
Trends in Incidence of Cutaneous Malignant
Melanoma in a Swedish Population 1976–1994
Eva MaÊ nsson-Brahme, Hemming Johansson, Olle Larsson, Lars E. Rutqvist and
Ulrik Ringborg

From the Department of Oncology, Radiumhemmet, Karolinska Hospital, (E. MaÊ nsson-Brahme, U. Ringborg),
Department of Oncology, Huddinge University Hospital, (H. Johansson, L. E. Rutqvist) and the Department
of Pathology, Karolinska Hospital (O. Larsson), Stockholm, Sweden

Correspondence to: Eva MaÊ nsson-Brahme, MD, Department of Oncology, Radiumhemmet, Karolinska Hospital,
SE-171 76 Stockholm, Sweden. Tel: »46 8 5177 6442. Fax: »46 8 348 640. E-mail: eva.mansson-
brahme@smd.sll.se

Acta Oncologica Vol. 41, No. 2, pp. 138–146, 2002

The incidence of cutaneous malignant melanoma has been increasing in Sweden for several decades. In the Stockholm–Gotland area
educational activities for healthcare professionals were started in the late 1970s and public primary and secondary prevention campaigns
were initiated in the mid-1980s. Melanoma incidence trends have been studied in Sweden, with special reference to trends in the
Stockholm–Gotland area where these prevention campaigns were � rst started. During 1976–1994 the average annual increase of
age-standardized incidence in the Stockholm–Gotland area was about 5%, the increase being associated mainly with thin tumors and
melanoma in situ. During the 1990s, the incidence among males leveled off. In contrast, no such shift in trend was observed among
females, or among males or females residing outside the Stockholm–Gotland area. The campaigns may have contributed to a trend
towards earlier diagnosis but there is still no clear effect of the primary prevention efforts.
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ORIGINAL ARTICLE

According to the Swedish Cancer Registry, the incidence
of cutaneous malignant melanoma is continuously rising,
with an annual increase in age-standardized incidence of
about 3% during the past 20 years (1). A similar pattern
has been observed in many other western countries (2–4).
An increasing awareness in the general population about
the potential signi� cance of pigmented skin lesions may
have contributed to the increasing incidence (5). However,
this upward trend has been accompanied by an increase in
mortality, which indicates that there is, in fact, a true
increase in the underlying onset rate of the disease. Re-
cently, a stabilization of and even a decline in melanoma
mortality have been reported from some countries (3,
6–9).

The increase in incidence mainly concerns patients with
thin melanomas, but an increase in the number of patients
with thicker lesions has also been reported (2–5, 10).
Population-based cancer registries—such as the Swedish
Cancer Registry—often lack detailed information as well
as histopathologic classi� cation of the tumors (11, 12).
When secular trends in tumor characteristics were investi-
gated in samples from the Swedish Cancer Registry, it was
found that the results were inconsistent (13, 14).

In the Stockholm–Gotland area (including Stockholm,
population 1.9 million and Gotland, population 58000)
educational activities concerning the need for early diagno-
sis of malignant melanoma were started as early as the late
1970s. A regional collaboration was initiated in 1976 be-
tween clinicians and pathologists involved in the primary
diagnosis of pigmented skin lesions. One of the aims of
this collaboration was to improve treatment results by
implementing treatment practice guidelines issued by the
Swedish Melanoma Study Group concerning primary di-
agnosis, treatment and follow-up of patients with cuta-
neous malignant melanoma. Educational campaigns aimed
at primary and secondary prevention were started in the
mid-1980s. These campaigns included lectures, information
booklets and videotapes targeting clinicians, nurses and
other health professionals in the primary healthcare sys-
tem, the school health system and hospital staff in all the
major regional hospitals. A pigmented skin lesion clinic
was initiated where preventive strategies for high-risk indi-
viduals were developed. The campaigns also included pub-
lic information through television, radio, newspapers and
magazines. Free-of-charge screening activities were offered
repeatedly in some of the dermatologic and oncologic
clinics in the region (15).

© Taylor & Francis 2002. ISSN 0284-186X Acta Oncologica



Acta Oncologica 41 (2002) Trends in incidence of melanoma 139

The intervention did not have an experimental design
and the program was not coordinated. Many of the activ-
ities had a gradual onset. No evaluation of the coverage of
the target group or changes in practice was undertaken.
Although an exact starting date cannot be de� ned, the
campaigns in Stockholm–Gotland were initiated on aver-
age a few years earlier than similar activities in the rest of
Sweden. In 1990 the Swedish Cancer Society initiated a
nation-wide melanoma prevention campaign including
free-of-charge skin examinations (16).

This study is focused mainly on the population of the
Stockholm–Gotland area. During the period 1976 through
1994 detailed clinical and histopathologic data were
prospectively collected on more than 5000 cases of cuta-
neous malignant melanoma. These cases constituted about
98% of all new melanoma cases reported to the Swedish
Cancer Registry from the area. The purpose was to ana-
lyze the incidence trends by selected clinical and histo-
pathologic parameters in order to assess putative effects of
the interventional activities mentioned.

MATERIAL AND METHODS

Since 1958, all patients diagnosed with cancer must be
reported to the Swedish Cancer Registry by the acting
clinician as well as the pathologist:cytologist involved in
the case. The coverage of diagnosed cancer cases in the
Registry has been estimated at about 96% (17). Registra-
tion and coding is done according to internationally ac-
cepted rules (International Classi� cation of Diseases,
Injuries and Causes of Death, ICD). The information on
each case in the registry includes age, gender, tumor site,
histopathologic type and date of diagnosis. Each case is
identi� ed by a personal identi� cation number, which is
unique to all persons living in Sweden. Multiple primary
tumors occurring in one individual are recorded as sepa-
rate cases in the incidence statistics. Since the middle of the
1970s all primary cancer registration in Sweden has been
carried out at the six regional Oncologic Centers which
each year supply processed and computerized data to the
National Cancer Registry which compiles the national
incidence statistics.

Age-standardized total incidence rates of invasive, cuta-
neous melanoma—with the 1970 Swedish population as
reference—for Sweden, excluding the Stockholm–Gotland
area, as well as for the Stockholm–Gotland area for the
period 1970–1996 were obtained from the National Can-
cer Registry.

In 1976 the Swedish Melanoma Study Group issued
treatment practice guidelines for patients with cutaneous
malignant melanoma. As a part of a regional collabora-
tion, all melanoma patients residing in Stockholm–Got-
land at the time of diagnosis, were to be recorded in a
database kept at the regional tumor registry. Patients with
melanoma in situ (preinvasive, non-metastasizing

melanoma) were also included. One institution was respon-
sible for the review of all histopathologic slides. The
clinical follow-up of all cases took place at two institu-
tions. The database comprised extensive information about
the clinical characteristics of each case, the surgical treat-
ment and histopathologic classi� cation of the tumor, as
well as follow-up information.

From January 1976 to December 1994 a total of 5377
cases of cutaneous melanoma were reported to the Cancer
Registry from the Stockholm–Gotland area. However, in
88 cases (2%), the melanoma diagnosis could not be con-
� rmed because pathology slides were unavailable. These
cases were excluded from the melanoma database, which
thus included 5289 cases.

An experienced pathologist reviewed all the pathology
slides. The tumors were classi� ed according to histopatho-
logic type (18), tumor thickness (19), level of invasion
(Clark) (18) and presence or absence of late regression
(20). Prospective registration of ulceration (21) was not
introduced until 1989. Therefore, a second review was
done of slides in cases for which information on ulceration
was missing. Clinical staging was based on the three-stage
system (22, 23). Patients with localized melanoma were
classi� ed as stage I, those with regional metastases as stage
II and patients with disseminated disease as stage III.
Extensive checks of the database were made by one of the
authors (E. M-B) to ensure completeness, internal consis-
tency and validity.

The study was approved by the Ethics Review Commit-
tee of the Karolinska Institute, Stockholm, Sweden.

Statistical methods

Age-speci� c incidence rates were calculated by grouping
cases by age at diagnosis into the following � ve categories:
B25, 25–39, 40–54, 55–69 and 970 years. Annual age-
standardized incidence rates were calculated using the
direct method of standardization (24), with the 1970
Swedish population as the reference. Average annual rates
for the calendar periods 1976–1979, 1980–1984, 1985–
1989 and 1990–1994 were estimated. All data on age-spe-
ci� c and age-standardized incidence were expressed as
rates per 100000 person-years.

Secular trends in incidence were summarized using a
regression model that relates the logarithm of the yearly
standardized (or age-speci� c) rates to a linear trend term.
This log-linear regression model implies a constant annual
change.

Since a linear trend term is not suf� cient for assessing
changes over time, Poisson regression analyses were used
to study changes in incidence in more detail and, in
particular, to quantify the putative changes in the inci-
dence trends during the 1990s (see Results section). The
data were organized into 13 � ve-year age groups (20–24,
25–29 . . . 80–84) and 4 calendar periods (1976–1979,
1980–1984, 1985–1989, 1990–1994). The effects of period
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adjusted for age on the incidence rates were assessed using
Poisson regression models (25, 26). The models were esti-
mated by the maximum likelihood methods using the
GLIM 4 software package (27). Model goodness-of-� t was
assessed by means of the deviance. For models with the
deviance close to their degrees of freedom, the � t was
considered adequate.

RESULTS

Cancer Registry data

During the 1990s, the upward trend in incidence of inva-
sive cutaneous melanoma leveled off among males in
Stockholm–Gotland (Fig. 1). This observation was con-
� rmed using a Poisson regression analysis. Among females
in the Stockholm–Gotland area the upward incidence
trend appeared to peak during the early 1990s but this
observation was not con� rmed in the Poisson regression
analyses. The incidence among males and females residing
outside of Stockholm–Gotland rose more or less continu-
ously during the entire study period.

Melanoma database

During 1976 through 1994 a total of 5377 cases of cuta-
neous melanoma, including in situ lesions, were reported
to the Cancer Registry from the Stockholm–Gotland area.
A review of the histopathologic slides was possible in 5289
cases (98%). The remaining 88 cases (1.6%) were not
included in the database since the melanoma diagnosis
could not be veri� ed. The mean age of these cases was
about 7–8 years higher than that of the others (Table 1).
A higher proportion of patients had head-neck melanomas
or metastases from an unknown primary melanoma. The
registration de� cit in the latter group of patients was
estimated at about 12%.

Incidence trends in Stockholm-Gotland

An upward incidence trend was observed in both invasive
and in situ tumors (Table 2), although the estimated mean
annual increase was about twice as large for the in situ
tumor cases (9–10%) as that for the invasive tumor cases
(4–5%). In contrast to the invasive tumor cases, the up-
ward trend for the in situ cases did not level off during the
1990s (Fig. 2).

An upward trend was observed in all age groups among
both males and females (Table 2). In males, the age-spe-
ci� c incidence rates were higher than those in females at
ages above 54 years. In contrast, in age groups below 55
years of age, the age-speci� c incidence rates were higher in
females. The leveling of the incidence trend among males
during the 1990s concerned ages below 70 years. Among
men aged above 70 years the age-speci� c incidence rates
increased during the entire period studied.

The trunk was the predominant tumor site in males,
with an almost threefold increase in incidence during
1976–1994 (Table 2). Tumors of the lower extremities
showed the highest incidence among females with a more
than twofold increase (Fig. 3).

Super� cial-spreading melanoma (SSM) showed the
highest age-standardized incidence rate among both males
and females (Table 2). The observed leveling of the total
incidence among males during the 1990s was found to be
the result of a trend shift for this particular histogenetic
subtype, whereas the incidence for the other types was
consistently higher during 1990–1994 than during previous
periods. There were relatively few cases of lentigo maligna
melanoma (LMM) but there was a statistically signi� cant
increase among both males and females.

The median thickness of the tumors decreased from 1.3
mm during 1976–1979 to 0.9 mm during 1990–1994
among males. Among females, the corresponding decrease
was from 1.2 mm to 0.7 mm. In males, thin tumors (50.8
mm) showed the most pronounced increase in incidence
during the studied period, although a statistically signi� -
cant upward trend was estimated for all tumors up to 4.0
mm in thickness (Table 2, Fig. 4). Similarly, there was an

Fig. 1. Age-standardized total incidence of invasive, cutaneous
melanoma in Sweden during 1970–1996.
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Table 1

Comparison of selected clinical characteristics between cases reported to the Swedish Cancer Registry from the Stockholm–Gotland area
from 1976 through 1994, and cases included or not included in the melanoma database during the same period. Estimates of registration

de� cit in the melanoma databasea

Melanoma databaseTotal no. in Cancer Registration
Registry (%) de� cita (%)

Included (%) Not included (%)

Mean age (years)
57.6 64.557.7 –Male
54.1 62.6Female –54.3

Gender
2 484 (47) 42 (48) 1.7Male 2 526 (47)
2 805 (53) 46 (52)2 851 (53) 1.6Female

Tumor site
772 (15) 24 (27)796 (15) 3.0Head-neck
19 1 5.0Eyelid 20
67 370 4.3Ear

546 18Face 3.2564
140 2142 1.4Scalp

2 304 (43)Trunk 2 281 (43) 23 (26) 1.0
731 (14)Upper extrem. 722 (14) 9 (10) 1.2

1 358 (26) 11 (13)1 369 (26) 0.8Lower extrem.
177 (3) 156 (3) 21 (24) 11.9Unspec.b

5289 (100) 88 (100)5 377 (100) 1.6Total

a De� ned as the number of cases not included in the database in relation to the total number reported to the Cancer Registry.
b Metastasis of unknown primary melanoma (UPM).

increase in thin tumors in females but no statistically
signi� cant change was observed in tumors thicker than 2
mm. The leveling total incidence trend for males during
the 1990s mostly concerned thin tumors. For tumors \4.0
mm, the incidence among both males and females ap-
peared relatively stable during the period studied.

A statistically signi� cant upward trend was estimated
for tumors exhibiting ulceration among males, whereas no
signi� cant increase was observed among females (Table 2).
In both sexes there were signi� cant, upward trends for
tumors exhibiting marked regression.

Poisson regression analyses of the Stockholm–Gotland
trends

Regression models were tested for all cases as well as for
subsets de� ned according to invasiveness, tumor site, his-
togenetic subtype, tumor thickness, and presence:absence
of ulceration or regression. The � nal analysis was re-
stricted to the last three 5-year periods (1980–1994) in
order to take goodness-of-� t into consideration. In some
of the models including all four time-periods, and espe-
cially among men, the model � t could not be considered
adequate. When the analysis was restricted to the last three
5-year periods, the model � t was good in practically all
subgroup analyses in both sexes and in both age-period
models and trend models.

Estimates of the relative risk, based on age-period mod-
els, by calendar period (1985–1989, 1990–1994) were cal-
culated with the risk during 1980–1984 set at unity (Table

3). These analyses con� rmed a leveling of the total inci-
dence trend among males during the 1990s: the incidence
during 1985–1989 as well as that during 1990–1994 was
1.4–1.5 in relation to that during 1980–1984. A continu-
ous upward trend was observed only for some subsets of
tumors, such as in situ lesions, upper extremity and lentigo
maligna tumors. No leveling of the upward trend for total
incidence or the incidence of invasive tumors was observed
among females.

DISCUSSION

In the Stockholm–Gotland area a regional collaboration
was initiated in 1976 between clinicians and pathologists
involved in the primary diagnosis of pigmented skin le-
sions. One of the aims of this collaboration was to imple-
ment the treatment practice guidelines issued by the
Swedish Melanoma Study Group concerning primary di-
agnosis, treatment and follow-up of patients with cuta-
neous malignant melanoma. A number of large-scale
educational campaigns aimed at primary and secondary
prevention of cutaneous malignant melanoma were ini-
tiated in the mid-1980s. The rationale for these activities
included information from the Swedish Cancer Registry of
a rapid increase in the disease as well as reports suggesting
that increased public awareness could result in earlier
diagnosis and hence a relative increase in cases with thin
tumors (28). Moreover, several case-control studies had
demonstrated the importance of intermittent sun-exposure
with burning in the development of malignant melanoma
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Table 2

Cutaneous malignant melanoma in the Stockholm–Gotland region 1976–1994. Total number of new cases and incidence rates by calendar
period and gender

Average annual incidence rates per 105 (total number of cases)

Trenda Females TrendaMales

1980–1984 1985–1989 1990–1994 1976–1979 1980–1984 1985–1989 1990–19941976–1979

Age-speci� c rates

0.9 (12) 1.9 (25) 1.4 (18) 2.9 (¼2.3; 8.0) 1.0 (10)1.0 (10) 2.7 (35)B25 years 3.6 (47) 4.4 (57) 9.4 (5.1; 13.7)
6.5 (65) 9.5 (94) 10.1 (103) 2.6 (¼0.2; 5.4) 8.9 (67) 13.4 (131)25–39 years 15.5 (150) 19.7 (198) 4.8 (3.0; 6.7)7.4 (58)

16.9 (115) 24.0 (197) 23.8 (219) 3.5 (1.3; 5.8) 13.1 (69)14.4 (75) 20.5 (138) 25.3 (201) 34.0 (309) 6.0 (4.4; 7.6)40–54 years
18.5 (89)55–69 years 36.0 (214) 49.5 (282) 48.8 (265) 6.0 (3.7; 8.3) 21.9 (123) 23.8 (162) 31.9 (207) 34.6 (209) 3.8 (1.7; 5.8)

42.1 (121) 61.1 (195) 79.2 (281) 8.2 (6.2; 10.3) 22.1 (79)23.0 (46) 25.6 (129) 34.8 (194) 48.3 (290) 5.4 (3.5; 7.2)\70 years
Age–standardized rates

14.7 (527) 20.9 (793) 22.3 (886) 5.4 (3.8; 7.1) 10.1 (348)9.7 (278) 13.6 (595) 17.4 (799) 22.0 (1063) 5.1 (4.3; 6.0)Total
2.0 (70) 2.9 (107) 3.2 (123) 4.2 (2.2; 6.2) 1.6 (57) 1.5 (79) 2.6 (130)Head–neck 2.9 (159) 4.6 (2.6; 6.7)1.7 (47)

8.8 (317) 12.2 (464) 13.0 (522) 5.9 (3.8; 8.1) 3.1 (103)5.2 (150) 4.1 (174)Trunk 5.3 (234) 6.8 (317) 5.7 (4.3; 7.0)
1.1 (41) 2.5 (97) 3.1 (120) 8.6 (5.8; 11.4) 1.4 (48) 2.0 (89)Upper extrem. 2.9 (143) 3.2 (158) 5.3 (2.8; 7.8)0.9 (26)

2.1 (75) 2.4 (95) 2.3 (94) 3.5 (1.0; 6.0) 3.8 (129)1.3 (40) 5.6 (240) 6.1 (273) 8.7 (412) 5.1 (3.9; 6.2)Lower extrem.
11.8 (419) 17.3 (654) 17.7 (704) 5.1 (3.3; 6.8) 8.8 (303) 10.6 (467) 13.8 (633)Invasive 16.4 (802) 4.2 (3.3; 5.1)8.3 (240)

2.3 (84) 2.9 (109) 3.9 (155) 9.3 (5.5; 13.2) 1.0 (34)0.8 (23) 2.7 (115)In situ 3.2 (147) 5.2 (244) 10.3 (7.5; 13.0)
0.6 (15) 0.7 (24) 0.8 (30) 0.7 (27) 2.1 (¼1.1; 5.3) 0.3 (11) 0.3 (13)Unknown 0.4 (19) 0.4 (17) 0.4 (¼3.9; 4.7)

primary
8.1 (290) 12.3 (471) 11.5 (466) 5.0 (2.7; 7.2) 6.1 (207)SSMb 8.4 (359)5.2 (154) 10.6 (474) 11.7 (554) 4.2 (3.1; 5.4)

0.1 (4) 0.3 (10) 0.8 (30) 11.5 (6.4; 16.7) 0.3 (12) 0.3 (19)LMMc 0.5 (27) 0.6 (37) 5.4 (2.4; 8.4)0.2 (5)
2.6 (90) 2.6 (94) 2.8 (105) 3.5 (1.1; 5.8) 1.3 (47)1.5 (42) 0.9 (46)NM 1.3 (63) 1.6 (81) 1.9 (¼0.8; 4.6)

1.0 (35) 2.1 (79) 2.5 (103) 7.0 (1.9; 12.1) 1.1 (38) 1.0 (43)UNC:ALM 1.4 (69) 2.5 (129) 5.9 (2.7; 9.0)1.5 (39)
3.7 (136) 7.5 (286) 8.5 (342) 8.3 (5.8; 10.7) 3.4 (116)2.7 (83) 4.7 (202) 7.7 (348) 9.3 (444) 7.2 (5.6; 8.9)50.8 mm

3.8 (134) 4.6 (173) 4.6 (180) 4.3 (1.9; 6.7) 2.7 (90) 3.2 (140) 3.7 (169) 4.5 (210) 3.2 (1.8; 4.7)0.9–2.0 mm 2.2 (63)
2.4 (86) 3.2 (123) 2.7 (106) 3.5 (0.8; 6.3) 1.3 (48)1.7 (47) 1.6 (75) 1.7 (78) 1.3 (75) ¼0.5 (¼3.7; 2.6)2.1–4.0 mm

1.7 (58) 1.6 (59) 1.5 (57) 0.2 (¼3.1; 3.5) 1.2 (44) 0.8 (41)\4.0 mm 0.6 (31) 0.9 (53) ¼2.0 (¼5.5; 1.6)1.4 (37)
3.7 (127) 4.0 (149) 3.9 (155) 2.9 (1.0; 4.8) 2.2 (78)2.3 (65) 2.2 (100) 2 (97) 2.7 (141) 0.9 (¼0.8; 2.7)Ulceration: Yes

2.1 (73) 2.5 (94) 3.4 (135) 7.4 (3.9; 10.8) 0.7 (24) 1.0 (45) 1.3 (57) 1.9 (91) 7.6 (2.3; 12.9)Regression: Yes 0.9 (26)

a Estimate of annual average percentage change in incidence rates (95% con� dence intervals).
b SSM¾super� cial spreading melanoma; LMM¾ lentigo maligna melanoma; NM¾nodular melanoma; ALM¾acral lentiginous
melanoma; UNC¾unclassi� able melanoma.
c Estimates of trend based on 2-year moving average.

(29), so public education about sunbathing habits ap-
peared reasonable.

The public campaigns in Stockholm–Gotland and the
rest of Sweden were not conducted as controlled experi-
ments, making it dif� cult in retrospect to assess to what
extent their goals were ful� lled. An 18-year observation
period is probably too short to observe effects of primary
prevention. However, the time-lag between the initiation of
the campaigns in the Stockholm area and the rest of
Sweden provides an opportunity to distinguish between
secondary preventive effects in terms of stage distribution
of the campaigns and other secular trends in the popula-
tion: effects of the campaigns should, theoretically, be � rst
observed in the Stockholm population.

In the current study, we observed a leveling of the
upward incidence trend among males in the Stockholm–
Gotland area during the 1990s. In contrast to data re-
ported earlier (3, 30, 31), no such shift was observed
among females, or in the population residing outside the

Stockholm area. In fact, a particularly rapid increase was
noted in females under 25 years of age. This observation
concurs with recently published data from the Surveil-
lance, Epidemiology, and End Results Program in the
United States where an increased birth-cohort risk after
1960 was found among white females (10). The fact that
the primary prevention efforts carried out in Sweden to
date have not resulted in a consistent decrease in the risk
of melanoma may be explained by the hypothesis that it is
factors early in life, for instance high levels of UV expo-
sure during childhood and adolescence, that are the main
determinants of the risk of melanoma later in life (32). If
this hypothesis holds true, effects of primary prevention
may well be delayed by several decades.

Secondary prevention through increased knowledge
among professionals and the public about melanoma and
its precursors, early detection activities among families
with dysplastic nevus syndrome and public screening cam-
paigns may have more rapid effects. For instance, the
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Fig. 2. Age-standardized incidence of invasive and in situ cuta-
neous melanoma for the Stockholm–Gotland area, 1976–1994.

Fig. 3. Age-standardized total incidence of cutaneous melanoma
for the Stockholm–Gotland area during 1976–1994, by tumor
site.

increase in the incidence of melanoma in the Stockholm
population mainly concerned thin tumors 5 0.8 mm and
in situ lesions. Moreover, since the mid-1980s there was no
increase in tumors \2.0 mm. Similar � ndings have been
reported from other countries with public education cam-
paigns (2, 3).

The temporal trend in incidence among males is inter-
preted as an increasing trend reaching a plateau. An
alternative explanation could be a linear underlying trend
with an artefactual peak in the Stockholm–Gotland area,
followed by a return to the original slope. The excess peak
could be due to over-diagnosis induced by the campaigns.

It was dif� cult to � nd models that � tted the observed
data during the whole study period. The lack of � t for
some of the models could be due to a complex situation.
Underlying incidence trends, trends towards earlier diag-
nosis in the healthcare system and educational campaigns
aiming at primary prevention could have different effects
in males and females of different ages and during different
time-periods.

The more than twofold increase in incidence of cuta-
neous malignant melanoma during the19-year study period
was probably not explained by changes in diagnostic crite-
ria or registration procedures (33, 34). During the entire

period, all tumors were reviewed by a few experienced
pathologists. Malec et al. found that the melanoma diag-
nosis was incorrect in about 4% of the melanoma cases
reported to the Swedish Cancer Registry (11). Such diag-
nostic errors probably do not explain the observed time
trends since in our material such cases were excluded after
review. Registration procedures in the Swedish Cancer
Registry have remained the same since the late 1950s. The
registration de� cit of diagnosed melanoma cases in the
Cancer Registry has been estimated at less than 1% (17).
In addition, the upward trend in melanoma mortality
reported from the Swedish National Cause of Death Reg-
istry (35) contradicts an artefactual increase in diagnosed
cases.

Concordant with other reports (2, 3, 13, 36) SSM was
the predominant tumor type in the Stockholm population,
with an average annual increase of about 4–5%. Case-con-
trol studies have demonstrated the importance of intermit-
tent sun-exposure with burns especially during childhood
for the development of super� cial spreading melanoma
(SSM) and nodular melanoma (NM) (37, 38). Sun habits
in early life also seem to play a role in the development of
nevi (39, 40). Melanomas developing from pre-existing
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Fig. 4. Age-standardized incidence of invasive cutaneous
melanoma for the Stockholm–Gotland area during 1976–1994,
by tumor thickness.

nevi are typically of the SSM type (41, 42). Consequently,
the increase in SSM melanoma may be due to an increas-
ing number of potential precursor lesions.

There have been con� icting observations concerning the
incidence trend for nodular melanoma. Some studies have
found an increase (3, 13, 36), whereas others have reported
a decrease in this type of melanoma (2, 14). In the Stock-
holm population we observed an upward trend until the
mid-1980s among both males and females.

Lentigo maligna melanoma is related to chronic UV
exposure (37, 38) and a marked increase in the incidence of
lentigo maligna melanoma has been reported from sun-in-
tensive countries (2). The number of cases with lentigo
maligna melanoma in our study was small. However, a
statistically signi� cant increase in incidence was noted
among both males and females.

Temporal trends in the site distribution suggest that the
increase in incidence of melanoma may be related to
changes in fashion and sun exposure. In accordance with
other investigators (3, 12, 36), we found that the predomi-
nant tumor site was the lower extremities in females and
the trunk in males. Although the total number of cases
was small, the most rapid increase was noted for
melanomas of the upper extremities among males. A simi-
lar increase in tumors of the upper extremities has been
described elsewhere (31).

In summary, the educational and screening activities
initiated during the late 1970s and 1980s in the Stockholm
area may have contributed to a trend towards earlier
diagnosis of malignant melanoma since the increase in

Table 3
Cutaneous malignant melanoma in the Stockholm–Gotland region, 1980–1994. Estimates of relative risk and trend using the Poisson

regression model

Relative risk (95% con� dence interval)

FemalesMales

1990–19941985–19891985–1989 Annual change in1990–1994 Annual change in
trend, (%) (95% CI) trend, (%) (95% CI)

1.3 (1.2; 1.5) 1.6 (1.5; 1.8)Total 1.4 (1.3; 1.6) 5.0 (4.0; 6.1)1.5 (1.3; 1.7) 3.8 (2.7; 4.9)
6.9 (4.0; 9.9)2.1 (1.6; 2.9)Head–neck 1.9 (1.4; 2.6)1.4 (1.0; 1.9) 1.4 (1.1; 1.9) 3.4 (0.4; 6.4)

1.3 (1.0; 1.6) 1.6 (1.3; 1.9) 4.9 (2.9; 6.8)Trunk 1.4 (1.2; 1.6) 1.5 (1.3; 1.7) 3.8 (2.4; 5.3)
4.6 (2.0; 7.4)1.6 (1.2; 2.1)Upper extrem. 1.5 (1.2; 2.0)2.3 (1.6; 3.3) 2.7 (1.9; 3.9) 9.0 (5.5; 12.5)

1.1 (0.9; 1.3) 1.6 (1.3; 1.8) 4.7 (3.0; 6.5)Lower extrem. 1.2 (0.9; 1.6) 1.1 (0.8; 1.5) 1.1 (¼1.9; 4.2)
1.6 (1.4; 1.8)Invasive 1.5 (1.3; 1.7) 1.5 (1.3; 1.7) 3.5 (2.3; 4.7) 1.3 (1.2; 1.5) 4.5 (3.3; 5.7)
2.0 (1.6; 2.5) 7.3 (4.9; 9.7)In situ 1.2 (1.0; 1.6)1.2 (0.9; 1.7) 1.7 (1.3; 2.2) 5.6 (2.8; 8.4)
1.4 (1.2; 1.6)SSM 1.5 (1.3; 1.8) 1.4 (1.2; 1.7) 3.3 (1.9; 4.8) 1.3 (1.1; 1.5) 3.4 (2.0; 4.7)

9.2 (2.6; 16.3)2.6 (1.3; 5.3)LMMa 2.1 (1.0; 4.2)2.1 (0.7; 6.8) 4.7 (1.6; 13.7) 16.9 (6.1; 28.8)
1.5 (1.0; 2.2) 1.6 (1.1; 2.4) 4.6 (0.7; 8.5)NM 1.0 (0.7; 1.3) 1.0 (0.8; 1.3) 0.0 (¼2.8; 3.0)

10.3 (6.5; 14.3)2.6 (1.8; 3.7)UNC:ALM 1.5 (1.0; 2.2)2.1 (1.4; 3.2) 2.6 (1.7; 3.9) 8.9 (5.0; 12.8)
1.7 (1.4; 2.0) 2.0 (1.7; 2.4) 6.9 (5.2; 8.6)50.8 mm 2.0 (1.6; 2.5) 2.2 (1.8; 2.7) 7.4 (5.4; 9.3)

1.4 (1.1; 1.7)0.9–2.0 mm 1.2 (1.0; 1.6) 1.2 (1.0; 1.6) 2.0 (¼0.3; 4.3) 1.2 (0.9; 1.5) 3.2 (1.0; 5.5)
0.9 (0.6; 1.2) ¼1.3 (¼4.5; 2.1)2.1–4.0 mm 1.0 (0.8; 1.4)1.4 (1.0; 1.8) 1.1 (0.8; 1.4) 0.5 (¼2.3; 3.3)
1.0 (0.6; 1.6)\4.0 mmb 0.9 (0.6; 1.3) 0.8 (0.5; 1.1) ¼2.7 (¼6.3; 1.1) ¼0.1 (¼4.8; 4.9)0.8 (0.5; 1.3)

2.6 (¼0.2; 5.4)1.3 (1.0; 1.7)Ulceration; Yes 1.0 (0.7; 1.3)1.1 (0.9; 1.4) 1.0 (0.8; 1.3) 0.2 (¼2.2; 2.6)
1.2 (0.9; 1.7) 1.5 (1.1; 2.1) 4.0 (0.5; 7.5)Regression; Yes 1.2 (0.9; 1.6) 1.6 (1.2; 2.1) 4.8 (2.0; 7.7)

Reference period 1980–1984 (relative risk¾1). The trend variable was assigned the period central values (82, 87 and 92).
a Restricted to ages 55–84 years.
b Restricted to ages 25–84 years.
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incidence during the 1980s and 1990s mainly concerned in
situ or thin, invasive tumors. However, there is still no
clear effect of the primary prevention efforts, with the
possible exception of the male population in Stockholm
whose age-standardized incidence appears to have leveled
off during the 1990s. Factors early in life, for instance
intermittent sunburns during adolescence, are perhaps the
main determinants of the risk of melanoma later in life. If
this is so, the effects of primary prevention activities may
well be delayed by several decades.
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