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CHAPTER 8

Summary and discussion
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INTRODUCTION

Although clinical aspects of  melanoma have been extensively studied, the literature largely 
concerns relatively healthy 20-70 years old patients.1,2 Special populations, such as the elderly, 
children, patients with multiple primary melanoma (MPM) and those with familial melanoma, 
are frequently excluded from clinical studies. The studies presented in this thesis were aimed 
to assess prognostic factors and management of  patients with clinically localized melanoma, 
in particular among the aforementioned special populations.

But how do these special populations differ from the frequently studied middle-aged patient 
with sporadic melanoma? Is tumor mitotic rate also an important prognostic factor in 
children and adolescents? Should SNB be performed in all patients with clinically-localized 
melanoma? And, is it possible to predict survival of  patients with sentinel node (SN)-negative 
melanoma more accurately?

Chapter two and chapter three concerns lymphatic mapping combined with focused 
ultrasound (US) follow-up as an alternative to sentinel node biopsy (SNB). Chapter four 
reports the prognostic significance of  tumor mitotic rate in children and adolescent melanoma 
patients. In chapter five we compared the survival of  germline cyclin-dependent kinase 
inhibitor 4 (CDKN2A) mutation carriers with sporadic melanoma patients and in chapter six 
we assessed the occurrence and prognostic value of  SN-positivity in these CDKN2A-positive 
melanoma patients. We externally validated a prognostic model for SN-negative melanoma 
patients in chapter seven. In this last chapter the results of  these studies, together with those 
in recent literature, are summarized and discussed.

ELDERY PATIENTS

SNB was introduced to identify node-positive patients who were then to undergo early 
treatment by completion lymph-node dissection (CLND).3,12 The prognostic significance of  
the tumor-status of  the SN and the survival benefit from early treatment of  lymph node 
metastases have been well established. Results of  the Multicenter Selective Lymphadenectomy 
Trial II (MSLT-II) and the German Dermatologic Cooperative Oncology Group Selective 
Lymphadenectomy Trial (DeCOG-SLT) demonstrated that CLND was not required to 
achieve the survival benefit.13,14 As a result, patients with an involved SN are now rarely 
managed with CLND.15–17 The emergence of  effective adjuvant systemic therapy further 
increased the importance of  SNB. In the past few years, adjuvant immunotherapy and 
targeted therapy have been shown to improve prognosis of  patients with nodal involvement, 
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including SN-positive patients.4–11 Patients with clinically-localized melanoma do not 
receive adjuvant systemic therapy without SNB showing metastatic disease. Still, these 
benefits do not always justify the potential morbidity from SNB. The extent of  the surgery, 
need for general anesthesia and risk of  morbidity are drawbacks. SNB may be considered 
excessive in elderly or frail patients, if  the surgical procedure is too complex. At Melanoma 
Institute Australia (MIA), SNB was sometimes purposely avoided in elderly or patients 
with significant comorbidity (chapter two). In other patients, the planned procedure was 
canceled after lymphoscintigraphy (chapter three). These patients underwent preoperative 
lymphoscintigraphy to determine the number of  SNs and their location followed by focused 
US of  these nodes at each follow-up visit. This approach was not practiced elsewhere on 
a regular basis. To determine its merits, we carried out two retrospective cohort studies in 
order to compare characteristics and survival of  2945 patients who underwent SNB (SNB 
group) with 160 patients who were conservatively managed due to advanced age and/or 
comorbidities (observed group) (chapter two). In the second study, we compared the 2945 
SNB-patients with 203 patients in whom the procedure was canceled after lymphoscintigraphy 
(canceled group) (chapter three). In both studies, SNB-patients were younger than their 
counterparts. A recent analysis of  the National Cancer Database showed that nodal surgery 
was least common among elderly patients. Only 35% of  eligible patients aged 80 years or 
older underwent SNB.18 However, in our study SNB was still performed in 75% of  those 
aged ≥ 75 years and in 47% of  patients ≥ 85 years. This is in line with previous research that 
demonstrated that SNB can reliably be performed in elderly patients.19–24 Recent research 
also shows that immunotherapy is effective in the elderly.25–27

A heterogeneous group of  conditions, ranging from cardiovascular conditions to psychiatric 
disorders, were the reason for omitting SNB in 14 patients (9%) < 65 years of  age. Analyses 
of  the Surveillance, Epidemiology, and End Results (SEER) cancer registry lately showed that 
the overwhelming majority (85%) of  patients older than 65 with stage III and IV melanoma 
had multimorbidity.28 Another study of  the same groupsshowed that healthcare expenditure 
of  elderly and comorbid melanoma patients was associated with increased healthcare costs 
compared to younger patients and patients without multimorbidity.29

Melanomas of  patients in the observed group and the canceled group were more frequently 
located in the head and neck region, drained to more nodes and regions than melanomas of  
SNB-patients. Lymphatic drainage of  head and neck melanomas is often to multiple sites and 
less predictable than for melanomas on limbs.30–32 The procedure can be further complicated 
by the presence of  a SN in the parotid gland, which occurs in 35% of  the head and neck 
melanoma patients.33 In these patients there is a risk of  permanent facial nerve damage. A 
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recent Dutch study also showed that higher age and melanoma located on the head and neck 
were associated with non-enactment of  SNB.34

At the end of  follow-up, 21 observed patients (13%) and 27 canceled patients (13%) had 
developed a regional nodal recurrence. A previous meta-analysis revealed that US is able to 
detect metastatic nodes that are two to three times smaller than can be detected by physical 
examination.35 In both of  our studies, US detected the recurrence in one third of  the patients 
before they became clinically apparent. In the majority of  patients focused US could not have 
had an influence on the outcome. The median number of  metastatic nodes in these groups 
was higher than in the patients who underwent immediate CLND because of  an involved 
SN. A comparable prospective study from the United Kingdom showed that, although the 
median number of  involved nodes was again higher in the US group, melanoma-specific 
survival (MSS) rates were similar.36 As expected, regional lymph node-free survival was worse 
in observed and canceled patients. Canceled patients also had worse recurrence-free survival 
(RFS) than SNB patients. Lymphatic mapping with focused US follow-up of  SNs appears to 
be an acceptable management strategy to avoid SNB in elderly or frail melanoma patients or 
for patients in whom a SNB procedure is likely to be challenging.

Since CLND has largely become obsolete after publication of  the MSLT-II and DeCOG-
SLT trials, the importance of  SNB has become even more important because of  its value in 
the selection of  patients for adjuvant therapy.13,14

PEDIATRIC MELANOMA

Tumor mitotic rate is a strong and important predictor of  survival in adults with primary 
cutaneous melanoma.37–42 Due to the rarity of  pediatric melanoma, it was unknown if  tumor 
mitotic rate was also of  clinical importance for children and adolescents with melanoma. Large 
pediatric melanoma studies generally use data from the SEER database or National Cancer 
Database.43–45 Key tumor characteristics such as tumor mitotic rate and Breslow thickness 
are frequently missing in these databases. We conducted a cohort study of  156 patients 
aged < 20 years with clinically localized melanoma to assess the prognostic value of  tumor 
mitotic rate in this age group (chapter four). In our study, a higher tumor mitotic rate was 
independently associated with worse RFS. Breslow thickness did not correlate independently 
with RFS or MSS. Prior studies showed conflicting results regarding the prognostic impact 
of  Breslow thickness in pediatric melanoma. In two studies, Breslow thickness was an 
independent predictor of  recurrence.46,47 However, in a National Cancer Database study and 
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a large multicenter study Breslow thickness was not associated with MSS.45,48 A multicenter 
retrospective case series of  38 fatal pediatric melanoma patients showed that adolescent 
melanoma had a more aggressive disease course compared to childhood melanoma. Mitoses 
were present in all their reported patients.4249 In our study, children had more advanced 
melanomas than adolescents but survival was similar for the two groups. The first studies 
on the use of  immunotherapy and targeted therapy in pediatric melanoma patients showed 
promising results.49,50

Even though mitotic rate was removed from the 8th edition of  the AJCC/UICC melanoma 
staging classification, chapter four shows that it is essential to assess and report this parameter 
in all young melanoma patients. The AJCC melanoma expert panel also emphasized the 
importance of  this tumor characteristics for clinical tool development.51–53 More research is 
needed to determine if  the prognostic value of  tumor mitotic rate and Breslow thickness are 
really different between children and adults.

MELANOMA IN GERMLINE CDKN2A MUTATION CARRIERS

While SNB was introduced almost 30 years ago, no studies have been published on its 
applicability to patients with hereditary melanoma due to germline CDKN2A mutations 
(FAMMM syndrome).3 Over 40% of  CDKN2A mutation carriers have multiple primary 
melanomas, excluding them from previous clinical trials of  SNB.54–56

There is ongoing debate regarding the prognostic impact of  germline CDKN2A mutation 
status on survival of  melanoma patients. Therefore, we compared survival, patient and tumor 
characteristics of  89 CDKN2A mutation carriers with 56,929 sporadic melanoma patients 
(chapter five). As expected, CDKN2A mutation carriers were on average younger and more 
often developed MPM.55–58 Sporadic melanoma patients had more often nodular melanomas. 
In a recent multicenter study from the United States, Italy and Spain, histologic slides were 
evaluated for melanomas diagnosed in CDKN2A, CDK4 and POT1 mutation carriers. While 
spitzoid morphology was associated with POT1 mutations, melanomas from CDKN2A 
carriers were histologically similar to sporadic cases.59 In our study, CDKN2A carriers had 
less advanced melanomas than their sporadic counterparts. Previous studies showed 
conflicting results on this matter. Some researchers found no difference, while others also 
discovered that CDKN2A mutation carriers had less advanced melanomas at diagnosis.55–60 
After controlling for known confounders, no significant difference in overall survival (OS) 
and RFS was seen between CDKN2A mutation carriers and sporadic melanoma patients. 
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These results are in line with a recent Italian publication in which no survival difference was 
established.57 However, two Swedish studies found that germline CDKN2A carriers had worse 
survival.55,61 In a recent Australian study, pathogenic germline mutations, including CDKN2A, 
were associated with poor OS in stage III/IV melanoma patients with completely resected 
tumors.62 Since all cancer predisposition genes were combined, the independent prognostic 
value of  a germline CDKN2A mutation could not be assessed in this study. Comparison of  
these studies is complicated by differences in type and location of  the CDKN2A germline 
mutation, inclusion of  single primary melanoma (SPM) patients, control group, outcome 
and statistical analyses.55,57,61 Further studies are needed to clarify the uncertainty regarding 
the prognostic importance of  a germline CDKN2A mutation for the survival of  melanoma 
patients. 

In chapter six we described a multicenter, retrospective case series of  23 CDKN2A mutation 
carriers with clinically localized melanoma who underwent SNB. In our study, the SN-
positivity rate of  22% was in line with what has been reported for sporadic melanoma 
patients.54,55 Due to small numbers, we were not able to draw conclusions regarding the 
prognostic value of  SNB. Based on this study, we conclude that there should be no reluctance 
to perform SNB in this particular patient group who frequently develop multiple primary 
melanomas at a young age.

PROGNOSTIC MODELS

Prognostic models and nomograms can aid clinicians in tailoring treatment to the individual 
patient’s situation. The European Organisation for Research and Treatment of  Cancer 
(EORTC) built a prediction model for RFS and MSS using data of  3180 European SN-
negative melanoma patients.63 Ulceration, anatomical location and Breslow thickness were 
included in their final model. The EORTC model was able to correctly predict recurrence in 
74% of  the patients (c-index of  0.74) and melanoma-specific mortality in 76% of  the patients 
(c-index of  0.76).

To ensure the accuracy and applicability of  prognostic models in other populations, external 
validation is essential.64 In chapter seven, we described the validation of  the EORTC model 
in a cohort of  4235 Australian SN-negative melanoma patients. As expected, the model 
performance was not as good as in the original dataset.64 The EORTC model could correctly 
predict melanoma-specific mortality and recurrence in 69% of  the MIA patients (c-index 0.69 
for RFS and MSS). Differences in baseline characteristics, e.g. more men, more head and neck 
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melanomas, and drainage to more SNs in the MIA cohort, were probably the most important 
reasons for the small discrepancy in predictive value. We tried to further improve the accuracy 
of  the model by adding other known prognostic factors. Eight potential prognostic factors 
were added to the EORTC model: sex, age, melanoma subtype, Clark level, tumor mitotic 
rate, regression, total number of  SNs removed and number of  SN fields. Sex, age, melanoma 
subtype and tumor mitotic rate improved the predictive ability of  the models by 2% (c-index 
0.71 for RFS and MSS). Since simplicity is essential for clinicians, this small improvement 
does not justify changing the easy-to-use EORTC model.  Recently, a Dutch population-
based validation study confirmed the value of  the EORTC nomogram in predicting RFS in 
SN-negative melanoma patients.65 Unfortunately, MSS was not investigated in this study. In 
conclusion, chapter seven demonstrated the value of  the EORTC nomogram in predicting 
survival in SN-negative melanoma patients.63,65 The EORTC nomogram makes it possible to 
identify specific populations of  SN-negative melanoma patients with a high risk of  recurrence 
or melanoma-specific mortality. Patients with a thick, ulcerated melanoma located in the head 
and neck region have the highest risk of  an unfavorable outcome.63 The EORTC nomogram 
could be used in clinical practice to personalize follow-up and to select high-risk SN-negative 
patients for trials of  adjuvant systemic therapy.

GENERAL CONCLUSIONS AND FUTURE PERSPECTIVES

In this thesis, we showed the differences and similarities between several distinct melanoma 
populations. Management of  patients of  high age needs to be different due to frailty, 
comorbidity and a reduced risk of  SN involvement. The results described in this thesis 
combined with those from recently published studies demonstrate that melanoma in this 
patient group has a distinct biological behavior. This necessitates a different approach to 
sentinel node biopsy and interpretation of  its results. More specifically, lymphatic mapping 
combined with focused US of  the SNs should be considered more often in frail patients.

The same holds true for pediatric melanoma patients. Melanoma behaves differently in these 
young patients and the prognostic value of  known predictors of  survival is also different from 
the well-studied adult population. These differences show the need for specific guidelines 
for the diagnosis, treatment and follow-up of  children and adolescents with melanoma. 
Melanomas in CDKN2A mutation carriers are different from the ones in sporadic patients. 
While the results from this thesis and previous literature show that melanomas in the two 
populations present differently, uncertainty regarding survival differences will remain. 
However, this thesis does prove the reliability of  performing SNB in this special population. 
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Sometimes two groups are actually the same but differently managed. High-risk stage II and 
stage IIIB/C melanoma patients have an equally poor prognosis but do not receive the same 
kind of  treatment. Results from this thesis facilitate the use of  an easy-to-use nomogram in 
clinical practice to personalize follow-up and to select high-risk SN-negative patients for trials 
of  adjuvant systemic therapy.

In conclusion, future melanoma studies focusing on special populations such as children, 
elderly, and familial melanoma patients are essential to further personalize medicine. Due 
to the rarity of  many of  these subgroups, collaborative cross-continental studies are needed 
to improve the diagnostic process, therapeutic possibilities, and prognosis of  these patients.

High-risk clinically localized melanoma patients (stage IIB/IIC) have worse survival than 
stage IIIA melanoma patients.51 Adjuvant immunotherapy and targeted therapy improves 
prognosis of  stage III patients but it is unknown if  the same holds true for high-risk stage 
II patients. Currently, the safety and efficacy of  adjuvant therapy in these patients is being 
studied (NCT04309409, NCT03757689, NCT04099251, NCT03553836, NCT03405155). 
Based on the MSLT-trials, SNB may be assumed to prolong disease-free survival for all 
patients and prolong melanoma-specific survival for those with nodal metastases from 
intermediate-thickness melanomas.13,54 If  it can be established that adjuvant systemic therapy 
can accomplish the same with less morbidity, the role of  SNB will diminish substantially. 
However, until even more reliable prognostic factors are found, SN status remains important 
for the assessment of  an individual’s prognosis.54,66

Numerous molecular biomarkers have been discovered, but the clinical potential and 
applicability of  mRNA-signatures, methylation markers, circulating tumor cells, gene 
expression profiles, and microRNAs have to be studied further.67–72 We were not able to 
assess the prognostic value of  SNB in CDKN2A mutation carriers. Due to close surveillance, 
melanomas of  FAMMM syndrome patients are diagnosed at an earlier stage than sporadic 
melanoma patients.55,56 A significantly larger, multicenter cohort study is needed to answer 
this question. Until then, there is no reason to change the threshold of  performing SNB in 
familial melanoma patients.

While immunotherapy has improved survival of  advanced melanoma patients, little is known 
about the effectivity of  this treatment for stage IV familial melanoma patients. Most high-
risk genes are involved in DNA repair mechanisms, which are also needed for lymphocyte 
development and T-cell differentiation.73–75 Immunotherapy might not be ideal for patients 
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who do not have the ability to generate a proper antitumor immune response. Results of  studies 
on this matter are conflicting.76–78 In a small Swedish study, patients with CKDN2A mutated 
melanoma had improved immunotherapy responses.77 A recent study from the Mayo Clinic, 
showed no survival difference between sporadic melanoma patients and CDKN2A carriers 
who were treated with immune checkpoint inhibitors.76 In a third collaborative European 
study, none of  the patients with pathogenic or likely pathogenic germline mutations, including 
CDKN2A, responded to combined treatment with nivolumab and ipilimumab. Presence of  
such a germline variant was also independently associated with worse MSS.78 Co-deletion of  
the gene Janus kinase 2 (JAK2), also located at chromosome 9, might be one of  the reasons 
for this increased risk of  resistance to immotherapy.79 Since immunotherapy is associated 
with significant adverse effects, it is of  great importance to identify the patients who could 
benefit from this treatment. More research is needed to assess the effectivity and safety of  
immunotherapy in familial melanoma patients.

In the last three years, multiple research groups have focused on the development of  
prognostic models and nomograms for patients with clinically localized melanoma.63,65,80–83 
Regression tree analysis makes it possible to more accurately delineate groups with different 
survival rate. It produces an easily understandable graph for classification and prediction 
purposes.84–87 In a future study, we will develop classification systems for SN-negative and 
SN-positive melanoma patients, that could be used for personalizing follow-up and selecting 
patients for adjuvant systemic therapy.
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