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Abstract 
Objective: to analyze lung cancer mortality trends in Brazil, 2000-2015. Methods: this was a time series study; lung 

cancer death records were corrected; linear autoregressive models were used to calculate regression coefficients (β
1
) and 

95% confidence intervals (95%CI) in trend analysis according to sex, in the 30 and over age group, for 19 metropolitan 
areas (MAs) and the interior regions of 14 Brazilian states; positive β

1
 indicates upward trends while negative β

1
 indicates 

downward trends. Results: increases were found in males from interior regions of North and Northeastern Brazilian states, 
especially in Rio Grande do Norte state (β

1
=1.03 – 95%CI0.47;1.58); downward trends were also found in males, notably 

in the Porto Alegre MA (β
1
=-2.55 – 95%CI-2.79;-2.31); the highest increase in females was found in the interior of Ceará 

state (β
1
=0.86 – 95%CI0.79;0.92). Conclusion: differentiated patterns according to location and sex were revealed; cancer 

control measures should be considered above all for women and the interior regions of Brazil.
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Introduction

Lung cancer is the most diagnosed neoplasm 
worldwide and accounted for 11.6% of new cancer 
cases in 2018. It is estimated to be the leading global 
cause of death from cancer, corresponding to 1.8 
million deaths in 2018.1 

Of all male deaths from neoplasms registered in 
Brazil in 2015, 15,514 (14%) were attributed to lung 
cancer, thus being the leading cause of death from 
cancer in this population. Among females, lung cancer 
accounted for 10,978 (11,1%) cancer deaths and came 
in second place after breast cancer.2 

Worldwide, although the total annual number of 
lung cancer deaths is high, studies have indicated a 
falling mortality trend in males in different countries, 
with mean annual percentage variance of between -3.6 
and -1.1% in the period 2007-2017. On the other hand, 
an inverse trend or stability is being seen in females.3,4 
In Brazil diverging behavior in lung cancer mortality by 
sex is also being seen, with a predominant downward 
trend in males and a notable upward trend in females.5 
Notwithstanding, heterogeneity of mortality trends 
owing to this neoplasm among regions and settings 
with differing levels of urbanization has been little 
explored in Brazil.

Geographic variations and distinct trend patterns 
between the sexes have suggested differentiated levels and 
stages of the tobacco smoking epidemic in subpopulations 
around the world.6 Other important factors besides 
tobacco smoking are associated with lung cancer: genetic 
susceptibility, passive smoking, pre-existing inflammatory 
lung disease and infections, occupational exposure to 
asbestos and radon, environmental air pollution and 
domestic biomass burning.7

Information about cancer incidence is scarce 
in Brazil, and high lung cancer lethality brings 
mortality and incidence patterns close to each other. 
Nevertheless, death statistics can be particularly useful 
in epidemiological studies by assisting understanding 

of lung cancer geographic distribution and quantifying 
its magnitude.

In this sense, a gradual improvement in the quality 
of mortality information has been seen in Brazil. 
Cancer deaths are also believed to be well recorded in 
Brazil. Notwithstanding, coding errors and inadequate 
classification of the “underlying cause of death” variable 
on Death Certificates may occur and compromise the 
accuracy of this information. These are problems to 
be taken into consideration when analyzing cancer 
statistics based on mortality information.8

The main objective of this article was to analyze lung 
cancer mortality trends in different urban settings in 
Brazil in the period 2000-2015. 

Methods

This is a time series study which analyzed lung 
cancer mortality in adult males and females aged over 
30 years old, in 19 Metropolitan Areas (MAs) and also 
in the interior regions of 14 Federative Units (FUs) 
where the Metropolitan Area includes the state capital, 
in the period 2000-2015.

Lung cancer deaths were considered to be those 
with codes C33 and C34 of the International Statistical 
Classification of Diseases and Related Health Problems, 
10th Revision (ICD-10), relating to the trachea, 
bronchus and lungs. Annual data were retrieved from 
the Mortality Information System (SIM) operated 
by the Brazilian National Health System Information 
Technology Department (DATASUS), disaggregated by 
sex and age, for the municipalities comprising the MAs 
and for the interior regions of the FUs corresponding 
to the respective MAs.

The resident population used as the denominator 
of the mortality coefficients was estimated by the 
Interagency Health Information Network (RIPSA), 
Ministry of Health and Brazilian Institute of Geography 
and Statistics (IBGE), whereby this information was 
collected using the same stratification as that used for 
deaths on the DATASUS website.

We included deaths of residents of all MAs with more 
than 1.5 million inhabitants on December 31st 2015. 
The term MA, used generically in this study, is based on 
the concept of large urban concentrations defined by 
IBGE. The term RIDE (Integrated Development Region) 
applies basically to the urban agglomerations forming 
part of municipalities of different FUs.9

In Brazil diverging behavior in lung 
cancer mortality by sex is also being 
seen, with a predominant downward 
trend in males and a notable upward 
trend in females.
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The creation of MAs is the responsibility of the 
FUs, whereas the creation of RIDEs falls under the 
Federal Government’s responsibility. Neither MAs 
nor RIDEs have specific legislation. In order to avoid 
misjudgments when selecting highly urbanized MAs, 
we used population size as the criterion.

In order to control and guarantee comparability of MAs 
over time, with regard to the composition of municipalities, 
we created basic comparable geographic units, taking as 
a framework the 409 municipalities forming part of the 
19 MAs assessed in 2015. Clearly the potential variations 
in the time series would not be attributed to alterations in 
the composition of municipalities in those MAs.

When grouped together, the municipalities of 
the interior regions of the FUs formed 14 distinct 
geographic units, enabling comparison between 
densely populated, urbanized and economically 
developed areas (i.e. the MAs) with less urbanized 
regions of the territory (the interior regions of the FUs).

São Paulo state had five MAs: Campinas; São Paulo 
(capital); Sorocaba; Vale do Paraíba and Litoral Norte. 
Only the municipalities of the São Paulo (capital) MA 
were excluded in order to reconstitute the interior region 
of that state. The remaining São Paulo state municipalities 
were treated as being in its interior region, serving as a 
contrast to the MA of the state capital.

In all the study had a total of 33 geographic analysis 
units, forming groups of MAs and interior regions of 
FUs. The 19 MAs are shown by decreasing population 
size, as follows: São Paulo; Rio de Janeiro; Belo 
Horizonte; Federal District (DF) and Surrounding 
Area RIDE; Porto Alegre; Fortaleza; Salvador; Recife; 
Curitiba; Campinas; Manaus; Vale do Paraíba and 
Litoral Norte; Goiânia; Belém; Grande Vitória; 
Sorocaba; Baixada Santista; Grande São Luís; and Natal.

The 14 geographic units of the second group are 
formed by municipalities in the interior regions of the 
FUs, also by the following decreasing population size: 
São Paulo; Minas Gerais; Bahia; Paraná; Rio Grande 
do Sul; Pará; Maranhão; Pernambuco; Ceará; Rio de 
Janeiro; Goiás; Espírito Santo; Rio Grande do Norte; 
and Amazonas.

With the aim of enhancing trend estimates, we 
corrected underlying cause of death as described in 
detail further on. We adopted the strategy used by 
WHO and research reporting methods, taking into 
consideration clinical and histological aspects of 
malignant lung neoplasm.10,11

We checked unknown information about sex and 
age of the dead. We found that the occurrence of 
unknown information would not impact the coefficients 
when they were disaggregated by year, age group, sex 
and place of residence, since only 182 lung cancer 
deaths recorded on the SIM system during the period 
under consideration (0.056%) had no information 
regarding the ‘sex’ or ‘age variables. There was 
therefore no need to impute these deaths. In view of 
this we used the following formula to calculate the 
correction factors used in the process:

Ill-defined causes of death were proportionally 
redistributed by sex, geographic unit and 5-year age 
group with effect from 30 years of age. Ill-defined 
causes were considered to be: (i) ICD-10 Chapter XVIII 
(Symptoms, signs and abnormal clinical and laboratory 
findings, not elsewhere classified (ICD10 Codes: R00 
to R99]); (ii) Sudden cardiac arrest due to underlying 
cardiac condition (Code I46.1); (iii) Cardiac 
arrest, cause unspecified (I46.9); (iv) Hypotension, 
unspecified (I95.9); (v) Acute respiratory failure 
(J96.0); (vi) Respiratory failure, unspecified (J96.9); 
and (vii) Respiratory failure of newborn (P28.5).

In the next stage we redistributed ‘garbage codes’12 
as per the scheme shown in Figure 1.

It should be noted that deaths recorded in the 
‘underlying cause’ variable using Code C80 – Malignant 
neoplasm, without specification of site – were 
redistributed discarding 5% of this total, given that an 
equivalent proportion of malignant neoplasms is of an 
unspecified nature.13

Following correction, we calculated the crude 
annual lung cancer mortality coefficients for the 33 
units to be analyzed, by sex and the 30 years and 
over age group. These coefficients were then age-
standardized based on the estimated Brazil standard 
population for the year 2010, according to the IBGE 
population projection.14

The standardized coefficient ratio was calculated 
comparatively, taking MA as the numerator and FU as 
the denominator. The evolution of the coefficient ratio 
over time was described by sex for the 14 selected FUs.

In order to analyze the lung cancer mortality time 
trend, by sex and geographic unit, we adjusted a linear 
trend model defined by the following formula

μ
t
=β

0
 +βt

1

with first order autoregressive errors and parameters 
estimated using the Gaussian maximum likelihood method.
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We also calculated 95% confidence intervals (95%CI) 
for the β

1
 coefficients. The β

1
 coefficients represent the 

mean average variation of the death coefficients and vary 
according to the slope of the average line. Positive β

1
 values 

indicate coefficient increase during the study period and 
have an increasing slope, while negative values indicate 
coefficient decrease and have a decreasing slope.

The error terms for regression in time series 
are usually correlated and require autocorrelation 
modeling.15 For the purposes of the model in question, 
we verified the assumptions about the residuals with 
regard to normal distribution, zero mean, constant 
variance and independence. We then adjusted the 
model for the εt residuals series, where εt = ∅

1
εt-

1
+μt. All calculations were performed using IBM SPSS 

Statistics for Windows, version 22.
The research project did not require appraisal by 

the Research Ethics Committee/National Research 
Ethics Commission (CEP/CONEP), because it used 
secondary data, whereby it is not possible to identify 
people, as established by National Health Council (CNS) 
Resolution No. 510, dated April 7th 2016. 

Results

The overall lung cancer mortality coefficient in the 
regions studied was 28.4/100,000 inhab. in 2000 and 

25.6/100,000 inhab. in 2015. In those regions the 
population aged 30 or over accounted for 80,313,347 
inhabitants in 2010 and represented 85.9% of the 
Brazilian population in the same age group.

Lung cancer mortality was greater in males than in 
females in the 16 years assessed. In the first year of the 
series, male coefficients varied between 4.9/100,000 
inhabitants in the interior region of Maranhão state and 
109.6/100,000 inhab. in the Porto Alegre MA. In 2015, 
risk of death from this cause among males varied between 
16.3/100,000 inhab. in the interior region of Bahia state 
and 74.3/100,000 inhab. in the Porto Alegre MA. In 2015, 
we found the same pattern as seen in the year 2000 with 
regard to coefficient magnitude per location (Table 1).

Among females, the lung cancer mortality coefficient 
in the year 2000 varied between 2.1/100,000 
inhab. in the interior region of Maranhão state and 
31.4/100,000 inhab. in the Porto Alegre MA; in 2015, 
variation of this coefficient among females ranged from 
9.8/100,000 inhab. in the inner region of Bahia state to 
36.1/100,000 inhab. in the Porto Alegre MA (Table 1). 
Also in 2015, the ten highest female coefficients varied 
between 22.8/100,000 inhab. in the Grande São Luís 
MA and 36.1/100,000 in the Porto Alegre MA, two of 
which were found in inner state regions: interior of Rio 
Grande do Sul state (30.4/100,000 inhab.) and interior 
of Paraná state (23.2/100,000 inhab.) (Table 1).

ICD-10 garbage codesa Target codes 

Specified 

Malignant neoplasm of intestinal tract, part unspecified (C26.0)  C18-C21

Malignant neoplasm of uterus, part unspecified (C55) C53-C54

Malignant neoplasm of head, face and neck (C76.0) C00-C14, C30-C32

Unspecified 

Malignant neoplasm  with overlapping lesion of digestive organs (C26.8); and

Malignant neoplasm of ill-defined sites within the digestive system (C26.9) C15-C25

Malignant neoplasm of overlapping sites of female genital organs (C57.8); and

Malignant neoplasm of female genital organ, unspecified (C57.9) C51-C57.7

Malignant neoplasm of abdomen (C76.2) C15-C25, C48, C49.4

Malignant neoplasm of pelvis (C76.3) C19-C20, C49.5, C53-C57.7, C67

Secondary malignant neoplasm of respiratory and digestive organs (C78)

Secondary malignant neoplasm of other and unspecified sites (C79) C16, C18, C22, C25, C33, C34, C56, C64

Malignant neoplasm, without specification of site (C80b) C16, C18, C22, C25, C33, C34, C56, C64

a) ICD-10: International Statistical Classification of Diseases and Related Health Problems – Tenth Revision.
b) Only deaths in excess of 5% having this ICD code as underlying cause were distributed. 
Source: Scheme adapted from Silva GA et al.11

Figure 1 – Recoding scheme based on garbage code mortality and respective target codes
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Table 1 – Standardized lung cancer mortality coefficients by sex and geographic analysis unit, 2000-2015

Geographic unit
Interior of FUa and 
corresponding MAb

Standardized mortality coefficient (per 100,000 inhabitants)

Males

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Amazonas 17.7 16.0 13.1 11.9 19.3 14.4 13.6 22.6 19.4 16.7 17.4 19.9 19.3 20.9 29.0 21.4

Manaus MA 60.6 53.2 62.9 56.7 57.2 57.9 45.3 45.0 55.5 51.3 38.3 52.5 55.4 45.8 47.5 45.1

Bahia 8.4 11.7 9.4 10.1 10.7 11.1 13.6 14.4 14.4 15.4 13.8 14.0 15.4 14.8 15.9 16.3

Salvador MA 45.0 47.4 43.4 45.3 41.4 44.6 39.8 43.6 39.2 44.3 40.2 40.0 33.9 33.9 37.4 35.6

Ceará 12.5 14.8 15.7 19.0 17.1 19.8 19.5 22.8 19.9 19.6 23.7 24.6 21.9 25.2 25.1 26.0

Fortaleza MA 34.9 34.5 38.8 38.3 37.2 44.0 38.3 41.2 41.8 44.5 36.5 44.3 49.6 34.7 42.9 44.0

Espírito Santo  30.0 29.3 34.8 32.2 36.6 39.6 34.0 32.5 28.1 33.1 32.9 29.3 30.1 33.0 25.3 29.2

Grande Vitória MA 54.7 51.2 62.6 45.2 54.6 49.4 49.6 44.5 44.8 43.8 45.7 45.4 41.0 47.2 41.3 40.0

Goiás 28.8 36.1 26.5 28.0 34.8 34.1 28.8 32.8 29.4 30.5 31.4 28.8 32.4 35.0 35.6 32.9

Goiânia MA 38.4 42.8 51.1 44.0 48.4 40.5 37.1 46.4 46.1 41.0 41.0 45.3 44.8 46.6 44.0 44.3

Maranhão 4.9 5.9 3.3 8.6 6.9 12.8 11.7 12.0 16.0 15.9 17.0 14.1 15.3 17.4 17.7 20.4

Grande São Luís MA 31.1 42.1 30.7 42.9 39.3 37.7 31.1 35.4 35.6 41.3 35.4 27.8 35.6 45.9 39.9 42.3

Minas Gerais 26.2 26.7 28.3 26.9 27.9 27.2 27.2 26.9 25.8 26.8 29.1 27.6 29.5 27.3 29.1 26.9

Belo Horizonte MA 40.7 44.4 42.5 39.0 35.1 40.6 38.5 38.2 36.5 33.8 33.4 31.5 30.6 33.1 32.1 32.6

Pará 7.2 8.0 6.4 10.7 9.3 8.5 13.6 15.9 18.2 18.1 16.3 14.5 13.2 17.1 17.5 21.2

Belém MA 45.8 64.2 46.7 54.2 46.6 53.8 43.5 39.9 52.0 37.7 37.2 41.8 47.1 35.9 40.0 34.3

Paraná 48.0 48.4 46.0 45.4 46.0 45.7 46.5 46.6 41.5 43.1 43.8 40.2 39.2 39.8 39.2 38.1

Curitiba MA 53.9 56.7 58.3 61.5 54.1 45.9 43.4 44.8 47.1 45.9 45.5 44.9 40.2 44.1 41.4 38.5

Pernambuco 12.5 11.8 13.1 14.3 16.5 19.1 18.2 17.8 21.4 19.9 20.4 20.3 21.6 25.4 23.2 23.3

Recife MA 56.3 47.5 48.5 42.2 49.0 46.4 48.3 43.9 42.4 33.8 44.7 43.9 43.4 43.9 42.5 40.7

Rio de Janeiro 50.6 46.9 47.1 47.1 45.5 43.1 42.8 44.6 41.3 39.2 38.5 37.3 38.7 40.4 35.6 36.4

Rio de Janeiro MA 68.4 65.7 66.2 59.7 65.1 56.2 53.9 52.4 51.6 48.3 49.6 45.3 44.9 42.2 38.5 37.2

Rio Grande do Norte 6.8 9.1 13.6 14.6 22.0 25.1 21.1 19.6 22.9 22.9 16.7 24.9 24.2 20.9 25.6 25.7

Natal MA 26.4 22.5 32.2 39.1 47.7 44.4 30.8 34.0 35.8 29.3 35.3 29.9 28 37.2 32.2 32.2

Rio Grande do Sul 95.5 87.8 89.1 90.5 88.0 88.9 78.5 80.6 79.7 72.1 74.2 68.6 70.1 67.7 66.7 64.3

Porto Alegre MA 109.6 105.0 102.0 102.0 106.0 92.6 93.8 91.8 90.2 89.6 86.1 81.4 75.0 76.9 69.8 74.3

São Paulo 49.0 49.2 50.3 49.3 46.4 44.9 42.7 41.2 42.8 40.3 37.6 37.8 38.4 37.2 36.3 35.5

São Paulo MA 64.0 62.1 60.8 60.2 55.9 50.8 49.6 49.0 47.2 46.9 43.5 42.1 41.5 41.6 38.1 38.5

Federal District RIDEc 47.9 49.5 40.3 37.6 39.6 48.2 40.3 41.1 35.2 38.0 42.4 31.6 37.0 38.5 32.9 32.0

Baixada Santista MAc 54.3 62.4 67.8 57.2 60.2 55.7 52.0 54.0 50.7 47.6 47.0 46.6 42.1 45.6 44.6 38.3

Campinas MAc 55.4 48.1 44.3 54.7 55.6 50.3 39.6 39.8 43.9 46.4 40.4 35.7 34.1 37.8 37.5 34.5

Sorocaba MAc 48.8 45.7 49.2 45.5 47.2 49.5 38.1 38.9 42.2 36.3 38.0 33.1 34.1 35.4 34.6 29.5

Vale do Paraíba and Litoral Norte MAc 47.7 48.3 42.3 45.9 39.9 38.3 39.6 40.6 32.1 39.4 31.8 30.0 27.4 31.7 33.0 32.9

a)  FU: Federative Unit.
b) MA: metropolitan area.
c) Metropolitan area with no complementary geographic unit.

Continued on next page
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Table 1 – Standardized lung cancer mortality coefficients by sex and geographic analysis unit, 2000-2015

Geographic unit
Interior of FUa and 
corresponding MAb

Standardized mortality coefficient (per 100,000 inhabitants)

Females

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Amazonas 7.8 9.0 6.5 7.7 3.1 11.3 8.2 7.5 7.4 8.2 10.4 7.4 11.5 11.2 13.6 11.1

Manaus MA 27.0 29.6 25.5 27.3 28.2 28.0 30.4 27.9 29.9 25.2 20.4 27.6 28.9 30.2 24.6 28.2

Bahia 4.1 4.5 5.8 5.3 5.3 5.3 7.6 5.6 7.8 8.3 7.4 8.7 8.7 9.4 9.9 9.8

Salvador MA 16.1 12.4 18.6 17.9 17.2 18.2 16.9 15.6 16.2 18.5 17.4 18.6 17.0 16.1 20.1 16.8

Ceará 7.5 9.2 9.6 10.1 12.0 11.4 13.2 12.8 14.8 15.6 18.7 15.9 18.7 17.5 19.9 21.7

Fortaleza MA 16.8 18.8 18.6 19.8 15.3 21.8 21.1 25.1 24.5 24.1 23.8 24.4 27.6 30.5 25.4 27.2

Espírito Santo  11.0 11.3 11.2 15.6 13.5 14.6 13.4 11.8 12.5 14.6 15.0 16.0 14.9 15.2 13.9 15.3

Grande Vitória MA 17.5 21.6 19.0 24.0 21.9 18.4 18.7 22.0 19.5 21.2 17.4 17.8 17.7 21.2 20.4 16.6

Goiás 21.6 20.3 17.6 18.4 20.8 18.7 19.0 19.2 18.7 21.4 17.9 18.1 22 21.4 22.5 22.0

Goiânia MA 24.1 20.3 25.1 19.9 27.1 17.4 21.9 23.9 21.4 22.8 23.4 23.2 26.8 22.2 29.9 24.0

Maranhão 2.1 2.4 4.2 3.4 3.9 5.7 6.1 7.0 8.3 8.9 9.1 9.7 9.6 9.3 11.3 12.2

Grande São Luís MA 11.1 18.4 16.4 11.9 16.1 15.3 13.7 17.7 11.0 16.2 15.4 13.1 17.0 20.3 17.2 22.8

Minas Gerais 11.6 11.2 11.4 12.1 12.8 11.9 12.8 13.8 12.6 12.8 13.2 13.8 13.7 14.7 14.9 15.0

Belo Horizonte MA 15.8 14.1 12.4 16.3 14.1 15.1 14.4 13.3 14.7 13.4 13.9 15.0 15.3 15.2 14.2 18.3

Pará 2.9 4.6 2.5 6.3 4.0 6.4 7.3 6.9 8.7 10.5 6.9 7.2 8.2 6.9 9.7 12.3

Belém MA 19.6 30.8 17.0 23.0 14.1 14.1 19.2 22.1 16.1 19.4 14.5 19.4 21.5 18.4 17.5 17.0

Paraná 21.8 21.2 21.5 21.7 22.2 20.8 18.7 21.0 22.6 21.5 22.5 23.5 22.6 21.4 20.5 23.2

Curitiba MA 26.2 25.7 25.5 24.0 25.7 22.9 26.0 22.2 28.3 23.3 22.9 22.4 21.3 25.9 23.8 25.8

Pernambuco 7.6 6.4 8.1 6.8 9.7 9.0 11.4 13.7 12.5 12.5 12.3 13.1 15.5 15.5 14.7 15.3

Recife MA 14.0 16.8 13.5 17.7 16.2 21.5 17.7 17.2 19.6 18.7 19.9 18.9 16.2 18.4 20.5 20.0

Rio de Janeiro 17.3 15.6 18.6 15.9 15.9 16.2 17.3 16.8 18.7 18.5 17.8 18.0 19.4 19.5 18.6 18.8

Rio de Janeiro MA 21.5 19.0 20.8 21.3 22.9 21.9 20.5 20.6 21.5 22.1 22.2 20.9 21.2 21.6 21.9 21.8

Rio Grande do Norte 6.9 9.2 8.1 11.4 9.1 13.4 12.2 14.4 13.1 13.0 13.8 17.4 14.1 19.0 16.8 16.2

Natal MA 10.6 15.8 17.3 16.1 19.1 15.1 16.8 18.0 18.8 18.6 16.9 20.1 16.5 16.6 19.7 23.1

Rio Grande do Sul 26.7 25.2 24.3 27.2 26.6 28.7 24.9 27.3 26.7 27.9 26.9 30.7 28.2 28.8 30.3 30.4

Porto Alegre MA 31.4 34.7 30.9 31.1 29.9 31.8 36.9 36.2 35.2 34.9 37.1 34.9 38.7 35.6 35.4 36.1

São Paulo 16.6 17.2 17.1 18.0 17.1 17.4 18.4 18.9 17.2 18.1 18.4 19.0 19.5 20.1 19.1 20.2

São Paulo MA 22.2 21.0 19.4 20.9 20.6 20.1 21.1 21.3 21.4 21.0 21.2 21.4 20.6 20.1 20.7 21.9

Federal District RIDEc 18.0 19.7 18.5 14.5 20.0 15.1 23.8 15.9 18.3 15.1 17.7 18.4 20.9 19.4 20.8 18.2

Baixada Santista MAc 19.8 20.3 18.0 22.3 27.1 20.9 20.4 24.2 28.9 22.0 25.7 23.1 26.1 21.0 26.8 25.8

Campinas MAc 15.6 15.8 16.7 17.5 17.8 18.7 15.1 15.9 19.3 15.4 16.2 16.7 15.8 20.0 15.9 18.9

Sorocaba MAc 17.8 15.5 17.3 20.5 20.7 18.9 17.8 20.8 21.4 14.8 17.0 16.5 15.0 15.1 22.3 21.5

Vale do Paraíba and Litoral Norte MAc 13.7 16.9 19.3 14.1 17.2 16.2 15.9 17.5 18.2 18.6 19.9 17.9 17.0 16.3 20.6 20.1

a)  FU: Federative Unit.
b) MA: metropolitan area.
c) Metropolitan area with no complementary geographic unit.
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Figure 2 shows the time evolution of the standardized 
mortality coefficients ratio between the MAs and the 
interior regions of the FUs over the years. Among males, 
coefficients in the MAs were found to be up to 9.3 times 
higher than in the interior regions of the corresponding 
UFs (Grande São Luís MA/interior region of Maranhão 
state, 2002).

Among females, the discrepancy between MAs and 
interior regions of the states follows a similar pattern to 
that among males, in particular in North and Northeast 
Brazil. However, time evolution of the ratios suggests 
that the disparity among males tends to decrease over 
time, more strongly than among females. The largest 
difference among females was found in 2004: the 
coefficient was 9.1 times higher in the Manaus MA 
than in the interior region of the corresponding state 
(Figure 2).

Temporal analysis of lung cancer mortality 
coefficients among males showed a predominant 
falling trend in MAs. Mean annual reduction in death 
coefficients was slight in the Recife MA (β

1
=-0.63 

– 95%CI-1.02;-0.24) and more pronounced in the 
Porto Alegre MA (β

1
=-2.55 – 95%CI-2.79;-2.31). 

However, an increasing trend was found in eight 
geographic units in North and Northeast Brazil. The 
highest mean annual coefficient increase was found 
in the interior region of Rio Grande do Norte state 
(β

1
=1.03 – 95%CI0.47;1.58). The Fortaleza MA 

was the only MA showing an increase (β
1
=0.48 – 

95%CI0.20;0.75). A slight increase was also found 
in the interior region of Minas Gerais state (β

1
=0.09 

– 95%CI0.01;0.17) (Figure 3).
Particularly among females, the increasing trend in 

mean average mortality coefficients was found in 20 
of the 30 units assessed. The highest coefficients were 
found in Northeast Brazil, especially in the interior 
region of Ceará state (β

1
=0.86 – 95%CI0.79;0.92), 

followed by the MA of its capital city Fortaleza (β
1
=0.78 

– 95%CI0.59;0.96). A lower increase was found in 
Rio de Janeiro state (β

1
=0.20 – 95%CI0.12;0.28). 

No falling trend was found for females (Figure 3). 
Additional coefficients can be seen in the Table 2.

Discussion 

There was a decreasing time trend for lung cancer 
mortality among males in 15 MAs. At the same time, 
a significant increase was found in the inner regions 

of nine FUs, predominantly in North and Northeast 
Brazil. In the Porto Alegre, São Paulo and Rio de 
Janeiro MAs, important reductions were found 
among males but not among females. Lung cancer 
mortality was found to have increased in 20 of the 
units analyzed, eight of which were MAs: Fortaleza, 
Natal, Porto Alegre, Baixada Santista, Grande São 
Luís, Recife, Goiânia, Vale do Paraíba and Litoral 
Norte. A stable situation was found in the remaining 
geographic units.

Lung cancer is estimated have accounted for 2.3% 
of total deaths in Brazil in 2016 and was the leading 
cause of death from malignant neoplasms.16 However, 
the increase in deaths over the time period may also be 
attributed, albeit partially, to the proportional growth 
and aging of the Brazilian population.

A recent study identified a 12% fall in the lung cancer 
mortality coefficient between 1990 and 2015 for Brazil as 
a whole. Even so, the coefficient for lung cancer mortality 
was the second highest among malignant neoplasms in 
males. Among females, an expressive increase of 20.7% 
in the coefficient was reported for the period, with 
lung cancer as the second leading cause of death from 
neoplasms in females after breast cancer.17

Increased lung cancer mortality among males in 
Northeast Brazilian state capital cities and the fall in 
this rate with effect from the mid 1990s in the other 
state capitals have been reported elsewhere,18 as has the 
difference in mortality behavior between the interior 
regions of states and their capitals.19

Repeated identification of an irregular and especially 
unfavorable pattern in mortality from this neoplasm, 
with evidence of geographic disparity, suggests the 
need for greater surveillance efforts to ensure that lung 
cancer risk factor control programs reach the entire 
population equally, thus impacting positively on the 
scenario analyzed.

An increasing trend was effectively found in the 
interior regions of the North and Northeast Brazilian 
states, while some of the MAs of these states showed 
stable or declining lung cancer mortality. Even 
considering diagnosis difficulties in these places, the 
findings of our study may possibly indicate that the 
tobacco epidemic may have occurred later in those 
regions in comparison to the rest of Brazil.20

The trend patterns found in MAs were similar 
to those described for the Brazilian state capitals.19 
It appears to be reasonable to conclude that the 
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Figure 2 – Temporal evolution of lung cancer mortality coefficient ratio, by sex, state capital metropolitan area 
(MA) / Federative Unit (FU) interior region, 2000-2015

state capitals, to the detriment of the municipalities 
surrounding them, have an important influence on the 
lung cancer mortality pattern found in the MAs, where 
the urban center is the capital of the FU.

The contrast between MAs and the interior regions 
of the UFs was perceptible in the magnitude of the 
coefficients and trend behavior. Four interior region 
geographic units – of the states of Paraná, Rio Grande do 
Sul, Rio de Janeiro and São Paulo – showed a favorable 
trend, although only among the male population.

This contrast should be viewed with caution. 
Dissimilarities in tobacco smoking prevalence rates 
and in levels of air pollution between MAs and 
interior regions of the states could explain part of 

these differences. MAs tend to have a better structured 
and stronger mortality notification than inner 
state locations. This can lead to coefficients being 
underestimated in the latter.

It is possible that access to health services providing 
cancer diagnosis and treatment and the influence of 
tobacco smoking control programs may be unequal 
not only between different Brazilian regions but also 
within the same FU. People living in socioeconomically 
developed areas usually have access to health 
resources and cancer prevention and control policies 
that do not always reach people who live in inner state 
regions, on the outskirts of large cities or who are 
otherwise underprivileged.21

MA / corresponding FU
Males Rate ratio temporal 

evolution2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Manaus MA / Amazonas 3.42 3.33 4.80 4.76 2.96 4.02 3.33 1.99 2.86 3.07 2.20 2.64 2.87 2.19 1.64 2.11

Salvador MA / Bahia 5.36 4.05 4.62 4.49 3.87 4.02 2.93 3.03 2.72 2.88 2.91 2.86 2.20 2.29 2.35 2.18

Fortaleza MA / Ceará 2.79 2.33 2.47 2.02 2.18 2.22 1.96 1.81 2.10 2.27 1.54 1.80 2.26 1.38 1.71 1.69

Grande Vitória MA / Espírito Santo 1.82 1.75 1.80 1.40 1.49 1.25 1.46 1.37 1.59 1.32 1.39 1.55 1.36 1.43 1.63 1.37

Goiânia MA / Goiás 1.33 1.19 1.93 1.57 1.39 1.19 1.29 1.41 1.57 1.34 1.31 1.57 1.38 1.33 1.24 1.35

Grande São Luís MA / Maranhão 6.35 7.14 9.30 4.99 5.70 2.95 2.66 2.95 2.23 2.60 2.08 1.97 2.33 2.64 2.25 2.07

Belo Horizonte MA / Minas Gerais 1.55 1.66 1.50 1.45 1.26 1.49 1.42 1.42 1.41 1.26 1.15 1.14 1.04 1.21 1.10 1.21

Belém MA / Pará 6.36 8.03 7.30 5.07 5.01 6.33 3.20 2.51 2.86 2.08 2.28 2.88 3.57 2.10 2.29 1.62

Curitiba MA / Paraná 1.12 1.17 1.27 1.35 1.18 1.00 0.93 0.96 1.13 1.06 1.04 1.12 1.03 1.11 1.06 1.01

Recife MA / Pernambuco 4.50 4.03 3.70 2.95 2.97 2.43 2.65 2.47 1.98 1.70 2.19 2.16 2.01 1.73 1.83 1.75

Rio de Janeiro MA / Rio de Janeiro 1.35 1.40 1.41 1.27 1.43 1.30 1.26 1.17 1.25 1.23 1.29 1.21 1.16 1.04 1.08 1.02

Natal MA / Rio Grande do Norte 3.88 2.47 2.37 2.68 2.17 1.77 1.46 1.73 1.56 1.28 2.11 1.20 1.16 1.78 1.26 1.25

Porto Alegre MA / Rio Grande do Sul 1.15 1.20 1.15 1.13 1.20 1.04 1.19 1.14 1.13 1.24 1.16 1.19 1.07 1.14 1.05 1.16

São Paulo NA / São Paulo 1.31 1.26 1.21 1.22 1.20 1.13 1.16 1.19 1.10 1.16 1.16 1.11 1.08 1.12 1.05 1.08

MA / corresponding FU
Females Rate ratio temporal 

evolution2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Manaus MA / Amazonas 3.46 3.29 3.92 3.55 9.10 2.48 3.71 3.72 4.04 3.07 1.96 3.73 2.51 2.70 1.81 2.54

Salvador MA / Bahia 3.93 2.76 3.21 3.38 3.25 3.43 2.22 2.79 2.08 2.23 2.35 2.14 1.95 1.71 2.03 1.71

Fortaleza MA / Ceará 2.24 2.04 1.94 1.96 1.28 1.91 1.60 1.96 1.66 1.54 1.27 1.53 1.48 1.74 1.28 1.25

Grande Vitória MA / Espírito Santo 1.59 1.91 1.70 1.54 1.62 1.26 1.40 1.86 1.56 1.45 1.16 1.11 1.19 1.39 1.47 1.08

Goiânia MA / Goiás 1.12 1.00 1.43 1.08 1.30 0.93 1.15 1.24 1.14 1.07 1.31 1.28 1.22 1.04 1.33 1.09

Grande São Luís MA / Maranhão 5.29 7.67 3.90 3.50 4.13 2.68 2.25 2.53 1.33 1.82 1.69 1.35 1.77 2.18 1.52 1.87

Belo Horizonte MA / Minas Gerais 1.36 1.26 1.09 1.35 1.10 1.27 1.13 0.96 1.17 1.05 1.05 1.09 1.12 1.03 0.95 1.22

Belém MA / Pará 6.76 6.70 6.80 3.65 3.53 2.20 2.63 3.20 1.85 1.85 2.10 2.69 2.62 2.67 1.80 1.38

Curitiba MA / Paraná 1.20 1.21 1.19 1.11 1.16 1.10 1.39 1.06 1.25 1.08 1.02 0.95 0.94 1.21 1.16 1.11

Recife MA / Pernambuco 1.84 2.63 1.67 2.60 1.67 2.39 1.55 1.26 1.57 1.50 1.62 1.44 1.05 1.19 1.39 1.31

Rio de Janeiro MA / Rio de Janeiro 1.24 1.22 1.12 1.34 1.44 1.35 1.18 1.23 1.15 1.19 1.25 1.16 1.09 1.11 1.18 1.16

Natal MA / Rio Grande do Norte 1.54 1.72 2.14 1.41 2.10 1.13 1.38 1.25 1.44 1.43 1.22 1.16 1.17 0.87 1.17 1.43

Porto Alegre MA / Rio Grande do Sul 1.18 1.38 1.27 1.14 1.12 1.11 1.48 1.33 1.32 1.25 1.38 1.14 1.37 1.24 1.17 1.19

São Paulo NA / São Paulo 1.34 1.22 1.13 1.16 1.20 1.16 1.15 1.13 1.24 1.16 1.15 1.13 1.06 1.00 1.08 1.08
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Rio Grande do Norte except MA Natal
Maranhão except MA Grande São Luís

Pará except MA Belém
Pernambuco except MA Recife

Ceará except MA Fortaleza
Amazonas except MA Manaus

MA Fortaleza
Bahia except MA Salvador

MA Grande São Luís
Goiás except MA Goiânia

Minas Gerais except MA Belo Horizonte
MA Natal

MA Goiânia
Espírito Santo except MA Grande Vitóra

MA Recife
Paraná except MA Curitiba

MA Salvador
MA Belo Horizonte
RIDE-DF e entorno 

Rio de Janeiro except MA Rio de Janeiro
MA Manaus

MA Grande Vitória
São Paulo except MA São Paulo

MA Curitiba
MA do Vale do Paraíba e Litoral Norte

MA Belém
MA de Sorocaba

MA Campinas
MA Baixada Santista

MA São Paulo
Rio Grande do Sul except MA Porto Alegre
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Note: Geographic analysis units in decreasing β1 order.

Figure 3 – Linear trends of standardized lung cancer coefficients by sex and geographic analysis unit, 2000-2015

In high-income countries, lung cancer mortality 
coefficients tend to be higher, when compared to 
those found in poorer countries. Considered to be a 
consequence of “Westernization”, the effect observed 
in developed populations would appear to be related 
to higher rates of tobacco smoking and air pollution.3 
Similarly, higher lung cancer mortality coefficients are 
reported in urban areas when compared to rural areas.22

The counterpoint found in mortality rates in countries 
with differing levels of development could be extrapolated 
to Brazilian reality, by comparing MAs with interior 
regions, or by comparing different regions of the country 
itself: greater magnitude of mortality from this form of 
neoplasm in MAs in relation to interior regions and, 
likewise, in the South and Southeast regions in relation to 
the North and Northeast regions of the country. Regional 
inequality appears to affect survival in Brazil: geographical 
differences of up to twofold survival, without adjustment 
for histological type, have been reported.4

The increasing trend among women – at a 
considerable rate – in the interior of Northeast Brazil 
reinforces the evidence that lung cancer epidemiology 
can have distinct characteristics between the sexes, 
influenced by hormonal, genetic, environmental and 
behavioral factors.23

The decline of this neoplasm among males and 
its increased stability among females form a pattern 
found in other parts of the world. This trend could be 
related, above all, to increased tobacco smoking among 
women observed in recent years.20 Moreover, in Brazil 
this difference according to sex has been decreasing 
since the 1980s presumably because of variations in 
tobacco smoking and exposure to passive smoking. In 
this respect it is appropriate to rule out women having 
greater difficulty in giving up smoking.24

It is estimated that 15% of smokers develop lung 
cancer. However, some 85 to 90% of cases arise from 
tobacco.25 As the main risk factor for lung cancer, 
tobacco smoking has been addressed with good results in 
Brazil since the 1980s. Regulatory measures and control 
policies based on targets for reducing noncommunicable 
diseases and tobacco smoking prevalence have been 
intensified in Brazil since the 2000s.26,27

The long latency period of approximately 30 years 
between exposure to tobacco and its derivatives and 
the subsequent occurrence of death from lung cancer 
results in the impact caused by the decline in tobacco 
smoking prevalence taking a long time to appear. 
National surveys on the current proportion of smokers 
aged 18 or over found negative percentage variance 
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Table 2 – Lung cancer mortality trenda β1 angular coefficient values and respective confidence intervals,a by 
geographic analysis units and sex, 2000-2015

Geographic unit
Males Females

Beta Lower 
limit

Upper 
limit Beta Lower 

limit
Upper 
limit 

St
at

e 
in

te
rio

r r
eg

io
n

Amazonas except Manaus MA 0.61 0.32 0.90 0.33 0.17 0.50

Bahia except Salvador MA 0.48 0.35 0.60 0.39 0.35 0.43

Ceará except Fortaleza MA 0.78 0.65 0.91 0.86 0.79 0.92

Espírito Santo except Grande Vitória MA -0.27 -0.66 0.12 0.24 0.09 0.39

Goiás except Goiânia MA 0.19 -0.07 0.45 0.13 -0.05 0.31

Maranhão except Grande São Luís MA 1.01 0.81 1.21 0.66 0.58 0.74

Minas Gerais except Belo Horizonte MA 0.09 0.01 0.17 0.24 0.19 0.28

Pará except Belém MA 0.86 0.52 1.20 0.46 0.30 0.62

Paraná except Curitiba MA -0.67 -0.81 -0.54 0.07 -0.07 0.21

Pernambuco except Recife MA 0.81 0.65 0.96 0.62 0.50 0.75

Rio de Janeiro except Rio de Janeiro MA -0.89 -1.04 -0.74 0.20 0.12 0.28

Rio Grande do Norte except Natal MA 1.03 0.47 1.58 0.66 0.57 0.75

Rio Grande do Sul except Porto Alegre MA -2.04 -2.27 -1.82 0.31 0.22 0.40

São Paulo except São Paulo MA -1.02 -1.21 -0.83 0.21 0.15 0.26

M
et

ro
po

lit
an

 A
re

a 
(M

A)

Federal District RIDE -0.84 -1.19 -0.49 0.10 -0.06 0.27

Baixada Santista MA -1.51 -1.82 -1.19 0.36 0.13 0.59

Belém MA -1.23 -1.55 -0.91 -0.26 -0.61 0.08

Belo Horizonte MA -0.78 -1.01 -0.55 0.08 -0.02 0.17

Campinas MA -1.30 -1.82 -0.77 0.07 -0.04 0.18

Curitiba MA -1.17 -1.70 -0.65 -0.12 -0.26 0.01

Sorocaba MA -1.24 -1.48 -1.00 0.06 -0.28 0.40

Vale do Paraíba and Litoral Norte MA -1.20 -1.51 -0.90 0.24 0.09 0.39

Fortaleza MA 0.48 0.20 0.75 0.78 0.59 0.96

Goiânia MA 0.08 -0.30 0.46 0.27 0.12 0.42

Grande São Luís MA 0.25 -0.24 0.73 0.30 0.06 0.55

Grande Vitória MA -0.96 -1.19 -0.74 -0.14 -0.32 0.04

Manaus MA -0.89 -1.38 -0.40 -0.05 -0.32 0.21

Natal MA 0.09 -0.84 1.02 0.37 0.14 0.60

Porto Alegre MA -2.55 -2.79 -2.31 0.37 0.15 0.59

Recife MA -0.63 -1.02 -0.24 0.28 0.12 0.44

Rio de Janeiro MA -2.07 -2.20 -1.94 0.06 -0.03 0.16

Salvador MA -0.75 -0.93 -0.57 0.13 0.00 0.27

São Paulo MA -1.76 -2.03 -1.48 0.01 -0.07 0.09

a) Linear trend of lung cancer mortality coefficients standardized according to Brazilian standard population (2010), calculated after database correction.

of 37.4% in males compared to 31.9% in females 
between 1989 and 2003. Between 2003 and 2013, 
however, the fall in tobacco smoking prevalence was 
more pronounced in females (-40.2%) than in males 
(-30.3%).28

Given that the tobacco epidemic in Brazil occurred 
firstly in males and then in females and began in the 
1970s, this may explain part of the differences found 
in the mortality trends between the sexes.24

The expansion of tobacco smoking in Brazil, notably 
among females, has varied according to geographic region 
and has undergone a process of moving from the state 
capitals into interior regions of the states. In view of this 
fact, it is expected that female mortality will continue to 
increase in the forthcoming years, both in the state capitals 
and more urbanized regions and also in the interior.

Despite shortcomings relating to the filling out of 
death certificates, high proportions of deaths from ill-
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defined causes and unspecific diagnoses, i.e. garbage 
codes, point to the population having problems with 
health service access, care and ability to diagnose.

In spite of the reduction seen in the volume of deaths 
will ill-defined underlying causes, variability in the 
proportion of these deaths between or within regions and 
states is expected in Brazil.19 Whereas the proportion of ill-
defined causes was less than 1% in the Federal District in 
2013, in the state of Amazonas it was approximately 13%.2

This difference can alter the real magnitude of 
coefficients of mortality from specific causes and 
result in errors in analyses and comparisons between 
different places.

A limitation of this study is inherent to the use of 
secondary data. However, in order to improve the quality 
of the information, we opted to correct death data, so as 
to increase the reliability of underlying cause of death 
without causing case overestimation. Death records in 
state capitals are known to be of better quality when 
compared to those issued in interior municipalities, 
and the same can be said of urban centers in relation to 
their surrounding outskirts. For this reason we corrected 
underlying cause of death for the MAs, given that they 
encompass not only the central municipality but also its 
peripheral municipalities. Underlying cause of death was 
also corrected for the interior regions.

It is therefore unlikely that the increased trend found 
among females stems from the quality of death records 
having improved over the years, since there would be 
no reason or justification for unequal improvement 
between men and women.

Despite the future perspective of identifying new 
molecular biomarkers, the development of targeted 
therapy drugs and modern technologies for cancer 
diagnosis and treatment, there is an imposition of 
increased costs on health services that means they 
are unlikely to be feasible or available for the entire 
population. In view of this, it is assumed that it will 
take time for the progress mentioned and increased 
survival to occur before cancer mortality is reduced.

Recently, international bodies have begun 
recommending lung cancer screening for groups at 
higher risk with the aim of reducing the mortality 
burden.29,30 In Brazil this discussion needs to be 
increased and agreement reached between specialists, 
considering new possibilities of addressing this 
important Public Health problem without compromising 
the successful Brazilian anti-tobacco policy.

The dynamics of lung cancer mortality in course 
are complex and are a big challenge for the Brazilian 
National Health System (SUS). Actions to reduce 
mortality remain centered on tobacco smoking 
prevention. Similarly, we suggest that tobacco control 
strategies be implemented and strengthened in the 
interior regions of the country, paying special attention 
to females.

This study comprehensively assessed lung cancer 
mortality trends in various different contexts, levels of 
urbanization and development in Brazil. The findings 
provide evidence that there is not just one single lung 
cancer mortality pattern in the country. In males a 
falling mortality trend was predominant, although 
in the interior regions of North and Northeast Brazil 
there was still a rising trend among this population. 
In women a rising trend in mortality coefficients 
prevailed. Similarly, the highest increases in this 
group were also found in the interior regions of North 
and Northeast Brazil.
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