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introduction and outline of the thesis

Compared to basal cell carcinoma and squamous cell carcinoma, melanoma is a 
relatively rare, but highly aggressive form of skin cancer. Over recent decades the 
incidence of melanoma has rapidly increased worldwide.1,2 Standard treatment of 
primary melanoma consists of wide local excision without (Breslow < 1 mm) or with 
(Breslow ≥ 1 mm) sentinel lymph node biopsy (SLNB), followed by completion lymph 
node dissection (CLND) if a sentinel node is found to contain metastatic disease.  

Of all patients with stage I and II disease, 19-40% will develop some sort of recur-
rence.3,4 The risk of recurrent disease after resection of the primary tumor in patients 
with localized disease is mainly determined by tumor thickness (Breslow), followed 
by mitotic rate and ulceration.5 The importance of these prognostic factors is reflect-
ed by the large difference in prognosis for a primary T1aN0M0 tumor (5-year survival 
93%-97%) and a T4bN0M0 tumor (5-year survival 39%-53%). Naturally the progno-
sis becomes worse when the disease has already spread to lymph nodes. Five-year 
survival rates range from 70% for patients with a T1-4N1aM0 melanoma to 39% for 
patients with T1-4N3M0 disease. Finally, the prognosis becomes very poor when a 
patient develops distant metastases, with one-year survival rates ranging from 62% 
for M1a disease to 33% for M1c disease.5 

Between 6-11% of patients with stage I and II melanoma will develop local recur-
rences or in-transit metastases.6-9 In-transit metastases are the result of lymphatic 
dissemination of melanoma cells between the site of the primary melanoma and the 
draining regional lymph nodes. After development of in-transit metastases, progno-
sis becomes poor, with a 5-year survival rate ranging from 3 to 59%.5,7,9,10 

The treatment of choice for local recurrences or in-transit metastases is surgical ex-
cision.11 If the in-transit metastases are too numerous for surgery and relatively su-
perficial, laser ablation, cryotherapy, electro-surgery or local immunotherapy can be 
useful treatment alternatives.12,13 When the loco-regional tumor load is too extensive 
for these treatment options the management of these tumors can become quite 
challenging.  However, solutions are necessary because the quality of life for these 
patients is often severely impaired by uncomfortable, ulcerated and bleeding lesions.

In 1958 Creech et al. introduced isolated limb perfusion (ILP).14 ILP is a technique 



14

that can be used to treat locally advanced melanoma of a limb by isolating the af-
fected limb from the systemic circulation after which high-dose local chemotherapy 
can safely be administered. Using this technique the chemotherapy dose can be in-
creased 10-fold compared to doses that would be tolerated systemically.15 Systemic 
toxicity is absent or negligible because of the vascular isolation of the treated limb.16,17 
In ILP, isolation is achieved by the application of a proximal tourniquet and ligation 
or temporary occlusion of collateral vessels, while the major artery and vein are can-
nulated and connected to a heated, oxygenated extracorporeal circuit.18 When using 
melphalan, a median complete response (CR) rate of 46% (range 7% to 90%) can be 
achieved in melanoma.19,20 Furthermore, when using ILP, amputation of the affected 
limb can be avoided in most cases, contributing to improved quality of life. 

ILP, however, is a technically demanding procedure that requires complex and ex-
pensive equipment, occupies many hours of operating theatre time and involves nu-
merous surgical, anaesthetic, nursing and technical personnel.21 In the past, several 
attempts have been made to design a simplified and less invasive alternative to ILP. 
Procedures such as intra-arterial infusion22 and ‘tourniquet infusion’ with partial ve-
nous outflow occlusion23,24 have been developed for this purpose, but none of these 
procedures achieved response rates comparable to those obtained by ILP.

Part I: Regional treatment; Isolated limb infusion
In the early 1990s Thompson and colleagues at Melanoma Institute Australia (MIA; 
formerly known as the Sydney Melanoma Unit) developed and implemented a sim-
plified, minimally invasive alternative to ILP which they called isolated limb infusion 
(ILI), with the objective of obtaining the benefits of ILP without incurring its major 
disadvantages.25,26 ILI is essentially a low-flow ILP performed under hypoxic condi-
tions (i.e. without oxygenation of the perfusate) via percutaneously placed catheters. 
Results of this simplified technique, reported from various centers around the world, 
show response rates comparable to those following ILP for melanoma.27-30

Since its introduction, the protocol used for the ILI procedure has continuously been 
modified and  refined with the aim of improving the outcome without incurring in-
creased toxicity.25,28,29 The drug dosage and circulation time, for instance, were both 
increased.20,29,31 Furthermore efforts were made to keep the patients as warm as pos-
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sible, since melphalan efficacy increases under hyperthermic conditions.25,28  Finally, 
the intra-arterial administration of papaverine has been added to the protocol with 
the aim to enhance vasodilatation for a more rapid drug distribution to the tumor 
lesions.26,28,31 Chapter 1 describes the effects of these modifications made to the ILI 
protocol and the effect of increased experience with the procedure at MIA in Sydney. 

Since the aim of local procedures such as ILI is to obtain local disease control rather 
than increasing survival, the balance between outcome and toxicity (therapeutic in-
dex) is very important. With this in mind, Beasley et al. corrected the melphalan dose 
to ideal body weight in an attempt to reduce toxicity.32 In Chapter 2 we describe what 
effect this dose adjustment would have on the patients treated at MIA.

Since the introduction of ILI an increasing number of centers around the world have 
started to use the procedure and have published their results.32-34 Because of the 
limited patient numbers in most of these publications, a systematic review was con-
ducted to describe the combined response rates and toxicity profiles following ILI 
for melanoma using melphalan and actinomycin D. The results of this study are de-
scribed in Chapter 3. 

Chapter 4 describes the ILI protocol that is currently in use at MIA. It incorporates all 
minor and major modifications that have been made to the original protocol since 
its publication in 1994. 

Finally, Chapter 5 is taken from the book ‘Regionale Therapie maligner Tumoren’, 
published in German. The original version was written in English and translated into 
German by the editors of the book. The chapter summarizes current knowledge of 
the ILI procedure and its use as therapy for inoperable in-transit melanoma of the 
extremity, advanced inoperable extremity sarcoma and other inoperable non-mela-
noma skin malignancies confined to a limb.   

Part II: Regional melanoma staging
Since the prognosis of melanoma patients without distant metastases can vary sig-
nificantly depending on tumor characteristics and nodal status, adequate staging is 
important. This is not only to correctly inform the patient about the chance of recur-
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rences, but also to identify those with high-risk melanomas for adjuvant treatment 35 
and for research purposes.36-38 In the early 1990s the SLNB procedure was introduced 
as a minimally invasive method to detect the presence of occult metastases when 
a patient was diagnosed with a primary melanoma.  SLNB allowed differentiation 
between true stage I or II melanoma and occult stage III melanoma.39 Currently SLN 
status is known to be a powerful independent predictor of survival.40-42 The therapeu-
tic value of the procedure and completion lymph node dissection (CLND) is, however, 
an ongoing topic of discussion. The largest prospective trial of SLNB, the ‘Multicenter 
Selective Lymphadenectomy trial' (MSLT-I), failed to show an overall survival benefit 
between the observation and experimental groups. Yet the pre-planned subgroup 
analysis for node positive patients with intermediate thickness melanomas showed a 
significantly longer melanoma-specific survival in the SLNB + CLND group compared 
with the group having late CLND when metastatic disease in regional nodes becomes 
clinically apparent (10-year survival 62,1% versus 41,5%).43 Moreover, early dissec-
tion is associated with less morbidity than delayed dissection at the time of clinical 
recurrence.44

Because of its strong prognostic value and possible therapeutic value, SLNB has been 
recommended in melanoma guidelines around the world.5,45-47 Since 2005, physicians 
in the Netherlands are advised to offer SLNB as a diagnostic procedure for all patients 
with stage IB melanoma or higher who want to be optimally informed about their 
prognosis.48,49 Chapter 6 describes the use of SLNB in the Netherlands and factors 
influencing its use, based on data provided by the Netherlands Cancer Registry. 

Part III: Anatomical site and the risk of melanoma brain metastases
As discussed above, once a patient develops distant metastases, the prognosis be-
comes very poor. Brain metastases are considered one of the most ominous of all 
melanoma metastases, with a median survival of less than 6 months.50-52 Brain me-
tastases are feared not only because of their prognosis but also because quality of 
life is often drastically reduced by their presence.53 

For yet unknown reasons, one of the risk factors for the development of brain metas-
tases is a primary melanoma in the head and neck region.54,55 Brain metastases from 
head and neck melanomas are also associated with a shorter survival time compared 
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to brain metastases from other regions.54-56 In Chapter 7 we describe the incidence 
of brain metastases and risk factors for the development of these metastases in pa-
tients with head and neck melanomas and compare them to patients with melano-
mas elsewhere. 

Part IV: Summary, conclusions and future perspectives
The thesis is completed with a ‘summary and conclusion’ section in English and in 
Dutch followed by a ‘future perspectives’ section, in which promising developments 
both in loco-regional and systemic treatments of metastatic melanoma are discussed. 
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