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Monitoring melanoma incidence time trends by tumour
thickness is essential to understanding the evolution
of melanoma occurrence and guiding prevention stra-
tegies. To assess long-term incidence trends, tumour
thickness was extracted from pathology reports in
the Cancer Registry of Norway (1983-2007) and
the Norwegian Melanoma Registry (2008-2019),
n=45,635 patients. Across all anatomic sites, T1 (=1
mm) incidence increased most (men annual percen-
tage change [AAPC]=4.6, 95% confidence inter-
val [95% CI] 4.2-5.0; women AAPC=3.2, 95% CI
2.8-3.6); the increase was steep until 1989/90, fol-
lowed by a plateau, and a further steep increase from
2004/05. Increased incidence was also observed for
T2 (>1.0-2.0) melanoma (men AAPC=2.8, 95% CI
2.4-3.2; women AAPC=1.5, 95% CI 1.1-1.9), and T3
(>2.0-4.0) in men (AAPC=1.4, 95% CI 0.9-1.9). T4
(>4.0) melanoma followed a similar overall pattern
(men AAPC=1.3, 95% CI 0.9-1.7, head/neck, upper
limbs, and trunk; women AAPC=0.9, 95% CI 0.4-1.4,
upper limbs and trunk). Men had the highest T3 and
T4 incidence and the sex difference increased with
age. Regarding birth cohorts, age-specific incidence
increased in all T categories in the oldest age groups,
while stabilizing in younger patients born after 1950.
Overall, the steep increase in T1 melanoma was not
accompanied by a decrease in thick melanoma.
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Despite various prevention measures, melanoma
incidence has continued increasing in most fair-
skinned populations during recent decades (1). A large
proportion of the rise is assumed to result from increased
ultraviolet radiation (UVR) exposure since the early 20th
century (2). However, rises in in situ and thin (< 1.0 mm)

SIGNIFICANCE

Long-term thickness trends in incident melanomas in
Norway are unknown. During 1983-2019, 45,635 patients
were registered. T1 (<1 mm) melanoma incidence in-
creased substantially in 1983-1989/90, followed by a pla-
teau, and a new steep increase from 2004/05. Significant
steady increases were also found for T2 (>1.0-2.0) and T4
(>4.0) melanoma in both sexes, and T3 (>2.0-4.0) mela-
noma in men. Age-specific incidence stabilized in younger
age groups but increased by birth year in all T categories
in the oldest. The increase in thick melanoma indicates a
need for increased melanoma awareness in older people,
particularly men.

melanoma may also result from increased awareness of
suspicious pigmented lesions among healthcare workers
and the general population. Potential changes in patho-
logical practice may also play a role, as thin lesions are
most sensitive to diagnostic drift and overdiagnosis (3).

Studies from several countries have found the rise in
incidence of invasive melanoma to be mainly driven by
an increase in thin melanoma, though modest increases
were also found in tumours >1.0 mm (4-7). Also, dif-
ferences in incidence by tumour thickness at diagnosis
between sexes and age groups (8—13) have been found.

Describing time trends in melanoma tumour thickness,
the most important prognostic factor, is important for
understanding the evolution of melanoma occurrence
and guiding prevention strategies. Norway has among
the highest melanoma incidence rates in the world, but
long-term trends in incidence by tumour thickness are
not available. Thickness data obtained from the Cancer
Registry of Norway (CRN) for all invasive melanoma
cases diagnosed in 1983-2019 provide a unique oppor-
tunity to describe population-based trends in melanoma
incidence and tumour thickness over a long period as well
as by sex, age, calendar period, residential region, and
anatomic site. In addition, we describe trends in histo-
pathological subtype within tumour thickness categories,
with a focus on nodular melanomas (NM) because they
are often thick when diagnosed due to rapid growth and
late detection.
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MATERIALS AND METHODS

The CRN has recorded all cancer diagnoses in Norway since
1953. In 2008, the Norwegian Melanoma Registry (NMR) was
established under the CRN, adding clinical and pathological
variables, including tumour thickness and ulceration, to each
melanoma case. The CRN/NMR provided information according
to the International Classification of Diseases 7th (ICD7) Edition
and ICD of Oncology, 3rd Edition for all first cases of primary
cutaneous melanoma diagnosed 1983-2019.

Measurement of melanoma thickness was implemented by
Norwegian pathological laboratories in the early 1980s. All pat-
hological reports have routinely been reported to the CRN, but
melanoma thickness was not included in the digital registration
before the establishment of the NMR in 2008. Information on
thickness and ulceration for the years prior to 2008 was manually
extracted for this study from pathology reports archived in the
CRN. Reporting of thickness was sparse before 1983 and ulcera-
tion was available from 2000. Thickness (mm) was categorized
in T categories, i.e., T1: <1.0; T2: >1.0-2.0; T3: >2.0-4.0; T4:
>4.0 (14). Subclassification of T1-T4 categories (a and b) was
used from 2008 (14).

The CRN provided information on sex, age at diagnosis,
residential region (according to health regions: south-eastern,
western, central, northern Norway), vital status (alive, emigrated,
dead), and date of emigration and death by December 31, 2019.
Diagnosis year was categorized based on data availability and the
establishment of the NMR (1983-1999, 2000-2007, 2008-2019).

The CRN provided ICD7 data on: tumour anatomic site (head/
neck [190.0], trunk [190.1, 190.79], upper limbs [190.2], lower
limbs [190.3, 190.4], other [190.5, 190.6, 190.8], and skin unspe-
cified [190.9]); histopathological subtype (superficial spreading
melanoma [SSM; 87433], NM [87213], lentigo maligna melanoma
[LMM; 87423], other [87223, 87233, 87303, 87403, 87443, 87453,
87613, 87703, 87713, 87723, 87803], and unspecified [80003,
87203]); and clinical stage (localized, regional [regional lymph
nodes, satellites and in-transit metastasis], or distant disease [non-
regional lymph node and organ metastasis], and unspecified) (15).

Use and reporting of de-identified data from the CRN/NMR was
covered by the CRN’s regulations of collection and treatment of
health information.

Statistical analysis

Continuous tumour thickness was log-transformed and missing
information imputed using multiple imputation by chained
equations with age at diagnosis, sex, vital status, survival time
(=1, 1-5,5-10, and > 10 years from melanoma diagnosis to death,
emigration, or 31 December 2019), residential region, anatomic
site, clinical stage, subtype, and cumulative hazard rate of death
using the Nelson—Aalen estimator (16). Thickness was then back-
transformed and categorised into T categories. Missing data on
anatomic site and histopathological subtype were imputed using
the same predictors and log-transformed tumour thickness. Due
to a decreasing pattern of missing data over time, imputation was
performed separately for 1983—1999, 2000-2007, and 2008-2019
with 30 imputed datasets and 20 iterations each.

Using the annual midyear population size obtained from the
CRN, annual incidence rates for each T category were calculated
per 100,000 person-years, 1983-2019, and age-standardized
using the European standard population as in NORDCAN (17).
Age-standardized incidence rates were computed using the 30
imputed datasets combined with Rubin’s rule (18). We estimated
annual percentage change (APC) with 95% confidence interval
(CI) using segmented regression (19-21) with <3 joinpoints, and
average annual percentage change (AAPC) with 95% CI. APCs
and AAPCs are presented from multiple imputation analyses, while
some of the figures for incidence trends over time include complete
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case and multiple imputation results, to illustrate the importance
of imputation. Age-specific incidence rates by period and birth
year were also computed and averaged over the imputed datasets.
All statistical analyses were performed with R version 4.2 (R
Foundation for Statistical Computing, Vienna, Austria).

RESULTS

During 1983-2019, 45,635 patients with a first primary
invasive melanoma were registered in Norway. We ex-
cluded cases not histologically verified (n=20), cases
that emigrated before melanoma diagnosis (7=29), and
cases registered in the CRN based on only death certi-
ficate (n=36) or autopsy (n=26), resulting in 45,524
cases for analysis.

Median age at diagnosis increased from 56 (1983—
1999) to 63 years (2008—2019) in women and from 59
to 67 years in men (Table SI). Proportions of cases by
residential region were quite stable over time. In women,
the proportion of trunk melanoma increased, and lower
limb melanoma decreased over time. Information on ul-
ceration (available from 2000) was underreported before
the NMR establishment in 2008 (Table SI, Fig. S1). In
2008-2019, ulceration was present in 14% of women
and 19% of men.

From 1983-1999 to 2008-2019, median tumour
thickness declined from 1.0 to 0.9 mm in women and
from 1.3 to 1.0 in men (Table SI). The proportion of T1
melanoma was highest in women and increased in both
sexes. In men and women, the proportions of T2 and T4
melanoma were similar and relatively stable over time,
while T3 proportions decreased.

The proportion with unspecified thickness decreased
after 2000 (2008-2019: women 7%, men 9%) (Fig. S1);
median ages at diagnosis in cases with and without thick-
ness information were similar (Table SII). The proportion
of T1 was lower and the proportion of T4 melanoma was
higher in the imputed than the complete case datasets
(Table SIII, models B and D). Age-standardized inci-
dence rates increased after imputation for all T categories,
particularly before 2008 for T1 melanoma (Fig. 1). The
proportion of SSM was lower and the proportion of NM
higher in the imputed than the complete case datasets
(Table SIV, models B and D). Results from multiple
imputation are described below.

Overall

The age-standardized incidence rate of invasive me-
lanoma increased from 19.3 in 1983—-1999 to 30.0 in
2008-2019 in women, and from 18.0 to 31.5 in men
(per 100,000 person-years). In women, the incidence of
T1 melanoma increased until 1989 (APC=6.5, 95% CI
3.2-10.0), followed by a plateau (APC=-0.1; 95% CI
—1.1-1.0) and a steep increase in 2005—2019 (APC=5.0;
95% CI 4.0-6.1) (Table I, Fig. 1). A similar trend was
found in men. No plateau was seen for the other T
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Fig. 1. Age-standardized (European standard population) incidence rates of melanoma per year of diagnosis (1983-2019) for each T
category, by sex and overall. Darker colours represent the results from multiple imputation and lighter colours the complete case results; n is the
number of cases averaged over the 30 imputed datasets. Annual percentage change for each line (from multiple imputation analysis) is presented in Table I.

categories. The largest incidence increase was for T1
melanoma (AAPC [95% CI]: 3.2 [2.8-3.6] in women
and 4.6 [4.2-5.0] in men), followed by T2 (1.5 [1.1-1.9]
and 2.8 [2.4-3.2], respectively) and T4 melanoma (0.9
[0.4—1.4] and 1.3 [0.9—1.7], respectively). T3 incidence
was quite stable over time in women (AAPC=0.2; 95%
CI-0.2-0.6) and slightly increased in men (AAPC=1.4;
95% CI10.9-1.9). It is mainly melanomas <0.8 mm with-
out ulceration (T1a) that account for the T1 increase since
2008 (Fig. S2). Similarly, non-ulcerated lesions (T2a)
mainly account for the recent T2 increase.

By region

Similar trends in T1-T4 incidence were observed within
each residential region with consistently higher AAPCs
in men (Table SV, Fig. S3).

By anatomic site

For most anatomic sites, T1 melanoma had the highest
incidence and steepest increase, and the plateau was most

evident for trunk and lower limbs in women and head/
neck and trunk in men (Fig. 2, Table SVI). Site-specific
AAPCs of T1 melanoma ranged from 0.9 (head/neck) to
3.9 (trunk) in women and from 4.2 (lower limbs) to 5.6
(upper limbs) in men (CI lower bounds >0). Incidence
of T2 melanoma also increased for all sites in both sexes
except head/neck in women (1.1 <AAPC<4.1), and T3
melanoma in men (1.0<AAPC<2.2) (CI lower bounds
>(0). In women, incidence of T3 melanoma increased in
the second period for head/neck, while T3 melanoma
on the lower limbs decreased over the whole period. T4
melanoma incidence slightly increased for upper limbs
and trunk in women, and head/neck, upper limbs, and
trunk in men.

By subtype

For NM, T3 melanoma had the highest incidence over
the whole period followed by T2 and T3 melanoma in
women and T4 melanoma in men (Fig. S4, Table SVII).
The percentages of T3 NMs increased from 1983—1999
to 2008-2019 in head/neck and lower limbs in women

Table I. Annual percentage change (APC) and average annual percentage change (AAPC) with 95% confidence intervals (CIs) of age-
standardized melanoma incidence rate by sex and T category, with multiple imputation, 1983-2019, n=45,524

Period 12 Period 22 Period 32 1983-2019
Sex and T category APC (95% CI) Years APC (95% CI) Years APC (95% CI) Years AAPC (95% CI)
Women (n=23,459)b
T1 (<1.0 mm) 6.5 (3.2, 10.0) 1983-1989 -0.1(-1.1, 1.0) 1990-2004 5.0 (4.0, 6.1) 2005-2019 3.2 (2.8, 3.6)
T2 (>1.0-2.0 mm) 0.2 (-0.9, 1.3) 1983-1997 2.5(1.7,3.2) 1998-2019 - - 1.5 (1.1, 1.9)
T3 (>2.0-4.0 mm) -1.4 (-2.8,0.0) 1983-1997 1.3 (0.4, 2.3) 1998-2019 - - 0.2 (-0.2, 0.6)
T4 (>4.0 mm) -2.7 (-6.4,1.1)  1983-1989 1.9 (1.3, 2.4) 1990-2019 - - 0.9 (0.4, 1.4)
Men (n=22,065)P
T1 (1.0 mm) 10.3 (7.6, 13.1)  1983-1991 -1.0 (-2.5,0.4)  1992-2003 6.4 (5.1, 7.6) 2004-2019 4.6 (4.2, 5.0)
T2 (>1.0-2.0 mm) 7.1(3.2, 11.1) 1983-1988 0.3 (-1.9, 2.4) 1989-1999 3.0 (2.2, 3.8) 2000-2019 2.8 (2.4, 3.2)
T3 (>2.0-4.0 mm) 1.8 (1.3, 2.3) 1983-2011 -0.1(-4.3,4.3) 2012-2019 - - 1.4 (0.9, 1.9)
T4 (>4.0 mm) 1.0 (0.3, 1.7) 1983-2004 11.6 (-4.3,30.2) 2005-2007 -0.5(-2.5,1.6)  2008-2019 1.3 (0.9, 1.7)

@period refers to the segments separated by the joinpoints. The empty cells are due to the fewer joinpoints. bAverage number of cases over 30 imputations.
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Fig. 2. Age-standardized (European standard population) incidence rates of melanoma per year of diagnosis (1983-2019) for each T
category, by anatomic site and sex. Darker colours represent the results from multiple imputation and lighter colours the complete case results; n
is the number of cases averaged over the 30 imputed datasets. Note that n is lower than the total n as the “Other” category for anatomic site is not
included. Also note that the y-axis is different for each anatomic site. Annual percentage change for each line (from multiple imputation analysis) is

presented in Table SVI.

and all anatomic sites except lower limbs in men, and
T4 NMs except for head/neck (Table II, complete case
results in Table SVIII). For SSM, T1-T4 melanoma
showed a similar pattern to melanoma overall (Fig. S4,
Table SVII).

By sex, age, and birth year

T1 incidence peaked at age 65—69 in women and age
70-74 in men, T2 incidence flattened around those ages,
and T3 and T4 incidence continued to increase by age
(Fig. S5). During 1983-2019, women had higher T1
melanoma incidence than men up to age 64 years, there-
after men had the highest incidence (Fig. S6). A similar
switch occurred at an earlier age in T2 melanoma. For
thicker melanoma, men had higher incidence than women
in all age groups and the difference between the sexes
increased by age. There was no plateau in T1 incidence
below age 40, where incidence was quite stable over the
period, and no plateau in ages above 75 where a steady
steep increase was found throughout the whole period
(Fig. S6). Moreover, the difference in melanoma inci-
dence between younger and older age groups increased
from 1983 to 2019 in all T categories, particularly after
2000, and the difference was larger in thicker than thin-
ner melanoma (Fig. S7).

From age 40, age-specific T1 incidence increased
by birth year in all age groups and in the oldest age
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groups for T2 (>50), T3 (>65), and T4 (>70) mela-
noma (Fig. 3). In younger age groups born after 1950,
incidence flattened by birth year for all T categories. T3
and T4 incidence strongly increased by age in all birth
cohorts in both sexes, while the effect of age was less
evident for thinner melanoma in the older birth cohorts
(Fig. S8).

DISCUSSION

In Norway, national trends during 1983-2019 showed
a substantial increase in the incidence rate of thin (T1)
melanoma until 1989/90, followed by a plateau, and a
steep increase from 2004/05. A temporary plateau was
not observed in the other modestly increasing T cate-
gories. T1 incidence increased during 1983-2019 in all
residential regions. NM incidence rates were highest in
T3 tumours, while SSM trends were similar to overall
trends in all T categories. Incidence flattened by birth
year for all T categories in the youngest age groups, and
the largest difference in incidence between younger and
older age groups was found for T3 and T4 melanoma,
particularly since 2000.

Studies from several countries, covering earlier and/or
shorter time periods, have found increasing incidence of
T1 melanoma, e.g., in Italy (1994-2012) (5), the Nether-
lands (1989-2010) (6,22,23), USA (1989-2009) (7),
Denmark (1985-2012) (24), and Sweden (1997-2018)
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Table II. Proportions of melanoma cases by sex, T category, subtype, anatomic site, and period of diagnosis, with multiple imputation,

1983-2019. Complete case results are given in Table SVIII

Head/neck Upper limbs Trunk Lower limbs Overall®
1983- 2000~ 2008~ 1983~ 2000~ 2008~ 1983- 2000~ 2008~ 1983- 2000- 2008~ 1983~
Factor 1999 2007 2019 1999 2007 2019 1999 2007 2019 1999 2007 2019 2019
Women
T1,n 454 278 587 578 355 1,024 1,348 868 2,578 1,536 834 2,156 12,619
SSM, %  58.6 59.6 58.5 88.0 87.2 88.1 94.6 92.3 94.3 92.1 90.0 93.3 88.7
NM, % 9.2 10.6 9.9 8.0 9.3 5.6 4.5 6.6 3.1 5.7 6.9 3.6 5.5
LMM, %  31.3 29.1 31.1 3.2 3.3 5.9 0.8 0.7 2.2 1.2 1.4 1.9 5.1
Other, % 0.9 0.8 0.6 0.9 0.3 0.4 0.2 0.4 0.4 1.0 1.6 1.2 0.8
T2, n 255 142 260 288 203 433 480 324 813 695 409 847 5,175
SSM, %  36.2 47.6 50.6 63.9 61.9 66.0 71.6 68.6 73.9 71.4 69.3 73.2 66.9
NM, % 31.7 30.9 26.6 29.8 32.2 29.9 26.2 28.4 24.3 23.9 26.6 22.6 26.3
LMM, %  29.3 18.2 19.4 3.5 2.4 2.8 1.3 1.9 0.9 1.5 1.2 1.4 4.4
Other, % 2.8 3.4 3.4 2.8 3.5 1.3 0.9 1.1 0.9 3.2 2.8 2.7 2.4
T3,n 224 118 259 191 132 256 329 197 423 465 217 422 3,248
SSM, %  28.4 24.9 25.8 34.3 26.7 32.0 47.7 37.8 43.7 44.9 45.9 44.8 38.8
NM, % 47.9 54.0 55.7 60.4 67.1 60.3 49.0 58.1 50.8 45.6 48.0 48.8 52.1
LMM, %  19.8 12.7 13.2 3.2 2.3 3.9 1.9 2.0 3.3 2.3 2.9 2.5 5.1
Other, % 4.0 8.5 5.2 2.1 3.9 3.7 1.4 2.1 2.2 7.1 3.2 3.8 4.1
T4, n 158 110 242 127 96 204 199 159 330 284 136 339 2,417
SSM, % 13.6 18.3 16.6 22.3 21.6 17.1 28.6 21.4 23.7 29.0 31.9 23.4 22.6
NM, % 65.7 62.3 64.9 67.0 68.2 72.5 64.0 69.8 68.8 57.7 59.0 66.9 65.3
LMM, % 11.9 5.1 7.5 3.6 2.2 3.4 3.8 2.8 2.5 4.8 2.7 2.6 4.2
Other, % 8.7 14.3 11.0 7.1 8.1 7.0 3.6 6.0 4.9 8.5 6.4 7.1 7.8
Men
T1,n 332 211 687 262 185 607 1,772 1,050 3,556 364 230 682 9,950
SSM, %  66.3 56.9 61.2 89.9 87.9 90.7 92.9 90.9 93.5 91.6 89.8 93.5 88.6
NM, % 9.9 17.0 10.9 6.3 8.4 5.5 5.2 6.9 3.2 6.9 5.7 3.7 5.6
LMM, %  22.8 25.0 26.9 3.5 2.3 3.4 1.7 1.8 2.9 0.9 1.6 1.6 5.2
Other, % 0.9 1.0 1.0 0.3 1.4 0.3 0.2 0.4 0.3 0.7 2.9 1.2 0.6
T2, n 240 164 356 159 93 286 874 577 1,458 204 134 346 4,897
SSM, %  47.5 44.8 50.9 62.2 63.5 67.7 73.0 66.7 76.5 68.4 64.1 76.9 68.4
NM, % 36.6 36.8 33.8 33.1 32.3 28.2 24.9 30.1 21.5 25.7 32.6 18.8 26.5
LMM, %  14.2 13.7 12.0 2.3 2.3 2.4 1.2 1.6 1.4 1.9 0.8 1.2 3.3
Other, % 1.7 4.7 3.3 2.4 1.8 1.7 1.0 1.6 0.6 4.0 2.5 3.1 1.8
T3, n 261 166 366 122 97 222 705 450 993 176 127 264 3,972
SSM, %  28.2 25.9 25.6 39.3 34.9 35.3 48.5 41.9 40.7 37.3 40.6 43.2 38.8
NM, % 54.1 59.3 60.1 51.8 58.7 58.4 48.0 54.4 54.5 48.6 51.1 48.5 53.4
LMM, %  14.6 7.7 6.7 4.6 2.9 4.0 1.9 1.9 2.1 2.9 2.4 3.0 3.8
Other, % 3.1 7.2 7.6 4.3 3.5 2.3 1.6 1.7 2.7 11.2 5.8 5.3 4.0
T4, n 226 158 389 93 68 188 524 318 774 177 84 209 3,244
SSM, %  15.9 17.5 16.9 27.4 20.5 19.7 29.5 24.5 23.0 23.6 24.3 24.9 22.8
NM, % 73.5 68.5 66.9 62.0 71.9 72.0 64.3 68.3 69.3 59.1 64.0 62.0 66.9
LMM, % 4.6 3.2 2.8 4.8 2.8 2.4 2.9 3.1 2.8 4.2 3.0 3.2 3.1
Other, % 6.1 10.8 13.4 5.8 4.8 5.9 3.3 4.1 4.8 13.1 8.6 10.0 7.2

2The “Overall” column includes the “Other” category of anatomic site.

SSM: superficial spreading melanoma; NM: nodular melanoma; LMM: lentigo maligna melanoma. T1: <1.0 mm; T2: >1.0-2.0 mm; T3: >2.0-4.0 mm; T4: >4.0 mm

(10). We observed a temporary plateau in T1 incidence
from the early 1990s among those aged 40—74 years.
A plateau might be a selection effect. If more T1 cases
are discovered, then the pool of such cases is emptied
out to some extent. This might give a plateau effect for
a while. Such a plateau has not been found in Sweden
(10) and Denmark (24). A plateau was previously repor-
ted in melanoma incidence overall in Norway (13, 25),
but without information on tumour thickness. A plateau
in T1 incidence was also observed in Australia during
19962006, but with no later increase as in our study (26).
In the most recent US study (2010-2018), T1 incidence
had stabilized in all age groups and slightly decreased
after a small peak in 2013-2015 (27). Primary preven-
tion is likely driving the stabilizing trends in Australia
and the USA.

Skin cancer prevention campaigns have been far
less coordinated and less intensive in Norway than in
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Australia (28), and Norway does not have a nationally
funded prevention programme. The Norwegian Cancer
Society (NCS) has been the driving force in skin cancer
awareness and sun safety campaigns since the 1990s,
and the Norwegian Radiation and Nuclear Safety Aut-
hority (DSA) has collaborated with the NCS in several
campaigns. Sunburn throughout life increases melanoma
risk (29), and sun-habit surveys from the NCS and DSA
have demonstrated that sunbathing and sunburn are still
common in the Norwegian population(30).

A study from 13 European countries (1995-2012) (4)
concluded that the rise in invasive melanoma was mainly
driven by an increase in T1 melanoma, but a modest in-
crease was also found in melanoma >1 mm (4). In line
with recent Swedish results (1997-2018) (10), we found a
clear increase in T2 incidence and a stable T3 incidence.
The increase in T4 incidence in both sexes is consistent
with recent results from Sweden (10) and the USA (27).
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T4 (>4.0 mm) (n=5,629)
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Fig. 3. Age-specific melanoma incidence rates (age =25 years) by birth year, T category, and sex; n is the number of cases averaged
over the 30 imputed datasets. The y-axis is in log-scale and represents the age-specific incidence rate per 100,000 person-years averaged over

imputed datasets.

The recent steep rise in T1 melanoma, since 2008
mainly in Tla melanoma, may have been driven by
several factors: increased awareness in the general
population and general practitioners, lower clinical th-
resholds for biopsying pigmented lesions, and a shift in
histopathological thresholds to label morphologic chan-
ges as invasive cancer (3). Consistent with our results,
low-risk melanoma constitutes a growing proportion of
diagnosed melanomas in the USA (31). Furthermore, a
recent Norwegian study with histopathological reassess-
ment, spanning diagnoses from benign nevi to invasive
melanoma, from 2009 and 2018-2019 (32), indicated
that the “threshold” for making more serious diagnoses
may have become lower.

Our results indicate sex- and age-specific differences
in melanoma awareness. Men had higher T3 and T4
incidence than women at all ages and higher T1 and T2
incidence after middle age. Women are more likely than
men to be aware of their skin, conduct self-examination,
and seek healthcare (8), and women are being diagnosed
at a younger age and with thinner melanoma (9—11). The
flattening trend in younger generations may be a result of
the sun safety campaigns or spending more time indoors
(12). However, NM appears somewhat more prevalent
in Norway than in other Nordic countries (9, 10, 24).
The percentages of NM in T3 and T4 melanoma in our
study may reflect the challenges in early diagnosis of NM
because of its characteristic early, rapid vertical growth
and often late detection due to its symmetry and uniform
colour (33). Men and older individuals elsewhere have
been shown to be more likely to have NMs of greater
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thickness (34, 35), and our results suggest a similar lack
of awareness in older Norwegians.

Potential overdiagnosis is discussed in connection
with increasing incidence of in situ and thin melanoma
(36). Increased focus on early diagnosis and diagnostic
shift can, as mentioned earlier, contribute to increased
incidence. Clinical skin examination has resulted in over-
detection in Australia, especially of in situ melanoma,
but such examination is less common in Norway (37).
Overtreatment following overdiagnosis implies addi-
tional costs and potential side effects (36). However, it
is still unclear which melanomas are being overtreated
(36, 38), and thin melanomas contribute substantially to
melanoma mortality (38).

National cancer data over a 35-year period are an
important strength of our study. Mandatory reporting
from several independent sources ensures completeness
and high-quality data (39). From 2000, >99.5% of me-
lanoma cases have been morphologically verified (39).
Limitations include lack of national data on melanoma
in situ and missing tumour thickness data. However, the
proportion of cases with missing thickness in Norway
from 2008 (7% women; 9% men) is comparable to other
studies (12,27). Missing information on tumour thick-
ness, anatomic site, and histopathologic subtype was
imputed using multiple imputation, taking the decrease
in missing data over time into account, and thereby avoi-
ding bias from exclusion of cases without thickness data
(40). The T1 proportion was lower and the T4 proportion
higher in imputed versus complete case data, consistent
with the results of Shaikh et al. (2013), where exclusion
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of individuals with missing thickness resulted in unde-
restimation of fatal melanoma (40).

In conclusion, we found a steep increase in thin me-
lanoma until 1989/90, followed by a plateau, and from
2004/05 again a steep increase. A similar plateau was
not found in the more moderately increasing trends of
thicker melanoma. The higher incidence of T4 melanoma
in men in all age groups, the higher incidences of T1 and
T2 melanoma after middle age in men, and the higher
incidence increase in men than women in all T categories
point to a need for increased melanoma awareness in
men. Likewise, the increases in T3 and T4 incidence by
age and the increase in percentage of NM in T3 and T4
melanoma indicate a need for more awareness of new
and rapidly growing pigmented lesions in older people.
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