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ABSTRACT

Objective: The incidence and mortality rates for cutaneous melanoma (CM) have increased markedly in the last few
years. As such, the aim of this study was to forecast their progression in Spain up until 2022. Design: A prospective
epidemiological study using the Miamod technique. The primary data source was the mortality statistics released by the
National Statistics Institute. Study selection: The MIAMOD method was used. Data extraction: Cases of death due to
general and melanoma-related mortality in Spain between 1998 and 2007. Results: In men, the incidence is expected to
increase from 11.85 (adjusted: 8.52) to 14.79 (adjusted: 9.43) per 100,000 inhabitants over the period 1998-2022. Simi-
larly, the mortality is expected to increase slightly from 5.84 (adjusted: 4.12) to 7.19 (adjusted: 4.49) per 100,000 in-
habitants, and the prevalence from 73.72 (adjusted: 52.31) to 95.46 (adjusted: 60.02) per 100,000 inhabitants over the
same period. In women, the incidence is expected to increase from 3.79 (adjusted: 3.04) to 6.46 (adjusted: 4.21) per
100,000 inhabitants between 1998 and 2022, although this increase is not statistically significant. The mortality is ex-
pected to increase from 1.67 (adjusted: 1.24) to 2.98 (adjusted: 1.86) per 100,000 inhabitants, and the prevalence from
50.04 (adjusted: 44.54) to 84.81 per (adjusted: 56.18) 100,000 inhabitants over the same period. Conclusions: Primary
and secondary prevention programs for this disease must be maintained.
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1. Introduction proved effective.

The incidence and mortality rates for cutaneous mela-
noma (CM) have increased markedly worldwide in the
past few years, especially in Caucasian populations, with
the highest rates being found in Australian men (66.4;
adjusted rate: 50.7) [1]. Although the rates in Europe are
lower, Spain is one of the countries in which, despite the
fact that significant increases have been observed, the
effects of preventive measures are expected to reduce
this trend in the near future.

In this work, we have attempted to forecast the changes
in melanoma incidence and mortality rates in Spain. This
disease is responsible for some 0.7% of all deaths, with a
mortality rate of 1.8 per 100,000 inhabitants [2]. The aim
of this study was to estimate future trends in the inci-
dence and mortality rates for this disease using new ad
hoc statistical techniques and therefore to determine whe-
ther the preventive measures implemented to date have
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2. Materials and Methods

All cases included belong to the “malignant melanoma of
skin” item (C43) and were obtained from the National
Statistics Institute (INE) [3] publication “Deaths accord-
ing to cause of death” (ICD-10), which includes the mor-
tality for this disease.

The histopathological verification percentage for the
cases diagnosed is 100% as the clinical diagnosis of this
severe disease is accompanied by a subsequent confirma-
tory diagnosis, which is always anatomopathological.

The MIAMOD program [4], which allows projections
regarding non-transmissible diseases to be made, was
used. This statistical software program allows future in-
cidence, prevalence and mortality rates to be estimated.
A back analysis, which involved recalculating the mor-
tality data required to initiate the program in order to be
able to correlate the observed and estimated data and
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2 Projections of Incidence, Prevalence and Mortality from Melanoma in Spain

thereby evaluate the validity and reliability of the esti-
mates, was also performed.

The incidence was calculated using a Poisson regres-
sion, which provides highly reliable estimates of mortal-
ity. The model calculates the crude and standardised in-
cidence rates per 100,000 inhabitants for the age distri-
bution of the European population. The program used
Weibull’s parametric model [5], and the relative survival
data were obtained from the melanoma item of Enrocare
[6] for all Spanish registries.

The best model was selected on a likelihood basis. The
model was validated by checking that the estimates ob-
tained retrospectively were comparable to the observed
mortality in Spain.

As well as the data for melanoma-related mortality, the
mortality for any reason in Spain and the population stru-
cture between 1998 and 2007 were used by the program
[7].

The values estimated using the MIAMOD program
were used in a trends study using the Joinpoint regression
program [8] in order to determine whether the estimated
trends were statistically significant and their annual varia-
tion, as measured by the annual percentage change (APC).

3. Results
Projections in Men

The incidence is expected to increase from 11.85 (adju-
sted: 8.52) to 14.79 (adjusted: 9.43) per 100,000 inhabi-
tants over the period 1998-2022.

Similarly, the mortality is expected to increase slightly
from 5.84 (adjusted: 4.12) to 7.19 (adjusted: 4.49) per
100,000 inhabitants, and the prevalence from 73.72 (ad-
justed: 52.31) to 95.46 (adjusted: 60.02) per 100,000 in-
habitants over the same period (Table 1, Figure 1).

The three-year survival, as calculated using the same
program, is expected to improve from 0.93% to 0.94%
for the 55 - 64 years age group, from 0.85% to 0.86% for
the 65 - 74 years age group, and from 0.53% to 0.61%
for the 75 - 99 years age group.

The Joinpoint application showed that the APC for the
incidence in both men and women tends to increase, al-
though not in a statistically significant manner, whereas
the mortality in men increases significantly by 2.35% (p
< 0.0001) between 2002 and 2022.

Projections in women: The incidence is expected to in-
crease from 3.79 (adjusted: 3.04) to 6.46 (adjusted: 4.21)
per 100,000 inhabitants between 1998 and 2022, although
this increase is not statistically significant.

The mortality is expected to increase from 1.67 (ad-
justed: 1.24) to 2.98 (adjusted: 1.86) per 100,000 inhabi-
tants, and the prevalence from 50.04 (adjusted: 44.54) to
84.81 per (adjusted: 56.18) 100,000 inhabitants over the
same period (Table 2, Figure 2).

Copyright © 2013 SciRes.

The Joinpoint application gave an APC of —2.51% (p
= 0.65) for the incidence and 2.35% for the mortality (p =
0.002).

The three-year survival improves from 0.90% to 0.92%
for the 65 - 74 years age group and from 0.58% to 0.65%
for the 75 - 99 years age group.

4. Discussion

The main cause of exposure is exposure to ultraviolet ra-
diation [9], together with various predisposing factors
such as genetic susceptibility [10] and other risk factors,
including geographical distribution and individual solar
protection. These geographical variations in risk factors
suggest the need for continual monitoring in order to de-
termine the evolution of melanoma incidence rates. Early
diagnosis and improved treatment should result in lower
mortality rates. Finally, software improvements will al-
low possible variations in a specific geographic region to
be estimated appropriately.
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Figure 1. Time trends of mortality and morbidity estimates
in men.
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in women.
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Table 1. Projections the prevalence rates, incidence and mortality from melanoma cancer in men.

Years Prevalence std. Prevalence Incidence std. Incidence Mortality std. Mortality
1998 73.72 52.31 11.85 8.52 5.84 4.12
1999 75.92 52.78 12.13 8.57 597 4.12
2000 76.72 53.24 12.2 8.61 5.96 4.11
2001 77.64 53.61 12.26 8.63 597 4.1
2002 78.09 54.02 12.29 8.66 5.98 4.12
2003 79.41 54.44 12.42 8.7 6.05 4.14
2004 79.44 54.78 12.38 8.74 6.03 4.15
2005 79.74 55.27 12.38 8.79 6.02 4.18
2006 80.23 55.5 12.42 8.81 6.05 4.19
2007 80.1 55.83 12.38 8.84 6.03 421
2008 81.19 56.1 12.52 8.88 6.1 423
2009 82.16 56.42 12.66 8.92 6.16 425
2010 83.07 56.84 12.79 8.97 6.23 427
2011 84.02 57.07 12.93 8.99 6.29 429
2012 84.97 57.39 13.07 9.03 6.35 43
2013 85.81 57.6 132 9.07 6.4 431
2014 86.66 57.88 13.34 9.1 6.45 432
2015 87.53 58.26 13.47 9.15 6.53 435
2016 88.42 58.48 13.62 9.18 6.6 4.37
2017 89.31 58.78 13.77 9.23 6.67 4.39
2018 90.27 58.96 13.94 9.26 6.76 4.41
2019 91.28 59.16 14.11 9.3 6.85 4.43
2020 92.52 59.46 14.32 9.34 6.95 4.45
2021 93.96 59.74 14.55 9.38 7.07 4.47
2022 95.46 60.02 14.79 9.43 7.19 4.49

4.1. General Features

The method used is based on an estimation of the inci-
dence, prevalence and mortality rates obtained from the
best model that takes the age range-cohort effect into
account simultaneously. The different methods available
for calculating projections for non-transmissible diseases
[11] are only valid provided they assume that the risk
factors are equal in the period studied but may vary sub-
sequently. A comparison of these methods [12] shows
that they differ in terms of the risk factors employed. In
the method used here, the fit of the observed mortality
data was appropriate for both sexes. The melanoma mor-
tality and incidence values for the period 1998-2000 es-
timated retrospectively using the MIAMOD program
were similar to those from the Spanish registries con-

Copyright © 2013 SciRes.

sulted [13] and the most recent research in the field of
cancer [14], thus implying that the estimated melanoma
rates are comparable.

4.2. Projections of Mortality Rates

The mortality rates estimated in this study are slightly
higher than those found in other Spanish melanoma stu-
dies [15] but similar to those provided by other European
registries [16]. The finding that mortality rates are slowly
decreasing also appears to be widespread, with some
studies suggesting this is due to a lower mortality in
older age groups [17]. Although this trend is currently
being seen in Europe, the projections for the two sexes
differ. Thus, the projections up until 2025 in the UK
suggest a slight increase in mortality in men but not in

JCDSA



Projections of Incidence, Prevalence and Mortality from Melanoma in Spain

Table 2. Projections the prevalence rates, incidence and mortality from melanoma cancer in women.

Years Prevalence std. Prevalence Incidence std. Incidence Mortality std. Mortality
1998 54.04 44.54 3.79 3.04 1.67 1.24
1999 54.84 45.00 3.85 3.07 1.69 1.24
2000 55.37 45.51 3.88 3.11 1.68 1.24
2001 56.56 46.12 3.95 3.15 1.7 1.25
2002 56.82 46.67 3.97 3.2 1.68 1.25
2003 57.64 47.29 4.03 3.25 1.69 1.27
2004 58.36 4791 4.08 33 1.72 1.29
2005 59.21 48.58 4.14 3.36 1.74 1.32
2006 60.07 49.23 421 3.42 1.78 1.35
2007 60.86 49.88 4.28 3.48 1.81 1.38
2008 62.16 50.50 4.39 3.54 1.86 1.41
2009 63.51 51.15 4.51 3.6 1.92 1.45
2010 64.92 51.79 4.63 3.66 1.98 1.48
2011 66.4 52.42 4.76 3.72 2.05 1.52
2012 67.91 53.01 4.89 3.79 2.11 1.55
2013 69.47 53.53 5.04 3.85 2.18 1.59
2014 71.06 54.05 5.18 3.9 2.26 1.62
2015 72.69 54.52 5.33 3.96 2.34 1.66
2016 74.34 54.97 5.49 4.01 2.42 1.69
2017 76.05 55.34 5.64 4.06 2.51 1.72
2018 77.75 55.61 5.8 4.1 2.6 1.75
2019 79.48 55.86 5.97 4.13 2.69 1.78
2020 81.25 56.03 6.13 4.17 2.78 1.81
2021 83.04 56.17 6.29 4.19 2.88 1.84
2022 84.81 56.18 6.46 421 2.98 1.86

women [18]. However, we have found that the mortality
increase is only statistically significant in women, with an
annual percentage change of 2% until 2022, as according
to the data collected by the Spanish Cancer Registry for
2001, the adjusted mortality rates are lower [19].

Trend studies in the USA [20] have shown a mortality
decrease of 0.6% in women for the period 1989-2007 but
an increase of 0.2% in men over the same period.

As regards the APC in Europe [21], it has been found
that the mortality in countries such as Austria (1.87% in
men and 1.68% in women), Finland (3.55% and 2.77%,
respectively) and Italy (5.83% and 5.57%, respectively)
increased up until 2001. The values for Brazil (4.20% and
4.68%, respectively) were similar to those for Spain.

Copyright © 2013 SciRes.

4.3. Projections of Incident Rates

Different incident rates have been reported depending on
the geographic region studied and between sexes.

In the opinion of several authors, the incidence in men
is continually increasing [22], although it should be noted
that the annual percentage changes in those countries for
which more recent data are available are lower than those
for previous years. Thus, in the USA for example [23],
the APC for the period 1975-1996 was 42.2% for men
and 5.0% for women, whereas the increase over the pe-
riod 1996-2007 was much lower (2.0% and 2.3%, respec-
tively), thus suggesting a reduced incidence.

A similar situation is found as regards the different in-
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cident rates observed recently in European countries [24],
where the APC is always lower in women and a slowing
down or levelling out of the annual increase is observed
for both sexes. Real decreases in melanoma incidence
have only been observed in Hong Kong in a study per-
formed up to 2002 [25].

In the projections estimated in this work, the incidence
rate in men continues to increase but that in women be-
gins to slowly decrease, although this trend is not statis-
tically significant (p = 0.89).

Differences between race and gender affect the onset
of melanoma. Data for the USA in 2007 [26] show that
melanomas are 29-times more prevalent in Caucasian
men, and 19-times more prevalent in Caucasian women,
than in their Afro-American counterparts.

In our setting, we have observed that the risk of mela-
noma begins to decrease in men after the year 2000 birth
cohort (Figure 3)—in women it begins to decrease a
decade earlier—a finding that has also been observed in
other countries [27]. However, the projections study shows
that mortality, but not incidence, is expected to increase
at a rate of 2% per year in women (CI 1.90; 2.11). Nei-
ther incidence nor mortality is expected to increase in
men to any statistically significant extent (Table 3).

Although a number of awareness campaigns have been
undertaken in Spain, we believe that these need to be
continued as the incidence rates for this disease continue
to increase, although more slowly than previously. Fur-
thermore, secondary prevention has been undertaken in a
systematic manner and any type of nevus detected on the
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men.
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Table 3. Annual Percent Change (APC) between 2008 and
2022.

Rates Sex years APC IC 95%
Incidence  women  2008-2022 4.7 (=7.73, 18.7)
Mortality ~ women  2008-2022 2.0 (1.9,2.1)
Incidence men 2008-2022 -2.0 (-12.0,9.1)
Mortality men 2008-2022 2.3 (—4.8,11.31)

PAC: Annual Percent Change (APC).

skin has been controlled at both a specialist and GP level.
These aspects, together with recent improvements in treat-
ment [28], may have altered the behaviour of the popula-
tion. However, the evolution of this disease must con-
tinue to be monitored as a key part of both primary and
secondary prevention in order to decrease both the inci-
dence and mortality of this preventable disease.
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