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Abstract Melanoma is the main serious skin
cancer, due to its high lethality. This study aimed
to make projections and analyze melanoma mor-
tality trends in Brazil. Mortality Information
System data were utilized for the period 1998-
2012, which were projected until 2032, using the
age-period-cohort model, with software R. The
analysis of trends was made by Joinpoint regres-
sion, with 95% confidence interval, estimating the
annual percentage change. It was revealed higher
amounts of deaths in men for all regions. Brazil-
ian trends presented reductions in men (APC =
-0.4; CI195% = -0.6; -0.1; p < 0.01) and in women
(APC = -0.8; C195% = -0.9; -0.7; p < 0.01). The
Midwest region presented increases for both sex-
es, while the Southeast region presented reducing
trends for both sexes. In the North, there was sta-
bility for men and increases followed by stability
in women, while the South presented reductions
in men and stability in women; finally, the North-
east revealed one joinpoint per sex, with an in-
crease followed by stability in men, and stability
followed by reducing trends in women. The high-
est rates of the country were found in the South
and Southeast regions, however, with reducing
trends throughout time. Higher mortality trends
in men were associated with later diagnoses in
this group.
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Resumo O melanoma é o mais grave cdncer de
pele, devido a alta letalidade. Este estudo objeti-
va projetar e analisar tendéncias da mortalidade
por melanoma no Brasil. Os dados sio do Siste-
ma de Informagdo sobre Mortalidade, no perio-
do de 1998 a 2012, os quais foram projetados até
2032, usando o modelo idade-periodo-coorte,
no software R. A andlise de tendéncias foi feita
pela Regressdo loglineal (Joinpoint regression),
com intervalo de confianga de 95%, para estimar
a porcentagem anual de mudanga. Revelou-se
maior quantitativo de mortes em homens em to-
das as regides. As tendéncias no Brasil apontaram
para redugio em homens (APC = -0,4; IC95% =
-0,6; -0,1; p < 0,01) e em mulheres (APC = -0,8;
1C95% =-0,9; -0,7; p < 0,01). A regido Centro-o-
este teve aumento para os dois sexos, em oposi¢io
ao Sudeste, com reducdo em ambos. No Norte,
houve estabilidade em homens, e aumento segui-
do de estabilidade em mulheres, enquanto o Sul
teve redugio em homens e estabilidade em mulhe-
res; e, por fim, o Nordeste teve um joinpoint em
cada sexo, com aumento seguido de estabilidade
em homens; e estabilidade seguida de redugdo em
mulheres. As maiores taxas do pais foram no Sul e
Sudeste, todavia, com tendéncia a redugdo ao lon-
go do tempo. A maior mortalidade em homens foi
associada ao diagnéstico mais tardio.
Palavras-chave Melanoma, Mortalidade, Proje-
¢oes de populagio, Tendéncias
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Introduction

Skin melanoma is a type of cancer that is most
incident in more developed regions, however,
least developed locations present, proportionally,
higher mortality rates'?, as diagnoses are usually
made at later stages and these locations do not
count with the same availability of resources for
treatment?2.

Worldwide, the highest rates are registered in
countries with Caucasian population, while low-
er rates are commonly found in South American
and African countries, where pardos (triracial de-
scendants of Europeans, Native Americans, and
West Africans) and Afro-American populations
predominate’. For 2015, global data on melanoma
revealed incidence rates of approximately 3.5 new
cases per 100,000 inhabitants for men and 3.3 for
women. Regarding mortality rates, the same pe-
riod presented values of 0.92 deaths per 100,000
inhabitants for men and 0.71 for women!.

In Brazil, estimates for the year 2015 indicat-
ed incidence rates of 3.47 new cases per 100,000
inhabitants for men and 3.07 for women. Mor-
tality rates for the same year were 1.22 deaths per
100,000 inhabitants for men and 0.86 for wom-
en!. In Brazil, skin cancer is the most incident?,
and melanoma is more aggressive’ than another
types of this cancer. Among those exposed to risk
factors, professional activities that require sun ex-
posure are highlighted, such as tourism, fishing,
agriculture and civil construction. Such activities
combine such exposure to high incidence of this
radiation. Another important factor is repre-
sented by the historical construction of Brazilian
population, with European ascendency in some
regions (mainly the South®) and indigenous and
Afro-American ascendency in other regions due
to colonization (North and Northeast).

Also, it must be mentioned that understand-
ing the profiles of illnesses extrapolates the bio-
logic dimension, reaching the social dimension
of vulnerabilities and other mechanisms that
form the basis of inequality dynamics and health
conditions, since multidisciplinary questions
are involved. Therefore, the qualified use of in-
formation related to healthcare inequalities is
fundamental for health policies and search for
equality’.

This study focuses on comparing the Brazil-
ian geographic regions, filling gaps in distribu-
tion patterns of melanoma mortality and verify-
ing dynamics throughout the years. Estimation
of trends is fundamental for the planning and al-
location of resources and for the control and sta-

bilization of the disease®. The hypothesis is that
there is an irregular distribution of the disease in
the Brazilian territory, considering regional dif-
ferences and determinants. The main objective
of the study presented herein was to analyze the
distribution of melanoma mortality by Brazilian
region, between 1998 and 2012, and carry out
projections until 2032.

Methodology

An ecological, population-based study is present-
ed herein on melanoma mortality. National and
regional information were analyzed, from Janu-
ary 1, 1998 to December 31, 2012. Data collection
from the Mortality Information System (MIS)
occurred between the months of August and Oc-
tober, 2015. Data was available from the Brazil-
ian Unified Health System website (DATASUS).
The code utilized was CID C43 - malignant skin
melanoma, and the interval between 1998 and
2012 was divided in 5-year periods for data col-
lection’. This time period considers the relatively
long course of the disease, with the objective of
avoiding time biases. Data tabulation considered
deaths by residence location, classified by region,
sex and age group. These age groups were divided
in 5-year periods, except for the last group (over
85 years of age).

Population data were obtained from the Bra-
zilian Institute of Geography and Statistics (In-
stituto Brasileiro de Geografia e Estatistica, IBGE),
and the population utilized referred to the year
that represented half of the period. Resident pop-
ulations for each region and Brazil were utilized
for years 2000, 2005 and 2010, with population
projections utilized for years 2015, 2020, 2025
and 2030, also available from IBGE, per sex and
age groups. Population data utilized the same 18
intervals considered for mortality data: 0 to 4
years; 5 to 9 years; 10 to 14 years; 15 to 19 years;
20 to 24 years; 25 to 29 years; 30 to 34 years; 35 to
39 years; 40 to 44 years; 45 to 49 years; 50 to 54
years; 55 to 59 years; 60 to 64 years; 65 to 69 years;
70 to 74 years; 75 to 79 years; 80 to 84 years; and
over 85 years of age.

Deaths registered by residence location were
included in the study when the cause of death
was melanoma. The exclusion criteria were un-
defined age and residence in death records. A to-
tal of six deaths were excluded from the sample.

Data correction utilized death information
from MIS (DATASUS website) as well as the
number of corrected and re-distributed deaths



considering age, sex, and adjustment in accor-
dance with the completeness degree of death re-
cords. Ill-defined causes of death also resulted in
re-distribution. These data, however, are restrict-
ed to CID-10 chapters. A correction factor was
calculated for each age group, period, region and
sex, based on the difference between the number
of deaths notified to MIS due to neoplasms and
re-distributed deaths (also based on Chapter II,
neoplasms, of CID-10) and the total number of
deaths notified to MIS. The value 1 (multiplica-
tion neutral factor) was added to the difference
obtained, resulting in a correction factor for
deaths due to neoplasms. The value was applied
to the number of notified melanoma deaths, as-
suming a correction pattern similar to the pat-
tern of neoplasms.

For the years 1998 and 1999, for which cor-
rected data were not available on Datasus, the
correction factor was calculated separately for the
year 2000. The factor established for 2000 was ap-
plied to 1998 and 1999 melanoma mortality data.
Also, mortality rates were adjusted in accordance
with the world standard population (ASW) per
100,000 inhabitants*'°, through direct standard-
ization''. Age standardization followed the Ser-
gi-Doll 1996 model. Rates (brute and standard-
ized) were expressed in values per 100,000 inhab-
itants’, and represent five-year data.

Software NORDPRED (Cancer Registry of
Norway, Oslo, Norway) is a statistical package of
predictive models, written for software “R”, and
was utilized to calculate projections through the
age-period-cohort method, usually applied in
incidence and mortality studies. The proposed
interval was 5 years for each evaluated cohort'?.
Herein the projections were made until 2032 and
the evaluation verified the share of projection
changes attributable to alterations in population
size and structure and due to modifications in
death risk by melanoma. The evaluation com-
pared the last observed period (2008-2012) with
the last projected period (2028-2032), in accor-
dance with":

Atot = Arisk + Apop
= (Nfff - Nooo)
= (Nfff - Noff) + (Noff - Nooo)

where Atot= total variation; Arisk = variation
caused by changes in cancer death risk, Apop =
variation caused by changes in age groups and
population size, Nfff = number of predicted cases
for the last projected period, Nooo= Number of
cases observed in the last observed period, Noff

= Expected number of cases in the last projected
period, with application of the rates from the last
observed period, Nfff — Nooo = Annual modifica-
tion in the number of cases.

After projections were made, trend analysis
was carried out with Joinpoint Regression Pro-
gram™, version 4.2. Standardized melanoma
mortality rates were utilized for calculations of
trends for each region and for Brazil, separating
the analysis by sex. The trend of a specific aggra-
vation was evaluated in accordance with a signif-
icant modification in the evolution pattern of the
disease, throughout time, characteristics of time
trend studies. The model that enables the best fit
in relation to the number of joinpoints must be
applied. Expression of the joinpoint utilized the
year that corresponded to half the period during
which a significant change was identified in trend
graphics.

The Annual Percentage of Change (APC) was
calculated for each segment, searching for statis-
tical significance in a 95% confidence interval.
The set of APC values for each period constitut-
ed the graph, and significant modifications in the
curve represent the number of joinpoints®. The
terms “increase” and “decrease” were utilized to
describe death rates and explain trends for the
periods with statistical APC significance, with p
< 0.05. Cases with no significance were treated
as stability.

Results

During the period between January 1, 1998 and
December 31, 2012, a total of 15,542,999 deaths
were recorded in Brazil. Of these, 2,237,346
were caused by neoplasms, of which 1,203,599
(53.8%) occurred in men and 1,033,500 (46.2%)
in women. For the considered time period, the
total of deaths by melanoma was 18,048.

Table 1 presents the number of corrected
deaths, separated by age groups (0-19, 20-39, 40-
59 and 60 and over) for each region of the coun-
try, along with brute and standardized rates. The
selection of summarized age groups was based
on the distribution of deaths by age, and rates
were expressed in values per 100,000 inhabitants.

Higher mortality rates were found in the
South region, and the lowest rates were identified
in the North and Northeast regions. The young-
est age group (0-19) presented the lowest num-
ber of deaths by melanoma for all regions.

In Brazil, the projections were characterized
by decreasing mortality rates for men and wom-
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en. Regarding the geographic regions, differenc-
es were mainly found between the trends of the
South and Southeast regions and the remaining
regions.

Analysis of the modifications that occurred
throughout time identified whether changes oc-
curred due to an increase in the death risk by
melanoma or shifts in population structure or size
(Figures 1 and 2). For such analysis, the last period
of observed data (2008-2012) was compared with
the last period of projected data (2028-2032). The
difference in the number of deaths in both periods
was represented by “N”; the percentage “change”
refers to the difference between the amount of
projected deaths and the amount of deaths ex-
pected if the projected population (2028-2032)
maintained the same population structure of
the last observed period (2008-2012). The “risk”
represents, in percentage terms, how much of the
change in the number of deaths in the two consid-
ered periods is related to an increase or decrease
in melanoma death risk. “Population” is related
to how much of the difference between the num-
ber of deaths occurred due to changes in size and
structure of the population, for the two consid-
ered periods.

For men, the North, South and Southeast re-
gions presented lowest adjusted mortality rates for
the projected period in comparison with the ob-
served period. For these regions, the change in ab-
solute number of deaths occurred due to changes
in population structure, although there was a re-
duction in death risk by melanoma. The North-
east and Midwest regions presented both factors
influencing the number of deaths.

For women, the South, Southeast and North-
east regions presented lowest adjusted mortality
rates for the projected period in comparison with
the observed period. In these regions, there was a
reduction in death risk by the disease, with mod-
ifications in the number of deaths explained by
population structure changes. For the North and
Midwest regions, the changes occurred predomi-
nantly due to changes in population structure.

Regarding trend analysis, there was a sig-
nificant reduction for men (APC = -0.4; CI95%
= -0.6; -0.1; p < 0.01) and women (APC = -0.8;
CI95% = -0.9; -0.7; p < 0.01), with no joinpoints
in the period (Table 2). Regarding the geographic
regions, trend analysis for the North region indi-
cated stability (p = 0.5). In women, for the same
region, there was a joinpoint in 2020. The North-
east region presented one joinpoint in 2015 for
men and in 2010 for women. In the Midwest,
there were increasing trends for men and women,

while the Southeast region indicated decreasing
trends for both sexes. The South region presented
decreasing trends for men and stability (p = 0.1)
for women.

The presence of joinpoint (significant change
in the trend curve) indicated a change in the evo-
lution pattern of the mortality standardized rates,
dividing analysis into two periods (before and af-
ter the joinpoint occurred). For those regions that
did not present joinpoint, modification of rates
throughout the years followed the same evolu-
tion pattern for the studied temporal interval, as
shown in Table 2.

Discussion

When evaluating trends and projections for mel-
anoma mortality in Brazil, differences were iden-
tified across geographic regions and different
patterns were found, which demonstrate the epi-
demiological diversity of the country. The highest
rates were recorded in the South region, while the
lowest rates occurred in the North and Northeast
regions.

It must be highlighted that, although there
were different patterns for mortality trends, pro-
jections indicated increases in the brute number
of deaths for all regions. This fact is mainly justi-
fied by changes in population size and structure®,
except for the Northeast region for men and Mid-
west for both sexes, where the increase was also
related to higher death risk by melanoma.

High melanoma mortality rates were found
in Europe, mainly in the East and South regions.
Mortality rates in Europe vary between 1.5 and
5.2 per 100,000 inhabitants'®, which is above the
values found for Brazil. In Nordic countries, as
well as in Europe, higher figures were found for
men'”'®, which could be associated with detection
of disease in more advanced stages'®". In Croatia
and Belgium, mortality trends indicated increas-
ing patterns for both sexes***, while in Holland'®
and Spain® increasing rates were verified for men
and stability for women, with higher mortality
for men. In Lithuania, male survival was approxi-
mately 10% lower than female rates', corroborat-
ing the previous studies. Australia presented stable
mortality trends for men and women? and, in the
USA, a study has estimated a possible reduction
of approximately 20% in cases between 2020 and
2030 if effective prevention occurs in the country*.

Although incidence rates have increased
globally, melanoma mortality has been decreas-
ing. This fact is probably associated with im-



MEN

=== (2008-2012) Observed Rate

N=107

NORTH  Change= 72,6%

==@==(2028-2032) Projected Rate 2,00

SOUTH

N= 888

Change= 62,4%
Risk= -15,5%
Population= 77,9%

SOUTHEAST

N=1175
Change= 56,3%
Risk= -30,7%
Population= 87%

Risk=-34,3%
Population= 106,9%

NORTHEAST

N=1027

Change= 150,8%
Risk=77,1%
Population= 73,7%

MIDWEST

N=328

Change= 123,3%
Risk=17,3%
Population= 106,1%

Figure 1. Changes in the number of deaths, risk and population size and structure for men.

provements in diagnoses, which enable early
identification of the disease®, and is the best way
to prevent deaths by melanoma®.The findings
herein presented revealed reductions in mortality
rates in Brazil for both sexes, although different
behaviors were found when analyzing trends by
geographic region.

Regarding mortality, literature is consensual
and presents higher rates in men. This fact is jus-
tified by difficulties in monitoring the treatment,
late diagnosis, life habits, and due to the fact that
men protect themselves less from the sun*. How-
ever, a North-American study has identified an
opposite behavior, with higher exposition to the
sun among young women and higher number of
melanoma diagnoses than men, possibly relat-
ed to artificial/indoor tanning practices among
women?. This aspect does not apply to Brazil, as
indoor tanning equipment have been banned in
the country®.

Although there is divergence regarding sun
exposure in different age groups, scientific liter-
ature reports higher survival rates in women®.
The findings herein presented agreed with exist-
ing published scientific literature, with a higher
number of deaths for men in all periods, and all
regions. In Brazil, this fact is probably associat-
ed with late detection in men, with diagnosis in
more advanced stages.

Evaluation of the social inequalities and
health policies explains the difference identified
in the extent and number of health policies di-
rected to women in Brazil®, with a more struc-
tured health network. This fact, along with the
lower participation of men in healthcare/aware-
ness, generates important differences.

The geographic pattern of the disease is con-
tradictory in Brazil, as highest rates were regis-
tered in the South region, where sun exposure
is lower when compared to more equatorial lo-

—_
w
w
~N

610T ‘T9ST-TSST:(F)¥FT BANL[OD) IPNES X BIVUIID)



—_
w
wu
e}

Santos CA, Souza DLB

WOMEN
—— _
(2008-2012) Observed Rate N= 89
) Change= 120,4%
-.—(_20_28—_20_3_2) Projected Rate lljé)RTH Risk= 3%
' ’ F Population= 117,4%
1,20
1,00
0,80
0,60
SOUTH NORTHEAST
N=758 N=235
Change= 69% Change= 52,8%
Risk=-12,1% Risk=-27%

Population= 81,1%

SOUTHEAST

N=1098
Change= 66%
Risk= -18,1%
Population= 84%

Population= 79,8%

MIDWEST
N=311
Change= 184,9%
Risk= 60,2%
Population= 124,8%

Figure 2. Changes in the number of deaths, risk, and structure and size of population, for women.

cations. The phenotype factor probably acts as a
confounding factor, as people with darker skin
present lower risks of developing melanoma and
non-melanoma skin cancer®. Therefore, when
isolating white-skin individuals, analysis of the
geographic pattern would be more reliable; this
fact was proposed by a British study, when ob-
serving the inversion of the gradient in some age
groups*.

The 2010 Brazilian census corroborates with
the fact that there is influence of phenotype in the
results, showing that there is a higher proportion
of Caucasians in South Brazil (more than 70%),
while the North and Northeast regions presented
percentages under 40%, with pardos predom-
inating (over 50%)%. In this way, considering
melanoma as more frequent in white-skin*, dis-
tribution of population is a possible explanation
for the inversion found herein, despite the broad
miscegenation that occurs in Brazil.

In this context, the factors related to pheno-
type and unprotected sun exposure tend to in-
crease melanoma risks. This can be observed in
people that have to work outdoors, exposed to
the sun, with important health consequences. A
Canadian study reported the occurrence of mel-
anoma in body areas exposed to sun during labor
activities”, and in Brazil, rural workers presented
more skin cancers (approximately 90%) in ar-
eas exposed to solar radiation. It is known that
workers exposed to solar radiation present high-
er incidence of cancer when compared to other
professionals. These data point towards the ne-
cessity of health policies to reduce work-related
illnesses™.

Regarding socioeconomic factors, incidence
of melanoma is higher in regions with higher
purchasing power. In North European countries,
a possible explanation is the sun exposure hab-
its of people within this higher income group,



Table 2. Dynamic trends for melanoma mortality in Brazil and its geographic regions, between 1998 and 2032.

APCla CI95% Joinpoint APC2b CI 95%
Men
North -0.3 -1.4 0.8 -- -- -- --
Northeast 4.4* 3.2 5.7 2015 0.9 -0.2 2.1
Midwest 1.0% 0.4 1.5 - -- - --
Southeast -1.0* -1.2 -0.9 - -- - --
South -0.3* -0.6 0 -- -- -- --
Brazil -0.4* -0.6 -0.1 -- -- -- --
Women
North 2.6% 1.2 3.9 2020 -1.5 -5.6 2.8
Northeast 0.7 -0.7 2.2 2010 -1.0* -1.4 -0.5
Midwest 1.2% 0.5 1.9 - -- - --
Southeast -0.9% -1.1 -0.6 - -- - --
South -0.3 -0.7 0.1 -- -- -- --
Brazil -0.8* -0.9 -0.7 -- -- -- --

APCla = annual percentage change for the first period. APC2b =annual percentage change for the second period. * Statistically

significant data.

during recreational activities”’; this fact was also
observed in Holland®. In Brazil, higher mortality
values are registered in the South and Southeast
regions, despite decreasing values being observed
throughout the study period. It is important to
remark that least economically favored areas
present more deficient health network structure,
which could cause under-registering and increase
of discrepancies in these registers. This could have
occurred in the North and Northeast regions.

Finally, the last point to be made in data anal-
ysis is the evaluation of quality, which can be
verified through the assessment of the degree of
completeness of medical records, the validity, and
coverage of mortality data. MIS presents >90%
coverage for the Brazilian population®, howev-
er the quality of death records is different across
regions®. There is higher coverage in the South,
Southeast and Midwest regions, in opposition to
the North and Northeast regions. Other issues
that can occur include: under-registry of vital
events, mistakes in death certificates, as well as
difficulties in the coverage of the system, and in
data transmission between MIS and DATASUS.
However, this study implemented corrections
in the number of registered deaths to minimize
these effects.

In Brazil, the discrepancies verified between
the assistance networks for women and men must
be highlighted, along with the lower involvement

of men in the process of health prevention. It is
essential, therefore, to better adequate health pol-
icies to the epidemiological reality experienced
by the population, mainly when studying the
individual consequences of cancer and the social
and labor contexts of the person affected.

Regarding the limitations encountered here-
in, ecological fallacy can be mentioned, which
is inherent to ecological studies, and also the
inference that melanoma mortality data correc-
tion follows the pattern of other types of cancer.
These limitations did not hinder the wide anal-
ysis of melanoma in Brazil or the recognition of
regional differences and the importance of the
creation of preventive policies against the dis-
ease. These policies are related to health educa-
tion, directed to prevention through the decrease
of exposition to risk factors, besides the practice
of health life habits. These attitudes help early
detection, which enables better treatment con-
ditions and higher possibilities of cure, besides
preventing the illness in some cases.

It can be concluded that several factors can
explain the regional differences encountered in
Brazil, such as environmental and individual de-
terminants (e.g., phenotype and behavior). De-
spite national decreasing trends, least developed
regions of the country presented increased rates
in the observed period that do not continue in
the projections.
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CA Santos planned, collected, tabulated data,
interpreted results and wrote text; DLB Souza
planned, interpreted data and contributed with
text writing and review.
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