suggested that gastric cancer in countries with higher CHE per capita and CHE/GDP ratio had better clinical outcomes. Improvement of gastric cancer management was found in highly developed countries with high health expenditures.

Previous studies have indicated that the MIRs are directly correlated to the health system ranking in lung, colorectal, prostate, stomach, and breast cancers (12). MIRs are also good indicators for evaluating cancer screening and care in colon cancer (10). Rezaeian et al. (18) found that countries with a low HDI index had higher MIRs for all cancers. It was concluded that patterns of cancer occurrence correlate with care disparities at the country level. In comparison, our study revealed that the MIR values were lower in countries with higher health expenditures, especially in countries with higher CHE/GDP ratios. The consistent results suggest a better outcome for patients with gastric cancer in these countries with high health expenditures. Nonetheless, the positive association between δMIR and CHE/GDP ratio in highly developed countries indicates that the improvement of gastric cancer was only made in countries with prosperous economies. Moreover, it may not be long enough to show the advancement in cancer screening, treatment, and health care utilization in different countries in a 6-year interval.

Although the MIR indicates the quality of gastric cancer care, the disparity in gastric cancer incidence and mortality is influenced by many factors. The incidence of gastric cancer is highly dependent on diet, lifestyle, and HP infection in different regions. Japan is one of the regions where gastric cancer is endemic (6). The improvements in clinical outcomes in Japan over the last decades, as well as the improvements in Korea and in other Asian countries, were attributed to their screening program (9, 19, 20). In countries with lower MIR for gastric cancer, the screening modalities and screening program improved with increased medical expenditure. Several novel screening modalities and protocols, such as the use of serum biomarkers, detection of tumor-specific mutations in DNA and proteins in the circulation, and the combination of serum pepsinogen level and esophagogastroduodenoscopy (EGD), improved the early detection of gastric cancer (19, 21–23). In addition, more frequent screening via either EGD or radiography has been reported to improve the early detection and mortality of gastric cancer (7, 19). However, the frequency of screening may be associated with increased medical expenditures in some developed countries.

Medical expenditure also increased with the progression of gastric cancer treatment. The treatment for gastric cancer nowadays includes endoscopic resection, surgical resection, adjuvant chemotherapy, and targeted therapy (3). A recent prospective study revealed the molecular level of gastric cancer, which was a powerful breakthrough for novel target therapy (24). New drugs and treatment strategies, such as adjuvant chemotherapy with S-1, oral fluoropyrimidine in patients with advanced gastric cancer after surgical intervention, and targeted therapy with trastuzumab in HER2-positive advanced gastric cancer patients, have shown survival benefits (25, 26). Advances in treatment strategies developed in recent years have improved gastric cancer mortality, especially in developed countries (24, 27). However, improvements in gastric cancer treatment and outcomes are associated with increased medical expenditure, which is consistent with our findings.

In our study, several countries had negative δMIR values, which may indicate poor clinical outcomes and worsening cancer care. Increased risk of mortality and more postoperative complications were found in some low/middle-income countries. These findings may suggest the need to enhance surgical techniques and postoperative care. Meanwhile, δMIR could be a useful indicator to evaluate the improvement of gastric cancer care in countries with good healthcare systems.

Our study has some limitations. First, not all countries were analyzed in our study, which may not be exactly the overall burden of gastric cancer in the world. Some countries with high gastric cancer incidence, such as Japan, South Korea, and China, were not included in the analysis due to limited data sources. However, we believe that 59 countries could be a representative study of the cost and outcome of the global burden of gastric cancer. Second, we determined the δMIR between 2012 and 2018, and this parameter could serve as an indicator of the improvement in cancer management for individual nations. However, it cannot be a good surrogate for cancer survival because long-term survival is unknown (28). Third, we found that the HDI, CHE per capita, and CHE/GDP were negatively associated with MIR; however, the positive association between δMIR and health expenditure is limited to countries with very high HDI. The unexpected results could be influenced by the cost of screening, treatment, and health care utilization in different countries. Health expenditure and HDI are indicators aimed at targeting several types of outcomes in health and well-being, not only cancer. The correlation between these indicators is indirect and not well-founded. The association was analyzed across countries; hence, the result might not be directly applicable in any single country. Fourth, per capita expenditure in US dollars is not comparable across a diverse group of countries.

In conclusion, we found that δMIR of gastric cancer is positively associated with health care expenditure in very high HDI developed countries. This is the first study to use δMIR as an indicator to evaluate the improvement of gastric cancer management. Future studies are warranted to determine the impact of the health care system on the clinical outcomes of gastric cancer in different countries.
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United States 0920 95536 168 22,816 74 39 9511 30 16 055 0.42 0.13
of America

0.808 1,281 92 426 12.6 76 376 1.4 65 089 088 001

Uruguay
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