%
=
a
a
tm

JNCI] Natl Cancer Inst (2021) 113(3): djaa088

doi: 10.1093/jnci/djaa088
First published online June 24, 2020
Article

Multiple Primary Melanoma Incidence Trends Over Five Decades:
A Nationwide Population-Based Study

Hildur Helgadottir, MD, PhD (®),"?* Karolin Isaksson, MD, PhD,** Ildiko Fritz, PhD,> Christian Ingvar, MD, PhD,?
Jan Lapins, MD, PhD (), Veronica Héiom, PhD,"? Julia Newton-Bishop, MD, PhD,® Hakan Olsson, MD, PhD>”’

Department of Oncology and Pathology, Karolinska Institutet, Stockholm, Sweden; ?Theme Cancer, Karolinska University Hospital, Stockholm, Sweden; *Department
of Clinical Sciences Lund, Surgery, Lund University, Lund, Sweden; *“Department of Surgery, Central Hospital Kristianstad, Kristianstad, Sweden; “Department of
Cancer Epidemiology, Clinical Sciences, Lund University, Lund, Sweden; ®Section of Epidemiology and Biostatistics, Institute of Medical Research at St James'’s,
University of Leeds, Leeds, UK and "Department of Oncology, Clinical Sciences, Lund University, Lund, Sweden

*Correspondence to: Hildur Helgadottir, PhD, Department of Oncology and Pathology, Karolinska Institutet, Karolinska University Hospital, Solna, 171 76 Stockholm
Sweden (e-mail: hildur.helgadottir@sll.se).

Abstract

Background: Over the past decades, many regions have experienced a steady increase in the incidence of cutaneous
melanoma. Here, we report on incidence trends for subsequent primary melanoma. Methods: In this nationwide population-
based study, patients diagnosed with a first primary cutaneous melanoma reported to the Swedish Cancer Registry were fol-
lowed for up to 10 years for a diagnosis of subsequent primary melanoma. Patients were grouped with patients diagnosed
with first melanoma in the same decade (1960s, 1970s, 1980s, 1990s, and 2000s, respectively). Frequencies, incidence rates
(IRs), standardized incidence ratios (SIRs), and 95% confidence intervals (CIs) for second melanomas were calculated. All tests
of statistical significance were 2-sided. Results: Of patients with melanoma, 54 884 were included and 2469 were diagnosed,
within 10 years, with subsequent melanomas. Over the 5 decades, there was a statistically significant steady increase in the
frequency, IR, and SIR for second primary melanoma. For example, in the 1960s cohort, less than 1% (IR = 1.0, 95% CI = 0.5 to
1.7,and IR = 1.1, 95% CI = 0.5 to 1.9 per 1000 person-years in women and men, respectively) had second primary melanoma,
and this rose to 6.4% (IR = 7.5, 95% CI = 6.8 to 8.3, per 1000 person-years) in the women and 7.9% (IR = 10.3,95% CI = 9.3 to
11.2, per 1000 person-years) in the men in the 2000s cohort. This rise was seen independent of age, sex, invasiveness, or site
of the melanoma. Further, in patients diagnosed with a second melanoma, the frequency of those having more than 2 mela-
nomas increased statistically significantly and was 0.0% in the 1960s and rose to 18.0% in the 2000s (P < .001). Conclusions:

This is the first study to evaluate and report on a rising trend for subsequent primary melanoma. Additional primary
melanomas worsen the patients’ survival, and precautions are needed to turn this steep upgoing trend.

Over the past decades, there has been a well-documented
steady increase in the incidence of cutaneous melanoma in
many countries in Europe, Oceania, and North America (1-4).
In recent years, an indication of an incidence stabilization,
particularly in younger age groups, has been observed in some
countries, including Australia, the United States, and Norway,
although besides Norway, such a stabilization has not yet
been seen in most European countries (1-3,5). Patients with
melanoma are at increased risk of additional primaries; how-
ever, there have been large variations in the reported inci-
dence with frequencies ranging from 1% to 13% (6-17). This
variation likely stems from different study designs concerning
included patient cohorts and lengths of follow-up. It is also
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possible that some of the variation stems from the patients
having been diagnosed in different time epochs; however,
there is limited knowledge on how the incidence of second
primary melanomas has changed over time. In this study, we
use the comprehensive Swedish Cancer Register to address
the question of how the incidence of second primaries has
evolved in the past decades. In Sweden, there is still a stable
5% annual increase in the melanoma incidence (18). Sweden
currently has an annual age standardized (world) incidence of
24.7 per 100 000 inhabitants and has the sixth highest mela-
noma incidence of the world’s countries, preceded by
Australia, New Zealand, Norway, the Netherlands, and
Denmark (19).
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Materials and Methods

Data

The Swedish Cancer Register was used to obtain information on
registered cases of cutaneous melanoma. The register, main-
tained by the National Board of Health and Welfare, was
founded in 1958 and covers the whole population of Sweden.
The Swedish Cancer Register is considered to be highly accurate
and complete. It is estimated to cover more than 96% of diag-
nosed cancers in the country, and 99% of tumors are morpho-
logically verified (20). The database records cancers according to
the International Classification of Diseases 7th revision (ICD-7)
and later revisions and by WHO histological classification of
neoplasms (WHO/HS/CANC/24.1) codes and later revisions. The
register derives information on age, sex, census, and causes of
death from the Swedish national personal identification num-
ber, the Swedish Population Register, and the Swedish Cause of
Death Register. The current population size of the country is
10.2 million inhabitants, and the majority is Caucasian of
Scandinavian descent. There has been a growing immigrant
population with less than 1% of inhabitants in the year 1960
and 8% in the year 2010 born outside northern Europe; however,
of the melanomas diagnosed from 1990-2007, only 1% occurred
in individuals with origin outside northern Europe (21, 22).

Patient Selection

Patients with a diagnosis of cutaneous melanoma were identi-
fied through the ICD-7 codes (190 for melanoma of the skin) and
WHO/HS/CANC/24.1 codes (176 and 173 or 174) for invasive and
in situ melanoma, respectively) that are available for all
patients in the registry. All data were anonymized, and the
study was approved by the Swedish ethical review authority.
The body site (head and neck area, trunk, upper extremity, or
lower extremity) of the melanoma was deducted from the ICD-7
code. We followed newly diagnosed melanoma patients from
January 1, 1960, until December 31, 2014, for diagnosis of second
primary melanoma. Because the objective of the study was to
investigate time trends in the diagnoses of multiple primary
melanoma, the data were analyzed by decades, with each mela-
noma patient accounted for once and grouped with patients di-
agnosed with first melanoma in the same decade (1960s, 1970s,
1980s, 1990s, and 2000s, respectively). Each patient was followed
for a maximum of 10 years or shorter if the patient died or emi-
grated within 10 years from the first primary melanoma diagno-
sis. To warrant up to 10 years of follow-up for all patients, the
2000s decade included patients diagnosed in 2000-2004.
Because the 1950s decade encompassed only the years 1958-
1959, these 2 years were not included for further analyses, and
melanoma patients diagnosed in 1960 or later that were found
to have their first melanoma in 1958-1959 were not included in
the study (n=6).

Statistical Analysis

Person-years at risk were calculated as the time from first pri-
mary melanoma until the diagnosis of a second primary mela-
noma, the date of death or emigration, and up to a maximum of
10 years of follow-up for each patient. Incidence rates (IRs) and
95% confidence intervals (CI) for second primaries were calcu-
lated per 1000 person-years among melanoma patients. The
rate ratio (RR) and 95% confidence interval were calculated as
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the ratio between 2 incidence rates. To calculate P values, 2 test
(categorical variables) and Student t test (continuous variables)
were used, and P values less than .05 were deemed statistically
significant. When comparing incidence rates and rate ratios,
nonoverlapping confidence intervals were also deemed as sta-
tistically significant. All statistical tests were 2-sided. Incidence
rates for second primaries were adjusted for age using direct
standardization by 5-year age groups with the Swedish census
population in the year 2000 as standard. Likewise, incidence
rates for melanoma per 100 000 person-years in the Swedish
population were adjusted for age using direct standardization
by 5-year age groups with the Swedish census population in the
year 2000 as standard. The standardized incidence ratio (SIR)
was calculated as the ratio between the observed number of
cases and expected number of cases in the Swedish population
at each decade. A 95% confidence interval was calculated by as-
suming a Poisson distribution of the observed number of cases.
Statistical tests were performed with StatSoft Statistica soft-
ware, version 10.

Results

Patient Characteristics

From January 1, 1960, until December 31, 2004, 54 884 patients
with cutaneous melanoma were identified from the Swedish
Cancer Register; 44 729 had invasive melanoma, and 10 155 had
in situ melanoma. Each person was followed up for a maximum
of 10 years, adding up to a total of 428793 person-years.
Characteristics of the melanoma patients diagnosed with the
first primary melanoma in the 1960s, 1970s, 1980s, 1990s, and
2000s decades, respectively, are outlined in Table 1. Over time,
there has been a noticeable increase in the numbers of mela-
noma cases and also a statistically significant increase in the
median age at diagnosis and the numbers and proportion of in
situ melanomas (P<.001). In women, the lower extremities
were the most common tumor localization, although there was,
over time, a shift with a statistically significant decrease in the
proportion of melanomas in this localization and an increase in
the proportion of truncal and upper-extremity melanomas. In
men, truncal melanomas were most frequent, and as for the
women, the proportion of melanomas in the lower extremities
receded and increased statistically significantly in the upper
extremities.

Subsequent Primary Melanomas

Of the patients, 2469 (4.5%) were diagnosed, within 10 years,
with a second primary invasive or in situ melanoma. Table 2
shows the time trends in frequency and incidence (per 1000
person-years) of second primaries stratified by sex, age, and in-
vasiveness of tumors. For each of the strata, an increased inci-
dence over time was deemed as statistically significant if there
was a statistically significant difference between at least any 2
different decades. In the 1960s, second primaries (invasive or in
situ) were diagnosed in less than 1% of melanoma patients, the
frequency and incidence then increased for each decade and, in
the 2000s, were diagnosed in 6.4% (IR = 7.5, 95% CI = 6.8 to 8.3)
of the women and 7.9% (IR = 10.3, 95% CI = 9.3 to 11.2) of the
men. There was a statistically significant incidence increase in
both sexes and in both younger (55 years and younger) and older
melanoma patients (invasive or in situ); however, a steeper in-
crease was observed in male patients and in older patients. In
patients with invasive melanomas, less than 1% were diagnosed
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A Age standardized incidence of melanoma (invasive or in situ)
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B Age standardized incidence of melanoma (invasive)
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Figure 1. Age standardized incidence rate of melanoma (per 100 000 person-years) in the Swedish population in the 1960s to the 2000s A) for invasive or in situ tumors
and B) for invasive tumors. Age standardized incidence rate of second melanoma (per 1000 person-years) among melanoma patients in the 1960s to the 2000s C) for in-
vasive or in situ tumors and D) for invasive tumors. Standardized incidence ratio of the observed numbers of second melanoma to the expected number based on the
incidence in the Swedish population in the 1960s to the 2000s E) for invasive or in situ tumors and F) for invasive tumors.

with a second invasive melanoma in the 1960s, and the fre-
quency has increased to 3.5% (IR = 4.2, 95% CI = 3.5 to 4.9) in the
women and 5.0% (IR = 6.7, 95% CI = 5.8 to 7.6) in the men, and
the increase was statistically significant in both sexes and in
both younger and older patients. Among patients with invasive
melanoma, there was also a statistically significant increase
over time in the diagnosis of second in situ melanomas
(Supplementary Table 1, available online). In patients with in
situ melanoma, an increase over time was observed in the fre-
quency and incidence of second in situ melanomas; however,

the increase was only statistically significant in the women. In
patients with in situ melanoma, there was not a statistically sig-
nificant increase over time in second invasive tumors
(Supplementary Table 1, available online).

In Figure 1, the age standardized incidence rates of mela-
noma (per 100 000 person-years) in the Swedish population
(Figure 1A for invasive or in situ tumors and Figure 1B for inva-
sive tumors) and the age standardized incidence rates of second
melanoma (per 1000 person-years) among melanoma patients
(Figure 1C for invasive or in situ tumors and Figure 1D for
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invasive tumors) is shown alongside the standardized incidence
ratio of the observed numbers of second melanoma to the
expected number based on the incidence in the Swedish popu-
lation (Figure 1E for invasive or in situ tumors and Figure 1F for
invasive tumors) for each decade. Figure 1 shows that the inci-
dence increase for second primary melanomas has occurred in
parallel to the incidence increase for melanoma in the overall
population. The standardized incidence ratio for invasive or in
situ melanomas was 14.2 (95% CI = 9.1 to 22.6) in women and
16.5 (95% CI = 8.4 to 29.5) in men in the 1960s and 23.8 (95% CI =
21.8 to 25.9) in women and 27.4 (95% CI = 24.4 to 30.0) in men in
the 2000s. For invasive melanomas, the standardized incidence
ratio was 14.5 (95% CI = 8.7 to 22.9) in women and 16.7 (95% CI =
9.2 t0 29.1) in men in the 1960s, and 16.1 (95% CI = 13.7 to 18.6.)
in women and 24.9 (95% CI = 21.6 to 28.4) in men in the 2000s. In
the whole cohort (women and men combined), there was a sta-
tistically significant increase in the standardized incidence ratio
for invasive or in situ melanoma between the 1990s and the
2000s (SIR = 22.6, 95% CI = 21.3 to 24.0, vs SIR = 25.8, 95% CI =
24.1t0 27.6).

Table 3 graphs the numbers and fraction of multiple primary
melanoma patients diagnosed within 10 years with 2, 3, 4, or 5
or more primaries. In patients with multiple primary mela-
noma, the frequency of those with more than 2 primary tumors
has increased statistically significantly over time (P<.001). In
the 1960s, no patients were diagnosed with more than 2 mela-
nomas compared with 18% (invasive or in situ melanoma) and
11% (invasive melanoma) in the 2000s.

Table 4 shows the occurrence of second melanomas diag-
nosed in the same or different body sites (head and neck, trunk,
upper or lower extremities) as the first melanoma. For these
analyses, only tumors with known first and second location
were included. Because of a relatively low number of events for
each of the strata in the first decades, patients diagnosed with
first melanoma in the years 1960-1989 were grouped together.
There was a statistically significant increase over time, both in
patients diagnosed with a second melanoma in the same body
site as the first melanom and in patients diagnosed with a sec-
ond melanoma in a different body site as the first melanoma.
However, the overall ratio of the incidence of concordant vs
nonconcordant tumors did not change statistically significantly,
and throughout the different time periods, around half of the
melanomas were diagnosed in the same body site. In women,
the head and neck area was the only site with a statistically sig-
nificantly higher rate of second melanomas occurring in the
same site. In the men, the trunk was the only site that consis-
tently had a statistically significantly higher rate of second mel-
anomas occurring in the same site. The head and neck area was
the only site where a decline in the rate ratio for concordant vs
nonconcordant tumors was noted; in the other sites, this ratio
remined stable.

In the patients with second melanomas within 10 years, the
fraction diagnosed each year after the initial diagnosis was cal-
culated together with the incidence rate in individuals at risk at
every time point (Table 5). In the 1960-1980s, 1990s, and 2000s
cohorts, 20%-23% of second melanomas were diagnosed in the
first year after the initial melanoma, 13%-14% in the second
year, and 6%-10% in each year thereafter. The incidence rate for
second primary melanoma was, in all cohorts, statistically sig-
nificantly higher in the first year after the initial diagnosis com-
pared with the following years, while no statistically significant
changes were seen after the first year. The survival of the
patients increased over time, where 47%, 42%, 37%, 37%, and

31% of the patients in the 1960s, 1970s, 1980s, 1990s, and 2000s
cohort, respectively, died within the 10-year follow-up period.
Table 5 shows that for each of the years after the initial diagno-
sis (involving only individuals alive and not emigrated at every
time point), the incidence has increased statistically signifi-
cantly over the decades.

Discussion

The data from this study show that the incidence of subsequent
primaries among melanoma patients has increased statistically
significantly and mirrors the reported increase of new cases of
melanoma in several populations. The increase was seen, inde-
pendent of age and sex, although the steepest increase was ob-
served in older patients and in males. Moreover, it has become
increasingly common to be diagnosed with more than 2 mela-
nomas. The increase has occurred for both invasive and in situ
melanoma. It is possible that some of the increase of in situ
melanoma may be attributed to a shift in the reporting of these
premalignant melanocytic lesions, but the in situ melanoma
patients nevertheless follow the same trend as the invasive
melanomas. As the standardized incidence ratio increased over
time, the incidence of second primaries appears to have had an
even steeper increase than the melanoma incidence in the pop-
ulation. Hence, alongside the well-documented rise in the mela-
noma incidence, there has been a steeper increase in patients
developing subsequent primaries. Further, the frequency, inci-
dence, and standardized incidence ratio values for the second
primary melanoma in the 2000s cohort is higher than what has
been reported in previous studies involving patients diagnosed
at earlier periods in, for example, Sweden, the Netherlands,
Australia, or the United States (6,7,16,17).

Increased incidence of melanoma is, to a large extent, be-
lieved to be caused by lifestyle changes in recent decades with
increased intermittent ultraviolet (UV) radiation exposure, with
more tanning, travel to sunnier locations, and sunbed use (23).
Increased awareness, surveillance, and early detection is also
believed to have contributed to the incidence rise. Early detec-
tion, with thinner primary tumors, has also led to increased
melanoma-specific survival, and in recent years, the emergence
of novel oncologic treatments, including immunotherapy and
targeted therapy, has further improved melanoma survival
(3,4,24,25). It has been postulated that the observed surge of
multiple primary melanomas is in part because of a general in-
crease in the survival of melanoma patients, with more time at
risk, but this study demonstrates that there has also been an ac-
tual increase in the incidence rate. Increased incidence of skin
cancers has primarily affected individuals of European descent
with fair pigmentation traits. Skin phenotypes are determined
by several different genes, including MC1R, ASIP, TYR, and TYRP,
and different variants in these genes are also associated with
increased risks of skin cancers (26,27). Although such low-
penetrance susceptibility gene variants are relatively common
in the normal population, germline mutations in high-
penetrance melanoma susceptibility gene CDKN2A are rare in
the normal population but are found in 5%-20% of familial and
multiple primary melanoma patients (28-32). Carriers of muta-
tions in CDKN2A have much elevated risk of melanoma and
70%-80% develop, often multiple primary, melanoma (33,34).
Other high-penetrance melanoma susceptibility genes are
known, including CDK4, BAP1, POT1, ACD, TERF2IP, and TERT
promoter, but such gene mutations are extremely rare (35-39).
In the majority of high-risk individuals, such as those with
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Table 4. Occurrence of second primary melanoma in the same or different body site as the first melanoma (site concordance)

Site 1960s-1980s 1990s 2000s°¢
Women
All sites
Concordant site first and second melanoma, No. (%) 114 (0.9) 226 (2.2) 183 (2.9)

Incidence concordant site (95% CI)®

Incidence nonconcordant site (95% CI)

RR concordant vs nonconcordant melanoma (95% CI)
Head and neck

Concordant site first and second melanoma, No. (%)

Incidence concordant site (95% CI)

Incidence nonconcordant site (95% CI)

RR concordant vs nonconcordant melanoma (95% CI)
Trunk

Concordant site first and second melanoma, No. (%)

Incidence concordant site (95% CI)

Incidence nonconcordant site (95% CI)

RR concordant vs nonconcordant melanoma (95% ClI)
Upper extremities

Concordant site first and second melanoma, No. (%)

Incidence concordant site (95% CI)

Incidence nonconcordant site (95% CI)

RR concordant vs nonconcordant melanoma (95% CI)
Lower extremities

Concordant site first and second melanoma, No. (%)

Incidence concordant site (95% CI)

Incidence nonconcordant site (95% CI)

RR concordant vs nonconcordant melanoma (95% CI)

Men

All sites

Concordant site first and second melanoma, No. (%)

Incidence concordant site (95% CI)

Incidence nonconcordant site (95% CI)

RR concordant vs nonconcordant melanoma (95% CI)
Head and neck

Concordant site first and second melanoma, No. (%)

Incidence concordant site (95% CI)

Incidence nonconcordant site (95% CI)

RR concordant vs nonconcordant melanoma (95% CI)
Trunk

Concordant site first and second melanoma, No. (%)

Incidence concordant site (95% CI)

Incidence nonconcordant site (95% CI)

RR concordant vs nonconcordant melanoma (95% CI)
Upper extremities

Concordant site first and second melanoma, No. (%)

Incidence concordant site (95% CI)

Incidence nonconcordant site (95% CI)

RR concordant vs nonconcordant melanoma (95% CI)
Lower Extremities

Concordant site first and second melanoma, No. (%)

Incidence concordant site (95% CI)

Incidence nonconcordant site (95% CI)

RR concordant vs nonconcordant melanoma (95% CI)

b

%
=
a
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1.3 (1.0 to 1.5)
1.3 (1.1 to 1.6)
1.0 (0.7 to 1.2)

52 (2.4)
3.3 (2.4 t04.3)
1.0 (0.6 to 1.6)
3.2 (1.8t05.7)

15 (0.5)
0.7 (0.4 to 1.1)
1.6 (1.1 t0 2.2)
0.4(0.2t00.8)

13 (0.6)
0.8 (0.4 t0 1.3)
1.4 (0.9 to 2.1)
0.6 (0.3 to 1.1)

34 (0.1)
1.0 (0.7 to 1.3)
13(0.9t01.7)
0.8 (0.5 t0 1.2)

138 (1.2)
2.1 (1.7 to 2.4)
1.7 (1.4 to 2.0)
1.2 (1.0 to 1.6)

38 (2.0)
3.2(23t04.4)
1.5 (0.9 to 2.4)
2.1(12t03.7)

84 (1.6)
2.3 (1.9 t0 2.9)
1.4 (1.0 to 1.8)
1.7 (1.2 to 2.4)

7(0.6)
0.8 (0.3 to 1.6)
2.7 (1.8 t0 4.0)
0.3 (0.1t0 0.6)

9(0.6)
0.9(0.4t0 1.8)
2.0 (1.2 t0 3.1)
0.5 (0.2 to 1.0)

2.8(2.4t03.2)¢
2.3(2.0t02.6)¢
1.2 (1.0to 1.4)

107 (5.7)
7.4 (6.1to 8.9)¢
2.3(1.6t03.2)¢
3.2(22t04.8)

35 (1.3)
1.5(1.1to02.1)¢
2.3(1.8t03.0)
0.6 (0.4 to 1.0)

27 (1.4)
1.7 (1.1to 2.5)¢
2.8(2.1t03.8)¢
0.6 (0.4 to 1.0)

57 (1.7)
2.0 (1.5t02.6)¢
1.9 (1.4 to 2.5)¢
1.1(0.7 to 1.5)

233 (2.5)
3.5(3.0t03.9)¢
3.2(2.8103.7)
1.1(0.9to 1.4)

55 (3.2)
4.6 (3.5106.0)
43(3.2t0 5.6)¢
1.1(0.7 to 4.6)

152 (3.3)
4.2 (3.6 to 4.9)¢
2.3(1.9t02.9)¢
1.8 (1.4to 2.4)

15 (1.1)
1.3(0.7t02.2)
43(3.1105.7)
0.3 (0.2 t0 0.6)

11 (1.1)
1.4 (0.7 to 2.4)
42(29t05.9)
0.3 (0.2 t0 0.6)

3.6 (3.1t04.1)¢
3.7 (3.1t04.2)¢
1.0 (0.8 to 1.2)

65 (5.8)
7.5 (5.8 t0 9.6)
3.8 (2.6 to 5.4)¢
2.0 (1.3 t0 3.0)

47 (2.8)
3.1(2.3t04.2)¢
3.8 (2.9 t0 4.9)
0.8 (0.6 to 1.2)

22 (1.8)
2.1 (1.3103.2)
3.7 (2.6 t05.1)
0.6 (0.5 to 1.4)

49 (2.5)
2.9(2.1t03.8)
3.4 (2.6 to 4.4)¢
0.8 (0.6 to 1.2)

211 (3.7)
5.0 (4.3t05.7)¢
5.0 (4.3t05.7)
1.0 (0.8 to 1.2)

34(3.1)
43(3.0t06.1)
5.6 (4.1t0 7.6)¢
0.8 (0.5 to 1.2)

147 (5.2)
6.6 (5.6t07.7)¢
4.2 (3.4t05.1)4
1.6 (1.2 t0 2.0)

21(2.2)
2.8 (1.7 to 4.3)¢
7.0 (5.2 t0 9.1)¢
0.4(0.2t00.7)

9(1.5)
1.9 (0.9 t0 3.5)
44(2.7106.7)
0.4 (0.2 t0 0.9)

fIncidence (95% confidence interval [CI]) of a second primary melanoma per 1000 person-years after the diagnosis of a first melanoma.

bRate ratio (RR) for the incidence rate of concordant (first and second melanoma in the same site) vs nonconcordant (first and second melanoma in different sites) pri-

mary tumors.
CFirst primary melanomas diagnosed in 2000-2004.

9dIncidence rate was statistically significantly higher (P <.05) than in the preceding time period.

multiple primaries and those belonging to melanoma-prone complex etiology, attributed to a combination of low-
families, no high-penetrance susceptibility mutation is identi- penetrance susceptibility gene variants, pigmentation traits, ne-
fied (40). Increased melanoma susceptibility often has a more vus phenotype, and UV-exposure patterns (32,40-43). Such
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Table 5. Time (1-10 years) from the diagnosis of the first and the second primary melanoma
1960s-1980s 1990s 2000s°¢

Years from diagnosis
of first melanoma %2 IR (95% CI)° % IR (95% CI) % IR (95% CI)
1 215 5.5 (4.6 10 6.6) 23.1 11.9 (10.5 to 13.6)¢ 19.6 14.0 (12.1t0 16.2)
2 13.1 3.6 (2.8 t0 4.4) 12.7 6.8 (5.7 t0 8.1)¢ 14.0 10.3 (8.6 to 12.4)¢
3 8.9 2.6 (2.0 t0 3.4) 9.1 7.2 (6.0 to 8.5)¢ 10.3 8.0 (6.4 t09.9)
4 9.8 3.2(2.4104.1) 6.9 5.4 (4.3 0 6.6)° 8.4 6.9 (5.4 t0 8.7)
5 8.0 2.8(2.1t03.7) 8.6 43(3.4105.4)¢ 8.9 7.8(6.2t09.8)¢
6 5.6 2.0 (1.4 t02.8) 8.0 5.6 (4.5 to 6.9)° 8.8 8.1 (6.4 to 10.5)
7 8.9 3.4 (2.5 t0 4.4) 8.3 5.4 (4.3 t0 6.7) 7.4 7.1(5.5 10 9.1)
8 7.2 2.9(2.1t03.9) 7.9 5.8 (4.6 to 7.1)¢ 6.0 6.3(4.7 t0 8.3)
9 8.9 3.6 (2.7 t0 4.7) 7.3 5.8 (4.6 to 7.2)° 2.0 9.3(7.3t0 11.7)¢
10 8.2 3.5 (2.6 0 4.7) 8.1 5.5 (4.4 to 7.0)% 7.5 8.3 (6.4 to 10.6)

@Fraction of multiple primary melanoma patients diagnosed with second primary melanoma in the first year, in the second year, and so on, up to 10 years after initial

diagnosis.

®Incidence (95% confidence interval [CI]) of a second primary melanoma per 1000 person-years in individuals at risk in each year after the first melanoma.

CFirst primary melanomas diagnosed in 2000-2004.

9dIncidence rate (IR) in the first year, second year, and so on was statistically significantly higher (P < .05) than in the preceding time period (2000s vs 1990s or 1990s vs

1960s-1980s).

traits can probably act as effect modifiers, magnifying the effect
of UV exposure, and when sun exposure habits have changed
for individuals who are sensitive to melanoma, they have be-
come increasingly prone to develop multiple primary tumors. It
is also likely that increased skin cancer awareness and more
dermatologic surveillance of melanoma patients have, at least
in part, led to an increase in the diagnosis of additional
melanomas.

In certain sites of the body, it was more common than in
others to develop a second melanoma in the same site; for ex-
ample, patients with melanoma in the usually more chronically
UV-exposed head and neck area were more prone to develop
second melanomas in the same site as compared with those
with first melanoma in the usually more intermittently exposed
extremities. In the women, those with first melanoma in the
head and neck area were most likely to have second melanoma
in the same site, whereas in the men, those with first mela-
noma on the usually more intermittently UV-exposed trunk
were most likely to have second melanoma in the same site.
Over time, the patients with head and neck melanoma became
increasingly prone to develop melanoma also in other body
sites. Melanoma in the head and neck area is more common in
older patients and has been associated with chronic sun expo-
sure seen among, for example, outside workers. The shift seen,
with more second melanomas occurring in sites other than the
head and neck area, is probably the effect of increased intermit-
tent UV exposure to other parts of the body.

Melanoma survival has increased over the years, and this is
mainly due to increased awareness, earlier detection, and to
some extent, better treatments (3,44). Throughout the study pe-
riod, the incidence of second melanoma was statistically signifi-
cantly highest in the first year after initial diagnosis, which is
probably related to many patients newly diagnosed with mela-
noma undergoing full dermatologic examination. A conse-
quence of the higher mortality in the earlier cohorts is that in
the pooled person-years from the earlier decades, there is a pro-
portionally higher contribution of the first year after diagnosis
(ie, the year with the highest incidence). Hence, a potential ef-
fect of the improving survival is that the incidence increase of
second primaries within a 10-year follow-up period, is even
somewhat underestimated.

The study design, with a registry-based approach, has both
strengths and limits, with the former being the comprehensive
and population-based nature of the study. The limitations to this
design are that only register variables are available, and other rele-
vant aspects, such as skin and nevus phenotype, UV-exposure pat-
terns, family history, genetic information, melanoma pathology
subtypes, or more precise information on the body site, cannot be
addressed. The study includes all melanoma patients reported to
the Swedish Cancer Register and is, hence, limited to Sweden, but
we believe that the results, with increased incidence of second pri-
mary melanoma, are likely generalizable to other regions that
have experienced similar rise in the melanoma incidence.

In summary, this population-based study views the incidence
of multiple primary melanoma going back to the 1960s. To our
knowledge, this is the first study to methodically investigate time
trends in the occurrence of multiple primary melanoma. The
steep increase in subsequent primaries is notable because addi-
tional invasive melanomas are associated with worse survival in
melanoma patients (45-47). Precautions are needed to turn the
upgoing trend for additional primary melanomas in melanoma
patients. Currently, there is no evidence that supports population
screening for skin cancer; however, surveillance should focus on
high-risk populations, such as those with familial melanoma pre-
disposition or multiple primary melanoma (48-51). In our opinion,
dermatologic surveillance with a yearly full-body skin examina-
tion should be recommended to patients for at least 10 years after
the initial melanoma diagnosis. Melanoma patients need to be in-
formed about their risk to develop additional melanomas and
thoroughly advised to avoid sunbums and tanning and, more-
over, to seek medical help for suspicious lesions. Further, as the
incidence increase of second primaries has been in parallel with
the melanoma incidence in the whole population, it is likely that
there would also be a similar trend if a stabilization or decrease in
the incidence would be reached. It is therefore of great importance
that authorities prioritize campaigns and other efforts aimed at
melanoma prevention.
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