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Abstract
In the last decades, few epidemiological studies have discussed the mortality
rates due to leukemia and lymphoma in Brazil. This study analyzes the evolution over time of the number of deaths due to leukemia and lymphoma in
Brazil, between 2010 and 2016, considering the population’s characteristics
and spatial distribution. This is a retrospective epidemiological study based on
data obtained in the Brazilian Health Informatics Department (DATASUS),
associated with the quantitative population. We created choropleth maps and
predictive models of mortality rates, using the incidence rate ratio (IRR) to
measure the size of the effect. Leukemia had a 1.76 higher mortality rate than
lymphoma. Leukemia mortality trends increased by 1.2% per year between
2010 and 2016. Regions with the lowest social inequality had higher mortality rates for both diseases. There was a difference between peaks with higher
chances of death due to leukemia (> 60 years) and lymphoma (> 70 years).
Older age, male, white, and South and Southeast regions were associated with
higher mortality by leukemia or lymphoma.
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Introduction
Cancer is the second leading cause of death in the world and may be responsible for about 9.6 million
deaths in 2018 1. According to data released by the World Health Organization (WHO), 8.8 million
people die of this disease yearly, with 70% of these deaths occurring in emerging countries and lower
income per capita 2. The number of cancer deaths in Brazil increased by 31%, from 152,000 in 2000 to
223,400 in 2015. The estimate for the 2018-2019 biennium indicated that 600,000 new cancer cases
are expected to occur each year, placing it among the countries with the highest cancer incidence in
the world 3.
Despite increasing efforts toward screening and early diagnosis, risk factors associated with the
development of malignant neoplasms are strongly present in the world and the Brazilian population 4.
Approximately 33% of cancer deaths worldwide derive from nine potentially changeable risk factors
of relevant participation in both high-income and middle- and low-income countries 5. Between 30%
and 50% of cancer deaths could be prevented by modifying or mitigating key risk factors 6.
Leukemia and lymphoma represent 6.1% of the causes of population mortality from cancer 1. Of
this, 3.2% corresponds to leukemia and 2.9% to lymphoma. These malignant neoplasms constitute a
heterogeneous category of diseases that affect the hematopoietic and lymphoproliferative tissue 7.
The first affects the proliferation and accumulation of neoplastic cells of bone marrow and blood in
several stages of cell differentiation, subdivided by clinical practice into five major prevalent subtypes
in the world population: acute lymphoblastic leukemia, acute myeloid leukemia, acute monocytic
leukemia, acute erythremia and erythroleukemia, unspecified cell type acute leukemia 8. The second
comprises a group of cancers that originate in the lymphatic system, subdivided into two main types:
Hodgkin’s lymphoma and non-Hodgkin’s lymphoma 9.
In the world ranking, leukemia occupies the 15th position for the most incident malignant tumors
and the 10th place for mortality. Non-Hodgkin’s lymphoma, the most prevalent subtype, ranks 13th
on incidence and the 11th regarding the number of deaths 2. The estimates of new cases in Brazil are,
respectively, 10,800 for leukemia and 12,710 for lymphoma 3.
In the global and national scenario, cancer is a complex public health issue because of its progressive epidemiological, social, and economic impact 10,11. In 2012, the Brazilian cost of cancer death was
around USD 53,400 and an approximate 1.2 million years of productive life was lost 12.
The literature highlights some common risk factors for the development of leukemia and lymphoma, such as: genetic predisposition, advanced age, exposure to pesticides and solvents, previous
contact with ionizing radiation and use of immunosuppressive drugs. The importance of preexisting
myelodysplastic syndromes as an additional risk factor for leukemia and of HIV, Epstein-Barr and
HTLV-1 infections for lymphoma is highlighted 13,14,15,16,17,18.
Most previous studies on the number of deaths from leukemia and lymphoma have divided them
into their subtypes, without considering the wide variation in prognosis and trends between similar
cell line diseases or maturation stage. For public health purposes, though, it is best to group them
according to the categories defined by the International Classification of Diseases – 10th revision
(ICD-10) to investigate the general profile of the disease.
In the last decades, few epidemiological studies have discussed the mortality rates due to leukemia
and lymphoma in Brazil, by the analysis of temporal trend 19,20,21 and spatial distribution 22. We also
found no study that uses predictive models to contemplate the mortality rates of the two diseases
comparatively, throughout several years.
This study aimed to analyze, retrospectively, the evolution over time of the number of deaths due
to leukemia and lymphoma in Brazil, between 2010 and 2016, considering the characteristics of the
population regarding gender, age, color and, particularly, its spatial distribution.
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Material and methods
This retrospective study compiled data from the Health Informatics Department (DATASUS) database of the Brazilian Ministry of Health (http://www2.datasus.gov.br/DATASUS/index.php?area=02,
accessed on 25/Jun/2018).
We selected the period between 2010 and 2016 for analysis due to higher reliability in more recent
data analyzes. There has been a progressive improvement in the database by technological advances,
and these are the most recent data made available by the Ministry of Health information system on
the subject.
We collected leukemia and lymphoma mortality data by vital statistics available in the area of
health information. The number of deaths, according to the ICD-10, was filtered by categories
according to the following variables: state, including the capital Brasília as a Federal District; age
group; color; year and gender. The variable age group comprised individuals under one year old and
over 80 years old as the pathology incidence increases with the aging process, turning the onset of
leukemia in childhood and adolescence significant. We included categories C81 to C85 and C91 to
C95 of ICD-10 for lymphoma and leukemia, respectively.
Spatial distribution analysis might be used in ecological studies interested in identifying the distribution of morbidity or mortality among the population 23. Spatial analysis processes treat geographic
data that has a geographic location expressed as coordinates on a map and descriptive attributes
which can be represented in a conventional database. We obtained the geospatial data from the Brazilian population through the Demographic Census of 2010 (https://ww2.ibge.gov.br/home/estatistica/
populacao/censo2010/default.shtm, accessed on 20/Jul/2018) and the inter-census projections of the
Brazilian Institute of Geography and Statistics – IBGE (non-census years) (https://www.ibge.gov.
br/estatisticas-novoportal/sociais/populacao/9103%20estimativas-de-popula-?=&amp%3Bt=down
loads&gt, accessed on 20/Jul/2018).
Statistical analysis
We present categorical variables in absolute numbers and percentages, and continuous variables as
mean and standard deviation. We calculated the mortality rate according to the number of deaths and
the estimated population in each year (using IBGE data) per 100,000 inhabitants. Choropleth maps
were generated according to quartiles of mortality rates.
The predictive models of mortality rates elaborated used as dependent variable the number of
deaths. We used the population size for each year and state to adjust the “exposure” for the death
count, in models of proportional intensity. We selected the most appropriate model using three criteria: overdispersion identification; convergence of algorithms in less than 100 iterations; lower Akaike
(AIC) and Bayesian (BIC) values 24,25.
For estimating overdispersion, we used the Pearson dispersion statistics. When relevant, we calculated robust Huber-White estimates for obtaining the standard error. We compared the Poisson
model with two types of negative binomial regression: type I, keeping the constant dispersion parameter, and type II, using the quadratic term.
We used the incidence rate ratio (IRR) to measure the size of the effect. All coefficients had a 95%
confidence interval (95%CI) calculated. We considered as criteria of statistical significance value
of two-tailed p < 0.05. Calculations were performed in Stata software, version 15.1 (https://www.
stata.com).
Ethical aspects
The study precluded an informed consent form because it used public data, with no elements of identification of the individuals studied.
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Results
Between 2010 and 2016, Brazil recorded 68,769 deaths from leukemia (9,824 deaths/year ± 543)
and 49,753 deaths from lymphoma (7,108 deaths/year ± 370). In this period, deaths due to leukemia
predominated in males (53.72%) and white (57.24%); and similar for lymphoma deaths, with male
predominance (55.09%) and white (61.93%).
Using the IBGE population estimates for each year and state, we calculated the average number
of deaths per 100,000 inhabitants associated with leukemia and lymphoma between 2010 and 2016.
The State of Rio Grande do Sul obtained the highest number of deaths associated with leukemia or
lymphoma in all years: the highest value of 4.66 in 2016 and the lowest of 4.18 in 2013. The state
with the lowest averages of deaths was Amapá, except for the years 2013 and 2015, when the State of
Roraima contributed to the lowest rates (Table 1). The rates per capitals revealed values higher than
the rates per state.
The analysis by regions in the chosen period varied in death rates due to leukemia or lymphoma:
North (1.53); Northeast (2.21); Central (2.59); Southeast (3.01) and South (3.02) (Figure 1). According
to the Gini index, the South and Southeast regions have lower levels of inequality compared with the
other regions. Also, the FIRJAN Municipal Development Index (IFDM) reveals that the most developed cities are concentrated in these regions 26.

Table 1
Mean of deaths associated with leukemia or lymphoma per 100,000 inhabitants in Brazil, per state between
2010 and 2016.
State

2010

2011

2012

2013

2014

2015

2016

Acre

0.95

1.54

1.71

2.06

2.15

1.37

2.33

Alagoas

1.47

1.53

1.64

1.71

1.82

1.51

1.93

Amapá

0.37

0.73

1.00

1.29

1.00

1.17

1.28

Amazonas

1.46

1.82

1.96

1.96

1.52

1.74

1.89

Bahia

1.73

1.68

2.03

1.73

1.92

1.92

2.04

Ceará

2.22

2.33

2.46

2.31

2.46

2.55

2.43

Espírito Santo

2.65

2.85

2.82

2.76

2.62

2.39

2.94

Federal District

3.74

3.58

3.51

3.55

3.77

3.65

3.44

Goiás

2.14

2.01

2.29

2.32

2.44

2.40

2.28

Maranhão

1.13

1.44

1.39

1.32

1.45

1.54

1.52

Mato Grosso

1.61

1.80

2.26

1.74

2.06

2.16

2.18

Mato Grosso do Sul

2.41

2.26

2.83

2.61

2.40

2.39

2.65

Minas Gerais

2.53

2.61

2.61

2.67

2.72

2.83

2.82

Pará

1.38

1.42

1.61

1.39

1.47

1.63

1.54

Paraíba

2.28

1.99

2.48

2.27

2.31

2.29

2.39

Paraná

3.24

3.30

3.83

3.26

3.38

3.37

3.39

Pernambuco

2.32

2.50

2.31

2.38

2.42

2.58

2.37

Piauí

2.74

2.66

2.75

2.46

2.89

2.71

3.28

Rio de Janeiro

3.12

3.45

3.36

3.14

3.11

3.21

3.14

Rio Grande do Norte

2.35

2.73

3.00

2.89

3.15

2.85

3.12

Rio Grande do Sul

4.30

4.63

4.57

4.18

4.22

4.56

4.66

Rondônia

1.44

1.14

1.79

1.36

1.66

1.33

1.76

Roraima

1.00

1.52

1.28

1.23

1.71

0.99

1.65

Santa Catarina

3.01

3.10

3.05

3.13

3.11

3.53

3.44

São Paulo

3.41

3.44

3.42

3.33

3.32

3.50

3.69

Sergipe

2.17

1.94

2.13

2.09

2.21

2.47

2.49

Tocantins

1.63

1.18

2.12

1.99

2.07

1.98

1.43
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Figure 1
Average mortality rate per 100,000 inhabitants per region and year, by type of neoplasia. Brazil, 2010-2016.

The South region obtained the highest average death rate for both diseases during the study period, with 3.38% of deaths associated with leukemia in 2012, and lower values until 2016. On the other
hand, the mean number of deaths associated to lymphoma in the southern region increased gradually
between 2014, 2015 and 2016, with values of 3.04%, 3.37%, and 3.46%, respectively.
Quarte-stratified choropleth maps (Figures 2 and 3) show that the highest quartile for populationadjusted mortality rate associated with leukemia and lymphoma occurred in the South region in 2016.
The maps illustrate the predominance of leukemia in São Paulo, Piauí, and Rio Grande do Norte
(Figure 2); and lymphoma in São Paulo, Rio de Janeiro, and Federal District (Figure 3).
Lower mortality rates associated with leukemia occurred in most northern states: Roraima,
Amapá, Pará, Tocantins, and Rondônia. Maranhão and Bahia, located in the Northeast region, are also
included. For lymphoma, the North region also showed the lowest rates, except Acre, which is in the
second highest quartile, alongside Maranhão.
Predictive models of mortality rate were elaborated using the number of deaths as dependent
variable. The Poisson model presented a Pearson dispersion statistic over 4, indicating significant
overdispersion. The best fit model was the negative binomial type II regression with robust HuberWhite estimates for standard error.
Overall, males have a 30% higher chance of mortality due to leukemia or lymphoma. When compared with black and brown individuals, whites showed mortality around 7.7 to 9.1 times higher,
respectively. The South and Southeast regions presented higher probabilities than the Central, North
and Northeast regions. There was a slight tendency to mortality rate increase between 2010 and 2016,
lower than 1% per year, reaching maximum value in sexagenarians (Table 2).
The main difference between the models is the highest increase in the risk of death regarding age
in patients with lymphoma. For each increase in age – adjusting for gender, color, region, exposed
population and year – the risk of death from lymphoma becomes about 15 times higher than that from
leukemia. Besides, the peak for greatest chance of death due to leukemia occurred in septuagenarians,
whereas for lymphoma the peak was verified for sexagenarians.
Compared with lymphomas and adjusted for the other factors, leukemia presents a 1.76 higher
mortality rate (Table 2). We also found a slight trend of leukemia mortality growth around 1.2% per
year between 2010 and 2016, which did not occur in patients with lymphoma.
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Figure 2
Choropleth map of Brazil, referring to deaths per 100,000 inhabitants associated with leukemia, in 2016.

Figure 3
Choropleth map of Brazil, referring to deaths per 100,000 inhabitants associated with lymphoma, in 2016.
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Table 2
Longitudinal analysis with a negative binomial model, having as dependent variable the number of deaths associated with factors adjusted for the
estimated annual population for each Brazilian state between 2010 and 2016.
Leukemia

Lymphoma

Leukemia + lymphoma

IRR

95%CI

p-value

IRR

95%CI

p-value

IRR

95%CI

p-value

-

-

-

-

-

-

-

-

-

1-4

7.20

6.25-8.31

< 0.0001

15.22

5.42-42.77

< 0.0001

7.38

6.36-8.57

< 0.0001

5-9

8.59

7.45-9.92

< 0.0001

22.14

7.94-61.75

< 0.0001

9.02

7.78-10.46

< 0.0001

10-14

9.15

7.45-9.92

< 0.0001

35.28

12.66-98.29

< 0.0001

10.35

8.95-11.97

< 0.0001

15-19

9.76

8.51-11.20

< 0.0001

65.81

12.66-98.29

< 0.0001

12.69

11.02-14.62

< 0.0001

20-29

16.75

8.51-11.20

< 0.0001

195.36

70.36-542.45

< 0.0001

26.50

23.09-30.42

< 0.0001

30-39

16.49

14.42-18.85

< 0.0001

232.73

83.84-646.07

< 0.0001

28.49

24.83-32.69

< 0.0001

40-49

18.35

16.06-20.95

< 0.0001

287.17

103.47-797.03

< 0.0001

33.34

29.08-38.23

< 0.0001

50-59

25.27

22.15-28.83

< 0.0001

452.44

103.47-797.03

< 0.0001

49.33

43.05-56.54

< 0.0001

60-69

32.70

22.15-28.83

< 0.0001

621.34

223.88-1724.43

< 0.0001

65.84

57.48-75.42

< 0.0001

70-79

33.19

22.15-28.83

< 0.0001

608.13

219.14-1687.59

< 0.0001

65.43

57.13-74.94

< 0.0001

≥ 80

26.65

23.37-30.39

< 0.0001

380.17

136.93-1055.54

< 0.0001

45.94

40.05-52.69

< 0.0001

Age groups (years)
< 1 (reference)

Gender
Female (reference)
Male

-

-

-

-

-

-

-

-

-

1.23

1.19-1.28

< 0.0001

1.40

136.93-1055.54

< 0.0001

1.30

1.27-1.34

< 0.0001

Color
Black (reference)

-

-

-

-

-

-

-

-

White

8.72

8.32-9.14

< 0.0001

9.46

8.92-10.04

< 0.0001

9.10

8.77-9.45

< 0.0001

Brown

7.95

7.56-8.37

< 0.0001

7.19

6.75-7.67

< 0.0001

7.73

7.42-8.05

< 0.0001

Yellow

0.08

0.07-0.09

< 0.0001

0.11

0.09-0.12

< 0.0001

0.09

0.08-0.10

< 0.0001

Indigenous

0.04

0.03-0.05

< 0.0001

0.02

0.02-0.03

< 0.0001

0.03

0.03-0.04

< 0.0001

Region
North (reference)

-

-

-

-

-

-

-

-

-

Central

1.28

1.21-1.37

< 0.0001

1.62

1.49-1.75

< 0.0001

1.39

1.31-1.43

< 0.0001

Northeast

1.33

1.25-1.40

< 0.0001

1.74

1.61-1.87

< 0.0001

1.46

1.39-1.53

< 0.0001

Southeast

1.39

1.31-1.47

< 0.0001

2.09

1.93-2.25

< 0.0001

1.62

1.54-1.70

< 0.0001

South

1.52

1.41-1.64

< 0.0001

2.32

2.12-2.55

< 0.0001

1.78

1.67-1.89

< 0.0001

1.01

1.00-1.02

0.0006

1.01

1.00-1.02

0.157

1.01

1.00-1.02

0.0006

Lymphoma (reference)

-

-

-

-

-

-

-

-

-

Leukemia

-

-

-

-

-

-

1.76

1.72-1.81

< 0.0001

Year
Neoplasm

95%CI: 95% confidence interval; IRR: incidence rate ratio.

The predictive model showed no statistically significant difference in the incidence rate of deaths
from lymphoma in the period studied when adjusted for the other factors. Older age, male, white, and
South and Southeast regions were the variables associated with higher mortality in the period studied,
both for leukemia and lymphoma.
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Discussion
Cancer mortality is increasing worldwide. The reasons reflect both aging and population growth,
as well as changes in the incidence and distribution of major cancer risk factors, and socioeconomic
development. For leukemia and lymphoma, incidence rates are nearly twice as high in countries with
high and very high Human Development Index (HDI) compared to those with medium and low HDI.
However, the differences in mortality between these regions are lower, partly due to higher lethality
in countries with a lower HDI 2.
Since 2015 Brazil has an HDI of 0.754, considered high by the United Nations 27, even with social
inequality as its main problem. The Gini index measures inequality and its distribution, with values
ranging from 0 (equality) to 1 (maximum inequality). In 2017, the Gini index of real average monthly
household income per capita in Brazil was 0.549. The South (0.473) and Southeast (0.529) had the
lowest inequalities, and the Central (0.536), North (0.544) and Northeast (0.567), the largest 28.
Similarly, the 2016 data on employment and income, health and education of the Brazilian municipalities of the IFDM revealed that of the 100 most developed cities in Brazil, 58 are in
São Paulo, southeastern Brazil, while North and Northeast cities concentrate the country’s worst
socioeconomic indicators 26.
The present analysis of leukemia and lymphoma mortality trends in Brazil found varied death
rates among regions, with regions of lower inequality showing higher death rates for both diseases.
Different from leukemia, the largest quartile for lymphoma deaths appeared in the six states with the
best living conditions in Brazil until 2015: São Paulo (0.846), Santa Catarina (0.827), Federal District
(0.825), Rio Grande do Sul (0.781), Paraná (0.768) and Rio de Janeiro (0.752). Among the last ranking
states was Piauí, one of the states featured in the largest quartile of leukemia deaths. These data confirm the latest evaluation of the State Management Challenges Index (DGE) 29.
There was a wide difference amongst regions. For example, we found a higher number of deaths in
the most industrialized regions, as well as those with less inequality. The South and Southeast regions
concentrate most cases, which may be associated with the presence of treatment referral centers,
population lifestyle and exposure to risk factors 19.
The strong relationship between the development of lymphoid neoplasms and the use of chemical
agents may explain these results. Farming is an important sector of Brazilian economy and its maintenance and production employ extensive plantation areas, transgenic seeds and chemical inputs,
such as fertilizers and pesticides, giving the country the title of largest consumer of pesticides in
the world 30.
In 2014, the International Agency for Research on Cancer (IARC) identified 27 occupational agents and six exposure circumstances as potentially carcinogenic in humans 31. Of the more
than 100 carcinogens identified by the IARC, approximately 25% contribute to leukemia or
lymphomas 32. Regarding environmental risk factors, Brazil presents an intense agricultural activity. Exposure to toxic chemicals (so-called pesticides) in regions of medium and high agricultural
production appears as a potential causal factor for these cancers, since IARC classifies agrochemicals
frequently used in Brazilian crops, such as glyphosate, as potentially carcinogenic 33.
Paraná, Rio Grande do Sul, Santa Catarina, and São Paulo represent the largest quartile in the
two-choropleth maps presented. They integrate the ten states with a high level of consumption of
pesticides in Brazil, occupying the 2nd, 3rd, 4th, and 10th places, respectively 34. São Paulo also
concentrates large industrial poles emitters of carcinogens substances such as benzene, which is
an important cause of acute myeloid leukemia and suspected of causing other leukemias and nonHodgkin’s lymphoma 22,35.
The highest increase of the mortality rate attributed to the capitals, if compared with the respective states, is probably due to the concentration of oncology services, since each capital represents a
hub of up-level health care and assistance. We must also consider that the data collected in the medical
records come mostly from self-reported information – due to the lack of specialized services in the
countryside, some individuals declare as residential address that of family members or support houses
located in the capitals 36. This result may also be due to cancer transition: locations with higher socioeconomic development have higher incidence of cancers associated with westernization of habits and
lifestyle, and exposure to environmental factors due to urbanization and industrialization 37.
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Changes in the evolution of mortality rates reflect changes in exposure to environmental and
lifestyle risk factors, as well as improvements in diagnosing, treating, verifying, and certifying deaths.
But these changes may occur asymmetrically, explaining the differences found in the evolution of
mortality rates in the Brazilian regions.
The South region, for instance, presented the highest average death rate of the two diseases in the
period, with a decline in leukemia and an increase in lymphoma in recent years. According to data
from the Brazilian National Cancer Institute (INCA), mortality rates due to neoplasms have a high
chance of reduction if cancer detection and treatment are performed early in the disease 38.
As in developed countries, the less unequal regions of Brazil, through better availability and health
care, enable a healthier aging pattern in the population, and aging is one of the main risk factors to
leukemia and lymphoma. The better quality of the health system also enables early diagnosis and,
consequently, lower chances of registering the cause of death as “undefined”. Poor data collection
and underreporting of the Mortality Information System (SIM) in the Northeast and, especially,
the North, further reinforces this geographical difference in the distribution of mortality related
to chronic illnesses (https://ww2.ibge.gov.br/home/estatistica/populacao/censo2010/default.shtm,
accessed on 20/Jul/2018).
Mortality rate increase due to leukemia in Brazil, from 2010 to 2016, may indicate problems in
access to health services, either in treatment or diagnosis. The study CONCORD-2 showed a drop
in the cumulative survival in Brazil from 72% between 1995-1999 to 66% between 2005-2009. In a
more recent study, CONCORD-3 showed that the relative leukemia survival in Brazil was still below
70%, even after adjusting for the high infant mortality scenario. The authors emphasize the lethality
of childhood malignancies in low- and middle-income countries, where access and treatment drop
out are major issues 39,40.
Lymphoma, on the other hand, saw a drop in its mortality rate from 2010 to 2016. This can be
partially attributed to the investment in new therapies, in addition to socioeconomic improvements.
These factors appear in other studies to justify the reduction in mortality rates in the United States
and Europe 1,41,42. However, these changes may occur unevenly, explaining the differences we found
in the evolution of mortality rates in the Brazilian regions.
Population aging in less unequal regions may contribute to the mortality patterns found. We may
also infer a greater recognition of cases, with consequent decline of records with cause of indefinite
death, unlike regions with greater inequality. Also, the South and Southeast populations have been
exposed to high-level environmental risk factors.
Regarding the effect of age, the results in this study are similar to the findings of other Brazilian
studies 19,20,21 and of other countries 43,44,45,46,47, in which there was a progressive increase in mortality rates with advancing age in both sexes, especially in individuals over 60 years of age. These findings
may reflect unfavorable incidence trends in older adults, or problems in treatment decisions, which
may be less effective or less used in this group 48,49. Besides, older patients have unfavorable cytogenetic abnormalities and resistance to multiple drugs.
We found a difference between the peaks with higher chances of death due to leukemia (> 60 years)
and lymphoma (> 70 years). In countries such as Brazil, the introduction of new drugs has contributed
to reduce lymphoma mortality 21. These possible survival patterns may result from this improved
treatment and access to health services. In addition, leukemia is a high prevalent neoplasm in children
and adolescents, and this aspect may modify its distribution pattern according to age group depending on the proportion of cases in each study 44,45,46,47,48,49,50.
Regarding gender differences, men were more susceptible to develop leukemia or lymphoma.
Other Brazilian studies also revealed higher rates in males 19,20. This finding also appeared in studies
in South Korea 43, the United States 44, Mexico 45, and Europe 46.
This is a well-known phenomenon and it is partly due to the lower exposure to occupational and
environmental risk factors in women than men 51,52,53. The increased risk of malignancies has been
documented in pesticide-exposed farmers, workers in formaldehyde-using industries, and those
exposed to dioxins. Most workers in these sectors are male, justifying the 1.4 times higher proportion
of lymphoma death in this group 32,33,34,35,36.
The limitations of the present study relate to possible deficiencies in the quality of Brazilian
mortality data, such as misdiagnosis, imprecise diagnoses in death certificates, deaths associated with
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unknown causes and potential mistakes in data entry. Future studies may use correction techniques
for information quality and for underreporting, as suggested by some authors 54,55,56. Another limitation is the absence of mortality data according to each ICD leukemia and lymphoma types, preventing
extrapolate the findings of the whole category to each specific subtype.

Conclusions
Cancer mortality is a public health issue in all spheres of care. The rate of death due to leukemia
showed a slight growth trend during the study period, and for each age increase, the adjusted risk of
death from lymphoma was about 15 times higher than that for leukemia.
Older age, male, white and living in South and Southeast regions were associated with higher leukemia or lymphoma mortality. However, the peak with the highest risk of death occurred in different
age groups – septuagenarians for leukemia and sexagenarians for lymphoma.
The study reflect the scarcity of data on the epidemiological profile of these malignant neoplasms
among the Brazilian population. The findings of this study are highly relevant because they include
geographic elements and population profile of the most affected. These data allow to redirect health
actions to the areas and population groups most vulnerable.
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Resumo

Resumen

Nas últimas décadas, poucos estudos epidemiológicos examinaram as taxas de mortalidade por
leucemia e linfoma no Brasil. O presente estudo
faz uma análise retrospectiva da evolução temporal do número de óbitos por leucemia e linfoma no
Brasil entre 2010 e 2016, considerando as características e a distribuição espacial da população. O
estudo epidemiológico utilizou dados do Departamento de Informática do Sistema Único de Saúde
(DATASUS), associados aos dados quantitativos
da população. Foram elaborados mapas coropléticos e modelos preditivos de taxas de mortalidade.
Utilizamos a razão de taxas de incidência (RTI)
como medida do tamanho do efeito. A leucemia
mostrou uma taxa de mortalidade 1,76 vez mais
elevada que os linfomas. A mortalidade por leucemia aumentou 1,2% por ano entre 2010 e 2016.
As regiões com menor desigualdade social mostraram taxas de mortalidade mais altas para ambas
doenças. Houve uma diferença entre os picos, com
chances mais altas de morrer por leucemia (> 60
anos) e por linfoma (> 70 anos). Idade mais avançada, sexo masculino, cor branca e regiões Sul e
Sudeste estiveram associados a taxas de mortalidade mais altas por leucemia ou linfoma.

En las últimas décadas, pocos estudios epidemiológicos han analizado las tasas de mortalidad
causadas por leucemia y linfoma en Brasil. Este
estudio analiza, retrospectivamente, la evolución
temporal del número de muertes, debidas a la
leucemia y linfoma en Brasil, entre 2010 y 2016,
considerando las características de la población y
su distribución espacial. Este es un estudio epidemiológico, basado en los datos obtenidos del Departamento de Informática del Sistema Único de
Salud (DATASUS), asociado con población cuantitativa. Se elaboraron mapas coropléticos y modelos predictivos de tasas de mortalidad. Usamos
la razón de tasas de incidencia (RTI) como medida
del tamaño del efecto. La leucemia tuvo una tasa de mortalidad un 1,76 mayor que los linfomas.
Las tendencias de mortalidad por leucemia se incrementaron en un 1,2% al año entre 2010 and
2016. Las regiones con la desigualdad social más
baja contaron con unas tasas de mortalidad más
altas en ambas enfermedades. Había una diferencia entre los picos con mayores oportunidades de
muerte debido a la leucemia (> 60 años) y linfoma (> 70 años). Contar con una avanzada edad,
género masculino, autodeclarado blanco y procedente de las regiones Sur y Sudeste estuvieron
relacionados con una mortalidad más alta a causa
de leucemia o linfoma.
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