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Abstract
In Oceania, North America and north-western Europe, after decades of increase,
cutaneous malignant melanoma (CMM) rates began to stabilise or decline before
2000. Anecdotal evidence suggests that the reversal of the incidence trend is extending to southern Europe. To obtain a formal confirmation, this nationwide study from
Italy investigated the incidence trends by birth cohort. Twenty-one local cancer registries covering a population of 15 814 455 provided incidence data for primary CMM
registered between 1994 and 2013. Trends in age-standardised rates were analysed
using joinpoint regression models and age-period-cohort models. Age-standardised
incidence showed a consistent increase throughout the period (estimated annual percent change, 3.6 [95% confidence interval, 3.2-4.0] among men and 2.5 [2.0-3.1]
among women). This pattern was confirmed by a sensitivity analysis with removal of
low-risk populations of southern Italy. The rates, however, showed a stabilisation or a
decrease in men and women aged below 35. Using the cohort of 1949—the median
cohort with respect to the number of cases for both genders—as a reference, the incidence rate ratio increased for successive cohorts born until 1973 (women) and 1975
(men), and subsequently tended to decline. For the most recent cohorts in both genders, the risk of disease returned to the level of the cohort of 1949. The changes
observed in the latest generations can be interpreted as the earliest manifestations of
a birth-cohort-dependent incidence decrease. Our study adds to previous data indicating that the reversal of the long-term upward incidence trend of CMM is extending to southern Europe.
KEYWORDS

age-period-cohort modelling, birth cohort, cutaneous malignant melanoma, incidence, time
trend
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I N T RO DU CT I O N

What's new?

Since approximately the middle of the 20th century, but with remarkable temporal differences, the incidence of cutaneous malignant melanoma (CMM) has increased for decades in the greater part of
Caucasian populations worldwide.1-9 This trend has been caused by a
deep change in attitudes towards sun bathing, from a sun-avoidance
to a sun-seeking behaviour,10 with intermittent exposure to the ultraviolet radiation,11 coupled with increased use of artificial ultraviolet
radiation sources.
In many populations, however, a slowing of the upward incidence
trend has been observed in the most recent decades, generally

After increasing for many years, malignant melanoma rates
began to stabilise or decline in many regions before 2000. Is
this also true for southern Europe? In the current study, the
authors found that melanoma rates have also began to decline
in Italy. The reversal of the long-term, worldwide increase in
melanoma risk seen in other Caucasian populations thus
appears to extend to southern Europe. These results indicate
that primary prevention strategies have been effective in modifying sun-exposure habits in this region, and should continue
to be reinforced via public health messaging.

followed by a stabilisation and a decline.1,6,10,12-15 In Australia, for
example, the rates increased until around 1990. The risk of disease
peaked for men born before 1930, stabilised in the birth cohorts of

significant decreases were seen among young adults.18 In detail, the

1930 to 1950, and fell in subsequent ones. Women showed similar

risk increased for successive cohorts of non-Hispanic whites born

13,14,16,17

changes but about 5 years earlier.

In the United States, the

between 1921 and 1981 before starting to decrease.19

risk stabilised before the turn of the century for women younger than

As regards Europe, the incidence increase has been generalised in

60 years and men younger than 50 year.12 In the following decade,

the last 50 and more years.6 The trend has started in northern Europe
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and has spread to the south.6,20 In north-western European countries,
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the increase has been strong until the 1980s, after which the rates have
stabilised or declined starting from the cohorts of 1930 to 1940.6

2.1

|

Data

So far, conversely, no stabilisation or decrease in incidence has
taken place in southern Europe, that is, in central Mediterranean21-23 as

The data for the study were derived from the database of the Italian

well as in south-western24-26 and south-eastern Europe.27 This part of

Association of Cancer Registries (AIRTUM).30,31 Thirty-eight registries

the continent has experienced comparatively moderate increases in

authorised their records to be accessed. When the study was under-

incidence, but this trend has been predicted to persist in the foresee-

taken (October 2019), their common dataset covered the years 1976 to

able future. This is the case, among others, for Spain25,26 and Italy.21-23

2016. The initial and final years of this time span, however, were

Recently, however, small/mid-sized regional studies from these

excluded because the number of operating registries (11 in 1976-1993

two countries have provided anecdotal evidence that the risk of

and 8 in 2014-2016) was considered insufficient. In addition, for the

CMM has begun to decrease starting with the latest cohorts. A

core period 1994 to 2013, we selected the 21 registries that had been

decrease in incidence has been reported from Catalonia in the age

operating for ≥15 years. Data for primary invasive CMM were

range of 25 to 29 years in the first decade of this century.28 A

extracted using the International Statistical Classification of Diseases

study from northern Italy has revealed a slight decrease among

and Related Health Problems, 10th revision, codes C43.0 to C43.9.32

women born after 1961 and an attenuation of the increasing trend

Table S1 gives the years of registration of the eligible registries, the

in the latest cohorts of men.29 These observations could herald

populations covered, the number of CMM cases contributed to the study

that the reversal of the long-term incidence trend of CMM is

and the indices of data quality. In particular, the proportion of “death cer-

extending to southern Europe. This provided the rationale for this

tificate only” cases varied between 0.0% and 0.6% among men and

nationwide study from Italy, whose objective was to obtain a for-

between 0.0% and 0.7% among women. Table S2 gives the 5-year age

mal confirmation by investigating the incidence trends by birth

distribution of the study population and of CMM cases. On 31 December

cohort.

2003, the mid-point in the study period, the total population coverage

T A B L E 1 Age-period-cohort models for trends in incidence of cutaneous malignant melanoma in Italy from 1994 to 2013, by gender
(population aged 15-84 years)
Goodness of fit
Residual
DF

Residual
deviance

1. Age

42

773.0

2. Age-drift

41

3. Age-cohort
4. Age-period
5. Age-period-cohort

Submodela

Model comparison
Change
in DF

Change in
deviance

P-valueb

1

685.3

<.001

9.6

3 vs 2

15

54.3

<.001

9.1

4 vs 2

2

8.6

.013

9.5

7.7

.021

9.1

53.4

<.001

Interpretation

Comparison

87.7

Trend (drift)

2 vs 1

26

33.4

Nonlinear cohort effect

39

79.1

Nonlinear period effect

24

25.7

Period effect adjusted for cohort

5 vs 3

2

Cohort effect adjusted for period

5 vs 4

15

AIC

Men
21.8

Women
1. Age

42

513.1

2. Age-drift

41

128.7

3. Age-cohort

26

46.4

4. Age-period

39

120.3

5. Age-period-cohort

24

36.4

17.2
Trend (drift)

2 vs 1

1

384.4

<.001

10.4

Nonlinear cohort effect

3 vs 2

15

82.3

<.001

9.5

Nonlinear period effect

4 vs 2

2

8.4

.015

10.3

Period effect adjusted for cohort

5 vs 3

2

10.0

.007

9.4

Cohort effect adjusted for period

5 vs 4

15

83.8

<.001

Abbreviations: AIC, Akaike information criterion; DF, degrees of freedom.
Five submodels were derived, namely: age, age-drift, age-cohort, age-period and the full age-period-cohort model. The drift term is a linear temporal variation of rates that cannot be attributed to either the period effect or the cohort effect. The model goodness-of-fit was tested using residual deviance statistics. The age, period and birth cohort effects were derived from pairwise comparisons of the appropriate submodels. The statistical significance of the
pairwise comparisons was tested by comparing the difference in residual deviance and degrees of freedom using the likelihood ratio test. The models 3
and 4 could not be compared directly in this way nor was it possible to perform (and it was not possible to construct) a formal test of whether the agecohort model was significantly better than the age-period model. In both genders, the full age-period-cohort model provided the best fit to the data, as
confirmed by the observation that the full age-period-cohort model minimised the AIC both for men and women.
b
Likelihood ratio test.
a
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was 15 814 455 (27.5% of the Italian population). Between 1994 and

registries were included. Due to the instability of rates, people aged

2013, a total of 45 264 CMM cases were registered.

<15 years and >84 years were excluded. They were comprised of
1 185 914 men and 1 287 417 women with 873 and 1321 CMM
cases, respectively. This left 6 467 442 men and 6 873 682 women,

2.2
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Statistical methods

with 21 579 and 21 491 CMM cases, available for analysis. The incidence data were tabulated into fourteen 5-year age groups, four

The data were first analysed descriptively. The trends in age-

5-year periods and seventeen overlapping 10-year birth cohorts.35

standardised (2013 European standard population) incidence rates were

The cohorts were obtained by subtracting the mid-point of the 5-year

assessed using the joinpoint regression analysis. All registries were

age group (from 15-19 years to 80-84 years) from the corresponding

included. The estimated annual percentage change (EAPC) was calcu-

mid-point of the 5-year period. The cohorts were identified by their

lated with generalised linear models assuming a Poisson distribution.

mid-year of birth. The age-specific rates were plotted against the

Given the small number and size of registries of southern Italy

cohort and the period.

(Table S1) as well as their lower rates of CMM (Results section), we per-

Finally, we fitted five Poisson regression models according to the

formed a sensitivity analysis to explore the hypothesis that they could

model-building approach.34 The model goodness-of-fit was assessed

cover epidemiologically selected populations with a different incidence

using residual deviance statistics. Models were compared using condi-

trend from that of the other registries. All joinpoint regression models

tional likelihood ratio tests between hierarchically nested models and the

were re-run after exclusion of the registries of southern Italy. On

Akaike information criterion.36 Further details of model fitting are pro-

31 December 2003 (the mid-point in the study period), they accounted

vided in Table 1.

for a population of 1 155 890 men (15.1% of the total number of men

To overcome the problem of nonidentifiability, we constrained

in the study population) and 1 207 631 women (14.8%). They contrib-

the linear component of the period effect to have zero slope, thus

uted to the study 1618 and, respectively, 1738 CMM cases.

assuming that the linear changes in incidence of disease were due to

Subsequently, we performed an age-period-cohort analysis33,34 of

cohort-related factors.10 The linear trend (drift) was allocated to the

the incidence trends. Based on the results of the sensitivity analysis, all

cohort. The median cohort with respect to the number of cases, that

F I G U R E 1 Absolute and categorised average annual age-standardised (2013 European standard population) incidence rate (per 100 000) of
cutaneous malignant melanoma in Italy from 2009 to 2013, that is, the most recent 5-year period of data contribution, by gender and cancer
registration area. ASR indicates age-standardised rate. ASRs are categorised according to their ratio to the Italian average ASR. This type of
grouping illustrates the pronounced incidence gradient from northern-central Italy to southern Italy

5
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F I G U R E 2 Observed and joinpoint-modelled annual age-standardised (2013 European standard population) incidence rate (per 100 000) of
cutaneous malignant melanoma in Italy from 1994 to 2013, by gender. The trends in incidence rates were analysed using the joinpoint regression,
which enabled to detect the point in time when a change in direction or magnitude of the trend occurred (if any). EAPC indicates the estimated
annual percentage change in incidence rates for each time segment. 95% CI indicates 95% confidence interval. Age-standardised incidence
showed a regular and significant increasing trend

T A B L E 2 Sensitivity analysis of the estimated annual percent change in age-standardised (2013 European standard population) incidence rate
(per 100 000) of cutaneous malignant melanoma in Italy from 1994 to 2013, by gender and age (population aged 15 years or older)
Men

Women

Cancer registries removed from the
joinpoint regression models

Age (years)

Time segment

EAPC (95% CI)

None

15-24

1994-2013

2.0 (−0.5 to 4.6)

1994-2013

1.0 (−1.0 to 2.9)

25-44

1994-2013

3.4 (2.7 to 4.1)

1994-2013

3.7 (2.9 to 4.5)

45-64

1994-2013

2.9 (2.3 to 3.6)

1994-2013

2.8 (2.2 to 3.4)

≥65

1994-2013

4.2 (3.8 to 4.6)

1994-2013

1.5 (1.0 to 2.0)

Registries of southern Italy

Time segment

EAPC (95% CI)

Total

1994-2013

3.6 (3.2 to 4.0)

1994-2013

2.5 (2.0 to 3.1)

15-24

1994-2013

2.5 (−0.4 to 5.5)

1994-2013

1.2 (−1.1 to 3.6)

25-44

1994-2013

3.4 (2.6 to 4.2)

1994-2009

4.4 (3.2 to −5.6)

2009-2013

−3.5 (−11.2 to 5.0)

45-64

1994-2013

3.1 (2.4 to 3.8)

1994-2013

2.8 (2.1 to 3.5)

≥65

1994-2013

4.4 (3.9 to 4.8)

1994-2013

1.6 (1.0 to 2.1)

Total

1994-2013

3.7 (3.3 to 4.1)

1994-2013

2.5 (1.9 to 3.1)

Abbreviations: CI, confidence interval; EAPC, estimated annual percent change.

of 1949 for both genders, was used as a reference.10 The cohort

interpretable as age-specific rate for the cohort of 1949 after adjust-

effect was interpreted as an incidence rate ratio (IRR). With the inclu-

ment for the period effect. The period effect, set to 1 on average with

sion of a slope for the cohort effect, the age effect became

zero slope, can be interpreted as the period-related IRR after

6
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adjustment for age and cohort. Age, period and cohort effect esti-

3.1

|

Joinpoint regression analysis

mates were modelled using restricted cubic spline functions.
Pointwise confidence intervals (CIs) were computed.
The data analysis and the presentation of model estimates were
made using the STATA package version 15.1 (Stata Corporation,

Figure 2 shows the curve of annual incidence rate by gender. There
was a consistent and significant upward trend both among men and
women, with an EAPC of 3.6 and 2.5, respectively.

College Station, Texas) and the APCfit STATA command.37

The case series included 898 (2.0%) CMM cases aged
15-24 years, 10 589 (23.4%) aged 25-44 years, 16 178 (35.8%) aged
45-64 years and 17 535 (38.8%) aged ≥65 years. The results of the

3

|

RESULTS

joinpoint regression analysis in these broad age groups confirmed a
generalised increase both among men and women, although the EAPC

Table S3 shows, for each of the eligible cancer registries and the three

was smaller and no longer significant for women aged 15-24 years

broad geographic areas of Italy, the incidence rate of CMM in the ear-

(upper section of Table 2). In sensitivity analysis, the removal of the

liest and in the most recent 5-year period of data contribution, and

registries of southern Italy from the models (bottom section of

the EAPC over the entire period of data contribution. There was a

Table 2) confirmed this pattern of incidence.

large difference between the pool of registries of northern-central
Italy and those of southern Italy, with approximately 2-fold higher
age-standardised rates for the former both in 1994 to 1998 and in

3.2

|

Age-period-cohort analysis

2009 to 2013.
The maps in Figure 1 are based on the most recent 5-year period

All registries were included in the age-period-cohort analysis. Figure 3

of data contribution by each registry. Age-standardised rates are cat-

shows the 5-year age-specific incidence rate by 5-year period of diagnosis

egorised according to their ratio to the average Italian age-standardised

(Figure 3A,B) and 10-year birth cohort (Figure 3C,D). Uniformly increasing

rate. This categorisation provides an accurate representation of the

trends were found across all age groups but with a recent stabilisation in

marked north-south geographic gradient in incidence of CMM across

people of both genders aged below 35 years. Incidence curves by age

the country.

group and birth cohort on a semi-logarithmic scale had different slopes

F I G U R E 3 Five-year age-specific incidence rate (per 100 000) of cutaneous malignant melanoma in Italy from 1994 to 2013 on a semilogarithmic scale, by gender, 5-year period of diagnosis (Figure 3A,B) and 10-year birth cohort (Figure 3C,D) (population aged 15-84 years). The
rates for each age group are joined by lines and are plotted against the mid-year of birth. For the younger age groups of both genders, a
stabilisation and a small decrease in age-specific incidence rates were observed

7
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F I G U R E 4 Age, cohort and period effects on incidence of cutaneous malignant melanoma in Italy from 1994 to 2013, by gender (population
aged 15-84 years). One internal knot for age and period and three internal knots for the cohort variable were used. Using the cohort of 1949—
the median cohort with respect to the number of cases for both genders—the incidence rate ratio increased for successive cohorts of women
born until 1973 and of men born until 1975. Subsequently, the risk tended to decline

(Figure 3C,D). This is suggestive of a cohort effect. Incidence rate by

A secondary but important observation is the stability of inci-

cohort increased consistently in all age groups with two exceptions: the

dence among women aged 70 years and above. This suggests that the

oldest women, aged 70 years and above, for whom the risk of disease

earliest cohorts of women, born in the 1920s, have not experienced

was substantially stable over the study period; and, more important, the

major changes in sun exposure habits during their lifetime. Among

younger age groups of both genders, in whom a stabilisation and a small

men, conversely, the rate increased regularly for all cohorts including

decrease in age-specific incidence rates were observed.

the earliest ones. These mostly included workers labouring outdoors,

In the age-period-cohort modelling analysis, the full model pro-

in particular agricultural and construction workers. Although outdoor

vided the best fit to the data (Table 1). The relative contribution of

work is more closely related with keratinocyte skin cancers, it conveys

the estimated effects of age, period and cohort is illustrated in

an increased risk of CMM.40

Figure 4. Using the cohort of 1949 as a reference in both genders, the

The most obvious interpretation of these findings is that sun pro-

IRR increased for successive cohorts of women born until 1973 and

tection promotions have convinced the last generations of Italians to

of men born until 1975. Subsequently, it tended to decline. For the

adopt safe sun exposure habits.15 It is worth noting that, elsewhere,

most recent cohorts of both men and women, the risk of disease ret-

the most pronounced decrease in the risk of CMM has been observed

urned to the level of the cohort of 1949.

in those cohorts who were targeted by sun protection messages from
the childhood.17 A different, but not alternative, hypothesis is that the
information campaigns have had an impact on sunbathing habits in

4
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DISCUSSION

Italy when the increase in incidence of CMM has caused a sufficient
level of public alarm.29 Given the delayed onset of the CMM epi-

The primary findings of our study are that (a) age-standardised inci-

demic20 and the lower baseline rates, this has occurred later in Italy

dence of CMM increased regularly between 1994 and 2013 for both

compared to other western countries.

genders, and (b) the rates rose for all cohorts born until the mid-1970s

Theoretically, an increased public awareness of the harms of

and decreased for subsequent cohorts. This recent change can be

exposure to ultraviolet radiation could not be the only cause of the

interpreted as the earliest manifestation of a birth-cohort-dependent

reduction in sun exposure in the most recent cohorts. Other potential

decrease in the risk of CMM in southern Europe. Thus, our study sug-

(and not necessarily alternative) explanations could include an

gests that the results of the local, and smaller, studies from Catalo-

increase in indoor leisure activities (eg, playing video games and using

nia28 and, in particular, from northern Italy29 were not due to chance.

computers)17 and the immigration of individuals with darker complex-

Two recent mortality studies from Spain have yielded further

ion and at lower risk of disease.28 However, the percentage of leisure

38,39

supporting data.

time spent using computers and the internet by the Italian population

In addition, our findings provide the confirmation of the spatial-

aged ≥15 years, 6%, is among the lowest in Europe, although the fig-

temporal pattern of change in the incidence of CMM in Europe. The

ure is 3-fold greater among people aged 15-24 years. Conversely, the

incidence increase has diffused from the north to the south in an almost

percentage spent outdoors, 14%, remains the highest .41 Similarly, the

6

regular manner. As a stabilisation and even a decrease have already

immigration of individuals at lower risk of disease is likely to play a

started to occur in northern Europe, the data in our study confirm that

lesser role in Italy and other Mediterranean countries than in northern

the reversal of the trend moves in the same geographic direction.10

Europe, since the native Mediterranean-type populations have a more

8
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pigmented skin, that is, of Fitzpatrick phototype IV,42 than native
populations in northern Europe.28

Two methodological issues should be noted. First, our solution to
deal with the problem of nonidentifiability was to assume that the lin-

In fair-skinned populations, excessive sunbathing is the paramount

ear changes in incidence of CMM resulted from cohort-related fac-

risk factor for CMM and, consequently, the epidemiology of the disease

tors. This approach has been used in numerous studies on cancer

does not change substantially throughout life. For this reason, the risk

incidence trends.10,49 Nonetheless, some degree of caution is needed

decrease being currently observed in the most recent birth cohorts in

in considering the results.

Italy is expected to persists as these cohorts age. If this prediction is

And second, studies on the incidence of CMM may be subject to

confirmed, generations of men and women with increasingly lower risk

biases. Improved disease reporting29,45 and increasing overdiagnosis22

of disease will replace generations at higher risk. By implication, age-

over time may have contributed to the upward trend. Although CMM

standardised incidence rates will stabilise and then decline.20

screening rates in Italy are unknown, the hypothesis that overdiagno-

It must be emphasised, however, that no declines in crude rates

sis has been a factor in the rise of incidence is plausible because large-

of CMM are anticipated for the next future in any western country,

scale dermatology practice has reached levels of sensitivity for early

since the elderly will have an increasing representation in the popula-

CMM comparable to those of specialised clinics.50 For this reason, we

tion and will continue to have a high risk of disease.43 In Italy, the

are planning a high-resolution study of incidence trends by Breslow

trends in age-standardised rates, too, will remain unfavourable for

tumour thickness.51 In any case, it clearly appears that the incidence

some decades, because of the time lag between changes in behaviour

decrease occurring in the most recent cohorts cannot be related to

by the latest cohorts and their reflection in overall incidence.

overdiagnosis, unless one assumes that dermatologic surveillance has

So far, because of the incidence increase occurring in young
adults, the number of life-years lost due to CMM death has been

specifically weakened in this subset of the population. Such a hypothesis is unrealistic.

higher than that attributable to many other solid tumours.15 The

In conclusion, the changes observed in the latest generations of

future incidence trends and the underlying cohort effect, however,

Italians are most likely the earliest manifestations of a birth-cohort-

will be paralleled by an increase in patient age at diagnosis.20 Since

dependent decrease in the risk of CMM. This large study adds to previ-

the prognosis is currently worse for Italian patients above the middle

ous anecdotal data indicating that the reversal of the long-term increase

age,44 it is likely that this age transition, which will be boosted by the

in incidence of CMM is extending to southern Europe. It appears that

demographic trend, will adversely affect survival rates. For the future,

the primary prevention strategies in Italy have been effective in modify-

some have proposed that secondary preventive measures be increas-

ing sun exposure habits of the latest birth cohorts, and should be

29,45

reinforced.

ingly targeted at older people.

At its inception, a birth-cohort-dependent change in the risk of
CMM involves a subset of the population that is small and youngaged, which limits the denominator and, respectively, the numerator

The AIRTUM Working Group

of incidence rates. This means that a great statistical power is needed
to demonstrate an initial decrease in incidence of CMM. From this, it
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