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General introduction and outline of thesis
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Incidence of cutaneous melanoma

The incidence of cutaneous melanoma has increased dramatically in Caucasian populations in all parts 

of the world; it is one of the tumors with the most rapidly increasing incidence among all malignan-

cies.1-5 Australia has the highest incidence of melanoma in the world with an incidence rate of 48.8 per 

100 000 in 2008.6 In the Netherlands incidence of cutaneous melanoma is lower (25 per 100 000 in 

2008), but it is rising rapidly since incidence rates have almost doubled in the last decade (17.3 per 100 

000 in 2002 and 30.4 per 100 000 in 2011).7 The rising incidence is partly due to increased awareness 

in the general population, melanoma is now more often diagnosed at an earlier stage, as the median 

Breslow thickness at first clinical presentation declined over time and the majority of patients are 

diagnosed with stage I or II melanoma.8 However, 1 out of 6 melanoma patients will succumb within 

10 years due to progression of their melanoma.7

The staging of primary cutaneous melamoma (stage I and II)

The 7th edition of the TNM staging guidelines for melanoma was developed in 2009 by the American 

Joint Committee on Cancer (AJCC),3 Tables 1 and 2 show the TNM classification and anatomic stage 

groupings for melanoma. The T-classification can be determined by pathologic features of the primary 

cutaneous melanoma: Breslow thickness, ulceration, and tumor mitotic rate.9,10 Clark level of invasion 

is no longer recommended as a primary staging criterion for T1 melanomas, since it is not an indepen-

dent prognostic factor when tumor mitotic rate is included in the pathological analysis. However, it 

can still be used as a criterion for T1 melanomas if tumor mitotic rate and ulceration cannot be deter-

mined.3 Microsatellites of the primary cutaneous melanoma is also an important pathologic feature 

of the primary melanoma and is used for N2c staging in the TNM classification of melanoma, because 

the presence of microsatellites is associated with an increased frequency of lymph node metastasis.9,11

Treatment of primary cutaneous melanoma

The most important factor for successful management of melanoma is early diagnosis, allowing 

treatment to be undertaken at a stage when cure is still achievable.12 Management of primary cutane-

ous melanoma is largely dependent on diagnosis and T-stage of melanoma. Based on randomized 

controlled trials,13-23 both Dutch24 and other national guidelines25 recommend a surgical excision with 

a margin of 0.5cm margin for in-situ melanoma,  a margin of 1cm for T1-T2 invasive melanomas, and  

a margin of 2 cm for T3-T4 invasive melanomas. 

The staging and treatment of melanoma patients with nodal metastases (stage III)

The N-classification is primarily based on melanoma metastases in the regional lymph nodes (Figure 

1). The lymphatic route is a principal way of spread of melanoma cells from their original focus, the 

melanoma cells progressing via the lymphatic vessels are stopped in the first node on the way: the 

sentinel lymph node (SLN). Lymph node metastases can be detected clinically or with a sentinel lymph 
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Table 1. TNM staging categories for cutaneous melanoma

Tumor Breslow thickness Ulceration / mitotic rate

T1 ≤1.0 mm T1a: Without ulceration and mitosis <1/mm2 

T1b: With ulceration and mitosis ≥1/mm2

T2 1.01-2.0 mm T2a: Without ulceration

T2b: With ulceration

T3 2.01-4.0 mm T3a: Without ulceration 

T3b: With ulceration

T4 >4.0 mm T4a: Without ulceration

T4b: With ulceration

Node No. of metastatic nodes Nodal metastatic burden*

N0 0

N1 1 N1a: Micrometastasis

N1b: Macrometastasis

N2 2-3 N2a: Micrometastases

N2b: Macrometastases

N2c: In transit metastases/satellites without 

metastatic nodes

N3 4+ metastatic nodes, matted nodes, 

or in transit metastases/satellites with 

metastatic nodes

Metastasis Site Serum LDH

M0 No distant metastasis

M1a Distant skin, subcutaneous, or nodal 

metastases

Normal LDH

M1b Lung metastases Normal LDH

M1c All other visceral metastases

Any distant metastasis

Normal LDH

Elevated LDH

* Micrometastases are diagnosed through sentinel lymph node biopsy. Macrometastases are defined as 

clinically detectable nodal metastases confirmed pathologically. 
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Table 2. Anatomic stage groupings for melanoma

Clinical Staging* Pathologic Staging*

T N M T N M

IA T1a N0 M0 IA T1a N0 M0

IB T1b N0 M0        IB T1b N0 M0

T2a N0 M0 T2a N0 M0

IIA T2b N0 M0 IIA T2b N0 M0

T3a N0 M0 T3a N0 M0

IIB T3b N0 M0 IIB T3b N0 M0

T4a N0 M0 T4a N0 M0

IIC T4b N0 M0 IIC T4b N0 M0

III Any T N1-3 M0 IIIA T1-4a N1a M0

T1-4a N2a M0

IIIB T1-4b N1a M0

T1-4b N2a M0

T1-4a N1b M0

T1-4a N2b M0

T1-4a N2c M0

IIIC T1-4b N1b M0

T1-4b N2b M0

T1-4b N2c M0

Any T N3 M0

IV Any T Any N M1 IV Any T Any N M1

* Clinical staging includes microstaging of the primary melanoma and clinical/radiologic evaluation for 

metastases. By convention, it should be used after complete excision of the primary melanoma with clinical 

assessment for regional and distant metastases. Pathologic staging includes microstaging of the primary 

melanoma and pathologic information about the regional lymph nodes after partial (ie, sentinel node biopsy) 

or complete lymphadenectomy. Pathologic stage 0 or stage IA patients are the exception; they do not require 

pathologic evaluation of their lymph nodes.
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node biopsy (SLNB). SLNB is a widely accepted staging procedure and is performed in patients with 

a melanoma ≥1mm thick, or a melanoma <1mm thick with presence of ulceration and/or a tumor 

mitotic rate ≥1.9,26 The interim analysis of the Multicenter Selective Lymphadenectomy Trial I (MSLT-I 

trial) already showed that the sentinel node status is a very important prognostic indicator in patients 

with clinically localized melanoma.27 A survival benefit of SLNB is yet to be shown. The final data from 

the MSLT-I study will provide information on the definitive survival benefit of SLNB.28

According to the incubator hypothesis, the primary melanoma spreads primarily to sentinel nodes in 

the regional lymph basin, where the metastatic melanoma cells may survive and grow slowly or remain 

latent before, in some patients, spreading to distant sites.29 If the regional metastatic disease could 

be removed prior to systemic spread, the patient would be cured. Melanoma patients with regional 

metastases can be treated by surgery with or without adjuvant systemic and/or radiation therapy.30,31 

Melanoma patients with a positive SLNB are surgically treated with either a Completion Lymph Node 

Dissection (CLND) or watchful waiting in the Multicenter Selective Lymphadenectomy Trial II (MSLT II 

trial).32,33 Clinically detected lymph node metastases (LNM) are treated with a Therapeutic Lymph Node 

Dissection (TLND) in order to achieve locoregional control.34 Adjuvant radiotherapy is recommended 

depending on the number of LNM, the size of the largest lymph node metastasis, and the presence 

of extranodal growth.30 The 5-year survival ranges from 40-78% for stage III melanoma patients.9,35 

Patients with clinically detected lymph node metastases tend to have worse survival than patients 

with lymph node metastases detected with SLNB (5-year survival: 43% vs 67%).35

The staging and treatment of melanoma patients with 

distant metastases (stage IV)

Distant metastases of melanoma (stage IV) are grouped 

in the M-classification, categorized according to loca-

tion and level of serum Lactate Dehydrogenase (LDH). 

Stage IV melanoma patients have the worst prognosis 

with 5-year survival rates ranging from 4.9-11%.36-39 

Prognostic factors for the survival of stage IV mela-

noma patients are the location and number of distant 

metastases, and serum level of biomarkers including 

S-100B and LDH.9,40-42 Systemic medical treatment with 

an anti-CTLA4 antibody, Ipilimumab; BRAF inhibitors (in-

cluding Vemurafinib or Dabrafenib); and MEK inhibitors 

(including Trametinib) have shown promising results in 

the treatment of stage IV melanoma patients.43-45 When 

surgery is feasible for stage IV melanoma patients this 

should be the first choice of treatment with a curative 

Figure 1. Draining lymph node fields 

(Source: Dutch Cancer Society)
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intent, as 5-year survival rates have shown to be between 15-42%.40,41,46-54 However, a recent Dutch 

study showed that only a few metastasized melanoma patients are candidates for surgical resection.55

Imaging techniques in melanoma

Imaging with ultrasound, X-ray, computed tomography (CT), magnetic resonance imaging (MRI), and 

especially  nuclear imaging play an important role in staging of melanoma patients. 

Nuclear imaging: PET/CT, lymphoscintigraphy, and SPECT/CT

Fluorodeoxyglucose (FDG) positron emission tomography (PET) combined with CT is a valuable nuclear 

imaging tool to screen for metastases since melanoma typically is very FDG avid and since a whole 

body scan covers the full, often erratic pattern of spread.56 Meta-analyses performed to examine 

the utility of FDG-PET/CT, FDG-PET alone, and CT alone for the staging and surveillance of patients 

with melanoma based on 10,528 patients between 1990 and 2009 found FDG-PET/CT to be the most 

accurate modality for the detection of distant metastases.57 However, uptake of FDG is also seen in 

inflammation and infection, but also by muscles and the central nervous system and therefore FDG-

PET sensitivity is lower in detecting melanoma foci in lung, liver, and brain.58 Images of FDG-PET and 

FDG-PET/CT of a melanoma patient with distant metastases are presented in Chapter 8 of this thesis. 

In stage I, II, and microscopic stage III patients, FDG-PET/CT has no additional value.58-60 However, 

FDG-PET/CT does have additional value in treatment planning for patients with palpable, proven 

lymph node metastases with no suspicion for lung metastases on X-ray.59,61 FDG-PET/CT may also be of 

importance for stage IV melanoma patients to localize the distant metastases if surgical treatment is 

considered.58,59 Molecular imaging techniques are being improved to overcome specificity issues with 

FDG, and to enhance signal-to-background ratios by improving targeting and/or capitalizing on lower 

background tracer uptake. With the use of new tracers like 18F-ICF01006 the detection of both lymph 

node and distant metastases with PET/CT could improve.62 Furthermore, numerous of other promising 

melanoma specific tracers are being investigated.63-65

 

Lymphoscintigraphy and SPECT/CT in SLNB

Lymphoscintigraphy is an imaging technique that has proven to be of use for sentinel lymph node 

mapping and is performed before SLNB.58 It is used to identify the lymph drainage basin, determine 

the number of SLNs, differentiate SLNs  from subsequent nodes, locate the SLN in an unexpected 

location, and mark the SLN over the skin for biopsy. Single-photon emission computed tomography/

computed tomography (SPECT/CT) has shown important benefits compared to planar lymphos-

cintigraphy in sentinel lymph node mapping.66 The three-dimensional reconstruction images are a 

helpful tool, providing a simple yet comprehensive overview of the localization of hot spots. This 

type of image fusion provides better anatomical benchmarks, provides schematic information about 

the sentinel node site, and (perhaps most importantly) is easy to understand for surgeons, medi-
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cal staff, and patients.66 Nevertheless, conventional lymphoscintigraphy currently remains the only 

technique available to visualize the dynamic process of lymphatic drainage. Therefore SPECT/CT 

does not replace the conventional planar images; it can be considered as a complementary modality. 

MRI of the brain

Although accuracy of FDG-PET/CT for detecting melanoma metastases is higher than MRI in nodal, 

cutaneous, subcutaneous, and pulmonary distant metastases staging,67 the high physiological uptake 

of FDG in the normal brain limits the sensitivity for detecting brain metastasis, which is a frequent 

metastasis site in patients with melanoma.68 MRI is the current gold standard for this purpose.69 The 

necessity of performing routine brain imaging in asymptomatic patients with advanced locoregional 

disease is controversial. Some clinicians perform the procedure only in symptomatic patients to rule 

out central nervous system involvement, while others recommend brain imaging before definitive 

local therapy in accordance with a report showing a rate of asymptomatic central nervous system 

metastases as high as 6%.70 MRI of the brain in asymptomatic stage I and II melanoma patients shows 

low detection rates and (as to be expected) a high frequency of false-positives and is therefore not 

recommended in these patients. Although early detection of brain metastases may identify a limited 

number of patients who are eligible for more aggressive local therapies, no available data demonstrate 

that screening for brain metastases results in a survival benefit for patients. A recent study showed 

that MRI detected lesions suspicious for melanoma metastases in only 1.6% of stage III melanoma 

patients.68 Furthermore, two other recent studies showed no brain metastases detected by MRI 

in stage III melanoma patients.71,72 Therefore routine MRI of the brain does not seem advisable for 

stage III melanoma patients. Stage IV melanoma patients should be evaluated with MRI of the brain 

because the likelihood of detecting additional asymptomatic lesions is high and management of stage 

IV patients can change due to the detection of brain metastases in these patients.59 Further improve-

ment in detecting melanoma metastases might be achieved by combining molecular, functional, and 

anatomical imaging using PET/MRI. It is expected to become an important tool for the detection of 

both lymph node and distant melanoma metastases.73 However, data on the performance of PET/MRI 

are awaited but not available at present for melanoma.

Outline of the thesis

Part I Pathology of primary cutaneous melanoma

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

clinically localized primary melanoma. Hence, an accurate and complete pathology report that docu-

ments all such features is essential for guiding the patient’s initial treatment. Although evidence-based 

criteria have been established for the pathologic diagnosis and staging of melanoma, these are, to some 

extent, subjective parameters and there can be significant interobserver variation between patholo-

gists in their assessment. Chapter 2 describes the interobserver variation between pathologists for 
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pathologic staging and diagnosis of melanoma. In addition, completeness of these pathologic reports 

is analyzed. Chapter 3 depicts how often diagnosis, and therefore treatment, changes due to interob-

server variation between pathologists. In this chapter the need for review of an expert pathologist in 

the pathologic diagnosis and staging of melanoma is analyzed. Chapter 4 analyzes a pathologic feature 

that is not very common in melanoma but highly important; microsatellites. Melanoma patients with 

microsatellites have similar prognosis compared to melanoma patients with clinically evident satellites 

or intransit metastases. In this chapter the clinical implications of microsatellites are described and a 

new definition for this pathologic feature is proposed. 

Part II Diagnosis and management of melanoma patients with lymph node metastases

The last part of this thesis focuses on diagnosis and treatment of melanoma patients with metastatic 

disease in the lymph nodes. A systematic review is performed in chapter 5 to define the optimal tech-

nique for SLNB. SLNB can be performed in the head and neck, the axilla, and in the groin. Melanoma 

patients with lymph node metastases can be treated with a lymph node dissection. A lymph node 

dissection of the groin can be performed in only the superficial (inguinal) or in both the superficial and 

the deep (iliac and obturator) area. Chapter 6 describes the importance of performing a combined 

superficial and deep lymph node dissection and the prognostic significance of deep lymph node me-

tastases. Besides metastases in the deep lymph nodes, other prognostic factors for stage III patients 

have been suggested. One of these factors is the presence of a BRAF mutation, chapter 7 describes 

the prognostic significance of this mutation and discusses the use of systemic therapy in stage III 

melanoma patients with this mutation.

Part III Imaging modalities in melanoma

Chapter 8 describes the value of nuclear imaging modalities for all stages of melanoma. The additional 

value of FDG-PET/CT above other imaging modalities is explored as well as the limitations of FDG-PET/

CT. Finally, future directions for nuclear imaging in melanoma are outlined in this chapter. The ad-

ditional value of FDG-PET/CT in clinical stage III melanoma patients will be further outlined in chapter 

9, where survival and recurrence of FDG-PET/CT positive and negative clinical stage III melanoma 

patients are analyzed. 
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