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Rising incidence and prevention of melanoma

Melanoma incidence rates have almost doubled in the last decade with 2791 cases of melanoma in 

2002 and 5084 in 2011 in the Netherlands.1 Furthermore, it is expected that this incidence rate will 

further rise to approximately 5400 cases in 2020.2 

Given the increasing incidence of melanoma, it is important to understand its economic burden. A re-

cent German study showed that the annual per-patient medical costs increases for patients with more 

advanced melanoma (Table 1).3 Due to the increasing costs of medical care for melanoma patients and 

the development of new promising, yet expensive, systemic medical agents costs for melanoma are 

expected to rise exponentially. 

Table 1. The annual per-patient medical costs for each stage of melanoma shown by Seidler et al.3

AJCC stage of melanoma Annual costs in $

In situ melanoma 8930

Stage I 14499

Stage II 26667

Stage III 31778

Stage IV 39631

The increasing costs are best opposed by primary prevention of melanoma. Primary prevention should 

be aimed at protection against ultraviolet (UV) radiation, from the sun or tanning beds, as this is the 

primary cause of most melanomas.4-7 UV radiation exposure in childhood appears to be associated 

with a higher relative risk of melanoma than in later life, especially UV radiation from tanning beds.4,5,7 

Therefore both European and US law state that the use of tanning beds is prohibited for people 

younger than 18 years old. In 2010, a 10% tax was introduced on the use of tanning beds in the US, 

after the introduction of this tax, tanning bed use declined by 24%.8 European countries are currently 

debating whether a tax on the use of tanning beds should be introduced. 

Patient education

Early detection of melanoma is one of the most important factors for successful management, al-

lowing treatment to be undertaken when cure is still achievable. Patient education is very important 

in the early detection of melanoma, since the majority of all melanoma recurrences are detected by 

the patient themselves.9 Websites and social media are tools to educate patients and the University 

Medical Centre Groningen recently developed a melanoma website10 with a comprehensive overview 

of all aspects of cutaneous melanoma. Furthermore, instructional videos, made in collaboration with 

the Dutch Cancer Society, are available on the website in order to assist patients in self -examination 

of the skin11 and the lymph nodes.12 Websites and social media are currently very important for patient 

education and are expected to play an even greater role in the future of medicine.13
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Pathology of primary cutaneous melanoma

Pathologic parameters of the primary tumor are the strongest predictors of outcome in patients with 

clinically localized primary cutaneous melanoma.14 Currently Breslow thickness, presence of ulcer-

ation and presence of tumor mitotic rate are the cornerstones of pathologic staging of cutaneous 

melanoma.15 

Recently a study of 4661 patients showed that the extent of ulceration (measured in % or in mm) 

provides more accurate information regarding the prognosis than the mere presence of ulceration.16 

The study showed that the 5-year melanoma specific survival for minimally/moderately ulcerated 

melanomas (≤70% or ≤5 mm) was 80.4% and 82.7%, respectively, and for extensively ulcerated mela-

nomas (>70% or >5 mm) 5-year survival was 66.4% and 59.3%.16 Therefore the extent of ulceration 

might be included in future staging guidelines of primary cutaneous melanoma. 

Another pathologic feature that was recently shown to be an independent prognostic indicator for 

melanoma is tumor infiltrating lymphocytes (TIL) (graded from 0 to 3, based on increasing extent and 

density of the TIL infiltrate).17 This pathologic feature reflects a host immunologic response that may 

result in elimination of part or all of the melanoma (regression) and therefore the presence of TIL is 

associated with a favorable prognosis. In addition, a recent study also showed that the grade of TIL 

was associated with SLN positivity (grade 0=27.8%, 1=20.1%, 2=18.3%, 3=5.6%).17 It is expected that 

this pathologic feature will play an important role in the staging of primary cutaneous melanoma.

An accurate and complete pathology report that documents all pathologic features is essential for 

guiding the melanoma patient’s initial treatment (Table 2). Although the importance of melanoma 

diagnostic and staging criteria has been established, they remain subjective with significant interob-

server variability between pathologists.18-21 Also in the Netherlands a recent study showed the need 

for improvement in structured pathology reporting of melanoma.22 Therefore efforts have been made 

to improve quality and completeness of melanoma pathology reports. In 2010 the Royal College of 

Pathologists of Australasia published a structured melanoma pathology reporting protocol in Austra-

lia, which is likely to improve quality of melanoma pathology reporting.23 Furthermore, the efforts of 

the international pathology community to develop agreed uniform melanoma pathology reporting 

guidelines for implementation in each of their respective jurisdictions are likely to assist in this effort 

internationally.24 Nevertheless, validation of success of these efforts in the future will be necessary to 

justify the considerable continued resource commitment that this entails.

Sentinel lymph node biopsy and lymph node dissection

Sentinel lymph node biopsy (SLNB) has already shown to be a highly accurate and minimally invasive 

staging technique in melanoma patients.25 The question remains as to whether SLNB has a survival 

benefit for melanoma patients. The most recent interim analysis of the Multicenter Selective Lymph-

adenectomy Trial I (MSLT-I)showed that at 10-years, melanoma-specific survival for all randomized 

patients with trunk and extremity primaries was 78.1% for SLNB patients versus 71.0% for patients in 
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the observation group (p=0.046,Hazard Ratio (HR): 0.73).26 However, the majority of these patients 

are SLN negative and could therefore never benefit from SLNB in terms of survival. Hence, the actual 

survival analysis should be performed in SLN positive patients and patients in the observation group 

who developed lymph node metastases. Comparing these two groups, the ten-year survival was sig-

nificantly higher after immediate completion lymph node dissection (CLND) for SLN positive patients 

compared to patients of the observation group that underwent delayed CLND for clinical nodal recur-

rence (63.2% vs. 36.5%; HR: 0.49, P=0.001).26 The final paper with the definitive data of the MSLT-I is 

accepted by the New England Journal of Medicine and will be published in 2014.

Melanoma patients with a positive sentinel lymph node are currently treated with a CLND or moni-

tored with ultrasound in the MSLT-II trial.27 The results of this trial and of the EORTC 1208 (Minitub) 

trial28 will provide information about the possible survival benefit of CLND and about which patients 

are indicated for CLND and which for observation.

Imaging techniques in melanoma

PET/CT

Fluorodeoxyglucose-Positron Emission Tomography/Computed Tomography (18F-FDG-PET/CT) is the 

most accurate imaging modality for the detection of distant metastases in melanoma.29 However, 

due to the high physiological uptake of 18F-FDG, the accuracy in detecting melanoma metastases in 

the liver and brain is limited.30 Therefore new radiotracers are being developed to enhance signal-

to-background ratios by improving targeting and/or capitalizing on lower background tracer uptake. 

Recent developments with melanotropin analogues and benzamide based tracers are described in the 

following section.

Melanotropin analogues (alpha-MSH)

Melanoma cells have high affinity to melanotropic hormone (alpha-melanocyte stimulating hormone). 

The hormone stimulating melanocytes act on the cell via the MelanoCortin type 1 Receptor (MC1R). 

MC1R is a G-protein coupled receptor which is over-expressed in many types of melanoma, making 

it an attractive target for receptor based melanoma imaging and therapy. Peptide based radioactive 

probes have been extensively studied for tumor receptor targeted imaging and therapy. When 18F 

labeled α-MSH was used as a radiopharmaceutical, a-specific uptake prevailed in lung, liver and gall-

bladder.31 However, recent research showed promising results of 18F labeled α-MSH metallopeptides in 

vivo, with less lung and liver uptake compared to previous studies.32 Nevertheless, further studies are 

required for further analysis of this peptide.

Benzamide based PET tracers

PET/CT is currently not recommended for staging in stage I, II, and microscopic stage III melanoma pa-
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tients.30,33,34 However, due to recent developments concerning benzamide derivates this might change 

in the near future. Although long uptake interval time (18-24h) and accumulation of the compound 

in the liver are drawbacks for benzamide derivates, one study showed sensitivity and specificity of 

81% and 100%, respectively, for detection of distant metastases in melanoma patients.35 Moreover, 

recent studies showed selective uptake with high tumor/non-tumor ratios of benzamide derivates and 

shorter uptake interval time (1-2h).36,37 In an in vitro study the tumor-to-background ratio of benza-

mide 18F-MEL050 was more than 9-fold higher compared to 18F-FDG in a melanoma allograft model.36,37 

Recently the potential of benzamide 18F-ICF01006 was evaluated as a PET tracer for early detection 

of melanoma lesions in mice where it showed to exhibit highly contrasted tumor imaging. In this 

study 18F-ICF01006 showed subcutaneous metastases before they were even palpable.38 Moreover, 
18F-ICF01006 was superior compared to 18F-FDG with regard to contrast and specificity.38 The high 

specificity of 18F-ICF01006 for melanoma cells and its rapid elimination from non-target tissue allow 

an early detection of distant melanoma metastases in different sites of the body.38 Although further 

studies analyzing benzamide derivates are warranted, the recent results have shown that they have 

high potential for early detection of melanoma metastases and this provides optimism for applying 

these as radiopharmaceuticals for melanoma in the future.

PET/MRI

Although accuracy of PET/CT in detecting distant melanoma metastases is currently high, it still has 

several limitations. For example, a major drawback is that CT provides only limited soft tissue contrast 

and exposes the patient to a significant radiation dose.39 Secondly, PET/CT does not allow simultane-

ous data acquisition, since PET and CT scanners are hard-wired back to back and share a common 

patient bed.39 This temporal mismatch causes image artifacts by patient movement between the two 

scans or by respiration motion.39 To overcome these limitations, recent research concentrates on the 

combination of PET and MRI into one single machine. The goal of this development is to integrate 

the PET detectors into the MRI scanner which would allow simultaneous data acquisition, resulting 

in combined functional and morphological images with an excellent soft tissue contrast, very good 

spatial resolution of the anatomy and very accurate temporal and spatial image fusion.39,40 First experi-

ments with PET/MRI prototypes have shown very promising results, indicating its great potential for 

clinical and preclinical imaging.39-41 Even PET/CT-MRI was tested as a trimodality for accurate detection 

of distant metastases.42 The first PET/MRI has been placed in the Netherlands in October 2012, in the 

VU Medical Center. Data on the performance of PET/MRI in melanoma are awaited but not available at 

present, however, PET/MRI is expected to become an important tool for the detection of both lymph 

node and distant melanoma metastases.43

Optical imaging

Finally, there are current vibrant developments of optical imaging systems for intraoperative fluo-
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rescence epi-illumination.44 Optical imaging will not replace the previous described modalities but is 

an additional tool for improving staging and treatment of melanoma in the near future.44,45 Optical 

imaging is a noninvasive, relatively low-cost technology that uses light to probe cellular and molecular 

function in the setting of cancer. This technology can enhance surgical vision of metastases in the 

operating room and during surgery. Advances in optical instrumentation allow the detection of endog-

enous tissue contrasts between normal and malignant tissues. Newer targeted optical imaging probes 

have been developed in preclinical animal models and can provide for better cancer cell detection.45 

Unfortunately, at present, no data is available for optical imaging in melanoma.

New systemic therapies

Recent studies have shown promising results using new systemic therapies in melanoma patients with 

distant metastases (stage IV). Systemic treatment with Ipilimumab, an anti-CTLA4 antibody, showed 

an increase of median overall survival in patients receiving ipilimumab from 6.4 to 10.0 months.46 

Furthermore, a study presented at the 2013 European Cancer Congres showed that a survival of 

more than 3-10 years could be achieved in 17-25% of patients with metastatic, or locally advanced, 

unresectable melanoma.47 These survival results could even double or triple with anti-PD1/PDL1 

monoclonal antibodies.47 

Understanding the role of activation of the Mitogen-activated protein kinase (MAPK) pathway has 

led to the identification of several drug targets, including BRAF and MEK. Flaherty et al and Chapman 

et al showed promising results for BRAF inhibitors (Vemurafinib) in stage IV melanoma patients.48,49 

Moreover, Flaherty et al recently showed in a phase I and phase II trial that a combination of BRAF 

(Dabrafenib) and MEK inhibitors (Trametinib) compared to monotherapy with a BRAF inhibitor 

improved median progression-free survival from 5.8 to 9.4 months.50 Currently a phase III trial has 

been initiated comparing a combination of BRAF and MEK inhibitors versus a BRAF alone in stage IV 

melanoma patients (Combi-v trial).51 The future will see intensified efforts to map signal transduction 

pathways of melanoma cells and block these simultaneously with systemic medical agents in order to 

increase the durability of the therapeutic responses.

In addition, MAPK inhibitors are soon to be tested in stage III melanoma patients as adjuvant therapy. 

The upcoming COMBI-AD trial will study the effect of adjuvant systemic treatment with a BRAF in-

hibitor combined with a MEK inhibitor on relapse-free survival in a placebo controlled trial.52 Patients 

eligible for this trial will be BRAF positive stage III melanoma patients who are surgically treated with 

curative intent.  The main question of this trial will be whether the adjuvant treatment has any benefit 

for patients with lymph node metastases and its cost-effectiveness, but also the impact of this treat-

ment on the patient’s quality of life.

Quality of life

Although the new systemic therapies are promising, they often come with severe side effects.46,50 
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These therapies might prolong survival by a few months, but they often deteriorate the patient’s qual-

ity of life. Besides side effects, melanoma patients experience numerous problems in physical, emo-

tional, social, practical, and spiritual functioning.53,54 Quality of life has become increasingly important 

in clinical research and it is expected to become even more important in the future. Future trials 

analyzing any surgical or medical therapies in melanoma patients will, besides the focus on survival 

and cost-effectiveness, focus on the quality of life of the patient. 

Table 2. An example of a synoptic structured pathology report for a primary cutaneous melanoma 

Pathological feature Example

Sex Female

Site Right leg

Diagnosis Melanoma

Histological subtype Superficial spreading melanoma

Vertical growth phase Present

Breslow thickness 2.6mm

Ulceration (diameter in mm) Present (3.3mm)

Dermal mitotic index (per mm2) 4 per mm2

Clark level IV

Vascular or lymphatic invasion Absent

Neurotropism Present

Desmoplasia (% of dermal invasive tumor) Absent

Satellites Absent

Features or regression

    Early (TILs) Mild and focal (non-brisk)

    Intermediate (angiofibroplasia ± TILs) Absent

    Late (fibrosis and loss of rete ridges) Absent

Predominant cell type Epithelioid

Associated nevus Dysplastic compound nevus

Nearest lateral margin to insitu component 1.4mm

Nearest lateral margin to dermal invasive component 3.2mm

Distance from tumor to deep margin 5.3mm

Solar elastosis Mild (1+)

TIL: tumor-infiltrating lymphocyte
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