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1. General introduction

Incidence
The incidence of melanoma in the Netherlands continues to increase both in men
and women. A recent European study showed a statistically significant increase
in invasive melanomas (average annual relative change 4% in men and 3% in
women) as well as in melanoma in situ (average annual relative change 8% in
men and 6% in women). This increase is largely attributable to thin melanomas
(average annual relative change of 10% in men and 8.3% in women). The incidence
of thick melanomas is also showing an increase, albeit less pronounced. In the
Netherlands, the proportion of stage I melanoma at diagnosis is currently 70%.1,2
In 2018, 7,000 new cases were diagnosed, and 796 persons died as a consequence
of the disease.3 Increased incidence, earlier diagnosis and improved therapeutic
options with targeted therapy and/or immunotherapy have contributed to a
considerable increase in the prevalence of melanoma.4 The number of persons
diagnosed with melanoma in February 2019 in the Netherlands was approximately
45,600 – in the United States it was more than 1 million.1,5

Prevention
The preferred strategy is always to prevent melanoma from developing. That is
currently possible only in the form of education and prevention. The government,
medical insurance companies, the Netherlands Comprehensive Cancer Organi
sation (Integraal Kankercentrum Nederland), the Dutch Cancer Society (KWF
Kankerbestrijding), and the Melanoma Foundation (Stichting Melanoom) all have
important roles in this respect. Repeated, effective public education campaigns
are necessary to increase awareness of the risks of developing melanoma through
excessive exposure to sunlight and ultraviolet radiation, particularly among
young people. There is (European) legislation in place limiting exposure to this
radiation in tanning beds. The Netherlands Food and Consumer Product Safety
Authority (Nederlandse Voedsel en Warenautoriteit) has laid down statutory rules
for the use of tanning beds in tanning salons (‘indoor tanning’) with a minimum
age of 18 years. This is because earlyage sunburn doubles the lifetime risk of
developing cutaneous melanoma.6 It should also be kept in mind that public
education campaigns take a very long time to produce positive results. These
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campaigns create awareness of the dangers of excessive exposure to sunlight
from childhood, the risks of ultraviolet radiation in indoor tanning in relation to
the development of skin cancer, and the importance of timely consultation of a
general practitioner in case of suspicious skin defects. The campaigns supported
by Dutch Cancer Society, such as ‘smeren, kleren, weren’, have unfortunately not
been effective yet in reducing the incidence of melanoma in the Netherlands. In
Australia, such preventive campaigns, known as ‘slip, slop, slap’ (slip on a shirt, slop
on the 50+ sunscreen, slap on a hat) have resulted in a reduction in the incidence
of melanoma in young people.7

Staging
The first TNM classification of melanoma was defined in 1977 by the American
Joint Committee on Cancer (AJCC). Over the next four decades, this classification
went through seven revisions. The latest edition, the ‘8th AJCC Edition’, is from 2017.8
Most publications about melanoma are currently still based on the 7th Edition. This
dissertation is also based on the 7th AJCC Edition (Figure 1).
The various changes to the AJCC classification over the past four decades were
all made on the basis of studies using large international patient databases
for melanoma. The most significant changes within the AJCC classification
are due to the introduction of mitotic rate, sentinel lymph node biopsy, use
of immunohistochemistry in sentinel lymph node diagnostics, and the LDH
biomarker.8,9 In the T category, the thickness of the cutaneous melanoma (Breslow
thickness) and tumor ulceration have greater prognostic value than depth of
invasion (Clark level) or mitotic index. In the N category, the most important
parameters are: number of lymph node metastases, tumor size (microscopic or
macroscopic), and the presence in the skin of intransit metastases, satellites and
microsatellites. In the M category, the LDH biomarker was introduced. Figure 2
contains an overview of the current, 8th AJCC melanoma classification.9 This
new classification aims to move from a populationbased approach to a more
personalized approach, since the increased levels of specification of melanoma
stages as well as the development of ‘targeted’ systemic therapy mean that the
earlier ‘one size fits all’ approaches are now no longer tenable.
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FIGURE 1 AJCC Staging 7th edition
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FIGURE 2 AJCC Staging 8th edition
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Follow-up
In the Netherlands, the current followup strategy for melanoma patients is
based on a national guideline and differs depending on stage.10 The guideline’s
recommendations mostly aim at stage IBII patients, since the highest levels of
recurrence or additional primary melanoma are seen in this group in the first 23
years after diagnosis.11 It is recommended that these patients should be checked
frequently during these first few years. However, studies have shown that such
frequent checkups also have some disadvantages. Patients experience relatively
high stress levels around their hospital checkup appointments.12 An important
point to note is that recurrences are mostly detected by patients themselves and/
or their partners, and many patients will actively seek treatment when needed,
with the consequence that frequent followups are not always preferable.13,14 In
light of this, a recent prospective randomized study undertaken at the UMCG, the
‘Melanoma Followup Study’ (MELFO), has attempted to examine the possibility of
implementing a shortened followup program for stage IBII melanoma patients
without overlooking any recurrent melanoma. The 1year outcomes have shown
that patients on a reduced stageadjusted followup schedule, compared to
patients in the followup schedule as recommended by the Dutch guideline,
report comparable quality of life and anxiety levels, that recurrences are detected
equally often, and that hospital costs are reduced.15 Longerterm outcomes will be
available upon completion of the MELFO study.

Biomarkers
The serum biomarker lactate dehydrogenase (LDH) has a role in diagnosing stage
IV melanoma in the 8th edition of the AJCC classification; distant metastases (M)
defined by anatomical location of the distant metastasis and LDH by serum level.9
The role of the biomarkers S100 calciumbinding protein B (S100B) and LDH in
the followup of melanoma patients is still unclear.1618 Not only are the serum levels
of these two markers difficult to interpret correctly, but the stage for which they
are most suited is also not entirely clear. Both are currently applied mostly in the
response evaluations of systemic therapy for stage IV melanoma patients. Efforts
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are also underway to find new prognostic, predictive and response biomarkers
in order to select patients for specific treatments, to monitor treatment, and to
detect nonclinical recurrence, but they have to date been unsuccessful.19
Followup is still mostly oriented towards symptoms reported by patients as
well as imaging results (FDG PET/CT). In some guidelines, e.g. in Switzerland
and Germany, S100B has been assigned a role in followup.20 Because of the
difficulties in interpretation of serum levels, this method is still often combined
with imaging. The benefits to be had with the use of these biomarkers are the
potential to reduce the frequency of imaging, which is often costly. A recently
started Swedish study, the TRIM study, a randomized trial to assess the role of
imaging (wholebody CT or FDG PET scan) during followup after radical surgery
of high risk melanoma, investigates the use of S100B and LDH together with a
standard scanning protocol for melanoma patients.21 This means that scans are
made regardless of the presence of complaints and/or increased serum levels.
However, such a scanning protocol is associated with a high radiation burden and
high costs. It remains to be seen whether this will lead to survival gains.
The successful targeted therapy with BRAF/MEK inhibitors and immunotherapy
with checkpoint inhibitors in disseminated melanoma, FDG PET, FDG PET/CT and
whole body CT protocols are increasingly being used in the followup of highrisk
melanoma patients (stage IIC and stage III) to detect recurrences in an early phase.
Is it possible to detect these recurrences in highrisk patients earlier with the use of
the relatively cheap biomarker S100B? It is unclear in this context whether these
FDG PET, FDG PET/CT and wholebody CT protocols are really justified.

Treatment
The changes that have occurred over the past four decades in the excision
margins in the local surgical treatment of melanoma were based mainly on four
prospective trials. First, the vertical thickness of the melanoma according to
Breslow is determined from the diagnostic excision biopsy. The recommended
reexcision margin is 1 cm for tumors <2.0 mm, and 2 cm for tumors >2.0 mm.22
These excision margins are based on several excision margin studies; however,
the relevant evidence is still lacking.23 The Melanoma Margins Trial (MelmarT trial)
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investigating 1cm vs. 2cm wide excision margins for primary cutaneous melanoma
is expected to provide the final answer as to whether smaller excision margins are
adequate without affecting local recurrence and melanomaspecific survival, and
whether this would improve quality of life.24,25
In 1992, a concept was developed for minimally invasive regional staging of
melanoma patients with stage IBII using ‘sentinel lymph node biopsy’ (SLNB). The
sentinel lymph node is the first lymph node to which cancer cells will metastasize.
A sentinel lymph node biopsy involves injecting a radioactive tracer and a blue
dye intradermally and trying to remove this specific lymph node through a minor
operation, and examining it for tumor cells.26 This regional staging of lymph nodes
was included in the 7th edition of the AJCC.9 Sentinel lymph node biopsy has since
been the default minimally invasive staging method for patients with stage IBII
melanoma, with minimal treatment morbidity.27 However, unfortunately, sentinel
lymph node procedures have not produced the improved overall survival of
melanoma that was expected previously. In case of positive sentinel lymph node
biopsy, additional regional lymph node dissection will not lead to improved
survival as compared to following a ‘waitandsee policy’ and therapeutic lymph
node dissection in case of regional recurrence.28,29 However, the morbidity of a
therapeutic lymph node dissection, as in the latter case, is significantly higher.
Positron emission tomography (PET scan) or the serum biomarker S100B are not
useful in staging patients with stage IBII melanoma. However, highrisk patients
can be staged with PET and the biomarker S100B.3032 Until recently, this knowledge
had only prognostic value. Over the past decade, great strides have been made
in the systemic therapy of regional and distant metastasized melanoma with the
emergence of targeted therapy with ‘BRAF inhibitors’ (dabrafenib and vemurafenib)
in BRAFmutated patients, with MEK inhibitors (trametinib and cobimetinib) and
the recently developed effective immunotherapy with the immune checkpoint
inhibitors anti CTLA4 antibodies (ipilimumab) and antiPD1 antibodies (nivolumab
and pembrolizumab).4 These new systemic therapies have resulted in greatly
improved and often enduring diseasefree survival in (neo)adjuvant settings with
highrisk stage III patients as well as in therapeutic settings with stage IV patients.
These novel systemic treatments are very costly, and only 20% of treated patients
will ultimately benefit from them. In addition, these treatments have substantial
side effects.
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Prognosis
The prognosis of patients with melanoma has improved markedly in recent
decades. From 2000 to 2005, 5year survival rates have climbed from 87% to 91%.
In the Netherlands, the 3year survival is currently 100% for patients with a stage I
melanoma, 84% with stage II, 69% with stage III and 17% with stage IV.1 Are there
possibilities for further improvements in the prognosis of melanoma?
This is only possible by providing appropriate care to melanoma patients which
integrates patient education, treatment and research. A good example is the
Melanoma Institute of Australia (MIA), that integrates the different aspects, ranging
from prevention to personalized treatment, in a single organization.33 Another very
good example is the multimilliondollar Melanoma Moon Shot™ program of MD
Anderson Cancer Center that receives funding from the Specialized Programs of
Research Excellence (SPORE) of the National Cancer Institute. This program focuses
on both primary prevention and early diagnosis and personalized melanoma
treatment.34 Preclinical findings are rapidly applied in treatment options for
melanoma patients.35
For many years now, UMCG has the Groningen Comprehensive Cancer Center, that
facilitates a Multidisciplinary Melanoma Treatment Team that provides melanoma
patients with fully integrated care, i.e. diagnostics as well as treatment.36 This is
based on advanced diagnostics and treatment procedures aiming at improving
the prognosis of melanoma patients. UMCG is one of eight centers treating
advanced melanomas in the Netherlands. The UMCG Multidisciplinary Melanoma
Treatment Team also provides advice to regional hospitals on behalf of IKNL
(Netherlands Comprehensive Cancer Organization).

Costs of care
The prognosis of patients with stage III and IV melanoma could possibly be
improved further, but that will certainly lead to increased costs of care. The total
healthcare expenditure in the Netherlands will exceed the 100 billion euro mark
in 2019 for the first time; it now represent more than 13.3% of the Gross National

17

Product (GNP).37 Cancerrelated healthcare expenditure in 2011 represented 4.8%
of the total healthcare expenditure in the Netherlands. The increase in cancer
incidence and prevalence as well as the new treatment options will lead to
further increases in expenditure. However, melanoma is a rare form of cancer, and
its share in the overall costs of treating cancer is minimal. The annual costs of
treating patients with melanoma is still expected to increase by tens of millions
of euros. This increase will be due to: 1) the increase in incidence and prevalence
of melanoma and associated specialist healthcare, and diagnostics (radiology,
nuclear medicine, laboratory) and to 2) the new systemic treatments (targeted
therapy and immunotherapy) for melanoma in addition to existing surgical and/
or radiation procedures.
Treatment as well as clinical and fundamental scientific melanoma research will
need to increase, and should focus on a ‘personalized approach’ in order to ensure
the optimal use of the available means and keeping the costs manageable.38 The
costs may be reduced further by opting for ‘valuebased melanoma healthcare’
that focuses on improving the outcomes of multidisciplinary melanoma
treatment and reducing the associated healthcare costs, preferably implemented
as a ‘Resultaat Verantwoordelijke Eenheid’ (RVE) or ‘focus clinic’ that focuses on
providing care to melanoma patients.38,39 The in June 2019 initiated experiment
of healthcare providers and pharmaceutical companies with a new payment
scheme for costly cancer medication is a step towards a ‘no cure, no pay’ culture in
healthcare. In that case, medication will be paid only if there is a positive response
at 16 weeks from the start of treatment. It is hoped that this allows costly medicines
to remain available and that physicians can still prescribe them to posttreatment
(melanoma) patients who may benefit.40

Research questions
The focus of melanoma research activities within the Division of Surgical Oncology
during the past decades was mainly on the options for using adjuvant and
therapeutic regional limb perfusion in patients with cutaneous melanoma. This was
followed by assessments of the options for using novel, noninvasive and minimally
invasive diagnostics for melanoma staging with Positron Emission Tomography
(PET) scans, sentinel lymph node biopsy (SLNB), and the biomarker S100B.
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Building on the insights gained from recent studies and the demand for more
personalized melanoma treatment as described above, the following research
questions will be examined in the present thesis,
1) Is a reduction in followup frequency for patients with stage IBII melanoma
possible without affecting quality of life, number of recurrences, and
melanomaspecific and overall survival?
2) What is the current role of minimally invasive staging with sentinel lymph node
biopsy?
3) Does Body Mass Index of patients with stage IBII melanoma affect recurrence
free period and melanomaspecific and overall survival?
4) Is S100B an extra selection tool for FDG PET/CT scanning in the followup of
AJCC Stage III melanoma patients?
5) Is there a correlation between the serum level of the biomarker S100B and the
SUV uptake of a FDGPET scan in disseminated melanoma?
The above research questions will be answered in chapters II to VI. This is followed
by a summary in English and Dutch in chapters VII and VIII. Lastly, developments
in the diagnostics and treatment of melanoma will be highlighted in chapter IX,
‘Future perspectives’.
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