Leukemia mortality in children and adolescents from Latin America: Trends and predictions to 2032.
Abstract
Background:  Leukemia remains the leading cause of cancer-related death in Latin American (LA) children and adolescents. The aim is to evaluate leukemia mortality trends in children and adolescents (0-19y) from 13 LA countries in the last two decades and to predict mortality to 2032.
Methods: We retrieved cancer  mortality data through the World Health Organization Mortality Database. Age-standardized (world standard population) rates were computed for 13 LA countries  2000–2017. Mortality trends were analyzed by Joinpoint regression and Nordpred was utilized for the calculation of predictions.
Results: Ecuador and Mexico had the highest mortality among  LA countries. For boys, mortality increased in Ecuador 1.5% annually, while mortality declined in Mexico by −0.3% annually.  Among both genders, Nicaragua experienced increased mortality among boys (APC= +3.1) girls (APC= +2.3), while Puerto Rico experienced large declines in mortality among both boys (APC= −9.7), and girls ( APC= −6.0). The comparison between the last observed and projected time periods found an increase in leukemia mortality in Ecuador and Argentina for boys, and in Nicaragua and Peru for girls. In Puerto Rico, there will be an increased risk of death from leukemia.
Conclusion: Ecuador and Mexico continue to report the highest mortality for leukemia among  LA countries. In recent years, however, mortality rates in Mexico have declined.  Special attention should be given to Ecuador due to the significant increase  in mortality rates.
1. INTRODUCTION
Leukemia is a heterogeneous group of hematologic malignancies. In 2018, GLOBOCAN reported nearly 437,000 new leukemia cases and 309,000 deaths (1).  Both incidence and mortality are more common among males. GLOBOCAN estimates that the incidence rate among males is 6.1 per 100,000 and the mortality rate is 4.2, while the incidence rate among females is 4.3 and the mortality rate is 2.8 (2). Among children (3), 80% have acute lymphoblastic leukemia, 15% have acute myeloid leukemia, and 5% of leukemia of other types (4).

Several countries have experienced downward trends in leukemia mortality rates over time. Better quality of health care and the development of new treatment modalities have improved the prognosis and survival of childhood leukemia 
 ADDIN EN.CITE 
(5-7)
. A study in the European Union reported a decrease in age-standardized mortality among  boys aged  <15 years from 1.35 to 0.85 per 100,000 and among girls from 1.07 to 0.70 per 100,000 
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(5)
. In contrast, some countries have reported increases in mortality rates 
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(8, 9)
. 

Leukemia remains the leading cause of cancer mortality in the pediatric population in Latin America (LA) (9, 10). The barriers to access health care, social disparities, and the lack of economic resources in this region hamper the survival improvements seen in high-income countries 
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(11, 12)
. For example, a study found that Mexico had an increasing trend in mortality until the year 2004 (9). 

It is important to provide a comprehensive population-based analysis to identify  and evaluate mortality trends for the development of evidence-based health policies. In this vein, the use of cancer predictions provides further insight toward optimal decision making in public health and the correct planning and allocation of resources for health improvement (13). To our knowledge, since 2004 there has not been an updated study that examined mortality trends of childhood leukemia in LA countries. Therefore, we aimed to identify the leukemia mortality trends in children and adolescents (0-19y) from 13 LA countries in the last two decades, and to predict mortality to 2032.

2. METHODS

2.1. Study design

A study of mortality trends was conducted based on data from the World Health Organization Mortality Database (14). Countries that had data available for analysis included: Argentina, Brazil, Chile, Costa Rica, Cuba, Ecuador, Mexico, Nicaragua, Panama, Paraguay, Peru, Puerto Rico end Uruguay. Analysis included deaths due to leukemia (C91-C95) according to the International Statistical Classification of Diseases and Related Health Problems – 10th revision (ICD10) (15), which occurred in Latin America during the period 2000-2017.  Data were analyzed by sex , age and calendar year. Population data per country, sexes and ages were obtained from Pan American Health Organization (16). Estimates of population projections by countries were obtained from the United Nations (17).
2.2. Study procedures

Age-standardized mortality rates (ASMR) were calculated using  information on the adjusted number of deaths, according to the world standard population per 100,000 person-years. Leukemia mortality trends were analyzed for the age group of 0 to 19 years (0-4, 5-9, 10-14, and 15-19) between the years 2000 to 2017. To calculate the projections, we considered observed data, from 2003, divided into three five-year periods (2003-2007; 2008-2012; 2013-2017), and mortality predictions made until 2032 in 5-year periods: 2018-2022, 2023-2027 and 2028-2032.
2.3. Statistical analysis

Mortality trend analysis was carried out by Joinpoint regression, utilizing the Joinpoint Regression Program (National Cancer Institute, Bethesda, Maryland, USA), version 4.6.0.0, of April, 2018 (18). The objective of the analysis is to identify the occurrence of calendar points at  which a significant change in trend occurred. The method identified joinpoints based on the model with a maximum of three change points. The final selected model was Annual Percentage Change (APC) based on the trend of each segment, estimating whether these values are statistically significant at  a 0.05 level. The significance levels utilized are based on the Monte Carlo permutation model and on the calculation of the annual percentage change of ratio, utilizing the logarithm of the ratio (19, 20). 
Predictions were made for each period utilizing the age-period-cohort model from the Nordpred program (Cancer Registry of Norway, Oslo, Norway), inscribed within the statistical program R. Data were compiled in blocks of five years and the limit age group considered for analysis was the first with more than 10 cases for the combined period (21)
The results of the predictions are presented for the total number of deaths observed and expected for each period by country. For each period, adjusted mortality rates were calculated on the basis of the world standard population for global comparisons, expressed per 100,000 per year (ASMR∕100,000). The predictions of the recent linear trend for the last ten years was attenuated in the drift parameter of 25% in the second and 50% in third 5-year period prediction periods (22).
Annual changes were calculated for the number of deaths in the last predicted period (2028-2032) compared with the last observed period (2013-2017), where the proportion of the change could occur in terms of changes in risks or demographics (size or structure of the population). These two components can be different from zero and present a positive or negative direction. Calculation can be expressed as (23)
Δtot = Δrisk + Δ pop= (Nfff – Noff) + (Noff – Nooo)                                                

Where Δtot is the total change, Δrisk is the change in function of risk, Δpop is the change in function of the population, Nooo is the number of observed cases, Nfff is the number of projected cases, and Noff is the number of expected cases when the mortality rates increase during the observed period.
3. RESULTS
Between 2000 and 2017, Ecuador and Mexico reported the highest mortality rates among both sexes (2.7 in  boys and between 2 to 2.2 in  girls), while Uruguay and Puerto Rico reported the lowest mortality rates (from 0.7 to 1.2 in boys, and from 0.6 to 0.9 in girls). Moreover, boys had higher mortality than girls in all countries (Figure 1).
Table 1 shows age-standardized mortality rates from leukemia in children from Latin American countries in the intervals 2000–2005, 2005–2017. Differences by sex in mortality rates were reported from both Brazil and Chile. Brazil and Chile had high  rates among boys, while among girls there was a slight decrease  from 1.24 to 1.21 (−2.4%), and from 1.43 to 1.23 (−14.1%), respectively. Overall, Puerto Rico experienced a sharp decline in mortality among boys ( −62.3%) and girls (−45.3%), while Nicaragua reported a notable increase among boys (+46.6%) and girls (+30.3%).
Table 2 displays the joinpoints for leukemia mortality. Nicaragua experienced a rise in mortality among both sexes, for boys (APC= 3.1; 1.2 , 5.1, p<0.05) and for girls(APC= 2.3; 0.1, 4.6, p<0.05). Puerto Rico experienced a continuous decrease among  both sexes, for boys (APC= −9.7; −13.8, 5.5, p<0.05), and for girls ( APC= −6.0; −9.8, −2.0, p<0.05).  Among boys, Ecuador experienced an increase in mortality (APC= 1.5; 0.5, 2.6, p<0.05), while Mexico experienced a decrease in mortality ( APC= −0.3; −0.5, −0.1,p<0.05). Among girls, Paraguay experienced an increase of 16.5% annually until 2006, while  a decline in rates of 6.2% annually occurred between 2006 and 2017. (Figure 2, Figure 3).
Table 3 presents the number of deaths and standardized mortality rates for the observed and predicted periods. A forecast for the 5-year period 2028–2032 in Ecuador predicted 680 deaths (ASMR= 3.76/100,000) among boys, and 409 deaths (ASMR= 2.52/100,000) among girls , while in Mexico 3084 deaths were predicted (ASMR= 2.74/100,000) among boys, and 2162 deaths were predicted (ASMR= 2.05/100,000) among girls. The forecasts indicate that mortality will  increase  in Argentina, Chile, Costa Rica, Ecuador, Nicaragua, Panama, and Peru, while rates will be stable in Uruguay and decline slightly in Brazil, Cuba, and Paraguay.
The evaluation of the percentages of change between the last period observed and the projected period suggested there would be, among boys, an increase in the risk of death from leukemia in Argentina and Ecuador.  These would be the largest increases in the percentage of deaths among all countries (42.5%). For Cuba, the predicted reduction in rates would be due to both the change in population structure and size, and the decrease in the risk of death due to leukemia, resulting in a sizeable reduction in mortality (-32.8%). For Paraguay and Panama there was also a reduction in the risk of leukemia mortality. Countries such as Brazil, Mexico and Puerto Rico, in turn, had a reduction in the number of deaths predominantly due to  population change, despite an increase in the risk of death due to leukemia (Figure 4).
Among girls, an increase in the risk of death from leukemia was forecast for Argentina, Ecuador, Nicaragua, Peru, which was the basis for the predicted increase in the number of deaths. For Brazil, Cuba, Mexico and Puerto Rico, there will a reduction resulting from changes in population structure and size, while in Costa Rica there will be a reduction due to both population changes and a decrease in the risk of leukemia deaths. Paraguay will have the largest percentage reduction in the number of deaths (-28%), caused by the decrease in the risk of leukemia deaths, while Puerto Rico will hve  the largest reduction related to population structure and size. On the other hand, Nicaragua and Peru will have the greatest increases in the percentage of cases (65.4% and 46.4%, respectively), mainly associated with increased risk of deaths. (Figure 5).
4. DISCUSSION
This study provides a comprehensive population-based analysis of leukemia mortality trends among children in 13 LA countries. We found disparities in the mortality trends between countries, and between boys and girls within each country. Overall, boys had higher mortality rates over the entire period of observation. However, the mortality rate of girls in some nations was higher than the males’ rate of other countries. Additionally, while some LA countries experienced significant downward trends, others experienced upward mortality trends. 
Our results showed that, for boys, five countries (Cuba, Ecuador, Mexico, Puerto Rico, and Uruguay) had a significant downward trend, while, for girls, only Puerto Rico and Uruguay had decreasing mortality rates. These outcomes are in line with worldwide trends. A study of southern and eastern European countries found a significant decrease in mortality rates of childhood leukemia 
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(24)
. Similarly, Bertuccio et al. found decreasing mortality rates in a study that compared population-based data from the United States, Japan, and Western and Central European countries 
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(5)
. Despite this, we found that the mortality rates of childhood leukemia in LA countries remain higher than those in high-income countries. The European countries reported mortality rates that ranged from 0.54 to 1.63 among boys and from 0.41 to 1.35 among girls 
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(5)
. The United States reported a mortality rate of 0.71 for both sexes during the period 2007-2010 (25). Few of the countries that we analyzed fall into the range of the United States and European nations for both sexes, most of the LA countries have higher mortality rates.
A previous study by Curado et al. reported mortality patterns in LA countries between 2000 and 2004, and found that Mexico and Ecuador had the highest mortality rates in children <15 years (9). Similarly, Chatenoud et al. found that Mexico and Ecuador were the nations with the highest rates among three continents (10). Our study builds on the Curado et al. analysis and provides an updated analysis of mortality patterns. Moreover, we found similar results, in which Mexico and Ecuador had the highest mortality rates among both sexes between 2000 and 2017. The consistency of our results, for Mexico and Ecuador, with previous studies highlights the need to identify risk factors for mortality in further research. 
Important considerations remain for the countries with rising mortality trends. Nicaragua experienced an increasing trend among both sexes, while Peru showed an upward trend only among boys. Possible explanations for these overall upward trends are socioeconomic inequalities, low access to high-quality healthcare delivery, lack of prompt diagnosis of hematologic malignancies, and limited access to novel treatment to improve survival (26). For example, Navarrete et al. performed a study in lower-middle income countries in Central America and found therapy abandonment as a major obstacle to successful treatment and remission of the disease 
 ADDIN EN.CITE 
(27)
. It is important to note that countries in LA fall in the lower-middle, upper-middle, and high-income categories (28); nevertheless, the disparities of economic level in certain communities within countries likely affect access to health services (29). As a result, health inequalities in LA countries could be an explanation for higher leukemia mortality rates among children. 
Environmental factors, such as exposure to oil refineries, have been proposed as plausible risk factors for increased leukemia incidence and mortality. For instance,  leukemia incidence and mortality  are higher in Ecuadorian children living near oil fields 
 ADDIN EN.CITE 
(30-32)
. Even in Canada, a high-income country, a study reported higher and increasing mortality rates over time in industrialized cities, in contrast to the national average, which suggested an ecological association between industrial exposure and the development of leukemia in children 
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(33)
. 
Another finding of our study concerns the comparison between changes resulting from the increase in leukemia mortality and changes resulting from demographic population structure. Among the countries studied, Ecuador and Argentina had a higher risk of death for boys, and Nicaragua and Peru for girls. Possible problems related to the increased risk of death due to leukemia may be associated with social inequalities and access to health systems, considering that there are heterogeneities between countries, as well as in relation to access to cancer treatment in each one. Such heterogeneity may partially explain the discrepancy in results between Latin American countries (9).
In addition, countries such as Puerto Rico had a decline in the mortality cases due to changes in population size and age groups, even with an increased risk of leukemia death. The changes associated with the population structure may be related to factors that differ by country, such as a reduction in the birthrate.
A possible limitation of this study is the variability of the data records of each country. Despite this, our study provides the most recent comprehensive epidemiological analysis of the leukemia mortality patterns of LA children (0-19 years) and provides predictions to  2032. We highlight the high mortality rates and the disparities of the trends between the countries. The results of this study should prompt further research to provide more insight into the disparities between nations.   
5. CONCLUSIONS
In conclusion, Ecuador and Mexico continue to have the highest childhood leukemia mortality rates for LA countries. While rates have started to decline in Mexico rates in Ecuador are still rising, suggesting the need for further study.  
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LEGENDS
Figure 1. Age‐standardized leukemia mortality rates (world standard population) per 100,000 among boys and girls 0–19 years of age from 13 selected Latin American countries between 2000 and 2017
Figure 2. Leukemia mortality trends among boys in 13 Latin American countries 2000-2017.
Figure 3. Leukemia mortality trends among girls of 13 Latin American countries, 2000-2017.
Figure 4. Change in leukemia mortality by risk and change in population structure between the periods 2013-17 and  2028-32 among boys.
Figure 5. Change in leukemia mortality by risk and change in population structure between the periods 2013-17 and  2028-32 among girls.
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