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General introduction and outline of the thesis

Cutaneous malignant melanoma (CMM) is a malignant skin tumor that develops from 
melanocytes, the pigment producing cells, in the skin. In the last decades melanoma 
incidence rates have been increasing considerably worldwide. In the Netherlands the age-
standardized incidence per 100.000 person-years increased from 11.3 in 1989 to 21.7 in 
2008, with an estimated annual percentage increase of 4.1%.1 By 2008 melanoma ranked 
the 8th most diagnosed cancer in man and 5th most diagnosed cancer in women.2 Age-
standardized mortality increased (albeit to a lesser extent), from 2.2 per 100.000 
person-years in 1989 to 3.9 per 100.000 person-years in 2009, with an estimated annual 
percentage increase of 2.3%.1  
	 One of the strongest risk factors for CMM is a familial predisposition. The characteris-
tics and management of melanoma families are the subject of this thesis. This chapter will 
provide a background to the subject by discussing the epidemiology, clinical characteris-
tics, and genetics of melanoma families, as well as the Dutch management guidelines that 
constituted the starting point for this thesis. In the final section, dermoscopy, which has 
been established as an integrated part of the everyday practice of skin surveillance, will be 
introduced. We will start however by providing a short overview of the different melanoma 
risk factors.

Melanoma risk factors
Several melanoma risk factors have been identified. Solar UV is the main environmental 
cause of melanoma.3 At present it is known that the risk of melanoma is significantly 
increased by intermittent exposure: particularly irregular and intense exposure (with 
sunburn), while more regular (chronic) exposure is to some degree inversely associated 
with melanoma.4 Recent studies suggest that chronic UV, intermittent UV and UV 
independent melanomas may represent (clinical, histological, epidemiological and 
molecular) different melanoma subtypes.5

	 Much of an individuals’ risk of developing a CMM can be learned by inspection of the 
patients external characteristics. Hair colour (red vs. dark, relative risk of melanoma (RR) = 
1.74 (1.41 – 2.14)), skin colour (fair vs. dark: RR = 2.06 (1.68 – 2.52)), and eye colour (blue vs. 
dark: RR = 1.47 (1.28 – 1.69)), are all associated with melanoma risk, most likely due to their 
correlation with sensitivity to ultraviolet light.6 More strongly correlated with melanoma 
risk are the number of common nevi (RR = 6.89 (4.63 – 10.25) for 101-120 nevi vs. < 15) and 
number of atypical nevi (AN) (RR = 6.36 (3.80 – 10.33) for 5 vs. 0 ).7 The risk of melanoma for 
patients with large congenital nevi is estimated to be about 2.5% to 5%, and highest in the 
first 5 to 10 years of life.8

	 The relative risk of melanoma for individuals with a positive family history of melanoma 
has been estimated to be 1.74 (1.41 – 2.14).6 This risk increases considerably in families with 
many melanoma patients. An early study in 23 families with at least two family members 
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with CMM and two relatives with AN, reported a relative risk of CMM of 89 for relatives 
with AN and a relative risk of 229 for relatives with a previous CMM.9 These high relative 
risks are illustrative of the fact that familial susceptibility is likely the strongest risk factor (in 
terms of effect size) for melanoma. 

Familial melanoma

In 1820 Norris was the first to describe familial clustering of melanoma.10 It took almost one 
and a half century before others published similar observations.11 A positive family history 
of melanoma has been reported in 6% to 14% of melanoma patients.12 Familial melanoma 
is defined as the occurrence of at least two first degree relatives with melanoma or three 
melanomas in second-degree relatives.13 Because of the co-occurrence of AN in many of 
the first described melanoma families, the term Familial Atypical Multiple Mole-Melanoma 
(FAMMM) syndrome was adapted.14 The correlation between AN and familial melanoma 
was later shown to be more complex however. AN regularly occur in the general 
population, with an estimated prevalence of 2% to 8% in whites.15-17 In addition AN and 
CMM do not fully co-segregate within FAMMM families.18 This has been well illustrated in 
families with a mutation in the high-penetrance melanoma susceptibility gene CDKN2A; 
relatives with AN have a higher probability of being CDKN2A mutation carrier, but 
mutation carriers may be devoid of AN and mutation negative relatives may have many 
AN.19,20 

The genetics of melanoma susceptibility
So far, two high-penetrance melanoma susceptibility genes associated with an autosomal 
dominant inheritance have been identified. In 1994, CDKN2A(MIM# 600160), located in the 
9p21 region, was the first melanoma susceptibility gene to be identified.21 By using 
different first exons (1α and 1ß) respectively, it encodes two distinct proteins: p16INK4 and 
p14ARF. Both proteins are tumour suppressors involved in cell cycle regulation. 
	 Pathogenic germline mutations in the tumor suppressor gene CDKN2A are detected 
in approximately 39% of families with ≥3 melanoma cases.22 CDKN2A mutations have an 
estimated penetrance for CMM of 67% by the age of 80 years.23 In the Netherlands the 
most prevalent CDKN2A germline mutation is a founder mutation (c.225-243del19) that is 
frequently found in the Leiden region, and has therefore been denominated the 
p16-Leiden mutation.24 In addition to an increased melanoma risk, the p16-Leiden 
mutation is associated with a cumulative risk of pancreatic cancer of 17% by age 75.25

Mutations in the second high penetrance melanoma susceptibility gene, the oncogene 
CDK4 (MIM# 123829) have been detected only in few families (estimated 2%).26 CDK4 
germline mutations have a similar impact on melanoma risk as CDKN2A mutations.27

For the majority of families the genetic risk factor has not been fully clarified, but appears 
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to be the result of a combination of low (e.g. MC1R) and moderate (e.g. MITF) risk modifier 
genes and (possibly) some rare high penetrance genes.28,29 Environmental and lifestyle 
factors (as described above) likely attribute to clustering of melanoma in (some) families, 
and modify expression of genetic risk factors.
	 In clinical genetics a distinction is made between families with a proven germline 
mutation (CDKN2A/CDK4): ‘hereditary melanoma’ and families without a (proven) 
germline mutation: ‘familial melanoma’. In families without a proven pathogenic germline 
mutation, melanoma susceptibility is suggested by familial clustering of melanoma 
patients, but cannot be confirmed by genetic testing and therefore remains a clinical 
diagnosis based on pedigree studies alone. 

Clinical characteristics of melanoma patients from melanoma families
Several studies indicate that melanoma patients from melanoma families have an earlier 
age of onset and an increased risk of multiple primary melanomas (MPM). There are also 
reports on a different distribution of histological tumour types in melanoma families; i.e. 
an increased proportion of superficial spreading melanomas, decreased proportion of 
nodular melanomas and a possible absence of acral lentiginous melanomas.30-32 Data on 
the characteristic of melanoma patients specifically from families with a CDKN2A mutation 
are more scarce however. Reports on the age of diagnosis of the first melanoma in these 
families range from 36.3 to 43.3 years.27,33,34 The proportion of mutation carriers who 
develop MPM in the literature ranges from 18.6% to 25.6%, but duration of follow-up was 
not reported in the referred studies.33,35 

In chapter 2 we report a study in which we investigated the clinical and histological char-
acteristics of melanoma(patients) from CDKN2A mutated families in comparison with 
sporadic melanoma patients. In chapter 4 some of the characteristics reported in chapter 
2 were compared between CDKN2A mutated families and CDKN2A wild-type melanoma 
families.

Management

Melanoma patient survival is highly dependend on the stage at diagnosis. Early melanomas 
can be cured by a wide local excision with proper resection margins, but, even though 
promising new therapeutic options are emerging, prognosis is still poor for advanced 
disease.36-38

	 Survival outcomes are to a considerable extent predictable based on the histological 
characteristics of the primary tumor, and the presence of lymph node involvement 
(including sentinel node procedure) and (distant) metastases. One of the main histological 
predictive characteristics, first described by Alexander Breslow in 1970 is the tumor 
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(Breslow) thickness, which is the depth of the tumor from the surface of the lesion (stratum 
granulosum) to the deepest point of invasion, expressed in millimeters.39 Breslow thickness 
strongly correlates with survival, which is illustrated by the fact that 10-year survival is 92% 
in case of melanomas ≤ 1.00 mm, and 50% if > 4.00 mm. The presence of ulceration and 
the mitotic rate are additional tumor characteristics correlated with outcome.40 
	 Early detection is considered the most effective way to prevent melanoma mortality. 
For this reason, regular surveillance of individuals at high risk of melanoma, such as 
members of melanoma families, is widely advocated.41,42

Effectiveness of melanoma surveillance
In a 2009 review, the U.S. Preventive Services Task Force (USPSTF) reinforced their 2001 
statement that, quote: “evidence is lacking that skin examinations by physicians is effective 
in reducing mortality or morbidity from skin cancer.”.43,44 This statement was predicated on 
the lack of evidence from randomized controlled studies. Although this statement 
addressed skin cancer (including squamous- and basal cell carcinoma) screening of the 
general population, the same argument is brought forward for specific melanoma 
screening or surveillance. Given the fact that an adequately powered, population-based 
randomized controlled trial of screening demonstrating mortality outcomes would 
require approximately 800.000 participants (based on US melanoma-related mortality 
rate), it is unlikely however that a randomized controlled study will ever be conducted.42,43

Several studies have reported that melanomas detected by physicians have a thinner 
Breslow thickness than those detected by patients themselves.45-50 A few studies have 
reported the detection of thinner melanomas in the context of surveillance of melanoma 
families.51-54 Recently convincing arguments for a beneficial effect of screening on 
melanoma survival came from an observational study concerning a population-based 
skin cancer screening project in Schleswig-Holstein, Germany, reporting a significantly 
different and more favourable trend in mortality rates compared to adjacent regions in 
the years following the screening period.55 
	 In a recent article the Melanoma Prevention Working Group commented on the 
USPSTF statement that, quote: “…the evidence is compelling enough to support the 
efficacy of targeted screening programs for detecting thinner melanomas, as a proxy 
measure for reduced mortality.”, and, quote: ”…absolute proof is not necessary in the 
public health domain to implement a targeted screening program that has the immediate 
potential to save lives.”.42 

As noted above the effectiveness of surveillance in melanoma families has been 
investigated only in a few studies, mostly with limited numbers of surveillance detected 
melanomas and confined to specialized pigmented lesion clinics.51-54 In chapter 3 we 
investigated the effectiveness of surveillance in CDKN2A mutated families and also 
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address some issues related to the effectiveness of surveillance that have gained little 
attention so far in the literature. In chapter 4 effectiveness of surveillance was assessed in 
families registered at the NFDHT, that were under surveillance throughout the Netherlands.

Management of melanoma families in the Netherlands
In the Netherlands, the first surveillance program for familial melanoma was initiated at 
the Leiden University Medical Center (LUMC) in 1981. Individuals that were invited to the 
program encompassed melanoma patients, their first degree relatives (parents, siblings 
and children) as well as their second degree relatives (grandparents, uncles, aunts, nieces, 
nephews and grandchildren). Starting from the age 12, these relatives are offered (a 
minimum of) annual total skin examinations.
	 In 1989 a national registry for familial melanoma was established at the Netherlands 
Foundation for the Detection of Hereditary Tumors (NFDHT) in order to promote the 
detection and surveillance of members of melanoma families throughout the Netherlands. 
Clinicians refer families suspected for familial melanoma to the registry. Genealogical 
studies are performed and all reported malignancies are verified by medical records. If 
criteria for familial melanoma are met, the registry monitors the continuity of the 
surveillance program for all family members with a history of melanoma and their 
unaffected first degree relatives by annually sending letters to the responsible clinician 
(mostly dermatologists). In return these clinicians report the results of surveillance and 
histo-pathologic examination.54,56 
	 Starting from 2000 (predictive) DNA testing for CDKN2A (later complemented by 
CDK4) became available for members of melanoma families. 

The segments of the 2005 Dutch melanoma guidelines that cover the management of 
melanoma families, and that were in effect when this thesis was initiated, are presented in Box 1. 

As can be seen in box 1, the surveillance recommendations for FAMMM families in the 
2005 guidelines were similar for all families that fulfilled the criteria of at least two 
first-degree relatives or three melanomas in second-degree relatives. Surveillance recom-
mendations were independent of the presence or absence of a germline mutation in 
CDKN4/CDK4 in the family and family characteristics (e.g. the number of affected relatives). 
Given the fact that the chance of CDKN2A mutation detection was proven to be positively 
correlated with the number of melanoma patients in a family, it is anticipated that 
melanoma risk is higher in families with a high penetrance melanoma susceptibility 
gene-mutation (CDKN2A/CDK4) compared to CDKN2A/CDK4 wild-type families.22 In 
addition, it is expected that melanoma risk in families is positively correlated with the 
number of melanoma patients. There is a lack of prospective studies however that confirm 
these notions, and it is therewith unclear whether all melanoma families need to be 
surveillanced with the same scrutiny. 
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	 Another point of discussion has been the necessity for second degree relatives to be 
under surveillance, as the yield of surveillance may be relatively small. Surveillance of 
second degree relatives has not been explicitly recommended in melanoma guidelines 
from other countries.57-59 In this thesis we present two studies that investigated melanoma 
detection rates in families with different CDKN2A mutation status and family characteristics 
(chapter 4) and in second degree relatives from CDKN2A mutated families (chapter 5).

‘Overdiagnosis’
A recurrent point of discussion related to melanoma surveillance is the issue of ‘misclassification’ 
of benign or indolent melanocytic proliferations as CMM. This point gained attention 
upon the observation that the incidence of melanoma has increased dramatically, while 
the mortality from melanoma has not increased proportionately. In addition, the increased 
melanoma incidence is disproportionally attributable to thin lesions.1,60 It has been argued  
that the ‘melanoma epidemic’ could (at least partially) be explained by increased public 
and physicians’ melanoma awareness and screening/surveillance, which resulted in three 
(overlapping) phenomena; 1. overdiagnosis, i.e. detection of indolent melanocytic tumors, 
that would either never progress or progress slowly enough that the patient dies of other 

Box 1  �Guidelines with respect to the management of melanoma families from the 
Dutch Melanoma guidelines 2005 (appendix 3)13

Paragraph 3.1: Familial Dysplastic Nevus Syndrome (DNS)  
(= FAMMM syndrome = Familial Atypical Multiple Mole / Melanoma Syndrome)

Melanoma with/without dysplastic melanocytic nevi nevocellulares in at least two 
first-degree relatives or three melanomas in second-degree relatives.

Note: Presence of dysplastic melanocytic nevi increases the probability of being a
mutation carrier, but absence does not exclude being a carrier of the 
predisposition to melanoma.

Paragraph 5.2: 
Risk level 2 (greatly increased):

Being a members of a family (up to the second degree) with familial DNS / FAMMM 
syndrome (see section 3.1).

management:
• Information (oral and written)
• Once a year or more frequent skin examinations (absolute indication)
• Check children from the age of twelve years
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causes, and 2. diagnostic drift, i.e. classification of melanocytic lesions as CMM, that years 
ago would have been diagnosed as benign melanocytic lesions, and 3. increase in false 
positives as a result of submission of increasing numbers of equivocal melanocytic 
proliferations to the pathologist.60-62 Adversaries of this line of argumentation claim that, in 
stead, the epidemiological trends are mainly attributable to a real and steep increase in 
melanoma incidence due to behavioural changes regarding sun exposure. At the same 
time, mortality is believed to have been successfully constrained by strategies to advance 
melanoma diagnosis. The debate is ongoing.63 In chapter 6 we report an observation 
concerning the misclassification of melanocytic lesions as melanoma in the context of 
surveillance of CDKN2A mutated families.

Dermoscopy

Dermoscopy is a non-invasive technique in which oil immersion or polarised light are 
used to make the epidermis translucent and a lens is used for magnification to allow the 
visualization of structures not visible to the naked eye. Although the basic technique was 
already described in the late 19th century, it was not until the last two decades of the 20th 
century, after the introduction of handheld dermatoscopes, that dermoscopy gradually 
became integrated in the dermatological armamentarium.64, Dermoscopy is primarily 
used to supplement the clinical (naked eye) evaluation of (pigmented) skin lesions, that 
are suspicious of malignancy. The basic approach to these lesions consists of two steps:  
1. to distinguish melanocytic from non-melanocytic lesions, and 2. distinguish benign from 
malignant lesions. Several algorithms have been developed to facilitate a standardized 
assessment of (pigmented) lesions, including the pattern analysis, and more accessible 
simplified algorithms like the ABCD-method, Menzies method and seven point checklist.65-68 

The impact of dermoscopy on clinical practice
Numerous  studies have confirmed that dermoscopy improves the diagnostic accuracy 
for pigmented lesions.80-92 In 2008 a meta-analysis of dermoscopy studies performed in a 
clinical setting, reported a statistically significant better sensitivity for the diagnosis of 
melanoma for dermoscopy (0.90) compared to naked eye examination alone (0.71), 
without a significant difference in specificity (dermoscopy: 0.90, naked eye examination: 
0.81).69 Strikingly, the findings of the only randomized controlled study on dermoscopy in 
a dermatologist setting, presented a rather opposite view; a 42% reduction in patients 
referred to excision, without a change in sensitivity.70

	 These contradictory findings may be related to the fact that the design of many 
dermoscopy studies possibly limited their applicability to clinical practice: clinicians 
judged (macro- and dermoscopic) images rather than life patients, study sets included 
only lesions that had been excised, and contained a disproportionate high number of 
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melanomas, dermoscopic images were not preceded by their accompanying macroscopic 
images, studies focussed on the impact of dermoscopy on the clinical (preferential) 
diagnosis, rather than management of lesions and many studies were performed in the 
setting of dermoscopy expert dermatologists. Performance of dermoscopy is likely to be 
highly dependent on the clinical context in which it is performed. As a consequence the 
actual impact of dermoscopy on the clinical dermatological practice is not fully clarified. 
In chapter 7 and chapter 8 we describe two studies in which we investigated the impact 
of dermoscopy on clinical practice both in general dermatology clinics as well as in the 
context of surveillance of melanoma families in an expert pigmented lesion clinic. These 
two clinic settings are expected to differ both in respect to the characteristics of the 
presented lesions (symptomatic lesions versus early asymptomatic lesions against the 
background of atypical nevi) as to the degree of dermoscopy expertise.

Aims and outline of the thesis

The general aims of this thesis are threefold. Firstly, we aimed to verify and substantiate 
the clinical and histological characteristic of melanoma (patients) from melanoma families 
with a pathogenic germline mutation in CDKN2A. Secondly, we aimed to investigate the 
effectiveness and yield of surveillance of melanoma families with different CDKN2A 
mutation status and family characteristics, and to identify possible causes for failure of 
surveillance. Thirdly, we aimed to investigate the impact of dermoscopy on the 
management of suspicious lesions in relatives from melanoma families under surveillance 
in a tertiary pigmented lesion clinic.

Chapter 2 investigates the clinical and histological characteristics of melanoma (patients) 
from families with a germline mutation in CDKN2A in comparison to sporadic melanoma 
(patients)
Chapter 3 investigates the effectiveness of surveillance by comparison of tumour 
thickness of surveillance detected cases with pre-surveillance detected cases in CDKN2A 
mutated families. Mode of detection and length of the surveillance interval are analyzed 
to identify possible causes for failure of surveillance.
Chapter 4 investigates the effectiveness of surveillance in families registered at the 
NFDHT. The yield of surveillance in families with different family characteristics- and 
CDKN2A mutation status was investigated by estimation of the melanoma detection rates.
Chapter 5 investigates the yield of surveillance of second degree relatives from families 
with a founder mutation in CDKN2A by estimating the melanoma detection rate and 
studying the family dynamics of two- to first-degree relative transitions.
Chapter 6 reports an observation related to the issue of ‘overdiagnosis’ in the context of 
surveillance of CDKN2A mutated families.
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Chapter 7 investigates the impact of dermoscopy on the preferential diagnosis and 
management decisions towards suspicious pigmented lesions in every day clinical 
practice of general dermatologists. This chapter is intended as a background for the 
findings reported in chapter 8.
Chapter 8 investigates the impact of dermoscopy on the preferential diagnosis and 
management decisions of suspicious pigmented lesions in high-risk patients from 
melanoma families.
Chapter 9 summarizes and discusses the findings described in the preceding chapters.
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