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The incidence rates of thin melanomas (=1 mm Bres-
low thickness) have increased in many fair-skinned po-
pulations, prompting a need to better identify patients
with thin melanomas who will eventually die from the
disease. This study aimed to describe the clinicopatho-
logical characteristics of lethal melanomas in Western
Sweden, with a focus on thin lesions. Population-ba-
sed data on invasive melanomas diagnosed during the
years 1990 to 2014 were extracted from the Swedish
Melanoma Registry, and linked to the Swedish Cause
of Death Registry. The age-standardized incidence (US
population 2000) of thin melanomas increased from
9.1%x1075 (95% confidence interval (95% CI) 8.5-9.8)
to 21.3x105 (95% CI 20.4-22.1) during the study
period. Thin melanomas comprised 55.2% of the to-
tal and contributed to 13.5% of all melanoma deaths.
Non-ulcerated melanomas 0.76-1 mm and ulcerated
melanomas 0.26-1.0 mm showed a poorer survival
compared with other thin melanomas.
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Cutaneous malignant melanoma (melanoma) is a
potentially lethal tumour, arising from melanocytes
of the skin. Melanoma incidence rates have been rising
progressively in fair-skinned populations, primarily due
to an increase in thin tumours (<1 mm Breslow thick-
ness) (1-5). The higher proportion of thin melanomas
has been attributed both to a true increase in melanocytic
neoplasms, as well as to the impact of early detection
and public awareness campaigns (1, 6). Melanoma
survival is strongly inversely associated with tumour
thickness, leading to excellent 20-year survival rates of
96% in patients with thin melanomas (7). Thick lesions
(>4 mm), on the contrary, have a 20-year survival rate
of approximately 50% (8). Thus, previous research has
partly overlooked thinner tumours and instead focused on
thicker melanomas. However, a recent study has shown
that more people die from thin melanomas than from
thick lesions (>4 mm) in Queensland, Australia, because
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thin lesions have become so much more common (9).
In that study, approximately a quarter of patients who
died from melanoma were originally diagnosed with a
thin primary tumour (9). This finding shows the need to
better identify, at the time of diagnosis, the subset of pa-
tients with thin melanomas who will eventually develop
metastases from their primary tumour.

Sweden has a fair-skinned population that expe-
riences a high incidence of melanoma, and a high cost-
to-population ratio for skin cancer (5, 10). Not only is
the incidence high; male age-standardized rate (ASR)
39.7x107, female ASR 35.3x107 (Swedish population
year 2000), but the annual percentage increase is also
greater than 6% (11).

Sweden has a tradition of well-kept cancer registries
with high coverage rates, facilitating epidemiological
registry studies (12). The western parts of Sweden have,
for the past decades, shown a higher incidence of mela-
noma than the national average, and projections show
that this geographical area can anticipate greater numbers
of melanoma in the future (13, 14). A few studies have
investigated thin melanomas in Sweden, but none have
focused on Western Sweden (4, 15—17). The aim of this
study was to describe the clinicopathological characteris-
tics of lethal melanomas in Western Sweden during the
years 1990 to 2014, with a focus on thin lesions (<1 mm).

METHODS

In Sweden, there are 6 regions for the organization and quality
control of cancer healthcare, each with a centre responsible for
the prospective registration of tumours in the Swedish Melanoma
Registry. The Regional Cancer Centre West collects clinicopatho-
logical data on melanoma patients from the “Western Sweden
healthcare region”, which corresponds geographically to the
county of Vistra Gotaland and the northern parts of Halland
county. These regions have approximately 1.8 million inhabitants,
corresponding to 19% of the national population (18). The re-
porting is performed both by clinicians and pathologists, resulting
in 98% coverage for invasive melanomas (12).

The regional ethics board approved the data collection for this
study. Population-based data on all invasive melanomas from 1
January 1990 to 31 December 2014 were extracted. In addition
to standard patient characteristics, such as age at diagnosis and
sex, the data-set included information on tumour characteristics
(date of diagnosis, Breslow thickness, ulceration, histopathological
subtype and anatomical location). All of the information on tumour
characteristics in this study derived from the Swedish Melanoma
Registry data-set and no new review of the histopathology of the
included cases was performed. Thus, the study cannot comment
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on possible incomplete sampling of thin melanomas. Melanomas
were categorized into the following groups, according to the
patients’ age at diagnosis: <30, 30-49, 50-59, 60—69 and >69
years. These age intervals were chosen so that the number of
melanoma patients would be reasonably large in all age groups.
Melanomas were also categorized depending on their invasion
depth, measured in Breslow thickness, according to the Ameri-
can Joint Committee on Cancer (AJCC) classification: T1 (<1.0
mm), T2 (1.01-2.0 mm), T3 (2.01-4.0 mm) and T4 (>4.0 mm)
(8). Thin melanomas were further stratified into categories of
0-0.25, 0.26-0.50, 0.51-0.75 and 0.76—1.0 mm. The melanomas
were described as being ulcerated or non-ulcerated according
to the histopathological reports. The anatomical location for the
melanomas on the body surface was specified in the following 5
categories: head or neck, upper extremity, lower extremity, trunk
and, finally hand or foot. Also, the melanomas were categorized
according to their histopathological subtypes: nodular melanoma
(NM), superficial spreading melanoma (SSM), lentigo maligna
melanoma (LMM), acrolentiginous melanoma (ALM) and other
subtypes. The date and cause of death for all decedents in our
cohort until 31 December 2014 were obtained from the national
Swedish Cause of Death Registry.

Statistical analysis

All data were analysed using R version 3.0.3 (The R Foundation
for Statistical Computing, Vienna, Austria). Incidence rates per
100,000 person years (age-standardized to the US population in
year 2000) for invasive melanoma were calculated for 5-year
time-intervals, both in total and divided by Breslow thickness.
Crude incidence rates per 100,000 person years for invasive me-
lanoma were calculated by age groups. Univariate Kaplan—Meier
estimates for 10-year melanoma-specific survival were calculated
in 5-year time-intervals according to the year of diagnosis of
the invasive melanoma from 1990 to 2004. Patients who had
their first melanoma from 2005 to 2014 were not included in the
melanoma-specific survival analysis, to ensure patients had the
potential for at least 10 years of follow-up after first diagnosis
with melanoma.

Melanomas were further categorized according to sex, age group
(as above), Breslow thickness, ulceration, anatomical location, and
histopathological subtype. Missing patient data for 1 variable did
not affect inclusion with respect to the other variables. Survival
time was defined as the time from the date of diagnosis for the
invasive melanoma to the date of melanoma-specific death. Cen-
soring was used to remove patients from the analysis at the time
of death from other causes, time of emigration, or at the cut-off
date of 31 December 2014, whichever came first.

Patients with multiple melanomas were excluded from the
primary analysis in order to remove any uncertainty over which
melanoma caused a patient’s death. To determine whether the
inclusion of multiple melanomas changed the outcome, 2 alter-
nate analyses were performed. The first alternate analysis was
performed on the first invasive melanoma and included patients
with multiple invasive melanomas. The second alternate analysis
also included patients with multiple invasive melanomas, but was
performed on the thickest invasive melanoma.

A Cox proportional hazards regression model was used to com-
pare the melanoma-specific survival between NM and SSM using
Breslow-thickness, ulceration and age group as covariates. A Cox
proportional hazards regression model was also fitted to compare
the melanoma-specific survival of the subgroup of non-ulcerated
tumours 0.76—1 mm together with the ulcerated tumours 0.26—1
mm, with the subgroup of non-ulcerated tumours <0.75 mm,
using age group as a covariate. All tests were 2-sided, p<0.05 was
considered statistically significant, and 95% confidence intervals
(95% CI) were used.
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RESULTS

Clinicopathological characteristics and incidence of
all invasive melanomas

Data extraction yielded 11,700 patients (49.4% men and
50.6% women) and a total of 12,353 invasive melanomas
(49.7% tumours on men and 50.3% tumours on women)
diagnosed during the years 1990 to 2014. Of all patients,
11,137 (95.2%) developed single invasive melanomas
and 563 (4.8%) developed multiple primary invasive
melanomas. The median time to death (any cause), emi-
gration or end of the study period in 2014, whichever
came first, was 12.0 years. During the years 1990 to
2014, only 29 out of 11,137 patients emigrated to another
country. Median age at diagnosis of a first melanoma
for all patients in the dataset, was 65 years for men and
60 years for women. Table I shows an overview of the
characteristics of all invasive melanomas from 1990 to
2014. The age-standardized incidence (US population
2000) for all invasive melanomas increased steadily
from 1990 (ASR 16.6x107,95% CI 15.8-17.4) to 2014
(ASR 36.7x107, 95% CI 35.6-37.8). The ASR of thin
melanomas increased from 9.1x107° (95% CI 8.5-9.8) to
21.3x107° (95% CI 20.4-22.1) during the same period.

Table I. Characteristics of all invasive melanomas in the Western
Sweden healthcare region (1990 to 2014)

Characteristics n (%)
Sex
Male 6,138 (49.7)
Female 6,215 (50.3)
Age group
<30 years 535 (4.3)
30-49 years 2,769 (22.4)
50-59 years 2,124 (17.2)
60-69 years 2,586 (20.9)
>69 years 4,339 (35.1)
Breslow thickness
0-1 mm 6,813 (55.2)
0-0.25 mm 370 (3.0)
0.26-0.5 mm 2,849 (23.1)
0.51-0.75 mm 1,775 (14.4)
0.76-1 mm 1,819 (14.7)
1.01-2 mm 2,325 (18.8)
2.01-4 mm 1,603 (13.0)
>4 mm 1,196 (9.7)
Unknown 416 (3.4)
Ulceration
No 9,482 (76.8)
Yes 2,283 (18.5)
Unknown 588 (4.8)
Anatomical location
Head or neck 1,538 (12.5)
Upper extremity 2,040 (16.5)
Lower extremity 2,750 (22.3)
Trunk 5,771 (46.7)
Hand or foot 170 (1.4)
Unknown 84 (0.7)
Histopathological subtype
Superficial spreading melanoma 7,532 (61.0)
Lentigo maligna melanoma 895 (7.2)
Nodular melanoma 2,429 (19.7)
Acrolentiginous melanoma 159 (1.3)
Other 1,112 (9.0)
Unknown 226 (1.8)
Sum 12,353 (100)
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The crude, age-specific melanoma incidence was high-
est in the oldest age group (> 69 years), reaching 140.8
(95% CI 133.9-147.7) in the years 2010 to 2014. Table
IT shows the age-standardized and crude incidence rates
in 5-year time-intervals.

Clinicopathological characteristics of all melanoma
decedents

Out of the 11,137 patients diagnosed with a single in-
vasive melanoma between 1990 and 2014, 1,221 died
from melanoma within the study period (61% men and
39% women). For all decedents, the median and mean
times to death were 2.8 and 3.9 years, respectively, with
arange of 0.01-22.6 years. The median and mean Bres-
low thickness for the lethal melanomas was 3.0 mm and
4.4 mm (95% CI 4.1-4.7). Thin melanomas (<1 mm)
accounted for 13.5% (165 patients) of all melanoma
fatalities, but 55.2% of all invasive melanomas. Mean-
while, thick melanomas (>4 mm) accounted for 33.1%
(404 patients) of all melanoma fatalities, but only 9.7%
of all invasive melanomas. Analysis of the data regarding
histopathological subtype among all lethal melanomas
showed that 49.4% of the decedents in our cohort died
from NM, although this subtype comprised only 19.7%
of all invasive melanomas. For SSM, the inverse correla-
tion was seen; with 32.3% of the decedents dying from
this subtype, which comprised 61.0% of all invasive
melanomas.

Clinicopathological characteristics and 10-year survival
analysis of melanoma decedents (diagnosis year 1990
to 2004)

In terms of melanoma-specific death and survival, only
patients with melanomas diagnosed between 1990 and
2004 were included in the analyses, to ensure the poten-
tial of at least 10 years of data regarding time to death

or emigration. Table SI' shows the clinicopathological
melanoma characteristics among the patients who died
from melanoma within 10 years after diagnosis. Tables
SII and SIII' show the clinicopathological melanoma
characteristics with respect to the first and the thickest
invasive melanomas, respectively, when including pa-
tients with multiple melanomas. Only minor differences
are seen between Tables SI-SIIT".

The overall 10-year melanoma-specific survival for
invasive melanomas was 84.1% (95% CI 83.1-85.2),
with a survival disadvantage for men at 79.1% (95% CI
77.5-80.9) against women at 88.7% (95% CI 87.4—-89.9)
(Table SIV"). Censoring was performed for patients who
died from other causes or emigrated. Survival decreased
with age, with the lowest survival in the group of dece-
dents aged over 69 years at diagnosis, at 74.5% (95% CI
72.1-77.0). Thin melanomas (<1 mm) had a very high
survival rate of 96.4% (95% CI 95.7-97.1), compared
with the low survival rate of thick melanomas (>4 mm)
of 44.3% (95% CI 39.5-49.7). Further stratifying the
thin melanomas revealed a low survival for melanomas
0.76—1 mm with a rate of 92.3% (95% CI 90.3-94.3),
compared with the survival rate of melanomas 0.51-0.75
mm, which was 96.4% (95% CI 95.0-97.8). Melanomas
with ulceration presented a noticeably lower survival of
57.2% (95% CI1 53.8-60.7) compared with the survival of
non-ulcerated melanomas at 91.1% (95% CI1 90.1-92.0).

Combining the prognostic factors of Breslow thickness
and ulceration resulted in the Kaplan—Meier survival
estimates for lethal melanomas 1990 to 2004 presented
in Fig. 1a (all Breslow thickness categories) and Fig. 1b
(restricted to tumours <1 mm Breslow thickness). Fig.
la shows a very high survival for patients with thin,
non-ulcerated tumours, at 96.9% (95% CI 96.2-97.6),

thttps://doi.org/10.2340/00015555-2758

Table II. Incidence of invasive melanoma in the Western Sweden healthcare region (1990 to 2014), by thickness and age groups including

95% confidence interval in parentheses

1990 to 1994

1995 to 1999

2000 to 2004

2005 to 2009

2010 to 2014

Total 1990 to 2014

Number of invasive melanomas

1,504

1,929

2,177

ASR in total 16.6 (15.8-17.4)  20.5(19.6-21.5) 22.0 (21.1-23.0)
ASR by Breslow thickness group
0-1 mm 9.1 (8.5-9.8) 12.2 (11.5-12.9) 12.7 (12.0-13.4)
0-0.25 mm 0.3 (0.2-0.5) 0.6 (0.5-0.8) 0.8 (0.6-0.9)
0.26-0.5 mm 3.7 (3.3-4.1) 5.3 (4.8-5.7) 5.4 (5.0-5.9)
0.51-0.75 mm 2.5 (2.1-2.8) 3.2 (2.8-3.6) 3.3 (2.9-3.7)
0.76-1 mm 2.7 (2.3-3.0) 3.1 (2.8-3.5) 3.2 (2.9-3.6)
1.01-2 mm 3.2 (2.8-3.6) 3.9 (3.5-4.3) 4.0 (3.6-4.4)
2.01-4 mm 2.3 (2.0-2.6) 2.5 (2.2-2.8) 2.9 (2.6-3.2)
>4 mm 1.4 (1.2-1.6) 1.7 (1.4-1.9) 2.0 (1.8-2.3)
Unknown 0.5 (0.4-0.7) 0.3 (0.2-0.4) 0.4 (0.2-0.5)

Crude incidence in total
Crude incidence rate by age group

18.8 (17.8-19.7)

23.5 (22.5-24.6)

<30 years 3.0 (2.4-3.6) 3.6 (3.0-4.3)
30-49 years 15.9 (14.2-17.5)  19.9 (18.1-21.8)
50-59 years 28.4 (24.8-32.0)  32.3 (28.8-35.8)
60-69 years 38.2 (33.8-42.6)  51.8 (46.6-57.0)
>69 years 50.9 (46.6-55.3)  61.3 (56.6-66.0)

26.1 (25.0-27.2)

2.9 (2.3-3.5)
19.7 (17.9-21.5)
38.5 (34.9-42.2)
50.6 (45.6-55.5)
75.4 (70.2-80.6)

2,718
26.2 (25.2-27.2)

14.2 (13.5-15.0)
0.6 (0.5-0.8)
5.9 (5.4-6.3)
3.8 (3.4-4.2)
3.9 (3.5-4.3)
4.9 (4.5-5.4)
3.4 (3.0-3.7)
2.7 (2.4-3.0)
1.0 (0.8-1.2)
31.7 (30.5-32.9)

2.6 (2.0-3.2)
24.4 (22.4-26.4)
42.5 (38.7-46.4)
61.8 (56.8-66.8)
93.6 (87.8-99.4)

4,025
36.7 (35.6-37.8)

21.3 (20.4-22.1)
1.2 (1.0-1.4)
8.9 (8.4-9.5)
5.6 (5.1-6.0)
5.5 (5.1-6.0)
7.0 (6.5-7.5)
3.9 (3.6-4.3)
2.8 (2.5-3.1)
1.7 (1.5-2.0)
45.2 (43.8-46.6)

3.2 (2.6-3.8)
34.0 (31.6-36.4)
56.4 (52.0-60.9)
83.7 (78.2-89.2)

140.8 (133.9-147.7)

12,353
24.7 (24.2-25.1)

14.1 (13.7-14.4)
0.7 (0.7-0.8)
5.9 (5.7-6.1)
3.7 (3.5-3.9)
3.7 (3.6-3.9)
4.7 (4.5-4.8)
3.0 (2.9-3.2)
2.1 (2.0-2.3)
0.8 (0.7-0.9)
29.4 (28.9-29.9)

3.1 (2.8-3.3)
22.9 (22.0-23.8)
40.3 (38.5-42.0)
59.3 (57.0-61.6)
85.5 (83.0-88.0)

ASR: age-standardized incidence rates (US population year 2000) x107° person years.
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Fig. 1. Melanoma-specific Kaplan—Meier survival estimates for: (a) all lethal melanomas (0->4 mm Breslow) and (b) lethal thin melanomas (0-1
mm Breslow) in the Western Sweden healthcare region (1990 to 2004), divided by Breslow thickness and ulceration.

but a lower survival for patients with thin, ulcerated = melanoma incidence for Sweden, probably for at least
tumours, at 86.6% (95% CI 80.3-93.4). Patients with  a decade based on current trends (9, 14). For example,
thick, ulcerated (>4 mm) displayed the poorest survi-  arecent analysis predicts an on-going increase until the
val overall. Fig. 1b shows that non-ulcerated tumours  years 2022 to 2026, before it possibly becomes more
0.76—1 mm and ulcerated tumours 0.26—1 mm have a  stable, similar to how the incidence has reached a pla-
lower 10-year survival compared with other thin lethal  teau in Australia (1, 5). It appears that efforts to reduce
melanomas, and thus represent a subgroup with a poorer ~ mortality from melanoma in spite of increased incidence
prognosis. The Cox proportional hazards model showed  are now more important than ever.
that the survival of the subgroup of the non-ulcerated Recurrent melanoma disease is common in the skin
tumours 0.76—1 mm and the ulcerated tumours 0.26—1  and in the loco-regional lymph nodes, as well as in the
mm together was 92.1% (95% CI 90.1-94.2), which ~ form of distant metastases to the lungs, liver, brain or
was significantly poorer than for non-ulcerated tumours ~ bone. Many studies have investigated clinicopathological
<0.75 mm, at 98.1% (95% CI 97.5-98.8) (p<0.0001).  factors for distinguishing melanomas with a high risk
Ulcerated tumours <0.25 mm were excluded from the = of metastases and death. The present study confirmed
analysis, as they were too few in number (no patient in  previous findings observing low survival rates among the
this category died within 10 years). melanoma decedents with male sex (7, 19, 20), older age
The 10-year survival of patients with melanomas (7, 19, 21), increasing tumour thickness (7, 8, 19-23),
at the hand or foot body sites was low: 53.9% (95%  ulcerated tumours (8, 21, 22), NM (7, 20) and ALM (7,
CI 44.2-65.7). Among the 40 patients who died from  20) subtypes. Our cohort showed a poor survival for
melanomas located on these body sites, 15 were NMs,  tumours located on the head and neck areas, as well as
13 ALMs, 6 SSMs and 6 were of Other subtypes. The  the hand or foot body sites, whereas other studies only
10-year survival for head and neck melanomas was also  have found poor survival for head and neck tumours (7,
low: 80.0% (95% CI 76.4-83.8). In addition, survival  20). Thus, the results concerning survival for melanomas
for patients with NMs and for patients with ALMs was  on the hand or foot body sites should be interpreted with
poor, at 61.8% (95% CI 58.8-65.0) and 66.7% (95%  caution. In the multiple regression analysis, we found
CI 57.2-77.7) of the patients surviving after 10 years, ~ NM to be an independent factor that increased the risk

respectively. In the Cox proportional hazards model, of death from melanoma.
NM showed an independent and statistically significant Thin melanomas (<1 mm) were the most commonly
decreased survival compared with SSM, when control-  diagnosed of all invasive melanomas in the cohort, com-

ling for Breslow thickness, ulceration and age group  prising 55.2% of the total. The 10-year survival fraction
(»=0.006). For example, for non-ulcerated melanomas  for thin melanomas was 96.4%, which is in line with
with Breslow thickness 1.01-2 mm, NMs showed a 10-  results from other studies (7, 15). Despite their good
year survival of 75.4% (95% CI 69.2-82.2) compared  prognosis, thin melanomas still contributed to 13.5%
with the survival of SSMs of 88.1% (95% CI84.7-91 6) of all melanoma deaths. Data from Queensland, Aus-
tralia show that thin melanomas comprised 68% of all
melanomas in that state, but caused as many as 23% of
deaths in the time-period 2005 to 2009. It appears that
Rapid increases were observed in age-standardized me-  the “melanoma epidemic” is more mature in Australia
lanoma incidence in Western Sweden from 1990 to 2014. than Sweden, with overall incidence of melanoma now
Other studies have projected further future increases in  declining in Australia, but with an increasing proportion

DISCUSSION
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of thin melanomas. This suggests that primary preven-
tion campaigns to reduce the incidence of melanoma in
Australia may be taking effect, coupled with widespread
early detection efforts driving a reduction in mean me-
lanoma thickness at diagnosis. Data suggest that early
detection may be operating also in Sweden, as evidenced
by a growing proportion of thin melanomas, but there
is no evidence that primary prevention activities are yet
exerting an effect on overall incidence (4).

Thin melanomas have also been shown to account for
a large proportion of “Years of life with disability” and
“Years of life lost” in the disease burden, although the
overall survial rates are very high (24). With increasing
incidence, escalating healthcare costs for thin melanomas
are to be expected in Western Sweden. If more detailed
prognostic factors could be identified, the subset of
patients with potentially lethal thin melanomas could
be better informed about the prognosis of their disease.
Furthermore, they could be kept under closer surveillance
with skin examinations, rigorous imaging techniques or
lymph node dissection (25). Treatment, such as surgical
removal of metastases or new effective adjuvant drug
therapies, may also be offered at earlier stages. Such
treatments cannot be offered to all patients with thin
melanoma, because of high costs and risk of adverse
events. Several previous studies have tried to identify
adequate prognostic factors for lethal thin melanomas (7,
15, 19-23, 26, 27). In a Swedish study from 2013, Lyth
et al. (15) proposed an innovative method of combining
prognostic factors to create a classification based on
cumulative melanoma-specific mortality. Lyth et al. clas-
sified the melanomas in a low-risk group (non-ulcerated,
<0.75 mm and Clark II-III), an intermediate-risk group
(non-ulcerated and >0.75 mm; or non-ulcerated and
Clark IV=V; or ulcerated <0.75 mm and Clark II), and a
high-risk group (ulcerated and Clark I11-V; or ulcerated,
>(0.75 mm and Clark II) (15). Histological information
like the Clark level was not available in our particular
data-set. Nevertheless, the present study tried to simplify
Lyth’s prognostic classification, to make it easier to use
in a clinical setting. Therefore, we created a prognostic
model, combining only 2 variables for thin melanomas:
Breslow thickness and ulceration. The Cox proportional
hazards regression analysis resulted in the finding of a
significantly poorer survival for ulcerated melanomas
0.26—-1 mm and for non-ulcerated melanomas 0.76-1
mm. Thus, our prognostic model identified tumours with
these characteristics to be at clinically significant risk of
causing death from melanoma. Currently, the Swedish
national guidelines for malignant melanoma management
do not suggest periodic follow-up for thin, non-ulcerated
melanomas <1 mm (Stage 1A). A follow-up frequency
of once yearly for 3 years is only recommended for ul-
cerated melanomas <1 mm (Stage IB) (25). Hence, there
is a high risk of overlooking the potentially lethal thin
melanomas in the specific Breslow subgroup of 0.76—1
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mm without ulceration. Of the patients diagnosed from
1990 to 2004 in the Western Sweden cohort, 57 patients
died from a melanoma of 0.76—1 mm Breslow thickness
within 10 years. Non-ulcerated tumours represented 44
of these melanomas, and these patients would thus have
been disqualified from regular follow-up. To be able to
follow-up closely and intervene in these patients, we
therefore propose the possible use of our prognostic
model in the future. However, more research focusing on
prognostic factors for lethal thin melanomas is needed,
and is also planned by our research group.

A strength of this study is the population-based ap-
proach, compared with studies from specialized tumour
clinics, where patients often present with more advan-
ced tumours leading to higher mortality rates for thin
melanomas (15). Also, the Swedish cancer registries
are independently acknowledged to report high-quality
data (28). There was a low frequency of missing data; for
example, the percentage of invasive melanomas without
an accurate registration of Breslow thickness was only
3.4%. It was possible to extract data on ulceration from
the Swedish melanoma registry, and ulceration is a very
important prognostic factor (8). Ulceration data have
not been available for analysis for all population-based
studies on thin melanomas (7).

This registry-based study has some limitations. The
presence of mitosis was not recorded during the entire
study period in the Swedish melanoma registry and thus
was not included in the analysis. As mentioned above,
data regarding the Clark level was not available. Nonet-
heless, it has been shown that ulceration and Breslow
thickness are sufficient and that they are important prog-
nostic factors (8, 29). Patient phenotype and genotype
might also influence survival, although such data are not
available through registry-based studies. Data on metas-
tatic melanomas with an unknown primary tumour were
also missing. Furthermore, immigrants into Sweden who
died from melanoma but were diagnosed elsewhere, were
not included in the analyses. The study time-frame pre-
vented us from performing a 20-year survival analysis,
without a substantial part of patients being censored at the
end of the study period (31 December 2014). However,
89.0% of patients (diagnosis year 1990 to 2004) who
died in the study period, died within 10 years. Thus, a
10-year survival analysis was appropriate.

Some previous studies have excluded multiple pri-
mary melanomas (7, 15) in order to make sure that a
subsequent melanoma was not the cause of death, and
some other studies have chosen not to (9). We chose to
exclude multiple primary melanomas from our primary
analysis, but also performed alternate analyses. Since we
did not find any essential change in the size of the effect
in the alternate analyses, we do not believe this had any
impact on our findings.

In conclusion, patients with thin melanomas comprise
a non-negligible proportion of the patients who ultima-
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tely die from the disease, in spite of the good prognosis
for thin tumours in general. Non-ulcerated melanomas
with a Breslow thickness of 0.76—1 mm and ulcerated
melanomas 0.26—1.0 mm have a poorer survival compa-
red with other thin melanomas. More attention should be
brought to such melanoma patients with regards to their
management and follow-up.
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