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Part I
In part I of this thesis the use of isolated limb infusion (ILI) for irresectable melanoma 
confined to a limb is described. After its introduction in the early 1990s, ILI has grad-
ually been introduced in melanoma treatment centers around the world. Although 
the response rates of ILI are at the lower end of those reported after isolated limb 
perfusion (ILP), disease-free survival and overall survival following both procedures 
are comparable as well as the toxicity grades. However, one cannot simply compare 
the two procedures: on average patients treated by ILI are older and have a higher 
stage of disease than those treated by ILP. A head-to-head comparison of ILP and ILI 
in a randomized controlled trial would provide more insight to which therapy is most 
effective, but to date such a comparison has not been conducted. 

Besides the technical modifications to the ILI protocol described in Chapter 2, and 
the dose modifications described in Chapter 3, in the future further improvements 
in the therapeutic index of ILI can be expected from new (cytotoxic) agents, agents 
targeting drug-resistance pathways and agents augmenting drug delivery and drug 
efficacy. 

Temozolomide (TMZ) is an alkylating agent that is currently being tested for its ef-
ficacy in ILI.1,2 TMZ is closely related to dacarbazine (DTIC), the drug that was the 
mainstay of systemic melanoma treatment until the recent introduction of BRAF-in-
hibitors, anti-CTLA-4 antibodies and other targeted agents (see below).3 When used 
in regional limb therapy, the responses to DTIC were disappointing.4,5 This was mostly 
attributed to the requirement for enzymatic conversion of DTIC in the liver to its 
active metabolites.6 TMZ, in contrast with DTIC, does not require this hepatic conver-
sion. In animal models, treatment with TMZ using an ILI model resulted in a delayed 
tumor growth when compared to melphalan.7,8 A multicenter phase I dose escalation 
trial testing TMZ in patients who did not respond to ILI with melphalan showed a mild 
toxicity profile, with only modest response rates (16% overall response).2 

The response to TMZ in vitro can be augmented using O6-benzylguanine (O6BG), 
which inhibits O6-alkylguanine-DNA alkyltransferase (AGT), an enzyme that repairs 
O6-methylguanine bases and thereby helps to protect the melanoma cell from fatal 
DNA damage. The efficacy of O6BG added to TMZ has been shown in an animal mod-
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el, but to date no clinical study has been performed.9 Another promising new agent 
is butathione sulfoxime (BSO), an inhibitor of the γ-glutamyl-cysteine-synthetase 
enzyme. This enzyme is responsible for the rate-limiting step of gluthatione (GSH), 
a major protein associated with melphalan resistance, synthesis. Depletion of GSH 
leads to reversion of the melphalan resistance. The combination of BSO and mel-
phalan significantly reduces tumor growth in an animal model.10 Both the addition 
of BSO to melphalan and O6BG to TMZ need further investigation in clinical ILI trials.

An agent that might improve drug delivery is bevacizumab. Bevacizumab is a mono-
clonal antibody against vascular endothelial growth factor (VEGF).11 Melanoma cells 
produce VEGF, which stimulates the growth of new blood vessels to increase blood 
supply to the tumor. Because of the structural and functional differences of these 
new blood vessels compared to regular blood vessels, drug delivery to the tumor 
is hampered.12,13 Bevacizumab is thought to antagonize the development of these 
abnormal vessels common to melanoma by inhibiting VEGF. Although the long-term 
effect of bevacizumab is an overall reduction of tumor vasculature, its first effect is 
normalization of the tumor vasculature, which may temporarily improve the delivery 
of cytotoxic agents.14,15 This has been demonstrated in a preclinical study conducted 
by Turley et al. They showed an improved response when melphalan was adminis-
tered three days after systemic bevacizumab in a melanoma rat xenograft ILI model.16 

After decades of little improvement in systemic therapies for melanoma, better un-
derstanding of the mechanisms facilitating its progression and dissemination has 
allowed significant progress in the treatment of metastatic disease. Currently, two 
important strategies, immunotherapy and targeted therapy, are developing rapidly. 
These strategies are now used as systemic therapy for metastatic melanoma, but 
may also augment regional therapy. 

Immunotherapy exploits the natural ability of the immune system to eradicate can-
cer cells. There is a long history of immunotherapy research for melanoma, mostly 
with disappointing response rates and high toxicity.17 Recently, however, better un-
derstanding of the molecular basis for T cell activation has led to important advances 
in the development of new immunotherapeutic agents targeting melanoma. These 
agents are also known as ‘immune checkpoint inhibitors’ because they target the 
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inhibitory receptors on T cells, which serve as immune checkpoints preventing un-
controlled immune reactions. 

One of the first promising drugs in this field was ipilimumab, an anti-CTLA-4 antibody. 
CTLA-4 is a receptor expressed on the surface of activated T cells, which plays an im-
portant role in the inhibition of T cell activation.18 Ipilimumab increased the overall 
survival (OS) of patients with stage III and IV melanoma, who had disease progres-
sion during regular therapy, to 10 months, compared to 6 months overall survival 
after vaccine treatment.19 The drug was registered in 2013 in Europe as a first line 
treatment for advanced (unresectable or metastatic) melanoma. The use of adju-
vant ipilimumab after ILI with melphalan and dactinomycin, as well as neo-adjuvant 
ipilimumab before melphalan ILI, are currently being investigated in phase I/II trials 
(NCT01323517, NCT02115243).

Another new and promising immune checkpoint inhibitor targets the PD1 receptor. 
This receptor is expressed on activated B and T cells. When the receptor is activated 
by one of its two ligands (PD-L1 and PD-L2), cell prolifera tion, cytokine production, 
and cell adhesion are inhibited. Tumor cells express PD-L1 and PD-L2 to evade adap-
tive immunity.20 Disruption of the interaction between PD1 and its ligand by either 
PD1 inhibitors or PD-L1 inhibitors can therefore prevent inactivation of the immune 
response. The efficacy of PD1 inhibitors has recently been shown in several clinical 
studies.21-23 After treatment with the PD1 inhibitor nivolumab a median OS of 16.8 
months was achieved in heavily pretreated patients with advanced melanoma.22 The 
combination of a PD1 inhibitor with ipilimumab seems even more promising. A study 
combining ipilimumab with nivolumab showed a 53% response rate, with tumor vol-
ume reduction of over 80%.24 A phase III study comparing nivolumab monotherapy 
with nivolumab combined with ipilimumab and ipilimumab monotherapy in patients 
with previously untreated unresectable or metastatic melanoma is currently being 
planned (NCT01844505). Two phase I trials of PD-L1 antibodies have also reported 
activity in melanoma, albeit with lower response rates than PD1 antibodies.25,26 The 
new immune checkpoint inhibitors appear to be more effective and less toxic than 
ipilimumab.3 Adding PD1 inhibitors of PD-L1 antibodies to ILI could therefore be a 
next step in improving outcome, especially if the previously mentioned trials that 
combine ILI with (neo-)adjuvant ipilimumab prove to be successful. 
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The new targeted therapies available for melanoma are for a large part focused on 
the MAPK signaling pathway. Dysregulation of this pathway plays an important role 
in the development of melanoma. Increased signaling activity facilitating tumor cell 
proliferation, survival and invasion is caused by activating mutations of key compo-
nents in the MAPK pathway.27 The most commonly activated (mutated) component 
of this MAPK signaling pathway in melanoma is BRAF (Figure 1). This BRAF mutation 
is found in 66% of all melanoma patients.28,29 Sorafenib is a non-specific first genera-
tion BRAF inhibitor. Because of the encouraging results of phase II trials, in which sys-
temic sorafenib was used in combination with cytotoxic agents,30,31 and the positive 
results of sorafenib combined with melphalan and TMZ in animal ILI studies, a phase 
I study was conducted to evaluate systemic sorafenib in combination with ILI using 
melphalan. Unfortunately, this combination did not increase response rates but did 
increase toxicity.32 Because the results of a phase III trial with sorafenib were also 
disappointing,33 this drug has not been registered for melanoma. 

The more specific second generation BRAF inhibitors, such as vemurafenib and dab-
rafenib, did live up to expectations. A phase III trial comparing vemurafenib to DTIC 
showed response rates of over 50%, a median progression-free survival (PFS) of 7 
months and a median OS of 13.3 months in patients with advanced melanoma with 
the BRAF (V600E) mutation.34-36 Both vemurafenib and dabrafenib have now been 
registered to use in patients who have advanced melanoma with a BRAF (V600) mu-
tation. 

The MEK protein is a target for inhibition downstream from BRAF in the inappropri-
ately activated MAPK pathway (Figure 1). Trametinib is the first MEK inhibitor that has 
shown positive results when tested for melanoma. In a phase III trial it significantly 
improved OS in patients with metastatic BRAF V600 mutated melanoma compared 
to DTIC and paclitaxel; the 6-month overall survival rate in the intention-to-treat pop-
ulation was 81% in the trametinib group and 67% in the chemotherapy group.37 Com-
bination therapy with the BRAF inhibitor dabrafenib and the MEK inhibitor trametinib 
further improved response rates compared to dabrafenib monotherapy.38 Two phase 
III studies comparing dabrafenib (NCT01584648) and vemurafenib (NCT01597908) 
monotherapy to either of these agents in combination with trametinib are currently 
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being conducted. If these studies show positive results, it is possible that these new 
targeted drugs, by themselves or as combination therapy, with melphalan or TMZ, 
can further improve responses following ILI.1 

Figure 1: The mitogen-activated protein kinase (MAPK) pathway and BRAF and 

MEK inhibitors. In normal cells, growth factors bind to cell surface receptor ty-

rosine kinases (RTKs), triggering various  signaling pathways, including the RAS-

RAF-MEK-ERK (MAPK) pathway. This signaling results in cell proliferation, cell 

growth and survival. In melanoma BRAF mutations, but also NRAS and RTK (e.g. 

KIT) mutations can lead to abnormal activation of this pathway
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As described in Chapter 5, ILI can also be used as an induction therapy. After a partial 
response (PR), simple local treatments such as excision, topical therapy or radiother-
apy of the remaining lesions can be effective in obtaining local disease control.39 A 
recent study showed that resection of residual disease after ILI leads to similar DFS 
and OS as a complete response after ILI alone.40 If the residual disease is too exten-
sive, a repeat ILI can be considered, since overall response rates after a repeat ILI are 
comparable to the overall response rates after an initial ILI.41 These local treatment 
options, either by themselves or in combination with systemic agents, have the po-
tential to significantly increase responses to ILI and thereby improve the quality of 
life of patients with extensive limb disease.  

Part II
The role of sentinel lymph node biopsy (SLNB) in melanoma is still a topic of debate. 
Although it is well established that SLNB has prognostic value, its therapeutic benefit 
has not indisputably been established. The MSLT-I trial failed to show an overall sur-
vival benefit between the observation and experimental groups. Yet the pre-planned 
subgroup analysis for node positive patients with intermediate thickness melanomas 
showed a substantial and significantly longer melanoma-specific survival in the SLNB 
+ CLND group compared with the group having late CLND when metastatic disease 
in regional nodes became clinically apparent (10-year survival 62,1% versus 41,5%). 

The absence of an effective adjuvant treatment for patients with a positive sentinel 
node is an important limitation for the use of SLNB. Although interferon alpha has 
been tested extensively as an adjuvant treatment for high-risk melanoma patients, 
the results of these studies have been inconsistent and its use as an adjuvant agent 
is considered controversial.43-45 However, with the new systemic treatment options 
that recently have become available, effective adjuvant therapy might be with-
in reach. At the 2014 annual meeting of the American Society of Clinical Oncology 
(ASCO), Eggermont et al. presented the initial results of an adjuvant ipilimumab trial 
(NCT00636168).46 Adjuvant ipilimumab after complete resection of stage III mela-
noma significantly increased recurrence-free survival compared to placebo (26.1 vs. 
17.1 months, respectively). Furthermore, a randomized phase III trial comparing ipili-
mumab to high-dose interferon alfa-2b in patients with high-risk stage III-IV melano-
ma (NCT01274338) and a trial of vemurafenib versus placebo in resected stage IIC/III 
melanoma (BRIM8, NCT01667419) are currently in progress. A clear survival advan-
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tage from any of those adjuvant treatments could change the discussion of the use 
of SLNB since the procedure would then become an important instrument for the 
selection of high-risk patients who are most likely to benefit from adjuvant therapy.  

Part III
In the past, traditional cytotoxic therapies had limited efficacy in treating melanoma 
brain metastases, with disappointing response rates of no more than 10%.47-49 How-
ever, the new therapeutic agents that have recently become available for metastatic 
melanoma have also been shown to be effective in brain metastases. Both ipilimum-
ab and the second-generation BRAF inhibitors vemurafenib and dabrafenib appear 
to be as effective in the brain as they are at other distant sites.50,51 A phase II trial 
showed a reduction in the size of brain metastases following ipilimumab in 16% in 
patients who did not need corticosteroids before ipilimumab treatment, and in 5% in 
patients who did require corticosteroids to prevent symptoms. Although these num-
bers may not seem very encouraging, patients who responded to ipilimumab therapy 
had a median duration of response of 14 months.47,51 The lower response rate in pa-
tients requiring steroids may be caused by a negative effect of steroids on ipilimumab 
activity or it may also have been due to the poor prognosis of these patients in the 
first place. Treatment with dabrafenib for patients with asymptomatic brain metasta-
ses with a V600E mutation resulted in intracranial response rates of 31% and 39% in 
patients with or without previous local treatment for brain metastases, respective-
ly.52 Another  pilot study showed a partial response rate of 16% after treatment with 
vemurafenib in patients with brain metastases requiring corticosteroids for symptom 
relief.53 In conclusion; ipilimumab, vemurafenib and dabrafenib are promising new 
systemic treatments options for brain metastases. 

Also of interest is the combination of these new systemic therapies with the tradi-
tional local treatment options such as stereotactic radiosurgery (SRS) or whole brain 
radiotherapy (WBRT). A retrospective study showed a radiologic response rate of 
75% after treatment with vemurafenib combined with radiotherapy (SRS or WBRT).54 
This impressive response rate may be the result of a radiotherapy-induced transient 
disruption of the blood-brain barrier, resulting in increased uptake of vemurafenib in 
the brain, or may be caused by a radiosensitization of tumor cells by vemurafenib. 
Other retrospective studies have reported similarly improved response rates when 
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ipilimumab was combined with SRS or WBRT.55,56 The combination of these two mo-
dalities is thought to be synergistic since, as with immunotherapy, ionizing radiation 
boosts the immune response by   increasing permeability of the blood-brain barri-
er, enhancing the recruitment of antitumor T cells and enhancing the presentation 
of previously occult cancer antigens to T cells.57 This activation of the immune re-
sponse can also lead to tumor regression outside the field of radiation, known as 
the ‘abscopal effect’.57 Currently multiple clinical trials are evaluating various com-
binations of radiotherapy and systemic treatments. The concurrent use of BRAF in-
hibitors (dabrafenib and vemurafenib) and ipilimumab with SRS and / or WBRT are 
being evaluated in four separate trials (NCT01721603, NCT02145910, NCT02115139, 
NCT01703507). Furthermore, a trial evaluating the use of the BRAF inhibitor vemu-
rafenib followed by SRS (if necessary) has also commenced (NCT01781026) and a 
trial evaluating the efficacy of ipilimumab as an induction treatment before SRS will 
start recruiting patients soon (NCT02097732). 

These combination treatments may not only be advantageous for patients with brain 
metastases but also for those with metastatic disease amenable to stereotactic abla-
tive radiotherapy at other anatomical locations (for instance in the lung and liver). A 
trial examining the effect on progression-free survival following SRS in combination 
with ipilimumab in patients with 1-3 sites of oligometastatic disease to a visceral 
organ able to be targeted by SRS is currently being conducted (NCT02107755). The 
systemic ‘abscopal effect’ is also being investigated in a dose escalation study of ra-
diotherapy and ipilimumab (NCT01557114). This study is based on the hypothesis 
that local radiotherapy can elicit a systemic immune response and could therefore 
work synergistically with ipilimumab, increasing its effect on metastatic sites also 
outside the brain. 

In summary, treatment options for melanoma brain metastases are developing rap-
idly. Results of patients with asymptomatic brain metastases (not on steroids) treat-
ed with new systemic therapies51,52 suggest that early diagnosis of brain metastases 
can increase survival due to greater efficacy of these drugs. Identification of patients 
at risk for developing brain metastases is therefore important for early diagnosis, 
which may improve survival. Chapter 7 describes primary tumor location on the scalp 
as an important risk factor for brain metastasis. How to integrate this and other risk 
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factors into clinical practice in order to select patients for more intensive follow-up, 
and how to organize this, remains a topic of debate. However, if future studies con-
firm the increased response rates and improved outcome for asymptomatic brain 
metastases following immunotherapy or combined immunoradiotherapy when com-
pared to symptomatic brain metastases, answering this question will become even 
more important. 

In conclusion, the completed and ongoing studies described in this section highlight 
recent developments and what might be expected in the future in the treatment of 
metastatic melanoma. Increased knowledge of metastatic melanoma pathways and 
the mechanisms by which drug resistance develops will most likely lead to more ef-
fective therapies, improving response rates and survival for patients with advanced 
disease. 
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