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Introduction: Population-based data on survival trends over time among patients with advanced cutaneous melanoma are lacking. 
We examined changes in mortality for patients diagnosed from 1980 to 2011 in a nationwide historical follow-up study using 
population-based medical registries from Denmark.
Material and Methods: The study population included all Danish patients with an incident diagnosis of advanced (metastatic or 
unresectable stage IIIA, IIIB, IIIC, or IV) cutaneous melanoma (ie, initial diagnosis for melanoma at stage III/IV) between 1980–2011 
and who were followed-up until 2013. For each patient, we randomly matched 100 individuals from the general population on sex 
and year of birth. Age-standardized mortality rates were calculated by calendar year of diagnosis overall, 30 days after diagnosis, and 
during 31 to 364 days and 0–10 years after diagnosis. Stratified Cox’s proportional hazards regression was used to compute hazard 
ratios.
Results: We identified a total of 1236 patients and 123,600 comparison cohort members. We observed that the standardized mortality 
rates of patients with advanced melanoma dropped from the 1980s onwards, but remain high (eg, 74.3 and 248.4 per 1000 person- 
years in 0–30 days and 31–364 days after diagnosis, respectively, for patients diagnosed during 2008–2011). Compared with the 
general population, patients with advanced melanoma had a 10.4-fold increased hazard of death during 0–10 years of follow-up. The 
highest relative mortality was found for the first year following melanoma diagnosis. No improvements in survival compared to the 
general population were observed in the most recent years of the study period, thus in 2004–2007 and 2008–2011.
Discussion and Conclusion: Survival of patients with advanced cutaneous melanoma in Denmark improved between 1980 and 
2013 but appears to have leveled off in the years leading up to more widespread introduction of newer immuno-oncology therapies.
Keywords: cohort study, general population, melanoma, mortality trend, registries

Introduction
The incidence of melanoma of the skin has increased more than any other cancer in most majority white populations 
during the last decades.1 Worldwide, about 325,000 new melanoma cases were estimated in 2020. The increase in 
melanoma incidence in early years is attributed to sun-seeking behavior, but the current trend of increased melanoma 
could be attributed to improvement in awareness and surveillance of skin cancer and earlier diagnosis capturing the early 
stage melanoma.2 There is a large geographic variation in incidence of melanoma with highest incidence in Australia/ 
New Zealand and lowest in Northern Europe.1 Still, in the Nordic countries, melanoma incidence has risen dramatically 
from 1964 to 20033 and further from 2003 to 2020,4 and melanoma accounted for 6.8% of all new cancers in the Nordic 
countries in 2020, and 1.7% of all new cancers worldwide.5

Melanoma is by far the deadliest form of skin cancer6,7 and patients with advanced (metastasized) melanoma have 
historically been reported to have a very poor prognosis.8 Previous Nordic studies have reported a substantial overall 
improvement in the survival of melanoma patients since the 1950s, however, updated data on time trends in survival of 
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patients with advanced melanoma are still sparse.3,9–13 The main treatments for melanoma so far have been biological 
therapy, chemotherapy, radiotherapy, and surgery. With the development and introduction of immunomodulatory mono-
clonal antibodies as a new therapeutic modality for patients with advanced melanoma, an opportunity to establish 
immunological therapy as the new standard of care in this patient group has been offered. Ipilimumab was the first 
successful immune checkpoint inhibitors introduced in Denmark and other Nordic countries in 2011, followed by BRAF 
gene targeted treatment with vemurafenib in 2012, and anti-PD-1 antibodies treatment with nivolumab in 2016. In 
addition, overall life-expectancy of the general population has improved, and previous studies had not entirely accounted 
for this in survival analyses of melanoma patients. Real-world evidence from newer malign melanoma treatments will 
take time to accumulate. Therefore, a description of advanced malign melanoma patients and an updated assessment of 
the long-term prognosis of these patients prior to the availability of the first of newer immunotherapeutic agents, is 
required as it could provide a baseline upon which to evaluate the benefits of newer treatments as they are introduced into 
clinical practice.

In this study, we focused on advanced melanoma (stages IIIA, IIIB, IIIC, and IV) to update current knowledge of 
patient characteristics and disease mortality during the years until the introduction of the first immunotherapy agent, and 
compare to mortality in the general population.

Materials and Methods
Study Design and Settings
The study was designed as a historical nationwide population-based longitudinal study. The source population, identified 
from the Danish Civil Registration System (CRS), included all persons who were residents of Denmark between 
1 January 1977 and 31 December 2013, aged 18 years or older.

The Danish National Health Service provides tax-supported healthcare for the entire population, guaranteeing 
unfettered access to all hospitals and primary medical care.

Data Sources
Data were collected from the CRS, The Danish Cancer Registry (DCR), and the Danish National Patient Registry 
(DNPR).

The Civil Registration System
Since 1968, all Danish citizens are assigned a unique 10-digit civil registration number (CPR) at birth or immigration. 
This number encodes age and sex and is included in all public medical databases; thus, it allows unambiguous linkage 
between registries. The CRS maintains records on vital statistics, including births, deaths, emigration, and addresses of 
all Danish residents and is updated daily.14 Through the CRS, we generated a population comparison cohort and retrieved 
information on the vital status for both melanoma patients and the comparison cohort.

The Danish Cancer Registry
The DCR holds information on all incident diagnoses of cancer in Denmark since 1943, including information on patient 
demographics, primary tumor site, tumor morphology and stage at diagnosis, and first course of cancer-directed 
treatment.12 Diagnoses in the DCR are coded according to a Danish version of the International Classification of 
Diseases, seventh revision (ICD-7), and the registry’s completeness and validity have been estimated to be 95– 
98%.15,16 Tumors diagnosed in the period 1978 to 2003 have been reclassified according to the 10th revision (ICD- 
10), therefore ICD-10 codes were used to identify incident cases of advanced cutaneous melanoma in the source 
population.

From the DCR, we collected information on the date of advanced cutaneous melanoma diagnosis, stage of cancer 
(according to the American Joint Committee on Cancer (AJCC) 7th edition staging system,17 derived from the TNM 
classification), and cancer spreading (according to node status and metastases, derived from the TNM classification, 
which was available for patients diagnosed from 2004 onwards. In addition, we collected information on the treatments 
given within the first four months of diagnosis, which were available before 2003.
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The Danish National Patient Registry
All inpatient admissions to Danish hospitals have been recorded in the DNPR since 1977 and outpatient discharges and 
emergency room visits since 1995. Each record in the DNPR contains the patient’s CPR number, information on 
treatment procedures performed, a primary discharge diagnosis that identifies the main reason for treatment, and up to 
20 secondary diagnoses.18 These are coded according to ICD-8 from 1977 to 1994 and according to ICD-10 thereafter.

From the DNPR, we collected information on treatment (surgery, chemo- and immunotherapy, and radiation therapy) 
given within four months of the diagnosis from 2004 onwards. In addition, we obtained data on patients’ comorbid 
diseases (in- and outpatient diagnosis) in the three years proceeding cancer diagnosis for the advanced melanoma cohort 
or index date for the general population comparison cohort and calculated the Charlson Comorbidity Index (CCI)19 

adapted for administrative data.20

Study Population
Advanced Cutaneous Melanoma Cohort
From the source population, we identified all Danish patients admitted to a hospital with first-time discharge diagnosis of 
advanced (metastatic or unresectable stage IIIA, IIIB, IIIC, or IV) cutaneous melanoma according to AJCC 7th edition17 

(ie, the patients had their first melanoma diagnosis at stage III/IV) from 1980 through 2011, as recorded in the DCR. The 
date of diagnosis was considered as the index date. We excluded melanoma patients with stage I and II and patients with 
non-skin malignant melanoma, including melanoma of female and male genital organs, Merkel cell carcinoma, uveal 
melanoma, and melanoma of the conjunctiva.

Matched General Population Comparison Cohort
We identified a population-based comparison cohort from the general population using the CRS. For each advanced 
melanoma patient, we randomly matched 100 individuals from the general population on sex and year of birth. The index 
date of the comparators was identical with the first-time diagnosis date of the corresponding advanced melanoma patient. 
To be eligible for the study, persons in the comparison cohort were not allowed to have had a hospitalization for 
advanced cutaneous melanoma before the admission date for the corresponding advanced cutaneous melanoma patient.

If a member of the general population cohort subsequently developed advanced melanoma, he or she contributed 
person-time to the general population cohort until the date of diagnosis (switching date); going forward they contributed 
person-time to the advanced melanoma cohort.

Both the melanoma and general population comparison cohorts were followed from the index date to 
31 December 2013 to ascertain their vital status from the CRS, thus date of death or emigration. Patients who emigrated 
from the study population were censored at the date of emigration. For both the melanoma cohort and the general 
population comparison cohort, we collected information on comorbidity from the DNPR during 1977 to 2011. To have at 
least three years of hospitalization history before index date for all melanoma patients and the general population 
comparison cohort, we restricted the study population to patients diagnosed from 1980 onwards.

Patient Characteristics
Assessed patient characteristics of the melanoma patients included calendar year of melanoma diagnosis (1980–1991, 
1992–2003, 2004–2007, and 2008–2011), age (at the date of diagnosis/at the index date), sex, AJCC stage of advanced 
melanoma IIIA, IIIB, IIIC, or IV at diagnosis from 2004 and distant stage before 2004, comorbidity at the time of 
diagnosis in the three years preceding diagnosis defined according to CCI and supplemented by obesity, alcoholism, 
alcoholism-related conditions, presence of visceral disease or brain metastasis (defined according to TNM classification 
[M0, M1a, M1b, and M1c] and presence of M1c [yes vs no] from 2004). In addition, treatment within the first four 
months of advanced melanoma diagnosis was assessed (surgery, chemo-, radiation therapy, or a combination of 
treatments).
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Mortality
All-cause death up to 10 years following melanoma diagnosis/index date was assessed using information from the CRS 
covering the period from 1 January 1980 throughout 31 December 2013.

Statistical Analyses
We first examined patient and treatment characteristics of patients with advanced cutaneous melanoma. Descriptive 
statistics were presented for the entire melanoma cohort and the entire comparison cohort, but also according to 
calendar year of melanoma diagnosis.

Secondly, we computed all-cause mortality risks overall and by calendar year of diagnosis (after 30-days, 31- to 364-days, 1–5 
years, 6–10 years, and 0–10 years) using the Kaplan-Meier estimator. Mortality rates were further computed as the number of 
deaths divided by the number of person-years at risk within the same group of subjects, expressed per 1000 person-years stratified 
by age. The rates were standardized to the age and sex distribution of the melanoma cohort in 2010.

We examined changes in mortality over time in patients with advanced melanoma and the matched persons from the 
general population using Cox’s proportional hazards regression to estimate all-cause mortality hazard ratios (HRs) and 
associated 95% confidence intervals (CI), both unadjusted and adjusted further for age, sex, and comorbidity before 
diagnosis. Finally, we investigated whether age and sex modified the analyzed association using stratification method. 
Log-log plots and Schoenfeld residuals were used to test the Cox assumption of proportional hazards and we found no 
evidence of non-proportionality.

Results
In total, 1236 persons were included in the advanced melanoma cancer cohort (Table 1). Of the included 1236 advanced 
melanoma patients, 526 (42.6%) were identified in the period 1980–2003 with distant stage and 710 (57.4%) were identified with 
stages III and IV from 2004 onwards. Most of the patients were men, 54.9% (679). Of the included patients, 22.2% (274) were 55– 
64 years, 21.8% (270) were 65–74 years, and 20.2% (250) were older than 75 years. Most patients were treated with surgery only 
(increasing from 56.5% between 1980–1991 to 80.2% between 2008–2011) within the first four months after diagnosis of 
advanced melanoma (Table 1). However, the surgery is unresectable including incision, excision, debridement, or laser treatment 
most commonly performed on the skin and subcutaneous tissue of the truncus (52%), followed by the lower limb (27%), the head 
and neck (11%) and the upper limb (10%). In total, 12.3% received combination treatments.

For each melanoma patient, we identified 100 matched persons from the general population resulting in a comparison 
cohort of 123,600 persons. The general population comparison cohort was well matched on age, sex, and calendar year of 
melanoma diagnosis (index year) to the melanoma cohort. However, the melanoma cohort had higher comorbidity 
burden measured with CCI than the general population comparison cohort (Table 1). Thus, the prevalence of CCI 
medium and high was 18.3% in the melanoma cohort compared to 12.7% in the comparison cohort. The melanoma 
cohort had higher prevalence of congestive heart failure, connective tissue diseases, diabetes, other cancers, and obesity 
(Supplementary Table 1).

During the 10 year follow-up period, mortality risk was 74% among melanoma patients (Figure 1). Most patients died in 
the period between 31–364 days and between one and five years of melanoma diagnosis, 33.9% and 45.7%, respectively. The 
standardized mortality rate during the 10 years of follow-up was 260.6 per 1000 person-years, almost two-fold higher in the 
period 0–30 days and 31–364 days of diagnosis; 414.5 per 1000 person-years and 482.5 per 1000 person-years, respectively, 
compared with standardized mortality rates seen in the follow-up period after 364 days (Table 2).

Compared with the matched cohort from the general population, patients with advanced melanoma had a 10.4-fold 
increased HR of all-cause death during the 10 years of follow-up. We found a 12.1-fold and 18.8-fold increased hazard of 
death in advanced melanoma patients compared with persons from the general population during the follow-up time from 
0–30 days and 31–364 days. The HRs decreased after 364 days to 10 years.

Standardized mortality rates were particularly high within 364 days of melanoma diagnosis for patients diagnosed in 
the period 1980–1991 and 1992–2003 – 1102.4 per 1000 person-years in 0–30 days and 1012.5 per 1000 person-years in 
31–364 days for patients diagnosed during 1980–1991, and 653.2 per 1000 person-years in 0–30 days and 1015.5 per 
1000 person-years in 31–364 days for patients diagnosed during 1992–2003.
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No systematic improvements in long-term mortality were observed in the most recent time periods, ie, the standar-
dized mortality rates were 88.5 per 1000 person-years in 0–30 days and 238.5 per 1000 person-years in 31–364 days for 
patients diagnosed during 2004–2007 compared with 74.3 per 1000 person-years in 0–30 days and 248.4 per 1000 per-
son-years in 31–364 days for patients diagnosed during 2008–2011 (Table 3). The lack of improvement during the study 
period was also confirmed when stratifying according to stage (Supplementary Table 2).

Stratification on age showed variation in both standardized mortality rates and adjusted HRs by age (Supplementary Table 3). 
Thus, standardized mortality rates were lower in younger patients compared to older melanoma patients, whereas adjusted HRs 
were considerably higher in younger melanoma patients (adjusted HR was 60.9 (CI: 47.9–77.3) in group of 18–44 years and 4.3 
(CI: 3.7–4.9) in group of 75+ years) compared to matched comparison cohort from the general population. Sex did not modify the 
association.

Discussion
Using nationwide population-based registries with long and complete follow-up, we found that short- and long-term 
mortality rates have dropped since the 1980s among patients with advanced melanoma but remain very high compared 
with the general population. Furthermore, the improvement seems to have leveled off in the most recent years of the 
study period, for patients diagnosed in 2004–2007 and 2008–2011.

Table 1 Characteristics of Patients with Advanced Melanoma Overall and According to Year of Diagnosis and for Age-, Sex-, and 
Index Date-Matched General Population Comparison Cohort

General Population 
Comparison 

Cohort

Advanced 
Cutaneous 
Melanoma 

Cohort

By Year of Melanoma Diagnosis

1980–1991 1992–2003 2004–2007 2008–2011

N % N % N % N % N % N %

Total 123,600 100.0 1236 100.0 260 100.0 266 100.0 357 100.0 353 100.0
Men 67,900 54.9 679 54.9 149 57.3 147 55.3 197 55.2 186 52.7

Age categories

22,200 18.0 222 18.0 41 15.8 41 15.4 72 20.2 68 19.318–44 years
45–54 years 22,000 17.8 220 17.8 51 19.6 46 17.3 55 15.4 68 19.3

55–64 years 27,400 22.2 274 22.2 43 16.5 49 18.4 100 28.0 82 23.2

65–74 years 27,000 21.8 270 21.8 54 20.8 64 24.1 73 20.4 79 22.4
75+ years 25,000 20.2 250 20.2 71 27.3 66 24.8 57 16.0 56 15.9

Charlson Comorbidity Index Score

Low 107,954 87.3 1010 81.7 217 83.5 209 78.6 297 83.2 287 81.3
Medium 13,308 10.8 149 12.1 23 8.8 29 10.9 46 12.9 51 14.4

High 2338 1.9 77 6.2 20 7.7 28 10.5 14 3.9 15 4.2

Location of melanoma
Face – 75 6.1 18 6.9 16 6.0 21 5.9 20 5.7

Scalp and neck – 55 4.4 16 6.2 11 4.1 15 4.2 13 3.7

Other part of trunk – 511 41.3 91 35.0 110 41.4 150 42.0 160 45.3
Upper limb – 112 9.1 22 8.5 27 10.2 31 8.7 32 9.1

Lower limb – 302 24.4 57 21.9 51 19.2 92 25.8 102 28.9

Overlapping sites of skin – 81 6.6 22 8.5 24 9.0 28 7.8 7 2.0
Unspecified location – 100 8.1 34 13.1 27 10.2 20 5.6 19 5.4

Initial melanoma treatment

Only Surgery – 883 71.4 147 56.5 158 59.4 295 82.6 283 80.2
Only Chemotherapy – 22 1.8 6 2.3 5 1.9 4 1.1 7 2.0

Only Radiotherapy – 32 2.6 11 4.2 11 4.1 5 1.4 5 1.4
Combination of treatments – 152 12.3 39 15.0 51 19.2 21 5.9 41 11.6
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A few studies among European cutaneous melanoma patients have previously examined time trends in mortality and 
found improved survival over the last decades.3,9,12,13,21 Tryggvadottir et al used the NORDCAN database to examine 
relative survival and excess mortality of patients diagnosed with cutaneous melanoma in the Nordic countries 1964–2003 
and followed-up to the end of 2006.3 The authors found that the mortality doubled, while overall relative survival 
improved markedly during the study period. Hunter et al identified patients registered with cutaneous melanoma in the 
Northern Ireland Cancer Registry between 1984–2009.21 Five-year observed survival improved significantly from 70.5% 
in 1984–1988 to 82.7% in 2004–2009. When adjusting for mortality changes in the general population, five-year cause- 
specific survival increased from 83.6% in 1984–1988 to 89.0% in 1999–2003 after which it decreased slightly in 2004– 

Figure 1 Cumulative mortality of advanced cutaneous melanoma patients and the matched general population cohort.

Table 2 Overall Mortality Rates in Patients with Advanced Cutaneous Melanoma Over a 10-Year Period, Unadjusted and Adjusted 
Hazard Ratios for Death in Advanced Melanoma Patients Compared with the Matched General Population Cohort

1980–2011 Advanced Melanoma Patients Advanced Melanoma Patients 
Compared with Matched General 

Population Cohort

No. of 
Persons

No. of 
Deaths

Crude Mortality 
Rate/1000 PY*

Standardized Mortality 
Rate/1000 PY**

Unadjusted HR 
(95% CI)***

Adjusted HR 
(95% CI)****

0–30 days 1236 41 409.2 (284.0–534.5) 414.5 (286.6–542.5) 14.6 (10.5–20.2) 12.1 (8.5–17.2)
31–364 days 1195 405 463.6 (418.5–508.8) 482.5 (434.7–530.2) 19.7 (17.7–21.9) 18.8 (16.8–21.0)

1–5 years 790 342 171.9 (153.6–190.1) 204.1 (181.3–227.0) 9.0 (8.1–10.1) 8.8 (7.9–9.9)

6–10 years 297 43 56.9 (39.9–73.9) 76.4 (51.3–101.5) 2.7 (2.0–3.7) 2.6 (1.9–3.5)
0–10 years 1236 831 223.2 (208.0–238.4) 260.6 (242.0–279.1) 10.9 (10.1–11.7) 10.4 (9.7–11.2)

Notes: *PY- person year; **standardized to age- and sex-distribution of melanoma cohort from 2010. ***Hazard ratios (HR) with 95% confidence intervals (CI) controlled 
for age, sex and calendar year by study design; **** HR with 95% CI controlled for age, sex, and calendar year by study design, and additionally adjusted for obesity, 
alcoholism, and Charlson comorbidity index score.
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2009 to 88.0%. Recently, Bay et al studied all skin melanoma patients registered in the DCR in 1989–2011 (n = 27,010) 
and performed follow-up through 2013.9 From 1989–1993 to 2009–2011, the five-year relative survival increased 12% 
and 6% percentage points for male and female patients, respectively. In addition, Rockberg et al examined stage-specific 
survival among 3554 patients diagnosed in Stockholm County Council during 2005–2012, ie, also before the wide 
introduction of targeted therapy. The unadjusted five-year survival varied from 91.4% for stage I to 24.6% for stage IV 
patients.8 Moreover, Padrik et al examined survival trends in Estonia and found that the age-adjusted five-year relative 
survival ratios increased significantly from 64% in 1995–1999 to 81% in 2010–2014.12 The largest survival gains were 
observed among patients below 50 years, those with head and neck or trunk melanomas and those with stage III cancer.12

Still, challenges have remained on how to interpret these findings of an overall improved survival, in particular in light of 
the steep increase in the incidence of cutaneous melanoma over the recent decades.3,4 The improved overall survival of 
cutaneous melanoma patients may be explained in part by increased diagnostic activities and identification of patients at earlier 
stage of diagnosis.22 Indeed, Hunter et al found that the overall survival trends were no longer significant when adjusting 
cause-specific survival for different melanoma characteristics, including Breslow depth, site, and melanoma subtype, which 
indicates that changes in these characteristics were the major drivers in the observed survival improvement over time.21

Large scale population-based studies on time trends in mortality among patients with advanced melanoma have 
so far been particularly sparse.22 Although the trend towards lower mortality rates observed in our study may to 

Table 3 Standardized Mortality Rates in Patients with Advanced Cutaneous Melanoma by Calendar Year of 
Diagnosis, Unadjusted and Adjusted Hazard Ratios for Death in Advanced Melanoma Patients Compared 
with the Matched General Population Cohort

Advanced Melanoma Patients Advanced Melanoma Patients Compared with 
Matched General Population Cohort

Standardized Mortality  
Rate/1000 PY*

Unadjusted HR  
(95% CI)**

Adjusted HR  
(95% CI)***

1980–1991
0–30 days 1102.4 (645.6–1559.1) 29.8 (18.7–47.4) 32.1 (19.4–53.1)

31–364 days 1012.5 (840.7–1184.3) 28.1 (23.2–34.0) 28.3 (23.3–34.5)

1–5 years 426.9 (321.7–532.1) 11.3 (8.8–14.4) 11.0 (8.6–14.1)
6–10 years 188.9 (48.7–329.2) 3.4 (1.8–6.4) 3.1 (1.6–5.8)

0–10 years 587.2 (510.7–663.7) 16.4 (14.3–18.8) 15.7 (13.6–18.0)

1992–2003
0–30 days 653.2 (299.4–1006.9) 20.8 (11.7–37.1) 14.8 (7.9–27.8)

31–364 days 1015.5 (841.6–1189.3) 30.8 (25.5–37.2) 27.5 (22.5–33.6)

1–5 years 461.9 (342.2–581.6) 15.0 (11.8–19.0) 14.2 (11.1–18.1)
6–10 years 359.5 (0.0–759.2) 3.6 (2.0–6.4) 3.0 (1.6–5.3)

0–10 years 612.7 (526.1–699.4) 18.1 (15.7–20.8) 16.0 (13.9–18.4)

2004–2007
0–30 days 88.5 (0.0–211.1) 2.6 (0.7–10.7) 2.0 (0.5–8.6)

31–364 days 238.5 (177.2–299.9) 10.0 (7.7–13.0) 9.7 (7.4–12.6)

1–5 years 151.0 (120.8–181.1) 7.1 (5.8–8.6) 7.2 (5.9–8.7)
6–10 years 42.6 (21.4–63.9) 2.0 (1.3–3.2) 2.1 (1.3–3.3)

0–10 years 139.5 (118.6–160.5) 6.1 (5.3–7.1) 6.2 (5.4–7.2)

2008–2011
0–30 days 74.3 (0.0–177.2) 3.3 (0.8–13.4) 2.4 (0.6–10.6)

31–364 days 248.4 (186.3–310.4) 13.3 (10.2–17.2) 13.3 (10.1–17.4)

1–5 years 140.5 (107.8–173.3) 7.7 (6.1–9.6) 7.2 (5.7–9.1)
0–6 years 171.9 (143.1–200.7) 9.2 (7.7–10.8) 8.7 (7.3–10.3)

Notes: *Mortality rate standardized to age and sex distribution of melanoma cohort from 2010 and expressed per 1000 person year. 
**Hazard ratios (HR) with 95% confidence intervals (CI) controlled for age, sex and calendar year by study design; ***HRs and 95% CI 
controlled for age, sex, and calendar year by study design, and additionally adjusted for obesity, alcoholism, and Charlson comorbidity index 
score.
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some extent have been influenced by earlier diagnosis, this mechanism obviously plays a smaller role when 
restricting to patients where the first diagnosis of melanoma is one of advanced melanoma, as was the case in our 
study. Other factors are therefore likely to have contributed to this development, including advances in surgical 
and oncological treatments in general,23 and more efficient implementation of evidence-based care through the 
establishment of and participation in national and international melanoma study groups, dissemination of clinical 
guidelines, and a Danish national clinical registry for melanoma used for systematic quality improvement.24

Although our study was population-based and included a large advanced cutaneous melanoma cohort with long 
follow-up, it also has limitations. First, the study did not include all patients with melanoma, who at some time during 
the course of their disease developed advanced melanoma. In contrast, it covered all patients where the melanoma 
diagnosis was made at a time when the cancer had already spread to other parts of the body, typically the lungs, liver, 
bones, brain, abdomen, and lymph nodes. This explains the relatively low number of patients identified per year 
although the study covered the entire Danish population and the data validity in the DCR has been examined and found 
to be high in terms of both completeness and quality.15 Second, the rather strict inclusion criteria resulted in mortality 
estimates in subgroups with limited statistical precision. Finally, detailed data on the histopathology of the melanoma 
and the treatment were not available, ie, only rather crude data describing the treatment provided within the first four 
months after diagnosis.

It should be noted that the high proportion of patients in our study where the initial treatment was surgery 
mainly consisted of stage III patients. There have been a few adjuvant studies for this patient group in the past 20 
years but no standard adjuvant treatment during the study period. However, during the past four to five years, the 
availability of a wide range of novel therapeutic agents and effective combinations has transformed the treatment 
of melanoma. The impact of this transformation on survival at population level is yet to be assessed, but the need 
for further improvements in the survival of patients with advanced melanoma is evident from our study, and data 
on the effectiveness and safety of the new treatments are therefore highly warranted.

Conclusion
We conclude that both short- and long-term mortality rates among advanced cutaneous melanoma patients have improved 
substantially from 1980 to 2013. However, the improvement appeared to have reached a plateau in the years leading up to 
introduction of immunotherapy. The impact of the more widespread introduction of immunotherapy on survival and targeted 
therapies in real-life patients with advanced melanoma is yet to be shown and should be monitored closely in the coming years.
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