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GENERAL INTRODUCTION

Melanoma is a malignant tumor originating from melanocytes. The most common type is 
cutaneous melanoma, located in the skin. The incidence of cutaneous melanoma has been 
increasing over the past decades, with a global incidence of 324.635 in 2020.1 The age-
standardized rates in the Netherlands were 27.0 per 100.000 in 2020, which is the fourth 
highest in the world, with Australia and New-Zeeland having the highest rates.2 Melanoma is 
an aggressive disease and prognosis is strongly dependent on the stage of the disease, which 
depends on Breslow thickness and ulceration status (T-stage); presence of in-transit and/or nodal 
metastases (N-stage); or distant metastases (M-stage). Tumor staging is described according to 
the American Joint Committee on Cancer (AJCC) classification: majority of patients present with 
localized disease (stage I and II), but a proportion of patients either present with, or progress to 
stage III (regional metastases) or stage IV (distant metastases) disease.3,4 

Treatment of primary melanoma 
Surgery is the cornerstone of treatment in localized disease. After diagnosis of primary 
melanoma, wide local excision (WLE) is recommended to resect potential microsatellites. The 
clinical safety margin of the WLE depends on the Breslow thickness: 0.5 cm in melanoma 
in situ, 1 cm in melanomas ≤2 mm, and 2 cm in melanomas >2 mm.5 Additionally, in stage 
T1b and higher, guidelines recommend to combine WLE with a sentinel lymph node biopsy 
(SLNB).6,7 If tumor cells are found in the first draining lymph node, i.e. a positive SLNB, patients 
are classified as having stage III melanoma. 

Surgery in stage III melanoma
As described in the previous paragraph, SLNB is recommended for T1b melanomas and 
above. The important prognostic value of this procedure was described by Morton et al., in 
the MSLT-1 trial. 

In this trial, patients with primary melanoma were randomly assigned to either WLE with 
nodal observation, or WLE with SLNB. Patients with a negative SLNB showed a significantly better 
melanoma-specific survival (85%) than patients with a positive SLNB (62%). In patients with a 
positive SLNB a completion lymph node dissection (CLND) was performed. No survival differences 
were seen between the nodal observation and SLNB (± CLND) groups.8 This led to a successive 
trial: the MSLT-2, which randomized patients with positive SLNB between nodal observation and 
CLND.9 Since both this trial and the similar DeCOG-SLT trial failed to show a survival benefit, CLND 
is no longer recommended by guidelines in patients with a positive SLNB.10 

Although lymph node dissections are no longer performed in this patient population, this 
is still the main treatment in patients with clinical/imaging detected (macroscopic) nodal 
metastases. In this situation, the procedure is described as a therapeutic lymph node 
dissection (TLND).5,11 
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Despite the surgical efforts described above, recurrences and progression to stage IV disease 
are common in patients with stage III melanoma after surgery alone.

Systemic therapy for melanoma
Over the past decades, drastic developments have taken place in the systemic treatment of 
melanoma patients. Both immune checkpoint inhibitors (ICI) and targeted therapy (TT) have 
improved the prognosis of patients with advanced melanoma drastically. Inhibitors targeting 
immune checkpoints PD-1 or CTLA-4 can be applied as either monotherapy or combination 
therapy and have shown durable responses.12-18 Targeted therapy directed at tyrosine-
kinases BRAF and MEK is available to treat patients with BRAF V600-mutated melanoma, 
approximately 50% of patients, and shows rapid and high response rates, but has shown to 
induce resistance.19-21 These therapies were first introduced in stage IV melanoma patients 
and showed clear survival benefits compared to chemotherapy or best-supportive care. Due 
to these encouraging results and the observation that a substantial proportion of patients 
with stage III melanoma treated with surgery alone develop a recurrence in due course, the 
indications for these new systemic therapies have broadened. 

Due to the high risk of recurrence after surgery in stage III melanoma, adjuvant therapies have 
been a topic of interest in melanoma research over the past decades. Interferon-α-2b (IFN) 
was the first adjuvant treatment approved by the Food and Drug Administration, because it 
had shown recurrence free (RFS) and overall (OS) survival benefits in the ECOG 1684 trial, with 
a limited sample size.22 However, in Europe IFN has never been approved due to conflicting 
results of the subsequent EORTC 18592 and EORTC 18991 trials, which did not show an OS 
benefit.23-25 

The development of both TT and ICI have brought new options for the adjuvant treatment 
of stage III melanoma patients. High-dose anti-CTLA-4 ipilimumab (10 mg/kg) was the first to 
show a RFS and OS benefit, however, at the cost of very high toxicity rates.26,27 Both anti-PD-1 
agents nivolumab and pembrolizumab have shown encouraging results in improving RFS 
compared to ipilimumab or placebo, respectively, but have yet to show an OS benefit.28-31 The 
BRAF/MEK inhibitor combination dabrafenib and trametinib has also shown an RFS benefit 
compared to placebo.32 

This has caused the standard of care to shift from WLE + SLNB, followed by a CLND in case of 
a positive SN to currently no longer performing adjuvant surgery, but rather offering adjuvant 
systemic therapy to these patients.

As both TT and ICI have shown to improve recurrence free survival in patients with resected 
stage III melanoma, the following topic of interest is optimally selecting patients who benefit 
the most from these therapies. 

The success of adjuvant therapy has shown the value of combining surgery and systemic 
therapy. This collaboration will be explored further in other patient populations: using 
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systemic therapy to pave the road to surgery in unresectable advanced melanoma, surgery 
after initial treatment with systemic therapy in metastatic melanoma, or neoadjuvant therapy 
in patients with macroscopic lymph node metastases to prevent recurrences. 

OUTLINE OF THIS THESIS

The aim of this thesis is to create insight in combining surgery and systemic therapy to 
enhance melanoma treatment. In chapter 2 and chapter 3, results of the REDUCTOR trial 
are discussed, which investigated the use of a short-term induction with BRAF/MEK inhibition 
in unresectable locally advanced melanoma. Chapters 4 and 5 focus on adjuvant therapy in 
stage III melanoma: chapter 4 is a review on current adjuvant trials and chapter 5 describes 
a biomarker study to select patients who will benefit from adjuvant therapy. The following 
chapters 6 and 7 are population-based studies, using data from the Dutch Melanoma 
Treatment Registry (DMTR). Chapter 6 describes the appliance of surgery after a response to 
systemic therapy in advanced melanoma. Chapter 7 focusses on the retrospective value of 
SLNB once patients have progressed to advanced disease. 



1

13

General introduction

REFERENCES

1.	 https://gco.iarc.fr/today/home. Accessed 23-06-2022, 
2.	 Leeneman B, Schreuder K, Uyl-de Groot CA, et al. Stage-specific trends in incidence and survival of cutane-

ous melanoma in the Netherlands (2003-2018): A nationwide population-based study. Eur J Cancer. Sep 
2021;154:111-119. doi:10.1016/j.ejca.2021.06.007

3.	 Gershenwald JE, Scolyer RA. Melanoma Staging: American Joint Committee on Cancer (AJCC) 8th Edition and 
Beyond. Ann Surg Oncol. Aug 2018;25(8):2105-2110. doi:10.1245/s10434-018-6513-7

4.	 Svedman FC, Pillas D, Taylor A, Kaur M, Linder R, Hansson J. Stage-specific survival and recurrence in pa-
tients with cutaneous malignant melanoma in Europe - a systematic review of the literature. Clin Epidemiol. 
2016;8:109-22. doi:10.2147/clep.S99021

5.	 Michielin O, van Akkooi ACJ, Ascierto PA, Dummer R, Keilholz U. Cutaneous melanoma: ESMO Clinical Practice 
Guidelines for diagnosis, treatment and follow-up†. Ann Oncol. Dec 1 2019;30(12):1884-1901. doi:10.1093/an-
nonc/mdz411

6.	 Morton DL, Wen DR, Wong JH, et al. Technical details of intraoperative lymphatic mapping for early stage mel-
anoma. Arch Surg. Apr 1992;127(4):392-9. doi:10.1001/archsurg.1992.01420040034005

7.	 El Sharouni MA, Stodell MD, Ahmed T, et al. Sentinel node biopsy in patients with melanoma improves 
the accuracy of staging when added to clinicopathological features of the primary tumor. Ann Oncol. Mar 
2021;32(3):375-383. doi:10.1016/j.annonc.2020.11.015

8.	 Morton DL, Thompson JF, Cochran AJ, et al. Final trial report of sentinel-node biopsy versus nodal observation 
in melanoma. N Engl J Med. Feb 13 2014;370(7):599-609. doi:10.1056/NEJMoa1310460

9.	 Faries MB, Thompson JF, Cochran AJ, et al. Completion Dissection or Observation for Sentinel-Node Metastasis 
in Melanoma. N Engl J Med. Jun 8 2017;376(23):2211-2222. doi:10.1056/NEJMoa1613210

10.	 Leiter U, Stadler R, Mauch C, et al. Final Analysis of DeCOG-SLT Trial: No Survival Benefit for Complete Lymph 
Node Dissection in Patients With Melanoma With Positive Sentinel Node. J Clin Oncol. Nov 10 2019;37(32):3000-
3008. doi:10.1200/jco.18.02306

11.	 Schadendorf D, van Akkooi ACJ, Berking C, et al. Melanoma. Lancet. Sep 15 2018;392(10151):971-984. 
doi:10.1016/s0140-6736(18)31559-9

12.	 Hamid O, Puzanov I, Dummer R, et al. Final analysis of a randomised trial comparing pembrolizumab versus in-
vestigator-choice chemotherapy for ipilimumab-refractory advanced melanoma. Eur J Cancer. Nov 2017;86:37-
45. doi:10.1016/j.ejca.2017.07.022

13.	 Hodi FS, Chesney J, Pavlick AC, et al. Combined nivolumab and ipilimumab versus ipilimumab alone in patients 
with advanced melanoma: 2-year overall survival outcomes in a multicentre, randomised, controlled, phase 2 
trial. Lancet Oncol. Nov 2016;17(11):1558-1568. doi:10.1016/s1470-2045(16)30366-7

14.	 Hodi FS, O’Day SJ, McDermott DF, et al. Improved survival with ipilimumab in patients with metastatic melano-
ma. N Engl J Med. Aug 19 2010;363(8):711-23. doi:10.1056/NEJMoa1003466

15.	 Larkin J, Chiarion-Sileni V, Gonzalez R, et al. Five-Year Survival with Combined Nivolumab and Ipilimumab in 
Advanced Melanoma. N Engl J Med. Oct 17 2019;381(16):1535-1546. doi:10.1056/NEJMoa1910836

16.	 Ascierto PA, Long GV, Robert C, et al. Survival Outcomes in Patients With Previously Untreated BRAF Wild-Type 
Advanced Melanoma Treated With Nivolumab Therapy: Three-Year Follow-up of a Randomized Phase 3 Trial. 
JAMA Oncol. Feb 1 2019;5(2):187-194. doi:10.1001/jamaoncol.2018.4514

17.	 Larkin J, Minor D, D’Angelo S, et al. Overall Survival in Patients With Advanced Melanoma Who Received 
Nivolumab Versus Investigator’s Choice Chemotherapy in CheckMate 037: A Randomized, Controlled, Open-La-
bel Phase III Trial. J Clin Oncol. Feb 1 2018;36(4):383-390. doi:10.1200/jco.2016.71.8023

18.	 Robert C, Ribas A, Schachter J, et al. Pembrolizumab versus ipilimumab in advanced melanoma (KEYNOTE-006): 
post-hoc 5-year results from an open-label, multicentre, randomised, controlled, phase 3 study. Lancet Oncol. 
Sep 2019;20(9):1239-1251. doi:10.1016/s1470-2045(19)30388-2

19.	 Ascierto PA, McArthur GA, Dréno B, et al. Cobimetinib combined with vemurafenib in advanced BRAF(V600)-mu-
tant melanoma (coBRIM): updated efficacy results from a randomised, double-blind, phase 3 trial. Lancet Oncol. 
Sep 2016;17(9):1248-60. doi:10.1016/s1470-2045(16)30122-x



14

Chapter 1

1
20.	 Dummer R, Ascierto PA, Gogas HJ, et al. Encorafenib plus binimetinib versus vemurafenib or encorafenib in pa-

tients with BRAF-mutant melanoma (COLUMBUS): a multicentre, open-label, randomised phase 3 trial. Lancet 
Oncol. May 2018;19(5):603-615. doi:10.1016/s1470-2045(18)30142-6

21.	 Robert C, Grob JJ, Stroyakovskiy D, et al. Five-Year Outcomes with Dabrafenib plus Trametinib in Metastatic 
Melanoma. N Engl J Med. Aug 15 2019;381(7):626-636. doi:10.1056/NEJMoa1904059

22.	 Kirkwood JM, Strawderman MH, Ernstoff MS, Smith TJ, Borden EC, Blum RH. Interferon alfa-2b adjuvant therapy 
of high-risk resected cutaneous melanoma: the Eastern Cooperative Oncology Group Trial EST 1684. J Clin On-
col. Jan 1996;14(1):7-17. doi:10.1200/JCO.1996.14.1.7

23.	 Eggermont AM, Suciu S, MacKie R, et al. Post-surgery adjuvant therapy with intermediate doses of interferon 
alfa 2b versus observation in patients with stage IIb/III melanoma (EORTC 18952): randomised controlled trial. 
Lancet. Oct 1 2005;366(9492):1189-96. doi:10.1016/S0140-6736(05)67482-X

24.	 Eggermont AM, Suciu S, Rutkowski P, et al. Long term follow up of the EORTC 18952 trial of adjuvant therapy in 
resected stage IIB-III cutaneous melanoma patients comparing intermediate doses of interferon-alpha-2b (IFN) 
with observation: Ulceration of primary is key determinant for IFN-sensitivity. Eur J Cancer. Mar 2016;55:111-21. 
doi:10.1016/j.ejca.2015.11.014

25.	 Eggermont AM, Suciu S, Testori A, et al. Long-term results of the randomized phase III trial EORTC 18991 of 
adjuvant therapy with pegylated interferon alfa-2b versus observation in resected stage III melanoma. J Clin 
Oncol. Nov 1 2012;30(31):3810-8. doi:10.1200/JCO.2011.41.3799

26.	 Eggermont AM, Chiarion-Sileni V, Grob JJ, et al. Prolonged Survival in Stage III Melanoma with Ipilimumab Ad-
juvant Therapy. N Engl J Med. Nov 10 2016;375(19):1845-1855. doi:10.1056/NEJMoa1611299

27.	 Tarhini AA, Lee SJ, Hodi FS, et al. Phase III study of adjuvant ipilimumab (3 or 10 mg/kg) versus high-dose 
interferon alfa-2b for resected high-risk melanoma: North American Intergroup E1609. J Clin Oncol. Feb 20 
2020;38(6):567-575. doi:10.1200/jco.19.01381

28.	 Ascierto PA, Del Vecchio M, Mandalá M, et al. Adjuvant nivolumab versus ipilimumab in resected stage IIIB-C 
and stage IV melanoma (CheckMate 238): 4-year results from a multicentre, double-blind, randomised, con-
trolled, phase 3 trial. Lancet Oncol. Nov 2020;21(11):1465-1477. doi:10.1016/s1470-2045(20)30494-0

29.	 Eggermont AMM, Blank CU, Mandala M, et al. Adjuvant pembrolizumab versus placebo in resected stage III 
melanoma. N Engl J Med. May 10 2018;378(19):1789-1801. doi:10.1056/NEJMoa1802357

30.	 Eggermont AMM, Blank CU, Mandalà M, et al. Adjuvant pembrolizumab versus placebo in resected stage III 
melanoma (EORTC 1325-MG/KEYNOTE-054): distant metastasis-free survival results from a double-blind, ran-
domised, controlled, phase 3 trial. Lancet Oncol. May 2021;22(5):643-654. doi:10.1016/s1470-2045(21)00065-6

31.	 Larkin J, Del Vecchio M, Mandalá M, et al. Adjuvant Nivolumab versus Ipilimumab in Resected Stage III/IV Mela-
noma: 5-Year Efficacy and Biomarker Results from CheckMate 238. Clin Cancer Res. Sep 1 2023;29(17):3352-3361. 
doi:10.1158/1078-0432.Ccr-22-3145

32.	 Dummer R, Hauschild A, Santinami M, et al. Five-Year Analysis of Adjuvant Dabrafenib plus Trametinib in Stage 
III Melanoma. N Engl J Med. Sep 17 2020;383(12):1139-1148. doi:10.1056/NEJMoa2005493



1

15

General introduction




