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  Abstract 
  Background.  Few studies to date have described the clinical features of malignant melanoma in young adulthood. Also, 
little is known about patterns of care in young patients. We examined and compared clinical characteristics, management 
and survival between young adult (15 – 39 years) and older adult melanoma patients in Central Sweden.  Material and 
methods.  Patients diagnosed with invasive malignant melanoma between 1997 and 2011 were identifi ed in the Regional 
Quality Register of Cutaneous Malignant Melanoma in Central Sweden, a population-based register covering a source 
population of about two million. Data on clinical characteristics, management and survival were retrieved and compared 
according to age at diagnosis.  Results.  Of 5915 patients included in the study, 584 (9.9%) were between 15 and 39 years 
of age at diagnosis. Compared with older patients, young adult patients were more likely to be female, with higher 
proportions of thin, non-ulcerated melanomas, superfi cial spreading melanoma and melanomas located on the lower 
extremity. Young adults had shorter waiting times for surgical procedures and a higher proportion received surgical treat-
ment according to guidelines. Overall, young patients had better relative survival than older patients. Age-related survival 
differences varied by stage of disease at diagnosis, and were most prominent in stage II disease.  Conclusion.  The observed 
differences in clinical characteristics, management and survival between young adult and older melanoma patients call 
for an improved understanding of not only disease etiology but also factors driving management decisions. A better 
understanding of these differences may help improve care and prognosis for melanoma patients of all ages.   

  Malignant melanoma of the skin is one of the most 
common malignancies in adolescents and young 
adults in Europe, Northern America and Australia/
New Zealand [1]. In Sweden, it is the second most 
common cancer type in adolescents and young adults 
aged 15 – 39 years (hereafter referred to as young 
adults), accounting for 16% of all cancers in this age 
group [2]. The incidence of melanoma in Sweden has 
increased dramatically in recent decades. Although 
the highest increase has been seen in older adults, 
the incidence of melanoma among young adults has 
more than tripled since the 1960s [3]. A similar pat-
tern has been observed in other European countries 
[3,4] and was recently reported for the US [5,6]. 

 Malignancies in young adulthood, including 
melanoma, have attracted less attention than cancers 
in childhood and later adulthood. Although there are 
many knowledge gaps in this research area, previous 
studies suggest that cancers in young adulthood are 
different from malignancies occurring later in life 
in terms of biology and prognosis [7]. Only a few 
US-based studies have examined the specifi c features 
of melanoma in young adulthood [6,8,9]. Results to 
date indicate that younger patients diagnosed with 
melanoma are more likely to be female [8,10], more 
frequently have melanomas arising on the lower 
extremity and less frequently on the head and neck 
[10,11] and present with thinner lesions [8,10,11]. 
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Despite a higher incidence of sentinel node metasta-
sis [8], young age has been associated with a better 
prognosis [8,10]. Also, some age-related variations in 
management and treatment have been reported [12], 
however no previous study has addressed aspects of 
disease management in young adulthood. 

 A better understanding of the occurrence, 
management and prognosis of melanoma in young 
adulthood is important for both improved treatment 
and outcome. The aim of the present study was 
to examine and compare clinical characteristics, 
management, and survival between young adult and 
older adult melanoma patients identifi ed in a regional 
melanoma register in Central Sweden.   

 Material and methods  

 Data collection 

 The present population-based cohort study included 
all patients aged 15 and over with invasive malignant 
melanoma, registered in the Regional Quality Regis-
ter of Cutaneous Malignant Melanoma of the 
Uppsala/ Ö rebro Health Care Region between 1997 
and 2011. The register was established to monitor 
and improve the quality of care, and includes detailed 
information about diagnosis, tumor characteristics, 
clinical stage and surgical procedures. The register 
covers a source population of about two million, rep-
resenting 21% of Sweden ’ s total population. Com-
pared with the Swedish Cancer Register to which 
reporting is mandated, the completeness of the reg-
ister exceeds 95% [13]. Information on vital status 
is obtained by updates from the National Population 
Register. 

 In total, we identifi ed 7808 patients aged 15 and 
over in the register between 1 January 1997 and 31 
December 2011. The analysis was restricted to 5915 
cases with invasive melanoma, excluding 1859 cases 
with in situ melanoma and 34 cases with missing 
information on type of melanoma. 

 Information on patient and tumor characteristics 
included sex, age at diagnosis, date of diagnosis, ana-
tomic location of the tumor, histologic subtype, Clark 
level of invasion, Breslow thickness, presence of 
ulceration and regression, and regional and distant 
metastasis. Data were available on date of fi rst visit 
(for patients diagnosed after 1 January 2009), date 
and type of surgery, institution where surgery was 
performed, excision margins and tumor growth at 
the line of resection. 

 Assessment of stage was performed according to 
the 6th version of the American Joint Committee 
on Cancer ’ s melanoma classifi cation system [14], 
with the following criteria: stage I (T1a/T1b/T2a 
N0 M0), stage II (T2b/T3a/T3b/T4a/T4b N0 M0), 

stage III (Any T N1/N2/N3 M0) and stage IV (Any 
T Any N Any M1). Patients with unclassifi able dis-
ease stage due to missing data were categorized as 
having stage not available. Staging of regional dis-
ease was primarily based on pathological assess-
ment, or in the absence of lymph node surgery 
(generally not practiced before 2003), on clinical 
assessment. In national guidelines [15], sentinel 
node evaluation is recommended for invasive mela-
nomas thicker than 1.0 mm or in the presence of 
ulceration or Clark level IV – V. 

 Surgical excision margins were categorized 
according to recommendations in national guidelines 
[15]: 10 mm for invasive melanomas thinner than or 
equal to 1.0 mm, and 20 mm for invasive melanomas 
thicker than 1.0 mm. Surgeries with a total margin 
greater than or equal to these recommendations were 
categorized as adherent to the guidelines.   

 Statistical methods 

 Differences in patient and tumor characteristics, 
management and surgical procedures between age 
groups (15 – 39 years, 40 – 64 years and  �    65 years) 
were compared using the  χ  2 -test for categorical 
variables and the Kruskal-Wallis test for variables 
presented as medians. Binary logistic regression 
models were used to model the association between 
age group and having surgery adherent to guidelines, 
adjusted for potential confounders. 

 Survival time was calculated from date of diag-
nosis to date of death, emigration or end of follow-up 
(8 December 2012), whichever came fi rst. Survival 
experience by age groups was described using rela-
tive survival, a measure of excess mortality associ-
ated with the diagnosis of cancer, irrespective of 
whether the cancer is a direct or indirect cause of 
death [16]. Relative survival was calculated as the 
ratio of the observed survival in the study population 
compared to the expected survival of the general 
population, standardized for calendar year, age and 
sex. To estimate expected survival in the present 
study, life-tables of the general population were 
retrieved from Statistics Sweden. Relative survival 
rates with 95% confi dence intervals (CI) were gen-
erated using the Hakulinen estimates of expected 
survival [17]. Poisson regression models were used 
to compare the relative survival between age groups, 
adjusted for potential confounders. Differences 
between groups are reported as relative excess risk 
of death (RER) with 95% CI. 

 All tests were two-tailed and p-values  �    0.05 were 
considered statistically signifi cant. Analyses were car-
ried out using STATA version 11 (STATA Corp., 
Texas, USA). This study was approved by the Ethical 
Review Board in Stockholm (dnr 2012/2203-31/5).    
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 Results  

 Clinical characteristics 

 Of a total of 5915 patients, 584 (9.9%) were between 
15 and 39 years of age at diagnosis. For all charac-
teristics except regression phenomena, signifi cant 
differences between age groups were found (Table I). 

The proportion of women was highest in the 
youngest age group (64.4%), and decreased with 
increasing age to 45.5% in the oldest age group. 
Younger patients had more melanomas diagnosed on 
the lower extremity (33.7% vs. 18.1% in the oldest 
age group) and a lower proportion of melanomas 
located in the head and neck region (8.9% vs. 18.9%). 

  Table I. Clinical characteristics of young adult melanoma patients aged 15 – 39 years diagnosed between 
1997 and 2011 in the Regional Quality Register of Cutaneous Malignant Melanoma of the Uppsala/ Ö rebro 
Health Care Region, in comparison with older age groups.  

15 – 39 years
n (%)

40 – 64 years
n (%)

 �    65 years
n (%) p-value

All patients 584 (9.9) 2457 (41.5) 2874 (48.6)
Sex

Female 376 (64.4) 1258 (51.2) 1308 (45.5)  �    0.001
Male 208 (35.6) 1199 (48.8) 1566 (54.5)

Year of diagnosis
1997 – 2004 299 (51.2) 1118 (45.5) 1257 (43.7) 0.004
2005 – 2011 285 (48.8) 1339 (54.5) 1617 (56.3)

Anatomic location
Head and neck 52 (8.9) 180 (7.3) 542 (18.9)  �    0.001
Upper extremity 92 (15.8) 461 (18.8) 600 (20.9)
Lower extremity 197 (33.7) 644 (26.2) 519 (18.1)
Trunk 240 (41.1) 1133 (46.1) 1140 (39.7)
Palm, subungual 2 (0.3) 29 (1.2) 58 (2.0)
Unknown primary 1 (0.2) 10 (0.4) 15 (0.5)

Clinical stage
I 448 (80.6) 1742 (74.3) 1497 (54.8)  �    0.001
II 73 (13.1) 443 (18.9) 1039 (38.0)
III 34 (6.1) 138 (5.9) 150 (5.5)
IV 1 (0.2) 21 (0.9) 47 (1.7)
Not available 28 113 141

Histologic subtype
SSM 439 (78.8) 1739 (74.2) 1551 (56.3)  �    0.001
LMM 6 (1.1) 54 (2.3) 204 (7.4)
NM 83 (14.9) 411 (17.5) 775 (28.1)
ALM 4 (0.7) 37 (1.6) 44 (1.6)
Other types 25 (4.5) 103 (4.4) 180 (6.5)
Not available 27 113 120

Clark level
II 208 (38.2) 736 (32.0) 595 (22.5)  �    0.001
III 220 (40.4) 895 (38.9) 762 (28.8)
IV 109 (20.0) 589 (25.6) 1051 (39.7)
V 7 (1.3) 80 (3.5) 239 (9.0)
Not available 40 157 227

Breslow thickness
 �    1.0 mm 372 (64.9) 1428 (59.2) 1135 (40.4)  �    0.001
1.1 – 2.0 mm 131 (22.9) 504 (20.9) 563 (20.1)
2.1 – 4.0 mm 46 (8.0) 282 (11.7) 537 (19.1)
 �    4.0 mm 24 (4.2) 197 (8.2) 571 (20.3)
Not available 11 46 68

Ulceration
No 465 (87.2) 1838 (81.3) 1809 (68.7)  �    0.001
Yes 68 (12.8) 423 (18.7) 826 (31.3)
Not available 51 196 239

Regression
No 369 (81.6) 1561 (80.1) 1806 (79.1) 0.409
Yes 83 (18.4) 388 (19.9) 478 (20.9)
Not available 132 508 590

    ALM, acral lentiginous melanoma; LMM, lentigo maligna melanoma; NM, nodular melanoma; SSM, 
superfi cial spreading melanoma.   
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Young patients more frequently had superfi cial 
spreading melanoma (78.8% vs. 56.3%) and less 
often nodular melanoma (14.9% vs. 28.1%). 

 In comparison with the oldest age group, young 
patients more frequently presented with stage I 
(80.6% vs. 54.8%), but less often with stage II 
(13.1% vs. 38.0%) and stage IV (0.2% vs. 1.7%) 
disease. Young patients had a higher proportion of 
thin ( �    1.0 mm) tumors (64.9% vs. 40.4%) and 
lower proportions of tumors with Clark level IV and 
V. Furthermore, young patients presented less often 
with ulcerated tumors (12.8% vs. 31.3%).   

 Management 

 The majority of patients underwent excision and 
primary suture; the proportion was 94.5% among 
young patients compared with 85.9% among the old-
est patients (Table II). Young patients less frequently 
visited a hospital for their primary surgery (46.6% 
vs. 63.9%), more frequently had surgical procedures 
without tumor growth at the line of resection (90.0% 
vs. 84.8%) and more frequently had surgical proce-
dures adherent to excision guidelines (89.3% vs. 
79.1%). The likelihood of having a surgical procedure 

adherent to excision guidelines was two-fold higher 
in the youngest age group compared with the oldest 
(odds ratio 2.20, 95% CI 1.56 – 3.10). Following 
adjustment for sex, anatomic location, Breslow 
thickness and calendar period of diagnosis, the cor-
responding odds ratio was 1.52 (95% CI 1.06 – 2.19) 
(data not presented). 

 The proportion of patients with a record of 
sentinel lymph node biopsy was lowest in the oldest 
age group (16.9%), compared with 21.2% in the 
youngest age group and 24.4% in the middle age 
group (Table II). No statistically signifi cant differ-
ences between age groups were found for having a 
biopsy-positive sentinel lymph node. 

 The waiting time between fi rst medical visit and 
primary surgery, available for patients diagnosed 
between 2009 and 2011, was shortest among young 
patients [median 4 days, interquartile range (IQR) 
0 – 22 days] and longest among old patients (median 
10 days, IQR 0 – 31 days, p    �    0.009) (Figure 1A). 
Among young adults, 47.8% underwent primary sur-
gery on the same day as the fi rst visit and 83.6% 
within the fi rst month. The time interval between 
primary and extended surgery, available for the whole 
study period, increased from a median of 35 days 

  Table II. Management and surgical treatment of young adult melanoma patients aged 15 – 39 years diagnosed between 1997 and 2011 in 
the Regional Quality Register of Cutaneous Malignant Melanoma of the Uppsala/ Ö rebro Health Care Region, in comparison with older 
age groups.  

15 – 39 years
n (%)

40 – 64 years
n (%)

 �    65 years
n (%) p-value

Institution for primary surgery
Primary care 1 312 (53.4) 1196 (48.7) 1038 (36.1)  �    0.001
Hospital 272 (46.6) 1260 (51.3) 1836 (63.9)
Not available 0 1 0

Type of primary surgery
Excision and suture 552 (94.5) 2261 (92.2) 2468 (85.9)  �    0.001
Skin grafting 4 (0.7) 16 (0.7) 47 (1.6)
Flap surgery 0 (0.0) 6 (0.2) 26 (0.9)
Amputation 0 (0.0) 0 (0.0) 8 (0.3)
Other (incl. biopsy) 28 (4.8) 170 (6.9) 323 (11.2)
Not available 0 4 2

Tumor growth at the line of resection
No 439 (90.0) 1839 (89.6) 2052 (84.8)  �    0.001
Yes 49 (10.0) 213 (10.4) 369 (15.2)
Not available 96 405 453

Adherence to surgical excision guidelines 2 
No 41 (10.7) 172 (10.7) 381 (20.9)  �    0.001
Yes 341 (89.3) 1443 (89.3) 1442 (79.1)
Not available 191 796 983

Record of sentinel lymph node biopsy 3 
No 301 (78.8) 1247 (75.6) 1619 (83.1)  �    0.001
Yes 81 (21.2) 402 (24.4) 329 (16.9)

Positive sentinel node after sentinel lymph node biopsy 3 
No 58 (71.6) 318 (79.1) 256 (77.8) 0.333
Yes 23 (28.4) 84 (20.9) 73 (22.2)

     1 Primary care includes private specialist practitioners;  2 Recommended surgical excision margins: 10 mm for melanomas  �    1.0 mm, and 
20 mm for melanomas  �    1.0 mm. Surgeries with a total margin greater than or equal to these recommendations were categorized as 
adherent to the guidelines;  3 Data available for patients diagnosed after 2003.   
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(IQR 24 – 51 days) in the youngest age group to 
41 days (IQR 29 – 56 days) in the oldest (p    �    0.001) 
(Figure 1B). Among young adults, 84.1% underwent 
the extended surgery within two months and 96.2% 
within three months.   

 Survival 

 All 5915 patients were included in the survival 
analysis. Six patients had emigrated and were cen-
sored on the date of emigration. A total of 1670 
deaths occurred during a median follow-up of 4.9 
years (range 0.0 – 15.9 years). Overall, young patients 
had better relative survival than older patients; the 
fi ve-year relative survival was 94.3% for age group 
15 – 39, 90.4% for age group 40 – 64 and 84.1% for 
age group  �    65 (Figure 2). Within the young adult 
group, the fi ve-year relative survival was 94.6% in 
women and 93.7% in men (data not presented). 

 Survival differences between age groups varied by 
stage of disease at diagnosis (Figure 2). In stage I 
disease, the fi ve-year relative survival was 97.7% for 
the youngest age group, 98.8% for the middle age 
group and 101.0% for the oldest age group. In stage 
II disease, the corresponding relative survival was 
92.8%, 74.8% and 69.0%, respectively, and in stage 
III disease 59.0%, 50.6% and 44.7%, respectively. 

 Table III shows the prognostic role of young age 
in stages II and III disease using Poisson regression 
analysis. In univariable analysis for stage II disease, 
young adults had a signifi cantly lower RER (relative 
excess risk of death) compared with the oldest age 
group (RER 0.24, 95% CI 0.12 – 0.51). Following 

adjustment for sex, anatomic location, Breslow thick-
ness, ulceration and calendar year of diagnosis, young 
age remained associated with a lower excess risk 
(RER 0.31, 95% CI 0.15 – 0.66). In stage III disease, 
there was some evidence of a lower excess risk for 
younger patients, albeit not statistically signifi cant 
either in univariable analysis (RER 0.63, 95% CI 
0.35 – 1.14) or after adjustment for sex, anatomic loca-
tion, Breslow thickness, ulceration and calendar year 
of diagnosis (RER 0.84, 95% CI 0.41 – 1.71).    

 Discussion 

 To our knowledge, this is the fi rst study that has 
addressed aspects of management of malignant mel-
anoma diagnosed in young adulthood. We found that 
young adult patients aged 15 – 39 years had a more 
favorable distribution of clinical characteristics and 
underwent surgical procedures with better adherence 
to guidelines and shorter waiting times compared 
with older patients. Relative survival was better 
among young adults, but age-related survival differ-
ences varied by stage of disease at diagnosis and were 
most prominent in stage II disease. 

 In agreement with previous studies [8,11], includ-
ing one from the Swedish context [10], we found that 
young patients are more likely than older patients to 
be female, and have higher proportions of thin, non-
ulcerated melanomas, superfi cial spreading mela-
noma and melanomas located on the lower extremity. 
The female predominance among young adults and 
the subsequent shift to male predominance in older 
ages is also seen for other invasive cancers, indicating 
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  Figure 1.     Surgical time intervals for young adult melanoma patients aged 15 – 39 years in the Regional Quality Register of Cutaneous 
Malignant Melanoma of the Uppsala/ Ö rebro Health Care Region, in comparison with older age groups. (A) Time between fi rst visit and 
primary surgery (data available for patients diagnosed between 2009 and 2011, n    �    1816). (B) Time between primary and extended surgery 
(data available for patients diagnosed between 1997 and 2011, n    �    6227).  
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the fi rst visit and over 80% within the fi rst month. 
Compared with older patients the youngest age 
group had the shortest waiting times, for both the 
primary and the extended surgery. The literature for 
surgical time intervals is scarce; two studies address-
ing delays in the surgical management of melanoma 
found that old age was associated with longer waiting 
times between diagnostic biopsy and wide local exci-
sion [22,23]. Possible explanations include more 
complex surgical procedures among elderly due to 
advanced lesions and a higher prevalence of lesions 
located on surgically demanding areas (i.e. head and 
neck). 

  We found that the survival benefi t in young 
adults was mainly driven by better relative survival 
in stage II disease, independent of other important 
prognostic factors such as sex, Breslow thickness 
and ulceration. Kemeny et   al. [24] reported similar 
relative survival patterns in a large cohort of patients 
diagnosed in the late 1980s; stage II was the only 
stage at which both men and women aged 45 and 
under had higher fi ve-year relative survival rates 
than patients aged 55 and over. Despite having a 
generally better prognosis than older adults, our 
cohort of young adult patients diagnosed with more 
advanced disease had a fi ve-year relative survival 
below 60%. 

that sex hormones may play a role in carcinogenesis 
[7]. It has also been hypothesized that differences in 
sun exposure during adolescence or early adulthood 
might be involved in the female predominance seen 
among young adult patients [18]. Melanomas of dif-
ferent anatomical locations have been suggested to 
have different causal pathways [19], possibly indicat-
ing that the observed age-related differences in loca-
tion refl ect differences in etiology. 

 In the present study, nearly 90% of young adult 
patients underwent surgical procedures adherent to 
excision guidelines. Corroborating reports from 
France and Germany [20,21], adherence was lowest 
for the oldest patients. This age-related variation in 
care is unlikely to be completely explained by other 
age-related differences such as Breslow thickness and 
anatomic location, since the association remained in 
the multivariable analysis, in agreement with fi ndings 
by Grange et   al. [20]. Possible explanations may 
include that surgeons pay greater attention to recom-
mended margins when managing young patients or 
that comorbidities among the elderly infl uence type 
of surgery and excision margins. 

 In contrast to surgical excision margins, there is 
no national consensus on how soon surgical treat-
ment should take place. In the present study, nearly 
half of young adults underwent primary surgery on 
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  Figure 2.     Cumulative relative survival in young adult melanoma patients aged 15 – 39 years diagnosed between 1997 and 2011 in the 
Regional Quality Register of Cutaneous Malignant Melanoma of the Uppsala/ Ö rebro Health Care Region, in comparison with older age 
groups and according to stage at diagnosis.  
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 The reasons for the survival advantage observed 
in young melanoma patients remains incompletely 
understood. Since age has been found to be an inde-
pendent prognostic factor in several studies [25], the 
more favorable distribution of prognostic factors 
among younger patients is unlikely to fully explain 
the survival benefi t. It has been hypothesized that 
immunological factors negatively infl uence survival 
among the elderly [25]. As observed in the present 
study and in a recent review [12], elderly melanoma 
patients are often undertreated. However, earlier 
fi ndings indicate that minor surgical time delays 
[22,23] and non-compliance with excision guidelines 
[26] do not affect survival. 

 Differences in stage-specifi c survival between age 
groups can also refl ect differences in diagnostic 
intensity. In line with earlier results [27], we found 
some evidence of underuse of sentinel node biopsy 
in elderly, indicating that a proportion of elderly 
patients with nodal disease might be misclassifi ed as 
having early stage disease. As a consequence, survival 
in early stages might be underestimated. 

 Our study ’ s strengths include the use of a popu-
lation-based register with detailed data available also 
on patterns of care, covering nearly all melanoma 

cases in Central Sweden and with virtually complete 
follow-up. Limitations include incomplete reporting 
on some clinical and surgical variables. However, we 
could not fi nd an age-related pattern of missing data 
and we have no reason to believe that reporting to 
the register is related to the age of the patient. In all 
age groups, we expect some missed cases of nodal 
disease due to underreporting of sentinel node sur-
gery and due the lack of lymph node surgery in the 
earlier calendar years covered by the study. In addi-
tion, results for subgroups with a small number of 
patients should be interpreted with caution. 

 Overall survival cannot be used to fairly compare 
patients of different age groups, and since informa-
tion on cause of death was unavailable, relative sur-
vival was used to describe survival. Relative survival 
is usually preferred over cause-specifi c survival in 
population-based registers [16], but the reliability of 
relative survival estimates depends upon the compa-
rability of the cancer group and the external com-
parison group [28]. Studies have shown that high 
socioeconomic status is associated with both better 
survival [29] and a diagnosis of melanoma [30], indi-
cating that relative survival might be overestimated 
if socioeconomic status is not accounted for. This 

  Table III. Relative excess risk of death in patients with malignant melanoma diagnosed between 1997 
and 2011 in the Regional Quality Register of Cutaneous Malignant Melanoma of the Uppsala/ Ö rebro 
Health Care Region, according to stage at diagnosis.  

Stage II Stage III

Crude Adjusted 1 Crude Adjusted 1 

RER 95% CI RER 95% CI RER 95% CI RER 95% CI

Age at diagnosis
15 – 39 years 0.24 0.12 – 0.51 0.31 0.15 – 0.66 0.63 0.35 – 1.14 0.84 0.41 – 1.71
40 – 64 years 0.69 0.54 – 0.88 0.70 0.54 – 0.90 0.80 0.56 – 1.14 0.97 0.64 – 1.47
 �    65 years 1.00 ref 1.00 ref 1.00 ref 1.00 ref

Year of diagnosis
Per year 0.98 0.95 – 1.01 0.98 0.95 – 1.01 0.92 0.89 – 0.96 0.93 0.88 – 0.98

Sex
Female 0.70 0.54 – 0.91 0.76 0.59 – 0.98 0.88 0.63 – 1.24 0.85 0.55 – 1.30
Male 1.00 ref 1.00 ref 1.00 ref 1.00 ref

Anatomic location
Head and neck 1.00 ref 1.00 ref 1.00 ref 1.00 ref
Upper extremity 0.58 0.38 – 0.87 0.69 0.47 – 1.02 0.56 0.29 – 1.09 0.49 0.24 – 1.02
Lower extremity 0.51 0.34 – 0.77 0.68 0.45 – 1.00 0.63 0.35 – 1.15 0.58 0.29 – 1.14
Trunk 0.68 0.49 – 0.95 0.71 0.52 – 0.99 0.67 0.38 – 1.20 0.57 0.30 – 1.09
Palm, subungual 1.06 0.57 – 1.95 0.92 0.47 – 1.79 0.37 0.09 – 1.52 0.26 0.07 – 0.92

Breslow thickness
 �    1.0 mm – – – – 1.00 ref 1.00 ref
1.1 – 2.0 mm 1.00 ref 1.00 ref 0.58 0.25 – 1.33 0.72 0.27 – 1.87
2.1 – 4.0 mm 1.44 0.87 – 2.38 1.66 1.09 – 2.54 0.91 0.43 – 1.93 1.25 0.53 – 2.93
 �    4.0 mm 3.52 2.18 – 5.66 3.10 2.07 – 4.65 1.83 0.91 – 3.71 1.73 0.75 – 4.00

Ulceration
No 1.00 ref 1.00 ref 1.00 ref 1.00 ref
Yes 1.71 1.28 – 2.29 1.83 1.39 – 2.40 2.57 1.66 – 3.98 2.14 1.34 – 3.41

    CI, confi dence interval; RER, relative excess risk.   
  1 Adjusted for all other presented variables.   
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may explain our results for elderly melanoma patients 
with stage I disease, whereby the observed survival 
was better than the expected survival calculated from 
the general population (relative survival exceeding 
100%). However, the relative risk estimate compar-
ing age groups should not be affected, given that the 
comparability between the cancer group and the 
external group does not differ across age groups. In 
a previous Swedish melanoma study, cause-specifi c 
survival was similar to relative survival across all age 
groups [10].   

 Conclusions 

 In light of an increasing melanoma burden, it is 
important to monitor management and survival not 
the least among young patients. Taken together, our 
fi ndings show that young adult melanoma patients 
present with favorable clinical characteristics and 
receive surgical treatment with short waiting times 
and in accordance with guidelines. Young adult 
patients had a better prognosis than older patients, 
but differences in survival varied by stage of disease 
at diagnosis and were most prominent in stage II 
disease. The observed age-related differences in clin-
ical characteristics, management and survival call for 
an improved understanding of not only disease etiol-
ogy but also factors driving management decisions. 
A better understanding of these differences may help 
improve care and prognosis for melanoma patients 
of all ages.              
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