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Abstract 

This thesis provides a comprehensive examination of the reasons for world-wide differences 

in survival from cutaneous melanoma. It comprises five chapters, of which three are research 

papers. 

Population-based cancer survival estimates are key to assess the overall effectiveness of a 

health system in managing cancer. The third cycle of the CONCORD programme for the global 

surveillance of cancer survival (CONCORD-3) included data for more than 37.5 million cancer 

patients diagnosed during 2000-2014 with one of 18 cancers, including melanoma. It 

highlighted substantial world-wide disparities in survival for most solid tumours. Age-

standardised five-year net survival for adults (15-99 years) diagnosed with melanoma of the 

skin during 2010-2014 was 90% or higher in the USA, Australia, New Zealand and most Nordic 

countries, but 60% or lower in Ecuador, China, Korea, Singapore and Taiwan. This PhD thesis 

examines the impact of some of the main established prognostic factors on survival disparities 

world-wide, as well as some of the more controversial prognostic factors.  

Following an introduction to the background, aims and methods of the research in Chapter 1, 

the second chapter (Research paper 1) is focused on stage at diagnosis and trends in one-

year net survival for patients diagnosed with distant-stage disease in the US during 2001-

2013. Research paper 1 is the largest population-based study to date to show an improvement 

in one-year survival for distant-stage melanoma in the US, particularly among younger 

patients, from 2010.  This improvement is likely to be a consequence of the introduction of 

immune-checkpoint-inhibitors and other targeted treatments for metastatic and unresectable 

disease. Persistent survival inequalities between Blacks and Whites were also shown, 

suggesting differential access to treatment.  

Chapter 3 (Research Paper 2) is focused on the most controversial prognostic factor for 

melanoma: morphology.  This chapter provides, for the first time, world-wide comparisons of 

population-based survival after five years since diagnosis for the main morphological subtypes 

of melanoma, for over 1.5 million adults diagnosed during 2000–2014. Chapter 3 highlights 

the less favourable distribution of morphological subtypes in Asia and Central and South 

America, and the poorer prognosis for nodular and acral lentiginous melanomas. The results 

from the multivariable analysis on data provided by four registries with complete information 

on stage and treatment shows that later stage at diagnosis does not fully explain the higher 

excess risk of death for nodular and acral lentiginous melanoma than for superficial spreading 

melanoma. I hope that Chapter 3 may serve as the basis to persuade clinicians, 

dermatologists, pathologists and other experts of the importance of morphology as a relevant 
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prognostic factor for melanoma of the skin, and that national and international clinical 

guidelines may in due course be updated to include morphology as a core item in the 

pathology report. 

In Chapter 4 (Research Paper 3) I have aimed to explain the reasons for the generally higher 

survival in women than in men with cutaneous melanoma. These differences were particularly 

pronounced in Brazil, Bulgaria, Ecuador, Lithuania, Poland, Romania, Russia and Türkiye. 

Men with melanoma were generally older than women. Men were also more frequently 

diagnosed with melanomas with a poor prognosis, especially melanomas located on the scalp 

and neck, or with metastatic disease. These reasons may help to explain the survival 

disadvantage for men with melanoma.  

To our knowledge, this is the largest international study of population-based survival trends 

from cutaneous melanoma. Its world-wide coverage, the robust and rigorous methodology 

deployed for centralised data collection, data quality assessment and statistical analysis 

analyses, and the relevance of the research findings on the role of each prognostic factor, will 

provide a baseline against which countries can monitor the progress of their efforts to improve 

the control of melanoma, and will set a benchmark for future global comparisons. 
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1. Background, aims and methods overview 

1.1 Melanoma of the skin: epidemiology and incidence 

Malignant melanoma develops from the melanocytes, neural crest-derived cells responsible 

for the production of melanin. Melanin is a vital pigment that gives colour to skin, hair and eye 

and which protects them from the sun’s ultraviolet (UV) rays. Melanocytes are located in the 

deepest layer of the epidermis, but also in mucosal surfaces and the uveal tract. Malignant 

melanoma can arise in any of those areas. The following thesis will focus only on cutaneous 

melanoma. 

Cutaneous malignant melanoma is the most common type of melanoma, but the rarest 

malignancy of the skin. Basal cell and squamous cell carcinoma, also known as non-

melanoma skin tumours, are the most common types of cancers of the skin. Those 

malignancies originate from keratinocytes, which are responsible for the production of 

keratins, proteins that form the structural framework of epithelial cells and allow skin to resist 

damage. The incidence of non-melanoma skin cancer in fair-skinned populations approaches 

the total incidence of all other cancers combined,1 and 5-year survival approximates 100%.2 

However, international studies on population-based incidence and survival for keratinocytes 

tumours are scarce. Cancer registries rarely record non-melanoma skin cancers. The high 

frequency of keratinocytes tumours and the complexity of registering multiple tumours for each 

patient translates in a very high workload that the cancer registries, often with limited 

resources or understaffed, can not support.3  

Ultraviolet radiation (UV) is the main risk factor for cutaneous melanoma. The UV spectrum is 

conventionally divided into three wavebands: UVA, UVB and UVC. UVA is longer wavelength 

(315-399 nanometres) accounting for more than 90% of solar radiation reaching the Earth and 

present all year round. It is not absorbed by the ozone layer and it can penetrate deeper layers 

of the skin. UVB is medium wavelength UV (280-314 nm): it is mostly absorbed by the ozone 

layer, however some waves do reach the Earth’s surface. Its intensity increases during 

summer. UVC, the shortest wavelength UV (less than 290 nm), does not reach the Earth 

because it is completely filtered by the ozone layer. Both UVA and UVB are classified as Group 

1 carcinogen with sufficient evidence for carcinogenesis in humans by the International 

Association for Research on Cancer.4 People with fair skin, blonde or red hair and blue eyes, 

and who sunburn easily, are at particularly high risk. 

Epidemiological studies5-7 also showed that the total number of melanocytic naevi is a strong 

independent risk factor for cutaneous melanoma, particularly on the trunk and limbs.8 The 
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presence of dysplastic or atypical nevi also increases the risk of melanoma,9,10 and it is 

estimated that 29-49% of non-familial melanoma cases occur in the setting of a pre-existing 

dysplastic nevus.11 People with multiple atypical mole (atypical mole syndrome) have 7 to 10-

fold the risk of developing melanoma than the general population.12 The risk is increased 

further if one or more first or second degree relatives have been diagnosed with malignant 

melanoma (familial atypical mole syndrome).13  

Over the past 50 years, the incidence of cutaneous melanoma has been rising in most 

Caucasian populations.14-21 In 2020, the age-standardised incidence rates reached their 

highest level for men and women in Australia (42.9 per 100,000 person-year) and Denmark 

(33.6), respectively.22 In Oceania, North America and most European countries, cutaneous 

melanoma ranks among the 10 most common cancers.23 By contrast, it is a rare disease in 

people of Asian or African origin, where incidence rates are as much as ten-fold lower, in the 

range 0.4-3.0 per 100,000 person-years.22  

Although incidence is much lower than in fair skinned population, melanoma of the skin in 

Asians and in populations with predominately dark skin has distinct histopathologic features, 

with higher proportions of the more aggressive acral lentiginous and nodular subtypes.24,25 

The reasons for the disparity in incidence rates are still unclear, although part of the 

explanation may lie in genetically defined ethno-geographic variation in susceptibility to UV 

radiation.26  

1.2  Prevention, diagnosis, stage and treatment 

From the end of last century, traditional public health efforts in most countries in Europe, 

Oceania and North America have focused on prevention to reduce hazardous sun exposure 

and raising awareness on the importance of the recognition of the early symptoms of 

melanoma.27-29  

The first campaign aimed at raising awareness on the importance of skin cancer prevention 

was launched by Cancer Council Victoria in 1981. The famous “Slip-Slop-Slap” campaign 

invited avoiding unhealthy sun exposure by slipping on a shirt, slopping on sunblock, and 

slapping on a sun hat.30 The campaign soon achieved national coverage and contributed to a 

significant and sustained improvement in sun protection behaviour, particularly among 

younger people.31 Soon after, the “Slip-Slop-Slap-Wrap” campaign was also launched used in 

New Zealand, with the last word being an encouragement to wear sunglasses to protect 

against UV radiation. Several other countries followed Australia’s and New Zealand’s 
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examples and started similar awareness and prevention campaigns, aimed at the general 

public or at specific groups at higher risk of developing skin cancer within the population.  

In 2016, the “Cover-up Mate” campaign in England targeted all men subject to occupational 

sun exposure, such as agricultural and construction workers, gardeners and sports-players 

and encouraged them to wear sunscreen when working outdoor. In 2017, through a funny 

video in French, Greek, Italian, Spanish and Thai language the “Help a Dane” appeal went 

viral on social networks. It invited locals of these favourite Danish holiday destination to help 

protecting Danes in the sun and share their knowledge about prevention of sunburns.32 

Together with prevention, public health effort has also largely focused on early detection of 

cutaneous lesions. The so-called “ABCDE” rule33 identifies Asymmetry, Border irregularity, 

Colour variation, Diameter larger than 6 mm and Evolution of a mole or nevus as warning 

signs for melanoma and, more broadly, skin cancer. If experiencing any of those symptoms, 

a person is encouraged to seek medical advice. Because of the warning signs are clear and 

well-defined, most cutaneous melanomas are brought to doctors’ attention directly by the 

patients at an early stage of the disease.34,35 During physical examination, the doctor should 

note the size, shape, colour and texture of any moles and whether they are bleeding, or 

crusting. 

If the mole is suspicious, a skin biopsy is needed to establish diagnosis of a cutaneous 

melanoma. If the pathologist will confirm the diagnosis, prognostic factors such as tumour 

thickness, ulceration or mitotic rate will also be investigated to help determine the stage of 

disease. If the tumour size is greater than 1mm, or is ulcerated, a sentinel lymph node biopsy 

can be performed to check for spread to the sentinel lymph node, the lymph nodes most likely 

to receive lymphatic drainage from the primary tumour. 

Further, to improve the outcome, treatment based on accurate staging is fundamental. The 

American Joint Committee on Cancer (AJCC) and the International Union for Cancer Control 

(UICC) defined the Tumour Node Metastasis (TNM) classification system for melanoma in its 

7th edition36 as follows: 
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Table 1 - Summary of the classification of malignant melanoma of the skin in 

TNM (8th edition) 

T Thickness of infiltration [mm] Ulceration 

T1 ≤1 mm T1a: no ulceration, T1b: ulceration 

T2 >1 to 2 mm T2a: no ulceration, T2b: ulceration 

T3 >2 to 4 mm T3a: no ulceration, T3b: ulceration 

T4 >4 mm T4a: no ulceration, T4b: ulceration 

N No. metastatic nodes 

N1 1 N1a: clinically occult*, N1b: clinically detected, N1c: 

in transit, satellite without regional nodal metastasis 

N2 2-3 N2a: clinically occult*, N2b: clinically detected, N2c: 

in transit, satellite without regional nodal metastasis 

N3 ≥4 

M Metastasis 

M0 No distant metastasis 

M1 Distant metastasis M1a: skin, soft tissue including muscle, and/or non-

regional lymph node 

M1b: lung with or without M1a sites of disease 

M1c: non-CNS† visceral sites with or without M1a or 

M1b sites of disease 

M1d: CNS† with or without M1a, M1b or M1c sites 

of disease 

*Clinically occult (i.e., detected by sentinel lymph node biopsy); †Central nervous system
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Table 2 – American Joint Committee on Cancer (AJCC) clinical stage (8th 

edition) 

Clinical stage T N M 

0 Tis N0 M0 

IA T1a N0 M0 

IB T1b 
T2a 

N0 
N0 

M0 
M0 

IIA T2b 
T3a 

N0 
N0 

M0 
M0 

IIB T3b 
T4a 

N0 
N0 

M0 
M0 

IIC T4b N0 M0 

III T1-4 N1-3 M0 

IV T1-4 N0-3 M1 

Tis: melanoma in situ 

The 8th edition of TNM classification was subsequently published in 2018,37 after the data 

collection for this study was completed. 

Various treatments are available depending on the stage of the tumour. In Figure 1, the main 

treatment strategies as recommended by the National Institute for Health and Care Evaluation 

are reported.38 

Figure 1 – Current treatment options for malignant melanoma of the skin 

based on stage at diagnosis 

 

SACT: Systemic anti-cancer therapy 
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Wide local excision is the primary treatment for the vast majority of melanomas, with 

recommended excision margins varying depending on the location and tumour thickness. For 

in situ melanoma, margins of at least 0.5 cm are recommended. For invasive melanomas, the 

margin width should be 1 cm for tumours with a Breslow thickness up to 1.0 mm, and 2 cm for 

tumours with Breslow thickness equal or higher than 1.0 mm.39 If the nearby lymph nodes are 

abnormally hard or sentinel lymph node biopsy confirms the presence of tumour cells, then a 

lymph node dissection is usually advised. Adjuvant systemic anti-cancer therapy is then 

performed, if a sentinel lymph nodes involvement is confirmed. A therapeutic lymph node 

dissection is offered to people with palpable stage IIIB to IIID melanoma, or cytologically or 

histologically confirmed nodal disease detected by imaging. 

The treatment of metastatic or unresectable melanoma has mainly had a palliative intent until 

a few years ago, when only two drugs, the chemotherapeutic agent dacarbazine and the 

cytokine interleukin-2 (IL2) were used to treat advanced disease. In the last 10 years, however, 

significant improvements in treatment have been reported, involving the use of targeted 

treatments and immunotherapy. 

Immunotherapy uses the patient’s immune system to fight the cancer. The surface of T cells 

(immune cells) host checkpoint proteins, such as CTLA-4 and PD-1, responsible for keeping 

the immune system in check. When those proteins link to other proteins on the cancer cells, 

B7 and PDL-1 respectively, they stop the T cell from fighting the cancer. Immune checkpoint 

inhibitor therapies, CTLA-4 and PD-1 inhibitors, block the CTLA-4 and PD-1 and allow T cells 

to kill the cancer cells.  

Ipilimumab, approved by the Food and Drug Administration (FDA) in the United States and by 

the European Medicine Agency (EMA) in 2011, is a type of CTLA-4 inhibitor. A phase III 

randomised clinical trial40
 on patients treated with ipilimumab showed a 1-year overall survival 

as high as 45.6% compared with less than 30.0% for those treated with the standard therapy 

alone. The PD-1 inhibitors pembrolizumab and nivolumab, approved in the USA in 2014 and 

the following year in Europe, showed larger survival improvements in phase III clinical trials 

(1-year observed survival higher than 70.0%).41,42 

Currently, in the UK, pembrolizumab is recommended as an option for the adjuvant treatment 

of completely resected stage IIB, IIC or stage III melanoma with lymph node involvement in 

adults. Until recently, standard care for people with completely resected melanoma was 

routine surveillance. Clinical evidence shows that adjuvant pembrolizumab increases how 

long people live without the cancer coming back compared with placebo.42 Nivolumab is 
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recommended as an option for the adjuvant treatment of completely resected melanoma in 

adults with lymph node involvement or metastatic disease.41  

Innovations in the treatment of metastatic melanoma also involve targeted therapy, which 

commonly interferes with the function of molecular targets that are involved in the progression 

and spread of cancer. Genetic mutations in the BRAF, NRAS, KIT and MEK genes are 

frequent in people diagnosed with melanoma. Approximately half of the patients present with 

a mutation in the BRAF gene,43 and the BRAF V600E mutation is the most common.  

Vemurafenib was proved to increase short-term survival for patients with metastatic disease 

and the BRAF V600E mutation. The phase III randomised clinical trial comparing vemurafenib 

with dacarbazine in 675 patients diagnosed with metastatic cutaneous melanoma estimated 

an overall 6-month survival of 84% [78-89%] in the vemurafenib group compared to 64% [56-

73%] in the dacarbenize.44 Following this evidence, FDA and EMA approved the drug in 2011 

and 2012 respectively. Other targeted treatments as dabrafenib (FDA, EMA 2013), trametinib 

(FDA 2013, EMA 2014) and cobimetinib (FDA, EMA 2015) showed similar or much higher 

improvement in overall survival compared to old lines of treatment. 

In the UK, dabrafenib with trametinib is recommended as an option for the adjuvant treatment 

of resected stage III BRAF V600 mutation-positive melanoma in adults. There are currently no 

adjuvant treatments available for stage III BRAF V600 mutation-positive melanoma and there 

is a substantial risk of the cancer returning and becoming incurable. Dabrafenib with trametinib 

is a new adjuvant treatment aimed at curing the cancer by reducing the likelihood that it will 

spread. It is therefore an important development in managing stage III melanoma. Clinical trial 

evidence shows that dabrafenib with trametinib extends the length of time people have before 

their melanoma recurs compared with routine surveillance. Evidence from the trial and from 

clinical experts strongly suggests that it also increases the overall length of time people live 

by reducing how many people develop metastatic disease. 45 

1.3 The prognostic role of morphology 

Cutaneous melanomas can be grouped in four main morphological subtypes following the 

ICD-O-346 morphology classification, characterised by specific clinical features: superficial 

spreading melanoma, nodular melanoma, lentigo maligna melanoma and acral lentiginous 

melanoma.47 

Superficial spreading melanoma (ICD-O-3 morphology code 8743) is the most common 

morphological subtype in fairer-skinned population and is associated with intermittent sun 
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exposure in younger ages.48,49 It tends to grow in size50 and it is most frequent on the back 

and shoulders in men and on the legs in women. It is generally associated with a very good 

prognosis.51  

Nodular melanoma (8721) is the second most common subtype among fairer-skinned 

population. It is most likely to penetrate into the deeper layers of the skin if not removed and 

is more common on the back, head and neck.50-53 It is characterised by a much poorer 

prognosis than superficial spreading melanoma.54 

Lentigo maligna melanoma (8742) tends to develop in older adults, mostly on the face, which 

is chronically exposed to the sun.55 It is characterised by slower progression and is rarely 

lethal.51,56 

Acral lentiginous melanoma (8744) is very rare in fairer-skinned populations, but much more 

common in Asians and Blacks. It is not associated with sun exposure, because it usually 

develops on sun-protected areas of the body, such as the palms, the sole of the foot and 

underneath the nails.57 The aetiology for acral lentiginous melanoma is not yet totally 

understood. A history of trauma or higher mechanical stress have been frequently proposed 

as a trigger for acral lentiginous melanoma, since tumours develop on weight-bearing areas 

of the body or sites that are highly susceptible to mechanical injury.58-60 It has a poor prognosis, 

and its diagnosis is often delayed. Due to the rarity of the disease, there is a lack of 

epidemiological studies on survival and it is not clear whether, after controlling for stage, the 

prognosis for acral lentiginous melanoma would be different from that of other subtypes. 

Despite the aforementioned differences in behaviour and progression, the prognostic role of 

morphology in melanoma survival is controversial. National and international clinical 

guidelines indicate stage at diagnosis as the most relevant prognostic factor. The prevalent 

idea is that melanomas of different morphological subtypes converge in their biologic 

behaviour once they metastasise.61
 Recommended treatment options do not differ between 

morphological subtypes of disease at the same stage of diagnosis, and clinical guidelines 

indicate morphology as an optional item to be included in pathology reports.  

1.4  Aim and objectives 

My research project, embedded in the CONCORD programme for the global surveillance of 

cancer survival, aims to produce the first detailed analysis on world-wide international 

differences in survival from cutaneous melanoma.  
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The CONCORD programme  started in 2000, and its first cycle analysed survival for about 2 

million patients diagnosed during 1990-94 with breast, colon, rectal or prostate cancer, and 

followed up to 1999.62 Data were contributed by 101 cancer registries in 31 countries world-

wide. In 2015, the second cycle of the CONCORD programme (CONCORD-2) established the 

global surveillance of cancer survival trends by analysing data on 25.7 million patients 

diagnosed with one of 10 most common cancers during 1995-2009, and followed up to 31 

December 2009.Data were contributed by 279 cancer registries in 67 countries world-wide.63 

In 2018, the third cycle of the programme (CONCORD-3) updated survival trends to 2014.64 

CONCORD-3 obtained anonymised, individual tumour records for over 37 million patients 

diagnosed with one of 18 most common cancers, including melanoma, during 2000-2014 and 

followed-up to 31 December 2014.  Data were provided by 322 population-based cancer 

registries in 71 countries world-wide.  

CONCORD-3 highlighted a high and stable trends in age-standardised 5-year net survival for 

most solid tumours in North America, Oceania and several European countries. Survival for 

most solid tumours in adults increased also in Eastern Europe over the 15 years to 2014, but 

it remained lower than in the rest of Europe.  

CONCORD-3 also showed persistent inequalities in survival from cutaneous melanoma at 

global level, with lower age-standardised 5-year net survival in countries in Asia, especially in 

South-East Asia, and in Latin America, than in North America, Oceania and Europe.  

The current project aims to explore the reasons for the persistent gap in survival from 

melanoma of the skin between world regions. Specific objectives of the project are: 

1. Objective 1 – Research Paper 1: to examine trends in population-based short-term

survival for metastatic (“distant”) melanoma, before and after the introduction of novel

therapies to treat metastatic and unresectable disease.

2. Objective 2 – Research Paper 2: to evaluate the impact that morphological

distribution and survival by morphological subtypes have on the international

differences in prognosis when all melanomas are combined.

3. Objective 3 – Research Paper 2: to evaluate whether the different distributions of the

main prognostic factors, i.e., sex, age and stage at diagnosis, may contribute to explain

the survival differences between morphological subtypes.

4. Objective 4 – Research Paper 3: factors that contribute explaining the higher survival

for women in all countries.
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5. Objective 5 – Research Paper 3: to estimate survival for melanomas arising in

specific anatomic locations known to have poor prognosis at the clinical level, i.e.,

melanomas located on the scalp and neck or melanomas of the genital tract in women.

1.5  Data and methods 

I performed a secondary analysis of anonymised data collected for patients diagnosed with 

cutaneous melanoma during 2000-2014 as part of the third cycle of the CONCORD 

programme (CONCORD-3).  

Overall, 284 cancer registries in 59 countries submitted data on 2,303,095 anonymised 

individual records for adults diagnosed with melanoma, defined by morphology codes in the 

range 8720-8790 in the International Classification of Diseases for Oncology, third revision 

(ICD-O-3).46 Data were collected using the same data specification, and were centrally 

validated for adherence to the protocol and consistency through a rigorous 3-phase data 

quality control procedure. 

CONCORD-3 restricted survival analysis to malignant melanoma (ICD-O-3 behaviour code 3) 

arising in the skin (ICD-O-3 topography codes C44.0-C44.9), including the skin of the labia 

majora (C51.0), vulva (C51.9), penis (C60.9), and scrotum (C63.2). Overall, 716,554 records 

(31%) for tumours that were benign, in situ, of uncertain behaviour, metastatic from another 

organ, or unknown if primary or metastatic, or on patients with age outside the range 15-99 

years, or with incomplete data were considered ineligible for analysis.  

A further 8,069 records (0.3%) registered only from a death certificate or discovered at autopsy 

were excluded from analysis because their duration of survival was unknown, as well as 

records for which the vital status or sex was unknown and those with an invalid date or 

sequence of dates. Overall, 1,578,482 patients diagnosed with a primary, invasive, malignant 

cutaneous melanoma during 2000-2014 were included in survival analysis.  

For each cancer registry, the proportion of histologically verified tumours, the proportion of 

melanomas with an unspecified histology (malignant melanoma, NOS ICD-O-3 morphology 

code 8720) and the proportion of patients lost to follow-up or censored within 5 years of 

diagnosis were calculated to evaluate and compare data quality between countries and world 

region. 

Cancer registries use different techniques to assess the vital status of cancer patients. Passive 

follow-up requires records to be linked to regional or national vital statistics systems, using 
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key variables that varies by country, state or region, i.e., national insurance number, ID 

number, names and date of birth or a combination of them. Tumour records that match to a 

death record are updated with the date of death. Active follow-up is also widely adopted: 

registries routinely contact treating physicians, family doctors or hospitals to record the vital 

status for each cancer patient. Some registries determine the vital status by contact with the 

patient’s family, by telephone or home visit, or with the village administration. The proportion 

of patients lost to follow-up is relevant to countries using active follow-up; alternatively, the 

proportion of patients censored alive before five years from diagnosis pertains to countries 

where passive follow-up techniques are in place. 

The CONCORD-3 protocol requested data on core variables, such as demographics data 

(sex, full date of birth, region of residence and race/ethnicity where available), follow up for 

vital status (full date of death or date on which the patient was last known or believed to be 

alive) and tumour details (full date of diagnosis, topography and morphology). Complete  and 

accurate dates (day, month, year) of birth, diagnosis and vital status are needed for 

comparison of cancer survival estimates.65  

Cancer registries were also invited to provide data on the initial course of treatment as optional 

variables. Many population-based cancer registries do not routinely collect data on the 

treatments received by each cancer patient. Others only record the information on whether a 

specific treatment was given or not and the date it was given, without full details of each 

treatment for all patients. For this reason, all the treatment variables were collected as binary 

(yes/no) variables, together with the date of the treatment when it was offered to the patient. 

The treatment variables included the first cancer-directed surgery (excluding procedures 

performed for diagnostic purposes only), radiotherapy and systemic therapy, with no 

distinction between chemotherapy, immunotherapy or targeted treatment. 

Net survival was estimated for patients diagnosed with cutaneous melanoma for each registry 

and country contributing data to CONCORD-3. Net survival is the probability that cancer 

patients survive their cancer up to a given time since diagnosis (e.g., 5 years), after controlling 

for competing causes of death (background mortality).  

Net survival can be estimated in two general frameworks: cause-specific or relative survival. 

In the cause-specific survival framework, the exact cause of death is available for each cancer 

patient known to be dead by the end of the established follow-up. Only deaths that have been 

attributed to the cancer in analysis as the underlying cause of death are considered as events; 

patients whose death was attributed to other causes are censored at the time of their death. 

Therefore, net survival estimated in a cause-specific setting is highly dependent on the 
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accuracy of the death certification and the selection of the underlying cause of death. This 

makes comparisons between countries or regions within the same country, or over time very 

difficult, because geographical and temporal differences in selection and coding of the 

underlying cause of death are well known.66-71 

Relative survival is thus preferred, particularly when we aim to compare survival between 

regions, countries or over time. Estimating cancer survival within a relative survival framework 

avoids the problems related to the inaccuracies in the cause of death because the information 

is not required in the estimation. 

Cancer patients can die because of their cancer or because of other causes. The aim of 

relative survival is to isolate the excess hazard of death due to the specific cancer in analysis. 

The observed hazard for a cancer patient can be described as follow: 

 ℎ𝑜(𝑡) = ℎ𝑃(𝑡) +  ℎ𝐸(𝑡)

where ℎ𝑜(𝑡) is the observed (all-cause) hazard, when the event of interest is death from any

cause; ℎ𝑃(𝑡) is the hazard due to other causes and ℎ𝐸(𝑡) is the excess hazard due to cancer.

The cancer hazard can be therefore estimated as the difference between the observed hazard 

and the population hazard: 

 ℎ𝐸(𝑡) = ℎ𝑂(𝑡) −  ℎ𝑃(𝑡)

ℎ𝑃(𝑡) is the mortality for a comparable group of individuals from the general population, with

the same characteristics as the patients with respect to the main factors impacting survival, 

such as sex, age, race/ethnicity and socio-economic status, and assumed to be practically 

free of the cancer of interest. The population mortality is obtained from the life tables of 

background mortality (described below). 

The net survival function can be estimated from the hazard function as: 

𝑆𝐸(𝑡) = exp (− ∫ ℎ𝐸(𝑢)𝑑𝑢
𝑡

0

) 

In the relative survival framework, net survival is defined as survival for cancer patients in the 

hypothetical situation where the disease under study would be the only possible cause of 

death.  
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Net survival can be estimated with parametric, semi-parametric and non-parametric methods. 

In my research project, I used non-parametric methods and, for a subset of analyses, I used 

semi-parametric methods.  

The cumulative net probability of survival up to time t is defined as: 

where 𝑆𝑂𝑖(𝑡) is the observed survival of the individual cancer patient (events are all deaths), 

𝑆𝑃𝑖(𝑡) is the expected (population) survival and 𝐻𝑐(𝑡) is the cumulative cancer hazard at time

t. Non-parametric methods make no assumptions on the distribution of the cancer hazard.

In all three research papers, I estimated net survival with the non-parametric Pohar Perme 

estimator.72 This is the only unbiased estimator of net survival because it takes into account 

that informative censoring is more frequent in older patients. It estimates net survival for each 

individual, after each event or censoring, by giving individual weights equal to the inverse 

probability of survival up to a given time t in the general population. In this way, older patients, 

who are progressively more under-represented among survivors as follow-up progresses, will 

receive more weight because their corresponding survival probability in the general population 

is lower.  

In parametric and semi-parametric methods, the cancer hazard for a single patient i can be 

expressed as: 

 ℎ𝑐(𝑡|𝑋𝑖) = ℎ0(𝑡) × 𝑒𝑥𝑝(𝑋𝑖𝛽)

where 𝑋 is a set of covariables for the individual i, for example age, sex, socio-economic status 

etc; ℎ0(𝑡) is the baseline hazard function and describes how the hazard rate changes over the

follow-up time; 𝑋𝑖𝛽 is a linear predictor, function of 𝑋𝑖 covariables. In parametric and semi-

parametric, a functional form of the baseline hazard ℎ0(𝑡) is assumed.

For a few sub-analyses in Research Papers 1 and 2, I estimated net survival using semi-

parametric methods. These methods are preferred to the non-parametric when the interest is 

focused on estimating the impact that a given covariables has on the cancer hazard. In a 

model, it is also possible to control for potential confounders, include time-varying effect and 

potential interactions.  

I fitted a flexible parametric survival model on the log hazard scale to estimate the effect of 

relevant covariables on the hazard of death for cutaneous melanoma in Research Papers 1 

𝑆𝐶(𝑡) =
1

𝑛
∑

𝑆𝑜𝑖
(𝑡)

𝑆𝑝𝑖
(𝑡)

𝑛
𝑖=1 = 𝑒𝑥𝑝[−𝐻𝑐(𝑡)]
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and 2. In Research Paper 1, I estimated the excess hazard of death for blacks compared to 

whites diagnosed with distant-stage melanoma in the United States after controlling for sex 

and age at diagnosis. In Research Paper 2, I estimated the excess hazard of death for each 

morphologic subtypes, after controlling for major confounders, i.e., sex, age and stage at 

diagnosis in countries where data on stage and morphology were complete (Norway, Spain 

and Germany).  Modelling, unlike non-parametric methods, allows to control for potential 

confounders when estimating the excess hazard of death for a given exposure. Caution needs 

to be used when using models, because they are based on assumptions on the parametric or 

semi-parametric distribution of the baseline hazard and other prognostic factors; a same 

hazard model can not be deployed for different countries in analysis. This is the main reason 

why, for international comparison involving hundreds of registries world-wide, non-parametric 

methods are preferred. 

Data on mortality in the general population among which cancer patients reside is key to 

estimate net survival. Expected survival and the related population mortality are extracted from 

the population life tables. A complete life table is a set of all-cause mortality rates by single 

year of age, sex and calendar year for a given region, country or territory. It represents the 

force of mortality in the general population, when all the causes of death are considered. 

Mortality rates by race/ethnicity, urban/rural residence or socio-economic status can be also 

estimated, providing that data on death counts and populations are available by sub-group. 

The use of accurate life tables is crucial because they represent the background mortality of 

the population under study, among which the cancer patients reside. 

I constructed all the life tables by single year of age, sex and calendar year used in 

CONCORD-3, using the raw data provided by each cancer registry. I used three different 

approaches, based on the type of mortality data available from each registry. When death and 

population counts by single year of age or age group were available, I adopted a flexible 

multivariable Poisson modelling approach using a restrictive cubic spline function on age73 to 

derive sex- and age-specific mortality rates. This approach allowed to model mortality rates 

by race/ethnicity when this information was available on the death counts and population. 

Registries could also submit unsmoothed mortality rates for their registry, i.e., simple ratio 

between death counts and population by sex, single year of age (or age group) and year (or 

calendar period). To derive smoothed mortality rates for the given population, I used the 

Ewbank relational method.74 Where no data were available from the registry or a national 

statistical office, I used the abridged UN Population Division life tables and interpolated these 

using the Elandt-Johnson method.75 I produced statistical reports for each life table, plotting 

the life expectancies at birth and the probabilities of death at given age intervals for the first 
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and last year of available data. The reports also included graphics of the raw and smoothed 

mortality curves on both logarithmic and arithmetic scales, together with the plots of the 

deviance residuals at each age to evaluate the performance of the flexible Poisson model, 

when this method was used. Cancer registries in Israel, Malaysia, New Zealand, Singapore 

and the United States provided raw data by race/ethnicity, therefore mortality rates were 

further stratified by race/ethnicity. All life tables are freely accessible on the Cancer Survival 

Group website;76 they are a relevant tool for any cancer registry aiming at producing net 

survival estimates. 

All survival estimates were age-standardised to allow for fair and robust comparisons between 

countries and over time. The age distribution of cancer patients varies between countries and 

over time, and cancer survival varies with age. Therefore, valid international comparison of 

survival estimates for all ages combined requires age-standardisation to take into account for 

these differences. The age-standardised estimate is a weighted average of the age-specific 

estimates. The International Cancer Survival Standard (ICSS) weights have been widely 

adopted for international comparisons.77 Age is grouped in five categories: 15-44, 45-54, 55-

64, 65-74 and 75-99 years. The weights are attributed to each age-group within three clusters 

of cancers defined by their pattern of age-incidence: increasing incidence by age (cluster 1, 

most cancers); broadly stable incidence by age (cluster 2), and decreasing incidence by age 

(cluster 3). The weights are shown in Table 2. 

Table 1.2 – International Cancer Survival Standard weights

Age group (years) ICSS 1 ICSS 2 ICSS 3 

15-44 0.07 0.28 0.60 

45-54 0.12 0.17 0.10 

55-64 0.23 0.21 0.10 

65-74 0.29 0.20 0.10 

75-99 0.29 0.14 0.10 

Melanoma of the skin belongs to the second cluster, because its incidence is rather constant 

with increasing age.  

The cohort approach was used to estimate net survival for patients diagnosed during 2000-

2004 and 2005-2009, while the period approach was adopted for those diagnosed during 

2010-2014. To estimate five-year net survival, the cohort approach requires that all the 

patients included in the analysis had the potential to be followed up for at least 5 years. The 

period approach allows estimation of five-year survival when five years of follow-up are not 

available for all cancer patients. For example, if we need to estimate five-year net survival for 

patients diagnosed during 2010-2014 and follow-up is only available to 31 December 2014, 
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the period approach will combine the partial probabilities of survival up to five full years for 

those diagnosed in 2010 or later, and the conditional survival probabilities up to five years for 

those diagnosed between 2005 and 2009 who were still alive at 1 January 2010. The key 

assumption is that the conditional probabilities of survival observed during the previous years 

of follow-up would remain constant over the next few years, until all patients diagnosed during 

2010-2014 have been followed up for a full five years, by the end of 2019. Such an assumption 

may not hold if survival has been improving over time. In this situation, “period estimates” are 

conservative, and will be slightly lower than the corresponding cohort estimates when 

complete follow-up is available for all patients. Nevertheless, empirical evidence shows that 

they are a good approximation to the cohort estimates.78  

In Research Paper 3 I used the complete approach to estimate 5-year net survival for patients 

diagnosed during 2009-2014 and followed up to the end of 2014. The complete approach is 

an extension of the traditional cohort approach, and it is used when not all cancer patients 

have a potential full follow up time. For example, in the cohort of patients diagnosed during 

2009-2014, only the patients diagnosed in 2009 had full five years of follow-up by 31 

December 2014. The use of the complete approach allows to estimate survival of patients 

diagnosed in the period of interest, i.e. 2009-2014, as for the cohort approach, even if not all 

the patients have full potential follow-up. 
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Preface to Chapter 2 

Stage at diagnosis is the most important prognostic factor for survival from cutaneous 

melanoma. If detected at an early stage, melanoma can be surgically removed with margins 

that are clear of tumour, leading to a very high survival. Metastatic melanoma was a deadly 

disease until a decade ago. Up to 2011, the prognosis for metastatic melanoma was generally 

very poor, with survival as low as 16% at five years after diagnosis in the US.79,80 The two 

therapies available until then, the chemotherapeutic agent dacarbazine and the cytokine 

interleukin-2 (IL2), were used with solely palliative intent.81-83  

In recent years, significant improvements in treatment, involving the use of targeted therapies 

and immunotherapy, have led to unprecedented clinical benefit. The CTLA-4 inhibitor 

ipilimumab was the first immunotherapy approved for melanoma by the US Food and Drug 

Administration (FDA) and by the European Medicine Agency (EMA), in 2011, followed by the 

PD-1 inhibitors pembrolizumab and nivolumab in the US (2014) and in Europe (2015).   

Randomised clinical trials of immunotherapies for metastatic and unresectable melanoma of 

the skin showed a dramatic improvement in short-term survival. A phase III randomised clinical 

trial40 showed that one-year overall survival was as high as 46% for patients treated with 

ipilimumab compared to less than 30% for those treated with the standard therapy alone. 

Phase III clinical trials on patients treated with pembrolizumab and nivolumab showed even 

larger survival improvements (one-year observed survival higher than 70%).41,42 

Innovations in the treatment of metastatic and unresectable melanoma also involved targeted 

therapies, most of which are designed to interfere with the function of molecular targets 

involved in the progression and spread of cancer. Genetic mutations in the BRAF, NRAS, KIT 

and MEK genes are frequent in people diagnosed with melanoma. Approximately half of all 

melanoma patients present with a mutation in the BRAF gene,43 and the BRAF V600E 

mutation is the most common. Vemurafenib, the first targeted treatment for patients with 

metastatic melanoma who have a mutation in the BRAF V600E gene, was approved in 2011 

in the US and in 2012 in Europe, after the evidence of a phase III randomised clinical trial 

showing a substantial improvement in six-month survival (84% vs. 64%) compared with 

patients treated with dacarbanize.44 Other targeted treatments, such as dabrafenib (FDA, EMA 

2013), trametinib (FDA 2013, EMA 2014) and cobimetinib (FDA, EMA 2015) showed similar 

or much higher improvement in overall survival than previous lines of treatment. 
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Nine large randomized controlled trials of immune checkpoint inhibitor therapies and targeted 

therapies in the adjuvant setting have been completed and continue to mature. All have shown 

improvements for recurrence-free survival compared with placebo or an active control arm, 

but not consistently for distant metastases–free survival or overall survival. 

Over a short period of time, the treatment landscape for melanoma in adjuvant setting has 

shifted dramatically. Now multiple treatment options are available, as a result of the latest trials 

with immunotherapy and molecular targeted therapy.84,85 The approval or licencing of adjuvant 

therapies came after 2014, the latest year of incidence for which CONCORD-3 collected data 

and the latest year of follow up. However, it is important to report some of the key dates and 

approvals, that may serve as a reference for future studies. In 2015, the FDA approved 

ipilimumab as an adjuvant therapy for patients with stage III melanoma. In December 2021, 

pembrolizumab was approved for the adjuvant treatment of adult and paediatric patients (aged 

12 years or older) with stage IIB or IIC melanoma following complete resection. In June 2022 

the FDA granted accelerated approval to dabrafenib in combination with trametinib for the 

treatment of adult and paediatric patients (aged 6 years or older) with unresectable or 

metastatic solid tumours with BRAF V600E mutation who have progressed following prior 

treatment and have no satisfactory alternative treatment options. Last, in October 2023 

nivolumab was approved for the adjuvant treatment of completely resected Stage IIB and IIC 

melanoma in patients aged 12 years and older.  

Patients included in clinical trials are highly selected, generally young and with few or no 

comorbidities, so they do not represent the entire cohort of patients who could benefit from a 

new line of treatment.86-89 Therefore, the promising results of a clinical trial require validation 

at a population level, when all patients can be included in the analyses, regardless of their 

age, socio-economic status, comorbidities, etc.   

This chapter addresses the question of whether population-based short-term net survival from 

distant-stage cutaneous melanoma, at one year since diagnosis, improved in the US during 

2001-2013, when new treatments for metastatic and unresectable disease were approved. 

The US registries were selected for this analysis because the availability and completeness 

of information on stage was excellent for all participating registries. Given the huge population 

and number of cases, it was also possible to estimate net survival for each calendar year of 

diagnosis during that period.  

The results in this chapter show a dramatic improvement in one-year net survival from 2010, 

particularly for younger patients. The increasing trend starts one year before FDA approval of 

the new lines of treatment in 2011. This may be because some patients may have been 
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recruited to clinical trials, which started well before 2010. This may be particularly the case for 

younger patients, who experienced the larger improvement. Additionally, patients may have 

received the newer treatments through the FDA’s expanded access programs, which provide 

access to investigational drugs, before their official approval, to patients with life-threatening 

conditions who cannot be enrolled in clinical trials.  

Chapter 2 also documents persistent survival inequalities between Blacks and Whites, 

suggesting differential access, even to these new treatments. Black patients were more likely 

to be diagnosed with distant melanoma, but survival inequalities by race persisted even when 

stratifying the analyses by stage at diagnosis.90,91  

Recent studies on survival from mucosal melanoma after the introduction of new lines of 

treatments showed conflicting results.92-95 Mucosal melanoma is genetically distinct from 

cutaneous melanoma (Furney 2013) with higher incidences in KIT and NRAS mutations but a 

lower rate of BRAF V600 alterations.96,97 In general, mucosal melanoma has a lower tumour 

mutational burden than cutaneous melanoma, and DNA mutations caused by chronic 

ultraviolet sun exposure are not its major disease mechanism.98 Such distinctions at the 

molecular level may lead to different responses to immunotherapies and targeted treatments 

between these two melanoma subtypes. For these reasons, mucosal melanoma was not 

included in the following analysis, and will analysed separately. 
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2. Trends in short-term survival among 18,601 patients 

diagnosed during 2001-2013 with distant-stage 

cutaneous melanoma in the United States (CONCORD-

3) (Research paper 1) 

2.1 Introduction 

The incidence of cutaneous melanoma has been rising in most Caucasian populations 

over the past 50 years.99 In the United States, the age-standardised incidence rate rose from 

8 per 100,000 person-years in 1975 to 25 in 2016.100 Cutaneous melanoma was the 4th and 

5th most common cancer in men and women, respectively, in the US in 2016, with a total of 

82,476 new cases.101  

The third cycle of the CONCORD programme for the global surveillance of cancer 

survival (CONCORD-3) highlighted increasing trends in age-standardised 5-year net survival 

from cutaneous melanoma in most countries during 2000-2014; 5-year net survival exceeded 

90%  for patients diagnosed during 2010-2014 in the United States, Australia, New Zealand 

and most Nordic and Western European countries, but was below 60% in Ecuador, China and 

Taiwan.102 Stage at diagnosis is an important predictor of prognosis, and survival for disease 

diagnosed at an advanced stage is much lower than for localised disease. If detected at a 

localised stage (Tumour Node Metastasis Stage I-II and resectable Stage III), cutaneous 

melanoma can be surgically treated with a favourable outcome. Five-year relative survival for 

localised melanoma of the skin diagnosed in the last 20 years was higher than 90% in 

Germany,103
 Denmark,20

 Estonia,21 Sweden,104 and the United States.105  

Until about 2010, when advanced disease (TNM stage III unresectable melanoma and 

stage IV disease) was mainly treated with chemotherapy (e.g. dacarbazine) and cytokines 

(e.g. interleukin-2), the prognosis for metastatic melanoma was generally poor, with survival 

as low as 16% at 5 years after diagnosis for patients diagnosed in the US.105,106 In recent 

years, significant improvements in treatment, involving the use of targeted therapies and 

immunotherapy, have led to unprecedented clinical benefit. Ipilimumab, the first 

immunotherapy, and vemurafenib, the first targeted treatment for metastatic and unresectable 

melanoma, were approved by the US Food and Drug Administration (FDA) in 2011. 

The aim of this study is to describe the characteristics of patients diagnosed with 

cutaneous melanoma during 2001-2013, using data provided by 34 US population-based 
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cancer registries included in CONCORD-3, and to assess trends in short-term (1-year) survival 

for distant-stage disease. 

2.2  Materials and methods 

CONCORD-3 obtained anonymised individual tumour records from 322 population-

based cancer registries in 71 countries worldwide, for patients who had been diagnosed with 

one of 18 common cancers, including melanoma, during 2000-2014 and followed up to 31 

December 2014. Data acquisition, ethical approval and data quality control for the CONCORD 

programme have been described elsewhere.102 Cancer registries submitted records on all 

patients diagnosed with a melanoma, defined by morphology codes in the range 8720-8790 

in the International Classification of Diseases for Oncology, third revision [ICD-O-3].46 We 

restricted survival analysis to malignant melanoma (ICD-O-3 behaviour code 3) arising in the 

skin (ICD-O-3 topography codes C44.0-C44.9), including the skin of the labia majora (C51.0), 

vulva (C51.9), penis (C60.9), and scrotum (C63.2).  

Records with incomplete data, or for tumours that were benign, in situ, of uncertain 

behaviour, metastatic from another organ, or unknown if primary or metastatic, or on patients 

with age outside the range 15-99 years, were considered ineligible for analysis. We excluded 

tumours registered only from a death certificate or discovered at autopsy, since their duration 

of survival was unknown, as well as records for which the vital status or sex was unknown, 

and those with an invalid date or sequence of dates. If two or more invasive primary malignant 

melanomas were detected in the same person but with different dates of diagnosis, the record 

with the earliest date of diagnosis was retained. Registry data sets in which 15% or more of 

patients were lost to follow-up were excluded from the survival analyses. 

Patients diagnosed in 2014 were included in CONCORD-3 but were not included in this 

study, because a full year of follow-up was not available by the study closure date (31 

December 2014). To assess trends in survival for the same registries, we retained only 

registries that submitted data on patients diagnosed up to and including 2013, with follow-up 

to 31 December 2014.  

The CONCORD protocol required information on stage of disease at the time of 

diagnosis for patients diagnosed from 2001 onward, because the completeness of data on 

stage in many countries and US states was known to be much lower before 2001.  

Stage was categorised as localised, regional and distant, according to the SEER 

Summary Stage 2000 classification.107 “Distant stage” includes melanoma with distant lymph 
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node involvement, metastatic skin lesions, further contiguous extension or metastasis to other 

organs. Age at diagnosis was grouped into 15-44, 45-54, 55-64, 65-74 and 75-99 years. Race 

was categorised as white, black and other race/ethnicities (Asian/Pacific Islander; American 

Indian/Alaska Native; other, unspecified or unknown race). Melanoma was categorised by 

anatomic location as arising in the skin of the head and neck (C44.0-C44.4), the trunk (C44.5), 

the limbs (C44.6-C44.7) or the genital organs (C51.0, C51.9, C60.9, C63.2), or as lesions 

overlapping the used categories, or of the skin with anatomic location not otherwise specified 

(C44.8-C44.9). Morphological sub-types were grouped according to the first revision of ICD-

O-3,46 as malignant melanoma, not otherwise specified (NOS, 8720), superficial spreading 

(8743), lentigo maligna (8742), nodular (8721), acral (8744) and all other morphologies (8722-

8723, 8726-8727, 8730, 8740-8741, 8743, 8745-8746, 8750, 8760-8761, 8770-8774, 8780, 

8790).  

We explored the distribution of stage at diagnosis by sex, age, race, topography and 

morphology. Survival analyses were restricted to patients diagnosed with distant-stage 

melanoma. One-year net survival for patients diagnosed in each of the 13 years 2001-2013 

was estimated with the non-parametric Pohar Perme estimator,108 using the STATA109 

command stns.110 Net survival is the cumulative probability of surviving after a given time since 

diagnosis after correcting for background mortality. It deploys life tables of all-cause mortality 

rates in the general population to control for other causes of death. To account for differences 

in background mortality between states, geographical areas and racial groups, and over time, 

we used life tables of all-cause mortality in the general population by single year of age, sex, 

single calendar year, race (blacks, whites and others) and county within each state. These 

were provided by the National Cancer Institute.111  

We estimated trends in one-year net survival for five age groups.  We then obtained 

age-standardised estimates for all ages combined, using the second of the three sets of 

International Cancer Survival Standard weights (0.28, 0.17, 0.21, 0.20 and 0.14), designed for 

cancers with broadly constant incidence by age.112 Survival was estimated for men and 

women, and for both sexes combined. 

We fitted a flexible parametric survival model on the log-hazard scale, to estimate the 

effect of race on the hazard of death due to distant-stage melanoma; excess mortality and net 

survival by race were also estimated,113 with race as a categorical variable. Restricted cubic 

splines for the effect of age at diagnosis (3 degrees of freedom) and year of diagnosis (4 

degrees of freedom) were included with the command rcsgen,114 including time-dependent 

effects. 
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2.3  Results 

We examined individual records for 1,040,814 adults (15-99 years) diagnosed with a 

primary, malignant cutaneous melanoma in 41 state-wide cancer registries in the US. Data 

quality was generally high. The proportion of patients excluded for incomplete dates or for 

other reasons ranged from 0 to 4% (Table 1). Overall, 36% of patients were diagnosed with 

an in situ tumour.  

Of the 632,861 patients eligible for inclusion in survival analyses, we excluded 3,045 (<1%) 

because the cancer was registered only from a death certificate or discovered at autopsy. 

Less than 3% of the remaining 629,816 patients were lost to follow-up or censored within 5 

years from diagnosis, but this proportion was much lower among patients with distant-stage 

disease (<1%). The diagnosis was histologically confirmed in 99.3% of tumours (data not 

shown). 

New Jersey was excluded because of the high proportion of patients lost to follow-up 

(48%). A further 118,239 patients were excluded from six state-wide registries (Arkansas, 

California, Massachusetts, Oklahoma, Tennessee and Washington), because data were not 

available for patients diagnosed up to and including 2013.  

Finally, we explored the distribution of 425,915 patients by sex, age, race, topography, 

morphology and stage at diagnosis.  

Most patients diagnosed during 2001-2013 were men (57%) and they were generally 

older than women (median age at diagnosis: 64 vs. 57 years old, respectively). Only 4% of 

patients were black (Table 2). Data on stage at diagnosis were available for 386,885 (91%) 

patients. 

Seventy-seven percent of patients were diagnosed with localised disease. The 

proportion was stable over time (4-5%, data not shown), slightly higher in women (79% vs. 

75%) and in younger patients (80% vs. 74% in patients aged 15-44 and 75-99 years, 

respectively). Four percent of melanomas were diagnosed at a distant stage, with a slightly 

higher proportion in men than women in all years (4% vs. 3% respectively, in 2001; 6% vs. 

5% in 2013, data not shown). Fifteen percent of blacks were diagnosed with distant-stage 

disease, compared to only 4% in whites and 1% in the “other race” category. Patients with 

distant-stage melanoma were generally older (median age: 65 years) than those diagnosed 

with localised (61 years) or regional (62 years) disease (data not shown).  
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Melanomas arose mostly on the skin of the limbs (42%), the trunk (32%) and the head 

and neck (21%) and were diagnosed at a distant-stage in less than 3% of those cases (Table 

2). Melanomas arising in overlapping or unspecified locations only accounted for 5% of all 

cases, but half of these (50%) were diagnosed at an advanced stage. The proportion of 

melanomas registered with an unspecified morphology was higher than 50%, followed by 

superficial spreading (30%) and nodular melanoma (7%). Distant-stage melanomas 

represented less than 1% of the superficial spreading and lentigo maligna morphologies, but 

up to 7% of those classified as malignant melanoma, NOS. 

We restricted survival analysis to 18,601 patients diagnosed with distant-stage disease 

(Figure 1). In 2001, age-standardised 1-year net survival was 43% [95% confidence interval 

39-46%] and remained stable until 2010 (Table 3). Survival improved rapidly from 2010

onwards, reaching 59% [57-61%] for patients diagnosed in 2013. Short-term survival improved 

for men and women from 2010, and was slightly but consistently higher in women (Table 3). 

One-year net survival increased for all ages (Figure 2, Table 3). The youngest patients 

(15-44 years) experienced the largest absolute improvement, particularly from 2010, rising 

from 44% [36-53%] in 2001 to 68% [62-74%] in 2013. For patients aged 45-54 years, one-

year survival increased from 46% [38-53%] in 2001 to 63% [58-68%] in 2013. We observed 

similar trends in patients aged 55-64 and 65-74 years, starting from 2011; both survival curves 

reached 56% in 2013. One-year survival for patients aged 75 years or more remained at 45% 

or lower throughout the period 2001-2013.  

Age-standardised 1-year net survival increased for both whites and blacks with distant-

stage melanoma (Figure 3). Short-term survival for whites rose from 42% [39-44] in 2001 to 

56% [55-58] in 2013; it improved from 37% [32-43] to 51% [46-56] in blacks over the same 

period. The excess hazard of death due to melanoma within one year of diagnosis was 12% 

higher in blacks than whites (excess hazard ratio: 1.13 [1.00-1.27]; data not shown). 

2.4  Discussion 

This study includes data from 34 state-wide cancer registries covering 57% of the US 

population, and is the largest population-based analysis of trends in 1-year survival for distant-

stage cutaneous melanoma. It shows a dramatic improvement in survival, particularly between 

2010 and 2013.  

The proportion of melanomas diagnosed at a distant stage remained stable over time 

(4-5%), and was slightly lower in women than men. Sex inequalities in stage at diagnosis are 
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well known;115-117 they are commonly attributed to differences in health-seeking behaviour.28 

Traditionally, women tend to visit their health-care provider and perform skin checks more 

frequently than men; this can translate to a higher proportion of women diagnosed with 

localised disease.   

Blacks were more likely to be diagnosed with distant-stage melanoma than whites. The 

perception that melanoma risk in African Americans is low is considered a major cause for 

delayed diagnosis.118,119 Consistent with previous studies,90,120-122 patients diagnosed at a 

distant stage were generally older.  

One-year net survival improved noticeably for men and women, and in both blacks and 

whites. This improvement may reflect the recent introduction of new treatments for metastatic 

and unresectable disease. 

The first immune checkpoint inhibitor approved by the FDA, in March 2011, 

ipilimumab,123 showed a one-year overall survival for patients diagnosed with metastatic 

melanoma in a phase III randomized clinical trial as high as 46%, compared with less than 

30% for patients treated with the standard therapy.40 

Vemurafenib, the first licensed targeted treatment for patients with metastatic disease 

and the BRAF V600E mutation, was also shown to increase short-term survival. A phase III 

randomized clinical trial of 675 patients diagnosed with metastatic melanoma showed an 

overall 6-month survival of 84% [78-89%] in those treated with vemurafenib compared to 64% 

[56- 73%] in those treated with dacarbazine.44 The FDA approved the drug on this evidence 

in August 2011.124  

The current study has shown a substantial improvement in short-term survival for patients 

diagnosed with distant-stage melanoma of the skin, particularly for younger patients. Most of 

the improvement occurred from 2010, one year before the approval of the new lines of 

treatment. Some of these patients may have been recruited to clinical trials, which started well 

before 2010.40,84,125,126 Additionally, they may have received the newer treatments through the 

FDA expanded access programs,127 which provide access to investigational drugs, before 

their official approval, to patients with life-threatening conditions who cannot be enrolled in 

clinical trials. 

Data on whether the patients were recruited to a clinical trial or received systemic 

therapy for compassionate use were not available to explore these hypotheses. However, a 

population-based study of the impact of targeted and immune-based therapies for metastatic 
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or unresectable melanoma in Ontario found that about 5% of patients were already being 

treated with the new therapies in 2007; this percentage increased to more than 82% in 2015.128 

The study confirmed the use of immunotherapy well before the approval of ipilimumab by 

Health Canada in 2012, and highlighted its widespread use in recent years. A similar study in 

the US showed that the use of immunotherapy in patients under 65 years improved rapidly 

after 2010, from 8-12% during 2004-2010 to 30% in 2014.129  

Patients aged 75 years or more with distant-stage disease experienced considerably 

less improvement in short-term survival. This may be due to less frequent use of the newer 

therapies. A recent study designed to identify factors associated with the treatment of 

metastatic melanoma in the US130 found that older patients were less likely to receive 

ipilimumab or to be tested for the BRAF mutation. This may have resulted from concerns about 

how they would tolerate the new treatments. Previous studies on solid tumours have shown 

that age can act as a barrier to receipt of optimal treatment, due to a higher prevalence of 

comorbidity, absence of data on treatment efficacy from clinical trials, and more frequent 

adverse effects.131,132 A US study showed that only 46% of patients aged 80 years or more 

received imatinib, a highly effective treatment for chronic myeloid leukaemia, compared with 

90% of those aged 20-59 years.133 

The CONCORD-3 study protocol did not require detailed information on specific type of 

treatment, so it was not possible to estimate the proportion of patients who received immune-

checkpoint inhibitors or targeted treatments. Data on socio-economic status and type of health 

insurance were also not collected. This information might have helped to explain the disparities 

in the stage distribution and stage-specific survival by age and race. An analysis of 61,650 

melanoma patients aged 18-64 years diagnosed in the United States during 2007-2012 

estimated that the proportion of patients with metastatic disease ranged from only 3% in the 

non-Medicaid insurance group to 15% among Medicaid and uninsured patients.134 A recent 

systematic review of the cost-effectiveness of immune-checkpoint inhibitors in the US 

estimated that the individual cost of treatment for metastatic melanoma ranged from 

US$152,000 to US$303,000 for a patient with a median survival time.135 The cost of targeted 

therapies for metastatic melanomas with the BRAF V600E mutation was estimated at between 

US$149,000 and US$319,000.136 Recent analyses have shown that patients were less likely 

to receive immunotherapy if they had no insurance or Medicaid insurance, perceived a lower 

income, or received care at a community practice rather than an academic centre.129,137,138 

Such differences in access to treatment may partly explain the disparities in the recent trends 

in short-term survival reported in this study. 
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One-year net survival was consistently lower in blacks than whites. Survival was not 

estimated for other races. Previous studies have shown that the proportion of patients lost to 

follow-up, including those whose deaths were missed by the cancer registries, was generally 

higher among Asian/Pacific Islanders (API) than whites and blacks.139,140 Incomplete follow-

up among API and other minority groups could therefore produce an overestimation of survival 

and lead to biased comparisons.  

Several studies have shown a survival disadvantage for blacks diagnosed with 

melanoma in the US. A study of more than 260,000 people diagnosed during 1988-2011 

estimated an absolute gap of almost 20% between blacks and whites in 5-year relative survival 

for all stages combined.120 Among whites and blacks of non-Hispanic origin, the difference in 

5-year overall survival was almost 30% [82% vs. 53%] during 1982-2011.90 The racial

disparities were commonly ascribed to a less favourable stage distribution of black 

patients.120,141-143 However, we have shown that while the proportion of distant-stage 

melanoma was higher among blacks than whites, one-year survival for distant-stage 

melanoma was also consistently lower among blacks than among whites. This gap suggests 

racial differences in treatment and access to care.   

Despite the exclusion of about 2,500 patients registered with a distant-stage melanoma 

in cancer registries for which incidence data was not complete for the period 2001-2013, this 

is the largest population-based analysis on trends in one-year net survival for distant-stage 

disease. Although selection bias could not be completely rule out, the excluded cancer 

registries presented with similar characteristics, proportion of distant-stage melanoma and 

distributions of main risk factors compared to the registries retained in the analysis.  

In conclusion, this is the first population-based study to show a recent improvement in 

short-term survival from distant-stage cutaneous melanoma in the United States. This may be 

due to the availability of new and more effective therapies for the treatment of metastatic or 

unresectable disease. The dramatic improvement since 2010 in short-term survival for 

melanoma of the skin diagnosed at the metastatic or unresectable stage is important, because 

for most other solid tumours, survival for metastatic disease has not changed for several 

decades.144-146 More detailed population-based studies would help evaluate access to novel 

treatments, and their longer-term survival benefit for patients diagnosed with distant-stage 

melanoma.  
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Calendar 

period

Patients 

submitted

Incomplete 

dates In situ Other

Eligible 

patients DCO Other

Patients 

included

Lost to 

follow-up Censored

US registries 2000-2014 1,040,814 0.6 36.0 2.6 632,861 0.5 0.0 629,816 2.6 0.1

Alabama 2000-2014 23,564 0.9 41.3 2.3 13,084 0.6 0.0 13,012 0.0 0.0

Alaska 2000-2013 1,533 4.4 30.6 3.5 944 0.4 0.0 940 0.0 0.0

Arkansas 2000-2011 7,592 0.3 31.9 3.3 4,897 0.3 0.0 4,879 0.0 0.0

California 2000-2011 127,043 1.1 36.9 2.3 75,851 0.2 0.0 75,712 0.0 0.0

Colorado 2000-2013 21,135 0.3 33.1 3.1 13,427 0.7 0.0 13,338 0.0 0.0

Connecticut 2000-2014 21,602 0.4 40.9 2.2 12,211 0.2 0.0 12,185 5.5 0.0

Delaware 2000-2014 6,283 0.2 44.0 1.4 3,413 0.2 0.0 3,406 0.0 0.0

Florida 2000-2013 89,847 0.1 35.4 2.7 55,590 0.7 0.1 55,134 0.0 0.0

Georgia 2000-2014 43,981 0.0 35.6 2.0 27,451 0.4 0.0 27,350 0.0 0.0

Hawaii 2000-2014 5,753 0.3 33.7 1.5 3,710 0.2 0.0 3,704 7.5 0.0

Idaho 2000-2014 9,032 0.6 40.8 2.2 5,095 0.7 0.0 5,059 0.0 0.0

Indiana 2000-2014 25,599 0.6 32.3 3.3 16,347 0.5 0.0 16,269 0.0 0.0

Iowa 2000-2014 15,612 0.6 32.6 3.7 9,846 0.2 0.0 9,822 2.8 0.0

Kentucky 2000-2014 23,097 0.0 33.3 2.8 14,764 0.2 0.0 14,729 6.4 0.0

Louisiana 2000-2014 15,105 0.5 37.1 2.8 9,000 0.2 0.0 8,982 6.4 0.1

Maine 2000-2013 7,860 0.3 38.4 3.0 4,581 0.3 0.0 4,565 0.0 0.0

Maryland 2000-2014 29,516 0.4 40.2 1.8 16,981 0.6 0.1 16,868 0.0 0.0

Massachusetts 2000-2009 23,194 0.0 34.5 3.0 14,483 0.4 0.0 14,420 0.0 0.0

Michigan 2000-2013 41,986 0.2 36.5 2.5 25,505 0.6 0.0 25,335 0.0 0.0

Minnesota 2000-2013 27,449 0.0 38.1 1.9 16,472 0.3 0.0 16,421 0.0 0.0

Mississippi 2002-2014 9,214 0.8 31.6 2.8 5,968 0.6 0.0 5,931 0.0 0.0

Montana 2000-2014 5,595 0.6 37.8 2.9 3,289 0.5 0.0 3,272 0.0 0.0

Nebraska 2000-2014 7,894 0.6 33.4 3.5 4,930 0.5 0.0 4,906 0.0 0.0

New Hampshire 2000-2014 9,727 0.1 40.3 2.3 5,575 0.3 0.0 5,560 0.0 0.0

New Jersey 2000-2014 49,568 0.8 42.7 1.9 27,024 0.4 0.0 26,910 48.2 0.0

New Mexico 2000-2014 8,720 0.0 40.1 2.2 5,030 0.6 0.0 5,000 8.7 0.4

North Carolina 2000-2014 47,654 0.0 39.5 2.4 27,727 0.4 0.0 27,602 0.0 0.0

Ohio 2000-2014 54,382 0.1 35.7 3.0 33,292 0.6 0.0 33,079 0.0 0.0

Oklahoma 2000-2010 9,135 0.4 24.8 3.9 6,479 1.1 0.0 6,407 0.0 0.0

Oregon 2000-2013 24,301 0.1 40.9 2.6 13,703 0.5 0.0 13,637 0.0 0.0

Pennsylvania 2000-2014 62,912 2.4 32.9 2.7 39,052 0.4 0.0 38,904 0.0 0.0

Rhode Island 2000-2014 6,363 0.4 39.0 2.4 3,703 0.4 0.0 3,688 0.0 0.0

South Carolina 2000-2014 24,940 0.0 40.8 1.8 14,309 0.5 0.0 14,230 0.0 0.0

Tennessee 2000-2011 19,264 0.5 28.5 3.3 13,047 0.3 0.0 13,003 0.0 0.0

Texas 2000-2013 59,374 0.9 28.4 3.5 39,862 0.8 0.0 39,555 0.0 0.0

Utah 2000-2014 14,946 0.1 38.2 2.1 8,893 0.1 0.0 8,885 0.0 0.2

Vermont 2000-2013 4,537 0.1 38.8 1.9 2,688 0.3 0.0 2,679 0.0 0.0

Washington 2000-2008 22,317 0.8 39.2 2.2 12,876 0.2 0.0 12,843 0.0 0.0

West Virginia 2000-2014 8,894 1.3 31.1 3.4 5,707 0.4 0.0 5,682 0.0 0.0

Wisconsin 2000-2013 21,636 0.9 28.4 3.6 14,507 1.0 0.0 14,366 0.0 0.0

Wyoming 2000-2013 2,658 0.2 38.6 2.9 1,548 0.1 0.0 1,547 0.0 0.1

Table 2.1: Data quality indicators, patients diagnosed with malignant melanoma of the skin during 2000-2014

in the United States

¶ Incomplete dates: records in which the year of birth is unknown; or the month and/or year of diagnosis is unknown; or the year of last 

known vital status is unknown. Other: records with incomplete data, or for tumours that are benign (behaviour code 0), of uncertain 

behaviour (1), metastatic from another organ (6), or unknown if primary or metastatic (9); or for patients with age outside the range 15-99 

† Censored: patients whose last known vital status is "alive" and who were censored within five years of diagnosis or, if diagnosed in 2010 

or later, before 31 December 2014

Excluded (%) ǁIneligible (%) ¶

Data quality 

indicators (%) †

ǁ Other: vital status or sex unknown; invalid date or sequence of dates

Table 1.xlsx Data qualiry page 1 of 1 Produced: 13/11/2019 16:46
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No. % No. % No. % No. % No. %

Sex

Men 182,150 75.3 24,747 10.2 12,443 5.1 22,470 9.3 241,810 56.8

Women 146,022 79.3 15,365 8.3 6,158 3.3 16,560 9.0 184,105 43.2

Age group

15-44 61,321 79.7 7,039 9.1 2,074 2.7 6,510 8.5 76,944 18.1

45-54 58,041 78.2 6,857 9.2 2,942 4.0 6,386 8.6 74,226 17.4

55-64 69,434 77.4 8,296 9.2 4,131 4.6 7,848 8.7 89,709 21.1

65-74 66,251 76.8 7,739 9.0 4,204 4.9 8,116 9.4 86,310 20.3

75-99 73,125 74.1 10,181 10.3 5,250 5.3 10,170 10.3 98,726 23.2

Race

Whites 315,166 77.3 39,200 9.6 18,052 4.4 35,550 8.7 407,968 95.8

Blacks 1,286 51.8 500 20.1 363 14.6 333 13.4 2,482 0.6

Others 11,720 75.8 412 2.7 186 1.2 3,147 20.3 15,465 3.6

Anatomic location

Head and neck 67,980 77.6 9,140 10.4 2,036 2.3 8,405 9.6 87,561 20.6

Trunk 111,247 81.3 12,071 8.8 2,817 2.1 10,754 7.9 136,889 32.1

Limbs 146,001 81.5 16,259 9.1 3,314 1.9 13,561 7.6 179,135 42.1

Overlapping region or NOS 2,014 9.7 2,297 11.0 10,321 49.6 6,191 29.7 20,823 4.9

Skin of genital organs 930 61.7 345 22.9 113 7.5 119 7.9 1,507 0.4

Morphology

Malignant melanoma, NOS 156,892 71.8 17,992 8.2 14,538 6.7 29,031 13.3 225,635 51.9

Superficial spreading 115,022 89.0 7,906 6.1 1,077 0.8 5,285 4.1 129,782 29.8

Lentigo maligna 23,590 88.0 808 3.0 162 0.6 2,258 8.4 27,163 6.2

Nodular 19,161 62.1 8,963 29.1 1,653 5.4 1,064 3.4 31,329 7.2

Acral lentiginous 2,990 68.2 1,017 23.2 189 4.3 186 4.2 4,428 1.0

Others 10,517 65.2 3,426 21.2 982 6.1 1,206 7.5 16,518 3.8

Total 328,172 77.1 40,112 9.4 18,601 4.4 39,030 9.2 425,915 100.1

Table 2.2: Adults (15-99 years) diagnosed with primary malignant melanoma of the skin during 2001-2013 in 34 

US registries: distribution (no., %) by sex, age at diagnosis and stage

TotalUnknownLocalised Regional Distant
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No.

NS 

(%) No.

NS 

(%) No.

NS 

(%) No.

NS 

(%) No.

NS 

(%) No.

NS 

(%) No.

NS 

(%) No.

NS 

(%)

2001 921 42.8 39.3 - 46.3 626 39.9 35.7 - 44.1 295 48.7 42.5 - 54.9 132 44.4 35.9 - 52.8 178 45.7 38.4 - 53.1 169 50.2 42.6 - 57.8 198 32.7 26.1 - 39.4 244 39.7 33.0 - 46.3

2002 1,009 38.5 35.2 - 41.7 673 36.8 32.9 - 40.7 336 41.6 35.9 - 47.2 162 46.4 38.7 - 54.0 186 34.0 27.2 - 40.8 198 37.3 30.5 - 44.0 208 36.1 29.5 - 42.7 255 33.2 27.1 - 39.3

2003 1,070 44.1 40.7 - 47.4 733 42.3 38.3 - 46.3 337 48.0 42.1 - 53.9 133 49.7 41.3 - 58.2 185 44.5 37.4 - 51.7 230 45.3 38.8 - 51.7 244 42.8 36.5 - 49.2 278 32.3 26.5 - 38.1

2004 1,226 42.9 39.8 - 46.0 807 40.0 36.2 - 43.9 419 48.6 43.4 - 53.8 163 46.7 39.1 - 54.3 207 38.8 32.2 - 45.4 250 42.4 36.3 - 48.6 256 42.9 36.7 - 49.1 350 40.8 35.2 - 46.3

2005 1,244 42.8 39.6 - 46.0 855 42.5 38.5 - 46.4 389 43.2 37.8 - 48.7 137 43.9 35.6 - 52.1 195 44.3 37.3 - 51.3 266 45.4 39.3 - 51.4 288 40.5 34.7 - 46.2 358 38.5 33.0 - 43.9

2006 1,359 45.6 42.5 - 48.7 879 44.0 40.2 - 47.8 480 48.5 43.4 - 53.7 146 51.5 43.4 - 59.5 232 47.6 41.2 - 54.0 312 44.4 38.8 - 49.9 297 41.7 36.0 - 47.4 372 38.7 33.4 - 44.0

2007 1,319 44.5 41.3 - 47.7 855 44.2 40.1 - 48.2 464 45.6 40.3 - 50.8 130 45.5 37.0 - 54.0 209 43.7 37.0 - 50.5 281 45.3 39.4 - 51.1 317 48.4 42.8 - 54.1 382 37.0 31.8 - 42.1

2008 1,381 42.8 39.7 - 45.9 935 41.1 37.2 - 45.0 446 46.6 41.5 - 51.8 142 43.0 34.9 - 51.1 225 47.2 40.7 - 53.7 336 40.3 35.0 - 45.5 290 45.2 39.4 - 51.0 388 37.2 32.1 - 42.3

2009 1,486 42.0 39.1 - 45.0 988 40.5 36.8 - 44.1 498 45.0 40.0 - 49.9 159 44.7 37.0 - 52.4 230 38.9 32.6 - 45.2 346 43.2 37.9 - 48.4 341 43.8 38.4 - 49.2 410 36.2 31.3 - 41.2

2010 1,678 45.7 43.0 - 48.3 1,151 44.5 41.2 - 47.8 527 47.9 43.3 - 52.5 207 57.1 50.4 - 63.8 277 46.1 40.2 - 51.9 385 41.4 36.5 - 46.4 366 41.4 36.3 - 46.5 443 34.9 30.2 - 39.6

2011 1,725 51.9 49.2 - 54.6 1,168 49.0 45.4 - 52.6 557 56.8 52.5 - 61.1 168 66.1 58.9 - 73.2 265 51.7 45.7 - 57.8 430 45.8 41.1 - 50.5 388 47.4 42.4 - 52.5 474 39.3 34.6 - 44.0

2012 2,012 56.7 54.3 - 59.2 1,355 54.6 51.4 - 57.7 657 60.3 56.4 - 64.1 226 70.3 64.4 - 76.3 297 58.2 52.5 - 63.8 485 51.0 46.5 - 55.5 486 51.1 46.6 - 55.7 518 44.5 39.9 - 49.1

2013 2,171 58.9 56.6 - 61.2 1,418 57.4 54.4 - 60.5 753 61.4 57.7 - 65.1 251 67.8 62.0 - 73.6 349 62.7 57.6 - 67.8 484 56.1 51.6 - 60.6 541 56.7 52.4 - 60.9 546 43.9 39.4 - 48.3

All

95% CI

Table 2.3: Age-standardised and age-specific 1-year net survival (%) for patients diagnosed with distant cutaneous melanoma during 2001-2013 in 34 US registries by sex

95% CI 95% CI

Men Women 15-44

95% CI

45-54 55-64

Age (years)

65-74 75-99

95% CI 95% CI 95% CI 95% CI
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Figure 2.1: Trends in age-specific 1−year net survival (%) for patients diagnosed 
with distant cutaneous melanoma during 2001-2013 in the United States
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Figure 2.2: Trends in age-standardised 1−year net survival (%) for patients diagnosed 
with distant cutaneous melanoma during 2001-2013 in the United States by race
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Supplementary figure 2.1: Patients included in survival analysis 
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Preface to Chapter 3 

The following chapter addresses the second and third objectives of the thesis, i.e., the impact 

that the different morphological distribution and survival by morphological subtypes may have 

on the international differences in prognosis, which are usually reported for all melanomas 

combined.  

While the prognostic role of stage at diagnosis for cutaneous melanoma is well established, 

as discussed in Chapters 1 and 2, the prognostic role of morphology is still controversial. 

National and international clinical guidelines generally indicate stage at diagnosis as the most 

relevant prognostic factor. The prevalent idea is that melanomas of different histologic 

subtypes converge in their biologic behaviour once they metastasise.147 Recommended 

treatment options do not differ between morphological subtypes of disease at the same stage 

of diagnosis, so clinical guidelines only indicate histology as an optional item for inclusion in 

pathology reports. However, the international guidelines are based on the conclusions from 

small single-centre or multi-centre studies that were conducted more than 20 years ago.148-150 

Clinical evidence suggests marked international differences in the proportion of the more lethal 

acral and nodular subtypes of cutaneous melanoma. Two population-based studies in 

Colombia151 and Brazil152 showed that the proportion of nodular and acral lentiginous 

melanoma is higher than that observed in European countries. These studies also highlighted 

the poorer prognosis for nodular and acral lentiginous melanoma than the more common 

superficial spreading melanoma. To my knowledge, population-based studies exploring the 

morphological distribution and survival by subtype in Asian countries are not available. The 

annual report of the Japanese Skin Cancer Society estimated the proportion of acral 

lentiginous melanoma to be 40% of the total 4,239 cases diagnosed within 26 institutes in 

2016. This proportion is extremely high, when compared with the roughly 2% of all cases 

experienced in Europe. The report did not provide survival estimates for any specific subtype, 

or for all subtypes combined. 

Chapter 3 aims to assess the extent to which differences in morphological distribution and 

survival by morphology may explain international variation in survival when all histological 

subtypes are combined. This study provides, for the first time, international comparisons of 

age-standardised five-year net survival estimates for the main histologic sub-types of 

melanoma, for over 1.5 million adults diagnosed during 2000-2014, using data from 228 

population-based cancer registries in 59 countries.  
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In discussing the results, I have emphasised the data from Asia and Central and South 

America, where population-based studies of survival are scant, and clinical studies suggest a 

different morphological distribution from that seen in Europe, North America or Oceania.  

The results of this study highlight a high proportion of more aggressive acral lentiginous and 

nodular melanoma in Asia and Latin America. The prognosis for both subtypes is poorer than 

that for superficial spreading melanoma in all countries.  

The poorer survival for nodular melanoma has commonly been ascribed to aggressive 

clinicopathological and prognostic features.53,153 Nodular melanoma is most likely to penetrate 

into the deeper layers of the skin if not removed, rather than growing in size laterally, as with 

superficial spreading melanoma, and it is more common on the back, head and neck, areas 

of the body that are less often scrutinized than the legs or arms. However, after controlling for 

major confounders, i.e., sex, age and stage at diagnosis, patients with nodular melanoma still 

had a much higher excess hazard of death than those with superficial spreading melanoma.  

The lack of information on detailed TNM stage in most cancer registries did not allow me to 

produce more detailed analysis by stage. Rather, a simple binary variable, i.e. non-metastatic 

vs. metastatic melanoma was used to model the excess hazard of death for nodular and acral 

lentiginous melanoma compared to superficial spreading melanoma. This approach is 

certainly a limitation because nodular and acral lentiginous melanomas are known to have 

higher clinical stage than superficial spreading melanoma even if they are non-

metastatic.52,54,154,155 

The poor survival for acral lentiginous melanoma has also been attributed to aggressive 

prognostic features. Acral lentiginous melanoma mostly occurs in sun-protected areas of the 

body, such as the palms, the sole of the foot and underneath the nails. The hidden location of 

the lesion, the unusual clinical presentation, the low public awareness, and the misdiagnosis 

by healthcare professionals, especially when the lesion is not pigmented, have been deemed 

the main factor responsible for its poor prognosis. The perception that the risk of melanoma is 

lower among dark-skinned people and people of Asian origin is considered to be one reason 

for delayed diagnosis. Healthcare professionals may often be less suspicious of melanoma, 

and less likely to offer regular, full-body skin examinations.  

Awareness campaigns aiming at educating GPs and the general public in recognising the 

early signs of acral lentiginous melanoma should be implemented, particularly in countries in 

Southeast Asia and Latin America, where the proportion of this lethal subtype is higher. Public 

health efforts to increase awareness of this rare but aggressive form of melanoma, together 
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with specific training in diagnosis aimed at clinicians, may reduce the time between the first 

consultation and a definitive diagnosis, and would be expected to lead to a better prognosis. 

Chapter 3 may serve as the basis to persuade clinicians, dermatologists, pathologists and 

melanoma experts of the importance of morphology as a relevant prognostic factor. Future 

studies should include data from cancer registries in Asia and Latin America, which have been 

disregarded for far too long because of the lower incidence of melanoma in the populations 

they cover. 
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3. Does the morphology of cutaneous melanoma help 

explain the international differences in survival? 

Results from 1,578,482 adults diagnosed during 2000-

2014 in 59 countries (CONCORD-3) 

3.1 Introduction 

The incidence of cutaneous melanoma has been rising steadily in most populations of 

Caucasian origin over the past 50 years.156,157 It is now one of the 10 most common 

malignancies in Oceania, North America and Europe, with age-standardised incidence rates 

in the range 7.0 to 36.6 per 100,000 person-years. By contrast, melanoma is rare in 

populations of Asian and African origin, where incidence rates are in the range 0.4–3.0.99 

The histopathologic features of cutaneous melanoma vary markedly world-wide. The 

proportion of melanomas with the more aggressive acral lentiginous or nodular histologic types 

is higher in populations with predominantly dark skin than in those with predominantly fair 

skin.24,25  

The third cycle of the CONCORD programme for the global surveillance of cancer survival 

(CONCORD-3)64 highlighted wide disparities in 5-year net survival from cutaneous melanoma, 

which was lower in Asian populations than in the rest of the world. Age-standardised 5-year 

net survival for adults (15-99 years) diagnosed during 2010-2014 was 90% or higher in the 

US, Australia, New Zealand and most Nordic countries, but 60% or lower in Ecuador, China, 

Korea, Singapore and Taiwan. 

Stage at diagnosis is recognised as the most important predictor of survival.79,103,158,159 Age at 

diagnosis is also a prognostic factor, and several studies have shown much higher survival for 

younger patients.80,83,160-162  

The prognostic role of morphology in cutaneous melanoma is controversial, however. 

Traditionally, melanomas of the skin have been classified into three fairly well-defined sub-

groups, characterised by different patterns of growth: superficial spreading and lentigo 

maligna melanoma, which is characterised by a long period of superficial growth; nodular 

melanoma, which is more likely to penetrate into the deeper layers of the skin if not removed, 

and acral lentiginous melanoma, which mostly develops on the extremities but displays similar 

biological behaviour to that of nodular melanoma.51 Despite the advent of high-resolution 

genomics and other proposed approaches for the classification of melanocytic tumours, the 
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diagnosis of the different subtypes should continue to be based on the pathologist’s 

interpretation of the histology and how it fits into the WHO Classification of Tumours, 

commonly known as the WHO `Blue Books’.163 

However, the morphology classification has not been considered useful for prognostic 

purposes, because of the idea that the clinical development of all melanomas is similar, 

whatever the histologic subtype, spreading horizontally within the epidermis and then 

extending vertically into the dermis, and that they converge in their biologic behaviour once 

they metastasise.147  

In this study, we aimed to describe the histologic distribution of cutaneous melanoma in 59 

countries that contributed data to CONCORD-3, for adults diagnosed during 2000-2014, and 

to produce the first international comparison of trends in population-based age-standardised 

5-year net survival by morphology sub-type. We also aimed to examine the role of morphology 

sub-type on the prognosis of cutaneous melanoma. 

3.2 Materials and Methods 

Anonymised individual tumour registrations for patients diagnosed during 2000-2014 with one 

of 18 cancers or groups of malignancies, including melanoma, were provided for CONCORD-

3 by 322 population-based cancer registries in 71 countries worldwide. Patients were followed 

up for their vital status to 31 December 2014. Data acquisition, ethical approval and data 

quality control have been described elsewhere.64  

We asked participating registries to submit all registrations for malignant melanoma, 

regardless of anatomic site. Melanoma was  defined by morphology codes in the range 8720-

8790 in the International Classification of Diseases for Oncology, third revision [ICD-O-3].46 

We focused this analysis of survival on melanomas arising in the skin (ICD-O-3 topography 

C44.0-C44.9), including the skin of the labia majora (C51.0), vulva (C51.9), penis (C60.9) and 

scrotum (C63.2). Survival from melanomas arising in internal organs and in the eye will be 

examined in a subsequent analysis. To facilitate quality control and comparison of the intensity 

of early diagnostic and screening activity, we requested all melanoma registrations, regardless 

of behaviour, whether benign (behaviour code 0), uncertain (1), in situ (2) or invasive (3). 

However, survival analyses included only primary, invasive melanomas. 

Records with incomplete data, or of tumours that were benign, in situ, of uncertain behaviour, 

metastatic from another organ, or unknown if primary or metastatic, or for patients with age 

outside the range 15-99 years, were not included in survival analyses. We excluded tumours 
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registered only from a death certificate or discovered at autopsy, since their survival is 

unknown, as well as records for which the sex or vital status was unknown, and those with an 

invalid date or sequence of dates.  

Patients were grouped into seven morphology categories with the ICD-O-3 classification: 

malignant melanoma, not otherwise specified (NOS; morphology code 8720), superficial 

spreading melanoma (8743), lentigo maligna melanoma (8742), nodular melanoma (8721), 

acral lentiginous melanoma (8744), desmoplastic melanoma (8745) and other morphologies 

(8722-8723, 8726-8727, 8730, 8740-8741, 8746, 8761, 8770-8774, 8780).  

Patients were grouped by calendar period of diagnosis: 2000-2004, 2005-2009, 2010-2014. 

We examined time trends in the morphology distribution in each country. We also estimated 

trends in age-standardised 5-year net survival by country and morphology with the non-

parametric Pohar Perme estimator,72 using the STATA109 command stns.164 The cohort 

approach was used for patients diagnosed during 2000-2004 and 2005-2009, because they 

had all been followed up for at least five years. We used the period approach78 to estimate 

survival for patients diagnosed during 2010-2014, because 5 years of follow-up for vital status 

were not available for all patients by 31 December 2014. 

To control for wide differences in background mortality between geographical areas, men and 

women, and over time, we constructed life tables of all-cause mortality in the general 

population for each country or registry by single year of age, sex, calendar year and, where 

possible, by race/ethnicity (Israel, Singapore, United States, Australian Northern Territory, and 

New Zealand). 

We estimated five-year net survival by morphology in each of five age groups (15-44, 45-54, 

55-64, 65-74 and 75-99 years). We obtained age-standardised estimates for all age-groups

combined using the International Cancer Survival Standard type 2 weights for the five age 

groups (0.28, 0.17, 0.21, 0.20 and 0.14).77 We did not estimate survival if fewer than ten 

patients were available for analysis in a given combination of morphology group and calendar 

period. If 10-49 patients were available for analysis in a given calendar period, we only 

estimated survival for all ages combined. If 50 or more patients were diagnosed during 2000-

2004 and 2005-2009, we attempted survival estimation for each age group in each calendar 

period. For 2010-2014, we estimated net survival using the period approach, i.e., including in 

analysis patients diagnosed during the 5 years 2010-2014, plus those diagnosed earlier than 

2010 who survived longer than the start of 2010. Therefore, for 2010-2014 the threshold of 50 

or more patients for age-standardization applies to the combination of those cohort of patients. 

If a single age-specific estimate could not be obtained, we merged the data for adjacent age 
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groups and assigned the combined estimate to both age groups before standardisation for 

age. If two or more age-specific estimates could not be obtained, we present only the 

unstandardised estimate for all ages combined. The pooled estimates for countries with more 

than one registry do not include data from registries for which the estimates were less reliable. 

Less reliable estimates are shown with a flag (§) in Table 2 when they are the only available 

information from a given country or territory (see footnote in Table 2 for the definition of less 

reliable estimates). We comment in the text only on reliable, age-standardised survival 

estimates. Continental regions were defined using the United Nations Geoscheme.165  

To estimate the effect of morphology on the hazard of death due to melanoma, we fitted a 

flexible parametric model on the log cumulative hazard scale, using stpm2166 in STATA. We 

restricted this analysis to registries where at least 65% of registrations had a specific 

morphology code, i.e., not malignant melanoma, NOS. Among these registries, we further 

selected those for which data on stage were available for at least 75% of registrations in one 

of the following classifications: UICC Tumour-Node-Metastasis staging system, 7th edition,36 

Condensed TNM,167 or SEER Summary Stage 2000.107 With this constraint, we were able to 

include data from one regional cancer registry in Germany (Lower Saxony), two registries in 

Spain (Basque Country and Granada) and the Norwegian national cancer registry.  

For each country, we first fitted a model with only morphology as a covariable (model 1). We 

then included, as additional covariables, sex, a restricted cubic spline for the effect of age at 

diagnosis (4 degrees of freedom) and stage at diagnosis (metastatic vs. non metastatic) 

(model 2). We excluded patients for which stage at diagnosis was unknown (complete case 

analysis). 

3.3 Results 

We obtained data from 284 registries in 59 countries on 2,303,095 adults who were diagnosed 

with melanoma during 2000-2014 (Table 1). Among these, 49% were diagnosed in North 

America, 37% in Europe, 12% in Oceania, and only 2% in Asia and less than 1% in both Africa 

and in Central and South America.  

We excluded from survival analysis 637,957 patients (28%) who were diagnosed with an in 

situ tumour, ranging from 11% in Central and South America to 35% in North America. The 

proportion of in situ melanoma was 20% or higher in 10 countries (Table 1), suggesting a 

highly effective approach to early diagnosis. We additionally excluded 78,587 patients for other 

reasons (see footnote in Table 1). The proportion of melanomas of benign or uncertain 
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behaviour was particularly high in Norway (22%), highlighting intensive activity of monitoring 

atypical naevi and pre-malignant lesions.  

Of the 1,586,551 eligible patients, we further excluded 7,139 patients (0.5%) who were 

diagnosed only from a death certificate or discovered at autopsy and 930 patients (less than 

0.1%) for other reasons. Finally, 1,578,482 patients diagnosed with a primary, invasive 

melanoma of the skin were available for survival analysis (99.5% of those eligible). More than 

99% of these tumours were microscopically confirmed, either cytologically or histologically.  

About 42% of the tumours were registered as malignant melanoma, NOS. The proportion was 

generally high in countries in Asia (76%), Central and South America (63%), North America 

(51%) and Africa (46%) and much lower in Oceania (33%). In Europe, the proportion of 

melanomas with a non-specific morphology was higher in Eastern European countries (57%) 

than in Southern (37%), Northern (32%) and Western European countries (27%). The 

proportion of melanomas diagnosed with a non-specific morphology fell substantially in 

Australia (from 40% in 2000-2004 to 26% in 2010-2014), Denmark (from 42% to 11%), Iceland 

(from 36% to 18%), Italy (from 32% to 19%), Lithuania (from 85% to 35%), Portugal (from 70% 

to 35%) and the United Kingdom (from 39% to 23%) (Table A1). 

Overall, superficial spreading melanoma was the second most common histology (36% of all 

cases). It accounted for more than half the patients in Denmark, France, Iceland, the 

Netherlands, Norway, Sweden and Switzerland (Figure 1). Nodular melanoma accounted for 

7% of all cases in North America and Asia, 9% in Oceania and 13% in Central and South 

America. In Europe, 12% of the cases were registered as nodular melanoma, with higher 

proportions in Czech Republic, Ireland, Norway, Romania, Slovakia and Sweden. About 6% 

of adults were diagnosed with lentigo maligna melanoma, ranging from 2% in Asia to 8% in 

Oceania. Acral lentiginous melanoma was very rare in North America, Europe and Oceania 

(less than 2% of all cases) but the proportion was higher in Central and South America (more 

than 10% in Colombia, Costa Rica, Guadeloupe and Martinique) and Asia (more than 10% in 

Korea, Singapore and Taiwan). Desmoplastic melanoma represented less than 1% of the 

patients. The proportion of patients diagnosed with other morphologies was higher than 20% 

in Estonia, Italy and Latvia.  

Malignant melanoma, not otherwise specified  

Age-standardised 5-year net survival varied widely between world regions (Table 2). It was in 

the range 85-89% in Oceania and North America during 2010-2014. It was higher than 80% 

in all Western European countries and ranged from 54% to 79% in Eastern Europe. In Central 
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and South America, age-standardised 5-year net survival ranged from 57% in Ecuador to 76% 

in Costa Rica and Puerto Rico. Five-year survival was lower than 70% in all Asian countries 

except Israel (88%), and as low as 47% in Taiwan. 

Five-year survival increased between 2000-04 and 2010-14 by 10% or more in China (from 

36 to 48%), Bulgaria (from 52 to 62%), Croatia (from 66 to 77%) and Estonia (from 71 to 83%). 

Superficial spreading melanoma 

Age-standardised 5-year net survival for patients diagnosed during 2010-2014 was 90% or 

higher in North America, Oceania and almost all European countries; survival was lower than 

90% only in Slovakia, Poland, Lithuania, Portugal and Bulgaria. In Asia, survival ranged from 

71% in Taiwan to 98% in Israel (Figure 2).  

Lentigo maligna melanoma 

This sub-type of melanoma had the most favourable prognosis: age-standardised 5-year net 

survival was close to 100% in North America, Australia and most European countries. 

Estimates were not available for most countries in Central and South America and Asia 

because of the small numbers of patients diagnosed with this specific sub-type. 

Nodular melanoma 

The prognosis for nodular melanoma was the poorest in all continents. Age-standardised 5-

year net survival for patients diagnosed during 2010-2014 reached 72% in Canada and United 

States, 77% in New Zealand and 80% in Australia. In Central and South America, it ranged 

from 58% in Costa Rica to 72% in Argentina, and in Europe, from 58% in Poland to 80% in 

Ireland. Survival improved dramatically in Bulgaria (from 46% in 2000-2004 to 64% in 2010-

2014) and in Portugal (from 59% to 76%).  

Acral lentiginous melanoma 

Five-year net survival for adults diagnosed during 2010-2014 was in the range 77-82% in 

North America and Oceania and 70-95% in Europe. Most of the estimates for countries in Asia 

and Central and South America were not age-standardised because of the small numbers of 

patients available for survival analysis. 
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Five-year net survival for adults diagnosed with desmoplastic melanoma during 2010-2014 

ranged between 76% and 91%. Estimates were not available for Central and South America 

or for most countries in Asia because of the small numbers of patients available for analysis. 

With the excess hazard of death for patients with superficial spreading melanoma taken as 

the reference category, the excess hazard ratio for patients diagnosed with nodular melanoma 

was 21.8 (95%CI 14.7-32.3) in Germany, 12.1 (8.1-18.1) in Spain and 6.7 (5.7-7.9) in Norway 

(Table 3). The excess hazard ratios were lower after controlling for sex, age and stage at 

diagnosis, but the excess hazard of death for patients with nodular melanoma was still 13.5 

(9.6-18.9) times higher in Germany, 6.7 (4.8-9.3) times higher in Spain and 4.1 (3.6-4.8) times 

higher in Norway, than for patients in the same country diagnosed with superficial spreading 

melanoma.  

The excess hazard ratio for patients diagnosed with acral lentiginous melanoma vs. superficial 

spreading melanoma was 15.2 (9.0-25.5), 9.0 (5.2-15.5) and 1.7 (0.5-5.1) in Germany, Spain, 

and Norway, respectively. After controlling for sex, age and stage at diagnosis, the excess 

hazard of death for patients with acral lentiginous melanoma was still 10.8-fold (6.8-17.1) in 

Germany, 5.0-fold (3.1-8.1) in Spain and 2.2-fold (1.0-4.9) higher in Norway, than in patients 

diagnosed with superficial spreading melanoma. 

3.4 Discussion 

This study of over 1.5 million adults diagnosed with cutaneous melanoma world-wide during 

2000-2014 has highlighted wide international differences in the distribution of histologic sub-

types as well as in survival by sub-type. The prognosis is poorest everywhere for nodular and 

acral lentiginous melanoma. 

The prognostic role of the morphology of cutaneous melanomas is controversial. Clinical 

guidelines indicate that stage at diagnosis is the most important prognostic factor. The 

prevalent idea is that melanomas of different morphologies converge in their biologic 

behaviour once they metastasize,61 so the recommended treatment options do not differ 

between morphological sub-types at a given stage at diagnosis. Clinical guidelines even 

indicate that the histologic sub-type is only an optional item for inclusion in pathology 

reports.168  

Probably for this reason, the primary histologic sub-types of melanoma are often poorly 

specified, if at all, in pathology reports.80,160 In turn, this determines the high proportion of 

melanomas that are coded as “malignant melanoma, not otherwise specified (NOS)” in cancer 
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registry data.161 In this global study, 43% of melanomas were registered as malignant 

melanoma NOS. The proportion varied widely, and was higher in Asia, Central and South 

America and Eastern Europe, as has been shown elsewhere.161,169 However, our study shows 

that the proportion of melanomas with poorly specified morphology has fallen in most countries 

over the last 15 years, suggesting improvements in pathological practice.170 

Overall, superficial spreading melanoma was the most frequent of the specific morphologies, 

and the proportion has been increasing over time. It is generally associated with an excellent 

prognosis in Europe, North America and Oceania, as has been shown in previous 

studies.61,80,161,171 Several international studies have shown an increasing incidence of thinner 

melanomas (1mm or less),27,162,172-177 as a result of raised public awareness and earlier 

detection, especially for superficial spreading melanomas. The result is an increasing number 

of people with melanoma who are less likely to die because of their tumours. This 

phenomenon may help explain the improvement in the already high 5-year net survival from 

superficial spreading melanoma.  

Acral lentiginous melanoma represented less 1% of the patients in Europe, North America and 

Oceania, but almost 6% of the patients in Asia and 7% in Central and South America. Very 

few studies have focused on survival from cutaneous melanoma in Asia and Central and South 

America, perhaps because the overall incidence is much lower than in fairer-skinned 

populations. In Singapore, acral lentiginous melanoma accounted for 16% of all cases 

diagnosed during 2008-2017.178 In a study of 915 patients diagnosed during 1997-2011 in 

Brazil, the acral sub-type accounted for 7% of all cases and that 5-year cause-specific survival 

was much lower (51%) than for superficial spreading melanoma (82%).152 A study of 142 

patients in China confirmed the poor prognosis for patients with acral lentiginous melanoma; 

5-year cause-specific survival was 53%.179 By contrast, an analysis of 252 patients diagnosed

in a single institution in Japan during 2001-2014 showed no difference between 5-year survival 

for acral and non-acral lentiginous subtypes (59% vs. 62% in men and 71% vs. 85% in 

women),180 although the numbers of patients were too small to derive definitive conclusions. 

Our study found that age-standardised five-year net survival for acral lentiginous melanoma 

was generally lower than for other morphologies, with the only exception of nodular melanoma, 

and globally in the range 66-95%. The poorer prognosis for acral lentiginous melanoma, which 

usually develops on the palms, the sole of the foot or underneath the nails, is commonly 

ascribed to delayed diagnosis, because these areas are not routinely examined by patients or 

primary care physicians.181 Moreover, the proportion of the acral sub-type is higher in Blacks 
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than Caucasians;182 but because the risk of melanoma in black populations is perceived to be 

low, the lack of secondary prevention is also considered a major cause of late diagnosis.183,184 

Nodular melanoma had the poorest prognosis in all countries, as has been reported 

elsewhere.53,185,186 Forty years ago, a multivariable analysis of 339 patients diagnosed in a 

single institution in the US during 1960-1977 found that the increased risk associated with 

nodular histology was confounded by an increase in thickness and ulceration; in other words, 

the higher risk of death was due to more advanced stage at diagnosis, not intrinsic to the 

morphologic sub-type.148 On the basis of this conclusion from a small study, the American 

Joint Committee on Cancer did not include histologic sub-type in the cutaneous melanoma 

staging system, because it was not considered to be a significant prognostic factor.187 Thirty 

years later, however, a very large population-based study of 118,508 patients diagnosed in 

the US with superficial spreading or nodular melanoma during 1973-2012 showed that 

morphology is in fact an independent predictor of survival.61 After controlling for thickness, 

ulceration, mitotic index and stage at diagnosis, nodular sub-type remained an independent 

risk factor for death from melanoma (HR 1.55, 95% CI 1.41 to 1.70). Another population-based 

study of 82,901 patients diagnosed in Germany during 1997-2013 showed that differences in 

5-year survival by histologic subtype were partially explained by tumour size.188

Our population-based study confirms these findings. The multivariable analysis of data from 

four population-based registries with complete information on stage and morphology highlights 

a much higher excess risk of death with nodular or acral lentiginous melanoma than for 

superficial spreading melanoma, after controlling for major confounders. Sex, age and stage 

at diagnosis only partially explain the higher risk of death for nodular and acral lentiginous 

subtypes. The different magnitude of the excess hazard ratios in Germany, Spain and Norway 

may be due to the low baseline hazard for superficial spreading melanoma in Germany, where 

national skin cancer screening for people aged 35 years or more with health insurance was 

introduced in 2008. This may have improved early detection of the generally slow-growing, 

less aggressive superficial spreading melanomas.188  

Our study has also shown that while five-year survival from cutaneous melanoma in Eastern 

Europe has been increasing in recent years, survival continues to lag behind the rest of Europe 

for each morphologic sub-type of melanoma. A study of seven common malignancies 

diagnosed in Europe during 2000-2007 found that late stage at diagnosis alone did not explain 

the lower survival for melanoma of the skin in Eastern Europe.189 In the current study, data on 

stage at diagnosis in Eastern European countries were only available for Russia and Slovakia, 

where the proportion of metastatic disease (6% and 7%) was higher than in Norway (2%) and 
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Denmark (3%) (data not shown). More detailed information on morphology would have helped 

investigate the reasons for the persistent gap in survival. 

The high proportion of melanomas registered with poorly specified morphology was the major 

limitation of our study, because it limited the interpretation of net survival estimates for 

melanomas with specific morphological sub-types in all countries. Information on stage at 

diagnosis was also limited; complete data could have contributed disentangling the prognostic 

role of morphology at international level. Additionally, we were not able to control for surgical 

margins, a relevant prognostic factor, because these data were not available. 

Our study is the largest analysis to date of survival from cutaneous melanoma. It provides, for 

the first time, international comparisons of population-based survival for the main histologic 

sub-types of melanoma in more than 50 countries. The higher frequency and poorer survival 

of nodular acral lentiginous melanomas in Asia and in Central and South America suggest the 

need for health policies in these populations that are designed to improve public awareness, 

and especially to facilitate earlier diagnosis and prompt access to optimal treatment.  
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Table 3.1: Data quality indicators, patients diagnosed with melanoma of the skin during 2000-2014, by continent and country 

Ineligible (%)   Exclusions (%) Data quality indicators (%) 

Calendar 

period 

Patients 

submitted 

Incomplete 

dates 

In 

situ Other 

Eligible 

patients DCO Other 

Available for 

analysis MV 

Non-specific 

morphology 

Lost to 

follow-up Censored 

AMERICA (Central and South) 10,610 3.2 10.7 5.1 8,599 1.4 0.3 8,452 99.0 62.4 0.5 6.8 

Argentinian registries 2000-2013 1,196 4.7 0.8 3.3 1,092 0.7 0.0 1,084 99.6 67.7 0.0 0.0 

Brazilian registries 2000-2014 2,169 0.7 12.7 5.6 1,758 4.8 0.0 1,674 99.2 73.1 0.0 2.0 

Chilean registries 2000-2012 569 0.0 0.0 2.5 555 0.2 0.0 554 99.5 60.1 0.0 19.3 

Colombian registries 2000-2014 1,698 3.8 5.2 10.0 1,376 0.2 0.0 1,373 98.8 49.4 0.0 25.0 

Costa Rica * 2002-2014 1,448 0.0 0.0 0.8 1,436 0.0 0.3 1,432 98.3 44.7 0.0 0.0 

Ecuadorian registries 2000-2013 1,483 11.2 8.4 6.5 1,096 0.4 1.1 1,080 98.8 78.0 0.2 5.3 

Guadeloupe (France) 2008-2013 60 0.0 13.3 0.0 52 0.0 0.0 52 100.0 0.0 0.0 71.2 

Martinique (France) 2000-2012 177 0.0 0.0 2.8 172 0.0 4.7 164 100.0 23.2 25.0 0.0 

Puerto Rico * 2000-2011 1,810 2.2 34.6 4.5 1,062 2.2 0.0 1,039 99.3 75.6 0.0 0.0 

AMERICA (North) 1,367,036 0.6 35.2 2.7 841,101 0.4 0.0 837,593 99.2 51.1 3.8 0.1 

Canadian registries 2000-2014 94,011 0.1 17.2 4.5 73,496 0.3 0.0 73,278 95.6 41.8 0.0 0.0 

US registries 2000-2014 1,273,025 0.6 36.6 2.5 767,605 0.4 0.0 764,315 99.5 52.0 4.2 0.1 

ASIA 41,718 0.5 14.9 8.4 31,768 1.1 0.3 31,337 98.2 76.4 0.4 2.0 

Chinese registries 2003-2013 1,733 0.2 0.0 16.1 1,450 0.1 0.0 1,449 99.0 95.4 4.8 0.2 

Cyprus * 2004-2014 687 3.6 3.1 6.1 599 1.7 0.0 589 99.7 32.8 0.0 53.7 

Indian registries 2000-2014 61 0.0 0.0 8.2 56 0.0 7.1 52 98.1 94.2 3.8 5.8 

Israel * 2000-2013 18,303 0.0 28.3 4.2 12,348 0.7 0.0 12,265 98.0 78.1 0.0 0.0 

Japanese registries 2000-2014 6,462 1.3 10.4 22.3 4,263 5.7 0.0 4,018 95.3 88.1 0.0 2.4 

Jordan * 2000-2014 306 0.3 1.0 27.8 217 0.0 1.4 214 99.5 84.1 14.0 0.0 

Korea * ‡ 2000-2014 5,824 0.9 0.0 0.0 5,771 0.0 0.0 5,771 98.6 74.9 0.0 0.0 

Kuwait * 2000-2013 21 0.0 0.0 14.3 18 0.0 0.0 18 100.0 72.2 0.0 0.0 

Qatar * 2000-2014 61 0.0 1.6 8.2 55 0.0 0.0 55 98.2 87.3 0.0 70.9 

Singapore * 2000-2014 521 0.0 9.0 20.3 368 0.3 0.0 367 100.0 56.1 0.0 0.0 

Taiwan * 2000-2014 3,123 0.3 3.4 0.6 2,988 0.0 0.0 2,988 100.0 64.0 0.0 0.0 

Thai registries 2000-2014 817 0.0 0.0 5.9 769 0.0 9.6 695 99.7 95.0 0.3 3.9 

Turkish registries 2000-2013 3,799 1.4 4.8 18.4 2,866 0.3 0.0 2,856 99.3 64.8 0.2 4.8 

EUROPE 825,792 0.1 16.8 5.3 641,814 0.5 0.1 637,956 99.3 34.1 1.7 3.9 

Austria * 2000-2014 28,233 0.0 24.2 5.9 19,742 2.9 0.1 19,150 97.5 65.4 0.0 0.0 

Belgium * 2004-2014 29,278 0.0 22.8 2.4 21,905 0.0 0.0 21,905 99.9 36.3 1.9 0.0 

Bulgaria * 2000-2014 6,057 0.0 0.0 0.0 6,056 3.0 0.0 5,875 100.0 73.7 0.0 0.0 

Croatia * 2000-2014 8,602 0.0 2.0 3.5 8,126 3.4 0.0 7,848 99.9 90.4 0.0 0.0 

Czech Republic * 2000-2014 33,285 0.0 16.0 0.5 27,802 0.0 0.0 27,800 100.0 31.8 0.0 0.0 

Denmark * 2000-2014 24,683 0.0 0.0 0.2 24,630 0.0 0.0 24,630 99.7 21.6 0.6 0.0 

Estonia * 2000-2012 2,556 0.0 11.8 9.9 2,002 0.9 0.0 1,983 98.4 31.1 1.2 0.0 

Finland * 2000-2014 15,873 0.4 0.0 5.3 14,968 0.1 0.0 14,949 100.0 90.8 0.3 0.0 

French registries 2000-2010 14,962 0.3 0.0 6.0 14,017 0.0 2.4 13,677 100.0 11.4 3.4 0.0 

German registries 2000-2014 99,363 0.3 16.2 2.6 80,338 2.0 0.0 78,713 99.4 28.4 0.6 28.7 

Gibraltar * 2000-2010 39 0.0 12.8 7.7 31 0.0 0.0 31 100.0 19.4 0.0 51.6 

Iceland * 2000-2014 715 0.0 0.0 0.3 713 0.0 0.0 713 99.9 29.3 0.0 0.0 

Ireland * 2000-2013 14,683 0.0 35.3 0.1 9,475 0.1 0.0 9,470 99.8 36.9 0.0 0.0 

Italian registries 2000-2014 53,776 0.0 7.8 5.4 46,634 0.1 0.0 46,607 98.2 26.5 1.2 1.5 

Latvia * 2000-2014 7,521 0.0 0.0 0.2 7,509 0.1 0.0 7,503 99.8 47.5 0.0 0.0 

Lithuania * 2000-2012 4,129 0.0 6.3 13.4 3,317 0.0 0.0 3,317 100.0 55.8 0.0 0.9 

Malta * 2000-2013 725 0.0 14.2 10.9 543 0.4 0.0 541 99.6 36.4 0.0 0.0 

Netherlands * 2000-2014 80,641 0.0 20.0 6.6 59,141 0.0 0.1 59,088 100.0 13.2 1.1 0.0 

Norway * 2000-2014 31,469 0.0 8.6 27.9 19,997 0.0 0.0 19,994 99.9 21.0 0.3 0.0 

Poland * 2000-2014 38,834 0.0 0.2 7.3 35,932 0.0 0.3 35,834 100.0 77.1 0.0 0.0 

Portugal * 2000-2014 10,897 0.3 11.3 2.5 9,358 0.0 0.0 9,358 99.3 54.6 2.1 0.1 

Romania (Cluj) 2006-2012 515 0.0 3.9 11.5 436 0.0 0.0 436 98.9 50.9 0.0 0.0 

Russian registries ‡ 2000-2014 5,081 0.0 0.1 2.9 4,927 0.1 0.2 4,914 99.5 79.0 2.5 0.7 

Slovakia * 2000-2010 7,933 0.0 11.1 7.3 6,478 1.4 0.0 6,389 100.0 21.9 0.0 0.0 

Slovenia * 2000-2013 7,442 0.0 18.8 5.9 5,605 0.0 0.0 5,603 100.0 36.3 0.1 0.0 

Spanish registries 2000-2013 14,567 0.5 18.8 3.2 11,292 0.3 0.1 11,242 99.7 25.8 0.6 0.1 

Sweden * 2000-2014 58,528 0.0 30.2 6.7 36,925 0.0 0.0 36,921 100.0 20.8 0.3 0.1 

Swiss registries 2000-2014 19,030 0.0 19.4 2.1 14,923 0.1 0.1 14,893 99.9 20.0 7.2 7.9 

United Kingdom * 2000-2014 206,375 0.1 22.9 4.8 148,992 0.2 0.0 148,572 98.5 30.8 4.3 0.0 

OCEANIA 273,076 0.2 29.6 1.5 187,846 0.2 0.0 187,512 99.0 32.8 0.0 0.0 

Australia * 2000-2014 241,133 0.2 33.5 1.4 156,531 0.1 0.0 156,302 98.9 32.3 0.0 0.0 

New Zealand * 2000-2014 31,943 0.0 0.0 2.0 31,315 0.3 0.0 31,210 99.7 35.3 0.0 0.0 

Total 2,518,232 0.4 28.1 3.5 1,711,128 0.4 0.0 1,702,850 99.2 43.2 2.5 1.6 
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Table 3.2: Age-standardised 5-year net survival (NS, %): adults (15-99 years) diagnosed with melanoma of the skin by morphology and calendar period of diagnosis (2000-2004, 2005-2009, 2010-2014) 

Superficial spreading Lentigo maligna Acral lentiginous Other melanoma 

melanoma melanoma Nodular melanoma melanoma  Desmoplastic melanoma    Malignant melanoma, NOS morphologies 

No. NS (%) 95% CI No. NS (%) 95% CI No. NS (%) 95% CI No. NS (%) 95% CI No. NS (%) 95% CI No. NS (%) 95% CI No. NS (%) 95% CI 

 AMERICA (CENTRAL AND SOUTH) 

Argentina 2000-2004 30 71.2 50.7 - 91.7 131 66.7 57.8 - 75.5 10 44.8 14.6 - 75.0 

2005-2009 31 98.5 92.3 - 100.0 24 100.0 85.9 - 100.0 76 58.1 45.8 - 70.4 320 62.9 57.0 - 68.8 44 72.6 55.6 - 89.5 

2010-2014 26 100.0 90.0 - 100.0 21 100.0 85.7 - 100.0 44 71.9 61.3 - 82.6 277 65.2 58.5 - 71.9 11 52.0 26.6 - 77.5 

Brazil 2000-2004 18 100.0 81.5 - 100.0 64 70.6 60.0 - 81.3 12 65.9 36.0 - 95.7 298 76.9 70.7 - 83.0 

2005-2009 41 84.4 65.0 - 100.0 21 96.5 77.2 - 100.0 78 68.8 56.7 - 80.8 10 32.1 3.4 - 60.7 437 76.3 71.5 - 81.1 12 67.8 40.8 - 94.8 

2010-2014 43 92.2 78.3 - 100.0 10 95.3 72.8 - 100.0 43 64.8 51.5 - 78.1 251 69.7 64.4 - 75.1 13 33.7 5.6 - 61.8 

Chile 2000-2004 12 19.0 0.0 - 39.7 59 57.0 42.6 - 71.4 

2005-2009 11 100.0 100.0 - 100.0 10 95.2 61.5 - 100.0 28 50.8 30.2 - 71.4 18 64.1 38.2 - 89.9 57 55.8 36.6 - 75.1 

2010-2014 16 100.0 § 100.0 - 100.0 20 87.9 § 48.1 - 100.0 36 63.5 § 39.0 - 88.0 25 80.5 § 46.8 - 100.0 154 55.6 § 43.1 - 68.1 

Colombia 2000-2004 29 85.0 § 70.0 - 100.0 16 100.0 § 85.1 - 100.0 53 41.8 § 24.8 - 58.8 45 81.6 § 62.1 - 100.0 196 54.9 § 46.9 - 62.9 

2005-2009 49 84.8 § 71.0 - 98.5 53 99.6 § 79.6 - 100.0 83 63.4 § 51.3 - 75.4 73 75.6 § 61.4 - 89.7 219 64.7 § 57.1 - 72.4 15 42.3 § 9.0 - 75.6 

2010-2014 17 96.0 § 86.4 - 100.0 23 56.7 § 43.7 - 69.7 21 70.6 § 56.9 - 84.4 43 55.8 § 46.6 - 65.0 10 35.0 § 7.2 - 62.8 

Costa Rica * 2000-2004 47 100.0 95.8 - 100.0 33 100.0 100.0 - 100.0 34 72.6 55.2 - 90.1 46 75.3 59.0 - 91.5 104 75.6 67.0 - 84.2 

2005-2009 71 86.3 78.9 - 93.7 51 97.5 89.9 - 100.0 63 58.9 49.3 - 68.5 70 74.2 62.1 - 86.2 183 69.9 62.5 - 77.4 

2010-2014 90 83.9 74.4 - 93.4 103 93.6 85.3 - 100.0 49 58.2 44.6 - 71.9 65 70.5 58.8 - 82.2 318 75.9 69.2 - 82.6 23 88.2 59.1 - 100.0 

Ecuador 2000-2004 24 69.1 46.1 - 92.2 12 47.5 17.8 - 77.2 146 56.2 47.3 - 65.1 

2005-2009 45 61.0 44.3 - 77.7 12 27.6 2.9 - 52.3 319 60.1 53.5 - 66.6 13 54.7 23.2 - 86.3 

2010-2014 53 67.6 52.3 - 82.9 17 27.1 1.4 - 52.8 332 57.0 50.2 - 63.8 

Guadeloupe * 2000-2004 

2005-2009 

2010-2014 16 0.1 § 0.0 - 0.2 11 38.5 § 0.0 - 90.8 

Martinique * 2000-2004 12 92.6 § 76.2 - 100.0 14 78.0 § 42.3 - 100.0 28 92.1 § 76.0 - 100.0 

2005-2009 18 100.0 § 89.5 - 100.0 20 84.0 § 62.1 - 100.0 

2010-2014 18 100.0 § 90.0 - 100.0 

Puerto Rico * 2000-2004 12 62.4 28.2 - 96.6 22 100.0 92.9 - 100.0 25 50.9 27.4 - 74.5 27 56.4 33.4 - 79.5 296 72.4 66.4 - 78.4 15 68.1 34.7 - 100.0 

2005-2009 19 71.9 50.4 - 93.3 36 38.9 20.8 - 56.9 14 35.3 7.7 - 62.8 340 79.9 74.9 - 85.0 11 57.8 26.7 - 88.9 

2010-2014 20 70.8 41.0 - 100.0 17 62.0 31.3 - 92.8 10 50.5 18.2 - 82.8 149 76.2 68.5 - 83.9 

AMERICA (NORTH) 

Canada 2000-2004 

2005-2009 

2010-2014 

6,720 

8,352 

10,737 

95.1 

96.2 

96.8 

94.1 

95.4 

96.0 

- 

- 

- 

96.1 

97.0 

97.5 

1,219 

1,492 

2,301 

97.6 

97.8 

96.8 

95.9 

96.4 

94.6 

- 

- 

- 

99.4 

99.3 

99.0 

2,076 

2,661 

3,119 

72.1 

69.7 

72.3 

69.8 

67.6 

70.3 

- 

- 

- 

74.4 

71.8 

74.3 

297 

366 

391 

86.1 

81.6 

77.9 

81.6 

77.0 

72.8 

- 

- 

- 

90.5 

86.2 

83.0 

131 

194 

266 

79.6 

90.4 

91.8 

69.4 

85.3 

87.3 

- 

- 

- 

89.8 

95.5 

96.4 

8,737 

10,731 

11,139 

83.9 

83.7 

84.8 

82.9 

82.9 

84.0 

- 

- 

- 

84.9 

84.6 

85.6 

661 

926 

762 

75.6 

80.6 

80.9 

71.7 

77.6 

77.7 

- 

- 

- 

79.4 

83.6 

84.2 

United States 2000-2004 51,276 96.8 96.5 - 97.2 10,760 98.7 98.0 - 99.5 12,341 69.5 68.6 - 70.5 1,771 82.2 79.9 - 84.6 2,082 87.3 85.3 - 89.3 96,459 86.4 86.1 - 86.7 6,317 84.1 82.9 - 85.3 

2005-2009 66,456 97.5 97.1 - 97.8 13,531 99.3 98.7 - 99.9 15,772 71.2 70.3 - 72.0 2,229 82.6 80.6 - 84.6 2,442 89.1 87.3 - 91.0 111,496 88.2 87.9 - 88.4 6,469 85.3 84.1 - 86.4 

2010-2014 64,285 97.6 97.3 - 97.9 13,989 99.6 98.9 - 100.0 14,881 71.6 70.7 - 72.4 2,265 81.6 79.6 - 83.7 2,204 89.7 87.8 - 91.5 98,703 88.5 88.2 - 88.8 4,872 84.2 83.0 - 85.5 

ASIA 

China 2000-2004 

2005-2009 

2010-2014 

110 

538 

623 

36.0 

44.7 

48.4 

26.0 

39.8 

43.2 

- 

- 

- 

46.0 

49.5 

53.6 

15 

17 

63.2 

69.9 

37.1 

41.1 

-

- 

89.4

98.7

Cyprus * 2000-2004 15 84.7 § 59.6 - 100.0 

2005-2009 72 96.2 § 88.9 - 100.0 59 73.8 § 62.8 - 84.7 86 75.1 § 64.6 - 85.5 13 83.6 § 34.4 - 100.0 

2010-2014 101 87.3 § 78.8 - 95.8 94 71.4 § 59.9 - 82.9 92 69.7 § 58.9 - 80.5 20 63.6 § 36.8 - 90.5 

Israel * 2000-2004 585 93.3 90.1 - 96.5 141 97.6 92.2 - 100.0 251 69.6 63.0 - 76.2 22 66.6 41.0 - 92.2 2,648 84.8 83.1 - 86.5 58 50.7 35.4 - 66.1 

2005-2009 407 94.2 90.4 - 98.0 110 97.5 88.4 - 100.0 316 68.9 62.5 - 75.3 23 80.8 51.6 - 100.0 3,614 89.3 87.9 - 90.6 42 51.1 34.3 - 67.9 

2010-2014 335 97.7 93.8 - 100.0 74 98.7 93.6 - 100.0 208 65.3 57.4 - 73.2 26 79.3 56.6 - 100.0 11 51.0 20.7 - 81.2 3,314 87.8 86.3 - 89.3 64 64.6 52.9 - 76.2 

Japan 2000-2004 703 68.7 64.7 - 72.7 

2005-2009 36 84.8 69.6 - 99.9 31 90.1 59.0 - 100.0 53 52.3 36.2 - 68.4 78 82.4 68.5 - 96.2 1,605 67.2 64.3 - 70.1 14 35.8 7.9 - 63.6 

2010-2014 42 88.4 77.8 - 98.9 25 89.0 57.8 - 100.0 57 56.5 44.3 - 68.7 71 93.2 81.7 - 100.0 999 68.0 64.7 - 71.2 14 46.2 16.5 - 75.9 

Korea * 2000-2004 17 83.1 61.5 - 100.0 87 50.4 39.2 - 61.6 156 73.1 64.6 - 81.6 982 47.2 43.8 - 50.6 22 41.6 20.9 - 62.3 

2005-2009 27 84.0 66.5 - 100.0 16 94.2 72.2 - 100.0 113 38.0 29.5 - 46.6 247 80.3 74.1 - 86.4 1,548 51.3 48.5 - 54.1 38 64.2 47.9 - 80.5 

2010-2014 39 86.3 63.0 - 100.0 20 100.0 85.9 - 100.0 192 41.5 32.1 - 50.9 399 79.4 73.9 - 84.9 16 53.7 26.2 - 81.3 1,790 56.2 53.5 - 59.0 43 60.8 48.5 - 73.2 

Singapore * 2000-2004 11 71.2 35.8 - 100.0 59 53.4 40.8 - 66.1 

2005-2009 17 66.9 41.3 - 92.5 15 39.8 13.2 - 66.3 19 62.2 34.6 - 89.8 71 55.5 45.2 - 65.9 

2010-2014 14 100.0 100.0 - 100.0 27 25.2 8.8 - 41.6 28 65.2 38.9 - 91.5 76 55.6 43.5 - 67.6 
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Table 3.2: Age-standardised 5-year net survival (NS, %): adults (15-99 years) diagnosed with melanoma of the skin by morphology and calendar period of diagnosis (2000-2004, 2005-2009, 2010-2014) 

Superficial spreading Lentigo maligna Acral lentiginous Other melanoma 

melanoma melanoma Nodular melanoma melanoma  Desmoplastic melanoma    Malignant melanoma, NOS morphologies 

No. NS (%) 95% CI No.  NS (%) 95% CI No. NS (%) 95% CI No. NS (%) 95% CI No. NS (%) 95% CI No. NS (%) 95% CI No. NS (%) 95% CI 

Taiwan * 2000-2004 10 93.3 73.8 - 100.0 62 40.9 29.1 - 52.8 87 66.9 56.5 - 77.3 612 46.1 41.6 - 50.7 23 51.0 26.8 - 75.1 

2005-2009 33 81.3 66.0 - 96.6 81 41.8 31.4 - 52.2 167 68.2 59.4 - 77.0 667 49.6 45.2 - 54.0 34 33.5 15.1 - 51.8 

2010-2014 49 71.4 54.6 - 88.2 154 36.7 27.0 - 46.5 306 65.6 57.4 - 73.8 634 46.7 42.1 - 51.3 33 35.9 21.2 - 50.6 

Thailand 2000-2004 103 44.9 34.4 - 55.4 

2005-2009 248 35.9 § 28.6 - 43.2 

2010-2014 151 28.0 § 21.5 - 34.4 

Turkey 2000-2004 21 79.9 § 59.2 - 100.0 20 84.8 § 67.1 - 100.0 48 59.9 § 42.1 - 77.7 10 61.6 § 26.3 - 96.9 181 51.9 § 42.9 - 60.8 

2005-2009 67 77.7 66.4 - 88.9 58 97.3 85.8 - 100.0 187 52.3 44.3 - 60.4 67 73.8 62.3 - 85.3 810 52.5 48.6 - 56.4 36 63.2 45.2 - 81.3 

2010-2014 91 80.1 68.7 - 91.5 94 96.4 90.5 - 100.0 192 53.9 46.2 - 61.6 65 72.5 60.2 - 84.9 858 56.4 52.6 - 60.1 33 55.9 41.8 - 69.9 

 EUROPE 

Austria * 2000-2004 1,433 98.2 96.1 - 100.0 258 97.3 88.3 - 100.0 384 75.0 70.0 - 80.1 48 60.9 45.6 - 76.1 11 70.3 40.7 - 99.9 3,306 77.9 76.3 - 79.6 89 60.2 48.7 - 71.7 

2005-2009 1,236 95.6 93.3 - 97.9 245 99.6 96.7 - 100.0 405 67.2 61.7 - 72.7 55 71.3 56.4 - 86.3 22 100.0 85.2 - 100.0 4,044 81.9 80.5 - 83.4 97 68.6 59.4 - 77.9 

2010-2014 1,522 94.9 92.4 - 97.3 290 98.7 95.5 - 100.0 383 62.9 57.3 - 68.6 54 72.4 59.2 - 85.6 23 100.0 100.0 - 100.0 5,180 87.1 85.8 - 88.4 65 70.5 59.7 - 81.2 

Belgium * 2000-2004 

2005-2009 

2010-2014 5,590 94.9 92.0 - 97.7 725 98.7 95.3 - 100.0 940 77.8 72.9 - 82.8 190 94.8 88.6 - 100.0 43 74.4 49.2 - 99.5 4,128 89.5 87.2 - 91.8 250 86.1 78.0 - 94.1 

Bulgaria * 2000-2004 20 85.0 45.5 - 100.0 151 46.2 36.6 - 55.7 1,245 51.6 48.3 - 54.9 180 45.4 36.7 - 54.0 

2005-2009 27 76.8 55.1 - 98.5 271 57.9 50.8 - 65.0 1,421 57.1 54.1 - 60.2 186 35.0 27.2 - 42.8 

2010-2014 90 86.6 75.4 - 97.8 379 64.0 57.2 - 70.9 1,661 61.6 58.8 - 64.4 210 39.9 32.0 - 47.8 

Croatia * 2000-2004 2,174 66.3 63.8 - 68.7 

2005-2009 39 90.6 75.2 - 100.0 122 70.4 61.2 - 79.6 2,622 74.6 72.5 - 76.6 

2010-2014 288 89.6 81.6 - 97.7 174 58.9 49.8 - 68.1 25 67.9 33.9 - 100.0 2,298 77.1 75.0 - 79.1 57 80.8 66.6 - 95.0 

Czech Republic * 2000-2004 2,214 97.0 95.1 - 98.9 361 97.9 93.9 - 100.0 2,016 71.2 68.8 - 73.7 53 86.3 67.5 - 100.0 46 59.1 41.7 - 76.5 2,546 71.3 69.2 - 73.4 507 77.5 72.6 - 82.3 

2005-2009 3,142 98.1 96.7 - 99.6 438 97.0 93.3 - 100.0 2,080 73.0 70.6 - 75.3 93 83.5 75.2 - 91.9 106 77.9 68.8 - 87.0 2,964 77.2 75.4 - 79.1 540 80.1 75.8 - 84.3 

2010-2014 4,082 98.2 96.9 - 99.6 442 99.0 96.3 - 100.0 2,033 73.0 70.7 - 75.3 93 82.3 72.9 - 91.7 142 80.2 72.4 - 87.9 3,335 78.9 77.2 - 80.7 567 81.5 77.3 - 85.6 

Denmark * 2000-2004 

2005-2009 5,384 95.3 94.1 - 96.4 218 88.6 78.8 - 98.4 757 72.4 68.8 - 76.0 66 84.3 73.9 - 94.7 1,778 78.1 75.8 - 80.3 61 90.4 80.0 - 100.0 

2010-2014 8,123 96.0 95.1 - 97.0 329 92.1 85.5 - 98.7 943 74.8 71.5 - 78.1 77 75.3 61.8 - 88.8 43 100.0 87.7 - 100.0 1,229 77.1 74.7 - 79.5 69 90.9 79.9 - 100.0 

Estonia * 2000-2004 27 100.0 93.0 - 100.0 28 100.0 85.5 - 100.0 24 82.7 58.1 - 100.0 109 71.0 62.0 - 80.1 410 66.3 60.8 - 71.8 

2005-2009 32 100.0 100.0 - 100.0 15 95.0 71.3 - 100.0 14 71.6 45.3 - 97.8 203 70.0 63.4 - 76.7 500 73.7 69.2 - 78.1 

2010-2014 28 100.0 100.0 - 100.0 11 100.0 96.1 - 100.0 29 56.2 34.4 - 78.0 17 64.0 17.3 - 100.0 305 82.7 74.0 - 91.4 207 78.2 72.5 - 83.8 

Finland * 2000-2004 3,576 84.8 83.3 - 86.4 

2005-2009 137 92.8 87.0 - 98.5 102 100.0 93.8 - 100.0 76 72.0 62.6 - 81.5 10 79.1 42.8 - 100.0 4,452 87.0 85.7 - 88.3 

2010-2014 539 93.9 89.9 - 98.0 260 100.0 97.3 - 100.0 216 76.0 69.0 - 83.1 16 93.1 68.4 - 100.0 5,539 88.1 86.9 - 89.3 

France 2000-2004 2,552 94.6 93.0 - 96.2 375 92.7 87.6 - 97.8 518 70.1 65.5 - 74.8 114 76.5 67.7 - 85.3 16 69.6 37.9 - 100.0 565 82.8 79.2 - 86.5 352 87.7 83.3 - 92.1 

2005-2009 4,419 95.7 94.5 - 96.9 640 95.9 92.9 - 99.0 706 70.9 66.5 - 75.2 155 83.1 75.2 - 91.0 42 75.5 56.1 - 94.9 817 83.5 79.7 - 87.4 483 90.6 87.1 - 94.2 

2010-2014 1,109 94.9 92.4 - 97.4 115 94.5 88.6 - 100.0 158 74.6 65.4 - 83.7 38 82.4 73.1 - 91.7 167 83.3 76.4 - 90.1 62 89.1 80.7 - 97.4 

Germany 2000-2004 6,566 99.2 98.2 - 100.0 1,235 99.4 98.0 - 100.0 2,415 74.4 72.3 - 76.4 319 85.4 80.4 - 90.4 39 91.4 77.2 - 100.0 3,734 83.8 82.3 - 85.3 481 78.3 73.9 - 82.7 

2005-2009 11,019 98.8 98.1 - 99.5 2,057 99.4 97.9 - 100.0 3,394 77.7 76.0 - 79.5 478 83.7 79.4 - 88.0 56 80.9 63.6 - 98.3 5,649 84.6 83.4 - 85.9 649 79.8 75.9 - 83.7 

2010-2014 11,676 99.0 98.4 - 99.7 1,990 99.4 97.9 - 100.0 3,188 77.2 75.3 - 79.0 450 84.7 80.5 - 89.0 78 91.6 82.5 - 100.0 6,095 86.6 85.4 - 87.8 625 82.7 78.8 - 86.7 

Iceland * 2000-2004 

2005-2009 132 87.4 79.7 - 95.2 16 82.3 55.9 - 100.0 17 61.6 31.3 - 91.9 80 87.7 78.8 - 96.6 

2010-2014 134 91.7 85.6 - 97.8 26 56.0 29.6 - 82.5 37 82.7 71.1 - 94.4 

Ireland * 2000-2004 

2005-2009 

2010-2014 1,427 94.5 87.9 - 100.0 359 94.3 88.0 - 100.0 494 82.9 76.8 - 89.0 69 77.3 58.7 - 95.8 48 83.4 67.0 - 99.8 1,121 85.0 79.9 - 90.0 61 90.1 80.9 - 99.3 

Italy 2000-2004 5,044 94.4 93.2 - 95.6 435 98.7 96.4 - 100.0 1,411 68.5 65.7 - 71.2 155 84.1 77.7 - 90.5 54 78.0 65.8 - 90.3 4,548 78.9 77.6 - 80.3 2,515 79.4 77.6 - 81.3 

2005-2009 8,677 94.6 93.8 - 95.5 626 99.2 97.6 - 100.0 2,170 68.5 66.2 - 70.8 250 85.4 80.3 - 90.6 79 77.1 62.8 - 91.4 5,983 81.8 80.6 - 82.9 5,130 83.0 81.8 - 84.2 

2010-2014 3,636 95.2 94.1 - 96.2 202 99.3 97.0 - 100.0 904 66.4 63.3 - 69.5 96 85.0 78.0 - 92.0 25 78.9 64.7 - 93.1 1,768 79.7 78.0 - 81.5 2,554 82.8 81.3 - 84.3 

Latvia * 2000-2004 12 100.0 76.7 - 100.0 36 44.5 26.3 - 62.7 353 60.7 54.7 - 66.8 291 72.7 66.2 - 79.1 

2005-2009 45 60.8 43.3 - 78.2 424 64.1 58.6 - 69.6 357 66.0 59.9 - 72.1 

2010-2014 32 76.6 63.9 - 89.2 410 69.8 64.3 - 75.3 527 73.2 67.8 - 78.5 

Lithuania * 2000-2004 73 78.6 67.3 - 89.9 15 87.8 62.9 - 100.0 70 61.0 49.8 - 72.2 938 66.4 62.8 - 70.0 

2005-2009 336 85.2 80.1 - 90.3 39 100.0 85.8 - 100.0 273 66.7 60.0 - 73.4 13 93.7 68.4 - 100.0 573 59.5 54.8 - 64.2 12 83.5 56.5 - 100.0 

2010-2014 331 88.3 82.6 - 94.0 41 100.0 100.0 - 100.0 226 65.5 57.4 - 73.6 13 77.8 45.1 - 100.0 339 63.3 57.0 - 69.7  66



Table 3.2: Age-standardised 5-year net survival (NS, %): adults (15-99 years) diagnosed with melanoma of the skin by morphology and calendar period of diagnosis (2000-2004, 2005-2009, 2010-2014) 

Superficial spreading Lentigo maligna Acral lentiginous Other melanoma 

melanoma melanoma Nodular melanoma melanoma  Desmoplastic melanoma    Malignant melanoma, NOS morphologies 

No. NS (%) 95% CI No. NS (%) 95% CI No. NS (%) 95% CI No. NS (%) 95% CI No. NS (%) 95% CI No. NS (%) 95% CI No. NS (%) 95% CI 

Malta * 2000-2004 59 100.0 92.5 - 100.0 29 73.0 54.0 - 91.9 54 83.8 73.8 - 93.8 

2005-2009 85 87.6 81.1 - 94.1 15 61.2 35.8 - 86.6 72 76.5 68.0 - 85.1 

2010-2014 88 90.1 81.7 - 98.5 11 100.0 100.0 - 100.0 25 61.0 37.1 - 84.9 71 72.4 62.6 - 82.2 

Netherlands * 2000-2004 8,326 93.9 92.7 - 95.0 509 97.2 93.4 - 100.0 2,046 76.3 74.1 - 78.6 132 79.8 71.9 - 87.8 34 86.4 68.3 - 100.0 2,630 82.5 80.5 - 84.5 499 79.4 75.2 - 83.5 

2005-2009 12,494 94.7 93.9 - 95.5 663 97.9 95.4 - 100.0 2,473 73.0 71.0 - 75.0 138 80.3 72.5 - 88.1 60 76.8 60.4 - 93.2 2,781 83.6 81.9 - 85.4 517 88.0 84.3 - 91.8 

2010-2014 18,354 95.1 94.4 - 95.8 1,317 98.0 95.0 - 100.0 2,931 74.2 72.2 - 76.1 229 87.5 80.9 - 94.2 115 83.6 76.4 - 90.7 2,385 84.3 82.6 - 86.1 455 85.8 81.9 - 89.8 

Norway * 2000-2004 2,780 93.7 92.2 - 95.3 158 100.0 87.0 - 100.0 1,103 74.1 71.0 - 77.2 40 93.6 76.3 - 100.0 33 71.9 49.8 - 94.1 967 78.3 75.2 - 81.4 29 85.1 56.3 - 100.0 

2005-2009 3,143 93.7 92.3 - 95.1 197 97.1 85.4 - 100.0 1,304 74.0 71.2 - 76.9 32 84.4 68.6 - 100.0 44 100.0 85.2 - 100.0 1,428 83.4 81.0 - 85.8 34 64.2 45.2 - 83.3 

2010-2014 4,853 94.5 93.2 - 95.8 266 97.4 93.6 - 100.0 1,642 77.2 74.5 - 79.9 38 85.5 77.3 - 93.6 46 75.9 61.8 - 89.9 1,798 87.0 84.9 - 89.0 59 76.5 63.9 - 89.1 

Poland * 2000-2004 509 84.2 79.4 - 88.9 205 98.4 94.4 - 100.0 566 63.2 58.5 - 67.9 37 84.3 70.4 - 98.2 7,413 60.5 59.2 - 61.8 687 62.6 58.4 - 66.8 

2005-2009 847 88.9 85.6 - 92.2 259 99.0 95.4 - 100.0 956 59.0 55.4 - 62.6 48 90.1 77.4 - 100.0 9,291 64.9 63.7 - 66.0 545 67.0 62.5 - 71.6 

2010-2014 1,380 88.6 85.7 - 91.6 193 98.7 94.6 - 100.0 1,216 58.3 54.8 - 61.9 60 84.0 73.5 - 94.5 19 53.0 21.4 - 84.7 10,938 68.1 67.1 - 69.1 655 66.5 62.1 - 70.9 

Portugal 2000-2004 323 92.6 88.2 - 97.0 81 100.0 100.0 - 100.0 233 59.2 52.1 - 66.3 80 85.9 74.5 - 97.3 1,766 76.2 73.8 - 78.5 45 72.1 56.5 - 87.6 

2005-2009 748 91.7 88.4 - 94.9 157 97.9 88.4 - 100.0 355 63.0 57.2 - 68.9 136 82.4 74.2 - 90.6 12 69.2 29.1 - 100.0 2,283 79.8 77.9 - 81.8 66 82.8 71.5 - 94.1 

2010-2014 1,214 88.0 80.3 - 95.7 151 97.7 90.9 - 100.0 425 75.8 65.3 - 86.2 107 69.8 58.6 - 81.0 15 45.5 3.4 - 87.6 1,064 81.8 77.7 - 85.9 92 74.4 62.3 - 86.4 

Romania (Cluj) 2000-2004 

2005-2009 17 75.5 52.7 - 98.3 33 61.2 40.3 - 82.1 137 64.6 56.1 - 73.0 27 89.5 73.5 - 100.0 

2010-2014 58 90.0 80.6 - 99.3 53 61.7 42.4 - 81.0 85 63.3 51.9 - 74.7 19 84.0 57.1 - 100.0 

Russia 2000-2004 21 87.9 64.2 - 100.0 943 62.1 58.3 - 65.9 377 70.2 63.4 - 77.0 

2005-2009 16 85.4 56.2 - 100.0 41 56.7 39.2 - 74.2 1,316 61.5 58.3 - 64.8 210 69.9 61.7 - 78.1 

2010-2014 16 86.0 58.9 - 100.0 115 58.8 47.0 - 70.6 1,623 66.4 63.3 - 69.5 216 66.6 58.6 - 74.6 

Slovakia * 2000-2004 1,141 88.3 85.1 - 91.5 130 86.4 77.5 - 95.3 553 59.5 54.6 - 64.4 38 81.3 64.1 - 98.6 542 63.0 58.1 - 67.8 115 61.9 51.8 - 72.0 

2005-2009 1,494 91.0 88.4 - 93.5 138 93.5 86.0 - 100.0 689 69.3 64.7 - 74.0 31 67.4 46.3 - 88.5 11 100.0 37.5 - 100.0 720 63.5 58.8 - 68.2 77 48.8 36.1 - 61.5 

2010-2014 363 89.5 83.5 - 95.4 22 98.9 90.9 - 100.0 164 69.2 60.2 - 78.2 137 54.3 44.3 - 64.4 

Slovenia * 2000-2004 492 90.5 86.5 - 94.6 60 90.2 75.0 - 100.0 277 65.6 59.4 - 71.8 19 72.5 43.8 - 100.0 525 74.9 70.3 - 79.4 109 71.3 61.8 - 80.8 

2005-2009 882 95.1 92.3 - 97.9 74 89.6 76.0 - 100.0 284 71.8 65.8 - 77.8 18 78.8 54.0 - 100.0 724 78.5 75.0 - 82.1 114 71.5 62.2 - 80.7 

2010-2014 899 95.0 92.1 - 97.9 48 89.0 77.0 - 100.0 224 73.1 66.6 - 79.5 21 65.2 51.1 - 79.3 783 79.7 76.0 - 83.3 34 68.9 57.1 - 80.8 

Spain 2000-2004 1,465 92.9 90.3 - 95.6 268 95.4 90.8 - 100.0 501 68.9 64.3 - 73.5 144 71.9 63.0 - 80.8 20 58.6 33.7 - 83.4 1,049 81.1 78.3 - 84.0 274 81.0 75.2 - 86.8 

2005-2009 1,996 95.3 93.5 - 97.0 364 97.8 94.7 - 100.0 652 67.3 63.3 - 71.3 164 79.0 71.9 - 86.1 35 65.5 46.1 - 84.9 1,167 82.8 80.3 - 85.4 300 85.6 80.6 - 90.7 

2010-2014 1,181 96.8 94.3 - 99.3 179 97.8 93.5 - 100.0 398 60.4 54.0 - 66.8 80 82.8 74.0 - 91.5 27 39.2 10.1 - 68.3 644 84.6 80.5 - 88.6 126 80.6 72.3 - 88.9 

Sweden * 2000-2004 4,549 93.7 92.6 - 94.9 496 99.2 96.7 - 100.0 1,509 71.9 69.0 - 74.8 103 84.0 76.5 - 91.5 32 59.6 36.4 - 82.9 2,477 87.5 85.8 - 89.2 45 87.5 66.8 - 100.0 

2005-2009 6,319 95.7 94.8 - 96.6 732 99.3 97.4 - 100.0 2,077 71.4 68.8 - 74.0 125 81.1 74.3 - 88.0 67 76.7 61.0 - 92.4 2,566 88.9 87.3 - 90.5 50 75.6 57.6 - 93.6 

2010-2014 9,437 95.9 95.1 - 96.7 1,041 96.3 92.6 - 99.9 2,375 74.2 71.8 - 76.6 155 84.6 78.4 - 90.7 90 86.1 75.1 - 97.0 2,620 90.8 89.4 - 92.3 56 83.0 71.5 - 94.5 

Switzerland 2000-2004 1,022 96.9 94.6 - 99.3 157 91.8 75.5 - 100.0 213 70.8 62.8 - 78.7 48 86.9 61.5 - 100.0 259 80.4 74.6 - 86.2 41 62.2 45.7 - 78.7 

2005-2009 2,134 97.6 96.1 - 99.2 369 98.6 96.0 - 100.0 442 69.8 64.6 - 74.9 132 90.1 84.3 - 96.0 23 78.8 57.5 - 100.0 852 90.2 87.5 - 93.0 107 81.8 74.0 - 89.7 

2010-2014 1,725 98.1 96.6 - 99.5 268 100.0 97.8 - 100.0 256 72.6 66.7 - 78.5 122 91.1 85.6 - 96.5 542 88.7 85.7 - 91.6 84 83.6 75.6 - 91.7 

United Kingdom * 2000-2004 2,466 97.5 95.5 - 99.5 532 98.0 94.7 - 100.0 559 73.1 68.6 - 77.6 116 81.7 73.8 - 89.5 12 36.5 1.9 - 71.1 1,180 79.2 76.1 - 82.2 125 70.3 61.1 - 79.5 

2005-2009 25,047 97.4 96.8 - 97.9 3,254 98.0 96.1 - 99.8 6,925 74.5 73.2 - 75.8 714 79.7 75.9 - 83.5 225 83.3 76.8 - 89.8 17,094 82.1 81.4 - 82.8 1,189 84.4 81.8 - 87.1 

2010-2014 37,002 97.5 97.1 - 98.0 4,940 97.4 95.6 - 99.3 8,735 74.9 73.7 - 76.2 1,033 78.5 74.8 - 82.1 373 82.3 75.3 - 89.3 15,586 84.3 83.6 - 85.1 895 85.0 82.1 - 87.9 

 OCEANIA 

Australia * 2000-2004 18,244 97.4 96.8 - 97.9 3,523 98.6 97.5 - 99.7 3,930 79.3 77.8 - 80.8 230 78.1 71.5 - 84.6 805 84.6 81.3 - 87.8 19,244 88.5 87.9 - 89.1 2,574 93.2 91.8 - 94.7 

2005-2009 24,151 97.5 97.0 - 97.9 5,186 97.9 96.9 - 98.9 4,574 79.5 78.0 - 81.0 274 82.3 76.6 - 88.0 918 84.9 81.8 - 88.1 17,740 87.9 87.3 - 88.5 2,384 93.2 91.7 - 94.7 

2010-2014 26,279 97.5 97.1 - 98.0 4,376 98.3 97.3 - 99.2 4,643 80.2 78.6 - 81.8 288 81.2 75.6 - 86.8 894 84.8 81.4 - 88.2 13,506 87.2 86.4 - 87.9 2,539 94.1 92.6 - 95.6 

New Zealand * 2000-2004 3,633 96.9 95.6 - 98.2 563 94.8 91.9 - 97.7 889 75.3 71.7 - 78.8 68 90.4 82.5 - 98.4 105 79.7 70.4 - 89.1 3,617 86.3 84.8 - 87.8 146 84.9 77.9 - 91.8 

2005-2009 4,998 97.2 96.3 - 98.2 488 95.4 92.1 - 98.8 1,034 78.0 74.7 - 81.2 65 80.7 71.2 - 90.3 122 88.5 82.3 - 94.8 3,891 86.6 85.2 - 88.0 70 81.2 67.7 - 94.8 

2010-2014 5,786 97.9 97.0 - 98.9 617 90.0 79.3 - 100.0 1,232 77.4 74.2 - 80.6 100 77.4 68.5 - 86.3 134 89.9 83.9 - 95.8 3,523 87.0 85.6 - 88.5 129 81.6 73.9 - 89.3 

* Data with 100% coverage of the national population 

§ 
Survival estimate considered less reliable, because 15% or more of patients were (a) lost to follow-up or censored alive within five years of diagnosis (or if diagnosed in 2010 or later, before 31 December 2014), or (b) registered only from a death certificate or at autopsy, or (c) registered with 

incomplete dates, i.e., unknown year of birth, unknown month and/or year of diagnosis or unknown year of last vital status 

Italics denote survival estimates that are not age-standardised 
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Table 3.3. Crude and adjusted estimates of the association (OR) between cutaneous 

malignant melanoma and death due to any cause, by histological subtype 

German registries Norway Spanish registries 

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 

Superficial spreading 1 1 1 1 1 1 

Lentigo maligna 
2.6 1.4 2.7 1.2 3.6 1.6 

(2.3-3.0) (1.2-1.7) (2.3-3.2) (1.0-1.4) (2.7-4.8) (1.2-2.3) 

Nodular 
4.6 3.3 3.7 2.9 6.5 5.2 

(4.1-5.1) (2.9-3.7) (3.5-4.0) (2.6-3.1) (5.2-8.0) (4.1-6.5) 

Acral lentiginous 
4.2 2.9 2.3 1.8 6 3.4 

(3.4-5.3) (2.3-3.7) (1.6-3.5) (1.2-2.8) (4.2-8.6) (2.0-3.0) 

Malignant melanoma, NOS 
2.1 1.9 2.3 2 2.8 2.4 

(2.9-1.4) (1.7-2.2) (2.1-2.4) (1.8-2.1) (2.3-3.4) (2.0-3.8) 

*corrected for sex, age and stage at diagnosis
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Figure 3.1: Morphology distribution by continent and country, all periods combined 
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Figure 3.2: Age-standardised 5-year net survival for patients diagnosed with cutaneous melanoma during 

2010- 2014 by continent, country and morphology group 
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Period of 
Superficial 
spreading 

Lentigo 
maligna Nodular 

Acral 
lentiginous Desmoplastic 

Malignant 
melanoma, 

diagnosis melanoma melanoma melanoma melanoma melanoma NOS Others Total 
No. % No. % No. % No. % No. % No. % No. % No. 

AFRICA 1 0.3 4 1.1 11 3.0 1 0.3 169 45.9 182 49.5 368 
Algeria 2000-2004 1 3.6 2 7.1 7 25.0 18 64.3 28 

2005-2009 13 11.0 105 89.0 118 
2010-2014 3 2.9 1 1.0 42 41.2 56 54.9 102 

Mauritius 2000-2004 
2005-2009 
2010-2014 4 100.0 4 

Nigeria 2000-2004 
2005-2009 1 2.9 32 91.4 2 5.7 35 
2010-2014 1 2.9 32 94.1 1 2.9 34 

South Africa 2000-2004 4 20.0 16 80.0 20 
2005-2009 1 11.1 8 88.9 9 
2010-2014 3 16.7 15 83.3 18 

AMERICA (CENTRAL AND SOUTH) 675 8.0 505 6.0 1,058 12.5 618 7.3 28 0.3 5,294 62.6 274 3.2 8,452 
Argentina 2000-2004 6 3.1 4 2.1 31 16.2 2 1.0 138 72.3 10 5.2 191 
(4 registries) 2005-2009 34 6.4 25 4.7 79 14.8 6 1.1 1 0.2 343 64.5 20 8.3 508 

2010-2014 27 6.8 21 5.3 47 11.8 5 1.3 274 72.1 11 2.8 385 
Brazil 2000-2004 12 2.3 21 3.9 82 15.4 14 2.6 393 73.7 11 2.1 533 
(4 registries) 2005-2009 41 6.0 22 3.2 85 12.5 10 1.5 1 0.1 507 74.6 14 2.1 680 

2010-2014 56 12.1 10 2.2 49 10.6 7 1.5 2 0.4 323 70.1 14 3.0 461 
Chile 2000-2004 4 4.3 8 8.5 12 12.8 9 9.6 59 62.8 2 2.1 94 
(4 registries) 2005-2009 37 11.0 16 4.8 55 16.4 22 6.5 2 0.6 184 54.8 20 6.0 336 

2010-2014 1 0.8 4 3.2 18 14.5 7 5.6 90 72.6 4 3.2 124 
Colombia 2000-2004 29 7.1 19 4.6 55 13.4 50 12.2 1 0.2 244 59.5 12 2.9 410 
(4 registries) 2005-2009 50 9.5 56 10.6 87 16.5 76 14.4 3 0.6 241 45.6 15 2.8 528 

2010-2014 32 7.4 49 11.3 68 15.6 76 17.5 2 0.5 193 44.4 15 3.4 435 
Costa Rica 2000-2004 49 16.4 34 11.4 38 12.7 50 16.7 3 1.0 117 39.1 8 2.7 299 

2005-2009 74 15.4 55 11.4 66 13.7 75 15.6 2 0.4 205 42.5 5 1.0 482 
2010-2014 90 13.8 103 15.8 49 7.5 65 10.0 3 0.5 318 48.8 23 3.5 651 

Ecuador 2000-2004 1 0.5 1 0.5 27 13.7 12 6.1 152 77.2 4 2.0 197 
(5 registries) 2005-2009 1 0.2 5 1.2 46 11.1 12 2.9 333 80.6 16 3.9 413 

2010-2014 8 1.7 7 1.5 58 12.3 19 4.0 1 0.2 357 76.0 20 4.3 470 
Guadeloupe (France) * 2000-2004 

2005-2009 8 47.1 1 5.9 3 17.6 4 23.5 1 5.9 17 
2010-2014 16 45.7 2 5.7 11 31.4 5 14.3 1 2.9 35 

Martinique (France) * 2000-2004 12 18.8 2 3.1 5 7.8 14 21.9 1 1.6 28 43.8 2 3.1 64 
2005-2009 18 28.6 4 6.3 8 12.7 20 31.7 9 14.3 4 6.3 63 
2010-2014 18 48.6 1 2.7 1 2.7 7 18.9 1 2.7 1 2.7 8 21.6 37 

Puerto Rico * 2000-2004 12 3.0 22 5.5 25 6.3 27 6.8 3 0.8 296 74.0 15 3.8 400 
2005-2009 19 4.4 8 1.9 36 8.4 14 3.3 1 0.2 340 79.3 11 2.6 429 
2010-2014 20 9.5 5 2.4 17 8.1 10 4.8 1 0.5 149 71.0 8 3.8 210 

AMERICA (NORTH) 212,215 30.2 43,662 6.2 52,461 7.5 7,482 1.1 7,528 1.1 358,887 51.0 20,859 3.0 703,094 
Canada 2000-2004 6,720 33.9 1,219 6.1 2,076 10.5 297 1.5 131 0.7 8,737 44.0 661 3.3 19,841 
(10 registries) 2005-2009 8,352 33.8 1,492 6.0 2,661 10.8 366 1.5 194 0.8 10,731 43.4 926 3.7 24,722 

2010-2014 10,737 37.4 2,301 8.0 3,119 10.9 391 1.4 266 0.9 11,139 38.8 762 2.7 28,715 
United States 2000-2004 53,051 27.4 11,152 5.8 12,881 6.6 1,852 1.0 2,180 1.1 106,076 54.7 6,725 3.5 193,917 
(41 registries) 2005-2009 69,539 29.7 14,051 6.0 16,731 7.1 2,336 1.0 2,583 1.1 122,226 52.1 6,980 3.0 234,446 

2010-2014 63,816 31.7 13,447 6.7 14,993 7.4 2,240 1.1 2,174 1.1 99,978 49.6 4,805 2.4 201,453 

ASIA 2,001 6.4 654 2.1 2,253 7.2 1,820 5.8 104 0.3 23,932 76.4 573 1.8 31,337 
China 2000-2004 196 97.5 5 2.5 201 
(21 registries) 2005-2009 1 0.2 4 0.7 542 96.4 15 2.7 562 

2010-2014 9 1.3 4 0.6 6 0.9 2 0.3 645 94.0 20 2.9 686 
Cyprus * 2000-2004 8 28.6 2 7.1 1 3.6 15 53.6 2 7.1 28 

2005-2009 72 30.0 8 3.3 59 24.6 2 0.8 86 35.8 13 5.4 240 
2010-2014 101 31.5 4 1.2 94 29.3 6 1.9 4 1.2 92 28.7 20 6.2 321 

India 2000-2004 4 80.0 1 20.0 5 
(2 registries) 2005-2009 25 100.0 25 

2010-2014 1 4.5 20 90.9 1 4.5 22 
Israel * 2000-2004 585 15.8 141 3.8 251 6.8 22 0.6 7 0.2 2,648 71.3 58 1.6 3,712 

2005-2009 407 9.0 110 2.4 316 7.0 23 0.5 9 0.2 3,614 79.9 42 0.9 4,521 
2010-2014 335 8.3 74 1.8 208 5.2 26 0.6 11 0.3 3,314 82.2 64 1.6 4,032 

Japan 2000-2004 13 1.5 7 0.8 7 0.8 13 1.5 2 0.2 816 94.7 4 0.5 862 
(16 registries) 2005-2009 36 2.0 31 1.7 53 2.9 78 4.3 2 0.1 1,605 88.2 14 0.8 1,819 

2010-2014 42 3.1 26 1.9 58 4.3 72 5.4 4 0.3 1,120 83.8 15 1.1 1,337 
Jordan * 2000-2004 1 1.1 1 1.1 6 6.7 3 3.3 75 83.3 4 4.4 90 

2005-2009 2 2.9 4 5.8 1 1.4 61 88.4 1 1.4 69 
2010-2014 2 3.6 2 3.6 5 9.1 44 80.0 2 3.6 55 

Korea * 2000-2004 17 1.3 7 0.5 87 6.8 156 12.2 3 0.2 982 77.1 22 1.7 1,274 
2005-2009 27 1.4 16 0.8 113 5.7 247 12.4 9 0.5 1,548 77.5 38 1.9 1,998 
2010-2014 39 1.6 20 0.8 192 7.7 399 16.0 16 0.6 1,790 71.6 43 1.7 2,499 

Kuwait * 2000-2004 2 40.0 3 60.0 5 
2005-2009 1 14.3 6 85.7 7 
2010-2014 1 16.7 1 16.7 4 66.7 6 

Qatar * 2000-2004 2 20.0 8 80.0 10 
2005-2009 1 7.1 3 21.4 9 64.3 1 7.1 14 
2010-2014 31 100.0 31 
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Period of 
diagnosis 

Superficial 
spreading 
melanoma 

Lentigo 
maligna 

melanoma 
Nodular 

melanoma 

Acral 
lentiginous 
melanoma 

Desmoplastic 
 melanoma 

Malignant 
melanoma, 

NOS Others Total 
No. % No. % No. % No. % No. % No. % No. % No. 

Singapore * 2000-2004 3 3.4 1 1.1 8 9.2 11 12.6 1 1.1 59 67.8 4 4.6 87 
2005-2009 17 13.1 2 1.5 15 11.5 19 14.6 71 54.6 6 4.6 130 
2010-2014 14 9.3 2 1.3 27 18.0 28 18.7 76 50.7 3 2.0 150 

Taiwan * 2000-2004 10 1.2 6 0.7 62 7.7 87 10.8 5 0.6 612 76.0 23 2.9 805 
2005-2009 33 3.3 5 0.5 81 8.1 167 16.8 8 0.8 667 67.0 34 3.4 995 
2010-2014 49 4.1 7 0.6 154 13.0 306 25.8 5 0.4 634 53.4 33 2.8 1,188 

Thailand 2000-2004 3 1.8 166 97.1 2 1.2 171 
(6 registries) 2005-2009 1 0.4 1 0.4 3 1.2 1 0.4 248 96.1 4 1.6 258 

2010-2014 1 0.4 3 1.1 5 1.9 4 1.5 246 92.5 7 2.6 266 
Turkey 2000-2004 21 7.4 20 7.1 48 17.0 10 3.5 181 64.0 3 1.1 283 
(9 registries) 2005-2009 67 5.4 58 4.7 187 15.2 67 5.4 7 0.6 810 65.7 36 2.9 1,232 

2010-2014 91 6.8 94 7.0 192 14.3 65 4.8 7 0.5 859 64.1 33 2.5 1,341 
EUROPE 278,225 43.0 34,048 5.3 78,728 12.2 8,281 1.3 2,591 0.4 217,463 33.6 28,392 4.4 647,728 

Austria * 2000-2004 1,433 25.9 258 4.7 384 6.9 48 0.9 11 0.2 3,306 59.8 89 1.6 5,529 
2005-2009 1,236 20.2 245 4.0 405 6.6 55 0.9 22 0.4 4,044 66.3 97 1.6 6,104 
2010-2014 1,522 20.2 290 3.9 383 5.1 54 0.7 23 0.3 5,180 68.9 65 0.9 7,517 

Belgium * 2000-2004 619 41.5 50 3.3 121 8.1 23 1.5 4 0.3 645 43.2 31 2.1 1,493 
2005-2009 3,852 45.1 380 4.4 785 9.2 146 1.7 25 0.3 3,181 37.2 177 2.1 8,546 
2010-2014 5,590 47.1 725 6.1 940 7.9 190 1.6 43 0.4 4,128 34.8 250 2.1 11,866 

Bulgaria * 2000-2004 20 1.3 1 0.1 151 9.4 1 0.1 1,245 77.9 180 11.3 1,598 
2005-2009 27 1.4 6 0.3 271 14.1 3 0.2 4 0.2 1,421 74.1 186 9.7 1,918 
2010-2014 90 3.8 8 0.3 379 16.1 7 0.3 4 0.2 1,661 70.4 210 8.9 2,359 

Croatia * 2000-2004 2 0.1 1 0.0 9 0.4 5 0.2 1 0.0 2,174 99.0 5 0.2 2,197 
2005-2009 39 1.4 122 4.4 3 0.1 1 0.0 2,622 93.8 9 0.3 2,796 
2010-2014 288 10.1 9 0.3 174 6.1 25 0.9 4 0.1 2,298 80.5 57 2.0 2,855 

Czech Republic * 2000-2004 2,214 28.6 361 4.7 2,016 26.0 53 0.7 46 0.6 2,546 32.9 507 6.5 7,743 
2005-2009 3,142 33.6 438 4.7 2,080 22.2 93 1.0 106 1.1 2,964 31.7 540 5.8 9,363 
2010-2014 4,082 38.2 442 4.1 2,033 19.0 93 0.9 142 1.3 3,335 31.2 567 5.3 10,694 

Denmark * 2000-2004 2,597 46.8 136 2.5 444 8.0 17 0.3 9 0.2 2,318 41.8 27 0.5 5,548 
2005-2009 5,384 65.1 218 2.6 757 9.2 66 0.8 5 0.1 1,778 21.5 61 0.7 8,269 
2010-2014 8,123 75.1 329 3.0 943 8.7 77 0.7 43 0.4 1,229 11.4 69 0.6 10,813 

Estonia * 2000-2004 27 4.4 28 4.6 24 4.0 5 0.8 4 0.7 109 18.0 410 67.5 607 
2005-2009 32 4.1 15 1.9 14 1.8 8 1.0 5 0.6 203 26.1 500 64.4 777 
2010-2014 28 4.7 11 1.8 29 4.8 17 2.8 2 0.3 305 50.9 207 34.6 599 

Finland * 2000-2004 2 0.1 3,576 99.9 3,578 
2005-2009 137 2.9 102 2.1 76 1.6 10 0.2 4 0.1 4,452 93.0 4 0.1 4,785 
2010-2014 539 8.2 260 3.9 216 3.3 16 0.2 8 0.1 5,539 84.1 8 0.1 6,586 

France 2000-2004 2,552 56.8 375 8.3 518 11.5 114 2.5 16 0.4 565 12.6 352 7.8 4,492 
(11 registries) 2005-2009 4,419 60.9 640 8.8 706 9.7 155 2.1 42 0.6 817 11.3 483 6.7 7,262 

2010-2014 1,265 65.8 140 7.3 176 9.2 46 2.4 7 0.4 180 9.4 109 5.7 1,923 
Germany 2000-2004 8,389 42.2 1,691 8.5 2,691 13.5 387 1.9 49 0.2 6,100 30.7 590 3.0 19,897 
(10 registries) 2005-2009 13,714 45.6 2,674 8.9 3,873 12.9 570 1.9 77 0.3 8,375 27.8 806 2.7 30,089 

2010-2014 13,691 47.7 2,295 8.0 3,539 12.3 513 1.8 87 0.3 7,897 27.5 705 2.5 28,727 
Gibraltar * 2000-2004 4 30.8 4 30.8 4 30.8 1 7.7 13 

2005-2009 5 29.4 8 47.1 2 11.8 2 11.8 17 
2010-2014 1 100.0 1 

Iceland * 2000-2004 124 48.6 13 5.1 18 7.1 7 2.7 1 0.4 92 36.1 255 
2005-2009 132 52.8 16 6.4 17 6.8 3 1.2 1 0.4 80 32.0 1 0.4 250 
2010-2014 134 64.4 7 3.4 26 12.5 1 0.5 2 1.0 37 17.8 1 0.5 208 

Ireland * 2000-2004 771 30.7 184 7.3 418 16.6 36 1.4 20 0.8 1,007 40.1 78 3.1 2,514 
2005-2009 980 29.0 294 8.7 527 15.6 52 1.5 35 1.0 1,365 40.4 124 3.7 3,377 
2010-2014 1,427 39.9 359 10.0 494 13.8 69 1.9 48 1.3 1,121 31.3 61 1.7 3,579 

Italy 2000-2004 5,044 35.6 435 3.1 1,411 10.0 155 1.1 54 0.4 4,548 32.1 2,515 17.8 14,162 
(43 registries) 2005-2009 8,769 37.8 626 2.7 2,185 9.4 254 1.1 79 0.3 6,016 26.0 5,246 22.6 23,175 

2010-2014 3,664 39.5 202 2.2 907 9.8 97 1.0 26 0.3 1,773 19.1 2,601 28.1 9,270 
Latvia * 2000-2004 12 1.7 1 0.1 36 5.2 2 0.3 1 0.1 353 50.7 291 41.8 696 

2005-2009 2 0.2 1 0.1 45 5.4 424 51.1 357 43.1 829 
2010-2014 4 0.4 32 3.3 1 0.1 2 0.2 410 42.0 527 54.0 976 

Lithuania * 2000-2004 73 6.6 15 1.4 70 6.3 7 0.6 938 84.7 4 0.4 1,107 
2005-2009 336 26.9 39 3.1 273 21.9 13 1.0 3 0.2 573 45.9 12 1.0 1,249 
2010-2014 331 34.4 41 4.3 226 23.5 13 1.4 2 0.2 339 35.3 9 0.9 961 

Malta * 2000-2004 59 37.8 5 3.2 29 18.6 1 0.6 1 0.6 54 34.6 7 4.5 156 
2005-2009 85 46.2 6 3.3 15 8.2 1 0.5 1 0.5 72 39.1 4 2.2 184 
2010-2014 88 43.8 11 5.5 25 12.4 4 2.0 1 0.5 71 35.3 1 0.5 201 

Netherlands * 2000-2004 8,326 58.7 509 3.6 2,046 14.4 132 0.9 34 0.2 2,630 18.6 499 3.5 14,176 
2005-2009 12,494 65.3 663 3.5 2,473 12.9 138 0.7 60 0.3 2,781 14.5 517 2.7 19,126 
2010-2014 18,354 71.2 1,317 5.1 2,931 11.4 229 0.9 115 0.4 2,385 9.2 455 1.8 25,786 

Norway * 2000-2004 2,780 54.4 158 3.1 1,103 21.6 40 0.8 33 0.6 967 18.9 29 0.6 5,110 
2005-2009 3,143 50.8 197 3.2 1,304 21.1 32 0.5 44 0.7 1,428 23.1 34 0.5 6,182 
2010-2014 4,853 55.8 266 3.1 1,642 18.9 38 0.4 46 0.5 1,798 20.7 59 0.7 8,702 

Poland * 2000-2004 509 5.4 205 2.2 566 6.0 37 0.4 5 0.1 7,413 78.7 687 7.3 9,422 
2005-2009 847 7.1 259 2.2 956 8.0 48 0.4 5 0.0 9,291 77.7 545 4.6 11,951 
2010-2014 1,380 9.5 193 1.3 1,216 8.4 60 0.4 19 0.1 10,938 75.6 655 4.5 14,461 

Portugal * 2000-2004 323 12.8 81 3.2 233 9.2 80 3.2 5 0.2 1,766 69.7 45 1.8 2,533 
2005-2009 748 19.9 157 4.2 355 9.4 136 3.6 12 0.3 2,283 60.8 66 1.8 3,757 
2010-2014 1,214 39.6 151 4.9 425 13.9 107 3.5 15 0.5 1,064 34.7 92 3.0 3,068 
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Period of 
Superficial 
spreading 

Lentigo 
maligna Nodular 

Acral 
lentiginous Desmoplastic 

Malignant 
melanoma, 

diagnosis melanoma melanoma melanoma melanoma  melanoma NOS Others Total 
No. % No. % No. % No. % No. % No. % No. % No. 

Romania (Cluj) 2000-2004 
2005-2009 17 7.9 1 0.5 33 15.3 137 63.7 27 12.6 215 
2010-2014 58 26.2 2 0.9 53 24.0 3 1.4 1 0.5 85 38.5 19 8.6 221 

Russia 2000-2004 5 0.4 2 0.1 21 1.6 1 0.1 943 69.9 377 27.9 1,349 
(3 registries) 2005-2009 16 1.0 5 0.3 41 2.6 1 0.1 1 0.1 1,316 82.8 210 13.2 1,590 

2010-2014 16 0.8 1 0.1 115 5.8 4 0.2 1,623 82.2 216 10.9 1,975 
Slovakia * 2000-2004 1,141 45.2 130 5.2 553 21.9 38 1.5 4 0.2 542 21.5 115 4.6 2,523 

2005-2009 1,494 47.3 138 4.4 689 21.8 31 1.0 11 0.3 720 22.8 77 2.4 3,160 
2010-2014 363 51.4 22 3.1 164 23.2 9 1.3 4 0.6 137 19.4 7 1.0 706 

Slovenia * 2000-2004 492 33.1 60 4.0 277 18.6 19 1.3 5 0.3 525 35.3 109 7.3 1,487 
2005-2009 882 42.0 74 3.5 284 13.5 18 0.9 4 0.2 724 34.5 114 5.4 2,100 
2010-2014 899 44.6 48 2.4 224 11.1 21 1.0 7 0.3 783 38.8 34 1.7 2,016 

Spain 2000-2004 1,486 39.2 272 7.2 521 13.8 145 3.8 20 0.5 1,064 28.1 278 7.3 3,786 
(10 registries) 2005-2009 2,024 42.4 370 7.8 676 14.2 166 3.5 36 0.8 1,188 24.9 308 6.5 4,768 

2010-2014 1,198 44.4 188 7.0 411 15.2 83 3.1 28 1.0 659 24.4 130 4.8 2,697 
Sweden * 2000-2004 4,549 49.4 496 5.4 1,509 16.4 103 1.1 32 0.3 2,477 26.9 45 0.5 9,211 

2005-2009 6,319 52.9 732 6.1 2,077 17.4 125 1.0 67 0.6 2,566 21.5 50 0.4 11,936 
2010-2014 9,437 59.8 1,041 6.6 2,375 15.1 155 1.0 90 0.6 2,620 16.6 56 0.4 15,774 

Switzerland 2000-2004 2,014 49.3 433 10.6 559 13.7 157 3.8 22 0.5 797 19.5 105 2.6 4,087 
(9 registries) 2005-2009 2,686 51.0 497 9.4 584 11.1 149 2.8 27 0.5 1,191 22.6 135 2.6 5,269 

2010-2014 3,048 55.0 661 11.9 517 9.3 192 3.5 15 0.3 985 17.8 119 2.1 5,537 
United Kingdom * 2000-2004 15,962 39.6 2,142 5.3 5,109 12.7 521 1.3 155 0.4 15,485 38.4 951 2.4 40,325 

2005-2009 25,047 46.0 3,254 6.0 6,925 12.7 714 1.3 225 0.4 17,094 31.4 1,189 2.2 54,448 
2010-2014 37,002 54.0 4,940 7.2 8,735 12.7 1,033 1.5 373 0.5 15,586 22.7 895 1.3 68,564 

OCEANIA 83,091 44.3 14,753 7.9 16,302 8.7 1,025 0.5 2,978 1.6 61,521 32.8 7,842 4.2 187,512 
Australia * 2000-2004 18,244 37.6 3,523 7.3 3,930 8.1 230 0.5 805 1.7 19,244 39.6 2,574 5.3 48,550 

2005-2009 24,151 43.7 5,186 9.4 4,574 8.3 274 0.5 918 1.7 17,740 32.1 2,384 4.3 55,227 
2010-2014 26,279 50.0 4,376 8.3 4,643 8.8 288 0.5 894 1.7 13,506 25.7 2,539 4.8 52,525 

New Zealand * 2000-2004 3,633 40.3 563 6.2 889 9.9 68 0.8 105 1.2 3,617 40.1 146 1.6 9,021 
2005-2009 4,998 46.9 488 4.6 1,034 9.7 65 0.6 122 1.1 3,891 36.5 70 0.7 10,668 
2010-2014 5,786 50.2 617 5.4 1,232 10.7 100 0.9 134 1.2 3,523 30.6 129 1.1 11,521 

Total 576,207 36.5 93,623 5.9 150,806 19.1 19,237 1.2 13,230 0.0 667,266 42.3 58,122 3.7 1,578,482 

* Data with 100% coverage of the national population
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Preface to Chapter 4 

In Research Paper 2, I highlight the global variation in the distribution of morphological 

subtypes of melanoma of the skin, because countries in Asia and Central and South America 

show a higher proportion of the nodular and acral lentiginous subtypes. These subtypes are 

also characterised by the lowest five-year net survival everywhere. I underline the difficulties 

in early detection and diagnosis of these aggressive subtypes, their hidden location, and the 

low public awareness, which may help to explain the poor prognosis, even after adjustment 

for the main prognostic factors, i.e., sex, age and stage at diagnosis.  

This chapter (Research Paper 3) addresses the fourth and fifth objectives of my thesis, i.e., to 

explain the reasons for the higher survival in women than in men, in all countries. I examine 

the differences in the distribution of relevant prognostic factors between men and women, i.e., 

age at diagnosis, anatomic location and stage at diagnosis, and I estimate five-year net 

survival by the main prognostic factors for both women and men, in each country.  

Several studies in Europe and the United States have shown a survival advantage for women 

with melanoma.80,117 A biological difference in the oestrogen receptor β expression (Erβ) has 

been suggested as a possible explanation. Erβ is postulated to have a protective effect against 

tumour formation because it reduces uncontrolled cell proliferation. The loss of Erβ expression 

was more pronounced in melanoma tissue than in adjacent healthy skin. It is also more 

pronounced in men than in women, and in post-menopausal than in pre-menopausal 

women.190  

Differences in help-seeking behaviour may also play a role in the survival benefit for women. 

Traditionally, women tend to visit their healthcare provider more often and to perform skin 

checks more frequently than men. This can translate to a higher percentage of disease 

diagnosed at an early stage in women than in men, which could explain part of the survival 

gap.83,159  

In this chapter, I show that the differences in survival between men and women are particularly 

pronounced in Brazil, Bulgaria, Ecuador, Lithuania, Poland, Romania, Russia and Türkiye. 

Overall, men with melanoma were generally older than women. Survival is lower at older ages 

in most countries, for both men and women. However, older age at diagnosis among men is 

only one of the possible explanations for the lower prognosis.  

Men are more frequently diagnosed with a melanoma on the scalp or neck, which is also 

associated with a worse prognosis. The proportion of men diagnosed with metastatic 
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melanoma is also slightly higher in men than women, and five-year net survival for metastatic 

melanoma is substantially lower than for localised disease. 

It was not possible to produce a robust international comparison of survival by morphologic 

subtype in both men and women, because of the high proportion of tumours coded with a non-

specific morphology code (malignant melanoma, NOS, ICD-O-3 code 8720), as documented 

in Research Paper 2. 

In summary, several factors contribute to explain the poorer prognosis for men with cutaneous 

melanoma. Men tend to be older, with a higher proportion of lesions in more lethal locations, 

and are more often diagnosed with metastatic disease.  
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4. Sex differences in survival from melanoma of the skin:

the role of age, anatomic location and stage at

diagnosis: a CONCORD-3 study in 59 countries

4.1 Introduction 

Over the last few decades,191 the incidence of melanoma of the skin has increased for both 

men and women world-wide. In 2020, the age-standardised incidence rates reached their 

highest level for men in Australia (42.9 per 100,000 person-year) and for women in Denmark 

(33.6).192 

The third cycle of the CONCORD programme for the global surveillance of cancer survival 

(CONCORD-3)64 highlighted wide disparities in five-year net survival for 18 common cancers 

in adults (15–99 years), including cutaneous melanoma. Age-standardised five-year net 

survival for adults diagnosed with melanoma during 2010–2014 was 90% or higher in the USA, 

Australia, New Zealand and most Nordic countries, but 60% or lower in Ecuador, China, 

Korea, Singapore and Taiwan. The more detailed analysis presented in Chapter 3 of the 

distribution of histological subtypes, and survival for each subtype, using melanoma data 

contributed to CONCORD-3,  has shown that the frequency of more aggressive nodular and 

acral lentiginous melanomas is higher in Asia and in Central and South America.193 The 

prognosis for these two subtypes is poorer than for superficial spreading melanoma, which 

partially explains the global inequalities in survival for all melanoma subtypes combined. 

Population-based studies in Europe, the United States and Oceania have shown a survival 

advantage in women with cutaneous melanoma.83,103,117,160,171 A biological difference in the 

oestrogen receptor β (Erβ) expression has been suggested as an explanation, with Erβ 

postulated to have a protective effect against tumour formation because it reduces 

uncontrolled cell proliferation. The loss of Erβ expression was more pronounced in melanoma 

than in adjacent healthy skin, in men than in women, and in post-menopausal than in pre-

menopausal women.194 The survival gap between men and women is therefore postulated to 

be less marked at older ages, because Erβ expression declines in women after the 

menopause.  

However, there are conflicting findings about the influence of age on the sex differences in 

survival from melanoma. Some studies have shown an advantage only for younger 

women,159,195 or for all age groups,83,174,196 while other studies have shown gender differences 

in survival only for the elderly, and not for younger patients.21,197  
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A higher proportion of advanced melanoma in men than women has also been postulated as 

accounting for lower survival in men.83,159 However, as with the role of age, there are conflicting 

results. A survival advantage for women at all stages of disease has been found in Australia, 

in the Netherlands and in the USA,198-201 whereas the female survival advantage was limited 

to earlier stage of disease in the USA for patients diagnosed during 1992-2011.83 No findings 

on this point were available from African, Asian or Latin American countries.  

We set out to examine the differences in the distribution of age at diagnosis, anatomic location 

and stage at diagnosis for women and men diagnosed with cutaneous melanoma during 

2000–2014 in the 59 countries from which population-based data were contributed to 

CONCORD-3. We estimated trends in age-standardised five-year net survival by sex, further 

stratifying by age, anatomic location and stage at diagnosis, to examine the role of each 

variable on the survival advantage for women. 

4.2 Methods 

For CONCORD-3, data were contributed by 322 population-based cancer registries in 71 

countries for 37,513,025 patients diagnosed with one of 18 cancers or groups of malignancies 

during 2000-2014, including 2,303,095 patients with melanoma. Patients were followed up for 

their vital status to 31 December 2014. Data acquisition, ethical approvals and data quality 

control have been described.64  

Cancer registries were invited to contribute all registrations for melanoma, defined by 

morphology codes in the range 8720-8790 of the International Classification of Diseases for 

Oncology, third revision [ICD-O-3].46 We focused this analysis on melanomas arising in the 

skin (ICD-O-3 topography C44.0-C44.9), including the skin of the labia majora (C51.0), vulva 

(C51.9), penis (C60.9) and scrotum (C63.2). We requested data on all melanoma 

registrations, regardless of tumour behaviour, whether benign (behaviour code 0), uncertain 

(1), in situ (2) or invasive (3), to obtain some indication of the intensity of diagnostic activity. 

However, survival analyses included only primary, invasive melanomas. Quality control 

procedures have been described.202  

We examined the differences in the distribution of relevant prognostic factors between men 

and women, i.e., age at diagnosis, anatomic location and stage at diagnosis. To evaluate the 

extent to which Erβ expression may play a role in explaining the survival advantage for women, 

we grouped patients into five age groups, based upon reproductive age bands for women: 15-

29 (adolescent and young adults), 30-44 (pre-menopausal), 45-59 (menopausal), 60-74 (post-

menopausal) and 75-99 (older adults) years. The working assumption was that sex differences 
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in survival would be smaller or disappear in older patients, when the Erβ expression decreases 

in women. 

Patients were grouped into five broad anatomic locations according to the ICD-O-3 

classification: head and neck (topography codes C440-C444), trunk (C445), limbs (C446, 

C447), genital organs (C519, C609, C632, C510) and locations that were not otherwise 

specified, or overlapping regions (C448, C449). Within the melanomas of the head and neck, 

we further defined two subgroups: melanomas on the face and ears (C440-C443) and on the 

scalp and neck (C444). We sub-categorised melanomas located on the limbs as arising on 

the upper limbs and shoulder (C446) or on the lower limbs and hips (C447). 

Cancer registries were invited to provide data on stage at diagnosis, using one or more 

classifications: the UICC Tumour-Node-Metastasis staging system, 7th edition,36 Condensed 

TNM,167 or SEER Summary Stage 2000.107 We categorised stage into two broad groups, 

because of different treatment strategies: non-metastatic (TNM Stage: I, II and III; SEER 

Summary Stage 2000: Localised and regional) vs. metastatic melanoma (TNM Stage: IV; 

SEER Summary Stage 2000: Distant).  

We examined the distribution of age at diagnosis, anatomic location and stage at diagnosis in 

men and women and in each country.  

We estimated trends in 5-year net survival by sex, country, calendar period and age group. 

We also estimated survival by anatomic location for men and women in each calendar period. 

We estimated net survival with the non-parametric Pohar Perme estimator,72 using the STATA 

command stns.164 We examined survival for patients diagnosed in each of three calendar 

periods: 2000-2004, 2005-2009, 2010-2014. The cohort approach was used for patients 

diagnosed during 2000-2004 and 2005-2009, because they had all been followed up for at 

least five years. We used the period approach78 to estimate survival for patients diagnosed 

during 2010-2014, because five years of follow-up for vital status were not available for all 

patients by 31 December 2014. 

Stage at diagnosis was an optional variable for CONCORD-3. Therefore, the distributions of 

stage at diagnosis and survival by stage were only produced for registries from which data 

were available for at least 70% of patients diagnosed in each calendar period. The CONCORD 

protocol required data on stage of disease at the time of diagnosis for patients diagnosed from 

2001 onward, because the completeness of data on stage in many countries was known to 

be much lower before 2001. 

The method of data collection for stage changed in the United States.107 During 2001-2003, 

most cancer registries coded the Surveillance, Epidemiology, and End Results (SEER) 
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Summary Stage 2000 directly from the medical records; from 2004 onwards, all registries 

derived stage from 15 pathological and clinical data items, using the Collaborative Staging 

System.203  

Stage-specific survival was estimated with the cohort approach for patients diagnosed during 

2001–03 and 2004-2008, while the complete approach was used for 2009–2014.  

To control for wide differences in background mortality between countries or geographical 

areas, between men and women, and over time, we constructed life tables of all-cause 

mortality in the general population for each country or registry by single year of age, sex, single 

calendar year and, where possible, by race/ethnicity (Israel, Singapore, United States, the 

Northern Territory in Australia, and New Zealand). 

Age-standardised estimates were obtained using the International Cancer Survival Standard 

weights designed for cancers with broadly constant incidence by age (type 2 weights: 0.28, 

0.17, 0.21, 0.20 and 0.14).77 We did not estimate survival if fewer than ten patients were 

available for analysis in a given combination of anatomic location (or stage at diagnosis), sex 

and calendar period. If 10-49 patients were available for analysis in a given calendar period, 

we only estimated unstandardised survival for all ages combined. If 50 or more patients were 

available, we attempted to estimate survival for each age group. If a single age-specific 

estimate could not be obtained, we merged the data for adjacent age groups and assigned 

the combined estimate to both age groups before standardisation for age. If two or more age-

specific estimates could not be obtained, we present only the unstandardised estimate for all 

ages combined. The pooled estimates for countries with more than one registry do not include 

data from registries for which the estimates were considered less reliable (see Table 3), unless 

such estimates were the only ones available for a given country.  

We only comment on survival by anatomic site for countries where at least 70% of the tumours 

were recorded with a specific ICD-O-3 topography code (i.e., C440-447, C510, C519, C609 

C632), rather than the non-specific codes C448 or C449. Comments are also restricted to 

reliable, age-standardised survival estimates.  

4.3 Results 

We obtained data on 2,303,095 adults who were diagnosed with melanoma during 2000-2014 

from 284 registries in 59 countries (Table 1).  

Overall, 28% of patients were diagnosed with an in situ melanoma. The proportion was 20% 

or higher in Australia, Austria, Belgium, Ireland, Israel, the Netherlands, Puerto Rico, Sweden, 

the UK and the US (Table 1), indicating a highly effective approach to early diagnosis. The 
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proportion of melanomas of benign or uncertain behaviour was particularly high in Norway 

(22%), highlighting intensive activity of monitoring atypical naevi and pre-malignant lesions.  

Exclusion of the 716,554 melanomas with a non-invasive behaviour left 1,586,551 patients 

eligible for inclusion in survival analyses. We further excluded 7,139 patients (0.5%) whose 

melanoma was diagnosed only from a death certificate or discovered at autopsy and 908 

patients (less than 0.1%) for whom the information on the vital status or the sex was unknown. 

Finally, 1,578,482 patients diagnosed with a primary, invasive melanoma of the skin were 

available for survival analysis, 99.5% of those eligible. More than 99% of these tumours were 

microscopically confirmed, either cytologically or histologically.  

The proportion of women with melanoma ranged between 25% in China and 64% in 

Switzerland and the UK (proportions not shown). Women were generally younger than men 

in most countries (Table 2). Men diagnosed with melanoma were slightly younger than women 

only in Korea (61 vs. 64 years), Türkiye (58 vs. 59 years), Latvia (63 vs. 65 years), Lithuania 

(61 vs. 62 years) and Russia (57 vs. 59 years).  

The anatomic distribution by sex, continent and country is presented in Figure 1. The anatomic 

site distribution was rather stable during 2000-2014. The trunk was the most common primary 

location for melanomas in men in Europe, North America, and Oceania, with proportions 

ranging between 31% (Ireland) and 58% (Estonia), while the lower limbs and hips were the 

most common primary location in women, ranging between 26% (Austria and Finland) and 

40% (Ireland). In South-East Asia, the lower limbs and hips were the most common primary 

site for both men (range 41%-58%) and women (37%-60%).  

Melanoma arising on the head and neck accounted for 22% of the lesions in men and 13% in 

women. Of those lesions, most were located on the face and ears (62% and 75% in men and 

women, respectively); the remaining tumours were located on the scalp and neck. Patients 

with melanomas on the face and ears were considerably older than other patients (median 

age at diagnosis: 71 years for face and ears; 66 for scalp and neck; 58 for truncal locations; 

62 for upper limbs and shoulders; 57 lower limbs and hips). In Central and South America, we 

observed a slightly higher proportion of melanomas on the face and ears in men (10%-23%) 

and women (5-19%) than in other regions of the world. 

Only 6% of all cases were recorded with lesions on overlapping regions or not otherwise 

specified (NOS) location. Melanoma of the skin of the genital organs in men was extremely 

rare, with a total of 480 cases (less than 0.01%) worldwide. Melanoma of the skin of the labia 

majora and vulva accounted for less than 1% of all registrations in women worldwide (5,039 

patients), but the proportion was higher in China, Japan and Thailand (4%), Singapore (6%) 
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and Kuwait (10%).  Over 60% of women with melanoma of the skin of genital organs were 

aged 65 years or older. 

In all countries, metastatic melanoma was more frequent in men than women (Supplementary 

table 1). During 2009-2014, the proportion of metastatic melanoma in  men ranged from 1% 

in the Netherlands to 23% in Thailand, while in women the proportion ranged from less than 

1% in Northern Ireland, Switzerland, Norway and the Netherlands to 21% in Thailand. Overall, 

the proportion of metastatic disease was 5-8% higher in men than in women in Puerto Rico 

(12% vs. 6%), Türkiye (17% vs. 9%) and Russia (11% vs. 6%). No difference in stage at 

diagnosis between women and men was observed in Japan, Germany, Italy, the Netherlands 

and Norway. 

Survival by sex 

For patients diagnosed during 2010-2014, age-standardised 5-year net survival in men was 

85% or higher in North America and Oceania, in the range 48-73% in Central and South 

America, 43-86% in Asia and 54-92% in Europe (Table 3). Survival in women was 92% or 

higher in North America and Oceania, in the range 67-81% in Central and South America, 54-

89% in Asia and 69-95% in Europe.  

The gap In five-year survival between men and women was from 10% to 30% in Argentina 

(63% vs. 74%), Brazil (59% vs.81%), Ecuador (48% vs. 77%), Taiwan (43% vs. 61%), Türkiye 

(53% vs. 70%), Latvia (65% vs. 77%), Lithuania (63% vs. 83%), Spain (81% vs. 92%) and all 

eastern European countries, with the sole exception of Czech Republic. The gap was 3% or 

lower in Singapore, Austria, Germany, Iceland and Switzerland.  

Survival was generally higher in women than in men throughout the 15-year period 2000-2014 

(Supplementary Figure 1). 

Survival improved for both men and women in most countries over time. Age-standardised 5-

year net survival in men increased by 10% or more in Bulgaria (from 43% in 2000-2004 to 

54% in 2010-2014), Croatia (from 62% to 75%), and Estonia (from 59% to 78%). For women, 

substantial increases were also seen in Taiwan (from 51% to 61%), Türkiye (from 56% to 

71%) and Lithuania (from 72% to 82%) (Supplementary Figure 2).  

Survival by age group 

In most countries, 5-year survival during 2010-2014 was higher in women than in men in all 

age groups, and it was progressively lower at older ages for both sexes (Table 3). 

Results for the impact of age on the sex gap in survival showed striking contrasts. The gap in 

survival was progressively lower with increasing age in Bulgaria, Croatia, Czech Republic, 
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Ecuador, the Netherlands, Poland, Russia and the United States (Supplementary Figure 3). 

In these countries, the differences in 5-year net survival between men and women were more 

pronounced in younger patients (15-29 years) than older patients (75-99 years).  

However, the sex gap in five-year survival did not change substantially with increasing age in 

Brazil, Canada, Finland, Germany, Israel, Italy or Switzerland. Further, in Australia, Belgium, 

Denmark, France, New Zealand, Slovakia, Spain, Sweden and the UK, the gap in survival 

actually widened with increasing age.  

Survival by anatomic location 

Head and neck 

Survival for melanomas located on the scalp and neck was lower than for those located on 

the face and ears, for both sexes and in most countries (Figure 2). During 2010-2014, age-

standardised 5-year net survival for melanomas on the face and ears was in the range 44-

99% in men and 60-97% in women. For the scalp and neck, however, survival was in the 

range 31-90% in men and 28-94% in women.  

Survival was higher in women than in men for both anatomic sites in most countries (Figure 

2). In Korea, the survival advantage for women was 20% or more for melanomas located on 

the face and ears (44% vs. 67%) and on the scalp and neck (31% vs. 62%). In Slovakia, by 

contrast, five-year net survival was as low as 28% for women diagnosed during 2010-2014, 

the lowest in Europe. Survival was much higher in men (55%). 

Trunk 

For men diagnosed with a melanoma of the trunk during 2010-2014, age-standardised five-

year net survival was in the range 88-93% in North America and Oceania, 66-76% in Central 

and South America, 42-91% in Asia and 54-95% in Europe (Figure 2). For women, it was in 

the range 91-95% in North America and Oceania, 75-88% in Central and South America, 52-

89% in Asia and 65-95% in Europe. For most countries in Europe, and in North America and 

Oceania, the absolute difference between 5-year net survival between men and women was 

less than 5%. The survival gap was higher than 15% in Brazil (68% vs. 84%). Five-year net 

survival was lower than 55% for both men and women in Korea and Taiwan. 

Upper and lower limbs 

In most countries, survival from melanomas of the upper limbs and shoulders was slightly 

higher than for the lower limbs and hips, and it was generally higher for women than men in 

both anatomic locations, but the global range was very wide. During 2010-2014, age-

standardised 5-year net survival for melanomas of the upper limbs and shoulders was in the 
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range 52-98% in men and 66-98% in women. For the lower limbs and hips, five-year survival 

was in the range 21-94% in men and 20-97% in women.  

During 2010-2014, the survival advantage for women diagnosed with melanoma on the upper 

limbs and shoulders was 20% or more in Bulgaria (56% in men vs. 77% in women), Lithuania 

(66% vs. 92%) and Türkiye (57% vs. 92%); for the lower limbs and hips, it was 20% or more 

in Brazil (58% vs. 87%), Lithuania (45% vs. 80%), Russia (52% vs. 76%), Slovakia (63% vs. 

84%), Slovenia (63% vs. 85%) and Taiwan (46% vs. 69%). 

Skin of the labia majora and vulva in women; skin of the penis and scrotum in men 

In 5 out of 6 countries for which it was possible to obtain age-standardised estimates, 5-year 

net survival for women diagnosed with melanoma of the vulva or labia majora during 2010-

2014 was in the range 35-66% in women (data not shown). For men, most estimates of 5-year 

net survival were not age-standardised because of the small number of patients available for 

analysis. 

Survival by stage 

During 2009-2014, age-standardised 5-year net survival for non-metastatic melanoma was 

higher in women than in men in all countries, except in Puerto Rico (Figure 3). Five-year 

survival ranged between 59% (Russia) and 96% (Germany and Australia) in men and between 

69% (Puerto Rico) and 98% (Germany, Northern Ireland and Australia) in women. The gap in 

survival between men and women diagnosed with localised disease was 10% or more in 

Estonia (78% vs. 91%), Northern Ireland (78% vs. 98%), Russia (59% vs. 78%) and Türkiye 

(64% vs. 76%). The gap was 3% or lower in the US (93% vs. 96%), Canada (92% vs. 95%), 

Germany (96% vs. 98%), Denmark (94% vs. 95%), Italy (90% vs. 93%), Spain (89% vs. 91%) 

and Australia (96% vs. 98%). For localised disease, it was not possible to stratify the analysis 

by detailed clinical stage, because this information was scant at population level. 

For melanoma diagnosed at metastatic stage, however, we were only able to produce age-

standardised net survival separately for men and women in 7 countries, because the incidence 

of metastatic melanoma is much lower than that of localised disease. Age-standardised 5-

year net survival for metastatic melanoma ranged from 15% (the Netherlands) to 38% 

(Australia) in men, and from 16% (Canada and the Netherlands) to 46% (Germany) in women. 

The gap in survival between men and women was higher than 10% in Germany (30% vs. 

46%). We observed no gap between men and women in survival from metastatic melanoma 

in Canada or the Netherlands. 
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4.4 Discussion 

This study of over 1.5 million adults diagnosed with cutaneous melanoma world-wide during 

2000–2014 highlights wide global differences in survival between men and women. To our 

knowledge, this is the largest study to date on survival trends for cutaneous melanoma by sex 

and other prognostic factors. Our database includes data collected with the same protocol, 

harmonised through complex data quality control procedures, and analysed centrally with the 

same statistical methods.  

Consistent with previous studies in Europe117,160 and the United States,80 we have shown 

persistently higher survival in women than men in most countries, throughout the period 2000-

2014. The reasons for the poorer prognosis in men are not fully understood.  

Several studies have shown that men diagnosed with cutaneous melanoma are generally 

older than women.83,117,174,198 This has been confirmed by our findings. In most countries, the 

median age at diagnosis was 7 year higher in men than in women. Older age at diagnosis is 

a predictor of poor survival for most tumours, including cutaneous melanoma.103,117,160  

When examining the influence of age at diagnosis on sex differences in melanoma survival, 

studies have reported conflicting findings.159,174,197 Some studies have found that survival 

differences between men and women were more pronounced in younger than older 

patients.122 We observed similar patterns in the United States, the Netherlands, Ecuador, 

Croatia and most eastern European countries. These findings seem compatible with a 

protective role of ERβ expression in the prognosis of cutaneous melanoma, since ERβ 

expression is higher in younger women and declines after the menopause.  

In Australia, New Zealand, Canada and most European countries, however, the sex gap in 

melanoma survival remained stable or even higher with increasing age at diagnosis, as shown 

by previous studies.204 This result seems to contradict the hypothesis of melanoma survival 

as hormone-dependent. Moreover, studies on the influence of pregnancy in melanoma 

prognosis and clinical trials of anti-oestrogens, found no increasing risk of cutaneous 

melanoma among pregnant women, nor poorer survival for women diagnosed during 

pregnancy.205,206 These results show insufficient evidence to support the hypothesis of 

melanoma as a hormone-dependent disease.  

We observed differences in the anatomic distribution of the lesions between sexes. Women 

presented with a higher proportion of primary melanomas located on the lower limbs and hips, 

while men showed a higher percentage of truncal locations. Our findings confirm on a world-

wide scale the results from previous studies in Europe,20,83,117 Australia207 and the US.83 These 
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differences in the anatomic location of melanomas of the skin depends on a diverse behaviour 

towards sunlight exposure, in dressing and clothing style in fair-skinned men and women, 

particularly in Europe, North America and Oceania.208-210  It also depends on the different 

distribution of melanocytic nevi by sex, with women having higher density on the legs, and 

males on the head and neck and trunk.211-215  By contrast, in East and South-East Asia, the 

lower limbs and hips are the most common anatomic site for melanomas in both sexes. This 

finding reflects the higher proportion of acral lentiginous melanoma in those populations.193  

A previous analysis of the CONCORD-3 data on melanoma has shown that the proportion of 

acral lentiginous melanomas was higher in in East and South-East Asia than in Europe or 

North America.202 The annual report of the Japanese Skin Cancer Society estimated the 

proportion of acral lentiginous melanoma to be 40% of 4,239 cases diagnosed in 26 institutes 

in 2016.216 This subtype usually develops in areas with little to no sun exposure, such as the 

palms, soles of the feet, and nail-beds, and it is generally associated with a poorer prognosis 

than the more common superficial spreading melanoma. This may help to explain why 5-year 

net survival for all histological types of melanoma combined, as is usually reported, in South-

East Asia is lower in both men (range 43%-66% in 2010-2014) and women (range 54%-72%) 

than in other world regions. 

The proportion of melanomas on the scalp and neck was higher in men than women in all 

countries. This anatomic location is also associated with a poor prognosis. Five-year observed 

survival for 51,714 patients diagnosed with cutaneous melanoma during 1992-2003 in the 

United States was 83% for melanoma located on the scalp and neck, and 91% for melanomas 

located in other sites, including the extremities, trunk, face and ears. Melanomas of the scalp 

and neck were also thicker than melanomas at other sites, and more often ulcerated and with 

positive lymph nodes.217 We found that 5-year survival for melanomas of the scalp and neck 

was poorer than those at other anatomic sites, and lower than 70% for both men and women 

in Croatia, Spain, Bulgaria and Russia. Unfortunately, population-based cancer registries do 

not routinely collect data on tumour thickness, so this information was not requested in the 

CONCORD-3 protocol. Therefore, we were not able to estimate survival for thin and thick 

melanomas, separately. 

Older age at diagnosis and a higher proportion of melanomas arising in unfavourable anatomic 

locations are to be deemed as main reasons for poorer survival in men. However, differences 

in health-seeking behaviour may also play a role in the survival benefit for women. 

Traditionally, women tend to visit their healthcare provider more often and perform skin checks 

more frequently than men. This can translate to a higher percentage of disease diagnosed at 

an early stage in women, which may explain part of the survival gap between the sexes. 218,219 
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In this study, metastatic disease represented less than 10% of melanomas in both men and 

women in most European countries, North America and Oceania, throughout the 15 years 

2000-2014. The proportion of men diagnosed with metastatic disease was higher than women 

in all countries, particularly in Puerto Rico, Türkiye and Russia. The higher proportion of more 

advanced disease could contribute to the lower survival in men than women when melanoma 

survival is reported for all stages of disease combined.  

We found that men with melanomas of the skin were generally older than women, tend to be 

diagnosed with a higher proportion of lesions located on unfavourable anatomic sites, such as 

the scalp and neck, and with metastatic disease. Overall, women diagnosed with melanoma 

not only presented with a more favourable distribution of main prognostic factors, but also 

showed higher survival when we took into account anatomic location, age and stage.  

Public health efforts to reduce the number of deaths from melanoma of the skin should focus 

on raising awareness of early signs of melanoma, especially among elderly in South and East 

Europe. The poorer prognosis for both men and women with melanoma in South-East Asia 

than in other world regions is seen for all ages at diagnosis. Despite the low incidence of 

cutaneous melanoma in Asian populations, public health policies should aim to increase 

awareness of melanoma among the general public, and to promote specific training in 

diagnosis of melanoma for clinicians. This could reduce the time between first consultation 

and a definitive diagnosis, which would be expected to lead to a better prognosis. 
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Calendar 

period

Patients 

submitted

Incomplete 

dates

In 

situ Other 
†

Eligible 

patients DCO Other 
¶

Available for 

analysis MV

Non-specific 

morphology

Lost to 

follow-up Censored

AFRICA 498 9.6 0.0 9.2 404 0.0 8.9 368 91.3 45.9 3.0 54.1

Algerian registries 2000-2014 331 13.3 0.0 0.9 284 0.0 12.7 248 99.2 25.0 0.0 47.6

Mauritius * 2010-2012 5 0.0 0.0 20.0 4 0.0 0.0 4 100.0 100.0 0.0 0.0

Nigeria (Ibadan) 2005-2014 87 4.6 0.0 16.1 69 0.0 0.0 69 72.4 92.8 0.0 87.0

South Africa (Eastern Cape)2000-2014 75 0.0 0.0 37.3 47 0.0 0.0 47 76.6 83.0 23.4 44.7

AMERICA (Central and South) 10,610 3.2 10.7 5.1 8,599 1.4 0.3 8,452 99.0 62.4 0.5 6.8

Argentinian registries 2000-2013 1,196 4.7 0.8 3.3 1,092 0.7 0.0 1,084 99.6 67.7 0.0 0.0

Brazilian registries 2000-2014 2,169 0.7 12.7 5.6 1,758 4.8 0.0 1,674 99.2 73.1 0.0 2.0

Chilean registries 2000-2012 569 0.0 0.0 2.5 555 0.2 0.0 554 99.5 60.1 0.0 19.3

Colombian registries 2000-2014 1,698 3.8 5.2 10.0 1,376 0.2 0.0 1,373 98.8 49.4 0.0 25.0

Costa Rica * 2002-2014 1,448 0.0 0.0 0.8 1,436 0.0 0.3 1,432 98.3 44.7 0.0 0.0

Ecuadorian registries 2000-2013 1,483 11.2 8.4 6.5 1,096 0.4 1.1 1,080 98.8 78.0 0.2 5.3

Guadeloupe (France) 2008-2013 60 0.0 13.3 0.0 52 0.0 0.0 52 100.0 0.0 0.0 71.2

Martinique (France) 2000-2012 177 0.0 0.0 2.8 172 0.0 4.7 164 100.0 23.2 25.0 0.0

Puerto Rico * 2000-2011 1,810 2.2 34.6 4.5 1,062 2.2 0.0 1,039 99.3 75.6 0.0 0.0

AMERICA (North) 1,134,825 0.6 35.2 2.7 706,357 0.5 0.0 703,094 99.2 51.1 3.8 0.1

Canadian registries 2000-2014 94,011 0.1 17.2 4.5 73,496 0.3 0.0 73,278 95.6 41.8 0.0 0.0

US registries 2000-2014 1,040,814 0.6 36.0 2.6 632,861 0.5 0.0 629,816 100.0 0.0 2.6 0.1

ASIA 41,718 0.5 14.9 8.4 31,768 1.1 0.3 31,337 98.2 76.4 0.4 2.0

Chinese registries 2003-2013 1,733 0.2 0.0 16.1 1,450 0.1 0.0 1,449 99.0 95.4 4.8 0.2

Cyprus * 2004-2014 687 3.6 3.1 6.1 599 1.7 0.0 589 99.7 32.8 0.0 53.7

Indian registries 2000-2014 61 0.0 0.0 8.2 56 0.0 7.1 52 98.1 94.2 3.8 5.8

Israel * 2000-2013 18,303 0.0 28.3 4.2 12,348 0.7 0.0 12,265 98.0 78.1 0.0 0.0

Japanese registries 2000-2014 6,462 1.3 10.4 22.3 4,263 5.7 0.0 4,018 95.3 88.1 0.0 2.4

Jordan * 2000-2014 306 0.3 1.0 27.8 217 0.0 1.4 214 99.5 84.1 14.0 0.0

Korea * 2000-2014 5,824 0.9 0.0 0.0 5,771 0.0 0.0 5,771 98.6 74.9 0.0 0.0

Kuwait * 2000-2013 21 0.0 0.0 14.3 18 0.0 0.0 18 100.0 72.2 0.0 0.0

Qatar * 2000-2014 61 0.0 1.6 8.2 55 0.0 0.0 55 98.2 87.3 0.0 70.9

Singapore * 2000-2014 521 0.0 9.0 20.3 368 0.3 0.0 367 100.0 56.1 0.0 0.0

Taiwan * 2000-2014 3,123 0.3 3.4 0.6 2,988 0.0 0.0 2,988 100.0 64.0 0.0 0.0

Thai registries 2000-2014 817 0.0 0.0 5.9 769 0.0 9.6 695 99.7 95.0 0.3 3.9

Turkish registries 2000-2013 3,799 1.4 4.8 18.4 2,866 0.3 0.0 2,856 99.3 64.8 0.2 4.8

EUROPE 842,368 0.1 16.8 5.3 651,577 0.5 0.1 647,719 99.3 34.1 1.7 3.9

Austria * 2000-2014 28,233 0.0 24.2 5.9 19,742 2.9 0.1 19,150 97.5 65.4 0.0 0.0

Belgium * 2004-2014 29,278 0.0 22.8 2.4 21,905 0.0 0.0 21,905 99.9 36.3 1.9 0.0

Bulgaria * 2000-2014 6,057 0.0 0.0 0.0 6,056 3.0 0.0 5,875 100.0 73.7 0.0 0.0

Croatia * 2000-2014 8,602 0.0 2.0 3.5 8,126 3.4 0.0 7,848 99.9 90.4 0.0 0.0

Czech Republic * 2000-2014 33,285 0.0 16.0 0.5 27,802 0.0 0.0 27,800 100.0 31.8 0.0 0.0

Denmark * 2000-2014 24,683 0.0 0.0 0.2 24,630 0.0 0.0 24,630 99.7 21.6 0.6 0.0

Estonia * 2000-2012 2,556 0.0 11.8 9.9 2,002 0.9 0.0 1,983 98.4 31.1 1.2 0.0

Finland * 2000-2014 15,873 0.4 0.0 5.3 14,968 0.1 0.0 14,949 100.0 90.8 0.3 0.0

French registries 2000-2010 14,962 0.3 0.0 6.0 14,017 0.0 2.4 13,677 100.0 11.4 3.4 0.0

German registries 2000-2014 99,363 0.3 16.2 2.6 80,338 2.0 0.0 78,713 99.4 28.4 0.6 28.7

Gibraltar * 2000-2010 39 0.0 12.8 7.7 31 0.0 0.0 31 100.0 19.4 0.0 51.6

Iceland * 2000-2014 715 0.0 0.0 0.3 713 0.0 0.0 713 99.9 29.3 0.0 0.0

Ireland * 2000-2013 14,683 0.0 35.3 0.1 9,475 0.1 0.0 9,470 99.8 36.9 0.0 0.0

Italian registries 2000-2014 53,776 0.0 7.8 5.4 46,634 0.1 0.0 46,607 98.2 26.5 1.2 1.5

Latvia * 2000-2014 2,507 0.0 0.0 0.2 2,503 0.1 0.0 2,501 99.8 47.5 0.0 0.0

Lithuania * 2000-2012 4,129 0.0 6.3 13.4 3,317 0.0 0.0 3,317 100.0 55.8 0.0 0.9

Malta * 2000-2013 725 0.0 14.2 10.9 543 0.4 0.0 541 99.6 36.4 0.0 0.0

Netherlands * 2000-2014 80,641 0.0 20.0 6.6 59,141 0.0 0.1 59,088 100.0 13.2 1.1 0.0

Norway * 2000-2014 31,469 0.0 8.6 27.9 19,997 0.0 0.0 19,994 99.9 21.0 0.3 0.0

Poland * 2000-2014 38,834 0.0 0.2 7.3 35,932 0.0 0.3 35,834 100.0 77.1 0.0 0.0

Portugal * 2000-2014 10,897 0.3 11.3 2.5 9,358 0.0 0.0 9,358 99.3 54.6 2.1 0.1

Romania (Cluj) 2006-2012 515 0.0 3.9 11.5 436 0.0 0.0 436 98.9 50.9 0.0 0.0

Russian registries 2000-2014 5,081 0.0 0.1 2.9 4,927 0.1 0.2 4,914 99.5 79.0 2.5 0.7

Slovakia * 2000-2010 7,933 0.0 11.1 7.3 6,478 1.4 0.0 6,389 100.0 21.9 0.0 0.0

Slovenia * 2000-2013 7,442 0.0 18.8 5.9 5,605 0.0 0.0 5,603 100.0 36.3 0.1 0.0

Spanish registries 2000-2013 14,567 0.5 18.8 3.2 11,292 0.3 0.1 11,242 99.7 25.8 0.6 0.1

Sweden * 2000-2014 58,528 0.0 30.2 6.7 36,925 0.0 0.0 36,921 100.0 20.8 0.3 0.1

Swiss registries 2000-2014 19,030 0.0 19.4 2.1 14,923 0.1 0.1 14,893 99.9 20.0 7.2 7.9

United Kingdom * 2000-2014 227,965 0.1 22.9 4.8 163,761 0.2 0.0 163,337 98.5 30.8 4.3 0.0

OCEANIA 273,076 0.2 29.6 1.5 187,846 0.2 0.0 187,512 99.0 32.8 0.0 0.0

Australia * 2000-2014 241,133 0.2 33.5 1.4 156,531 0.1 0.0 156,302 98.9 32.3 0.0 0.0

New Zealand * 2000-2014 31,943 0.0 0.0 2.0 31,315 0.3 0.0 31,210 99.7 35.3 0.0 0.0

Total 2,303,095 0.4 27.7 3.5 1,586,551 0.5 0.0 1,578,482 99.2 43.2 2.5 1.6

Other †: records with incomplete data or for tumours that are benign (behaviour code 0), of uncertain behaviour (behavior code 1), metastatic from another organ (behavior code

6), or unknown if primary or metastatic (behavior code 9); or for patients with age outside the range 15–99 years (adults); or with a topography code that is not in the range for

skin (VAR20=C440-C449), or the skin of the labia majora (C510), vulva (C519), penis (C609) or scrotum (C632).

Other ¶: tumour coded with unknown vital status; or for patients for which the sex is unknown.

MV: Microscopically verified

* Data with 100% coverage of the national population

Table 4.1: Data quality indicators, patients diagnosed with melanoma of the skin during 2000-2014, by continent and country

Data quality indicators (%)Ineligible (%) Exclusions (%)
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No. % No. % No. % No. % No. %

AFRICA

Algeria Men 66 6 3.7 18 11.0 31 19.0 62 38.0 46 28.2

Women 66 3 3.5 12 14.1 13 15.3 35 41.2 22 25.9

Mauritius * Men 74 1 25.0 1 25.0 2 50.0

Women

Nigeria Men 58 7 21.9 11 34.4 12 37.5 2 6.3

(Ibadan) Women 59 2 5.4 4 10.8 14 37.8 10 27.0 7 18.9

South Africa Men 68 1 5.9 3 17.6 7 41.2 6 35.3

(Eastern Cape) Women 62 3 10.0 10 33.3 8 26.7 9 30.0

AMERICA (CENTRAL AND SOUTH)

Argentina Men 62 16 3.2 69 13.6 132 26.0 191 37.7 99 19.5

Women 59 41 7.1 95 16.5 154 26.7 197 34.1 90 15.6

Brazil Men 57 35 4.5 153 19.6 239 30.7 239 30.7 113 14.5

Women 55 49 5.5 192 21.5 282 31.5 221 24.7 151 16.9

Chile Men 61 10 4.2 32 13.3 67 27.9 81 33.8 50 20.8

Women 61 20 6.4 47 15.0 84 26.8 94 29.9 69 22.0

Colombia Men 62 13 2.1 75 12.2 183 29.7 200 32.5 145 23.5

Women 60 34 4.5 116 15.3 210 27.7 256 33.8 141 18.6

Costa Rica * Men 63 27 3.8 81 11.4 194 27.3 232 32.7 176 24.8

Women 58 55 7.6 130 18.0 195 27.0 187 25.9 155 21.5

Ecuador Men 65 17 3.3 49 9.6 132 25.8 175 34.2 138 27.0

Women 64 23 4.0 67 11.8 148 26.0 162 28.5 169 29.7

Guadeloupe* Men 63 5 15.6 6 18.8 13 40.6 8 25.0

Women 48 1 5.0 6 30.0 5 25.0 4 20.0 4 20.0

Martinique* Men 64 2 2.4 11 13.1 15 17.9 33 39.3 23 27.4

Women 62 1 1.3 12 15.0 22 27.5 25 31.3 20 25.0

Puerto Rico* Men 66 16 2.9 53 9.7 122 22.3 208 38.0 148 27.1

Women 63 19 3.9 79 16.1 126 25.6 132 26.8 136 27.6

AMERICA (NORTH)

Canada Men 64 958 2.5 4,121 10.6 10,644 27.3 13,724 35.2 9,496 24.4

Women 58 1,797 5.2 5,927 17.3 10,409 30.3 9,114 26.5 7,088 20.6

United States Men 64 9,027 2.5 37,381 10.4 96,996 27.1 125,316 35.0 89,157 24.9

Women 56 18,862 6.9 52,781 19.4 80,579 29.6 67,973 25.0 51,744 19.0

ASIA

China Men 66 24 3.3 67 9.3 186 25.8 265 36.8 178 24.7

Women 64 22 3.0 76 10.4 201 27.6 263 36.1 167 22.9

Cyprus* Men 63 14 4.7 33 11.1 68 23.0 112 37.8 69 23.3

Women 56 11 3.8 57 19.5 96 32.8 83 28.3 46 15.7

India Men 64 7 36.8 8 42.1 4 21.1

Women 60 2 6.1 5 15.2 8 24.2 11 33.3 7 21.2

Israel* Men 63 231 3.6 769 12.1 1,706 26.8 2,203 34.6 1,452 22.8

Women 60 327 5.5 938 15.9 1,591 26.9 1,734 29.4 1,314 22.3

Japan Men 67 50 2.6 170 8.7 409 20.9 748 38.3 576 29.5

Women 68 72 3.5 232 11.2 374 18.1 621 30.1 766 37.1

Korea* Men 61 75 2.7 330 11.9 849 30.6 1,074 38.7 446 16.1

Women 64 76 2.5 364 12.1 776 25.9 1,096 36.6 685 22.9

Kuwait * Men 66 1 12.5 2 25.0 2 25.0 3 37.5

Women 51 2 20.0 2 20.0 2 20.0 2 20.0 2 20.0

Table 4.2:  Median age at diagnosis and age distribution for men and women (15-99 years)

diagnosed with melanoma of the skin during 2000-2014

15-29 30-44 45-59 60-74 75-99

Median 

age
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Table 4.2:  Median age at diagnosis and age distribution for men and women (15-99 years)

diagnosed with melanoma of the skin during 2000-2014

15-29 30-44 45-59 60-74 75-99

Median 

age

Qatar * Men 53 2 4.9 10 24.4 18 43.9 11 26.8

Women 43 7 50.0 5 35.7 2 14.3

Singapore* Men 60 6 3.2 22 11.8 61 32.6 60 32.1 38 20.3

Women 60 6 3.3 34 18.9 50 27.8 43 23.9 47 26.1

Taiwan* Men 68 46 2.8 129 7.9 339 20.7 548 33.5 572 35.0

Women 64 58 4.3 158 11.7 347 25.6 451 33.3 340 25.1

Thailand Men 64 10 3.2 31 10.1 80 26.0 123 39.9 64 20.8

Women 60 15 3.9 50 12.9 127 32.8 135 34.9 60 15.5

Turkey Men 58 96 6.3 263 17.3 459 30.2 499 32.9 201 13.2

Women 59 82 6.1 219 16.4 382 28.6 400 29.9 255 19.1

EUROPE

Austria* Men 63 451 4.6 1,457 15.0 2,343 24.1 3,408 35.0 2,074 21.3

Women 59 655 7.0 1,847 19.6 2,291 24.3 2,397 25.5 2,227 23.6

Belgium* Men 60 353 4.0 1,445 16.3 2,491 28.1 2,763 31.1 1,827 20.6

Women 55 910 7.0 2,981 22.9 3,670 28.2 3,010 23.1 2,455 18.8

Bulgaria* Men 63 85 2.8 374 12.4 803 26.6 1,131 37.5 622 20.6

Women 62 99 3.5 446 15.6 754 26.4 972 34.0 589 20.6

Croatia* Men 62 124 3.1 501 12.6 1,121 28.2 1,531 38.6 694 17.5

Women 61 137 3.5 549 14.2 1,100 28.4 1,275 32.9 816 21.0

Czech Republic* Men 64 391 2.8 1,505 10.6 3,667 25.9 5,484 38.8 3,094 21.9

Women 60 700 5.1 2,127 15.6 3,781 27.7 4,248 31.1 2,803 20.5

Denmark* Men 62 428 3.8 1,555 13.9 2,807 25.0 4,210 37.6 2,211 19.7

Women 56 1,050 7.8 3,039 22.6 3,519 26.2 3,509 26.1 2,302 17.2

Estonia* Men 63 25 3.4 113 15.5 172 23.5 266 36.4 155 21.2

Women 63 75 6.0 188 15.0 285 22.8 430 34.3 274 21.9

Finland* Men 64 160 2.1 695 9.1 1,945 25.5 3,024 39.6 1,810 23.7

Women 63 322 4.4 985 13.5 1,815 24.8 2,288 31.3 1,905 26.0

France Men 61 245 3.9 964 15.2 1,711 26.9 2,104 33.1 1,336 21.0

Women 58 423 5.8 1,469 20.1 2,057 28.1 1,807 24.7 1,561 21.3

Germany Men 65 1,094 2.8 4,349 11.2 8,859 22.9 16,692 43.1 7,754 20.0

Women 60 2,448 6.1 7,516 18.8 9,851 24.6 11,998 30.0 8,152 20.4

Gibraltar * Men 63 2 11.8 4 23.5 8 47.1 3 17.6

Women 64 2 14.3 4 28.6 3 21.4 5 35.7

Iceland* Men 59 25 8.7 45 15.7 75 26.1 83 28.9 59 20.6

Women 47 74 17.4 121 28.4 128 30.0 54 12.7 49 11.5

Ireland* Men 63 193 4.8 577 14.3 971 24.1 1,360 33.8 924 23.0

Women 59 372 6.8 1,078 19.8 1,275 23.4 1,472 27.0 1,248 22.9

Italy Men 61 872 3.7 4,055 17.3 5,992 25.6 8,074 34.4 4,449 19.0

Women 56 1,462 6.3 5,593 24.1 5,819 25.1 5,901 25.5 4,390 19.0

Latvia* Men 63 22 2.4 112 12.4 235 26.0 342 37.8 193 21.3

Women 65 68 4.3 170 10.6 356 22.3 590 36.9 413 25.9

Lithuania* Men 61 54 4.5 171 14.3 344 28.7 417 34.8 213 17.8

Women 62 65 3.1 289 13.6 584 27.6 707 33.4 473 22.3

Malta* Men 61 16 6.6 35 14.3 65 26.6 82 33.6 46 18.9

Women 54 22 7.4 67 22.6 92 31.0 77 25.9 39 13.1

Netherlands* Men 60 864 3.3 4,147 15.8 7,944 30.2 9,221 35.0 4,153 15.8

Women 55 1,929 5.9 7,371 22.5 9,985 30.5 8,361 25.5 5,113 15.6
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Table 4.2:  Median age at diagnosis and age distribution for men and women (15-99 years)

diagnosed with melanoma of the skin during 2000-2014

15-29 30-44 45-59 60-74 75-99

Median 

age

Norway* Men 64 161 1.7 1,033 10.8 2,405 25.1 3,545 37.0 2,439 25.5

Women 61 401 3.9 1,741 16.7 2,707 26.0 3,020 29.0 2,542 24.4

Poland* Men 61 596 3.6 2,173 13.1 5,023 30.4 5,920 35.8 2,820 17.1

Women 59 1,077 5.6 3,005 15.6 5,599 29.0 5,943 30.8 3,678 19.1

Portugal* Men 63 166 4.1 567 14.0 1,016 25.1 1,440 35.6 861 21.3

Women 61 254 4.8 926 17.4 1,344 25.3 1,548 29.2 1,236 23.3

Romania (Cluj) Men 61 7 3.4 36 17.3 57 27.4 76 36.5 32 15.4

Women 57 15 6.6 40 17.5 72 31.6 74 32.5 27 11.8

Russia Men 57 109 6.1 299 16.6 588 32.7 594 33.0 210 11.7

Women 59 131 4.2 485 15.6 966 31.0 1,015 32.6 517 16.6

Slovakia* Men 61 131 4.3 358 11.8 950 31.2 1,097 36.1 506 16.6

Women 59 126 3.8 562 16.8 1,033 30.9 1,017 30.4 609 18.2

Slovenia* Men 60 92 3.4 399 14.8 800 29.7 973 36.1 432 16.0

Women 58 157 5.4 545 18.7 799 27.5 823 28.3 583 20.1

Spain Men 61 258 5.1 853 16.8 1,271 25.0 1,552 30.5 1,154 22.7

Women 57 414 6.7 1,304 21.2 1,628 26.5 1,573 25.6 1,235 20.1

Sweden* Men 66 380 2.1 1,934 10.5 4,055 22.1 6,963 37.9 5,033 27.4

Women 61 763 4.1 3,099 16.7 4,676 25.2 5,391 29.1 4,627 24.9

Switzerland Men 65 214 2.8 964 12.8 1,718 22.9 2,698 35.9 1,915 25.5

Women 59 452 6.1 1,457 19.7 1,847 25.0 1,981 26.8 1,647 22.3

United Kingdom* Men 64 2,499 3.3 9,693 12.6 18,101 23.6 27,276 35.6 19,076 24.9

Women 59 5,146 5.9 16,037 18.5 22,269 25.7 23,606 27.2 19,634 22.6

OCEANIA

Australia* Men 64 2,719 3.0 9,967 11.0 23,020 25.4 31,971 35.3 22,879 25.3

Women 59 3,501 5.3 11,425 17.4 18,466 28.1 18,087 27.5 14,267 21.7

New Zealand* Men 65 342 2.1 1,560 9.5 4,174 25.5 6,080 37.2 4,189 25.6

Women 60 586 3.9 2,390 16.1 4,170 28.1 4,346 29.2 3,373 22.7

* Data with 100% coverage of the national population
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NS (%) NS (%) NS (%) NS (%) NS (%) NS (%)

AFRICA

§ Algeria Men 19.6 3.1 - 36.2

Women 0.3 0.0 - 1.1

§ South Africa Men

(Eastern Cape) Women 34.3 0.0 - 71.3

AMERICA (CENTRAL AND SOUTH)

Argentina Men 63.4 54.4 - 72.4 53.5 12.8 - 94.3 70.8 51.1 - 90.6 59.7 45.9 - 73.5 53.0 39.6 - 66.4 88.2 55.1 - 100.0

Women 73.9 67.6 - 80.2 94.4 83.5 - 100.0 85.2 72.9 - 97.6 83.8 73.3 - 94.4 67.4 55.2 - 79.7 42.0 17.2 - 66.8

Brazil Men 58.5 51.5 - 65.6 70.0 37.7 - 100.0 61.6 46.1 - 77.1 61.8 50.2 - 73.5 60.9 47.7 - 74.2 38.1 20.1 - 56.1

Women 80.5 74.6 - 86.3 87.7 66.2 - 100.0 87.3 78.9 - 95.8 79.4 69.4 - 89.4 83.8 72.6 - 95.0 61.9 40.5 - 83.3

§ Chile Men 50.1 36.8 - 63.3 - - - - -

Women 64.7 52.2 - 77.3 61.3 29.9 - 92.8 48.3 12.6 - 84.1 67.3 40.4 - 94.2 63.5 41.6 - 85.5 86.4 52.3 - 100.0

§ Colombia Men 63.8 55.2 - 72.4 - - - - -

Women 65.9 57.8 - 74.0 66.8 38.0 - 95.7 60.3 38.6 - 82.0 66.2 53.3 - 79.1 70.7 58.3 - 83.2 66.0 41.3 - 90.7

Costa Rica * Men 73.0 66.4 - 79.5 80.5 56.9 - 100.0 89.3 78.6 - 100.0 63.2 51.2 - 75.2 71.2 59.9 - 82.5 65.6 39.9 - 91.4

Women 80.6 74.4 - 86.9 95.9 87.7 - 100.0 84.6 73.9 - 95.3 82.9 74.2 - 91.6 74.2 61.8 - 86.5 79.4 53.4 - 100.0

Ecuador Men 47.6 38.1 - 57.0 30.2 0.8 - 59.6 45.9 17.2 - 74.5 54.9 40.2 - 69.5 48.3 33.8 - 62.9 41.6 18.3 - 64.9

Women 66.5 59.1 - 74.0 100.0 100.0 - 100.0 75.8 58.4 - 93.2 75.3 63.1 - 87.6 52.7 36.5 - 68.8 44.5 26.6 - 62.4

§ Guadeloupe* Men - - - - - -

Women 58.8 0.0 - 100.0 - - - - -

§ Martinique* Men 41.1 28.7 - 53.6 - - - - -

Women 100.0 100.0 - 100.0 - - - - -

Puerto Rico* Men 70.1 60.0 - 80.3 67.4 23.3 - 100.0 72.8 46.6 - 99.1 75.9 57.1 - 94.8 69.1 52.8 - 85.4 50.9 22.7 - 79.1

Women 77.4 68.0 - 86.7 100.0 100.0 - 100.0 86.5 68.8 - 100.0 97.0 88.0 - 100.0 53.7 32.0 - 75.4 69.5 40.0 - 99.0

AMERICA (NORTH)

Canada Men 85.4 84.6 - 86.2 89.0 85.5 - 92.6 88.7 86.9 - 90.4 86.7 85.6 - 87.9 84.5 83.2 - 85.8 78.3 75.7 - 81.0

Women 92.0 91.4 - 92.7 96.4 94.9 - 97.9 95.3 94.4 - 96.3 93.9 93.1 - 94.8 90.6 89.4 - 91.9 84.2 81.3 - 87.1

United States Men 88.8 88.5 - 89.1 91.7 90.6 - 92.8 90.1 89.5 - 90.7 88.7 88.3 - 89.1 89.2 88.7 - 89.6 85.0 84.0 - 86.0

Women 93.0 92.7 - 93.2 97.0 96.6 - 97.5 95.8 95.5 - 96.1 94.0 93.6 - 94.3 91.8 91.3 - 92.3 87.3 86.0 - 88.5

ASIA

China Men 46.7 39.7 - 53.6 75.2 47.2 - 100.0 54.6 35.7 - 73.5 47.0 35.4 - 58.5 48.2 36.4 - 59.9 20.0 6.7 - 33.2

Women 54.0 47.0 - 61.1 49.3 21.4 - 77.2 52.4 35.6 - 69.3 57.7 45.1 - 70.4 47.5 36.3 - 58.7 66.4 45.5 - 87.4

§ Cyprus* Men 69.2 59.9 - 78.5 47.0 14.2 - 79.7 69.1 48.2 - 90.0 77.7 63.0 - 92.4 70.1 56.0 - 84.3 72.2 39.4 - 100.0

Women 86.5 79.3 - 93.6 85.8 61.8 - 100.0 93.2 83.9 - 100.0 88.9 79.8 - 97.9 88.0 76.1 - 99.9 71.6 36.7 - 100.0

Israel* Men 85.5 83.5 - 87.6 93.3 86.8 - 99.8 87.9 83.6 - 92.3 88.5 85.4 - 91.6 85.3 81.9 - 88.7 74.3 66.2 - 82.4

Women 89.2 87.4 - 91.0 95.5 91.0 - 99.9 95.5 92.9 - 98.0 90.5 87.6 - 93.3 88.4 85.1 - 91.8 77.0 69.6 - 84.3

Japan Men 66.2 61.7 - 70.8 72.3 49.4 - 95.2 75.1 63.9 - 86.3 63.0 54.4 - 71.6 66.5 59.6 - 73.4 55.0 44.5 - 65.5

Women 71.9 67.9 - 76.0 85.1 71.7 - 98.4 72.8 62.9 - 82.7 72.9 64.2 - 81.5 74.1 67.8 - 80.5 57.4 47.8 - 67.0

Korea* Men 53.2 49.7 - 56.8 73.1 54.9 - 91.3 60.3 51.3 - 69.4 51.0 45.4 - 56.6 48.6 43.2 - 54.0 50.0 39.3 - 60.6

Women 66.4 63.4 - 69.5 69.5 52.2 - 86.8 78.9 71.7 - 86.1 66.6 61.1 - 72.1 62.2 57.2 - 67.3 51.8 43.5 - 60.2

Singapore* Men 59.1 48.7 - 69.4 - - - - -

Women 61.7 50.0 - 73.4 - - - - -

Taiwan* Men 43.3 38.5 - 48.2 69.1 47.2 - 91.0 39.4 26.8 - 52.0 49.5 40.9 - 58.2 37.8 29.8 - 45.8 38.4 29.6 - 47.1

Women 61.2 56.3 - 66.1 65.7 42.2 - 89.1 69.7 56.9 - 82.4 61.9 53.5 - 70.3 62.5 54.1 - 70.9 41.0 30.2 - 51.7

§ Thailand Men 30.7 20.6 - 40.8 - - - - -

Women 30.0 22.2 - 37.7 - - - - -

Turkey Men 53.4 49.2 - 57.6 67.7 55.0 - 80.4 55.5 46.8 - 64.3 54.7 47.6 - 61.8 49.4 41.8 - 56.9 50.4 35.7 - 65.0

Women 69.7 65.5 - 73.9 73.6 59.2 - 88.0 70.9 61.9 - 79.9 71.3 64.5 - 78.0 71.6 63.8 - 79.5 58.6 44.2 - 73.0

EUROPE

Austria* Men 86.7 85.1 - 88.2 97.3 94.6 - 99.9 92.7 90.3 - 95.1 86.8 84.3 - 89.4 83.4 80.6 - 86.2 79.1 72.5 - 85.6

Women 89.0 87.6 - 90.4 98.4 96.7 - 100.0 95.2 93.5 - 96.9 90.5 88.4 - 92.7 88.1 85.4 - 90.8 74.6 68.3 - 80.9

Belgium* Men 88.4 87.0 - 89.8 94.4 90.9 - 98.0 91.3 89.0 - 93.6 92.1 90.2 - 94.1 86.0 83.3 - 88.7 79.6 73.4 - 85.8

Women 92.7 91.7 - 93.7 97.1 95.5 - 98.7 96.5 95.4 - 97.5 94.4 93.1 - 95.8 91.0 88.9 - 93.0 85.6 80.8 - 90.5

Bulgaria* Men 53.6 50.0 - 57.2 64.7 47.8 - 81.6 60.6 52.4 - 68.8 56.3 49.8 - 62.8 48.1 42.1 - 54.2 45.9 35.5 - 56.3

Women 68.5 65.2 - 71.7 91.0 82.5 - 99.5 72.2 65.4 - 79.1 70.5 64.9 - 76.1 65.0 59.4 - 70.7 57.6 46.6 - 68.6

Croatia* Men 74.7 71.8 - 77.6 82.3 71.1 - 93.5 80.6 74.5 - 86.7 79.1 74.6 - 83.7 66.6 61.6 - 71.5 71.1 60.4 - 81.9

Women 80.0 77.5 - 82.4 94.8 87.6 - 100.0 88.5 83.9 - 93.2 81.4 77.3 - 85.4 76.0 71.3 - 80.7 66.2 57.0 - 75.5

Czech Republic* Men 83.6 82.2 - 84.9 89.4 83.8 - 95.0 90.6 88.1 - 93.1 85.8 83.6 - 88.1 81.2 78.8 - 83.6 70.9 65.8 - 76.0

Women 87.7 86.5 - 88.9 96.5 94.2 - 98.8 94.8 93.1 - 96.5 92.5 90.9 - 94.2 85.4 83.1 - 87.6 68.7 63.3 - 74.0

Denmark* Men 89.1 87.8 - 90.4 97.2 94.6 - 99.9 94.7 92.8 - 96.6 91.9 89.9 - 93.9 87.4 85.2 - 89.6 74.8 68.8 - 80.7

Women 92.9 91.8 - 94.0 99.4 98.6 - 100.0 97.2 96.2 - 98.2 95.8 94.5 - 97.1 92.2 90.2 - 94.1 79.6 73.7 - 85.4

Estonia* Men 78.2 70.9 - 85.5 100.0 100.0 - 100.0 97.9 90.5 - 100.0 70.8 55.7 - 86.0 66.8 52.7 - 80.8 73.5 44.5 - 100.0

Women 84.1 79.3 - 88.8 96.6 89.8 - 100.0 87.5 77.7 - 97.3 83.7 74.7 - 92.6 88.1 80.0 - 96.3 66.4 49.5 - 83.3

Finland* Men 86.4 84.7 - 88.1 95.1 89.2 - 100.0 92.6 89.2 - 96.1 87.1 84.3 - 89.9 83.4 80.6 - 86.2 79.0 72.2 - 85.8

Women 91.0 89.6 - 92.4 97.5 94.5 - 100.0 96.0 93.8 - 98.1 93.7 91.6 - 95.7 89.1 86.5 - 91.7 79.7 73.5 - 86.0

France Men 87.9 84.6 - 91.3 84.2 69.9 - 98.4 100.0 98.6 - 100.0 87.4 81.9 - 92.9 85.7 79.6 - 91.7 76.9 61.7 - 92.0

Women 93.4 90.9 - 96.0 92.7 84.6 - 100.0 97.6 95.0 - 100.0 95.5 92.3 - 98.7 89.2 83.7 - 94.6 92.0 81.4 - 100.0

Germany Men 91.4 90.6 - 92.2 96.7 94.7 - 98.7 93.2 91.8 - 94.7 90.0 88.7 - 91.3 92.3 91.1 - 93.5 87.4 84.1 - 90.8

Women 94.4 93.8 - 95.0 98.4 97.5 - 99.4 96.9 96.1 - 97.7 95.1 94.2 - 96.0 93.5 92.4 - 94.6 89.0 85.8 - 92.2

95% CI 95% CI 95% CI 95% CI 95% CI 95% CI

Table 4.3: Age-specific and age-standardised 5-year net survival (NS, %) with 95% confidence interval (95% CI) for adults (15-99 years)

diagnosed with melanoma of the skin during 2010-2014 by continent, country and sex

All ages 15-29 30-44 45-59 60-74 75-99
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Table 4.3: Age-specific and age-standardised 5-year net survival (NS, %) with 95% confidence interval (95% CI) for adults (15-99 years)

diagnosed with melanoma of the skin during 2010-2014 by continent, country and sex

All ages 15-29 30-44 45-59 60-74 75-99

Iceland* Men 86.9 79.4 - 94.4 100.0 100.0 - 100.0 91.3 75.0 - 100.0 89.9 77.3 - 100.0 82.9 66.3 - 99.5 70.1 41.9 - 98.3

Women 88.0 80.4 - 95.7 100.0 100.0 - 100.0 97.6 92.4 - 100.0 84.6 73.4 - 95.8 88.3 69.9 - 100.0 70.4 36.6 - 100.0

Ireland* Men 84.6 82.1 - 87.1 81.0 70.3 - 91.6 92.2 88.1 - 96.3 88.8 84.7 - 92.8 85.7 81.4 - 90.1 64.5 54.4 - 74.5

Women 92.6 90.7 - 94.4 95.5 91.6 - 99.4 94.8 92.4 - 97.3 92.3 89.3 - 95.3 92.7 89.5 - 96.0 87.4 78.6 - 96.2

Italy Men 83.8 82.7 - 84.9 91.8 87.8 - 95.7 90.5 88.7 - 92.3 86.8 85.0 - 88.6 81.6 79.6 - 83.5 69.0 64.4 - 73.6

Women 87.7 86.6 - 88.7 94.9 92.6 - 97.3 94.4 93.2 - 95.6 92.1 90.7 - 93.5 84.9 82.9 - 86.9 71.6 67.2 - 76.1

Latvia* Men 65.1 58.7 - 71.5 63.9 33.1 - 94.7 79.4 65.3 - 93.5 60.2 49.4 - 71.0 61.9 50.1 - 73.6 59.6 41.1 - 78.2

Women 76.5 72.1 - 80.9 90.4 80.1 - 100.0 76.1 63.9 - 88.3 78.4 70.5 - 86.2 73.3 65.8 - 80.9 70.7 57.5 - 83.9

Lithuania* Men 62.6 56.1 - 69.0 93.9 80.7 - 100.0 77.2 63.4 - 91.0 58.5 46.6 - 70.5 57.9 46.1 - 69.8 43.2 22.5 - 63.9

Women 82.5 78.5 - 86.4 85.8 67.8 - 100.0 85.6 76.2 - 94.9 86.2 79.7 - 92.6 84.0 77.1 - 90.9 64.4 51.7 - 77.1

Malta* Men 79.4 68.5 - 90.3 100.0 100.0 - 100.0 100.0 100.0 - 100.0 88.5 70.9 - 100.0 62.2 39.8 - 84.5 62.2 16.8 - 100.0

Women 83.9 77.6 - 90.2 100.0 100.0 - 100.0 96.6 89.6 - 100.0 91.7 81.4 - 100.0 95.8 84.0 - 100.0 24.6 2.0 - 47.1

Netherlands* Men 88.3 87.4 - 89.2 93.8 91.0 - 96.6 91.9 90.4 - 93.4 89.0 87.7 - 90.3 86.5 85.0 - 88.1 83.2 78.7 - 87.7

Women 93.2 92.5 - 93.9 97.7 96.5 - 98.9 97.2 96.5 - 97.9 95.1 94.3 - 95.9 93.3 92.1 - 94.6 81.6 77.8 - 85.3

Norway* Men 86.5 84.9 - 88.0 100.0 100.0 - 100.0 91.1 88.2 - 94.1 88.7 86.3 - 91.2 85.4 82.9 - 87.9 72.7 66.4 - 79.0

Women 92.0 90.7 - 93.2 94.2 90.1 - 98.2 95.8 94.1 - 97.5 94.4 92.7 - 96.0 90.9 88.7 - 93.1 82.3 76.1 - 88.5

Poland* Men 63.5 62.0 - 64.9 69.8 63.6 - 76.0 73.3 70.0 - 76.6 62.9 60.4 - 65.3 59.6 57.1 - 62.1 54.9 50.3 - 59.6

Women 75.1 73.9 - 76.2 92.3 89.7 - 94.9 85.4 83.2 - 87.6 77.3 75.3 - 79.3 70.2 68.0 - 72.4 57.0 53.0 - 60.9

Portugal* Men 81.4 76.0 - 86.9 100.0 100.0 - 100.0 87.3 77.0 - 97.6 82.7 73.8 - 91.6 73.1 62.2 - 84.0 79.8 60.2 - 99.3

Women 86.0 82.0 - 89.9 100.0 100.0 - 100.0 93.8 88.1 - 99.5 89.2 82.8 - 95.6 85.3 77.0 - 93.5 62.5 47.4 - 77.7

Romania (Cluj) Men 61.8 50.1 - 73.6 - - - - -

Women 79.3 69.2 - 89.5 80.2 56.7 - 100.0 79.1 62.6 - 95.6 91.2 80.7 - 100.0 65.9 37.2 - 94.6 73.2 37.3 - 100.0

Russia Men 56.4 51.2 - 61.5 66.7 46.8 - 86.5 52.3 42.3 - 62.4 51.7 44.3 - 59.1 56.5 47.4 - 65.7 67.9 48.3 - 87.6

Women 72.6 69.3 - 75.9 80.0 68.6 - 91.4 78.1 71.3 - 84.9 72.6 67.4 - 77.8 67.1 61.3 - 73.0 73.1 61.1 - 85.0

Slovakia* Men 72.3 66.3 - 78.3 75.3 47.3 - 100.0 86.9 76.2 - 97.6 71.5 61.4 - 81.5 70.5 59.4 - 81.6 52.3 30.4 - 74.2

Women 83.9 78.0 - 89.8 83.4 56.2 - 100.0 85.8 76.3 - 95.2 84.9 77.0 - 92.7 79.3 69.5 - 89.1 85.3 56.7 - 100.0

Slovenia* Men 82.7 79.3 - 86.0 97.1 90.9 - 100.0 88.1 82.0 - 94.2 82.5 77.3 - 87.7 78.7 72.8 - 84.6 77.2 62.8 - 91.6

Women 87.2 84.6 - 89.8 98.2 94.6 - 100.0 91.7 87.6 - 95.8 95.0 91.9 - 98.0 83.5 78.2 - 88.8 69.0 58.0 - 80.0

Spain Men 81.1 78.0 - 84.2 91.6 83.4 - 99.7 87.2 81.8 - 92.6 80.6 74.9 - 86.2 79.9 73.9 - 85.9 70.0 58.6 - 81.3

Women 91.9 89.6 - 94.2 96.7 92.0 - 100.0 97.2 95.0 - 99.5 92.0 88.5 - 95.4 91.0 86.7 - 95.4 83.1 72.7 - 93.5

Sweden* Men 89.1 88.1 - 90.1 93.9 90.0 - 97.9 93.7 91.8 - 95.6 91.6 89.9 - 93.3 89.3 87.6 - 90.9 75.1 71.0 - 79.1

Women 93.8 93.0 - 94.7 97.2 95.1 - 99.3 96.1 94.9 - 97.3 95.7 94.5 - 96.8 93.8 92.4 - 95.3 85.2 81.0 - 89.3

Switzerland Men 92.2 90.4 - 93.9 98.2 94.2 - 100.0 94.6 91.7 - 97.5 93.8 91.2 - 96.5 90.9 87.9 - 93.9 86.5 79.1 - 94.0

Women 95.0 93.4 - 96.5 98.3 95.9 - 100.0 98.2 96.7 - 99.7 95.2 93.1 - 97.4 95.7 93.2 - 98.3 86.9 79.0 - 94.8

United Kingdom* Men 87.8 87.3 - 88.4 92.9 91.1 - 94.6 90.7 89.6 - 91.7 88.8 87.9 - 89.7 87.3 86.4 - 88.2 80.6 78.4 - 82.8

Women 93.7 93.2 - 94.1 97.0 96.2 - 97.8 96.1 95.5 - 96.6 94.1 93.5 - 94.7 93.4 92.6 - 94.2 88.3 86.2 - 90.3

OCEANIA

Australia* Men 91.3 90.9 - 91.8 94.9 93.3 - 96.6 94.6 93.7 - 95.5 92.4 91.7 - 93.2 91.2 90.4 - 92.0 82.5 80.6 - 84.4

Women 95.1 94.6 - 95.5 97.2 96.2 - 98.3 96.7 96.1 - 97.4 95.7 95.1 - 96.3 95.8 94.9 - 96.6 88.8 86.4 - 91.1

New Zealand* Men 89.6 88.5 - 90.7 93.7 88.7 - 98.8 93.6 91.3 - 95.9 90.5 88.8 - 92.2 88.4 86.6 - 90.2 82.7 78.2 - 87.2

Women 94.2 93.3 - 95.2 95.1 91.9 - 98.3 96.0 94.5 - 97.5 95.1 93.8 - 96.3 93.9 92.3 - 95.6 90.3 85.6 - 95.0

Italics denote survival estimates that are not age-standardised

§
 Survival estimate considered less reliable, because 15% or more of patients were (a) lost to follow-up or censored alive within five years of diagnosis (or if diagnosed in 2010 or later, before 31 

December 2014), or  (b) registered only from a death certificate or at autopsy, or  (c) registered with incomplete dates, i.e., unknown year of birth, unknown month and/or year of diagnosis or unknown 

year of last vital status 

* Data with 100% coverage of the national population
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Figure 4.1: Anatomic distribution by sex, continent and country, all periods combined.
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* Countries with 100% coverage of the national population

§ Survival estimates considered less reliable

Upper limbs and shoulders

Figure 4.2: Age-standardised 5-year net survival for men (grey) and women (yellow) diagnosed with cutaneous melanoma during 2010–2014 by

anatomic location, continent and country
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* Countries with 100% coverage of the national population

Non-metastatic melanoma Metastatic melanoma

Number in brakets represents the number of registries included in

analysis

Figure 4.3: Age-standardised 5-year net survival for men (gray) and women (yellow) diagnosed with non metastatic and

metastatic  melanoma of the skin during 2009-2014
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No. % No. % No. % No. % No. % No. %

AMERICA (CENTRAL AND SOUTH)

Brazil 2001-2003 16 61.5 8 30.8 2 7.7 11 50.0 6 27.3 5 22.7

(Barretos) 2004-2008 24 72.7 5 15.2 4 12.1 34 75.6 6 13.3 5 11.1

2009-2014 37 69.8 6 11.3 10 18.9 46 78.0 4 6.8 9 15.3

Puerto Rico* 2001-2003 80 66.1 13 10.7 28 23.1 88 73.9 4 3.4 27 22.7

2004-2008 172 75.1 23 10.0 34 14.8 135 71.1 6 3.2 49 25.8

2009-2014 114 69.1 19 11.5 32 19.4 100 71.9 8 5.8 31 22.3

AMERICA (NORTH)

Canada 2001-2003

(6 registries) 2004-2008 358 93.0 25 6.5 2 0.5 327 95.9 13 3.8 1 0.3

2009-2014 3,714 92.7 228 5.7 65 1.6 3,547 95.7 108 2.9 53 1.4

United States 2001-2003 65,255 86.8 3,502 4.7 6,422 8.5 52,149 89.0 1,651 2.8 4,793 8.2

(40 registries) 2004-2008 135,145 89.0 7,252 4.8 9,505 6.3 105,693 90.8 3,608 3.1 7,087 6.1

2009-2014 156,546 87.6 9,901 5.5 12,358 6.9 118,057 89.6 4,767 3.6 8,944 6.8

ASIA

Cyprus* 2001-2003

2004-2008 84 85.7 12 12.2 2 2.0 99 84.6 9 7.7 9 7.7

2009-2014 156 78.8 23 11.6 19 9.6 151 85.8 12 6.8 13 7.4

Japan 2001-2003 42 79.2 6 11.3 5 9.4 62 89.9 3 4.3 4 5.8

(2 registries) 2004-2008 94 83.9 8 7.1 10 8.9 127 83.0 10 6.5 16 10.5

2009-2014 68 82.9 4 4.9 10 12.2 76 80.9 5 5.3 13 13.8

Thailand 2001-2003 6 37.5 9 56.3 1 6.3 9 47.4 5 26.3 5 26.3

(3 registries) 2004-2008 10 66.7 4 26.7 1 6.7 16 55.2 5 17.2 8 27.6

2009-2014 6 46.2 3 23.1 4 30.8 10 52.6 4 21.1 5 26.3

Turkey 2001-2003

(Izmir) 2004-2008 132 64.1 34 16.5 40 19.4 114 63.7 19 10.6 46 25.7

2009-2014 183 71.2 43 16.7 31 12.1 165 80.5 18 8.8 22 10.7

EUROPE

Denmark* 2001-2003

2004-2008 2,408 72.6 168 5.1 743 22.4 3,198 77.0 121 2.9 834 20.1

2009-2014 4,701 79.0 235 3.9 1,016 17.1 5,522 80.5 158 2.3 1,183 17.2

Estonia* 2001-2003 113 90.4 5 4.0 7 5.6 209 92.9 10 4.4 6 2.7

2004-2008 226 91.5 16 6.5 5 2.0 435 90.6 24 5.0 21 4.4

2009-2014 268 83.2 24 7.5 30 9.3 410 86.9 19 4.0 43 9.1

Germany 2001-2003 130 59.9 31 14.3 56 25.8 143 65.6 25 11.5 50 22.9

(3 registries) 2004-2008 3,168 70.2 115 2.5 1,230 27.3 3,592 71.8 91 1.8 1,319 26.4

2009-2014 6,297 72.6 219 2.5 2,160 24.9 6,360 74.7 153 1.8 2,001 23.5

Italy 2001-2003 110 82.1 9 6.7 15 11.2 95 79.2 10 8.3 15 12.5

(3 registries) 2004-2008 431 78.4 45 8.2 74 13.5 469 77.5 31 5.1 105 17.4

2009-2014 587 82.8 32 4.5 90 12.7 536 84.1 25 3.9 76 11.9

Netherlands* 2001-2003

2004-2008 5,540 70.5 110 1.4 2,204 28.1 7,010 68.9 97 1.0 3,070 30.2

2009-2014 9,918 71.2 180 1.3 3,823 27.5 11,402 70.5 103 0.6 4,658 28.8

Norway* 2001-2003 927 67.2 72 5.2 381 27.6 1,115 67.2 46 2.8 498 30

2004-2008

2009-2014 4,728 96.0 79 1.6 119 2.4 4,976 96.5 44 0.9 138 2.7

Poland 2001-2003

(Lower Silesia) 2004-2008 235 55.8 86 20.4 100 23.8 266 57.0 88 18.8 113 24.2

2009-2014 383 65.0 83 14.1 123 20.9 387 63.1 66 10.8 160 26.1

Portugal South 2001-2003 314 72.0 58 13.3 64 14.7 488 79.7 47 7.7 77 12.6

2004-2008 689 75.8 99 10.9 121 13.3 906 78.2 63 5.4 189 16.3

2009-2014 1,264 88.8 97 6.8 63 4.4 1,485 90.3 67 4.1 93 5.7

Russia 2001-2003 33 66.0 8 16.0 9 18.0 79 79.8 4 4.0 16 16.2

(3 registries) 2004-2008 329 74.3 25 5.6 89 20.1 568 76.1 22 2.9 156 20.9

2009-2014 654 76.6 94 11.0 106 12.4 1,254 84.7 82 5.5 144 9.7

Unknown

Men Women

Supplementary table 4.1:  Stage distribution for men and women (15-99 years) diagnosed with melanoma of

the skin during 2001-2003, 2004-2008 and 2009-2014, by continent and country

Non metastatic Metastatic Unknown

Non 

metastatic Metastatic
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No. % No. % No. % No. % No. % No. %

Unknown

Men Women

Supplementary table 4.1:  Stage distribution for men and women (15-99 years) diagnosed with melanoma of

the skin during 2001-2003, 2004-2008 and 2009-2014, by continent and country

Non metastatic Metastatic Unknown

Non 

metastatic Metastatic

Slovakia* 2001-2003 556 84.0 62 9.4 44 6.6 698 85.3 46 5.6 74 9

2004-2008 1,214 83.2 112 7.7 133 9.1 1,360 86.0 89 5.6 132 8.3

2009-2014 623 84.9 67 9.1 44 6.0 618 86.6 48 6.7 48 6.7

Slovenia* 2001-2003 392 93.6 23 5.5 4 1.0 454 96.6 13 2.8 3 0.6

2004-2008 896 97.0 19 2.1 9 1.0 1,042 97.0 26 2.4 6 0.6

2009-2014 1,188 96.7 34 2.8 7 0.6 1,226 98.4 16 1.3 4 0.3

Spain 2001-2003 251 90.3 2 0.7 25 9.0 308 85.8 7 1.9 44 12.3

(2 registries) 2004-2008 676 86.6 28 3.6 77 9.9 900 89.4 15 1.5 92 9.1

2009-2014 723 91.3 34 4.3 35 4.4 861 91.8 26 2.8 51 5.4

Switzerland 2001-2003 354 86.6 9 2.2 46 11.2 361 87.4 4 1.0 48 11.6

(3 registries) 2004-2008 526 94.3 9 1.6 23 4.1 503 93.1 6 1.1 31 5.7

2009-2014 648 92.3 13 1.9 41 5.8 600 95.7 4 0.6 23 3.7

United Kingdom* 2001-2003

(Northern Ireland) 2004-2008

2009-2014 568 68.7 23 2.8 236 28.5 775 70.3 5 0.5 323 29.3

OCEANIA

Australia* 2001-2003 4,847 86.3 339 6.0 430 7.7 3,505 88.9 160 4.1 278 7.1

(New South Wales)2004-2008 9,442 90.3 556 5.3 464 4.4 6,708 92.4 263 3.6 292 4

2009-2014 8,586 90.9 525 5.6 337 3.6 5,999 93.2 236 3.7 205 3.2

New Zealand* 2001-2003 2,508 91.3 185 6.7 54 2.0 2,503 93.6 106 4.0 66 2.5

2004-2008 4,871 89.7 364 6.7 193 3.6 4,552 92.3 206 4.2 173 3.5

2009-2014 6,524 89.1 453 6.2 344 4.7 5,821 90.9 263 4.1 317 5

* Data with 100% coverage of the national population
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No. NS (%) No. NS (%) No. NS (%) No. NS (%) No. NS (%)

AFRICA

Algeria 2000-2004 12 0.2 0.0 - 0.9

2005-2009 69 15.4 0.0 - 31.0

2010-2014 64 45.1 45.0 - 45.2

Nigeria (Ibadan) 2000-2004

2005-2009

2010-2014

South Africa 2000-2004

(Eastern Cape) 2005-2009

2010-2014

AMERICA (CENTRAL AND SOUTH)

Argentina 2000-2004 13 64.5 38.0 - 91.0 13 87.8 59.2 - 100.0 13 83.5 60.1 - 100.0 46 66.0 47.8 - 84.3

2005-2009 32 59.3 36.3 - 82.3 44 64.9 48.6 - 81.3 61 62.4 50.1 - 74.7 100 58.8 47.6 - 70.0

2010-2014 20 100.0 89.9 - 100.0 40 70.1 54.7 - 85.6 31 65.0 48.5 - 81.6 83 54.3 41.3 - 67.4

Brazil 2000-2004 40 56.6 35.7 - 77.5 81 75.4 64.7 - 86.0 74 72.9 62.7 - 83.1 37 39.6 23.2 - 56.0

2005-2009 58 71.3 56.0 - 86.6 111 75.3 65.5 - 85.2 66 71.0 60.1 - 81.8 49 41.4 26.8 - 56.1

2010-2014 24 53.5 36.2 - 70.8 57 68.0 57.0 - 79.1 57 65.4 53.1 - 77.7 26 29.5 14.7 - 44.3

Chile 2000-2004 12 60.7 30.0 - 91.5 8 46.1 10.7 - 81.5 11 45.0 13.3 - 76.6 10 41.8 12.8 - 70.8

2005-2009 19 72.7 45.7 - 99.7 15 47.5 21.1 - 73.9 24 47.7 25.3 - 70.1 3 52.0 0.4 - 100.0

2010-2014 18 49.4 18.2 - 80.6 9 68.3 36.6 - 100.0 18 47.7 25.3 - 70.1 9 45.9 0.9 - 90.9

Colombia § 2000-2004 33 57.7 34.4 - 81.1 41 78.5 61.2 - 95.7 64 47.1 33.5 - 60.6 19 12.6 0.0 - 27.4

2005-2009 59 75.6 56.6 - 94.6 49 93.1 79.3 - 100.0 98 67.1 55.9 - 78.3 18 34.5 12.7 - 56.4

2010-2014 38 68.3 52.6 - 83.9 35 66.3 49.1 - 83.4 85 67.8 55.5 - 80.1 18 13.5 0.0 - 31.7

Costa Rica * 2000-2004 34 100.0 85.1 - 100.0 36 60.8 43.1 - 78.5 54 74.0 56.6 - 91.5 14 75.6 47.0 - 100.0

2005-2009 58 73.0 59.5 - 86.4 58 72.9 58.4 - 87.3 90 77.3 66.9 - 87.7 26 41.3 19.3 - 63.3

2010-2014 117 81.1 68.5 - 93.7 80 73.9 60.5 - 87.3 100 72.6 63.2 - 81.9 43 75.6 47.0 - 100.0

Ecuador 2000-2004 23 72.1 45.8 - 98.4 9 68.6 39.1 - 98.1 39 47.2 29.9 - 64.4 5 80.1 48.6 - 100.0

2005-2009 37 62.1 42.9 - 81.4 19 47.8 20.2 - 75.5 83 52.7 41.9 - 63.5 53 29.3 14.7 - 44.0

2010-2014 53 57.9 38.1 - 77.6 30 0.5 0.0 - 1.5 93 52.1 39.0 - 65.2 36 37.4 24.1 - 50.6

Guadeloupe * 2000-2004

2005-2009

2010-2014 15 2.2 0.0 - 7.3

Martinique * 2000-2004 3 100.0 - 5 82.4 44.2 - 100.0 8 56.0 19.6 - 92.3 20 88.9 68.3 - 100.0

2005-2009 6 55.4 13.8 - 96.9 4 87.0 39.7 - 100.0 14 86.5 59.6 - 100.0 5 57.1 6.5 - 100.0

2010-2014 6 55.4 13.8 - 96.9 6 59.8 16.9 - 100.0 11 89.0 47.1 - 100.0 2 56.8 1.3 - 100.0

Puerto Rico * 2000-2004 47 65.1 45.9 - 84.3 37 67.5 46.6 - 88.3 84 70.9 60.6 - 81.2 28 35.1 16.4 - 53.8

2005-2009 38 70.9 52.2 - 89.6 80 81.0 70.8 - 91.3 88 61.7 50.9 - 72.5 25 61.7 42.5 - 80.9

2010-2014 24 34.9 20.8 - 49.0 32 75.5 61.5 - 89.6 43 67.5 53.5 - 81.5 19 35.1 16.4 - 53.8

Supplementary table 4.2: Number of patients and age-standardised 5-year net survival (NS, %) with 95% confidence interval (95% CI): men (15-99 years) diagnosed

with melanoma of the skin by continent, country, anatomic location and calendar period of diagnosis (2000-2004, 2005-2009, 2010-2014)

Upper and lower limbsHead and neck Trunk Overlapping and NOS Genital organs

MEN

95% CI 95% CI 95% CI 95% CI 95% CI
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Supplementary table 4.2: Number of patients and age-standardised 5-year net survival (NS, %) with 95% confidence interval (95% CI): men (15-99 years) diagnosed

with melanoma of the skin by continent, country, anatomic location and calendar period of diagnosis (2000-2004, 2005-2009, 2010-2014)

Upper and lower limbsHead and neck Trunk Overlapping and NOS Genital organs

MEN

95% CI 95% CI 95% CI 95% CI 95% CI

AMERICA (NORTH)

Canada 2000-2004 2,375 84.4 82.4 - 86.3 4,195 86.3 84.8 - 87.7 3,211 87.7 86.2 - 89.2 681 50.5 46.0 - 55.0 9 48.3 15.3 - 81.2

2005-2009 2,967 83.1 81.3 - 85.0 5,236 86.5 85.2 - 87.8 4,004 89.1 87.8 - 90.4 886 42.5 38.6 - 46.4 11 9.7 0.0 - 24.2

2010-2014 3,655 86.1 84.5 - 87.8 5,965 88.1 86.9 - 89.3 4,942 89.8 88.5 - 91.0 797 37.0 32.8 - 41.2 9 76.7 27.7 - 100.0

United States 2000-2004 26,775 87.0 86.4 - 87.6 39,479 90.8 90.3 - 91.2 31,839 91.2 90.7 - 91.7 6,374 39.3 37.9 - 40.8 53 63.9 47.5 - 80.3

2005-2009 33,085 88.6 88.1 - 89.2 46,924 92.4 92.0 - 92.8 40,220 92.4 92.0 - 92.9 6,901 37.8 36.4 - 39.2 58 60.1 48.2 - 72.0

2010-2014 29,777 89.3 88.7 - 89.8 40,439 92.8 92.4 - 93.2 35,153 92.7 92.2 - 93.1 5,723 35.1 33.6 - 36.6 48 67.6 56.3 - 78.8

ASIA

China 2000-2004 9 0.1 0.0 - 0.2 7 30.6 0.2 - 61.0 16 20.8 0.6 - 41.1 14 17.6 0.0 - 38.4

2005-2009 52 38.6 23.7 - 53.4 26 25.0 8.1 - 42.0 125 48.1 37.3 - 59.0 83 30.9 21.1 - 40.7

2010-2014 56 45.6 32.1 - 59.1 32 62.7 40.4 - 85.0 133 51.1 39.5 - 62.6 108 35.2 22.7 - 47.7

Cyprus * 2000-2004 4 75.2 38.4 - 100.0 4 77.7 36.0 - 100.0 4 51.9 8.9 - 95.0

2005-2009 25 83.8 57.9 - 100.0 44 75.3 60.6 - 90.1 19 87.4 66.6 - 100.0 23 74.0 39.7 - 100.0

2010-2014 27 83.8 57.9 - 100.0 64 64.5 53.5 - 75.5 47 75.5 60.7 - 90.2 34 40.2 16.6 - 63.7

India 2000-2004

2005-2009

2010-2014

Israel * 2000-2004 365 81.8 76.8 - 86.8 629 87.9 84.3 - 91.5 550 82.8 79.1 - 86.4 331 80.2 75.0 - 85.5

2005-2009 435 83.7 79.4 - 87.9 879 91.6 88.6 - 94.5 775 89.4 86.3 - 92.4 223 68.0 61.0 - 75.1

2010-2014 433 86.1 81.6 - 90.6 807 91.0 87.8 - 94.1 705 86.0 82.6 - 89.5 226 62.6 55.2 - 70.0

Japan 2000-2004 69 55.8 41.7 - 69.9 46 46.8 31.6 - 62.1 207 66.4 58.7 - 74.1 37 49.9 31.2 - 68.6

2005-2009 173 58.9 50.1 - 67.8 126 55.1 44.6 - 65.6 526 70.1 65.0 - 75.2 40 25.4 10.8 - 40.0

2010-2014 131 63.5 52.9 - 74.1 95 55.9 44.6 - 67.2 362 72.4 67.1 - 77.7 13 25.4 10.8 - 40.0

Korea * 2000-2004 98 35.8 25.8 - 45.7 98 30.8 21.7 - 39.9 350 53.0 46.9 - 59.1 55 22.1 10.5 - 33.7

2005-2009 217 42.9 35.8 - 50.1 142 37.0 28.9 - 45.0 575 56.9 52.1 - 61.8 68 28.1 17.9 - 38.2

2010-2014 211 41.2 33.9 - 48.4 168 44.7 35.9 - 53.5 712 62.5 57.8 - 67.1 68 25.5 15.1 - 35.8

Kuwait * 2000-2004

2005-2009

2010-2014

Qatar * 2000-2004 4 100.0 100.0 - 100.0

2005-2009 8 50.7 1.1 - 100.0

2010-2014 11 100.0 100.0 - 100.0 8 100.0 100.0 - 100.0

Singapore * 2000-2004 4 90.0 50.7 - 100.0 11 73.6 48.5 - 98.7 19 58.3 17.2 - 99.3 5 40.6 3.8 - 77.3

2005-2009 8 63.9 31.7 - 96.1 13 79.1 56.0 - 100.0 32 52.0 32.4 - 71.6 7 73.4 39.0 - 100.0

2010-2014 11 63.9 31.7 - 96.1 20 83.8 60.1 - 100.0 50 53.9 43.9 - 63.8 7 73.4 39.0 - 100.0

Taiwan * 2000-2004 60 48.0 33.6 - 62.5 50 46.9 31.8 - 61.9 285 44.7 37.2 - 52.2 27 24.2 7.1 - 41.3

2005-2009 61 41.9 26.8 - 57.1 60 33.5 21.8 - 45.2 382 53.2 47.3 - 59.1 34 19.3 4.8 - 33.9

2010-2014 85 43.5 30.3 - 56.7 91 41.7 30.2 - 53.2 442 47.6 41.5 - 53.7 50 18.5 9.2 - 27.9
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No. NS (%) No. NS (%) No. NS (%) No. NS (%) No. NS (%)

Supplementary table 4.2: Number of patients and age-standardised 5-year net survival (NS, %) with 95% confidence interval (95% CI): men (15-99 years) diagnosed

with melanoma of the skin by continent, country, anatomic location and calendar period of diagnosis (2000-2004, 2005-2009, 2010-2014)

Upper and lower limbsHead and neck Trunk Overlapping and NOS Genital organs

MEN

95% CI 95% CI 95% CI 95% CI 95% CI

Thailand § 2000-2004 6 77.6 40.7 - 100.0 8 13.4 0.0 - 32.7 20 39.2 16.0 - 62.5 9 14.4 0.0 - 33.8

2005-2009 20 57.8 35.9 - 79.7 8 18.9 0.0 - 51.7 65 31.2 20.9 - 41.5 32 31.5 14.7 - 48.4

2010-2014 12 47.7 17.5 - 77.9 13 18.9 0.0 - 51.7 62 55.2 44.8 - 65.5 10 21.0 0.0 - 46.7

Turkey 2000-2004 35 70.3 50.4 - 90.1 45 63.9 46.6 - 81.2 50 60.4 43.0 - 77.9 26 59.8 35.3 - 84.3

2005-2009 194 61.6 53.6 - 69.6 161 48.3 39.0 - 57.5 200 55.4 47.9 - 62.9 103 24.6 16.6 - 32.6

2010-2014 225 59.6 52.2 - 67.0 154 53.9 45.3 - 62.5 213 55.1 47.4 - 62.8 111 35.3 26.1 - 44.6

EUROPE

Austria * 2000-2004 360 84.1 79.2 - 89.0 953 92.0 89.0 - 95.0 677 87.0 83.5 - 90.5 797 61.1 57.3 - 65.0

2005-2009 431 88.1 83.6 - 92.5 1,089 92.1 89.5 - 94.8 757 88.5 85.1 - 91.9 797 60.6 56.7 - 64.6

2010-2014 585 89.0 85.1 - 92.9 1,398 94.2 91.9 - 96.5 1,048 91.7 88.7 - 94.8 834 65.4 61.5 - 69.4

Belgium * 2000-2004 112 78.6 65.4 - 91.9 191 83.3 76.1 - 90.4 170 86.6 79.1 - 94.0 130 82.6 74.7 - 90.5

2005-2009 678 83.2 79.2 - 87.3 1,220 83.6 80.8 - 86.5 1,108 87.0 84.2 - 89.7 340 85.5 80.1 - 90.9

2010-2014 972 87.9 84.6 - 91.2 2,035 88.7 86.4 - 91.1 1,790 88.7 86.3 - 91.0 119 73.3 64.9 - 81.6

Bulgaria * 2000-2004 159 34.4 25.3 - 43.5 421 45.5 39.6 - 51.4 191 47.5 38.9 - 56.2 62 26.7 16.5 - 36.8

2005-2009 200 47.8 38.8 - 56.8 521 48.1 42.9 - 53.3 213 47.7 40.3 - 55.1 58 12.1 5.0 - 19.2

2010-2014 205 57.2 48.1 - 66.3 647 54.5 49.6 - 59.3 267 55.6 48.9 - 62.3 70 21.5 12.1 - 30.9

Croatia * 2000-2004 130 68.8 58.1 - 79.5 223 62.1 54.0 - 70.2 100 56.3 46.8 - 65.7 616 59.9 55.1 - 64.8

2005-2009 221 71.5 64.0 - 79.0 461 73.3 68.1 - 78.4 167 72.6 64.6 - 80.6 556 67.7 62.8 - 72.7

2010-2014 188 69.9 61.9 - 77.9 528 75.8 71.1 - 80.5 242 77.8 70.8 - 84.9 538 74.1 69.1 - 79.0

Czech Republic * 2000-2004 477 71.2 65.6 - 76.7 2,139 80.1 77.8 - 82.5 989 80.1 77.0 - 83.3 244 51.9 44.2 - 59.6

2005-2009 652 78.9 74.5 - 83.2 2,708 84.9 83.0 - 86.8 1,225 82.0 79.3 - 84.8 207 50.2 42.2 - 58.1

2010-2014 761 78.1 73.8 - 82.4 3,112 86.3 84.6 - 88.1 1,418 85.4 82.9 - 88.0 203 41.5 33.6 - 49.4

Denmark * 2000-2004 323 85.4 80.2 - 90.6 1,156 85.3 82.4 - 88.1 583 84.5 80.2 - 88.7 388 71.4 65.5 - 77.3

2005-2009 481 83.5 79.1 - 87.8 1,869 90.6 88.7 - 92.6 815 93.4 90.5 - 96.3 573 59.9 55.1 - 64.6

2010-2014 704 87.1 83.5 - 90.8 2,806 93.1 91.5 - 94.8 1,209 94.8 92.2 - 97.4 300 55.5 50.0 - 61.0

Estonia * 2000-2004 30 59.9 37.2 - 82.7 112 57.5 47.6 - 67.5 57 54.0 37.3 - 70.7 6 37.1 0.0 - 74.7

2005-2009 38 60.9 40.9 - 80.9 162 64.8 55.7 - 73.8 73 77.6 65.2 - 89.9 9 23.7 0.0 - 48.8

2010-2014 27 92.1 78.9 - 100.0 148 76.4 67.3 - 85.6 60 83.8 72.5 - 95.1 9 37.1 0.0 - 74.7

Finland * 2000-2004 252 71.8 64.8 - 78.8 886 82.3 78.9 - 85.7 415 85.7 80.9 - 90.5 248 75.1 68.3 - 81.9

2005-2009 362 84.0 79.5 - 88.6 1,176 85.7 82.9 - 88.4 644 88.7 85.2 - 92.2 325 75.7 70.1 - 81.3

2010-2014 479 84.4 80.0 - 88.9 1,394 88.5 86.0 - 91.0 843 88.7 85.6 - 91.9 605 78.7 73.7 - 83.8

France 2000-2004 360 83.6 78.3 - 88.8 841 87.4 84.0 - 90.7 657 85.8 82.5 - 89.1 129 91.2 84.4 - 97.9

2005-2009 695 87.0 83.2 - 90.9 1,503 89.7 87.4 - 92.0 1,134 88.2 85.0 - 91.4 106 85.7 77.2 - 94.1

2010-2014 136 88.9 81.6 - 96.1 353 92.4 87.9 - 96.8 293 85.6 79.4 - 91.9 20 56.3 36.8 - 75.9

Germany 2000-2004 1,510 88.9 86.4 - 91.3 3,911 92.4 90.9 - 93.9 3,184 88.8 87.2 - 90.4 772 70.8 66.8 - 74.9 7 34.5 1.2 - 67.8

2005-2009 2,013 86.7 84.3 - 89.1 5,280 92.5 91.3 - 93.7 4,249 92.9 91.6 - 94.2 729 67.6 63.3 - 71.9 6 39.6 1.5 - 77.8

2010-2014 1,926 88.2 85.8 - 90.5 5,320 93.7 92.6 - 94.9 4,335 93.2 92.0 - 94.5 677 70.8 66.7 - 74.9 9 66.5 30.6 - 100.0
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No. NS (%) No. NS (%) No. NS (%) No. NS (%) No. NS (%)

Supplementary table 4.2: Number of patients and age-standardised 5-year net survival (NS, %) with 95% confidence interval (95% CI): men (15-99 years) diagnosed

with melanoma of the skin by continent, country, anatomic location and calendar period of diagnosis (2000-2004, 2005-2009, 2010-2014)

Upper and lower limbsHead and neck Trunk Overlapping and NOS Genital organs

MEN

95% CI 95% CI 95% CI 95% CI 95% CI

Gibraltar * 2000-2004 5 62.9 23.9 - 100.0 3 34.9 0.0 - 76.4

2005-2009 3 100.0 100.0 - 100.0 2 100.0 100.0 - 100.0

2010-2014 5 100.0 100.0 - 100.0 3 100.0 100.0 - 100.0

Iceland * 2000-2004 24 72.2 50.8 - 93.6 41 97.8 87.9 - 100.0 28 75.0 54.1 - 96.0

2005-2009 31 81.1 59.4 - 100.0 54 82.4 69.1 - 95.7 17 71.9 47.5 - 96.2

2010-2014 16 81.1 59.4 - 100.0 41 86.7 76.4 - 96.9 28 87.9 77.8 - 98.0

Ireland * 2000-2004 311 82.2 76.1 - 88.3 295 79.3 72.9 - 85.7 347 75.5 69.8 - 81.2 28 43.2 22.4 - 64.0

2005-2009 537 82.5 78.1 - 86.8 423 81.0 76.3 - 85.6 459 77.7 73.3 - 82.2 28 28.5 11.3 - 45.7

2010-2014 539 84.5 80.0 - 89.0 528 88.5 84.0 - 93.0 490 82.3 77.8 - 86.8 33 43.2 22.4 - 64.0

Italy 2000-2004 869 76.6 72.9 - 80.3 3,082 82.9 81.2 - 84.6 1,989 82.3 80.3 - 84.4 1,065 71.6 68.5 - 74.6

2005-2009 1,317 80.4 77.5 - 83.3 5,147 86.4 85.1 - 87.6 3,322 84.7 83.2 - 86.3 1,714 76.5 74.1 - 78.8

2010-2014 587 80.2 76.6 - 83.9 2,231 86.4 84.9 - 88.0 1,434 84.2 82.2 - 86.2 511 75.2 71.7 - 78.7

Latvia * 2000-2004 44 63.0 42.6 - 83.3 128 63.5 53.5 - 73.6 51 53.0 35.7 - 70.3 9 48.3 16.7 - 79.8

2005-2009 48 42.3 24.1 - 60.6 160 65.7 56.4 - 74.9 87 57.8 47.0 - 68.6 13 24.5 2.3 - 46.7

2010-2014 50 48.9 33.7 - 64.0 212 64.6 55.7 - 73.4 88 76.8 66.8 - 86.9 14 35.8 9.5 - 62.0

Lithuania * 2000-2004 60 61.9 50.8 - 72.9 193 57.7 48.8 - 66.7 110 63.3 52.5 - 74.0 38 42.9 25.1 - 60.6

2005-2009 77 63.6 50.9 - 76.4 224 60.2 52.7 - 67.7 108 46.1 36.9 - 55.3 35 56.9 35.8 - 78.0

2010-2014 61 74.5 59.4 - 89.6 173 58.8 49.9 - 67.7 101 53.8 44.4 - 63.2 16 56.9 35.8 - 78.0

Malta * 2000-2004 13 91.7 70.5 - 100.0 42 98.3 84.1 - 100.0 22 70.5 47.9 - 93.2

2005-2009 11 36.7 3.1 - 70.3 34 80.1 60.4 - 99.7 16 72.6 49.1 - 96.1

2010-2014 16 36.7 3.1 - 70.3 49 79.9 72.2 - 87.6 28 93.3 72.3 - 100.0

Netherlands * 2000-2004 1,018 81.9 78.6 - 85.1 2,858 85.4 83.2 - 87.6 2,024 85.5 83.1 - 88.0 23 72.9 49.0 - 96.8

2005-2009 1,341 84.1 81.5 - 86.8 4,199 87.0 85.4 - 88.6 2,766 87.8 86.0 - 89.6 27 76.5 56.7 - 96.3

2010-2014 2,001 83.4 80.9 - 85.9 6,134 89.2 87.8 - 90.5 3,898 89.7 88.1 - 91.3 23 71.8 56.5 - 87.1

Norway * 2000-2004 386 76.1 70.2 - 82.0 1,206 82.3 79.5 - 85.1 706 83.0 79.4 - 86.6 33 49.1 29.8 - 68.4

2005-2009 477 82.8 78.2 - 87.4 1,523 82.8 80.5 - 85.1 942 84.2 81.2 - 87.3 48 51.7 36.0 - 67.4

2010-2014 623 84.7 80.6 - 88.9 2,224 87.3 85.2 - 89.4 1,365 86.3 83.6 - 89.0 45 69.5 57.2 - 81.7

Poland * 2000-2004 522 57.3 52.1 - 62.4 1,780 64.6 61.7 - 67.6 1,083 61.6 58.0 - 65.1 867 34.1 30.4 - 37.8

2005-2009 753 55.9 51.6 - 60.2 2,396 64.5 62.1 - 66.8 1,442 65.3 62.3 - 68.2 921 41.6 37.9 - 45.4

2010-2014 834 61.2 57.0 - 65.3 3,093 66.9 64.7 - 69.1 1,847 67.6 64.9 - 70.4 981 45.3 41.5 - 49.1

Portugal 2000-2004 190 77.9 70.0 - 85.8 346 71.7 66.1 - 77.3 245 71.1 64.9 - 77.3 235 67.4 60.5 - 74.2

2005-2009 253 84.8 78.2 - 91.4 597 76.3 72.4 - 80.3 445 73.5 68.5 - 78.4 285 71.1 65.2 - 77.1

2010-2014 238 92.4 82.0 - 100.0 607 70.2 61.0 - 79.4 422 75.3 63.9 - 86.8 182 76.6 66.1 - 87.1

Romania (Cluj) 2000-2004

2005-2009 17 59.1 28.2 - 90.1 52 70.1 59.4 - 80.8 29 64.9 45.8 - 84.0 6 18.5 0.0 - 43.6

2010-2014 11 68.0 30.1 - 100.0 54 66.7 48.0 - 85.5 30 59.8 38.6 - 80.9 9 23.4 0.0 - 48.1
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No. NS (%) No. NS (%) No. NS (%) No. NS (%) No. NS (%)

Supplementary table 4.2: Number of patients and age-standardised 5-year net survival (NS, %) with 95% confidence interval (95% CI): men (15-99 years) diagnosed

with melanoma of the skin by continent, country, anatomic location and calendar period of diagnosis (2000-2004, 2005-2009, 2010-2014)

Upper and lower limbsHead and neck Trunk Overlapping and NOS Genital organs

MEN

95% CI 95% CI 95% CI 95% CI 95% CI

Russia 2000-2004 56 50.6 37.9 - 63.4 245 64.1 56.0 - 72.3 119 64.4 53.7 - 75.2 82 30.9 19.7 - 42.1

2005-2009 87 40.9 30.0 - 51.8 307 57.3 49.9 - 64.7 145 55.2 45.3 - 65.0 45 41.3 22.9 - 59.6

2010-2014 85 54.8 41.6 - 68.0 400 56.0 48.9 - 63.1 195 59.7 50.6 - 68.8 33 34.0 14.4 - 53.5

Slovakia * 2000-2004 158 61.8 52.9 - 70.6 649 69.8 65.0 - 74.5 283 68.3 61.7 - 74.9 39 40.6 23.6 - 57.6

2005-2009 209 69.0 60.5 - 77.5 889 79.5 75.8 - 83.2 393 77.4 72.1 - 82.6 79 36.4 25.0 - 47.9

2010-2014 49 63.5 47.8 - 79.1 195 73.6 65.9 - 81.3 86 79.6 68.4 - 90.9 12 16.9 4.3 - 29.5

Slovenia * 2000-2004 97 62.9 51.9 - 73.8 410 74.2 68.8 - 79.6 180 76.7 68.7 - 84.6 24 50.4 27.0 - 73.9

2005-2009 115 79.4 70.8 - 88.1 573 86.1 81.8 - 90.4 247 80.8 74.3 - 87.2 28 20.9 5.3 - 36.6

2010-2014 126 72.8 63.6 - 81.9 619 90.3 85.9 - 94.7 255 75.5 68.9 - 82.1 19 58.0 27.4 - 88.6

Spain 2000-2004 321 78.5 72.1 - 84.9 645 80.5 76.4 - 84.7 438 78.4 73.8 - 82.9 237 76.4 69.9 - 82.9

2005-2009 456 77.0 71.7 - 82.4 921 84.3 81.3 - 87.4 608 82.9 79.3 - 86.5 189 82.9 76.6 - 89.3

2010-2014 275 69.8 61.4 - 78.3 621 83.6 78.8 - 88.3 328 84.2 78.8 - 89.6 45 72.0 58.4 - 85.6

Sweden * 2000-2004 656 80.8 76.5 - 85.1 2,390 87.7 85.9 - 89.4 1,327 86.3 83.9 - 88.8 167 82.0 75.6 - 88.4

2005-2009 893 84.2 80.9 - 87.5 3,036 88.1 86.5 - 89.6 1,834 87.2 85.2 - 89.3 138 87.4 80.2 - 94.6

2010-2014 1,109 85.7 82.8 - 88.6 4,103 89.7 88.3 - 91.1 2,668 89.8 88.0 - 91.5 40 86.0 75.6 - 96.4

Switzerland 2000-2004 163 93.6 87.2 - 100.0 364 88.4 84.0 - 92.8 274 85.1 80.1 - 90.1 16 38.2 15.3 - 61.2

2005-2009 451 86.1 81.2 - 91.0 992 93.5 91.0 - 96.0 888 91.2 88.6 - 93.9 54 59.2 41.9 - 76.4

2010-2014 301 88.7 83.9 - 93.6 712 94.8 92.3 - 97.3 510 92.3 89.5 - 95.1 38 56.0 40.2 - 71.8

United Kingdom * 2000-2004 3,940 81.0 79.1 - 82.8 6,849 83.6 82.3 - 84.9 5,655 85.1 83.7 - 86.4 1,254 53.5 50.4 - 56.6 17 24.2 2.1 - 46.4

2005-2009 5,657 84.7 83.2 - 86.1 10,515 87.3 86.4 - 88.3 8,024 87.6 86.6 - 88.7 1,206 58.2 54.9 - 61.4 32 57.0 34.7 - 79.3

2010-2014 7,944 86.4 85.0 - 87.7 13,881 90.0 89.1 - 90.8 10,789 88.9 88.0 - 89.9 853 49.4 45.7 - 53.1 29 56.5 30.0 - 83.1

OCEANIA

Australia * 2000-2004 5,678 88.2 87.1 - 89.4 11,429 93.3 92.6 - 94.0 9,325 93.6 92.8 - 94.4 1,312 50.1 47.0 - 53.3

2005-2009 6,855 88.1 87.0 - 89.2 13,019 94.0 93.3 - 94.7 10,824 94.2 93.5 - 95.0 1,361 45.0 41.7 - 48.3

2010-2014 6,627 88.2 87.1 - 89.3 12,391 94.8 94.1 - 95.5 10,428 94.8 94.1 - 95.6 1,294 46.3 42.8 - 49.8

New Zealand * 2000-2004 908 85.7 82.7 - 88.8 1,895 92.0 90.1 - 94.0 1,441 90.7 88.4 - 93.1 299 41.5 35.0 - 47.9

2005-2009 1,100 85.9 83.0 - 88.8 2,267 92.2 90.5 - 93.9 1,970 93.1 91.3 - 94.8 329 35.7 29.5 - 41.8

2010-2014 1,225 88.4 85.7 - 91.0 2,506 93.8 92.2 - 95.4 2,089 92.7 91.0 - 94.5 313 36.2 29.0 - 43.4

Italics denote survival estimates that are not age-standardised

§
Survival estimate considered less reliable, because 15% or more of patients were (a) lost to follow-up or censored alive within five years of diagnosis (or if diagnosed in 2010 or later, before 31 December 2014), or  (b) registered

only from a death certificate or at autopsy, or  (c) registered with incomplete dates, i.e., unknown year of birth, unknown month and/or year of diagnosis or unknown year of last vital status

* Data with 100% coverage of the national population
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No. NS (%) No. NS (%) No. NS (%) No. NS (%) No. NS (%)

AFRICA

Algeria 2000-2004 7 9.0 0.0 - 29.5

2005-2009 37 0.3 0.0 - 1.1

2010-2014 28 0.3 0.0 - 1.1

Nigeria (Ibadan) 2000-2004

2005-2009 12 100.0 100.0 - 100.0

2010-2014 13 100.0 100.0 - 100.0

South Africa 2000-2004

(Eastern Cape) 2005-2009

2010-2014

AMERICA (CENTRAL AND SOUTH)

Argentina 2000-2004 14 62.0 34.9 - 89.0 15 67.6 44.0 - 91.2 26 70.8 51.5 - 90.0 40 54.1 36.9 - 71.2

2005-2009 29 88.1 65.7 - 100.0 35 72.9 57.8 - 88.0 81 71.3 61.4 - 81.1 110 69.5 61.1 - 77.8

2010-2014 20 49.9 15.8 - 83.9 21 73.4 64.7 - 82.1 65 78.0 67.8 - 88.1 97 67.6 58.8 - 76.3

Brazil 2000-2004 43 93.0 79.3 - 100.0 61 80.4 69.2 - 91.6 123 86.2 78.0 - 94.3 18 45.9 22.4 - 69.3

2005-2009 56 87.2 71.3 - 100.0 77 88.2 80.7 - 95.7 139 88.7 82.3 - 95.2 41 49.4 33.3 - 65.5

2010-2014 34 85.8 74.9 - 96.6 45 83.8 75.1 - 92.4 87 84.6 76.1 - 93.0 34 53.9 42.8 - 65.0

Chile 2000-2004 15 64.1 38.3 - 89.8 2 50.3 0.7 - 99.8 26 65.8 44.3 - 87.4 9 70.7 40.7 - 100.0

2005-2009 18 75.4 34.3 - 100.0 7 57.8 23.9 - 91.7 35 78.4 56.3 - 100.0 8 38.5 7.2 - 69.9

2010-2014 16 75.4 34.3 - 100.0 7 82.0 47.0 - 100.0 32 85.3 74.5 - 96.0 14 69.3 43.3 - 95.3

Colombia § 2000-2004 27 77.1 51.9 - 100.0 28 79.7 62.2 - 97.2 111 68.6 59.4 - 77.8 18 0.6 0.0 - 2.0

2005-2009 50 77.0 58.7 - 95.4 38 83.1 68.7 - 97.5 154 72.5 63.8 - 81.2 22 38.2 16.1 - 60.3

2010-2014 39 58.4 42.1 - 74.6 32 78.2 66.1 - 90.4 121 72.0 61.6 - 82.5 22 30.9 5.1 - 56.7

Costa Rica * 2000-2004 29 100.0 91.0 - 100.0 20 84.8 67.9 - 100.0 95 85.6 78.0 - 93.2 17 64.7 39.1 - 90.3

2005-2009 45 85.2 68.2 - 100.0 34 82.8 68.8 - 96.8 151 79.5 71.6 - 87.5 20 33.9 12.3 - 55.5

2010-2014 86 87.1 76.9 - 97.3 51 87.8 78.2 - 97.4 144 80.7 72.5 - 89.0 30 33.9 12.3 - 55.5

Ecuador 2000-2004 25 71.3 41.7 - 100.0 11 40.0 11.7 - 68.3 70 57.8 46.9 - 68.7 5 25.0 0.0 - 62.8

2005-2009 33 75.1 52.3 - 98.0 18 73.3 46.6 - 100.0 115 69.7 60.5 - 78.9 32 51.8 33.8 - 69.8

2010-2014 36 93.5 68.7 - 100.0 11 60.4 19.2 - 100.0 135 62.0 52.5 - 71.4 22 56.4 31.9 - 80.9

Guadeloupe * 2000-2004

2005-2009 5 83.3 27.9 - 100.0

2010-2014 6 100.0 100.0 - 100.0 6 27.8 0.0 - 82.2

Martinique * 2000-2004 3 68.4 21.4 - 100.0 10 31.9 3.0 - 60.9 14 100.0 100.0 - 100.0

2005-2009 10 93.4 74.0 - 100.0 17 90.1 70.3 - 100.0 5 100.0 100.0 - 100.0

2010-2014 4 93.4 74.0 - 100.0 13 31.9 3.0 - 60.9 14 100.0 100.0 - 100.0

Puerto Rico * 2000-2004 31 82.8 56.7 - 100.0 31 82.2 66.6 - 97.8 109 80.7 72.1 - 89.3 29 66.8 44.9 - 88.7

2005-2009 27 69.2 48.1 - 90.4 41 93.5 82.2 - 100.0 113 78.9 71.0 - 86.8 13 63.5 33.2 - 93.8

2010-2014 21 74.8 59.8 - 89.8 17 75.4 57.9 - 93.0 38 84.8 73.9 - 95.7 14 67.7 41.2 - 94.3

95% CI 95% CI 95% CI 95% CI 95% CI

Supplementary table 4.2: Number of patients and age-standardised 5-year net survival (NS, %) with 95% confidence interval (95% CI): women (15-99 years)

diagnosed with melanoma of the skin by continent, country, anatomic location and calendar period of diagnosis (2000-2004, 2005-2009, 2010-2014)

WOMEN

Head and neck Trunk Upper and lower limbs Overlapping and NOS Genital organs
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No. NS (%) No. NS (%) No. NS (%) No. NS (%) No. NS (%)95% CI 95% CI 95% CI 95% CI 95% CI

Supplementary table 4.2: Number of patients and age-standardised 5-year net survival (NS, %) with 95% confidence interval (95% CI): women (15-99 years)

diagnosed with melanoma of the skin by continent, country, anatomic location and calendar period of diagnosis (2000-2004, 2005-2009, 2010-2014)

WOMEN

Head and neck Trunk Upper and lower limbs Overlapping and NOS Genital organs

AMERICA (NORTH)

Canada 2000-2004 1,313 90.8 88.6 - 93.0 2,116 87.0 85.0 - 89.1 5,482 93.6 92.6 - 94.6 383 59.1 53.9 - 64.3 76 62.0 49.2 - 74.9

2005-2009 1,664 92.0 90.1 - 93.8 2,537 88.3 86.5 - 90.0 6,713 94.6 93.8 - 95.4 610 55.9 51.7 - 60.1 94 57.3 47.1 - 67.6

2010-2014 1,848 93.1 91.4 - 94.8 2,918 90.7 89.2 - 92.3 7,977 95.4 94.6 - 96.2 510 47.9 43.4 - 52.5 94 48.5 36.0 - 61.0

United States 2000-2004 10,959 90.5 89.7 - 91.3 20,668 91.7 91.0 - 92.3 45,714 95.0 94.6 - 95.3 3,511 49.3 47.5 - 51.1 643 59.1 54.8 - 63.5

2005-2009 12,976 91.2 90.5 - 91.9 24,965 92.9 92.4 - 93.5 54,543 96.0 95.7 - 96.3 3,724 45.5 43.7 - 47.3 664 57.1 52.4 - 61.8

2010-2014 10,620 92.1 91.4 - 92.8 21,307 93.6 93.1 - 94.2 46,203 96.3 96.0 - 96.6 2,971 43.8 41.9 - 45.7 590 59.5 54.8 - 64.2

ASIA

China 2000-2004 17 68.2 45.2 - 91.2 9 25.5 0.0 - 51.7 17 54.0 30.5 - 77.5 21 34.5 11.7 - 57.4

2005-2009 38 87.3 66.2 - 100.0 37 51.5 34.8 - 68.2 98 55.2 45.4 - 65.0 91 33.4 23.2 - 43.7 8 28.5 0.0 - 58.9

2010-2014 64 56.9 40.1 - 73.7 25 66.6 47.4 - 85.9 144 52.1 41.1 - 63.1 84 43.1 31.6 - 54.6 13 60.7 32.8 - 88.6

Cyprus * 2000-2004 5 80.6 47.6 - 100.0

2005-2009 16 96.9 66.3 - 100.0 25 81.7 64.6 - 98.9 65 86.1 79.2 - 93.0 22 80.1 62.4 - 97.7

2010-2014 14 100.0 100.0 - 100.0 29 87.0 76.4 - 97.6 77 89.8 83.6 - 96.0 27 56.1 25.0 - 87.2

India 2000-2004

2005-2009

2010-2014

Israel * 2000-2004 245 88.9 84.5 - 93.3 442 87.9 83.9 - 91.9 823 89.6 86.9 - 92.3 307 78.0 72.7 - 83.2 19 21.8 3.2 - 40.4

2005-2009 319 88.0 83.3 - 92.7 533 86.6 83.1 - 90.2 1,120 93.3 91.2 - 95.3 220 78.0 72.3 - 83.8 17 31.6 8.6 - 54.7

2010-2014 265 89.1 83.9 - 94.2 432 88.8 85.0 - 92.6 960 92.1 89.9 - 94.3 174 75.0 68.1 - 82.0 28 55.1 32.7 - 77.6

Japan 2000-2004 55 74.0 56.6 - 91.5 44 61.8 46.5 - 77.2 231 79.0 73.3 - 84.7 28 76.2 60.1 - 92.2 16 38.8 15.5 - 62.1

2005-2009 194 58.1 48.1 - 68.0 117 60.5 51.1 - 69.8 560 83.5 79.9 - 87.2 38 58.6 38.1 - 79.0 39 22.8 7.7 - 37.8

2010-2014 120 57.1 45.7 - 68.5 89 68.6 59.3 - 77.9 362 80.2 75.5 - 84.9 12 58.6 38.1 - 79.0 25 22.8 7.7 - 37.8

Korea * 2000-2004 126 57.5 48.6 - 66.4 94 48.1 37.8 - 58.5 387 67.6 62.5 - 72.7 55 27.2 17.6 - 36.7 11 37.1 7.8 - 66.4

2005-2009 203 55.8 47.9 - 63.6 128 50.7 41.8 - 59.6 586 68.7 64.7 - 72.7 55 31.7 20.1 - 43.3 20 67.6 46.1 - 89.2

2010-2014 265 66.2 59.3 - 73.0 141 52.2 43.6 - 60.9 822 72.8 69.1 - 76.5 64 28.8 17.2 - 40.5 40 0.1 0.0 - 0.2

Kuwait * 2000-2004

2005-2009

2010-2014

Qatar * 2000-2004

2005-2009

2010-2014

Singapore * 2000-2004 4 0.1 0.0 - 0.3 6 33.7 0.5 - 66.9 31 74.0 55.2 - 92.9 3 36.2 0.0 - 81.1

2005-2009 7 61.6 25.3 - 97.9 9 44.7 14.6 - 74.7 40 50.8 32.3 - 69.3 13 54.4 28.0 - 80.7

2010-2014 6 0.1 0.0 - 0.3 13 77.4 47.5 - 100.0 35 61.4 51.2 - 71.6 3 54.4 28.0 - 80.7

Taiwan * 2000-2004 30 34.2 17.0 - 51.3 55 43.7 30.1 - 57.3 266 59.4 52.7 - 66.1 31 17.2 4.3 - 30.0

2005-2009 44 49.0 32.9 - 65.2 56 54.6 41.0 - 68.2 330 64.7 58.9 - 70.6 24 22.0 5.9 - 38.1

2010-2014 43 45.7 30.4 - 60.9 69 51.5 39.3 - 63.8 361 69.2 63.8 - 74.6 45 19.1 8.5 - 29.8
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Supplementary table 4.2: Number of patients and age-standardised 5-year net survival (NS, %) with 95% confidence interval (95% CI): women (15-99 years)

diagnosed with melanoma of the skin by continent, country, anatomic location and calendar period of diagnosis (2000-2004, 2005-2009, 2010-2014)

WOMEN

Head and neck Trunk Upper and lower limbs Overlapping and NOS Genital organs

Thailand § 2000-2004 11 88.2 47.3 - 100.0 13 52.3 24.4 - 80.2 24 36.3 15.8 - 56.8 11 73.7 48.5 - 98.9

2005-2009 22 64.0 40.8 - 87.2 15 34.9 11.6 - 58.2 57 35.9 22.3 - 49.5 35 44.4 12.4 - 76.4

2010-2014 19 64.0 40.8 - 87.2 21 34.9 11.6 - 58.2 62 27.2 16.8 - 37.6 23 44.4 12.4 - 76.4

Turkey 2000-2004 44 80.5 64.5 - 96.5 21 45.9 23.1 - 68.6 42 59.4 42.3 - 76.6 18 15.4 0.0 - 32.4

2005-2009 203 70.8 63.9 - 77.7 94 56.5 46.2 - 66.8 196 68.7 61.8 - 75.6 74 50.2 38.2 - 62.2

2010-2014 216 76.1 69.6 - 82.7 87 63.1 50.7 - 75.6 251 71.0 63.8 - 78.1 79 50.8 39.3 - 62.3

EUROPE

Austria * 2000-2004 377 89.9 85.0 - 94.9 484 87.8 83.3 - 92.3 1,190 90.4 88.2 - 92.6 664 71.5 67.6 - 75.4 24 43.8 22.5 - 65.1

2005-2009 411 94.7 91.7 - 97.7 632 89.0 85.3 - 92.8 1,302 92.8 90.8 - 94.8 658 63.6 59.7 - 67.6 25 33.7 13.0 - 54.4

2010-2014 540 92.8 89.1 - 96.6 784 97.0 93.5 - 100.0 1,652 93.1 91.2 - 95.1 647 68.9 65.0 - 72.7 27 41.4 10.2 - 72.5

Belgium * 2000-2004 82 83.2 74.9 - 91.5 152 86.2 80.2 - 92.2 440 90.7 87.0 - 94.4 203 84.3 78.3 - 90.3 11 34.0 0.0 - 72.2

2005-2009 597 84.6 80.5 - 88.7 1,118 87.9 84.8 - 90.9 2,938 93.3 91.9 - 94.6 492 87.3 83.5 - 91.1 48 45.4 27.6 - 63.1

2010-2014 768 87.8 84.2 - 91.5 1,728 91.4 88.8 - 93.9 4,267 94.1 92.9 - 95.4 146 81.3 74.9 - 87.7 36 45.4 27.6 - 63.1

Bulgaria * 2000-2004 146 52.3 42.2 - 62.4 196 50.5 43.3 - 57.7 358 68.9 63.1 - 74.8 55 33.5 21.6 - 45.5 10 22.1 0.0 - 45.7

2005-2009 153 61.5 52.0 - 71.0 250 55.9 49.3 - 62.5 469 74.6 69.8 - 79.4 47 19.9 8.4 - 31.4 7 67.5 29.0 - 100.0

2010-2014 212 57.7 48.2 - 67.1 332 65.1 58.7 - 71.5 567 73.5 69.1 - 77.9 50 42.5 28.8 - 56.2 8 48.9 10.2 - 87.6

Croatia * 2000-2004 125 69.7 59.5 - 80.0 172 60.5 52.2 - 68.7 179 76.1 69.4 - 82.8 645 71.7 67.6 - 75.9

2005-2009 195 86.0 80.0 - 92.1 273 74.9 68.9 - 81.0 366 80.2 75.8 - 84.6 551 74.9 70.8 - 79.1

2010-2014 179 75.2 67.7 - 82.7 293 76.1 70.7 - 81.6 437 85.1 81.0 - 89.2 447 78.7 74.2 - 83.1

Czech Republic * 2000-2004 548 85.5 81.3 - 89.7 1,237 80.5 77.6 - 83.5 1,887 85.8 83.8 - 87.8 201 63.4 56.0 - 70.8 20 33.3 9.4 - 57.1

2005-2009 640 84.5 80.6 - 88.3 1,459 85.7 83.3 - 88.1 2,287 89.6 87.7 - 91.4 161 63.4 55.3 - 71.4 20 43.4 20.6 - 66.1

2010-2014 682 88.0 84.6 - 91.5 1,751 87.1 85.0 - 89.2 2,552 88.7 87.0 - 90.3 183 70.7 62.8 - 78.6 31 44.7 15.0 - 74.4

Denmark * 2000-2004 279 88.4 82.8 - 94.0 823 88.7 85.4 - 92.0 1,610 92.3 90.3 - 94.4 375 83.2 78.3 - 88.0 8 44.6 7.6 - 81.6

2005-2009 356 90.9 87.0 - 94.9 1,457 92.2 89.8 - 94.6 2,172 95.8 94.2 - 97.4 529 73.1 68.9 - 77.4 16 80.3 56.7 - 100.0

2010-2014 554 92.8 89.4 - 96.2 2,028 93.6 91.5 - 95.8 2,951 96.0 94.5 - 97.4 247 66.3 61.2 - 71.4 14 45.6 17.0 - 74.2

Estonia * 2000-2004 66 78.7 63.0 - 94.4 128 69.2 60.0 - 78.4 195 80.8 74.6 - 87.1 10 62.2 31.4 - 93.0

2005-2009 58 70.1 54.7 - 85.5 150 73.5 66.1 - 80.8 273 82.7 77.7 - 87.8 8 25.6 0.0 - 52.4

2010-2014 37 95.7 89.0 - 100.0 142 76.7 67.5 - 86.0 162 88.4 82.5 - 94.3 12 34.4 9.6 - 59.2

Finland * 2000-2004 301 89.3 84.6 - 94.0 426 85.6 81.2 - 90.1 798 91.4 88.9 - 94.0 237 81.0 75.7 - 86.3 14 32.9 6.3 - 59.4

2005-2009 371 89.2 84.3 - 94.0 582 86.8 83.5 - 90.2 1,069 92.7 90.6 - 94.8 238 80.4 74.6 - 86.2 15 36.9 11.6 - 62.2

2010-2014 504 93.7 89.8 - 97.6 789 86.9 83.9 - 89.9 1,481 92.3 90.4 - 94.3 468 88.2 83.6 - 92.8 22 59.5 25.2 - 93.7

France 2000-2004 401 88.9 84.6 - 93.3 472 88.8 84.8 - 92.8 1,452 92.2 90.3 - 94.2 166 93.4 88.0 - 98.7 14 54.2 27.2 - 81.1

2005-2009 634 93.2 90.5 - 96.0 779 90.7 87.3 - 94.0 2,289 94.6 93.1 - 96.1 95 84.0 75.8 - 92.2 24 32.6 9.3 - 56.0

2010-2014 104 92.6 86.2 - 99.0 193 94.2 88.7 - 99.7 535 94.2 90.9 - 97.5 16 68.0 56.6 - 79.5 5 32.6 9.3 - 56.0

Germany 2000-2004 1,440 89.7 87.2 - 92.2 2,226 91.9 89.8 - 94.0 6,031 94.4 93.5 - 95.4 735 78.8 75.4 - 82.1 81 62.0 48.8 - 75.3

2005-2009 1,716 93.6 91.5 - 95.7 2,874 91.8 90.1 - 93.4 7,428 95.3 94.4 - 96.1 648 74.0 70.1 - 77.9 71 47.4 34.2 - 60.7

2010-2014 1,505 94.4 92.4 - 96.3 2,783 93.0 91.4 - 94.5 6,923 96.1 95.3 - 96.8 552 76.2 72.4 - 80.1 72 66.1 54.4 - 77.9
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Supplementary table 4.2: Number of patients and age-standardised 5-year net survival (NS, %) with 95% confidence interval (95% CI): women (15-99 years)

diagnosed with melanoma of the skin by continent, country, anatomic location and calendar period of diagnosis (2000-2004, 2005-2009, 2010-2014)

WOMEN

Head and neck Trunk Upper and lower limbs Overlapping and NOS Genital organs

Gibraltar * 2000-2004

2005-2009

2010-2014

Iceland * 2000-2004 11 81.3 46.1 - 100.0 51 90.8 82.3 - 99.3 81 97.4 88.9 - 100.0

2005-2009 17 99.4 69.4 - 100.0 53 92.2 83.9 - 100.0 72 88.1 78.4 - 97.8

2010-2014 11 99.4 69.4 - 100.0 42 86.9 74.0 - 99.7 65 88.0 77.6 - 98.4

Ireland * 2000-2004 357 91.1 86.8 - 95.4 147 87.8 81.6 - 94.1 995 89.8 87.1 - 92.4 23 77.8 58.8 - 96.8 8 47.8 7.8 - 87.7

2005-2009 482 91.9 88.2 - 95.6 228 84.1 78.6 - 89.6 1,168 92.1 89.8 - 94.4 29 76.0 58.9 - 93.0 20 56.7 20.1 - 93.2

2010-2014 400 92.4 88.6 - 96.1 242 83.9 77.1 - 90.7 1,294 94.3 92.1 - 96.6 34 84.8 76.6 - 93.0 18 56.7 20.1 - 93.2

Italy 2000-2004 767 84.8 81.3 - 88.3 1,655 86.7 84.3 - 89.0 3,582 89.8 88.5 - 91.0 1,082 83.2 80.7 - 85.8 69 42.4 27.6 - 57.1

2005-2009 1,086 86.0 83.2 - 88.7 3,008 87.3 85.5 - 89.0 5,601 90.1 89.1 - 91.1 1,633 84.1 81.9 - 86.2 83 47.5 34.9 - 60.0

2010-2014 414 84.1 80.1 - 88.2 1,236 85.6 83.3 - 87.8 2,281 90.4 89.1 - 91.6 460 80.9 77.6 - 84.2 30 59.5 47.8 - 71.2

Latvia * 2000-2004 78 74.4 57.9 - 91.0 117 68.7 59.4 - 78.1 253 70.0 63.6 - 76.4 16 39.1 15.0 - 63.2

2005-2009 83 69.0 54.4 - 83.6 148 62.4 53.8 - 71.0 265 74.8 68.6 - 81.0 25 30.3 12.1 - 48.4

2010-2014 79 69.0 53.5 - 84.5 196 73.8 66.0 - 81.6 315 78.2 72.3 - 84.1 22 82.8 57.2 - 100.0

Lithuania * 2000-2004 96 76.7 66.7 - 86.6 187 63.6 55.9 - 71.2 381 77.2 72.2 - 82.3 38 33.0 17.6 - 48.5

2005-2009 131 78.0 69.4 - 86.6 172 67.8 60.1 - 75.4 432 79.8 75.4 - 84.2 63 75.6 65.1 - 86.0

2010-2014 101 93.0 86.4 - 99.6 175 74.1 65.7 - 82.5 308 84.4 79.3 - 89.5 22 77.0 68.2 - 85.8

Malta * 2000-2004 20 92.2 78.6 - 100.0 45 79.8 66.6 - 93.0 6 76.1 39.1 - 100.0

2005-2009 35 86.4 73.6 - 99.1 66 90.5 80.4 - 100.0 9 69.5 30.7 - 100.0

2010-2014 42 91.1 79.8 - 100.0 54 88.0 83.0 - 93.0 4 69.5 30.7 - 100.0

Netherlands * 2000-2004 923 94.2 91.8 - 96.6 2,189 89.3 87.0 - 91.7 5,063 91.9 90.7 - 93.1 21 79.3 60.5 - 98.0 47 45.2 27.1 - 63.4

2005-2009 1,149 89.5 87.2 - 91.9 3,036 89.1 87.2 - 91.0 6,522 94.3 93.3 - 95.2 33 73.4 57.2 - 89.6 48 35.0 19.8 - 50.1

2010-2014 1,498 90.9 88.7 - 93.1 4,003 90.7 89.0 - 92.3 8,146 94.8 93.9 - 95.6 34 87.8 77.7 - 97.9 47 35.0 19.8 - 50.1

Norway * 2000-2004 393 86.9 81.8 - 92.0 749 88.3 85.1 - 91.5 1,576 92.1 90.2 - 94.0 42 67.0 52.0 - 82.0 18 64.3 34.4 - 94.2

2005-2009 412 89.9 85.4 - 94.5 930 89.1 86.5 - 91.7 1,768 92.7 91.0 - 94.4 56 83.7 72.6 - 94.7 23 53.2 29.9 - 76.5

2010-2014 531 89.9 85.7 - 94.2 1,389 91.5 89.0 - 93.9 2,439 92.8 91.3 - 94.4 58 91.0 81.3 - 100.0 27 53.2 29.9 - 76.5

Poland * 2000-2004 664 69.9 65.4 - 74.5 1,123 64.9 61.6 - 68.1 2,546 75.0 73.0 - 77.0 794 47.8 44.0 - 51.5 41 43.5 27.3 - 59.7

2005-2009 834 73.5 69.8 - 77.3 1,438 71.6 68.8 - 74.3 3,190 78.1 76.5 - 79.7 928 56.5 53.0 - 59.9 44 37.8 21.5 - 54.0

2010-2014 1,070 76.9 73.5 - 80.3 1,812 73.9 71.4 - 76.5 3,852 79.1 77.5 - 80.6 901 60.4 57.0 - 63.8 65 34.6 21.7 - 47.5

Portugal 2000-2004 270 80.4 73.4 - 87.5 244 82.4 76.0 - 88.9 656 82.5 79.4 - 85.7 326 77.7 72.9 - 82.6 20 24.6 5.2 - 44.0

2005-2009 338 83.6 77.8 - 89.5 411 82.9 78.4 - 87.4 1,042 85.6 82.9 - 88.3 363 85.0 80.6 - 89.4 21 35.5 14.2 - 56.8

2010-2014 255 82.9 71.1 - 94.7 383 84.3 76.2 - 92.5 800 85.8 80.0 - 91.5 164 81.9 73.0 - 90.8 15 0.0 0.0 - 0.1

Romania (Cluj) 2000-2004

2005-2009 14 79.9 55.1 - 100.0 45 66.5 51.0 - 82.0 46 79.0 65.5 - 92.5 6 16.8 0.0 - 39.8

2010-2014 18 71.5 42.9 - 100.0 31 91.1 78.3 - 100.0 55 82.7 71.0 - 94.3 12 56.8 26.4 - 87.2

108



No. NS (%) No. NS (%) No. NS (%) No. NS (%) No. NS (%)95% CI 95% CI 95% CI 95% CI 95% CI

Supplementary table 4.2: Number of patients and age-standardised 5-year net survival (NS, %) with 95% confidence interval (95% CI): women (15-99 years)

diagnosed with melanoma of the skin by continent, country, anatomic location and calendar period of diagnosis (2000-2004, 2005-2009, 2010-2014)

WOMEN

Head and neck Trunk Upper and lower limbs Overlapping and NOS Genital organs

Russia 2000-2004 99 63.2 52.1 - 74.3 242 63.0 55.2 - 70.8 401 75.5 70.1 - 80.9 102 43.5 33.3 - 53.8

2005-2009 139 68.5 58.7 - 78.3 323 64.6 58.4 - 70.8 469 72.4 67.2 - 77.5 74 46.2 35.6 - 56.9

2010-2014 183 75.1 66.2 - 84.1 418 64.8 59.1 - 70.6 629 77.2 72.5 - 81.8 28 42.3 26.2 - 58.4

Slovakia * 2000-2004 172 82.1 73.8 - 90.4 419 80.9 75.8 - 86.0 752 82.4 78.7 - 86.1 44 44.3 28.0 - 60.7 7 45.3 11.2 - 79.3

2005-2009 232 84.0 76.2 - 91.8 439 78.3 73.6 - 83.1 854 84.3 81.1 - 87.5 51 28.2 15.1 - 41.3 13 16.5 0.0 - 35.0

2010-2014 56 77.9 60.5 - 95.2 100 78.2 68.4 - 88.1 193 85.1 78.1 - 92.0 13 28.2 15.1 - 41.3 2 16.5 0.0 - 35.0

Slovenia * 2000-2004 117 84.8 75.6 - 93.9 235 81.2 75.3 - 87.1 391 83.1 79.0 - 87.1 30 60.7 35.0 - 86.4

2005-2009 160 86.6 79.0 - 94.2 341 85.3 80.3 - 90.2 604 86.9 83.7 - 90.1 25 52.1 30.0 - 74.1

2010-2014 123 83.6 74.6 - 92.6 343 88.8 83.6 - 94.0 517 87.2 83.9 - 90.5 12 45.0 12.0 - 78.1

Spain 2000-2004 289 81.6 75.6 - 87.7 486 82.8 78.2 - 87.4 1,087 89.4 87.1 - 91.7 261 93.8 88.8 - 98.8 20 41.2 19.0 - 63.4

2005-2009 395 89.3 85.1 - 93.6 664 89.8 86.1 - 93.5 1,313 90.5 88.5 - 92.5 196 88.4 82.9 - 93.9 23 39.2 17.1 - 61.3

2010-2014 214 88.9 82.5 - 95.4 396 90.4 85.1 - 95.7 753 93.9 91.0 - 96.8 50 87.9 79.6 - 96.1 14 39.2 17.1 - 61.3

Sweden * 2000-2004 595 88.7 84.9 - 92.4 1,305 92.1 89.7 - 94.5 2,573 92.6 91.2 - 94.0 159 86.5 80.4 - 92.7 38 47.4 25.2 - 69.7

2005-2009 718 88.7 85.0 - 92.3 1,734 91.9 90.0 - 93.8 3,396 94.6 93.4 - 95.7 143 94.6 88.8 - 100.0 42 40.2 21.3 - 59.1

2010-2014 872 91.3 88.2 - 94.3 2,392 90.9 89.2 - 92.7 4,515 96.0 95.0 - 97.1 39 78.5 67.8 - 89.1 35 47.4 25.2 - 69.7

Switzerland 2000-2004 168 86.3 78.3 - 94.2 204 90.0 83.5 - 96.6 533 93.6 89.4 - 97.7 17 59.8 34.8 - 84.9 4 30.8 0.0 - 69.3

2005-2009 364 91.8 87.8 - 95.9 533 93.3 89.7 - 97.0 1,361 94.9 93.1 - 96.7 31 77.8 58.8 - 96.8 14 15.0 0.0 - 33.3

2010-2014 232 92.7 88.1 - 97.3 389 94.6 91.1 - 98.1 796 95.3 93.3 - 97.2 17 70.8 8.2 - 100.0 7 87.5 45.4 - 100.0

United Kingdom * 2000-2004 3,213 89.8 88.1 - 91.5 3,815 85.4 83.6 - 87.2 14,145 92.7 92.1 - 93.4 1,231 66.4 63.5 - 69.3 206 57.0 48.8 - 65.2

2005-2009 4,020 91.7 90.3 - 93.2 5,573 88.2 86.8 - 89.6 18,037 94.7 94.1 - 95.2 1,155 65.1 62.0 - 68.1 229 57.5 49.4 - 65.5

2010-2014 4,810 93.2 91.9 - 94.5 7,116 90.1 88.8 - 91.4 22,241 95.6 95.1 - 96.1 665 65.8 62.3 - 69.3 236 45.3 36.9 - 53.8

OCEANIA

Australia * 2000-2004 3,179 94.6 93.4 - 95.7 4,490 94.3 93.0 - 95.5 12,348 96.0 95.4 - 96.6 749 61.5 57.6 - 65.3 38 53.5 35.4 - 71.6

2005-2009 3,554 94.6 93.4 - 95.7 5,081 93.5 92.4 - 94.6 13,792 97.1 96.6 - 97.6 683 57.5 53.2 - 61.9 55 35.5 20.3 - 50.7

2010-2014 3,122 94.4 93.2 - 95.7 4,966 94.1 93.0 - 95.2 13,062 97.3 96.7 - 97.9 580 51.9 47.1 - 56.7 47 35.5 20.3 - 50.7

New Zealand * 2000-2004 642 91.5 88.3 - 94.7 839 92.6 89.2 - 95.9 2,808 95.9 94.6 - 97.2 174 51.5 43.3 - 59.7 15 33.5 3.9 - 63.1

2005-2009 700 90.8 87.7 - 93.9 946 95.6 93.4 - 97.9 3,142 97.2 96.0 - 98.4 202 49.8 42.2 - 57.3 10 32.4 5.1 - 59.8

2010-2014 732 93.5 90.5 - 96.6 1,080 95.2 93.1 - 97.3 3,368 96.9 95.8 - 98.0 188 46.3 38.8 - 53.9 19 32.4 5.1 - 59.8

* Data with 100% coverage of the national population

§
Survival estimate considered less reliable, because 15% or more of patients were (a) lost to follow-up or censored alive within five years of diagnosis (or if diagnosed in 2010 or later, before 31 December 2014), or  (b)

registered only from a death certificate or at autopsy, or  (c) registered with incomplete dates, i.e., unknown year of birth, unknown month and/or year of diagnosis or unknown year of last vital status

Italics denote survival estimates that are not age-standardised
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AFRICA

Algeria 2000-2004 19 1.6 0.0 - 5.5

2005-2009 106 0.1 0.0 - 0.4

2010-2014 92 52.3 44.5 - 60.1

Nigeria (Ibadan) 2000-2004

2005-2009 20 100.0 100.0 - 100.0

2010-2014 23 100.0 90.8 - 100.0

South Africa 2000-2004 7 100.0 100.0 - 100.0

(Eastern Cape) 2005-2009 3 100.0 100.0 - 100.0

2010-2014 10 27.5 0.0 - 64.4

AMERICA (CENTRAL AND SOUTH)

Argentina 2000-2004 27 64.0 44.3 - 83.7 28 77.1 58.0 - 96.2 39 74.9 59.6 - 90.3 86 62.0 50.7 - 73.2

2005-2009 61 73.3 56.4 - 90.1 79 67.8 57.1 - 78.5 142 68.8 60.5 - 77.2 210 66.1 59.0 - 73.3

2010-2014 40 73.7 61.0 - 86.4 61 79.2 67.6 - 90.9 96 75.8 66.4 - 85.1 180 64.3 56.1 - 72.6

Brazil 2000-2004 83 74.2 62.8 - 85.7 142 76.7 67.5 - 86.0 197 81.5 74.4 - 88.6 55 43.6 29.2 - 57.9

2005-2009 114 73.2 62.7 - 83.7 188 81.1 73.6 - 88.6 205 83.2 76.8 - 89.6 90 46.9 36.6 - 57.2

2010-2014 58 68.8 57.6 - 80.0 102 74.7 66.3 - 83.1 144 77.4 70.1 - 84.7 60 43.1 32.6 - 53.7

Chile 2000-2004 27 67.3 45.9 - 88.7 10 47.5 15.7 - 79.3 37 59.8 41.3 - 78.3 19 55.4 32.9 - 78.0

2005-2009 37 73.3 48.4 - 98.2 22 50.8 29.2 - 72.5 59 65.7 49.3 - 82.1 11 41.4 12.1 - 70.7

2010-2014 34 65.7 50.2 - 81.3 16 56.1 30.1 - 82.1 50 70.0 55.1 - 85.0 23 34.8 7.1 - 62.5

Colombia § 2000-2004 60 66.7 48.9 - 84.5 69 77.7 65.2 - 90.2 175 64.5 57.0 - 72.1 37 8.2 0.0 - 18.1

2005-2009 109 75.4 64.6 - 86.2 87 82.6 73.2 - 92.0 252 70.4 63.4 - 77.3 40 38.3 21.7 - 54.9

2010-2014 77 65.6 52.8 - 78.3 67 63.1 49.2 - 77.0 206 71.1 63.0 - 79.3 40 23.5 9.4 - 37.5

Costa Rica * 2000-2004 63 88.0 79.7 - 96.4 56 70.7 57.2 - 84.3 149 84.5 77.1 - 91.9 31 69.7 50.2 - 89.1

2005-2009 103 80.4 71.4 - 89.4 92 74.5 65.4 - 83.5 241 78.8 72.5 - 85.2 46 38.9 22.5 - 55.2

2010-2014 203 83.6 75.3 - 91.9 131 77.6 67.5 - 87.8 244 77.7 71.3 - 84.0 73 48.2 35.9 - 60.6

Ecuador 2000-2004 48 73.0 52.2 - 93.7 20 52.8 30.8 - 74.8 109 54.0 44.1 - 64.0 10 61.4 22.2 - 100.0

2005-2009 70 69.1 53.9 - 84.3 37 59.9 39.7 - 80.0 198 65.7 58.1 - 73.2 85 43.7 34.0 - 53.3

2010-2014 89 61.5 48.7 - 74.3 41 71.9 56.7 - 87.2 228 58.4 50.5 - 66.3 58 47.2 34.2 - 60.2

Guadeloupe * 2000-2004

2005-2009 3 100.0 100.0 - 100.0 8 77.5 36.7 - 100.0

2010-2014 12 100.0 100.0 - 100.0 21 0.5 0.0 - 1.6

Martinique * 2000-2004 4 75.3 38.4 - 100.0 8 78.1 46.3 - 100.0 18 42.6 18.0 - 67.3 34 100.0 90.8 - 100.0

2005-2009 8 67.1 31.4 - 100.0 14 91.2 70.3 - 100.0 31 90.4 75.1 - 100.0 10 82.1 50.6 - 100.0

2010-2014 1 82.7 42.1 - 100.0 10 87.8 64.7 - 100.0 24 98.4 80.6 - 100.0 2 55.2 1.2 - 100.0

Puerto Rico * 2000-2004 78 72.5 56.4 - 88.6 68 74.9 63.5 - 86.3 193 76.5 69.7 - 83.4 57 53.1 37.6 - 68.7

2005-2009 65 72.6 58.0 - 87.3 121 83.9 75.9 - 91.9 201 71.1 64.1 - 78.0 38 66.1 48.4 - 83.7

2010-2014 45 59.4 40.0 - 78.8 49 78.0 65.4 - 90.6 81 76.4 67.3 - 85.5 33 73.3 49.8 - 96.8

AMERICA (NORTH)

Canada 2000-2004 3,688 86.6 85.0 - 88.1 6,311 86.9 85.7 - 88.0 8,693 91.4 90.5 - 92.2 1,064 54.4 51.0 - 57.9 76 62.0 49.2 - 74.9 9 48.3 15.3 - 81.2

2005-2009 4,631 86.5 85.2 - 87.8 7,773 87.5 86.5 - 88.5 10,717 92.6 91.9 - 93.3 1,496 48.8 45.9 - 51.7 94 57.3 47.1 - 67.6 11 9.7 0.0 - 24.2

2010-2014 5,503 88.6 87.4 - 89.8 8,883 89.4 88.5 - 90.3 12,919 93.4 92.7 - 94.0 1,307 42.1 39.0 - 45.2 94 48.5 36.0 - 61.0 9 31.4 0.7 - 62.2

United States 2000-2004 37,734 88.1 87.6 - 88.6 60,147 91.4 91.0 - 91.7 77,553 93.5 93.2 - 93.8 9,885 43.1 42.0 - 44.3 643 59.1 54.8 - 63.5 53 63.9 47.5 - 80.3

2005-2009 46,061 89.5 89.0 - 89.9 71,889 93.0 92.7 - 93.3 94,763 94.6 94.4 - 94.9 #### 40.8 39.7 - 42.0 664 57.1 52.4 - 61.8 58 60.1 48.2 - 72.0

2010-2014 40,397 90.1 89.7 - 90.6 61,746 93.4 93.1 - 93.8 81,356 94.9 94.7 - 95.2 8,694 38.5 37.4 - 39.7 590 59.5 54.8 - 64.2 48 67.6 56.3 - 78.8

95% CI 95% CI 95% CI 95% CI 95% CI 95% CI

Supplementary table 4.2: Number of patients and age-standardised 5-year net survival (NS, %) with 95% confidence interval (95% CI): adults (both sexes, 15-99 years) diagnosed with

melanoma of the skin by continent, country, anatomic location and calendar period of diagnosis (2000-2004, 2005-2009, 2010-2014)

BOTH SEXES

Head and neck Trunk Upper and lower limbs Overlapping and NOS Genital organs, women Genital organs, men
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Supplementary table 4.2: Number of patients and age-standardised 5-year net survival (NS, %) with 95% confidence interval (95% CI): adults (both sexes, 15-99 years) diagnosed with

melanoma of the skin by continent, country, anatomic location and calendar period of diagnosis (2000-2004, 2005-2009, 2010-2014)

BOTH SEXES

Head and neck Trunk Upper and lower limbs Overlapping and NOS Genital organs, women Genital organs, men

ASIA

China 2000-2004 26 46.2 26.2 - 66.3 16 27.8 6.4 - 49.2 33 39.3 21.1 - 57.4 35 27.3 10.4 - 44.1

2005-2009 90 55.2 44.6 - 65.8 63 41.5 29.7 - 53.2 223 52.2 44.7 - 59.6 174 32.0 24.4 - 39.5 8 28.5 0.0 - 58.9

2010-2014 120 54.4 42.9 - 65.9 57 49.0 35.3 - 62.6 277 52.5 44.5 - 60.5 192 38.8 29.9 - 47.6 13 38.1 6.6 - 69.6

Cyprus * 2000-2004 9 78.2 51.9 - 100.0 2 100.0 - 7 89.1 61.7 - 100.0 10 93.6 68.1 - 100.0

2005-2009 41 89.0 68.7 - 100.0 69 72.9 63.5 - 82.4 84 82.9 74.9 - 90.9 45 76.4 56.1 - 96.7

2010-2014 41 93.6 83.8 - 100.0 93 72.5 62.2 - 82.7 124 85.8 78.2 - 93.5 61 55.3 41.4 - 69.2

India 2000-2004

2005-2009 3 89.7 39.3 - 100.0

2010-2014 10 55.9 16.4 - 95.5

Israel * 2000-2004 610 84.6 81.0 - 88.2 1,071 88.5 85.8 - 91.2 1,373 86.9 84.7 - 89.1 638 79.7 75.9 - 83.4 19 21.8 3.2 - 40.4

2005-2009 754 85.9 82.7 - 89.1 1,412 90.4 88.1 - 92.6 1,895 91.7 90.0 - 93.5 443 73.7 69.1 - 78.3 17 31.6 8.6 - 54.7

2010-2014 698 87.6 84.2 - 91.0 1,239 90.6 88.2 - 93.0 1,665 89.5 87.6 - 91.5 400 68.6 63.4 - 73.8 28 41.4 16.9 - 65.9

Japan 2000-2004 124 62.1 51.1 - 73.1 90 54.7 45.3 - 64.0 438 74.2 69.4 - 79.0 65 65.6 55.2 - 75.9 16 38.8 15.5 - 62.1

2005-2009 367 57.2 49.8 - 64.6 243 57.0 50.0 - 63.9 1,086 76.9 73.8 - 80.0 78 41.6 28.5 - 54.8 39 22.8 7.7 - 37.8

2010-2014 251 57.8 49.4 - 66.3 184 61.4 53.8 - 69.0 724 76.2 72.6 - 79.8 25 22.6 8.3 - 37.0 25 15.6 2.9 - 28.3

Korea * 2000-2004 224 46.9 39.8 - 54.0 192 40.4 32.7 - 48.1 737 60.7 56.7 - 64.8 110 21.9 14.3 - 29.5 11 37.1 7.8 - 66.4

2005-2009 420 49.0 43.7 - 54.4 270 43.9 37.6 - 50.1 1,161 63.1 59.9 - 66.2 123 29.1 21.1 - 37.1 20 67.6 46.1 - 89.2

2010-2014 476 52.7 47.4 - 58.1 309 49.2 42.9 - 55.5 1,534 67.8 64.9 - 70.8 132 25.6 17.4 - 33.8 40 56.4 37.7 - 75.2

Kuwait * 2000-2004 3 70.0 24.4 - 100.0

2005-2009 4 27.0 0.0 - 65.1

2010-2014 5 58.8 2.8 - 100.0

Qatar * 2000-2004 3 66.8 23.1 - 100.0 1 100.0 - 6 75.2 38.3 - 100.0

2005-2009 2 100.0 100.0 - 100.0 2 0.3 0.0 - 0.9 10 33.8 0.0 - 73.5

2010-2014 2 100.0 100.0 - 100.0 2 100.0 100.0 - 100.0 16 100.0 100.0 - 100.0 11 91.8 66.1 - 100.0

Singapore * 2000-2004 8 60.2 18.4 - 100.0 17 60.7 37.3 - 84.1 50 68.0 45.9 - 90.2 8 38.4 6.6 - 70.2

2005-2009 15 64.3 38.5 - 90.0 22 65.6 45.4 - 85.9 72 55.0 45.9 - 64.1 20 60.9 39.0 - 82.8

2010-2014 17 42.4 18.0 - 66.8 33 79.1 64.8 - 93.4 85 58.2 47.9 - 68.4 10 47.5 14.8 - 80.3

Taiwan * 2000-2004 90 47.3 36.3 - 58.3 105 44.5 35.1 - 53.9 551 52.7 47.6 - 57.8 58 21.3 11.7 - 30.9

2005-2009 105 46.4 35.6 - 57.2 116 42.6 33.9 - 51.3 712 59.0 54.7 - 63.2 58 22.9 13.1 - 32.8

2010-2014 128 45.6 35.2 - 56.1 160 47.0 38.3 - 55.8 803 58.4 54.1 - 62.6 95 19.5 11.2 - 27.9

Thailand § 2000-2004 17 83.3 54.3 - 100.0 21 36.7 15.5 - 58.0 44 37.9 22.1 - 53.8 20 47.1 25.2 - 68.9

2005-2009 42 62.5 45.8 - 79.2 23 28.2 5.6 - 50.8 122 31.4 22.0 - 40.7 67 38.9 25.4 - 52.5

2010-2014 31 48.4 34.1 - 62.8 34 18.2 4.2 - 32.2 124 27.5 18.8 - 36.3 33 18.1 8.6 - 27.6

Turkey 2000-2004 79 76.5 64.6 - 88.3 66 58.2 44.0 - 72.5 92 60.5 50.1 - 71.0 44 38.2 20.3 - 56.2

2005-2009 397 66.7 61.3 - 72.0 255 50.9 43.8 - 58.0 396 62.1 56.9 - 67.4 177 35.4 27.8 - 43.0

2010-2014 441 68.0 63.0 - 73.1 241 56.2 49.0 - 63.5 464 63.5 58.2 - 68.9 190 40.8 32.8 - 48.9
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Supplementary table 4.2: Number of patients and age-standardised 5-year net survival (NS, %) with 95% confidence interval (95% CI): adults (both sexes, 15-99 years) diagnosed with

melanoma of the skin by continent, country, anatomic location and calendar period of diagnosis (2000-2004, 2005-2009, 2010-2014)

BOTH SEXES

Head and neck Trunk Upper and lower limbs Overlapping and NOS Genital organs, women Genital organs, men

EUROPE

Austria * 2000-2004 737 87.5 84.0 - 91.0 1,437 91.3 88.8 - 93.8 1,867 89.1 87.2 - 91.0 1,461 66.0 63.2 - 68.7 24 43.8 22.5 - 65.1

2005-2009 842 91.0 88.1 - 93.9 1,721 91.8 89.7 - 94.0 2,059 91.3 89.5 - 93.1 1,455 61.7 58.9 - 64.5 25 33.7 13.0 - 54.4

2010-2014 1,125 90.6 87.9 - 93.4 2,182 95.1 93.2 - 97.1 2,700 92.7 91.0 - 94.3 1,481 66.9 64.2 - 69.7 27 35.9 15.6 - 56.2

Belgium * 2000-2004 194 79.0 71.3 - 86.7 343 84.9 79.3 - 90.6 610 89.6 86.2 - 93.0 333 83.4 78.4 - 88.4 11 34.0 0.0 - 72.2

2005-2009 1,275 83.9 81.1 - 86.8 2,338 85.9 83.9 - 88.0 4,046 91.6 90.3 - 92.8 832 87.1 83.9 - 90.4 48 45.4 27.6 - 63.1

2010-2014 1,740 87.9 85.4 - 90.3 3,763 90.1 88.3 - 91.8 6,057 92.5 91.4 - 93.7 265 78.6 73.5 - 83.7 36 63.7 41.2 - 86.3

Bulgaria * 2000-2004 305 43.9 36.9 - 50.9 617 47.3 42.6 - 52.0 549 62.5 57.4 - 67.6 117 28.9 20.5 - 37.3 10 22.1 0.0 - 45.7

2005-2009 353 53.5 46.7 - 60.3 771 51.6 47.4 - 55.7 682 66.1 61.9 - 70.3 105 18.2 10.2 - 26.2 7 67.5 29.0 - 100.0

2010-2014 417 58.2 51.6 - 64.9 979 58.8 54.9 - 62.6 834 68.2 64.4 - 72.0 120 28.5 20.3 - 36.8 8 43.1 9.3 - 76.8

Croatia * 2000-2004 255 69.3 61.7 - 76.9 395 61.5 55.5 - 67.5 279 70.1 64.2 - 75.9 1,261 66.0 62.8 - 69.2

2005-2009 416 78.7 73.5 - 83.8 734 74.2 70.2 - 78.2 533 78.0 74.1 - 82.0 1,107 71.3 68.0 - 74.6

2010-2014 367 71.8 66.1 - 77.5 821 76.2 72.6 - 79.8 679 82.6 79.0 - 86.3 985 76.2 72.8 - 79.6

Czech Republic * 2000-2004 1,025 78.6 75.0 - 82.1 3,376 80.8 79.0 - 82.6 2,876 83.9 82.2 - 85.7 445 57.8 52.3 - 63.2 20 33.3 9.4 - 57.1

2005-2009 1,292 81.6 78.6 - 84.5 4,167 85.5 84.0 - 87.0 3,512 87.0 85.4 - 88.5 368 56.2 50.3 - 62.0 20 43.4 20.6 - 66.1

2010-2014 1,443 82.7 79.9 - 85.6 4,863 86.9 85.6 - 88.2 3,970 87.5 86.1 - 88.9 386 54.4 48.4 - 60.5 31 40.4 19.1 - 61.7

Denmark * 2000-2004 602 86.8 82.9 - 90.7 1,979 87.1 85.0 - 89.2 2,193 90.4 88.5 - 92.3 763 77.0 73.1 - 80.8 8 44.6 7.6 - 81.6

2005-2009 837 86.8 83.7 - 89.8 3,326 91.4 89.9 - 92.9 2,987 95.2 93.8 - 96.6 1,102 66.7 63.5 - 69.9 16 80.3 56.7 - 100.0

2010-2014 1,258 89.7 87.2 - 92.2 4,834 93.4 92.0 - 94.7 4,160 95.6 94.4 - 96.9 547 61.3 57.6 - 65.0 14 49.4 22.1 - 76.7

Estonia * 2000-2004 96 69.7 59.2 - 80.2 240 63.8 56.7 - 70.9 252 76.1 70.2 - 82.0 16 56.7 29.0 - 84.5

2005-2009 96 68.9 58.8 - 79.1 312 70.2 64.3 - 76.1 346 81.8 77.1 - 86.5 17 24.8 4.9 - 44.7

2010-2014 64 95.6 88.3 - 100.0 290 76.3 69.1 - 83.6 222 87.5 81.9 - 93.0 21 26.5 8.3 - 44.7

Finland * 2000-2004 553 81.0 76.6 - 85.4 1,312 83.7 81.0 - 86.4 1,213 89.5 87.1 - 91.8 485 78.5 74.1 - 82.9 14 32.9 6.3 - 59.4

2005-2009 733 86.5 82.9 - 90.1 1,758 86.3 84.2 - 88.5 1,713 91.2 89.3 - 93.1 563 77.6 73.5 - 81.6 15 36.9 11.6 - 62.2

2010-2014 983 88.8 85.7 - 92.0 2,183 88.0 86.1 - 89.9 2,324 91.1 89.4 - 92.8 1,073 83.0 79.6 - 86.4 22 42.1 18.1 - 66.1

France 2000-2004 761 86.3 82.9 - 89.7 1,313 88.4 85.7 - 91.0 2,109 90.3 88.6 - 92.0 295 93.7 89.4 - 98.1 14 54.2 27.2 - 81.1

2005-2009 1,329 89.8 87.3 - 92.3 2,282 90.4 88.5 - 92.2 3,423 92.5 91.0 - 94.0 201 86.0 79.9 - 92.0 24 32.6 9.3 - 56.0

2010-2014 240 91.3 86.2 - 96.4 546 92.7 88.9 - 96.5 828 91.5 88.4 - 94.5 36 70.7 57.5 - 84.0 5 0.0 0.0 - 0.1

Germany 2000-2004 2,950 89.5 87.7 - 91.2 6,137 92.7 91.5 - 94.0 9,215 92.5 91.7 - 93.4 1,507 75.5 72.9 - 78.1 81 62.0 48.8 - 75.3 7 34.5 1.2 - 67.8

2005-2009 3,729 89.8 88.2 - 91.5 8,154 92.7 91.8 - 93.7 11,677 94.4 93.7 - 95.1 1,377 71.1 68.2 - 74.0 71 47.4 34.2 - 60.7 6 39.6 1.5 - 77.8

2010-2014 3,431 91.0 89.4 - 92.5 8,103 94.0 93.1 - 94.9 11,258 95.1 94.4 - 95.7 1,229 73.1 70.3 - 75.9 72 66.1 54.4 - 77.9 9 40.0 7.0 - 72.9

Gibraltar * 2000-2004 5 62.9 23.9 - 100.0 5 44.8 1.5 - 88.1

2005-2009 9 95.3 74.2 - 100.0 4 100.0 100.0 - 100.0

2010-2014 11 100.0 100.0 - 100.0 1 100.0 100.0 - 100.0

Iceland * 2000-2004 35 75.7 56.7 - 94.8 92 93.8 87.4 - 100.0 109 88.7 79.6 - 97.7 18 89.1 74.8 - 100.0

2005-2009 48 87.2 69.2 - 100.0 107 83.7 74.9 - 92.5 89 82.7 74.3 - 91.1 5 100.0 -

2010-2014 27 86.9 69.5 - 100.0 83 84.7 76.8 - 92.6 93 89.7 80.9 - 98.4 3 67.1 23.1 - 100.0

Ireland * 2000-2004 668 86.8 83.1 - 90.6 442 81.1 75.3 - 86.8 1,342 86.2 83.7 - 88.7 51 59.9 44.3 - 75.4 8 47.8 7.8 - 87.7

2005-2009 1,019 87.1 84.2 - 90.0 651 82.8 79.1 - 86.4 1,627 88.3 86.2 - 90.5 57 53.1 39.2 - 67.1 20 56.7 20.1 - 93.2

2010-2014 939 88.2 85.2 - 91.2 770 88.6 84.9 - 92.3 1,784 91.0 88.9 - 93.2 67 62.6 48.7 - 76.5 18 38.0 8.9 - 67.1
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Supplementary table 4.2: Number of patients and age-standardised 5-year net survival (NS, %) with 95% confidence interval (95% CI): adults (both sexes, 15-99 years) diagnosed with

melanoma of the skin by continent, country, anatomic location and calendar period of diagnosis (2000-2004, 2005-2009, 2010-2014)

BOTH SEXES

Head and neck Trunk Upper and lower limbs Overlapping and NOS Genital organs, women Genital organs, men

Italy 2000-2004 1,636 80.3 77.7 - 82.9 4,737 84.2 82.8 - 85.6 5,571 87.1 86.0 - 88.2 2,147 77.5 75.5 - 79.5 69 42.4 27.6 - 57.1

2005-2009 2,403 82.9 80.9 - 84.9 8,155 86.8 85.8 - 87.8 8,923 88.1 87.2 - 88.9 3,347 80.2 78.6 - 81.8 83 47.5 34.9 - 60.0

2010-2014 1,001 82.1 79.4 - 84.8 3,467 86.3 85.0 - 87.6 3,715 88.1 87.0 - 89.2 971 78.0 75.6 - 80.3 30 59.5 47.8 - 71.2

Latvia * 2000-2004 122 67.6 58.0 - 77.3 245 66.6 59.3 - 73.8 304 65.6 59.4 - 71.8 25 48.6 26.4 - 70.8

2005-2009 131 58.6 48.1 - 69.1 308 64.3 57.8 - 70.7 352 71.0 65.4 - 76.5 38 28.2 13.6 - 42.8

2010-2014 129 60.6 48.1 - 73.1 408 69.6 63.6 - 75.6 403 77.7 72.4 - 82.9 36 52.6 37.5 - 67.7

Lithuania * 2000-2004 156 73.5 65.1 - 81.8 380 61.2 55.1 - 67.3 491 74.1 69.4 - 78.8 76 39.0 28.9 - 49.2

2005-2009 208 71.9 63.7 - 80.0 396 63.6 58.1 - 69.0 540 73.7 69.5 - 78.0 98 70.4 60.2 - 80.7

2010-2014 162 83.9 74.8 - 93.0 348 66.2 59.7 - 72.7 409 78.8 73.9 - 83.7 38 73.3 61.0 - 85.6

Malta * 2000-2004 19 94.6 69.3 - 100.0 62 87.9 78.8 - 97.0 67 76.5 67.3 - 85.7 8 82.0 52.3 - 100.0

2005-2009 18 63.4 35.3 - 91.4 69 83.6 71.6 - 95.6 82 88.1 82.4 - 93.8 15 61.4 32.5 - 90.3

2010-2014 19 70.7 40.8 - 100.0 91 75.9 64.2 - 87.6 82 88.2 81.8 - 94.5 9 35.5 2.0 - 68.9

Netherlands * 2000-2004 1,941 87.7 85.6 - 89.8 5,047 87.0 85.4 - 88.6 7,087 90.1 89.0 - 91.2 44 76.3 60.6 - 91.9 47 45.2 27.1 - 63.4

2005-2009 2,490 86.5 84.7 - 88.3 7,235 88.1 86.8 - 89.3 9,288 92.3 91.4 - 93.1 60 74.7 62.0 - 87.5 48 35.0 19.8 - 50.1

2010-2014 3,499 86.7 85.0 - 88.4 10,137 90.0 88.9 - 91.0 12,044 93.2 92.4 - 94.0 57 80.6 69.6 - 91.5 47 36.5 20.8 - 52.1

Norway * 2000-2004 779 81.6 77.6 - 85.6 1,955 84.6 82.5 - 86.6 2,282 89.5 87.7 - 91.3 75 59.7 49.1 - 70.3 18 64.3 34.4 - 94.2

2005-2009 889 86.0 82.7 - 89.4 2,453 85.3 83.5 - 87.0 2,710 89.9 88.3 - 91.4 104 70.8 60.5 - 81.0 23 53.2 29.9 - 76.5

2010-2014 1,154 86.8 83.7 - 89.9 3,613 88.6 87.1 - 90.2 3,804 90.6 89.2 - 92.0 103 88.1 79.1 - 97.2 27 49.9 28.4 - 71.4

Poland * 2000-2004 1,186 64.5 61.1 - 68.0 2,903 65.3 63.1 - 67.5 3,629 71.0 69.3 - 72.8 1,661 40.6 37.9 - 43.3 41 43.5 27.3 - 59.7

2005-2009 1,587 64.7 61.8 - 67.6 3,834 67.5 65.8 - 69.3 4,632 74.2 72.7 - 75.6 1,849 49.2 46.6 - 51.8 44 37.8 21.5 - 54.0

2010-2014 1,904 69.1 66.4 - 71.8 4,905 69.9 68.2 - 71.5 5,699 75.5 74.2 - 76.9 1,882 52.9 50.3 - 55.5 65 34.6 21.7 - 47.5

Portugal 2000-2004 460 79.7 74.4 - 85.0 590 76.1 71.8 - 80.3 901 79.6 76.7 - 82.5 561 74.3 70.2 - 78.3 20 24.6 5.2 - 44.0

2005-2009 591 84.6 80.1 - 89.0 1,008 79.2 76.1 - 82.2 1,487 81.9 79.5 - 84.3 648 79.2 75.5 - 82.9 21 35.5 14.2 - 56.8

2010-2014 493 87.8 77.8 - 97.9 990 76.5 69.5 - 83.4 1,222 83.4 78.1 - 88.8 346 79.7 72.5 - 86.8 15 41.9 0.0 - 88.4

Romania (Cluj) 2000-2004

2005-2009 31 70.3 48.3 - 92.2 97 67.3 59.1 - 75.4 75 73.9 62.5 - 85.3 12 18.5 0.0 - 38.5

2010-2014 29 70.8 46.6 - 95.0 85 77.2 64.9 - 89.5 85 74.9 64.7 - 85.2 21 42.1 20.1 - 64.2

Russia 2000-2004 155 60.9 51.6 - 70.2 487 63.8 57.9 - 69.6 520 72.6 67.7 - 77.6 184 37.2 29.0 - 45.4

2005-2009 226 58.6 50.8 - 66.4 630 61.9 56.9 - 66.8 614 68.7 64.0 - 73.4 119 44.5 34.8 - 54.3

2010-2014 268 66.4 58.6 - 74.1 818 60.4 55.8 - 65.0 824 73.2 69.0 - 77.5 61 37.7 25.2 - 50.2

Slovakia * 2000-2004 330 73.3 66.9 - 79.7 1,068 74.4 70.7 - 78.0 1,035 78.7 75.3 - 82.0 83 45.2 34.3 - 56.1 7 45.3 11.2 - 79.3

2005-2009 441 79.6 73.3 - 85.9 1,328 79.4 76.4 - 82.4 1,247 82.2 79.4 - 85.0 130 35.3 25.6 - 45.0 13 16.5 0.0 - 35.0

2010-2014 105 76.3 63.4 - 89.3 295 75.0 68.6 - 81.4 279 84.0 77.9 - 90.1 25 17.7 6.2 - 29.1 2 2.7 0.0 - 8.2

Slovenia * 2000-2004 214 74.5 66.9 - 82.2 645 77.4 73.3 - 81.5 571 81.7 77.7 - 85.7 54 55.7 37.8 - 73.6

2005-2009 275 83.3 77.3 - 89.3 914 86.7 83.5 - 90.0 851 85.4 82.4 - 88.4 53 35.5 21.2 - 49.7

2010-2014 249 78.9 72.3 - 85.4 962 90.4 87.0 - 93.8 772 83.5 80.3 - 86.6 31 34.3 20.6 - 48.0

Spain 2000-2004 610 80.4 76.0 - 84.7 1,131 82.1 78.9 - 85.3 1,525 86.4 84.3 - 88.5 498 85.5 81.2 - 89.7 20 41.2 19.0 - 63.4

2005-2009 851 83.0 79.4 - 86.5 1,585 86.8 84.5 - 89.1 1,921 88.1 86.3 - 89.9 385 85.9 81.6 - 90.1 23 39.2 17.1 - 61.3

2010-2014 489 78.7 73.0 - 84.3 1,017 86.4 82.7 - 90.0 1,081 90.7 88.0 - 93.5 95 81.0 72.3 - 89.8 14 39.5 7.7 - 71.3
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Supplementary table 4.2: Number of patients and age-standardised 5-year net survival (NS, %) with 95% confidence interval (95% CI): adults (both sexes, 15-99 years) diagnosed with

melanoma of the skin by continent, country, anatomic location and calendar period of diagnosis (2000-2004, 2005-2009, 2010-2014)

BOTH SEXES

Head and neck Trunk Upper and lower limbs Overlapping and NOS Genital organs, women Genital organs, men

Sweden * 2000-2004 1,251 84.5 81.6 - 87.4 3,695 88.9 87.6 - 90.3 3,900 90.7 89.4 - 91.9 326 84.2 79.5 - 89.0 38 47.4 25.2 - 69.7

2005-2009 1,611 86.2 83.7 - 88.6 4,770 89.4 88.2 - 90.6 5,230 92.0 91.0 - 93.1 281 92.6 88.1 - 97.1 42 40.2 21.3 - 59.1

2010-2014 1,981 88.0 85.9 - 90.2 6,495 90.2 89.2 - 91.3 7,183 93.8 92.9 - 94.7 79 84.6 76.5 - 92.6 35 41.8 23.0 - 60.5

Switzerland 2000-2004 331 89.9 84.3 - 95.4 568 89.5 86.0 - 93.0 807 90.9 87.6 - 94.2 33 50.0 31.9 - 68.1 4 30.8 0.0 - 69.3

2005-2009 815 88.9 85.7 - 92.1 1,525 93.8 91.8 - 95.9 2,249 93.5 92.0 - 95.0 85 67.7 58.1 - 77.3 14 15.0 0.0 - 33.3

2010-2014 533 90.8 87.5 - 94.1 1,101 95.0 93.0 - 97.1 1,306 94.2 92.6 - 95.8 55 63.0 49.2 - 76.8 7 76.6 41.5 - 100.0

United Kingdom * 2000-2004 7,153 84.9 83.6 - 86.1 10,664 84.5 83.5 - 85.5 19,800 90.5 89.9 - 91.1 2,485 60.1 57.9 - 62.2 206 57.0 48.8 - 65.2 17 24.2 2.1 - 46.4

2005-2009 9,677 87.7 86.7 - 88.8 16,088 88.2 87.4 - 88.9 26,061 92.5 92.0 - 93.0 2,361 62.0 59.8 - 64.2 229 57.5 49.4 - 65.5 32 57.0 34.7 - 79.3

2010-2014 12,754 89.1 88.2 - 90.1 20,997 90.4 89.8 - 91.1 33,030 93.5 93.0 - 93.9 1,518 57.5 54.9 - 60.0 236 45.3 36.9 - 53.8 29 54.4 32.6 - 76.2

OCEANIA

Australia * 2000-2004 8,857 90.6 89.7 - 91.4 15,919 93.6 93.0 - 94.3 21,673 95.0 94.5 - 95.4 2,061 54.2 51.8 - 56.7 38 53.5 35.4 - 71.6

2005-2009 10,409 90.4 89.6 - 91.2 18,100 94.0 93.5 - 94.6 24,616 95.8 95.4 - 96.3 2,044 49.4 46.7 - 52.0 55 35.5 20.3 - 50.7

2010-2014 9,749 90.2 89.4 - 91.1 17,357 94.8 94.2 - 95.3 23,490 96.2 95.8 - 96.7 1,874 48.0 45.2 - 50.8 47 36.4 20.4 - 52.5

New Zealand * 2000-2004 1,550 88.4 86.2 - 90.6 2,734 92.1 90.4 - 93.8 4,249 94.2 93.0 - 95.3 473 45.2 40.1 - 50.4 15 33.5 3.9 - 63.1

2005-2009 1,800 87.9 85.8 - 90.0 3,213 93.4 92.0 - 94.7 5,112 95.7 94.7 - 96.7 531 41.5 36.5 - 46.5 10 32.4 5.1 - 59.8

2010-2014 1,957 90.2 88.2 - 92.3 3,586 94.4 93.1 - 95.7 5,457 95.3 94.3 - 96.3 501 41.3 36.1 - 46.5 19 23.9 0.2 - 47.5

* Data with 100% coverage of the national population

§
 Survival estimate considered less reliable, because 15% or more of patients were (a) lost to follow-up or censored alive within five years of diagnosis (or if diagnosed in 2010 or later, before 31 December 2014), or  (b) registered only from a death certificate or at 

autopsy, or  (c) registered with incomplete dates, i.e., unknown year of birth, unknown month and/or year of diagnosis or unknown year of last vital status 

Italics denote survival estimates that are not age-standardised
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Supplementary Figure 4.1: Age-standardised 5-year net survival for men and

women during 2000-2004 (circle) and 2010-2014 (dagger)
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Supplementary Figure 4.2: Age-standardised 5-year net survival for men and women diagnosed with melanoma of the skin during

2000-2004, 2005-2009 and 2010-2014 by continent and country
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Supplementary Figure 4.2: Age-standardised 5-year net survival for men and women diagnosed with melanoma of the skin during

2000-2004, 2005-2009 and 2010-2014 by continent and country

Standard ISO abbreviations for country names: Argentina - ARG; Australia - AUS; Austria - AUT; Belgium - BEL; Brazil - BRA; Bulgaria - BGR; Canada - CAN; 
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Supplementary Figure 4.3: Five-year net survival by age group (15-29, 30-44, 45-59, 60-74, 75-99) for men (gray) and women (yellow) diagnosed with melanoma of the skin during

2010-2014, by continent and country
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Supplementary Figure 4.4: Trends in age-standardised five-year net survival (%) for men (grey) and women (yellow) diagnosed with non-metastatic (continuous line) and metastatic (dotted line) melanoma of the 

skin during 2001-2003, 2004-2008 and 2009-2014 by continent (or continental region) and country.
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5. Discussion

In my doctoral research project, I set out to provide a comprehensive examination of world-

wide variation in survival from melanoma of the skin, and to identify the reasons for the 

generally poor prognosis for patients in Asia and in Central and South America. 

The first objective focused on stage at diagnosis, the most relevant prognostic factor. Analyses 

were performed on a small proportion of melanomas, those diagnosed when metastatic. I 

analysed data on patients diagnosed in the United States only, because stage data were 

available only for a few countries (Canada, Denmark, Germany, Netherlands and New 

Zealand) and the proportion of missing data on stage at diagnosis was low (10% or lower) and 

stable for all years 2000-2014 for all the 41 US population-based cancer registries that 

provided data for CONCORD-3. These cancer registries covered over 80% of the US 

population. 

Metastatic melanoma was a uniformly deadly disease until the last decade. It was mainly 

treated with chemotherapy, but with purely palliative intent. During the first decade of 2000s, 

randomised clinical trials showed a dramatic improvement in observed short-term survival for 

patients diagnosed with metastatic or unresectable melanoma with targeted treatments44 or 

immunotherapies.41,42 The US FDA approved both the first immunotherapy (ipilimumab) and 

the first targeted treatment (vemurafenib) for metastatic or unresectable melanoma in 2011. 

The scope of Research Paper 1 was to assess whether the improvement in short-term survival 

observed in clinical trials was also seen at a population level in the United States, for men and 

women, and for all ages and races. Randomised trials examine short-term survival for a small 

proportion of selected patients, usually within a single healthcare facility and under optimal 

clinical conditions. On the contrary, population-based survival is a measure of the average 

survival achieved by all cancer patients in a country or region covered by a population-based 

cancer registry, whether the patients are rich or poor, young or old, with or without comorbidity, 

with advanced or late disease, and whatever their race or ethnicity. These patients are seen 

in a wide range of healthcare facilities that offer different levels of rigour in the application of 

clinical protocols and compliance with treatment guidelines, a wide range of treatments, and 

equipment of dissimilar quality. Some patients may withdraw from treatment due to costs, or 

the length of travel to the clinic, or side-effects of treatment. For these reasons, population-

based survival reflects the overall outcome of cancer care in the entire population of a country 

or region. That is why population-based survival estimates are so valuable to inform strategies 

for cancer control.  
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Few population-based studies focused on patients with metastatic melanoma, because they 

generally represent a very small proportion of all melanomas, e.g., around 5% of all cases in 

the United States. Research paper 1 was the largest population-based study to date to show 

an improvement in short-term survival for metastatic melanoma in the United States. The 

availability of data from 41 US population-based cancer registries over 15 years allowed me 

to produce robust estimates of one- and two-year net survival trends over time, and also to 

analyse survival by age, sex and race. Research Paper 1 showed a dramatic improvement in 

one- and two-year net survival in the United States starting from 2010.91 The improvement 

was more pronounced among Whites and younger patients. While Research Paper 1 focused 

on the most relevant prognostic factor for cutaneous melanoma, in Research Paper 2, I 

examined the most controversial prognostic factor: morphology.  

The role of morphology has been debated at length from a clinical perspective. International 

clinical guidelines have disregarded morphology as a relevant prognostic factor in melanoma 

treatment, because the results of small single-centre studies conducted in the late 1980s 

suggested that melanomas of different morphologies converge in their behaviour once they 

metastasise.148 I aimed to conduct the first world-wide comparison of the distribution of 

melanoma morphology, and of survival trends for each by morphologic type. I found a less 

favourable distribution of morphological sub-types in Asia and in Central and South America, 

where the proportion of nodular and acral melanomas was higher than in other world regions. 

Nearly two third of melanomas occurring in lighter-skinned people are superficial spreading 

melanomas.47 This subtype is linked to repeated sunburns in childhood and intermittent sun 

exposure throughout life. Tanning bed use has also been linked to an increased risk of 

superficial spreading melanoma in young women.49 In several European countries the 

increasing incidence of melanoma reflected the increasing number of thin lesions, mainly 

superficial spreading melanomas.175,220,221 Five-year net survival for this subtype is over 90% 

in most European countries, the US and Oceania, as shown in Research Paper 3. 

Superficial spreading melanoma is less common among Hispanic, Asian and African 

populations, where the incidence of cutaneous melanoma is also low.22 Acral lentiginous 

melanoma is the most frequent subtype in East Asia.222 Acral sites are not UV radiation-

exposed and the results of anatomical mapping of acral melanoma on the plantar surface 

suggest a possible association with mechanical of physical distress.58,60  Its clinical features 

and prognosis are generally poor.223,224 

In Research Paper 2, acral lentiginous and nodular melanoma have shown poorer prognosis 

than the superficial spreading melanoma. Further multivariable analysis of data from five 
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European cancer registries with complete information on stage and morphology, showed that 

sex, age and stage at diagnosis only partially explain the higher risk of death for nodular and 

acral lentiginous subtypes. In other words, the higher excess risk of death for those subtypes 

than for superficial spreading melanoma is not fully explained by later diagnosis.193  

The results from Research Paper 2 should be considered when reviewing national and 

international clinical guidelines for treatment of melanoma. Dermatologists, surgeons and 

pathologists need to be persuaded of the importance of a precise pathological diagnosis, both 

in managing individual patients. The importance of obtaining a more accurate picture of 

melanoma pathology and of population-level survival, by subtype, must also be stressed. 

Despite the increasing incidence of superficial spreading melanoma in the US and other 

countries,225 studies have not observed a consequent decrease in the incidence of thicker 

lesions, that are, on the contrary, increasing.175,226,227 A possible explanation is that the 

respective pools of thick and thin melanomas are made up of different histological subtypes 

of melanoma, i.e., superficial spreading and nodular melanoma, which have long been 

recognized to differ in their biologic behaviour. As a consequence, early detection campaign 

may be not as effective for nodular melanoma as for superficial spreading melanoma. 

The main limitation of Research Paper 2 was the high proportion of melanoma with poorly 

specified histological sub-type (43%), i.e., coded as “malignant melanoma, not otherwise 

specified (NOS)”, even in countries with excellent cancer registry data. However, data on 

patients diagnosed with unspecified morphologies were included in the analyses and their 

age-standardised 5-year net survival was estimated separately. I found that, in most countries, 

age-standardised 5-year net survival for malignant melanoma, NOS was higher than that of 

nodular and acral lentiginous melanoma but lower than superficial spreading melanoma. It 

therefore appears that the tumours registered as malignant melanoma, NOS are an 

heterogeneous group of cutaneous melanoma, and the lack of more detailed information on 

histological subtype does not depend on a more aggressive clinical features.   

In Research Paper 3, I explored the reasons behind the poor prognosis in men than in women 

with cutaneous melanoma world-wide, for the first time. Men were generally older than women, 

and more likely to be diagnosed with lesions located on the scalp and neck, that are known to 

have poorer prognosis at a clinical level. Men also tend to present with a higher proportion of 

metastatic disease. When I stratified the analysis by the main prognostic factors, I found that 

five-year net survival was higher in women than men for all age groups and anatomic 

locations. During 2001-2014, stage-specific analyses also demonstrated a poorer survival in 

men than women.  
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Immune function can also play a role in the survival advantage for women. Women mount 

more effective cellular and humoral immune responses and are less likely to succumb to 

bacterial and viral infections than men.228 The immune system is especially critical to detecting 

and destroying melanoma tumours. 

The poorer survival in men than women is documented for many solid cancers.229,230 A large 

part of the women’s advantage is likely attributable to biological factors, including hormonal 

status or more favourable molecular subtypes. However other factors, such as co-morbidities, 

treatment compliance and/or health behaviour (including degree of change in health behaviour 

after diagnosis) could be contributors to sex disparities and merit further investigation using 

high-resolution approach. 

Research Paper 3 also highlights the poor prognosis for both men and women with melanoma 

in South-East Asia, which extends to all ages at diagnosis. In particular, five-year net survival 

for older men (75-99 years) was in the range 20-55% compared to 69-93% for younger men 

(15-29). Despite the relatively low incidence of cutaneous melanoma in Asian populations, 

public health efforts should still be directed to raising awareness of the disease among the 

general public, since it is typically lethal when metastatic, but with much higher survival if 

diagnosed early. Guidelines should also promote specific training in the diagnosis of 

melanoma for clinicians. This would be expected to reduce the time between first consultation 

and a definitive diagnosis, leading to a better prognosis. 

My PhD project provides a comprehensive examination of world-wide variation in survival from 

melanoma of the skin. It also suggests the need for additional research project with more 

detailed data on stage and treatment to be collected by population-based cancer registries.  

In Research Paper 1, I estimated trends in one- and two-year net survival for advanced 

melanoma in the United States, and showed increasing survival trends, particularly among 

younger patients. Subsequent analyses confirmed these findings at population level in 

Canada,231 Germany,232 Italy,233 Sweden234 and the Nordic European countries.235  

The improvement in short-term survival is deemed to be related to the introduction of new 

systemic treatments for patients with metastatic disease. In Europe, the registration of new 

medicine is harmonized for all countries and directed by the European Medicine Agency 

(EMA). On the contrary, the degree and timing of reimbursement is decided at national level 

and varies widely among health care systems. This factor contributes to explain the wide 

inequality in access to innovative treatment.236 In 2017, a study on access to innovative 

treatment for patients with metastatic melanoma including 30 European countries found that 
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targeted treatments and immunotherapies were not available in Romania, Montenegro, 

Belarus and Bosnia and Herzegovina, and the proportion of patients treated ranged from less 

than 5% in Spain and Serbia to 80% in Belgium.237 The differential access to innovative 

treatment can contribute explaining the differences in survival for metastatic disease, also 

observed in Research Paper 3.  

It was not possible to estimate trends in short-term survival for metastatic melanoma in 

countries other than the United States, because the availability and completeness of stage 

information in the vast majority of the other registries and countries was much more limited. In 

CONCORD-3, registries were invited to submit data on stage at diagnosis using one of three 

stage classifications: TNM stage,36 condensed TNM167 and SEER Summary Stage 2000.107 

Registries could also provide information on the tumour size, and on the number of lymph 

nodes examined and involved, as recorded in the pathological report. However, all these 

variables were optional information in the CONCORD-3 protocol, because population-based 

cancer registries often hold incomplete information on stage at diagnosis.238-240 However, 

some recent studies highlighted improved accuracies and completeness of stage data in more 

recent years.241,242  

It was not possible to evaluate longer-term survival, i.e., at five years after diagnosis, because 

five years of follow-up were not available for patients diagnosed during 2010-2014; patients 

were only followed up until 31 December 2014. The use of the period approach78 could have 

enabled prediction of five-year survival for patients diagnosed in 2010-14, but we considered 

this approach less appropriate when analysing survival by stage. This is because the 

predictions would be obtained using data from patients who were diagnosed in earlier years 

and were still alive in 2010-2014, and therefore would not entirely reflect the most recent stage 

distribution, likely to be more favourable. In due course, I plan to update Research Paper 1 

using more recent data on incidence, and longer follow-up. These data are currently being 

collected for the fourth cycle of the CONCORD programme (CONCORD-4).  

In the CONCORD-4 study, population-based cancer registries have been invited to submit 

data on patients diagnosed with one of 22 cancers or group of cancers, including melanoma, 

during 2000-2019 or later years, and followed up to 31 December 2019 or a later year. Data 

collection is ongoing. I will update the analysis of trends in short-term survival for the US. I 

may also be able to extend the analyses to other countries for which complete information on 

stage at diagnosis will be available. I also plan to estimate trends in longer-term net survival, 

to estimate whether the gain in short-term survival for metastatic melanoma that has occurred 
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after the introduction of immunotherapy and targeted therapy in some countries is maintained 

in the longer run. 

The CONCORD-4 protocol requests data on the type of systemic treatment, i.e., 

chemotherapy, targeted therapy, including monoclonal antibody therapy and immunotherapy. 

These variables are optional rather than core variables. Some registries do not collect data on 

treatment, and treatment data may not be submitted by all the cancer registries that do collect 

such data. For those registries that provide complete data on stage and treatment, I will aim 

to assess whether the distribution of treatment for metastatic disease differs between younger 

and older patients, and to estimate whether the odds of receiving new lines of treatment differs 

by age, sex, race and socio-economic status, where relevant. 

My research highlights the importance of accurate information on the morphologic subtype of 

melanoma to help understand the reasons behind the poorer survival in Central and South 

America and in Asia than in Europe, North America and Oceania. Further investigations may 

involve a high-resolution study, where detailed data on morphology, ulceration, mitotic rate, 

genetic profile and treatment would contribute towards explaining the poor prognosis in Asian 

and Latin American countries. Several recent studies have highlighted the importance of 

morphology on the prognosis of cutaneous melanoma.54,154,243 The current evidence from 

population-based studies should persuade experts and clinicians to update clinical guidelines 

and to include morphology as a relevant prognostic factor, particularly in the light of the 

different distributions of morphology among populations with lower incidence of melanoma of 

the skin, i.e., Asians and Dark-skinned people. 

In Research Paper 3, I built upon the findings of the first two research studies, and I tried to 

understand the reasons for the poorer prognosis in men than in women. The findings from 

Research Paper 3 highlighted that, in most countries, men are generally older than women, 

they develop melanoma more often at anatomic sites that are known to have a poorer 

prognosis, and they present with a higher proportion of metastatic disease. However, the 

magnitude of the sex gap in five-year survival varies widely between countries, and it is much 

larger in countries in South America. To disentangle further the reasons for the gender gap, 

more detailed information on the route to diagnosis, stage at diagnosis, comorbidities and 

treatments are needed, particularly from cancer registries in countries where awareness of 

the early signs of melanoma is limited. In this context, granular and detailed data on ulceration, 

mitotic rate, Clark level, BRAF, MEK and NRAS mutations, surgical margins, number of lymph 

nodes removed, type of systemic treatment, insurance status and socio-economic status 
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(high-resolution variables) will be key to assessing adherence to clinical guidelines and to 

highlight whether any group of patients received sub-optimal treatment. 

Some of the remaining questions raised in my research may be answered with data from 

CONCORD-4, for which data collection is currently ongoing. Currently, we have made 

preliminary assessment of the data submitted by 136 registries in 37 countries, which include 

cancer registrations for 46,041,726 cancer patients, including 3,006,989 diagnosed with a 

melanoma of the skin.a Among these data sets, 40 registries in 15 countries have submitted 

data on patients diagnosed up to 2020; a further 11 registries in 10 countries up to 2021 and 

one registry up to 2022.   

A recent population-based study on 17,984 patients diagnosed with melanoma of the skin in 

the United States showed that patients diagnosed in 2020 tended to have thicker, more 

ulcerated and more advanced tumours.244 A Dutch nation-wide study on 524 patients 

diagnosed with metastatic or unresectable melanoma in 2020 showed that advanced 

melanoma care in the Netherlands was severely affected by the COVID-19 pandemic.245 

Systemic treatment was more often delayed, and treatment more often postponed for patients 

diagnosed in 2020 than for those diagnosed in 2018-2019. CONCORD-4 data will give me a 

unique opportunity to examine the world-wide impact of the COVID-19 pandemic on the stage 

at diagnosis and the type of treatment. For a limited number of registries, I will also be able to 

assess whether the pandemic has had an impact on the time between diagnosis and 

treatment, both for localised and advanced tumours. 

a The data for a further 100 registries have not yet been evaluated. 
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Abstract

Background: Survival from metastatic cutaneous melanoma is substantially lower than for localized disease. Treatments for
metastatic melanoma have been limited, but remarkable clinical improvements have been reported in clinical trials in the
last decade. We described the characteristics of US patients diagnosed with cutaneous melanoma during 2001-2013 and
assessed trends in short-term survival for distant-stage disease. Methods: Trends in 1-year net survival were estimated using
the Pohar Perme estimator, controlling for background mortality with life tables of all-cause mortality rates by county of resi-
dence, single year of age, sex, and race for each year 2001-2013. We fitted a flexible parametric survival model on the log-
hazard scale to estimate the effect of race on the hazard of death because of melanoma and estimated 1-year net survival by
race. Results: Only 4.4% of the 425 915 melanomas were diagnosed at a distant stage, cases diagnosed at a distant stage are
more commonly men, older patients, and African Americans. Age-standardized, 1-year net survival for distant-stage disease
was stable at approximately 43% during 2001-2010. From 2010 onward, survival improved rapidly, reaching 58.9% (95% confi-
dence interval ¼ 56.6% to 61.2%) for patients diagnosed in 2013. Younger patients experienced the largest improvement.
Survival for distant-stage disease increased in both Blacks and Whites but was consistently lower in Blacks. Conclusions:
One-year survival for distant-stage melanoma improved during 2001-2013, particularly in younger patients and those diag-
nosed since 2010. This improvement may be a consequence of the introduction of immune-checkpoint-inhibitors and other
targeted treatments for metastatic and unresectable disease. Persistent survival inequalities exist between Blacks and
Whites, suggesting differential access to treatment.

The incidence of cutaneous melanoma has been rising in most
Caucasian populations during the past 50 years (1). In the
United States, the age-standardized incidence rate rose from
8 per 100 000 person-years in 1975 to 25 in 2016 (2). Cutaneous
melanoma was the fourth and fifth most common cancer in
men and women, respectively, in the United States in 2016,
with a total of 82 476 new cases (3).

The third cycle of the CONCORD programme for the global
surveillance of cancer survival (CONCORD-3) highlighted increas-
ing trends in age-standardized 5-year net survival from

cutaneous melanoma in most countries during 2000-2014; 5-year
net survival exceeded 90% for patients diagnosed during 2010-
2014 in the United States, Australia, New Zealand, and most
Nordic and Western European countries but was below 60% in
Ecuador, China, and Taiwan (4). Stage at diagnosis is an
important predictor of prognosis, and survival for disease
diagnosed at an advanced stage is much lower than for localized
disease. If detected at a localized stage (tumor node metastasis
[TNM] stage I-II and resectable stage III), cutaneous melanoma
can be surgically treated with a favorable outcome. Five-year
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relative survival for localized melanoma of the skin diagnosed in
the last 20 years was higher than 90% in Germany (5), Denmark
(6), Estonia (7), Sweden (8), and the United States (9).

Until about 2010, when advanced disease (TNM stage III
unresectable melanoma and stage IV disease) was mainly
treated with chemotherapy (eg, dacarbazine) and cytokines (eg,
interleukin-2), the prognosis for metastatic melanoma was gen-
erally poor, with survival as low as 16% at 5 years after diagnosis
for patients diagnosed in the United States (9,10). In recent
years, major improvements in treatment, involving the use of
targeted therapies and immunotherapy, have led to unprece-
dented clinical benefit. Ipilimumab, the first immunotherapy,
and vemurafenib, the first targeted treatment for metastatic
and unresectable melanoma, were approved by the US Food
and Drug Administration (FDA) in 2011.

The aim of this study is to describe the characteristics of
patients diagnosed with cutaneous melanoma during 2001-2013
using data provided by 34 US population-based cancer registries
included in CONCORD-3 and to assess trends in short-term (1-
year) survival for distant-stage disease.

Methods

CONCORD-3 obtained anonymized, individual tumor records
from 322 population-based cancer registries in 71 countries
worldwide, for patients who had been diagnosed with one of 18
common cancers, including melanoma, during 2000-2014 and
followed-up to December 31, 2014. Data acquisition, ethical ap-
proval, and data quality control for the CONCORD programme
have been described elsewhere (4). Cancer registries submitted
records on all patients diagnosed with a melanoma, defined by
morphology codes in the range 8720-8790 in the International
Classification of Diseases for Oncology, third revision (ICD-O-3)
(11). We restricted survival analysis to malignant melanoma
(ICD-O-3 behavior code 3) arising in the skin (ICD-O-3 topogra-
phy codes C44.0-C44.9), including the skin of the labia majora
(C51.0), vulva (C51.9), penis (C60.9), and scrotum (C63.2).

Records with incomplete data or for tumors that were be-
nign, in situ, of uncertain behavior, metastatic from another or-
gan, or unknown if primary or metastatic, or on patients with
age outside the range 15-99 years, were considered ineligible for
analysis.

We excluded tumors registered only from a death certificate
or discovered at autopsy, because their duration of survival was
unknown, as well as records for which the vital status or sex
was unknown and those with an invalid date or sequence of
dates.

We included in analysis only primary, invasive, malignant
cutaneous melanoma. If two or more invasive primary malig-
nant melanomas were detected in the same person but with dif-
ferent dates of diagnosis, the record with the earliest date of
diagnosis was retained. Registry datasets in which 15.0% or
more of patients were lost to follow-up were excluded from the
survival analyses.

Patients diagnosed in 2014 were included in CONCORD-3 but
were not included in this study, because a full year of follow-up
was not available by the study closure date (December 31, 2014).
To assess trends in survival for the same registries, we retained
only registries that submitted data on patients diagnosed up to
and including 2013, with follow-up to December 31, 2014.

The CONCORD protocol required information on stage of dis-
ease at the time of diagnosis for patients diagnosed from 2001
onward, because the completeness of data on stage in many

countries and United States was known to be much lower before
2001.

Stage was categorized as localized, regional, and distant
according to the Surveillance, Epidemiology, and End Results
Summary Stage 2000 classification (12). “Distant stage” includes
melanoma with distant lymph node involvement, metastatic
skin lesions, further contiguous extension, or metastasis to
other organs. Age at diagnosis was grouped into 15-44 years, 45-
54 years, 55-64 years, 65-74 years, and 75-99 years. Race was cat-
egorized as White, Black, and other race or ethnicities (Asian or
Pacific Islander; American Indian or Alaska Native; other,
unspecified or unknown race).

Melanomas were defined by morphology (ICD-O-3 8720–
8790). We selected melanomas of the skin on the basis of topo-
graphic codes C44.0-C44.9 (skin), C51.0 (including the skin of the
labia majora), C51.9 (vulva), C60.9 (penis), or C63.2 (scrotum).
Melanomas were further categorized by anatomic subsite as
arising in the skin of the head and neck (C44.0-C44.4), the trunk
(C44.5), the limbs (C44.6-C44.7), or the genital organs (C51.0,
C51.9, C60.9, C63.2), as lesions overlapping 2 of those categories,
or of the skin with anatomic location not otherwise specified
(C44.8-C44.9). Histological subtypes were grouped according to
the first revision of ICD-O-3 (11) as malignant melanoma, not
otherwise specified (NOS, 8720), superficial spreading (8743),
lentigo maligna (8742), nodular (8721), acral (8744), and all other
morphologies (8722-8723, 8726-8727, 8730, 8740-8741, 8743,
8745-8746, 8750, 8760-8761, 8770-8774, 8780, 8790).

We explored the distribution of stage at diagnosis by sex,
age, race, topography, and morphology. Survival analyses were
restricted to patients diagnosed with distant-stage melanoma.
One-year net survival for patients diagnosed in each of the
13 years from 2001 to 2013 was estimated with the non-para-
metric Pohar Perme estimator (13) using the STATA (14) com-
mand stns (15). Net survival is the cumulative probability that
cancer patients survive their cancer up to a given time since di-
agnosis (eg, 1 year) after correcting for other causes of death
(background mortality). To control for background mortality,
which varies by geographical area, demographic characteristics,
and over time, we used life tables of all-cause mortality in the
general population by single year of age, sex, single calendar
year, race (Blacks, Whites, and others) and county within each
state. These life tables were kindly provided by the National
Cancer Institute (16).

We estimated trends in 1-year net survival for 5 age groups.
We then obtained age-standardized estimates for all ages com-
bined using the second of the 3 sets of International Cancer
Survival Standard weights (0.28, 0.17, 0.21, 0.20, and 0.14)
designed for cancers with broadly constant incidence by age
(17). Survival was estimated for men and women, and for both
sexes combined.

We fitted a flexible parametric survival model on the log-
hazard scale to estimate the effect of race on the hazard of
death because of distant-stage melanoma; excess mortality and
net survival by race were also estimated (18), with race as a cat-
egorical variable. Restricted cubic splines for the effect of age at
diagnosis (3 degrees of freedom) and year of diagnosis (4
degrees of freedom) were included with the command rcsgen
(19), including time-dependent effects.

Results

The CONCORD database included individual records for
1 040 814 adults (15-99 years) diagnosed with a primary,
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malignant cutaneous melanoma in 41 state-wide cancer regis-
tries in the United States covering a total population of 257 mil-
lion people (80.2% of the US population). Data quality was
generally high. The proportion of patients excluded for incom-
plete dates or for other reasons ranged from 0.0% to 4.4%
(Table 1). Overall, 36.0% of patients were diagnosed with an in
situ tumor.

Of the 632 861 patients eligible for inclusion in survival anal-
yses, we excluded 3045 (0.5%) because the cancer was registered
only from a death certificate or discovered at autopsy; survival

time for these patients is unknown. Only 2.7% of the remaining
629 816 patients were lost to follow-up or censored within
5 years from diagnosis, but this proportion was much lower
among patients with distant-stage disease (0.3%). The diagnosis
was histologically confirmed in 99.3% of tumors (data not
shown).

New Jersey was excluded because of the high proportion of
patients lost to follow-up (48.2%). A further 118 239 patients
were excluded from 6 state-wide registries (Arkansas,
California, Massachusetts, Oklahoma, Tennessee, and

Table 1. Data quality indicators: patients diagnosed with malignant melanoma of the skin during 2000-2014 in the United States

US registries
Calendar

period
No. of patients

submitted

Ineligible, %a

No. of
eligible
patients

Excluded, %b

No. of
patients
included

Data quality indicators, %c

Incomplete
dates

In
situ Other DCO Other

Lost to
follow-up Censored

All US registries 2000-2014 1 040 814 0.6 36.0 2.6 632 861 0.5 0.0 629 816 2.6 0.1
Alabama 2000-2014 23 564 0.9 41.3 2.3 13 084 0.6 0.0 13 012 0.0 0.0
Alaska 2000-2013 1533 4.4 30.6 3.5 944 0.4 0.0 940 0.0 0.0
Arkansas 2000-2011 7592 0.3 31.9 3.3 4897 0.3 0.0 4879 0.0 0.0
California 2000-2011 127 043 1.1 36.9 2.3 75 851 0.2 0.0 75 712 0.0 0.0
Colorado 2000-2013 21 135 0.3 33.1 3.1 13 427 0.7 0.0 13 338 0.0 0.0
Connecticut 2000-2014 21 602 0.4 40.9 2.2 12 211 0.2 0.0 12 185 5.5 0.0
Delaware 2000-2014 6283 0.2 44.0 1.4 3413 0.2 0.0 3406 0.0 0.0
Florida 2000-2013 89 847 0.1 35.4 2.7 55 590 0.7 0.1 55 134 0.0 0.0
Georgia 2000-2014 43 981 0.0 35.6 2.0 27 451 0.4 0.0 27 350 0.0 0.0
Hawaii 2000-2014 5753 0.3 33.7 1.5 3710 0.2 0.0 3704 7.5 0.0
Idaho 2000-2014 9032 0.6 40.8 2.2 5095 0.7 0.0 5059 0.0 0.0
Indiana 2000-2014 25 599 0.6 32.3 3.3 16 347 0.5 0.0 16 269 0.0 0.0
Iowa 2000-2014 15 612 0.6 32.6 3.7 9846 0.2 0.0 9822 2.8 0.0
Kentucky 2000-2014 23 097 0.0 33.3 2.8 14 764 0.2 0.0 14 729 6.4 0.0
Louisiana 2000-2014 15 105 0.5 37.1 2.8 9000 0.2 0.0 8982 6.4 0.1
Maine 2000-2013 7860 0.3 38.4 3.0 4581 0.3 0.0 4565 0.0 0.0
Maryland 2000-2014 29 516 0.4 40.2 1.8 16 981 0.6 0.1 16 868 0.0 0.0
Massachusetts 2000-2009 23 194 0.0 34.5 3.0 14 483 0.4 0.0 14 420 0.0 0.0
Michigan 2000-2013 41 986 0.2 36.5 2.5 25 505 0.6 0.0 25 335 0.0 0.0
Minnesota 2000-2013 27 449 0.0 38.1 1.9 16 472 0.3 0.0 16 421 0.0 0.0
Mississippi 2002-2014 9214 0.8 31.6 2.8 5968 0.6 0.0 5931 0.0 0.0
Montana 2000-2014 5595 0.6 37.8 2.9 3289 0.5 0.0 3272 0.0 0.0
Nebraska 2000-2014 7894 0.6 33.4 3.5 4930 0.5 0.0 4906 0.0 0.0
New Hampshire 2000-2014 9727 0.1 40.3 2.3 5575 0.3 0.0 5560 0.0 0.0
New Jersey 2000-2014 49568 0.8 42.7 1.9 27 024 0.4 0.0 26 910 48.2 0.0
New Mexico 2000-2014 8720 0.0 40.1 2.2 5030 0.6 0.0 5000 8.7 0.4
North Carolina 2000-2014 47 654 0.0 39.5 2.4 27 727 0.4 0.0 27 602 0.0 0.0
Ohio 2000-2014 54 382 0.1 35.7 3.0 33 292 0.6 0.0 33 079 0.0 0.0
Oklahoma 2000-2010 9135 0.4 24.8 3.9 6479 1.1 0.0 6407 0.0 0.0
Oregon 2000-2013 24 301 0.1 40.9 2.6 13 703 0.5 0.0 13 637 0.0 0.0
Pennsylvania 2000-2014 62 912 2.4 32.9 2.7 39 052 0.4 0.0 38 904 0.0 0.0
Rhode Island 2000-2014 6363 0.4 39.0 2.4 3703 0.4 0.0 3688 0.0 0.0
South Carolina 2000-2014 24 940 0.0 40.8 1.8 14 309 0.5 0.0 14 230 0.0 0.0
Tennessee 2000-2011 19 264 0.5 28.5 3.3 13 047 0.3 0.0 13 003 0.0 0.0
Texas 2000-2013 59 374 0.9 28.4 3.5 39 862 0.8 0.0 39 555 0.0 0.0
Utah 2000-2014 14 946 0.1 38.2 2.1 8893 0.1 0.0 8885 0.0 0.2
Vermont 2000-2013 4537 0.1 38.8 1.9 2688 0.3 0.0 2679 0.0 0.0
Washington 2000-2008 22 317 0.8 39.2 2.2 12 876 0.2 0.0 12 843 0.0 0.0
West Virginia 2000-2014 8894 1.3 31.1 3.4 5707 0.4 0.0 5682 0.0 0.0
Wisconsin 2000-2013 21 636 0.9 28.4 3.6 14 507 1.0 0.0 14 366 0.0 0.0
Wyoming 2000-2013 2658 0.2 38.6 2.9 1548 0.1 0.0 1547 0.0 0.1

aIncomplete dates: records in which the year of birth is unknown, the month and/or year of diagnosis is unknown, or the year of last known vital status is unknown.

Other: records with incomplete data or for tumors that are benign (behavior code 0), of uncertain behavior (1), metastatic from another organ (6), or unknown if primary

or metastatic (9); or for patients with age outside the range of 15-99 years. DCO ¼ Tumours registered only from a death certificate.
bOther: vital status or sex unknown; invalid date or sequence of dates.
cCensored: patients whose last known vital status is “alive” and who were censored within 5 years of diagnosis or, if diagnosed in 2010 or later, before December 31,

2014.
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Washington), because data were not available for patients diag-
nosed up to and including 2013. Finally, we explored the distri-
bution of 425 915 patients by sex, age, race, topography,
morphology, and stage at diagnosis.

Most patients diagnosed during 2001-2013 were men (56.8%),
and they were generally older than women (median age at diag-
nosis ¼ 64 vs 57 years, respectively). Only 0.6% of patients were
Black (Table 2). Data on stage at diagnosis were available for
386 885 (90.8%) patients.

A majority of patients (77.1%) were diagnosed with localized
disease. This proportion was stable over time (76.4%-79.8%, data
not shown) and slightly higher in women (79.3% vs 75.3%) and
in younger patients (79.7% vs 74.1% in patients aged 15-44 years
and 75-99 years, respectively). Of melanomas, 4.4% were diag-
nosed at a distant stage, with a slightly higher proportion in
men than women (4.6% vs 2.8% respectively, in 2001; 6.2% vs
4.5% in 2013, data not shown). There were 14.6% of Blacks diag-
nosed with distant-stage disease compared with only 4.4% in
Whites and 1.2% in the “other race” category. Patients with
distant-stage melanoma were generally older (median age ¼
65 years) than those diagnosed with localized (61 years) or re-
gional (62 years) disease (data not shown).

Melanomas arose mostly on the skin of the limbs (42.1%),
the trunk (32.1%), and the head and neck (20.6%) and were diag-
nosed at a distant stage in 2.0% of those cases (Table 2).
Melanomas arising in overlapping or unspecified locations
accounted for only 4.9% of all cases, but about one-half of these
(49.6%) were diagnosed at an advanced stage. The proportion of
melanomas registered with an unspecified morphology was

51.9%, followed by superficial spreading (29.8%) and nodular
melanoma (7.2%). Distant-stage melanomas represented less
than 1% of the superficial spreading and lentigo maligna mor-
phologies (0.8% and 0.6%, respectively), but up to 6.7% of those
classified as malignant melanoma NOS.

We restricted survival analysis to 18 601 patients diagnosed
with distant-stage disease (Figure 1). In 2001, age-standardized
1-year net survival was 42.8% (95% confidence interval [CI] ¼
39.3% to 46.3%) and remained stable until 2010 (Table 3).
Survival improved rapidly from 2010 onward, reaching 58.9%
(95% CI ¼ 56.6% to 61.2%) for patients diagnosed in 2013. The
trend was similar for men and women, although survival was
slightly but consistently higher in women (Table 3).

One-year net survival increased for all ages (Figure 2;
Table 3). The youngest patients (15-44 years) experienced the
largest absolute improvement, particularly from 2010, increas-
ing from 44.4% (95% CI ¼ 35.9% to 52.8%) in 2001 to 67.8% (95% CI
¼ 62.0% to 73.6%) in 2013. For patients aged 45-54 years, 1-year
survival increased from 45.7% (95% CI ¼ 38.4% to 53.1%) in 2001
to 62.7% (95% CI ¼ 57.6% to 67.8%) in 2013. We observed similar
trends in patients aged 55-64 years and 65-74 years starting
from 2011; both survival curves reached 56% (56.1%, 95% CI ¼
51.6% to 60.6%; and 56.7%, 95% CI ¼ 52.4% to 60.9%, respectively)
in 2013. One-year survival for patients aged 75 years or older
remained at 44.5% (95% CI ¼ 39.9% to 49.1%) or lower throughout
the period 2001-2013.

Age-standardized 1-year net survival increased for both
Whites and Blacks with distant-stage melanoma (Figure 3).
Survival for Whites increased from 42.3% (95% CI ¼ 39.9% to

Table 2. Adults (15-99 years) diagnosed with primary malignant melanoma of the skin during 2001-2013 in 34 US registries: distribution by sex,
age at diagnosis, race, anatomic location, morphology, and SEER Summary Stage 2000a

Patient and tumor characteristics
Localized Regional Distant Unknown Total

No. (%) No. (%) No. (%) No. (%) No. (%)

Sex
Male 182 150 (75.3) 24 747 (10.2) 12 443 (5.1) 22 470 (9.4) 241 810 (56.8)
Female 146 022 (79.3) 15 365 (8.3) 6158 (3.3) 16 560 (9.1) 184 105 (43.2)

Age group, y
15-44 61 321 (79.7) 7039 (9.1) 2074 (2.7) 6510 (8.5) 76 944 (18.1)
45-54 58 041 (78.2) 6857 (9.2) 2942 (4.0) 6386 (8.6) 74 226 (17.4)
55-64 69 434 (77.4) 8296 (9.2) 4131 (4.6) 7848 (8.8) 89 709 (21.1)
65-74 66 251 (76.8) 7739 (9.0) 4204 (4.9) 8116 (9.3) 86 310 (20.3)
75-99 73 125 (74.1) 10 181 (10.3) 5250 (5.3) 10 170 (10.3) 98 726 (23.2)

Race
White 315 166 (77.3) 39 200 (9.6) 18 052 (4.4) 35 550 (8.7) 407 968 (95.8)
Black 1286 (51.8) 500 (20.1) 363 (14.6) 333 (13.5) 2482 (0.6)
Other 11 720 (75.8) 412 (2.7) 186 (1.2) 3147 (20.3) 15 465 (3.6)

Anatomic location
Head and neck 67 980 (77.6) 9140 (10.4) 2036 (2.3) 8405 (9.7) 87 561 (20.6)
Trunk 111 247 (81.3) 12 071 (8.8) 2817 (2.1) 10 754 (7.8) 136 889 (32.1)
Limbs 146 001 (81.5) 16 259 (9.1) 3314 (1.9) 13 561 (7.5) 179 135 (41.1)
Overlapping region or NOS 2014 (9.7) 2297 (11.0) 10 321 (49.6) 6191 (29.7) 20 823 (4.9)
Skin of genital organs 930 (61.7) 345 (22.9) 113 (7.5) 119 (7.9) 1507 (0.4)

Morphology
Malignant melanoma, NOS 156 892 (1.8) 17 992 (8.2) 14 538 (6.7) 29 031 (13.3) 225 635 (51.9)
Superficial spreading 115 022 (89.0) 7906 (6.1) 1077 (0.8) 5285 (4.1) 129 782 (29.8)
Lentigo maligna 23 590 (88.0) 808 (3.0) 162 (0.6) 2258 (8.4) 27 163 (6.2)
Nodular 19 161 (62.1) 8963 (29.1) 1653 (5.4) 1064 (3.4) 31 329 (7.2)
Acral lentiginous 2990 (68.2) 1017 (23.2) 189 (4.3) 186 (4.3) 4428 (1.0)
Others 10 517 (65.2) 3426 (21.2) 982 (6.1) 1206 (7.5) 16 518 (3.8)

Total 328 172 (77.1) 40 112 (9.4) 18 601 (4.4) 39 030 (9.1) 425 915 (100.0)

a NOS ¼ not otherwise specified; SEER ¼ Surveillance, Epidemiology, and End Results.
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44.8%) in 2001 to 56.1% (95% CI ¼ 54.6% to 57.6%) in 2013. Among
Blacks, 1-year survival improved from 37.0% (95% CI ¼ 32.0% to
42.7%) to 50.7% (95% CI ¼ 46.3% to 55.7%) over the same period.
The excess hazard of death because of melanoma within 1 year
of diagnosis was 13% higher in Blacks than Whites (excess haz-
ard ratio ¼ 1.13, 95% CI ¼ 1.00 to 1.27; data not shown).

Discussion

This study includes data from 34 state-wide cancer registries,
covering 56.9% of the US population and is the largest
population-based analysis to date of trends in 1-year survival
for distant-stage cutaneous melanoma. It shows a dramatic im-
provement in survival, particularly between 2010 and 2013.

The proportion of melanomas diagnosed at a distant stage
remained stable over time (4%-5%) and was slightly lower in
women than men. Sex inequalities in stage at diagnosis are well
known (20–22); they are commonly attributed to differences in
health-seeking behavior (23). Traditionally, women tend to visit
their health-care provider and perform skin checks more fre-
quently than men; this can translate to a higher proportion of
women being diagnosed with localized disease.

Blacks were more likely to be diagnosed with distant-stage
melanoma than Whites. The perception among African
Americans that melanoma risk is low is considered a major
cause for delayed diagnosis (24,25). Consistent with previous
studies (26–29), patients diagnosed at a distant stage were gen-
erally older.

One-year net survival improved noticeably for men and
women and in both Blacks and Whites. This improvement may
reflect the recent introduction of new treatments for metastatic
and unresectable disease.

The first immune checkpoint inhibitor approved by the FDA,
ipilimumab (30), in March 2011 showed 1-year overall survival
for patients diagnosed with metastatic melanoma in a phase III
randomized clinical trial as high as 45.6% compared with less
than 30% (25.3%) for patients treated with standard therapy (31).

Vemurafenib, the first licensed targeted treatment for
patients with metastatic disease and the BRAF V600E mutation,
was also shown to increase short-term survival. A phase III ran-
domized trial of 675 patients diagnosed with metastatic

melanoma showed an overall 6-month survival of 84% (95% CI
¼ 78% to 89%) in those treated with vemurafenib compared
with 64% (95% CI ¼ 56% to 73%) in those treated with dacarba-
zine (32). The FDA approved the drug on this evidence in August
2011 (33).

Our study has shown a substantial improvement in short-
term survival since 2010-2011 for patients diagnosed with
distant-stage melanoma of the skin, particularly for younger
patients. Most of the improvement occurred from 2010, one
year before FDA approval of the new lines of treatment. Some of
these patients may have been recruited to clinical trials, which
started well before 2010 (31,34–36). Additionally, they may have
received the newer treatments through the FDA expanded ac-
cess programs (37), which provide access to investigational
drugs before their official approval to patients with life-
threatening conditions who cannot be enrolled in clinical trials.

Data on whether the patients were recruited to a clinical trial
or received systemic therapy for compassionate use were not
available to us to explore these hypotheses. However, a
population-based study of the impact of targeted and immune-
based therapies for metastatic or unresectable melanoma in
Ontario found that about 5% of patients were already being
treated with the new therapies in 2007; this percentage in-
creased to more than 82% by 2015 (38). That study confirmed
the use of immunotherapy well before the approval of ipilimu-
mab by Health Canada in 2012 and highlighted its widespread
use in recent years. A similar study in the United States showed
that the use of immunotherapy in patients younger than
65 years improved rapidly after 2010, from 8-12% during 2004-
2010 to 30% in 2014 (39).

Patients aged 75 years or older with distant-stage disease ex-
perienced considerably less improvement in short-term sur-
vival. This may be due to less frequent use of the newer
therapies. A recent study designed to identify factors associated
with the treatment of metastatic melanoma in the United
States (40) found that older patients were less likely to receive
ipilimumab or to be tested for the BRAF mutation. This may
have resulted from concerns about how they would tolerate the
new treatments. Previous studies on solid tumors have shown
that age can act as a barrier to receipt of optimal treatment be-
cause of a higher prevalence of comorbidity or absence of data
on treatment efficacy from clinical trials and more frequent ad-
verse effects (41,42). A US study showed that only 46% of
patients aged 80 years or older received imatinib, a highly effec-
tive treatment for chronic myeloid leukaemia, compared with
89.7% of those aged 20-59 years (43).

The CONCORD-3 study protocol did not require detailed in-
formation on specific types of treatment, so it was not possible
to estimate the proportion of patients who received immune-
checkpoint inhibitors or targeted treatments. Data on socio-
economic status and type of health insurance were not
collected. That information might have helped to explain the
disparities in the stage distribution and stage-specific survival
by age and race. An analysis of 61 650 melanoma patients aged
18-64 years diagnosed in the United States during 2007-2012 es-
timated that the proportion of patients with metastatic disease
ranged from only 3.7% in the non-Medicaid insurance group to
15.5% among Medicaid and 10.7% among uninsured
patients (44). A recent systematic review of the cost-
effectiveness of immune-checkpoint inhibitors in the United
States estimated that the individual cost of treatment for meta-
static melanoma ranged from US$152 000 to US$303 000 for a
patient with a median survival time (45). The cost of targeted
therapies for metastatic melanoma with the BRAF V600E

Figure 1. Patients included in survival analysis.
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mutation was estimated at between US$149 000 and US$319 000
(46). Recent analyses have shown that patients were less likely
to receive immunotherapy if they had no insurance or only
Medicaid coverage, received a lower income, or received care at
a community practice rather than an academic center

(39,47,48). Such differences in access to treatment may partly
explain the racial disparities in the recent trends in short-term
survival reported in this study.

One-year net survival was consistently lower in Blacks than
Whites. Survival was not estimated for other races. The

Figure 2. Trends in age-specific 1-year net survival (%) for patients diagnosed with distant-stage cutaneous melanoma during 2001-2013 in the United States.

Figure 3. Trends in age-standardized 1-year net survival (%) for patients diagnosed with distant-stage cutaneous melanoma during 2001-2013 in the United States, by

race.

V. Di Carlo et al. | 7 of 9

D
ow

nloaded from
 https://academ

ic.oup.com
/jncics/article/4/6/pkaa078/5905501 by guest on 22 April 2021

150



proportion of patients lost to follow-up, including those whose
deaths are missed by the cancer registries, is generally higher
among Asians or Pacific Islanders than Whites and Blacks
(49,50). Incomplete follow-up among Asians or Pacific Islanders
and other minority groups may lead to overestimation of sur-
vival and biased comparisons.

Several studies have shown a survival disadvantage for
Blacks diagnosed with melanoma in the United States. A study
of more than 260 000 people diagnosed during 1988-2011 esti-
mated an absolute gap of almost 20% (89% vs 70%) between
Blacks and Whites in 5-year relative survival for all stages com-
bined (26). Among Whites and Blacks of non-Hispanic origin,
the difference in 5-year overall survival was almost 30% (82% vs
53%) during 1982-2011 (27).

Racial disparities in survival from melanoma have commonly
been ascribed to a less favorable stage distribution of Black
patients (26,51–53). However, we have shown that the proportion
of distant-stage melanoma was higher among Blacks than
Whites, and 1-year survival for distant-stage melanoma was con-
sistently lower among Blacks than among Whites. This gap in sur-
vival suggests racial differences in treatment and access to care.

Despite the exclusion of about 2500 patients registered with
a distant-stage melanoma in cancer registries for which inci-
dence data were not complete for 2001-2013, we were neverthe-
less able to include 18 601 patients: this, to our knowledge, is
the largest population-based analysis of trends in 1-year net
survival for distant-stage disease.

In conclusion, to our knowledge, this is the first population-
based study to show a recent improvement in short-term survival
from distant-stage cutaneous melanoma in the United States.
This may be due to the availability of new and more effective
therapies for the treatment of metastatic or unresectable disease.
The dramatic improvement since 2010 in short-term survival for
melanoma of the skin diagnosed at the metastatic or unresect-
able stage is important, because for most other solid tumors, sur-
vival for metastatic disease has not changed for several decades
(54–56). More detailed population-based studies would help evalu-
ate access to novel treatments and their longer term survival ben-
efit for patients diagnosed with distant-stage melanoma.
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5Goîania Cancer Registry, Group of Epidemiology and Statistics on Cancer, AC Camargo Cancer Center, Rua Tamandar�e 753 - Liberdade, S~ao Paulo, SP,

01525-001, Brazil
6Tarn Cancer Registry, Institut Universitaire du Cancer Toulouse – Oncopole Institut C. Regaud, 1 Avenue Ir�ene Joliot-Curie 31059, Toulouse, France
7Northern State Medical University, Prospekt Troitskiy 51 163000, Arkhangelsk, Russian Federation
8Centre for Primary Care and Public Health (Unisant�e), University of Lausanne, Lausanne, Switzerland
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Abstract

Background CONCORD-3 highlighted wide disparities in population-based 5-year
net survival for cutaneous melanoma during 2000–2014. Clinical evidence sug-
gests marked international differences in the proportion of lethal acral and nodu-
lar subtypes of cutaneous melanoma.
Objectives We aimed to assess whether the differences in morphology may explain
global variation in survival.
Methods Patients with melanoma were grouped into the following seven morpho-
logical categories: malignant melanoma, not otherwise specified (International
Classification of Diseases for Oncology, third revision morphology code 8720),
superficial spreading melanoma (8743), lentigo maligna melanoma (8742),
nodular melanoma (8721), acral lentiginous melanoma (8744), desmoplastic
melanoma (8745) and other morphologies (8722–8723, 8726–8727, 8730,
8740–8741, 8746, 8761, 8770–8774, 8780). We estimated net survival using
the nonparametric Pohar Perme estimator, correcting for background mortality
by single year of age, sex and calendar year in each country or region. All-ages
survival estimates were standardized using the International Cancer Survival
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Standard weights. We fitted a flexible parametric model to estimate the effect of
morphology on the hazard of death.
Results Worldwide, the proportion of nodular melanoma ranged between 7% and
13%. Acral lentiginous melanoma accounted for less than 2% of all registrations
but was more common in Asia (6%) and Central and South America (7%). Over-
all, 36% of tumours were classified as superficial spreading melanoma. During
2010–2014, age-standardized 5-year net survival for superficial spreading mela-
noma was 95% or higher in Oceania, North America and most European coun-
tries, but was only 71% in Taiwan. Survival for acral lentiginous melanoma
ranged between 66% and 95%. Nodular melanoma had the poorest prognosis in
all countries. The multivariable analysis of data from registries with complete
information on stage and morphology found that sex, age and stage at diagnosis
only partially explain the higher risk of death for nodular and acral lentiginous
subtypes.
Conclusions This study provides the broadest picture of distribution and
population-based survival trends for the main morphological subtypes of cuta-
neous melanoma in 59 countries. The poorer prognosis for nodular and acral
lentiginous melanomas, more frequent in Asia and Latin America, suggests the
need for health policies aimed at specific populations to improve awareness, early
diagnosis and access to treatment.

What is already known about this topic?

• The histopathological features of cutaneous melanoma vary markedly worldwide.

• The proportion of melanomas with the more aggressive acral lentiginous or nodular

histological subtypes is higher in populations with predominantly dark skin than in

populations with predominantly fair skin.

What does this study add?

• We aimed to assess the extent to which these differences in morphology may

explain international variation in survival when all histological subtypes are com-

bined.

• This study provides, for the first time, international comparisons of population-

based survival at 5 years for the main histological subtypes of melanoma for over

1.5 million adults diagnosed during 2000–2014.
• This study highlights the less favourable distribution of histological subtypes in Asia

and Central and South America, and the poorer prognosis for nodular and acral

lentiginous melanomas.

• We found that later stage at diagnosis does not fully explain the higher excess risk

of death for nodular and acral lentiginous melanoma compared with superficial

spreading melanoma.

The incidence of cutaneous melanoma has been rising steadily

in most white populations over the past 50 years.1,2 It is now

one of the 10 most common malignancies in Oceania, North

America and Europe, with age-standardized incidence rates in

the range of 7.0–36.6 per 100 000 person-years. By contrast,

melanoma is rare in populations of Asian and African origin,

where incidence rates are in the range of 0.4–3.0 per

100 000 person-years.3 The histopathological features of cuta-

neous melanoma vary markedly worldwide. The proportion of

melanomas with the more aggressive acral lentiginous or

nodular histological subtypes is higher in populations with

predominantly dark skin than in populations with predomi-

nantly fair skin.4,5

The third cycle of the CONCORD programme for the global

surveillance of cancer survival (CONCORD-3)6 highlighted

wide disparities in 5-year net survival from cutaneous mela-

noma, which was lower in Asian populations than in the rest

of the world. Age-standardized 5-year net survival for adults

(15–99 years) diagnosed during the period 2010–2014 was

90% or higher in the USA, Australia, New Zealand and most
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Nordic countries, but was 60% or lower in Ecuador, China,

Korea, Singapore and Taiwan.

Stage at diagnosis is recognized as the most important pre-

dictor of survival.7–10 Age at diagnosis is also a prognostic fac-

tor, and several studies have shown much higher survival for

younger patients.11–15 However, the prognostic role of mor-

phology in cutaneous melanoma is controversial. Traditionally,

melanomas of the skin have been classified into the following

three fairly well-defined subgroups, characterized by different

patterns of growth: superficial spreading and lentigo maligna

melanoma, which is characterized by a long period of superfi-

cial growth; nodular melanoma, which is more likely to pene-

trate into the deeper layers of the skin if not removed; and

acral lentiginous melanoma, which mostly develops on the

extremities but displays similar biological behaviour to that of

nodular melanoma.16 Despite the advent of high-resolution

genomics and other proposed approaches for the classification

of melanocytic tumours, the diagnosis of the different sub-

types should continue to be based on the pathologist’s inter-

pretation of the histology and how it fits into the World

Health Organization (WHO) Classification of Tumours, com-

monly known as the WHO ‘Blue Books’.17 However, the mor-

phological classification has not been considered useful for

prognostic purposes because of the commonly held view that

the clinical development of all melanomas is similar, whatever

the histological subtype, spreading horizontally within the epi-

dermis and then extending vertically into the dermis, and that

they converge in their biological behaviour once they metas-

tasize.18

In this study, we aimed to describe the histological distribu-

tion of cutaneous melanoma for adults diagnosed during

2000–2014 in the 59 countries that contributed data to

CONCORD-3 and to produce the first international compar-

ison of trends in population-based age-standardized 5-year net

survival by morphological subtype. We also aimed to examine

the role of morphological subtype in the prognosis of cuta-

neous melanoma.

Materials and methods

Anonymized individual tumour registrations for patients diag-

nosed during 2000–2014 with one of 18 cancers or groups of

malignancies, including melanoma, were provided for

CONCORD-3 by 322 population-based cancer registries in 71

countries worldwide (full details of the CONCORD Working

Group are provided in Appendix S1; see Supporting Informa-

tion). Patients were followed up for their vital status up to 31

December 2014. Data acquisition, ethical approval and data

quality control have been described elsewhere.6

We asked participating registries to submit all registrations

for malignant melanoma, regardless of anatomical site. Mela-

noma was defined by morphology codes in the range 8720–
8790 according to the International Classification of Diseases

for Oncology, third revision (ICD-O-3).19 We focused this

analysis of survival on melanomas arising in the skin (ICD-O-

3 topography C44.0–C44.9), including the skin of the labia

majora (C51.0), vulva (C51.9), penis (C60.9) and scrotum

(C63.2). Survival from melanomas arising in internal organs

and in the eye will be examined in a subsequent analysis. To

facilitate quality control and comparison of the intensity of

early diagnostic and screening activity, we requested all mela-

noma registrations, regardless of behaviour, whether benign

(behaviour code 0), uncertain (behaviour code 1), in situ (be-

haviour code 2) or invasive (behaviour code 3). However,

survival analyses included only primary invasive melanomas.

Records with incomplete data, or of tumours that were

benign, in situ, of uncertain behaviour, metastatic from another

organ, or unknown if primary or metastatic, or for patients

aged outside the range 15–99 years, were not included in sur-

vival analyses. We excluded tumours registered only on the

basis of a death certificate or discovered at autopsy, as the sur-

vival is unknown in these cases. We also excluded records for

which sex or vital status was unknown, and records with an

invalid date or sequence of dates were also omitted.

Patients were grouped according to the following seven

morphological categories using the ICD-O-3 classification:

malignant melanoma, not otherwise specified (NOS) (mor-

phology code 8720), superficial spreading melanoma (8743),

lentigo maligna melanoma (8742), nodular melanoma

(8721), acral lentiginous melanoma (8744), desmoplastic

melanoma (8745) and other morphologies (8722–8723,
8726–8727, 8730, 8740–8741, 8746, 8761, 8770–8774,
8780).

Patients were grouped according to calendar period of diag-

nosis, i.e. 2000–2004, 2005–2009 or 2010–2014. We exam-

ined time trends in the morphology distribution for each

country. We also estimated trends in age-standardized 5-year

net survival by country and morphology with the nonpara-

metric Pohar Perme estimator,20 using the STATA (StataCorp,

College Station, TX, USA) command stns.21 The cohort

approach was used for patients diagnosed during the periods

2000–2004 and 2005–2009 because these patients had all

been followed up for at least 5 years. We used the period

approach22 to estimate survival for patients diagnosed during

2010–2014 because 5-year follow-up for vital status was not

available for all patients up to 31 December 2014.

To control for wide differences in background mortality

based on geographical area, sex, and over time, we con-

structed life tables of all-cause mortality in the general popula-

tion for each country or registry by single year of age, sex,

calendar year and, where possible, by race/ethnicity (Israel,

Singapore, USA, Australian Northern Territory and New Zea-

land).

We estimated 5-year net survival by morphology in each of

five age groups (15–44 years, 45–54 years, 55–64 years, 65–
74 years and 75–99 years). We obtained age-standardized

estimates for all age groups combined using the International

Cancer Survival Standard type 2 weights for the five age

groups (0.28, 0.17, 0.21, 0.20 and 0.14).23 We did not esti-

mate survival if fewer than 10 patients were available for anal-

ysis in a given combination of morphological subtype and

calendar period. If 10–49 patients were available for a given
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calendar period, we only estimated survival for all ages com-

bined. If 50 or more patients were diagnosed during the peri-

ods 2000–2004 and 2005–2009, we attempted survival

estimation for each age group in each calendar period. For

2010–2014, we estimated net survival using the period

approach, including in the analyses all patients diagnosed dur-

ing the 5-year period from 2010 to 2014, plus those diag-

nosed before 2010 who were still alive at the beginning of

2010. Therefore, for the period 2010–2014 the threshold of

50 or more patients required to attempt age-standardization

applies to the combined cohort of patients. If a single age-

specific estimate could not be obtained, we merged the data

for adjacent age groups and assigned the combined estimate

to both age groups before standardization for age. If two or

more age-specific estimates could not be obtained, we

reported only the unstandardized estimate for all ages com-

bined. The pooled estimates for countries with more than one

registry do not include data from registries for which the esti-

mates were less reliable. Less reliable estimates are shown with

a footnote in Tables 1–3 when such estimates were the only

available information from a given country or territory (see

footnote in Tables 1–3 for the definition of less reliable esti-

mates). Here, we comment only on reliable, age-standardized

survival estimates. Continental regions were defined using the

United Nations Geoscheme.24

To estimate the effect of morphology on the hazard of

death owing to melanoma, we fitted a flexible parametric

model on the log cumulative hazard scale, using stpm225 in

STATA. We restricted this analysis to registries where at least

65% of registrations had a specific morphology code, i.e. not

malignant melanoma, NOS. Among these registries, we further

selected those for which data on stage were available for at

least 75% of registrations using one of the following classifica-

tions: Union for International Control Tumour–Node–Metasta-

sis staging system, 7th edition,26 Condensed TNM27 or

Surveillance Epidemiology and End Results Summary Stage

2000.28 Using this constraint, we were able to include data

from one regional cancer registry in Germany (Lower Sax-

ony), two registries in Spain (Basque Country and Granada)

and the Norwegian national cancer registry.

For each country, we first fitted a model with only mor-

phology as a covariable (model 1). We then included, as addi-

tional covariables, sex, a restricted cubic spline for the effect

of age at diagnosis (four degrees of freedom) and stage at

diagnosis (metastatic vs. nonmetastatic) (model 2). We

excluded patients for whom stage at diagnosis was unknown

(complete case analysis).

Results

We obtained data from 284 registries in 59 countries for

2 303 095 adults who were diagnosed with melanoma during

2000–2014 (Table 4). Of these patients, 49% were diagnosed

in North America, 37% in Europe, 12% in Oceania, and only

2% in Asia and less than 1% in both Africa and in Central and

South America.

A total of 637 957 patients (28%) who were diagnosed

with an in situ tumour were excluded from survival analysis,

which ranged from 11% in Central and South America to

35% in North America. The proportion of in situ melanoma

was 20% or higher in 10 countries (Table 4), which suggests

that the approach to early diagnosis in these countries was

highly effective. We excluded a further 78 587 patients for

other reasons (see footnote in Table 4). The proportion of

melanomas of benign or uncertain behaviour was particularly

high in Norway (22%), highlighting the intensive monitor-

ing activity for atypical naevi and premalignant lesions in this

country.

Of the 1 586 551 eligible patients, we further excluded

7139 patients (0.5%) who were diagnosed only on the basis

of a death certificate or where melanoma was discovered at

autopsy, and 930 patients (less than 0.1%) were excluded for

other reasons. Finally, 1 578 482 patients diagnosed with a

primary invasive melanoma of the skin were available for sur-

vival analysis (99.5% of those eligible). More than 99% of

these tumours were microscopically confirmed, either cytolog-

ically or histologically.

About 42% of the tumours were registered as malignant

melanoma, NOS. The proportion of such tumours was gener-

ally high in countries in Asia (76%), Central and South Amer-

ica (63%), North America (51%) and Africa (46%) and much

lower in Oceania (33%). In Europe, the proportion of mela-

nomas with a nonspecific morphology was higher in Eastern

European countries (57%) than in Southern (37%), Northern

(32%) and Western European countries (27%). The propor-

tion of melanomas diagnosed with a nonspecific morphology

fell substantially in Australia (from 40% in 2000–2004 to

26% in 2010–2014), Denmark (from 42% to 11%), Iceland

(from 36% to 18%), Italy (from 32% to 19%), Lithuania

(from 85% to 35%), Portugal (from 70% to 35%) and the

UK (from 39% to 23%) (Table S1; see Supporting Informa-

tion).

Overall, superficial spreading melanoma was the second

most common histological subtype (36% of all cases). It

accounted for more than half of the patients in Denmark,

France, Iceland, the Netherlands, Norway, Sweden and

Switzerland (Figure 1). Nodular melanoma accounted for 7%

of all cases in North America and Asia, 9% in Oceania and

13% in Central and South America. In Europe, 12% of the

cases were registered as nodular melanoma, with higher pro-

portions in the Czech Republic, Ireland, Norway, Romania,

Slovakia and Sweden. About 6% of adults were diagnosed with

lentigo maligna melanoma, ranging from 2% in Asia to 8% in

Oceania. Acral lentiginous melanoma was very rare in North

America, Europe and Oceania (less than 2% of all cases) but

the proportion was higher in Central and South America

(more than 10% in Colombia, Costa Rica, Guadeloupe and

Martinique) and Asia (more than 10% in Korea, Singapore

and Taiwan). Less than 1% of the patients were diagnosed

with desmoplastic melanoma. The proportion of patients diag-

nosed with other morphological subtypes was higher than

20% in Estonia, Italy and Latvia.
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Malignant melanoma, not otherwise specified

Age-standardized 5-year net survival varied widely between

world regions (Tables 1–3). It was in the range of 85–89% in

Oceania and North America during 2010–2014. It was higher
than 80% in all Western European countries and ranged from

54% to 79% in Eastern Europe. In Central and South America,

age-standardized 5-year net survival ranged from 57% in

Ecuador to 76% in Costa Rica and Puerto Rico. The 5-year

survival was lower than 70% in all countries in the Asia

region except Israel (88%), and was as low as 47% in Taiwan.

The 5-year survival increased between 2000–2004 and

2010–2014 by 10% or more in China (from 36% to 48%),

Bulgaria (from 52% to 62%), Croatia (from 66% to 77%) and

Estonia (from 71% to 83%).

Superficial spreading melanoma

Age-standardized 5-year net survival for patients diagnosed

during 2010–2014 was 90% or higher in North America,

Oceania and almost all European countries; survival was lower

than 90% in only Slovakia, Poland, Lithuania, Portugal and

Bulgaria. In the Asia region, survival ranged from 71% in Tai-

wan to 98% in Israel (Figure 2).

Lentigo maligna melanoma

The lentigo maligna melanoma subtype had the most favour-

able prognosis; age-standardized 5-year net survival was close

to 100% in North America, Australia and most European

countries. Estimates were not available for most countries in

Central and South America and Asia because of the small num-

bers of patients diagnosed with this specific subtype.

Nodular melanoma

The prognosis for nodular melanoma was the poorest in all

continents. Age-standardized 5-year net survival for patients

diagnosed during 2010–2014 reached 72% in Canada and the

USA, 77% in New Zealand and 80% in Australia. In Central

and South America, it ranged from 58% in Costa Rica to 72%

in Argentina, and in Europe, it ranged from 58% in Poland to

80% in Ireland. Survival improved dramatically in Bulgaria

(from 46% in 2000–2004 to 64% in 2010–2014) and in Por-

tugal (from 59% to 76%).

Acral lentiginous melanoma

The 5-year net survival for adults diagnosed during 2010–
2014 was in the range of 77–82% in North America and

Oceania and 70–95% in Europe. Most of the estimates for

countries in Asia and Central and South America were not

age-standardized because of the small numbers of patients

available for survival analysis.

The 5-year net survival for adults diagnosed with desmo-

plastic melanoma during 2010–2014 ranged between 76%

and 91%. Estimates were not available for Central and South

America or for most countries in Asia because of the small

numbers of patients available for analysis.

With the excess hazard of death for patients with superficial

spreading melanoma taken as the reference category, the

excess hazard ratio for patients diagnosed with nodular mela-

noma was 21.8 [95% confidence interval (CI) 14.7–32.3] in

Germany, 12.1 (95% CI 8.1–18.1) in Spain and 6.7 (95% CI

5.7–7.9) in Norway (Table 5). The excess hazard ratios were

lower after controlling for sex, age and stage at diagnosis, but

the excess hazard of death for patients with nodular melanoma

was still 13.5 (95% CI 9.6–18.9) times higher in Germany,

6.7 (95% CI 4.8–9.3) times higher in Spain and 4.1 (95% CI

3.6–4.8) times higher in Norway, than for patients in the

same country diagnosed with superficial spreading melanoma.

The excess hazard ratio for patients diagnosed with acral

lentiginous melanoma vs. superficial spreading melanoma was

15.2 (95% CI 9.0–25.5), 9.0 (95% CI 5.2–15.5) and 1.7

(95% CI 0.5–5.1) in Germany, Spain and Norway, respec-

tively. After controlling for sex, age and stage at diagnosis, the

excess hazard of death for patients with acral lentiginous mel-

anoma was still 10.8-fold (95% CI 6.8–17.1) higher in Ger-

many, fivefold (95% CI 3.1–8.1) higher in Spain and 2.2-fold

(95% CI 1.0–4.9) higher in Norway, than for patients diag-

nosed with superficial spreading melanoma.

Discussion

This study of over 1.5 million adults diagnosed with cuta-

neous melanoma worldwide during 2000–2014 highlights

wide international differences in the distribution of histologi-

cal subtypes and differences in survival by subtype. For all

countries investigated, the prognosis is poorest for nodular

and acral lentiginous melanoma.

The prognostic role of the morphology of cutaneous mela-

nomas is controversial. Clinical guidelines indicate that stage

at diagnosis is the most important prognostic factor. The

prevalent idea is that melanomas of different morphologies

converge in their biological behaviour once they metastasize,29

so the recommended treatment options do not differ between

morphological subtypes at a given stage at diagnosis. Further-

more, clinical guidelines indicate that the histological subtype

is only an optional item for inclusion in pathology reports.30

This probably explains why the primary histological subtypes

of melanoma are often poorly specified, if at all, in pathology

reports.11,14 This in turn determines the high proportion of

melanomas that are coded as ‘malignant melanoma, not other-

wise specified (NOS)’ in cancer registry data.13 In this global

study, 43% of melanomas were registered as malignant mela-

noma, NOS. The proportion varied widely, and was higher in

Asia, Central and South America, and Eastern Europe, as has

been shown elsewhere.13,31 However, our study demonstrates

that the proportion of melanomas with poorly specified mor-

phology has fallen in most countries over the last 15 years,

which suggests that there have been improvements in patho-

logical practice.32
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* Data with 100% coverage of the national population

Nodular melanoma Acral lentiginous melanoma

Superficial spreading melanoma Lentigo maligna melanoma

0 20 40 60 80 100

Argentina
Costa Rica *

United States
Canada
Israel *
Japan

Korea *
Turkey

Taiwan *
Estonia *
Germany

Czech Republic *
Switzerland

United Kingdom *
Spain

Denmark *
Sweden *

Italy
Netherlands *

Slovenia *
France

Belgium *
Austria *
Ireland *

Norway *
Finland *
Iceland *

Malta *
Croatia *

Slovakia *
Poland *

Lithuania *
Portugal *
Bulgaria *

New Zealand *
Australia *

0 20 40 60 80 100

Costa Rica *
United States

Canada
Israel *
Turkey

Finland *
Switzerland

Germany
Italy

Czech Republic *
Slovakia *

Austria *
Belgium *

Poland *
Netherlands *

Spain
Portugal *

United Kingdom *
Norway *
Sweden *

France
Ireland *

Denmark *
Australia *

New Zealand *

0 20 40 60 80 100

Argentina
Ecuador

Brazil
Costa Rica *

Canada
United States

Israel *
Japan

Turkey
Korea *

Taiwan *
Ireland *

Belgium *
Norway *
Germany

Latvia *
Finland *

Portugal *
United Kingdom *

Denmark *
France

Sweden *
Netherlands *

Slovenia *
Czech Republic *

Switzerland
Slovakia *

Italy
Lithuania *
Bulgaria *
Austria *

Spain
Croatia *

Russian Federation
Poland *

Australia *
New Zealand *

0 20 40 60 80 100

Costa Rica *
United States

Canada
Japan

Korea *
Turkey

Taiwan *
Belgium *

Switzerland
Netherlands *

Norway *
Italy

Germany
Sweden *
Poland *

Spain
France

Czech Republic *
United Kingdom *

Denmark *
Austria *

Portugal *
Australia *

New Zealand *

Figure 2 Age-standardized 5-year net survival for patients diagnosed with cutaneous melanoma during 2010–2014 by continent, country and

morphology group
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Overall, superficial spreading melanoma was the most fre-

quent of the specific morphologies, and the proportion of this

morphological subtype has been increasing over time. This

subtype is generally associated with an excellent prognosis in

Europe, North America and Oceania, as has been shown in

previous studies.13,14,29,33 Several international studies have

shown an increasing incidence of thinner melanomas (1 mm

or less)15,34–40 as a result of raised public awareness and ear-

lier detection, especially for superficial spreading melanomas.

The result is an increasing number of people with melanoma

who are less likely to die as a result of their tumours. This

phenomenon may help to explain the improvement in the

already high 5-year net survival for superficial spreading mela-

noma.

Acral lentiginous melanoma accounted for less than 1% of

the patients in Europe, North America and Oceania, but

almost 6% of the patients in Asia and 7% in Central and South

America. Very few studies have focused on survival from cuta-

neous melanoma in Asia and Central and South America, per-

haps because the overall incidence is much lower than in

fairer-skinned populations. In Singapore, acral lentiginous

melanoma accounted for 16% of all cases diagnosed during

2008–2017.41 In a study of 915 patients diagnosed with mel-

anoma during 1997–2011 in Brazil, the acral subtype

accounted for 7% of all cases and the 5-year cause-specific

survival for this subtype was much lower (51%) than for

superficial spreading melanoma (82%).42 A study of 142

patients in China confirmed the poor prognosis for patients

with acral lentiginous melanoma; the 5-year cause-specific

survival was 53%.43 By contrast, an analysis of 252 patients

diagnosed in a single institution in Japan during 2001–2014
showed no difference between 5-year survival for acral and

nonacral lentiginous subtypes (59% vs. 62% in men and 71%

vs. 85% in women);44 however, the numbers of patients were

too small to derive definitive conclusions.

Our study found that age-standardized 5-year net survival

for acral lentiginous melanoma was generally lower than for

other morphological subtypes, with the only exception of

nodular melanoma, and was in the range of 66–95% globally.

The poorer prognosis for acral lentiginous melanoma, which

usually develops on the palms, the sole of the foot or under-

neath the nails, is commonly ascribed to delayed diagnosis

because these areas are not routinely examined by patients or

primary care physicians.45 Moreover, the proportion of the

acral subtype is higher in black patients than in white

patients;46 but because the risk of melanoma in black popula-

tions is perceived to be low, the lack of secondary prevention

is also considered a major cause of late diagnosis.47,48

Nodular melanoma had the poorest prognosis in all coun-

tries, as has been reported elsewhere.49–51 In a study published

over 40 years ago, a multivariable analysis of 339 patients diag-

nosed in a single institution in the USA during 1960–1977
found that the increased risk associated with nodular histology

was confounded by an increase in thickness and ulceration; in

other words, the higher risk of death was due to more advanced

stage at diagnosis, and was not intrinsic to the morphologicalT
ab
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subtype.52 On the basis of this conclusion from a small study,

the American Joint Committee on Cancer did not include histo-

logical subtype in the cutaneous melanoma staging system

because it was not considered to be a significant prognostic fac-

tor.53 However, 30 years later, a very large population-based

study of 118 508 patients diagnosed in the USA with superficial

spreading or nodular melanoma during 1973–2012 showed

that morphology is in fact an independent predictor of sur-

vival.29 After controlling for thickness, ulceration, mitotic index

and stage at diagnosis, nodular subtype remained an indepen-

dent risk factor for death from melanoma (hazard ratio 1.55,

95% CI 1.41–1.70). Another population-based study of 82 901

patients diagnosed in Germany during 1997–2013 showed that

differences in 5-year survival by histological subtype were

“only” partially explained by tumour size.54

Our population-based study confirms these findings. The

multivariable analysis of data from four population-based reg-

istries with complete information on stage and morphology

highlights a much higher excess risk of death for nodular or

acral lentiginous melanoma than for superficial spreading mel-

anoma, after controlling for major confounders. Sex, age and

stage at diagnosis only partially explain the higher risk of

death for nodular and acral lentiginous subtypes. The different

magnitude of the excess hazard ratios in Germany, Spain and

Norway may be due to the low baseline hazard for superficial

spreading melanoma in Germany, where national skin cancer

screening for people aged 35 years or more who have health

insurance was introduced in 2008. This may have improved

early detection of the generally slow-growing, less aggressive

superficial spreading melanomas.54

Our study has also shown that while 5-year survival from cuta-

neous melanoma in Eastern Europe has been increasing in recent

years, survival continues to lag behind the rest of Europe for each

morphological subtype of melanoma. A study of seven common

malignancies diagnosed in Europe during 2000–2007 found that

late stage at diagnosis alone did not explain the lower survival for

melanoma of the skin in Eastern Europe.55 In the current study,

data on stage at diagnosis in Eastern European countries were

available only for Russia and Slovakia, where the proportion of

metastatic disease (6% and 7%) was higher than in Norway (2%)

and Denmark (3%) (data not shown). More detailed information

on morphology would have helped in the investigation of the

reasons for the persistent gap in survival.

The major limitation of our study was the high proportion of

melanomas registered with poorly specified morphology, as this

meant that the interpretation of net survival estimates for melano-

mas with specific morphological subtypes in all countries was

limited. Information on stage at diagnosis was also limited; com-

plete data could have contributed to the disentangling of the

prognostic role of morphology at an international level. Addition-

ally, we were not able to control for surgical margins, which are

a relevant prognostic factor, as these data were not available.

Our study is the largest analysis to date of survival from cuta-

neous melanoma. It provides, for the first time, international

comparisons of population-based survival for the main histologi-

cal subtypes of melanoma from more than 50 countries. The

higher frequency and poorer survival of nodular and acral lentigi-

nous melanomas in Asia and in Central and South America sug-

gest the need for health policies in these populations that are

designed to improve public awareness, and especially to facilitate

earlier diagnosis and prompt access to optimal treatment.
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