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aBsTRacT
INTRODUCTION: The incidence of cutaneous malignant mel-
anoma is rapidly increasing in Denmark like in other North-
ern and Western European countries. Our objective was to 
investigate the characteristics of current patients suffering 
from cutaneous malignant melanoma. 
METHODS: We evaluated patient and tumour characteris-
tics in a cross-sectional study based on data from the Dan-
ish Melanoma Register. We included all patients diagnosed 
with cutaneous malignant melanoma in Health-care Region 
Zealand in 2012 and 2013. 
RESULTS: We identified 520 patients with invasive cutan-
eous malignant melanoma. More females than males suf-
fered from cutaneous malignant melanoma. Furthermore, 
females were younger than males, and the anatomical dis-
tribution of malignant melanoma varied between the gen-
ders. Outcome of sentinel lymph node biopsy was associ-
ated with tumour thickness. 
CONCLUSIONS: When comparing findings in our study with 
earlier Danish studies, we see a trend towards an increase 
in age at diagnosis. Furthermore, tumour thickness is de-
creasing and the topical distribution of cutaneous malignant 
melanoma in females changes towards a male pattern. 
FUNDING: none.
TRIAL REGISTRATION: The study has been approved by the 
Danish National Data Protection Agency.

 
The incidence rate of cutaneous malignant melanoma 
(CMM) has been increasing rapidly during the past two 
decades throughout Europe [1]. CMM is now the third 
most common cancer in Australia and New Zealand and 
one of the ten most common cancers in various Euro-
pean countries [2]. The highest incidence rates in Europe 
are found in Northern and Western countries (the Scan-
dinavian countries, the Netherlands, UK and Ireland), 
and the lowest incidence rates are observed in Spain 
and Portugal [1]. WHO Globocan reports that Danish fe-
males have the third highest risk of melanoma in the 
world (first New Zealand, second Australia); and in 2011, 
Danish females aged 15-39 years had the highest inci-
dence of CMM in the world [2]. Studies have suggested 
a continuous annual increase in incidence rate of more 
than 3% up to 2007 [3, 4]. A recent study reports an an-
nual increase in incidence rate of 7% for women and 
8.3% for men in the period from 2008 to 2011 [5]. 

Whereas CMM only represents approximately 4% of all 
skin cancers, the disease is responsible for approxi-
mately 80% of all skin cancer-related deaths [6]. Since 
the 1950s, the sun behaviour has changed radically from 
a sun-avoiding culture to a sun-seeking culture with fre-
quent vacations at lower latitudes. Furthermore, the ar-
tificial sun devices were introduced in Denmark in the 
1960s and a cross-sectional study by Køster et al in 2009 
showed that 29% of all Danes aged 15-59 had used sun-
beds within the past 12 months. Among female children 
and adolescents aged 15-19 years, 59% had used sun-
beds within the past 12 months [7]. 

As a consequence of the altered sun exposure pat-
tern, we hypothesise that patient and tumour character-
istics may also have changed during the past decades. 
The objective of this study was to describe patient char-
acteristics and tumour characteristics in a cohort of 
Danish CMM patients residing in Health-care Region 
Zealand (approximately 800,000 inhabitants correspond-
ing to 14% of the entire Danish population [8]). 

mEThOds 
study design and setting
The study is a cross sectional study based on the entire 
population living in Health-care Region Zealand, Den-
mark. 

Participants
Data were obtained on 1 March 2014 from the national 
Danish Melanoma Registry (DMR), which holds pro-
spect ively collected information on patients diagnosed 
with CMM in Denmark [9]. The DMR was initiated in 
1984; and since 2011, registration of CMM in DMR has 
been mandatory for all departments involved in CMM 
treatment. The data include specific information on pa-
tient and disease characteristics, treatment and follow-
up. Patients diagnosed with CMM are registered in the 
DMR after histological confirmation of CMM. Patients 
were included in the study if diagnosed with primary 
CMM between 1 January 2012 and 31 December 2013 in 
Health-care Region Zealand. The exclusion criteria were 
CMM in situ (Clark level 1), melanocytic tumour of un-
certain malignant potential (MELTUMP), unknown if pri-
mary CMM or metastasis, unknown thickness and Clark 
level due to limitations in biopsy material and patients 
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with otherwise incomplete set of data that could not be 
supplemented from the patient records. The histological 
examination was conducted at the Department of Path-
ology, Roskilde Hospital, which is a highly specialised fa-
cility examining all melanocytic biopsies from Region 
Zealand. All patients were treated at the Department of 
Plastic Surgery, Roskilde Hospital, which is also a cen-
tralised and highly specialised facility providing surgical 
treatment for all patients in the Region Zealand sus-
pected of or diagnosed with CMM. 

Variables
We obtained data on the patients’ gender, age (grouped 
< 21, 21-40, 41-60, 61-80, > 80 years), tumour thickness 
(grouped ≤ 1 mm, 1.01-2.00 mm, 2.01-4.00 mm, ≥ 4.01 
mm), CMM subtype (acral lentiginous melanoma (ALM), 
desmoplastic malignant melanoma (DMM), lentigo ma-

ligna melanoma (LMM), nodular malignant melanoma 
(NMM) and superficial spread melanoma (SMM)), Clark 
level (level 2-5), ulceration (yes/no) and sentinel lymph 
node biopsy (SLNB) outcome. All variables concerning 
tumour characteristics and SNLB outcome were based 
on histological examination. SLNB was conducted ac-
cording to treatment guidelines from the Danish Mela-
noma Group [8] – which in the study period comprised 
patients with a tumour thickness exceeding 1 mm, and/
or microscopic ulceration and/or a Clark level of 4 or 
higher [8]. This resulted in a limited number of patients 
with a tumour thickness < 1 mm requiring SLNB. 

approval
The study was approved by the Danish Data Protection 
Agency, reference number 2008-58-0020/12-000179.

statistics
Numbers and proportions were used to describe patient 
and tumour characteristics. In variables not normally 
distributed, we used median values with minimum and 
maximum values. The non-parametric statistical test for 
difference was used to test for difference in these cases. 
Differences in overall age and tumour thickness were 
tested using the Mann-Whitney test. Differences in age 
groups, tumour site, ulceration and Clark level were 
tested using the chi-squared test. The level of signifi-
cance was set at 0.05. All statistical methods were com-
puted using the dedicated statistical software InStat 
(version 3) and Prism (version 5), GraphPad, USA.  

Trial registration: The study was approved by the Danish 
National Data Protection Agency.

REsUlTs 
Patients
A total of 848 cases (tumours) of CMM were identified 
in the DMR according to the inclusion criteria. After re-
viewing the extracted data, 76 cases were excluded due 
to incomplete registration (12 patients), incorrect year 
of diagnosis (42 patients), unknown biopsy date (eight 
patients), duplicates (13 patients) or not melanocytic tu-
mour (one patient). A total of 29 patients were diag-
nosed with more than one CMM during the observation 
period from 2012 and 2013 (29 patients had 63 CMM tu-
mours in total). Only the first CMM was used in the fol-
lowing comparative analysis. A total of 520 patients with 
invasive CMM (Clark level 2-5) were identified and are 
described further in this study (Table 1). Patients with 
MELTUMP (18 patients), unknown if primary CMM or 
metastasis (11 patients), unknown thickness and Clark 
level due to limitations in biopsy material (50 patients) 
are presented in Table 2 only with descriptive data  

TaBlE 1

Patient and tumour characteristics in 520 patients diagnosed with invasive cutaneous malignant mel-
anoma from 2012 and 2013.

Female male p-value

Total, N (%) 278 (53.5) 242 (46.5)

Age, yrs, median (range) 56 (5-96) 65 (21-89) < 0.01

Age group, n ( %) > 0.01

< 21 yrs     4 (1.4)     0 (0)

21-40 yrs   46 (16.5)   23 (9.5)

41-60 yrs 113 (40.6)   68 (28.1)

61-80 yrs   91 (32.7) 126 (52.1)

> 80 yrs   24 (8.6)   25 (10.3)

Localization, n (%) > 0.01

Head and neck   28 (10.1)   41 (16.9)

Truncus and genitals 106 (38.1) 149 (61.6)

Upper extremity   47 (16.9)   25 (10.3)

Lower extremity   94 (33.8)   27 (11.2)

NA     3 (1.1)     0 (0)

Tumour thickness, mm, median (range) 0.7 (0.02-13.00) 0.82 (0.08-23.00) 0.07

Clark level, n (%) 0.23

2 119 (42.8) 86 (35.5)

3   92 (33.1) 99 (40.9)

4   52 (18.7) 42 (17.4)

5     7 (2.5)   8 (3.3)

NA     8 (2.9)   7 (2.9)

Ulceration, n (%) 0.17

No 243 (87.4) 204 (84.3)

Yes   26 (9.4)   33 (13.6)

NA     9 (3.2)     5 (2.1)

Histological types of melanoma, n (%) 0.88

Lentigo maligna melanoma  11 (4.0)   9 (3.7)

Superficial spread malignant melanoma 227 (81.7) 198 (81.8)

Nodular malignant melanoma  22 (7.9)  24 (9.9)

Acral lentiginous malignant melanoma   4 (1.4)   2 (0.8)

Desmoplastic malignant melanoma   2 (0.7)   8 (3.3)

NA  12 (4.3)   1 (0.4)

NA = not available.
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and were excluded without further analysis due to the  
limited number of patients in each group. Patients with 
CMM in situ (144 patients) were excluded and are pre-
sented elsewhere. 

analysis
Among patients with invasive CMM, there were more 
females than males (278 (53.4%) versus 242 (46.5%)), 
respectively (p < 0.01) (Table 1). The females were sig-
nificantly younger (median age 56, 25-75 percentile:  
44-68 years) than the males (median age 65 years, 25-75 
percentile: 54-73 years), p < 0.01. When comparing age 
groups (age < 21, 21-40, 41-60, 61-80, > 80 years), we 
found a larger share of females in the younger age 
groups and a larger share of males in the older age 
groups (p < 0.01) (Figure 1A). We found a significant 
 difference in the anatomical distribution of melanomas 
between males and females. Where males predomi-
nantly had their CMM on the trunk (62%) and on the 
head and neck (17%), females predominantly had their 
CMM on the trunk (38%) and on the lower extremities 
(34%), p < 0.01 (Figure 1B). 

We found no difference between females and 
males concerning CMM thickness (p = 0.07), Clark level 
(p = 0.23), ulceration (p = 0.17) or melanoma type (p = 
0.88).

Finally, we assessed the association between SNLB 
outcome and gender, tumour thickness and ulceration, 
respectively (Table 3). We found a significant direct rela-
tion between tumour thickness divided into four groups 
(≤ 1.00 mm, 1.01-2.00 mm, 2.01-4.00 mm, > 4.00 mm) 
and risk of positive SNLB (Figure 1C), p < 0.02. We found 
no association between gender and positive SLNB (p = 
0.88) or ulceration and positive SNLB (p = 0.09).

discUssiOn
Our study population reflects the Danish population, 
which is generally well-educated, ethnically homoge-
neous (Caucasians) and which benefits from a uniform 
public health-care system covering all citizens. These 
characteristics limit the generalisability to other popula-
tions with different health-care systems, demographics 
or treatment protocols. Although all treatment and diag-
nostics are conducted at a single institution (Roskilde 
Hospital), all clinical procedures and pathological exam-
inations strictly adhere to the national guidelines pro-
vided by the Danish Melanoma Group [9]. Information 
on given treatment was obtained from the DMR data-
base and thereby carries the limitations of register data. 
We strove to increase the completeness of our data set 
by validating all data, identifying irregularities and rect-
ifying the data by reviewing the histological examin-
ations and clinical reports. The cross-sectional design of 

the study precludes conclusions on causality and analy-
sis of changes in variables over time. Nevertheless, com-
paring our results with the results of two previously pub-
lished Danish studies from 1990 [10] and 2003 [11] 
provides an opportunity to discuss the development in 
patient and tumour characteristics. The study by Drze-
wiecki et al [10] is a population-based study measuring 
CMM-related outcomes in a population of approxi-
mately one million inhabitants (about 20% of the entire 
Danish population in 1982 [8]) from 1964 to 1982 in a 
geographical area corresponding to the current South 

TaBlE 2

Patient and tumour characteristics in 520 patients diagnosed with invasive cutaneous malignant mel-
anoma from 2012 and 2013, excluded from further analysis.

mElTUmP

Unknown if  
primary cmm or  
metastasis

Unknown tumour 
thickness and  
clark level

n 18 11 50

Gender, %
Female 44 45 52

Male 56 55 48

Age, yrs, median (range) 48 (20-81) 64 (41-87) 45 (23-75)

Localization, %
Head and neck   0 18 32

Truncus and genitals 22 45 26

Upper extremity 11 18 20

Lower extremity 11   9 22

NA   0   9   0

SLNB, % 39 45 20

Positive SLNB, %   0 40   0

CMM = cutaneous malignant melanoma; MELTUMP = melanocytic tumour of uncertain malignant po-
tential; NA = not assessed; SLNB = sentinel lymph node biopsy. 

TaBlE 3

Sentinel lymph node biopsy outcome in 520 patients diagnosed with cutaneous malignant melanoma in 
2012 and 2013.

Total, n
slnB, n  
(% of total)

Positive slnB,  
n (% of slnB)

negative slnB, 
n (% of slnB) p-value

Gender 0.88

Female 278 112 (40.3) 28 (25.0) 84 (75.0)

Male 242 110 (45.5) 29 (26.4) 81 (73.6)

Melanoma thickness, mm 0.01

≤ 1.00 320   40 (12.5) 4 (10.0) 36 (90.0)

1.01-2.00 112 107 (95.5) 26 (24.3) 81 (75.7)

2.01-4.00   56   47 (83.9) 15 (31.9) 32 (68.1)

≥ 4.01   32   28 (87.5) 12 (42.9) 16 (57.1)

Histologic ulceration 0.09

Yes   59   49 (83.1) 17 (34.7)   32 (65.3)

No 448 172 (38.4) 39 (22.7) 133 (77.3)

NA   13     1 (0.8)   1 (100)     0 (0)

NA = not assessed; SLNB = sentinel lymph node biopsy.
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Denmark Health-care Region (714 cases). In a PhD thesis 
by Hansen, Danish patients diagnosed with CMM who 
were registered in the DMR from 1985 to 1994 were 
evaluated (4,984 cases) [11]. In the study by Drzewiecki 
et al authors reported that females account for approxi-
mately 63% of new primary CMM, whereas males ac-
count for 37%. Hansen found that females account for 
approximately 57%, whereas males account for 43%. In 
our study, females and males account for 53% and 47%, 
respectively. This indicates a diminishing trend in the ob-
served gender difference observed through the decades. 

Drzewiecki et al found that mean age (both gen-
ders) was 52 years, whereas Hansen found a corre-
sponding mean age of 55 years (male and female mean 
age 56 years and 54 years, respectively, p < 0.001). We 
found that the current mean age (both genders) is 59 

years (male and female mean age 63 years and 56 years, 
respectively) (mean values calculated for comparison). 
The age difference between the genders was significant 
in the present study in analysis based on median values 
(Table 1). Drzewiecki et al found that in females, CMM 
was most often located on the lower extremity (35%) fol-
lowed by the trunk (20%). In males, the most domin ant 
location was the trunk (50%) followed by the head and 
neck (24%). Hansen found that in females, CMM was al-
most equally frequent on the lower extremity (31%) and 
the trunk (29%). In males, CMM was primarily located on 
the trunk (57%), followed by head and neck (16%). Our 
study shows that females most often have their melano-
mas on the trunk (38%) followed by the lower extremity 
(34%), whereas males had their CMM on the trunk (62%) 
followed by the head and neck (17%). The change in ana-
tomical distribution shows that females’ anatomical lo-
calisation has migrated towards a male pattern. Overall, 
tumour thickness has decreased from a mean tumour 
thickness of 2.4 mm (Drzewiecki et al, 1964-1982) to a 
current mean value of 1.5 mm (2012-2013). Data con-
cerning overall tumour thickness are not available from 
the study by Hansen. Mean tumour thickness between 
genders as evaluated by Hansen showed a mean tumour 
thickness on 1.8 mm in females and 2.4 mm in males. 
The corresponding current (2012-2013) values are 1.3 
mm in females and 1.7 mm in males (calculated for com-
parison). These data show a clear trend towards a de-
crease in tumour thickness, which is most likely owed to 
a reduction in patient’s delay and doctor’s delay as a re-
sult of a higher awareness of malignant melanoma. 

We found a positive SLNB to be significantly related 
to tumour thickness, but not – as expected – to histo-
logical ulceration (p = 0.09) (Table 3). The reason for the 
non-significant association between histological ulcer-
ation and positive SLNB could be limited numbers in the 
group with histological ulceration, and therefore a  
limited statistical power in this analysis. 

Bradford et al investigated 105,829 cases of CMM 
from five states in America in the period from 1975 to 
2006 [12]. They found that CMM was more frequent in 
males than in females (54% versus 46%). The overall 
mean age at the time of CMM diagnosis was 56 years 
(mean age for males and females was 58 and 53 years, 
respectively). They found that, in males, CMM was most 
frequently located on the trunk followed by the head 
and neck. In females, CMM was most frequently located 
on the lower extremity followed by the trunk and upper 
extremity. Trend analysis by Clark et al comparing 397 
CMM cases from 1972-1977 with 152 CMM cases from 
2004 suggests that differences between genders in the 
anatomic distribution of CMM are equalizing [13].  

Not all patients with a tumour thickness above 1 
mm were treated with SLNB (Table 3). SLNB biopsy is a 

FigURE 1

a. Age-distribution be-
tween genders among the 
520 patients (278 females 
and 242 males) diagnosed 
with malignant melanoma 
in Health-care Region 
Zealand in 2012 and 
2013; p < 0.01. B. Ana-
tomical distribution of tu-
mours between genders 
among 517 patients (275 
females and 242 males) of 
the 520 patients diag-
nosed with malignant 
melanoma in Health-care 
Region Zealand in 2012 
and 2013 (three patients 
were excluded due to 
missing information, all 
females); p < 0.01.  
c. Outcome of the histo-
logical examination of 
sentinel lymph node bi-
opsy in 222 patients with 
invasive malignant mela-
noma diagnosed in 2012 
and 2013 in Health-care 
Region Zealand sub-
grouped according to tu-
mour thickness. Please 
note that only 12.5% of 
the patients with a tu-
mour thickness < 1 mm 
were staged using senti-
nel lymph node biopsy 
(Table 3).

Persons, %
A

B

C

≤ 20 21-40 40-61 61-80 > 81
Age group, yrs

Females Males

60

40

20

0

Persons, %

Sentinel node status, %

80

60

20

40

0

100

50

0

Head/neck

LE = lower extremities;
UE = upper extremities

Trunk UE LE
Tumour location

Females Males

≤ 1.00

1.01-2.00

2.01-4.00
> 4.00

Tumour thickness, mm
Positive Negative
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staging procedure, and it is not in itself associated with 
increased survival or decreased recurrence rates. 
Otherwise, indicated SLNB can be abandoned if the pa-
tient rejects, if the clinical setting suggests lymph node 
dissection without prior SLNB or if distant metastasis is 
present. Positive SLNB is associated with an elevated re-
currence rate and an aggravated prognosis [14]. Lock-
Andersen et al [15] and Chakera et al [16] report positive 
SLNB on 32% and 22% of the patients, respectively. In 
our study, 26% had positive SLNB, which is in line with 
the mentioned studies – both of which are comparable 
on patient characteristics. As expected, our results show 
a direct relation between tumour thickness and positive 
SLNB.

We experienced that approximately 9% of the pa-
tients identified in the DMR were incorrectly registered. 
This limits the usability of the data from the clinical data-
base without thorough validation of the data sample. 
Moreover, it indicates that the use of clinical databases 
for research purposes is required to improve the future 
registration. 
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54-year-old male with a 12 by 10 mm clinical malignant melanoma with 
several satellite tumours located at the left first toe close to the nail bed. 
Histological examination following excision biopsy verified the diagnosis 
and classified it as a superficially spreading melanoma with a tumour 
thickness of 3.58 mm, Clark level 4 and without ulceration. Treatment 
was amputation of the toe and ipsilateral radical groin dissection as the 
sentinel node biopsy found metastases in all of the removed nodes 
(three).


