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Melanoma Incidence
Exposure to ultraviolet light is known to be a prominent risk factor for developing 
cutaneous melanoma.1 Tanning beds and the rising popularity of sun holidays 
contribute to this increased exposure. Sunburns in childhood account for the 
highest risk.2 The incidence of cutaneous melanoma is rising in most European 
countries, probably as a result of increased public awareness, resulting in an 
increase in thinner melanomas at time of diagnosis since the last two decades.3,4 
Recently, a stabilization in incidence has been reported in Australia and North 
America.5 This might be the result of long lasting educational awareness 
programs at schools and in the media.6 Due to early detection and improved 
staging with sentinel lymph node biopsy, the 5-year survival rates reported are 
92% for American Joint Committee on Cancer (AJCC) stage IB and 53% for stage 
IIC melanoma patients.7 Increasing incidence and improved prognosis have 
resulted in an increased prevalence of melanoma. Consequently, the number 
of melanoma patients in clinical follow-up is rising.8,9

Risk Factors
Known risk factors independently associated with the development of a primary 
cutaneous melanoma are history of (severe) sun burns, number of naevi, family 
history, light or red hair color, male sex, and older age.10 Very recently, smoking 
was found to be associated with sentinel lymph node metastasis, ulceration, 
and increased Breslow thickness.11 Risk factors for the development of 
additional lymph node metastases, based on patient and tumor characteristics, 
have extensively been described in the literature, such as male sex, thicker 
Breslow, regression, ulceration, number of positive SNs, maximum size of SN-
metastases, invasion depth (Starz-classification), non-subcapsular location 
(Dewar-classification), and extra-nodal growth.12-17 Several prediction tools for 
survival and prognosis in melanoma have been described and some are used 
in clinical practice.18 For SLNB patient selection, the Memorial Sloan Kettering 
Cancer Center (MSKCC) developed and validated a nomogram for SN-status 
prediction.19 Although not yet included in clinical guidelines, prediction models 
based on independently associated parameters were developed and validated, 
to enable risk stratification for NSN-positivity.12,13 However, to this date, the 
exact behavior of cutaneous melanoma remains unpredictable.
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Staging 
Primary cutaneous melanoma is staged according to the TNM classification, 
developed by the American Joint Committee on Cancer (AJCC) in 1977. This 
staging system is last updated in 2017, the 8th edition, and is implemented in 
2018.20 For this thesis the 7th edition, updated in 2009, was used (Figure 1).21 
The TNM classification defines tumor (T), nodal (N) and distant metastasis (M) 
staging. Based on this classification, melanoma can be classified from AJCC 
stage I to IV. Alexander Breslow introduced Breslow thickness as a measure 
for the total vertical depth of a melanoma in 1970, an important diagnostic 
and prognostic factor to this date.22 The T-staging is mainly based on Breslow 
thickness, ulceration, and mitotic rate of the primary tumor. In the upcoming 
8th AJCC staging edition, mitosis is excluded for T-staging.20 Clinically localized 
disease is defined as stage I-II melanoma. The N-staging is determined by 
the involvement of melanoma in the regional lymph nodes. For this purpose, 
the sentinel lymph node biopsy (SLNB) was introduced by Morton in 1992 as 
an important staging procedure. During this procedure, a radioactive tracer 
and a blue dye are injected to identify the first lymph node to which afferent 
lymphatic vessels drain.23 Regional lymph node involvement is classified as stage 
III, and distant metastases as stage IV melanoma. The use of serum Lactate 
Dehydrogenase (LDH) level to categorize stage IV patients is abolished in the 
8th edition.20 

Surgical Treatment 
Narrow excisional biopsy with melanoma free margins is recommended by the 
AJCC for suspect lesions to achieve adequate pathological evaluation, thereby 
providing the best information for diagnosis and staging.21 The margin of a 
therapeutic re-excision depends on the Breslow thickness as determined in 
the primary biopsy. To this date, the recommended margin of a therapeutic 
re-excision is 1 cm for Breslow thickness <2.0 mm and 2 cm for melanoma >2.0 
mm.24 However, with a lack of solid evidence for these margins, the MELMART 
trial was initiated in 2015, randomizing 1 cm and 2 cm margins to investigate the 
influence of smaller resection margins on quality of life, local recurrence and 
melanoma specific survival (NTC02385214; estimated completion date 2026).25 

To this date, sentinel lymph node biopsy (SLNB) is considered as the standard 
prognostic procedure for accurate staging in melanoma patients with Breslow 
thickness >1.0 mm, with a minimal treatment related morbidity.21,26,27 Although 
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the first Multicenter Selective Lymphadenectomy Trial (MSLT-I), finished in 
2014, found no difference in melanoma-specific survival or overall survival after 
ten years, disease-free survival was significantly better for patients in the SLNB-
arm. SLNB identifies patients with nodal metastases, who may benefit from 
immediate completion lymph node dissection (CLND).28 

In case of a positive sentinel lymph node, the current recommendation is 
to perform a subsequent CLND. However, in only about 20% of patients 
additional metastases in non-sentinel nodes (NSNs) are found, while the 
procedure is accompanied with significant morbidity and costs.29,30 Despite 
this recommendation on performing CLND in all sentinel node (SN)-positive 
patients, its therapeutic value is highly debated.14,15,31-34 The necessity of a 
routine CLND for SN-positive patients is still under investigation in the EORTC 
1208: MiniTub (NCT01942603).35 The (underpowered) DeCOG-SLT was not able 
to show survival benefit of CLND for unselected SN-positive patients.33 The 
recently published MSLT-II results report slightly better disease free survival, 
but no benefit in overall or melanoma specific survival by performing CLND 
in SN-positive patients.31 Therefore, it might become necessary to select only 
‘high-risk’ SN-positive patients for CLND. A low risk could possibly justify CLND 
omission and ultrasonographic nodal observation.

Follow-up 
For melanoma, there is currently no consensus on the adequate frequency 
of post-treatment follow-up visits, and surveillance intervals vary widely 
worldwide.36-38 Most contemporary surveillance guidelines recommend 
intensive follow-up schedules.39-41 Important reasons for surveillance frequency 
are patients’ reassurance and anxiety reduction, early detection of recurrences 
or second primary melanoma, and evaluation of the quality of surgical 
treatment.42-46 Patients’ preferences regarding follow-up frequency, and follow-
up methods are understudied. However, mixed feelings have been reported. It 
seems important to balance patients’ reassurance without inducing additional 
anxiety.47,48 

Self-inspection of the skin is probably the most important aspect of follow-
up after being treated for melanoma. Skin self-examination (SSE) was already 
described in 1996 as a useful and inexpensive method for the early detection 
of a loco-regional recurrence or second primary.49 The majority of melanoma 
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recurrences and 2nd primary melanomas occur within three years after initial 
treatment, with an increase in occurrence per AJCC stage.43,50 Approximately 75% 
of the recurrences and almost 50% of the 2nd primaries are detected by patients 
themselves or their partners instead of by clinicians.51,52 Patient education might 
even enlarge the number of patient-based detections of recurrent disease.53 
E-health videos could be of additional value for this purpose.54 This implies that 
follow-up visits may currently be scheduled more frequently than necessary, 
possibly needlessly burdening patients and health care resources.51,52 

Biomarkers 
In the follow-up of melanoma patients, serum S-100B is increasingly used as 
tumor marker. It is mostly determined complementary to Lactate Dehydrogenase 
(LDH), to estimate tumor load, evaluate response to treatment, and as a 
prognostic tumor marker in advanced melanoma.41,55-57 However, there is a wide 
variety in the use of biomarkers in melanoma worldwide.38 To this date, the 
biomarkers S-100B and LDH are used mostly to evaluate response to systemic 
treatments in stage IV. 
For AJCC stage I and II, some studies did report that S-100B was not capable of 
predicting the SN status, due to low sensitivity.58-60 Although S-100B has been 
described as a biomarker with prognostic capacities in cutaneous melanoma 
patients since the nineties, no consensus has been achieved on its value and 
implementation as detection marker for recurrences in clinical follow-up.61 To 
date, only German and Swiss national guidelines recommend evaluation of 
serum S-100B in melanoma follow-up.38 Biomarkers like LDH, S-100B, YKL-40, 
Melanoma Inhibitory Activity protein (MIA), and C-Reactive Protein (CRP) are 
reported as prognostic markers in different stages of melanoma.62-66 However, 
these biomarkers are not yet implemented in prediction tools for NSN-
involvement. Serum S-100B was found to be independently associated with 
NSN-involvement in SN-positive melanoma patients. Besides, elevated levels 
of S-100B appeared to be associated with recurrence risk and worse survival in 
patients presenting with palpable nodal metastases, suggesting a relation with 
melanoma tumor burden.63

Determination of S-100B
Melanoma studies that have tried to use S-100B for recurrence detection and 
prediction of sentinel-node positivity encountered problems due to the low 
sensitivity in these melanoma patients with minimal tumor load.59,60 Another 
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frequently encountered problem with biomarkers is the undesirable presence 
of false-positive as well as false-negative results.67 False-positive S-100B values 
may lead to unnecessary anxiety in melanoma patients, potential over-staging 
and mismanagement, and increased healthcare costs. 
Determination of serum S-100B values in melanoma patients is performed 
by drawing a blood sample through a venipuncture and subsequent analysis 
of S-100B by immunoassay. Accurate analysis of this biomarker is important, 
as minor changes in serum S-100B levels might have clinical consequences.62 
Increased S-100B levels might be an expression of metastatic disease for which 
additional diagnostic tests and eventual further treatment, e.g. surgical and/or 
systemic therapy might be indicated. Multiple studies reported adipocytes to 
contain high levels of S-100B, suggesting S-100B values could be falsely elevated 
when mixed with subcutaneous cells, caused by adipocytes trapped in the 
needle during a venipuncture.68-74 

OUTLINE
The unpredictable behavior of cutaneous melanoma results in the absence 
of consensus in national guidelines, regarding follow-up surveillance in AJCC 
Stage I-II melanoma patients. The studies in this thesis address differences 
in follow-up schedules and the possible implementation of a reduced follow-
up surveillance schedule, practice variances regarding the sentinel lymph 
node biopsy, prediction tools for patient selection for completion lymph node 
dissection, and the use and accurate determination of the serum biomarker 
S-100B. 

Part I - Aspects of follow-up in AJCC Stage I-II Melanoma focuses on different 
aspects of follow-up. The development and effects of an evidence-based 
reduced follow-up schedule, based on a currently still running multicenter 
randomized clinical trial, the MELFO-study (Melanoma Follow-up) is described in 
Chapter 2. Patients’ preferred method for receiving information and education 
regarding melanoma and self-inspection of the skin and regional lymph nodes is 
investigated by distributing a web-based questionnaire among all AJCC stage I-II 
melanoma patients in follow-up (Chapter 3). The presence of practice variation 
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in performing a sentinel lymph node biopsy in the Netherlands is studied in a 
population based retrospective study (Chapter 4). 
Part II - Prediction of nodal status in completion lymph node dissection using 
the biomarker S-100B addresses the necessity of performing a completion 
lymph node dissection in all sentinel node positive melanoma patients, as 
additional lymph node metastases are not found in about 80% of these patients.  
In Chapter 5, different clinico-pathological characteristics are tested for an 
association with finding additional positive lymph nodes in the completion 
lymph node dissection specimen. Based on the findings of this study, a potential 
prediction tool for additional positive lymph nodes is proposed in Chapter 6, 
with the aim to achieve adequate patient selection for additional completion 
lymph node dissection. 
Part III - Accurate determination of the biomarker S-100B regards influences 
on falsely elevated serum S-100B values. With S-100B present in adipocytes, 
elevated levels of S-100B were found after performing a traumatic venipuncture 
in healthy volunteers (Chapter 7). Chapter 8 describes a prospective study 
performed among AJCC stage II-III patients, implementing a dummy tube to 
flush away potential adipocytes in the first venipuncture, to verify this theory of 
falsely elevated S-100B values by adipocyte contamination.

A Summary of the studies performed is written in English and Dutch at the end 
of this thesis. Finally, new research developments regarding melanoma follow-
up in Stage I-III cutaneous melanoma patients are discussed in the Future 
Perspectives. 
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