
 

 

 University of Groningen

Regional aspects of melanoma diagnosis and treatment
Huismans, Annemarleen

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2015

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Huismans, A. (2015). Regional aspects of melanoma diagnosis and treatment. [Thesis fully internal (DIV),
University of Groningen]. [S.n.].

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://research.rug.nl/en/publications/16d941e3-0597-4259-80e1-8c1bc295ad89


Regional aspects of melanoma 
diagnosis and treatment

Anna Magdalena Huismans



A.M. Huismans
Regional aspects of melanoma diagnosis and treatment

Thesis, University of Groningen, the Netherlands

ISBN: 978-90-367-7606-6
ISBN: 978-90-367-7605-9 (E-book)

© Copyright 2015 Anna Magdalena Huismans, the Netherlands

All rights reserved. No part of this thesis may be reproduced, 
stored in a retrieval system or transmitted in any form or by any 
means, without prior permission of the author.

Cover: M.F. Kuiken – Huismans
Lay out: M.F. Kuiken – Huismans
Printed by: Ipskamp Drukkers

The printing of this thesis was kindly supported by: Stichting 
Noordelijk Chirurgisch Oncologisch Fonds, ChipSoft B.V, GUIDE, 
Rijksuniversiteit Groningen.



Regional aspects of melanoma 
diagnosis and treatment

Proefschrift

ter verkrijging van de graad van doctor aan de
Rijksuniversiteit Groningen

op gezag van de
rector magnificus prof. dr. E. Sterken

en volgens besluit van het College voor Promoties.

De openbare verdediging zal plaatsvinden op

   maandag 23 maart 2015 om 14.30

door

Anna Magdalena Huismans
geboren op 24 mei 1986

te Leeuwarden



Promotores
Prof. dr. H.J. Hoekstra
Prof. dr. J.F. Thompson 

Copromotor 
Dr. H.M. Kroon

Beoordelingscommissie 
Prof. dr. J.B.A.G. Haanen
Prof. dr. I.H.M. Borel Rinkes 
Prof. dr. J.T.M. Plukker



Aan mijn ouders





TABLE 
OF CONTENTS



Introduction and outline of the thesis 11

PART ONE regional treatment; isolated limb infusion

Chapter 1 Does increased experience with isolated limb 
infusion for advanced limb melanoma influence 
outcome? A comparison of two treatment 
periods at a single institution                                                                                                         
Annals of Surgical Oncology 2011;18(7):1877-83

25

Chapter 2 Is melphalan dose adjustment according to ideal 
body weight useful in isolated limb infusion for 
melanoma?                                                                                   
Annals of Surgical Oncology 2012;19(9):3050-6

43

Chapter 3 Isolated limb infusion with melphalan and 
actinomycin D for melanoma: A systematic 
review 
Journal of Surgical Oncology 2014;109(4):348-51

61

Chapter 4 Isolated limb infusion: Technical aspects
Journal of Surgical Oncology 2014;109(4):352-6

75

Chapter 5 Isolated limb infusion of the extremity
Kapitel 26: Isolierte arterielle Infusion von Extremitäten; p. 

313-23 (published in German). In: Aigner KR, Stephens FO, 

Vogl TJ, Padberg W, editors. Regionale Therapie maligner Tu-

moren, Heidelberg-Berlin, Germany: Springer-Verlag, 2013

91



PART TWO regional melanoma staging
Chapter 6 Factors influencing the use of sentinel lymph 

node biopsy in the Netherlands
Annals of Surgical Oncology 2014;21(11):3395-400

115

PART THREE anatomical site and the risk of melanoma brain metastases
Chapter 7 Primary melanoma location on the scalp is an 

important risk factor for brain metastases; a 
study of 1687 patients with cutaneous head and 
neck melanomas
Annals of Surgical Oncology 2014;21(12):3985-91

131

PART FOUR summary, conclusions and future perspectives
Summary and conclusions 151

Samenvatting en conclusies 159

Future perspectives 169

Dankwoord 185
List of Publications 190
Curriculum Vitae 191





INTRODUCTION 
AND OUTLINE OF 
THE THESIS



12



13

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 
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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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Part 1 | regional treatment; isolated limb infusion

Abstract
Background: Isolated limb infusion (ILI) with cytotoxic drugs has been used since 
1992 to treat advanced melanoma confined to a limb. Over this time the technique 
has undergone progressive modification. In this study we evaluated our experience 
with ILI by analyzing outcome and toxicity from an ‘early’ and a ‘late’ treatment pe-
riod. 

Methods: We compared the results from our institution for 94 patients treated by 
ILI in the early period (1992–1999) with the results for 91 patients treated in the late 
period (2000–2007). All patients had advanced limb melanoma and received a com-
bination of melphalan and actinomycin D.

Results: The patient characteristics of the early and late groups were similar, but 
there was greater tumor load in the late group, who had a significantly greater num-
ber of lesions (median 4 vs. 5; p = 0.02) and deeper tumor infiltration (p = 0.03). Drug 
circulation times were longer in the late group: 22 vs. 31 min (p < 0.001). In the late 
group, higher initial and final limb temperatures were achieved. Overall response 
rates were 85% in both groups. The late treatment group showed a trend towards 
less toxicity (p = 0.06).

Conclusions: Response rates and survival following ILI for advanced melanoma in 
our late treatment period were similar to those of our early treatment period, de-
spite the significantly greater tumor load of the patients treated in the late period. 
This could be attributed to increased experience and protocol modifications, which 
allowed longer drug exposure times and higher limb temperatures to be achieved 
without increased toxicity.
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Chapter 1

Introduction
Since the late 1950s patients with unresectable melanoma confined to a limb have 
been treated using the technique of isolated limb perfusion (ILP). This potentially 
limb-saving procedure allows a high dose of regional chemotherapy to be delivered 
without causing serious systemic side-effects.1,2 Although remarkably effective, the 
procedure has the major disadvantages that it is complex, expensive, and invasive.3,4 
A simplified and minimally invasive procedure called isolated limb infusion (ILI) was 
developed and introduced at Melanoma Institute Australia (MIA, formerly the Syd-
ney Melanoma Unit) in the early 1990s with the objective of obtaining the benefits 
of ILP without incurring its major disadvantages.5–7 ILI has subsequently been proved 
to be a safe and effective procedure with results similar to those achieved after ILP 
but with less morbidity.8–10 Over 15 years’ experience using the ILI procedure has now 
been accumulated at MIA. During this period the technique has been continuously 
refined, with the introduction of several protocol changes designed to improve the 
outcome of ILI without increasing toxicity.5,8,11 These changes were based not only 
on our own early results but also on results reported subsequently from other in-
stitutions. The aim of the current study was to evaluate whether the changes that 
have been made to the ILI protocol and the institution’s increased experience with 
the technique had an effect on results and toxicity. For this purpose we looked at the 
results and toxicity for patients treated with a single ILI at MIA over two treatment 
periods: an early period (1992–1999) and a late period (2000–2007).

Patients and methods
From 1992 to 2007, 343 ILI procedures for melanoma were performed in 232 patients 
at MIA, Sydney. Patients were treated with either a single ILI procedure (n = 139), two 
ILIs (n = 79), three ILIs (n = 10) or four ILIs (n = 4). In 47 patients the procedure was 
undertaken as a planned double ILI, and in 46 patients the procedure was repeated 
when progression of disease in the limb occurred or new metastases developed.

In this article, the results of the first ILI treatment of every patient are presented. Pa-
tients who underwent a planned double procedure were not included in this study, 
because this double ILI protocol was set up as an alternative treatment method to 
compare its results with those of a single ILI procedure.12 Using these inclusion and 
exclusion criteria, we identified 185 patients from our prospectively collected da-
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tabase who underwent ILI for advanced, inoperable melanoma of a limb. Of these 
patients, 91 were treated in the early period between 1992 and 1999 and 94 were 
treated in the late period between 2000 and 2007. Each patient’s stage of disease 
was classified according to the modified MD Anderson classification system (Table 
1).13

Table 1: Modified MD Anderson stage of disease classification13 

Stage Description

I Primary melanoma

II Local recurrence / satellites

IIIa In transit metastases

IIIab In transit metastases with nodal involvement

IV Distant metastases

During the early time period we sought to determine optimal intraoperative condi-
tions, most importantly the optimal drug dose and drug circulation time. Initially a 
dose of 5–7 mg/l melphalan and circulation time of 15–20 min were used. Over time 
we gradually increased this melphalan dosage to the current 7–8 mg/l. In 1998 we 
prolonged the drug circulation time to 30 min, when it became apparent that drug 
uptake continued beyond 20 min and satisfactory limb temperatures had often not 
been reached after 20 min.8 From 2000 onwards (the late period) a drug circulation 
time of 30 min in combination with a melphalan dose of 7.5 mg/l was used routinely. 
A minimum melphalan dose of 15–20 mg was considered appropriate when the limb 
volume was small, while for large tissue volumes a maximum melphalan dose of 100 
mg was generally administered. Actinomycin D was used at a dosage of 75 µg/l of 
infused tissue with a minimum of 200 µg and a maximum of 500 µg.11,14,15 Another 
change to the protocol used in every patient in the late treatment period was the 
use of a hot air blanket ‘cocoon’ and a radiant overhead heater to achieve more effi-
cient limb warming, since there is a clear synergism between hyperthermia and the 
efficacy of melphalan.5,8,16 Finally, in the late period, papaverine was routinely admin-
istered intra-arterially prior to drug infusion to enhance early blood flow through cu-
taneous tumor deposits. Apart from the changes in drug dosage and drug circulation 
time, the ILI procedures were performed as described previously.5,8
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Postoperatively, limb toxicity, systemic toxicity, and serum creatine phosphokinase 
(CPK) were assessed daily. Limb toxicity was graded using the scale proposed by Wie-
berdink et al.17 After conventional ILP in our institution, a CPK level exceeding 1,000 
IU/l had been shown to be associated with serious limb toxicity.18 Although this did 
not seem to be the case after ILI, we did find a strong relationship between increased 
toxicity and raised CPK.19 Therefore, all patients who developed Wieberdink grade III 
toxicity or higher or developed a CPK level exceeding 1,000 IU/l were treated with 
systemic corticosteroids until their CPK levels had fallen below 1,000 IU/l and their 
toxicity had dropped below grade III.11,14,19 Responses were assessed according to the 
standard World Health Organization criteria.20 These define complete response (CR) 
as the disappearance of all measurable disease, determined by two observations not 
less than 4 weeks apart, and partial response (PR) as a decrease of 50% or more in 
total tumor size determined by two observations not less than 4 weeks apart and no 
appearance of new lesions or progression of any lesion. It was possible to evaluate 
the responses of all 185 patients included in this study. However, we were not able 
to perform the follow-up of all patients at MIA because some lived in remote regions 
or overseas. In these cases, the general practitioner or referring surgeon looking after 
the patient locally was asked to provide follow-up information. Informed consent was 
received from each patient. All data were collected prospectively and recorded in a 
computerized database. For statistical analysis, the χ2 test was used for comparison 
of frequency distributions and the Mann-Whitney U test was used for nonparametric 
variables.21 Duration of response and survival were analyzed with the Kaplan-Meier 
method.22 Because our patient data were mostly not normally distributed, medians 
of all parameters are recorded in the results tables, with the interquartile range (IQR) 
in each case presented in parentheses. A significant difference was assumed for a 
probability value of <0.05. Statistical analyses were performed using GraphPad Prism 
software (San Diego, CA, USA) and SPSS (Chicago, IL, USA).

Results
Patient and Tumor Characteristics
All patient and tumor characteristics considered relevant are listed in Table 2. The late 
group had a greater tumor load, manifested by a significantly larger median number 
of lesions (4 vs. 5; p = 0.02) and more tumors with deep infiltration (p = 0.03). Of the 
91 patients treated in the late period, 27 (30%) had only cutaneous tumor infiltration 
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Table 2: Patient characteristics

Variable 1992 – 1999 2000 – 2007 p-value

No. of ILIs 94 91

Median age, years (range) 72 (41-91) 75 (29-93) .29

Sex (male/female) 41/53 30/61 .14

Body mass index (IQR) 26.0 (23.3 – 28.8) 24.9 (22.7 – 27.8) .20

MD Anderson stage

    I

    II

    IIIa

    IIIab

    IV

1

10

43

27

13

5

5

31

33

17

.12

Upper/lower limb 8/86 5/86 .42

Location in the limb

    Foot/hand

    Leg/forearm

    Thigh/arm

3

71

20

5

58

28

.21

Median size of lesions, mm (IQR) 7 (5 – 10) 8 (5 – 14) .46

Median number of lesions (IQR) 4 (2 – 6) 5 (2 – 12) .02

Depth of infiltration

   Cutaneous

   Subcutaneous

   Cutaneous and subcutaneous

   Through deep fascia

   Cutaneous, subcutaneous and fascia

43

19

26

3

3

27

18

41

5

0

.03

ILI, isolated limb infusion; IQR, interquartile range
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Table 3: Intraoperative data

Variable 1992 – 1999 (IQR) 2000 – 2007 (IQR) p-value

Esmarch bandage used 80       (85%) 77       (85%) .93

Drug circulation timea (min) 22       (19-30) 31       (30-33) <.0001

Tourniquet time (min) 45       (37-49) 65       (61-71) <.0001

Infused melphalan dose (mg/l) 7.2      (5.9-8.1) 7.7      (7.4-8.2) .007

Peak melphalan concentration (μM) 304     (248-375) 328     (269-394) .17

Final melphalan concentration (μM) 40       (31-50) 31       (26-38) <.0001

Melphalan concentration AUC (μM) 266     (206-328) 287     (227-353) .093

Infused actinomycin D dose (μg/l) 70.7    (58.0-76.9) 75.0    (67.3-80.0) .006

Δ T subcutaneous (ºC) 1.5      (1.1-2.0) 1.7      (1.1-2.4) .08

Start T subcutaneous (ºC) 36.4    (35.9-36.7) 36.7    (36.1-37.3) .001

Peak T subcutaneous (ºC) 37.7    (37.1-38.2) 38.7    (37.8-39.2) <.0001

Δ T intramuscular (ºC) 1.5      (1.0-1.9) 1.6      (1.2-2.1) .15

Start T intramuscular (ºC) 36.4    (35.9-36.8) 36.8    (36.5-37.4) <.0001

Peak T intramuscular (ºC) 37.8    (37.3-38.2) 38.5    (38.2-39.0) <.0001

Δ pO2 (mmHg) 162     (123-198) 165     (123-203) .896

Δ pCO2 (mmHg) 8.8      (4.3-14.2) 14.7    (10.5-19.3) <.0001

Δ pH 0.18    (0.15-0.24) 0.29    (0.23-0.34) <.0001

Δ BE (mmol/l) 8.4      (7.0-10.6) 10.4    (8.5-12.3) .0002

Δ Saturation (%) 91       (85-93) 93       (87-96) .008

aTime between the end of drug infusion and the start of drug wash out. 

IQR, interquartile range; AUC, area under curve; Δ, difference between start and end of the procedure; T, 

temperature in Celsius; BE, base excess.

and 41 patients (45%) had both cutaneous and subcutaneous infiltration. In the early 
period, 43 of 94 patients (46%) had only cutaneous tumor infiltration and 26 patients 
(28%) had both cutaneous and subcutaneous infiltration (p = 0.03). More patients 
with MD Anderson stage IIIab and IV disease were treated in the late group than 
in the early group (50/91 vs. 40/94, respectively), but this difference did not reach 
statistical significance (p = 0.12). The patient and tumor characteristics of the early 
and late groups were not significantly different with regard to median age, male/
female distribution, body mass index (BMI), location in the limb or median size of 
the lesions.
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Table 4: Response rates

Response 1992-1999 2000-2007 p-value

Complete response - no. (%) 38     (40%) 33    (36%) .56

Partial response - no.      (%) 42     (45%) 44    (48%) .61

Overall response - no.     (%) 80     (85%) 77    (85%) .93

Figure 1: a. Limb recurrence-free interval (months) following complete response after isolated limb infu-

sion, and b. overall survival (months) after isolated limb infusion for patients treated between 1992 and 

1999 compared with patients treated between 2000 and 2007
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Intraoperative Factors
During the 15-year period of the current ILI series some changes have been made 
in the operative technique, which have led to changes in intraoperative factors. The 
most important change was an increase in the duration of the procedure from a 
nominal 20 min to a nominal 30 min. As a result, the median actual drug exposure 
time increased from 22 min to 31 min (p < 0.001) and the median tourniquet time 
from 45 min to 65 min (p < 0.001). Because of this, the final melphalan concentration 
decreased from a median of 40 µM to 31 µM (p < 0.001), the median difference in 
pCO2 in the limb blood between the start and the end of the procedure increased 
from 8.8 mmHg to 14.7 mmHg (p < 0.001), and the median difference in pH between 
the start and the end of the procedure increased from 0.18 to 0.29 (p < 0.001). As 
a consequence of the changes made to the techniques used for limb heating, the 
start and peak limb temperatures, both subcutaneous and intramuscular, increased 
significantly. The infused melphalan dose and the actinomycin D dose were both 
somewhat higher in the late group due to increased experience with the dosage of 
these cytostatics, resulting in greater confidence that higher drug doses could be 
given without causing excessive toxicity. These and other intraoperative factors are 
listed in Table 3. 

Response Rates and Survival 
In both the early and the late treatment periods an overall response rate of 85% was 
achieved. CR was obtained in 40% of the patients in the early period and 36% of the 
patients in the late period (p = 0.56). PR was obtained in 45 and 48% of the patients 
in the early and late treatment periods, respectively (p = 0.93; Table 4). There were 
no differences between the two groups in either progression-free survival after CR (p 
= 0.78) or overall survival (p = 0.59) (Fig. 1). 

Toxicity and Morbidity
Data documenting post-ILI toxicity and morbidity are presented in Table 5. The late 
treatment group showed a trend towards less toxicity compared with the early 
group. Of the patients treated in the late period, 35% experienced Wieberdink grade 
III or grade IV limb toxicity, whereas this occurred in 48% of the patients treated in 
the early period (p = 0.06). In neither period was there any patient who experienced 
Wieberdink grade V toxicity (requiring amputation of the limb). The peak CPK level 
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tended to be higher in the late treatment group, but the difference was not signifi-
cant (633 vs. 820 IU/L, p = 0.13). There was no difference in the postoperative day on 
which the serum CPK reached its peak. The number of days a patient was admitted 
to hospital was significantly greater in the early treatment group (8 vs. 7; p < 0.0001). 
The postoperative nausea and vomiting (PONV) grade, systemic leakage, and devel-
opment of limb pain and impaired limb function 1 year after the procedure were all 
similar in the two groups.20

Table 5: Toxicity and morbidity

Variable 1992-1999 2000-2007 p-value

Wieberdink toxicitya

    I/II (%)

    III/IV (%)

49 (52)

45 (48)

59 (64)

32 (35)

.06

Peak Serum CPK, IU/l (me-
dian, IQR) 

633 (141 – 1978) 820 (185 – 2943) .13

Post-operative day of serum 
CPK peak  
(median, IQR)

5 (3 – 6) 5 (4 – 6) .26

PONV grade

   0

   1

   2

   3

74

15

5

0

77

9

2

0

.27

Systemic leakage 4    (4%) 7    (8%) .32

Number of days admitted 
(median, IQR)

8  (6 – 9) 7   (5 – 9) <.0001

Complications 10    (11%) 6    (7%) .33

Limb pain 1y post-ILI 8    (9%) 5    (5%) .42

Limb malfunction 1y  post-
ILI

5   (5%) 3    (3%) .50

aWieberdink toxicity: Grade I; no visible effect. Grade II; slight erythema and/or oedema. Grade III; consid-

erable erythema and/or oedema with blistering. Grade IV; extensive epidermolysis and/or obvious dam-

age to deep tissues with a threatened or actual compartment syndrome. 

CPK, creatine phosphokinase; IQR, interquartile range; PONV, post-operative nausea and vomiting.
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Discussion
In the early 1990s, Thompson et al. introduced ILI as an alternative to the more costly 
and complicated ILP technique.6,7,16 Experience since then has confirmed that ILI is 
indeed a simpler and less invasive alternative to ILP but nevertheless achieves similar 
results.6,8 Since the introduction of ILI at MIA, Sydney, we have continued to investi-
gate ways of improving the outcome of ILI without increasing toxicity. This has led to 
several modifications in the technique. 

In this study the tumor burden of patients treated in the late period was significantly 
greater than the tumor burden of patients treated in the early period. Patients in the 
late period had a greater number of lesions and deeper infiltration of the lesions. 
Both variables have been shown to be significant predictors of survival after the ILI 
procedure.8,11 Additionally, more patients with stage IIIab and stage IV disease were 
treated in the late group (p = 0.12). Disease stage is a good predictor of not only sur-
vival but also complete response.8,11 Despite the higher tumor load in the late group, 
the response rate and survival were similar to those of the patients treated in the 
early period. Thus, the results for the patients in the late period are actually better 
than expected, since they had more advanced disease. It seems likely that the adjust-
ments made to the ILI protocol are the main reason for the improved outcome of the 
procedure. The modifications made to the ILI protocol are reflected in the measured 
changes in intraoperative factors.

One adjustment to the protocol has been the significant extension of the drug cir-
culation time. The initial ILI protocol was designed with a drug circulation time of 20 
min. When it became apparent that drug uptake was not completed after 20 min and 
that limb toxicity was not excessive, the drug circulation time was extended to 30 
min.8 The increased tourniquet times in the late group were a direct consequence of 
the increased drug exposure times. However, we were not unduly concerned about 
the prolongation of tourniquet times, since much longer tourniquet times are used 
routinely for orthopedic surgery without ill effects. Indeed, we considered that the 
inevitably greater hypoxia and acidosis resulting from increased tourniquet times 
might well be beneficial, since hypoxia and acidosis are known to produce a threefold 
increase in the cytotoxic effects of melphalan on tumor deposits.23–26 In the current 
study, as expected, the ILIs performed in the late period had significantly greater dif-
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ferences in limb blood pCO2, pH, base excess (BE), and saturation between the start 
and the end of the procedure.

Another adjustment to the protocol was the introduction of routine intra-arterial 
administration of papaverine prior to drug infusion. Papaverine causes cutaneous 
vasodilatation and therefore enhances the early blood flow through cutaneous tu-
mor deposits. This was considered likely to be important because it achieves a more 
effective first-pass effect; the rapid decline in melphalan concentration after the first 
minutes of infusion is well documented.27,28 A recent multi-institutional study has 
confirmed this association between use of papaverine and better tumor response.9 

The significantly higher initial and final temperatures in the late treatment group 
show that the strenuous efforts that have been made to maintain limb temperatures 
preoperatively and increase limb temperatures intraoperatively were successful. We 
regarded this as of great importance because of the known synergism between hy-
perthermia and melphalan, and the ineffectiveness of melphalan when administered 
to a hypothermic limb.16 To achieve mild limb hyperthermia (ideally 38–39°C) we 
have introduced special precautions to avoid body and limb cooling in the immediate 
preoperative period, such as putting a warm air blanket over the patient as soon 
as the vascular catheters have been inserted. This is useful because, unless special 
precautions are taken, the patient’s body temperature tends to decrease rapidly af-
ter the insertion of the catheters in the radiology department both during transport 
and while waiting in the anesthetic room. Intraoperatively the limb temperature is 
increased by: (1) incorporating an efficient blood-warming coil in the extracorpore-
al circuit, (2) cocooning the limb in a hot air blanket during the procedure, and (3) 
applying heat to the limb from an overhead radiant heater with a feedback control 
sensor.5,8 These increased temperatures, prolonged drug exposure times and tourni-
quet times, and the routine administration of intra-arterial papaverine may all have 
contributed to the favorable treatment outcomes in the late treatment group.

Another notable result in the current series was the trend towards less toxicity in 
the late treatment group (p = 0.06), despite the longer drug exposure times, higher 
infused melphalan doses, and higher limb temperatures achieved. In the late period, 
35% of patients experienced Wieberdink grade III or grade IV toxicity while 48% did 
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so in the early group. Factors that could have contributed to the reduced toxicity in 
the late period in our series were the lower final pH and the greater increase in pCO2 
in limb blood.19 The higher median infused melphalan dose in the late group did not 
lead to increased toxicity. This is probably because the higher infused melphalan dose 
did not cause a concurrent increase in peak melphalan concentration or an increase 
of the area under the curve (AUC) of the melphalan concentration–time curve. The 
latter factors were significantly associated with toxicity on univariate analysis, while 
infused melphalan dose was not.19 This indicates that it is not the melphalan dose 
itself that leads to toxicity, but the fashion in which melphalan is distributed within 
different tissues in the infused limb. To date, the factors that influence this distribu-
tion are not well defined. One hypothesis is that patients who are overweight are at 
risk for overdosing of the limb muscle, since melphalan uptake is higher in muscle 
as opposed to fat.19,29 Beasley et al. proposed a method of adjusting melphalan dose 
to ideal body weight (IBW) in an attempt to lower the risk of overdosing overweight 
patients.30 In their institution this adjustment led to a decrease in toxicity with no 
apparent reduction in treatment efficacy.30,31 However, another study showed a de-
crease in response rates following dose adjustment based on IBW.9 Further studies 
are required to explore the role of adjusting melphalan dose according to IBW in ILI, 
and to find other ways to reduce toxicity without compromising outcome.

Both ILI and ILP studies have shown a strong relationship between raised serum 
CPK and increased toxicity.32–34 Interestingly, the peak serum CPK level in the late 
treatment period of the current series was somewhat higher than it was in the early 
treatment period, although not significantly so. It might be that the higher CPK lev-
els (probably reflecting some degree of muscle damage) without increased toxicity 
reflect a fine-tuning of the balance between antitumor activity and toxicity in the 
late period. The differences in median CPK levels between the two groups were not 
significant and were too small to draw any firm conclusions. In spite of the increased 
drug exposure time the systemic leakage rate did not increase. This confirms the 
hypothesis that drug circulation time can be prolonged without increased risk of sys-
temic toxicity. 

As far as we are aware, this is the first study to compare the outcomes of ILI for mel-
anoma during two treatment periods at a single institution. The response rates and 
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survival rates remained stable while there was a trend towards lower limb toxicity 
despite an increase in tumor load in the treated limbs. This improvement in outcome 
can be explained by the modifications that have been made to the ILI protocol over 
time, based on research performed previously and increased experience with the ILI 
technique.
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Abstract
Background: Isolated limb infusion (ILI), introduced in 1992, is a technique used to 
deliver regional chemotherapy to treat advanced melanoma confined to a limb. Ad-
justing melphalan dose according to ideal body weight (IBW) has been proposed as 
a method of decreasing limb toxicity without compromising outcome. The current 
study analyzed this proposed dose adjustment.

Methods: We reviewed 99 consecutive patients with lower extremity melanomas 
treated by ILI at our institution between May 1998 and February 2009. Toxicity and 
outcomes were tested for correlation with differences between administered dose 
and calculated adjusted dose, both in mg and mg/l, and with differences between 
actual limb volume and calculated adjusted limb volume.

Results: The median actual body weight was 71 kg, whereas the calculated median 
IBW was 57 kg (p < 0.001). Median administered melphalan dose was 7.7 mg/l. The 
median calculated adjusted dose was 6.5 mg/l (range 3.2–9.3 mg/l, p < 0.001). None 
of the three aforementioned parameters correlated with either Wieberdink toxicity 
grade or outcome. BMI did not correlate with toxicity either.  Interestingly, a higher 
total melphalan dose did not only correlate with higher toxicity, but also with a lower 
response rate.

Conclusions: Adjusting the melphalan dose for IBW does not appear to reduce tox-
icity following ILI for melanoma. The effect on outcome remains uncertain. More re-
search is needed to optimize melphalan concentrations in individual patients during 
ILI to limit toxicity without compromising the response. 
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Introduction
Isolated limb infusion (ILI) with cytotoxic drugs was developed by Thompson et al. in 
the early 1990s at Melanoma Institute Australia (MIA, formerly known as the Sydney 
Melanoma Unit) as a simple, minimally invasive alternative to isolated limb perfu-
sion (ILP) to treat advanced and recurrent melanoma confined to a limb.1,2 Since its 
introduction, only a few studies have examined the pharmacokinetics and pharma-
codynamics of melphalan during ILI. Therefore, little is known about optimizing the 
therapeutic index of melphalan during the procedure.3–6

Currently, melphalan dosing for ILI is based on measured limb volume, as it is for 
conventional ILP. Since the introduction of the ILI technique, the melphalan dosage 
has varied from 5 to 10 mg/l of tissue; currently, 7.5 mg/l is generally considered 
to be the optimal dose. Despite research investigating the influence of the infused 
melphalan dose in mg/l on toxicity and outcome, its relationship with toxicity and 
outcome remains unclear.7–9 Melphalan concentration levels, measured in limb blood 
samples during the ILI procedure, have been shown to be significant predictors of 
Wieberdink grade III and grade IV toxicity.8 However, melphalan concentration levels 
are quite variable in individual patients, and the factors that determine melphalan 
concentration levels are not fully understood.10,11 

In an attempt to optimize the dosing of melphalan, a group at the Duke University 
Medical Center proposed adjusting melphalan dosage according to the ideal body 
weight (IBW) of the patient.12 This suggested adjustment was based primarily on the 
observation that the strongest predictor of toxicity in patients undergoing conven-
tional ILP was the ratio of estimated limb volume (Vesti) to steady-state limb drug 
volume of distribution (Vss).10,11 Hypothetically, patients with a weight greater than 
their IBW are likely to have a high Vesti/Vss because melphalan uptake is lower in fat-
ty tissue compared with muscle.13 It was proposed that adjusting the melphalan dose 
according to IBW would decrease this ratio and therefore minimize the risk of over-
dosing and prevent unnecessary limb toxicity.8 In one recent study it was reported 
that this dose adjustment did indeed decrease limb toxicity without compromising 
response rates.12 However, two other studies showed that while dose adjustments 
according to IBW decreased toxicity it was at the expense of a lower partial response 
(PR), while the complete response (CR) rates remained unchanged.9,11 The aim of 
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the present study was to analyze whether adjusting melphalan dosage according to 
IBW would indeed be an effective method of reducing toxicity without compromising 
outcome in the patients treated with ILI in our institution.

Patients and methods
From November 1992 to February 2009, 339 ILI procedures for lower extremity mel-
anoma were performed in 232 patients at MIA, Sydney, Australia. Patients were ei-
ther treated with a single ILI procedure (n = 142), two ILIs (n = 77), three ILIs (n = 9), 
or four ILIs (n = 4). In May 1998 the drug circulation time was increased from 20 to 
30 min, when it became apparent that drug uptake was not complete after 20 min. 
To eliminate any bias caused by this change in drug circulation time and to increase 
the applicability of this study to currently treated patients, only patients treated af-
ter May 1, 1998 were included in this study. We used only the results of the first ILI 
treatment of every patient. 

Using these inclusion criteria, we identified 113 patients from our prospectively col-
lected database. Of those patients, 13 were excluded from the analysis because their 
weight and/or or height, necessary to calculate their IBW, was not recorded at time 
of the ILI procedure or was unable to be located. Furthermore, one ILI procedure 
was performed on compassionate grounds, at the request of a terminally ill patient. 
This patient, as expected, died 7 days after the procedure and was not included in 
the analysis because post-ILI toxicity was unable to be assessed. This left a final study 
cohort of 99 patients. 

The ILI procedures were performed as described in detail previously.14 The planned 
drug circulation time was 30 min. A melphalan dose of 7.5 mg/l of infused tissue 
was usually administered, with a maximum dose of 100 mg for large tissue volumes. 
For practical purposes the melphalan dose was rounded up or rounded down to an 
easily measured integer, based on clinical judgment primarily relating to the volume 
of tumor in the limb. Actinomycin D was also used, in a dosage of 75 µg/l of infused 
tissue with a minimum of 200 µg and a maximum of 500 µg. It was used in addition 
to melphalan because of the remarkably good response rates achieved without any 
apparent increase in toxicity when this drug combination had been administered in 
conventional ILP at MIA.15–17 For every patient, preoperative limb volume measure-
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ments were made using a water-displacement method, as first described by Wieber-
dink et al.18 

Responses were assessed according to standard World Health Organization criteria.19 

These define CR as the disappearance of all measurable disease, determined by two 
observations not less than 4 weeks apart, and a PR as a decrease of 50% or more in 
total tumor size determined by two observations not less than 4 weeks apart and no 
appearance of new lesions or progression of any lesion. In this study, patients who 
did not have a CR or PR were classified together as ‘no response.’ It was possible to 
evaluate the responses of all 99 patients included in the final study cohort. Postop-
erative limb toxicity, systemic toxicity, and serum creatine phosphokinase (CPK) were 
assessed daily. Limb toxicity was graded using the scale proposed by Wieberdink et 
al.18 Because of the strong relationship between a raised CPK and increased limb tox-
icity after ILI, all patients who had a CPK level exceeding 1,000 IU/l postoperatively 
or who developed Wieberdink grade III toxicity or higher were treated with systemic 
corticosteroids until their CPK levels had fallen below 1,000 IU/l and their toxicity had 
dropped below grade III.8,15,16 

The IBW (in kg) was calculated using the standard method; IBW for males was calcu-
lated using the formula 50 + 2.3 x (patient height in inches - 60) and IBW for females 
was calculated using the formula 45.5 + 2.3 x (patient height in inches - 60).20 The 
‘corrected’ melphalan dose for each patient was calculated according to the formula 
proposed by Beasley et al.: 7.5 mg/l x measured volume of extremity (l) x IBW (kg) 
÷ actual body weight (BW in kg) = corrected melphalan dose in milligrams (mg).12 
Similarly, the corrected melphalan dose in mg/l was calculated by: 7.5 mg/l x IBW 
(kg) ÷ BW (kg). 

The following statistical approach was used to test whether adjusting melphalan dose 
according to IBW reduces toxicity without compromising outcome. Patients who re-
ceived an actual melphalan dose larger than their calculated corrected melphalan 
dose in either mg or mg/l are theoretically at higher risk for toxicity than patients 
who received an actual melphalan dose close to or lower than their calculated cor-
rected melphalan dose. Therefore, the difference between the actual administered 
melphalan dose and corrected melphalan dose in both mg and mg/l (∆ melphalan 
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dose), was tested for correlation with toxicity and outcome. The correction of mel-
phalan dose according to IBW can also be interpreted as a correction of the volume 
of the infused limb. Therefore, we also tested the difference between measured limb 
volume and the corrected limb volume (∆ limb volume) for correlation with toxicity 
and outcome.

The correlation between variables was tested using Spearman’s rank correlation co-
efficient (ρ). A significant difference was assumed for a probability value of < 0.05. 
The software package SPSS 17.0 for Windows (SPSS, Inc., Chicago, IL) was used for 
statistical analyzes.

Results
Patient and Tumor Characteristics
Of the 99 patients 36 were male and 63 female; their ages ranged from 29 to 93 
years (median 74 years). The majority of the patients (77%) had MD Anderson stage 
IIIa disease (in-transit metastases) or IIIab disease (in-transit metastases with nodal 
involvement), 19% had stage IV disease (distant metastases).21,22 In our patient group 
the median BMI (IQR) was 25 kg/m2 (22–28 kg/m2). The median actual body weight 
(IQR) was 71 kg (60–82 kg) and was significantly greater than the median  calculated 
IBW (IQR), which was 57 kg (52–68 kg, p < 0.001). Of the 99 patients, 14 weighed less 
than their calculated IBW. The median measured limb volume (IQR) was 6.0 l (4.3–7.3 
l), and the median calculated adjusted limb volume (IQR) was 4.7 l (3.7–6.1 l), again 
a significant difference (p < 0.001). Wieberdink toxicity grade I or II occurred in 62 of 
the 99 patients postoperatively, 35 patients experienced grade III toxicity, and two 
patients experienced Wieberdink toxicity grade IV. No grade V toxicity was seen. The 
overall response rate was 80%. A CR occurred in 36 patients and a PR in 43 patients. 
These and other patient and tumor characteristics are documented in Table 1.
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Table 1: Patient characteristics

Variable

ILI procedures 99

Age, years (range) 74 (29-93)

Sex (male/female) 36/63

Weight, kg (IQR) 71 (60-82)

BMI, kg/m2 (IQR) 25 (22-28)

IBW, kg (IQR) 57 (52-68)

Limb volume, l (IQR) 6.0 (4.3-7.3) 

Corrected limb volume, l (IQR) 4.7 (3.7-6.1)

MD Anderson stage 

   I 1

   II 2

   IIIa 41

   IIIab 36

   IV 19

Location in the limb 

   Thigh 27

   Leg 67

   Foot 5

Depth of infiltration 

   Cutaneous 32

   Subcutaneous 21

   Cutaneous and subcutaneous 42

   Into fascia 4

Wieberdink toxicity

    I/II 

    III/IV 

62

37 

Peak Serum CPK, IU/l  (IQR) 979 (185-3000)

Post-op day of serum CPK peak (IQR) 5 (4-6)

Complete response (no. of patients) 36

Partial response (no. of patients) 43

IQR, interquartile range; kg, kilograms; BMI, body mass index; kg/m2, kilograms per square meter; IBW, 

ideal body weight; CPK, creatine phosphokinase; IU/l, units per litre.
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Melphalan Dosing
Intraoperative variables recorded during the ILI treatment are shown in Table 2. The 
median actual infused melphalan dose was 7.7 mg/l (IQR: 7.4–8.0), and the median 
calculated corrected dose was 6.5 mg/l (IQR: 5.6–7.1); this difference of 16% was 
statistically significant (p < 0.001). The median peak melphalan concentration was 
22.6 µg/ml (IQR: 18.7-28.8). The median final melphalan concentration level was 9.8 
µg/ml (IQR: 8.1-12.7). 

Correlations
The actual melphalan dose in mg/l did not correlate with either outcome or toxicity 
after treatment with ILI (Table 3). However, the total melphalan dose in mg correlat-
ed with both outcome and toxicity in a way that higher infused melphalan doses in 
mg correlated with lower response rates (p = 0.041; Spearman ρ = - 0.206) and higher 
toxicity grades (p = 0.005; Spearman ρ = 0.279). BMI was not a predictor for toxicity 
or outcome. The intraoperative measured melphalan concentrations correlated with 
toxicity, but not with outcome. 

The ∆ melphalan dose in mg/l and in mg, and ∆ limb volume, did not correlate with 
toxicity or outcome. These and other correlations are shown in Table 3. Figure 1 
shows in a boxplot the relationships between total melphalan dose, BMI, and limb 
volume with Wieberdink toxicity grades and response.

Table 2: Intraoperative variables

Variable Median (IQR)

Infused melphalan dose (mg/l) 7.7 (7.4-8.0)

Adjusted melphalan dose (mg/l) 6.5 (5.6-7.1)

Peak melphalan concentration (µg/ml) 22.6 (18.7-28.8)

Final melphalan concentration (µg/ml) 9.8 (8.1-12.7)

Melphalan concentration AUC (µg/ml) 103 (83-123)

Drug exposure time (min) 31 (30-32)

Tourniquet time (min) 65 (59-71)

IQR, interquartile range; mg/l, milligrams per litre; µg/ml, micrograms per millilitre; min, minutes.
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Table 3: Spearman’s rank correlation of different melphalan ‘dosing variables’ with response and Wieber-

dink toxicity

Response Wieberdink 

Toxicity 

Actual melphalan dose (mg/l)

Coefficient

p-value

-.066

.517

.062

.540

Limb volume (l)

Coefficient

p-value

-.169

 .095

.217

.031

Actual melphalan dose (mg)

Coefficient

p-value

-.206

 .041

.279

.005

Peak melphalan (µg/ml)

Coefficient

p-value

-.008

 .944

.303

.006

Final melphalan (µg/ml)

Coefficient

p-value

.165

.140

.331

.003

AUC melphalan (µg/ml)

Coefficient

p-value

.005

.963

.280

.008

BMI (kg/m2)

Coefficient

p-value

-.102

.317

.069

.498

Actual volume – IBW adjusted volume (l)*

Coefficient

p-value

-.076

.455

.145

.153

Actual dose – IBW adjusted Dose (mg/l)**

Coefficient

p-value

-.105

.302

.126

.213

Actual dose – IBW adjusted Dose (mg) †

Coefficient

p-value

-.132

.192

.173

.087

*Volume×IBW/BW, **7.5mg/l×IBW/BW, †V×7.5mg/l×IBW/BW. Mg, milligram; l, litre; µg/ml, microgram per 

millilitre; AUC, area under the curve; BMI, body mass index; IBW, ideal body weight. 
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Figure 1: Boxplots showing the relation between Wieberdink toxicity (B, D, F) and response rate (A, C, E) 

and melphalan dose in mg, limb volume in litres and BMI. 

SD; stable disease, PD; progressive disease, PR; partial response, CR; complete response, BMI; body mass 

index 
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Discussion
ILI with cytotoxic drugs was developed as an alternative to the more complex and 
invasive conventional ILP technique.1,2 Despite its minimally invasive character, post-
operative limb toxicity following ILI is comparable to that seen after ILP and is at-
tributed principally to the effects of the melphalan that is administered during the 
procedure.8,9 In an ILI animal model, increasing the infused melphalan concentra-
tion level above 25 µg/ml did not further increase response rates.21,23 This suggests 
that increasing the melphalan dose above a certain threshold only increases toxicity 
without improving response. It would therefore seem logical to keep the dose as 
low as possible to achieve a maximal response, which will in turn minimize toxicity. 
However, the best way to select the optimal melphalan dose for ILI remains a topic 
for debate. 

Currently melphalan dosing for ILI is based on measured limb volume. In this study, 
water displacement was used to estimate limb volume. This method is subject to a 
margin of error, which in turn causes a margin of error in the administered drug dose. 
However, the water displacement method is widely used for both ILI and ILP since 
alternative methods of estimating limb volume have similar margins of error. A more 
precise method of measuring limb volume would be valuable in any future study. 
A proposed method to further lower toxicity is the adjustment of melphalan dose to 
IBW.11 This method originates from the fact that melphalan uptake is lower in fatty 
tissue than it is in muscle. Overweight patients have a lower muscle/fat ratio com-
pared with patients with a weight closer to their IBW; this might cause the muscle 
compartment of these overweight patients to be relatively overdosed when using 
limb volume to calculate the melphalan dose.13 In this study we further analyzed this 
hypothesis.

We found no correlation between ∆ melphalan dose in either mg or mg/l and Wie-
berdink toxicity. This is an outcome that is the opposite of results found in earlier 
reports, in which adjusting the melphalan dose according to IBW did appear to lower 
the observed toxicity grades.7,9,11,12 An explanation for this discrepancy could be the 
smaller reduction of melphalan dose that would have resulted from correction to 
IBW in our patient population. In the study conducted by McMahon et al. the median 
reduction of the melphalan dose was 21.7%.11 In our study, the theoretical medi-



54

Part 1 | regional treatment; isolated limb infusion

an melphalan reduction was 15.6%. Although this is still a significant reduction, our 
patient population may not have been ‘heavy’ enough to obtain benefit from dose 
reduction according to IBW.

Another possible explanation for the discrepancy in the results could be the fact 
that although the standard melphalan dosage was 7.5 mg/l, the surgeon often ad-
justed the dose slightly based on clinical judgment, particularly the volume of tumor 
in the limb.24,25 Although, the adjustments in melphalan dose were normally small, 
and more often resulted in a higher melphalan dose than a lower dose (56% of our 
patients received a dose > 7.5 mg/l and 29% received a dose < 7.5 mg/l), they may 
have had an effect on toxicity and might have contributed to our failure to demon-
strate a correlation between dose adjustment and toxicity. Finally, differences in the 
procedure protocol and the related intraoperative variables may also have caused 
a different toxicity profile for our patients compared with patients in other studies. 

It is interesting to note that there was a positive correlation between melphalan dose 
in mg and toxicity while there was a negative correlation with outcome. Toxicity in-
creased with higher melphalan doses, while response rates decreased with these 
higher melphalan doses. We are not the first to note this unexpected outcome: Bea-
sley et al. made a similar observation, reporting increasing melphalan dose in mg as a 
risk factor for toxicity and an association between smaller limb volume (treated with 
a smaller melphalan dose in mg) with a better overall response.9 This phenomenon 
is not clearly understood. Melphalan dose in mg is directly related to the measured 
limb volume. The measured limb volume depends on the location of the tumor on 
the limb, which determines the level of placement of the tourniquet, and the height 
and weight of the patient. One might therefore expect that adjustment of melphalan 
dose to IBW should have an effect on toxicity. The ratio between body weight and 
IBW alone might not adequately assess the relative volume of fat in the limb, a hy-
pothesis supported by the finding that limb volume and toxicity were significantly 
correlated, while no correlation was found between BMI and toxicity. 

What must be understood is that administering 30 mg of melphalan to 4l of limb 
volume in patient A is not necessarily the same as administering 45 mg of melphalan 
to 6l of limb volume to patient B, although both patients received 7.5 mg/l. This 
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is important because current methods of determining melphalan dosage are based 
on limb volume only. The important shortcomings in the current method of esti-
mating melphalan dosage is underlined by our finding that there was no correlation 
between melphalan dose in mg/l and toxicity, whereas the absolute melphalan dose 
(i.e., total mg administered) was positively correlated with toxicity. Based on our re-
sults, patient B would be more likely to develop greater toxicity, even when the two 
patients had the same BMI (or IBW-to-BW ratio).

The complex interactions between melphalan dosage, limb volume measurement, 
toxicity, and response during isolated regional chemotherapy were recognized and 
discussed in considerable detail 30 years ago by Wieberdink et al.18 They pointed 
out that regional volumes as a percentage of body weight showed a ±30% variability 
from the mean, resulting in similarly wide variability of the dose of cytotoxic drug 
used. They also pointed out that the volume of the lower limb is relatively under-
estimated and may contribute to the lack of correlation between melphalan dose 
in mg/l and toxicity. It has long been known that to achieve satisfactory response 
rates for upper limb ILP with melphalan, a higher dose in mg/l is required (normally 
13 mg/l), compared with a standard dose of 10 mg/l for the lower limb. Wieberdink 
et al. further pointed out that toxicity may be influenced not only by cytotoxic drug 
concentration, but also by the impaired tolerance of normal tissues to the adminis-
tered drug when tissue flow rates are low.18 Certainly, lower flow rates are normally 
achieved when upper limb ILP is performed compared with flow rates for lower limb 
ILP, and even lower flow rates are achieved during ILI.

Limb volume may also play an important role in the negative correlation between 
the total melphalan dose and response rates. Larger limbs have a larger volume in 
which the drug will have to distribute after infusion. Therefore, it may take more time 
to fully circulate the drug, which could lead to a diminished ‘first-pass’ effect, with 
lower melphalan concentrations ultimately reaching the tumor deposits because of 
the short melphalan elimination halflife.26 However, this cannot fully explain why pa-
tients who received a larger quantity of melphalan had lower response rates because 
limb volume itself was not correlated to response (p = 0.10). The current study does 
not provide us with a clear answer as to what causes the lower response rates in pa-
tients with larger infused limb volumes. However, there must be concern that further 
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lowering the melphalan dose in those patients could have an unfavorable effect on 
outcome.

A correlation between ∆ melphalan dose and outcome to detect a negative effect of 
dose adjustment on outcome could not be demonstrated because we did not actu-
ally adjust the melphalan dose administered to our patients. However, we did not 
detect a beneficial effect of a higher weight than the IBW on outcome. This confirms 
the current opinion that increasing the melphalan dose is not likely to further in-
crease response rates.

There have been three other studies published that evaluated the effect of adjusting 
melphalan dose to IBW and its effect on toxicity and outcome.9,11,12 All three showed 
a significant reduction in toxicity, while CR rates were not affected. However, two of 
these studies showed a reduction in the PR rate.9,11 The multi-institutional study of 
Beasley et al. showed a PR rate of 11% in the ‘corrected’ group,9 whereas it was 48% 
in the ‘uncorrected’ group, and in the relatively small study by McMahon et al. the 
PR rate was 27% in the uncorrected group and 7% in the corrected group.11 Further-
more, the disease progressed in 48% of the patients in the ‘corrected’ group com-
pared with 18% in the ‘uncorrected’ group. Although one might argue that CRs are 
clinically most important, the reductions in PR due to a lowering of the melphalan 
administered are clinically relevant since a PR and even stable disease following an 
ILI do improve the quality of life in most patients.

In conclusion, this study shows that adjusting melphalan dose according to IBW most 
likely would not significantly decrease the toxicity associated with ILI in our patient 
population. In seeming contrast with this, a higher total administered melphalan dose 
was positively correlated with toxicity. Patients with higher infused limb volumes ex-
perienced more toxicity without a correlation with a higher BMI. The study indicates 
that much is still unknown about the effect of adjustments in the melphalan dose 
with regard to toxicity and outcome. For a better understanding of these effects, 
more research is needed; this should focus on optimizing the melphalan concentra-
tions in the individual patient during ILI to limit toxicity without compromising the 
response.
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Abstract
Isolated limb infusion (ILI) was developed as a simplified and minimally invasive al-
ternative to  isolated limb perfusion (ILP) to treat unresectable limb melanoma. A 
number of centers around the world have reported their results using this proce-
dure. In this study a systematic review of reported ILI experiences was undertaken. A 
literature search was conducted according to the guidelines for systematic reviews in 
order to select eligible papers reporting limb toxicity and response rates following ILI 
using melphalan and actinomycin D to treat limb melanoma. A total of 576 patients 
from seven publications were included. Regional toxicity following ILI was low: no 
visible effect of the treatment or slight erythema or edema was observed in 79% of 
the patients, while considerable erythema and/or edema with blistering was experi-
enced by 19%. In 2% there was a threatened or actual compartment syndrome. No 
procedure-related amputation was reported. Complete response occurred in 33% of 
the patients and partial response in 40%, an overall response rate of 73%. Stable dis-
ease and progressive disease were achieved in 14% and 13% of the patients, respec-
tively. This first systematic review of ILI procedures using melphalan and actinomycin 
D indicates that regional toxicity was generally low, with satisfactory response rates. 
When comparing ILI and ILP, it must be borne in mind that ILI is often performed in 
significantly older patients and in patients with higher stages of disease, which de-
creases the likelihood of a favorable response.
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Introduction
Patients who suffer from advanced melanoma confined to a limb are often challeng-
ing to treat due to the size and number of the satellite and/or in-transit metasta-
ses.1 Results of systemic therapies have generally been disappointing and although 
promising results have been reported recently using anti-CTLA4 antibodies and BRAF 
inhibitors for metastatic melanoma, little is known about the effect of these agents 
when metastases are limited to a limb.2–4 In these patients an isolated limb perfusion 
(ILP) can be carried out to control the disease and avoid amputation of the disease-
bearing limb. Although high response rates have been reported following ILP, the 
procedure has some major disadvantages.5 It is invasive and technically complex, 
requiring a large number of supporting staff including a perfusionist. Furthermore, 
the procedure is usually considered inappropriate for elderly and frail patients and, 
finally, a repeat ILP, after recurrence of disease, is often difficult and can result in 
major complications due to scar tissue from the previous surgical approach to the 
vessels.6–8 

In the early 1990s the isolated limb infusion (ILI) technique was developed at Mela-
noma Institute Australia (MIA; formerly known as the Sydney Melanoma Unit) as a 
simplified and minimally invasive alternative to ILP, with the objective of obtaining 
the benefits of ILP without incurring its major disadvantages.9 Since its introduction, 
the ILI technique has been introduced at many melanoma treatment centers around 
the world and an increasing number of articles reporting results following the ILI 
procedure have been published, though often with only limited patient numbers.10-13 

Therefore, for the current study we performed the first systematic review of ILI for 
melanoma using melphalan and actinomycin D in order to describe the combined 
response rates and limb toxicity profiles.

Detailed descriptions of the preoperative management, technical details of the ILI 
procedure, and important aspects of post-operative care following ILI are reported 
elsewhere.14,15
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Methods
The systematic review was conducted according to published guidelines.16,17 Using 
the databases of Medline and Embase we searched the current literature for original 
articles reporting response rates and toxicity following ILI for melanoma using mel-
phalan and actinomycin D.

For the review we used the search terms: ILI, melanoma, melphalan and actinomy-
cin D. This resulted in 131 possibly eligible papers (Figure 1). After reading the titles 
and abstracts, reports of ILI using melphalan alone were excluded. Review articles 
were also excluded as well as case reports, case series describing malignancies other 
than melanoma without separately reporting the results for melanoma, and papers 
describing repeat or subsequent procedures. After this first elimination 27 articles 
reporting response and toxicity following ILI were selected for full text evaluation. Of 
these papers, 11 were found eligible for the current analysis and an additional three 
were included after reviewing the reference lists of the full text articles. In order to 
perform the systematic review, however, not all of these 14 studies could be included 
since some centers reported their results in more than one paper, for instance both 
in a single center experience and in a multi-center study, or they reported a follow-
up series with additional patients.11,18–21 In these cases, we selected the most recent 
studies that included the largest number of patients in order to prevent duplication 
of patient results. After taking these criteria into account we were able to include 
seven studies (two multicenter studies and five single center studies) involving a total 
of 576 patients in the review.12,13,19,20,22–24
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Figure 1: Flow diagram outlining the selection process for articles included in the systematic review. 
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Results
Regional Toxicity Following ILI
All seven publications used the Wieberdink scale to assess the grade of limb toxicity 
following ILI25 (Table 1). The limb toxicity following ILI reported in the seven articles 
is detailed in Table 2, with the combined results of the systematic review listed in the 
bottom row. 

In this systematic review regional toxicity following ILI was generally low: no visible 
effect was seen in 33% of the cases (Grade I), while 46% of the patients developed 
slight erythema and/or edema (Grade II). Considerable erythema and/or edema with 
blistering was seen in 19% (Grade III). Extensive epidermolysis and/or obvious dam-
age to deep tissues with a threatened or actual compartment syndrome occurred in 
2% of patients (Grade IV). No grade V toxicity (severe tissue damage necessitating 
amputation) was reported. 

Response Rates Following ILI
The reported response rates following ILI for melanoma using melphalan and acti-
nomycin D for the seven studies are shown in Table 3, with the combined results of 
the systematic review listed in the bottom row. Five studies assessed the response 
rates according to the handbook for reporting results of cancer treatments published 
by the World Health Organization (WHO).26 This system defines response following 
treatment as the best clinical outcome from two separate observations more than 
4 weeks apart at any time following the procedure. Two studies conducted in the 
United States, however, assessed the response rates at a single, fixed time point, 3 
months following ILI.19,23 

Of the 576 patients 33% experienced a complete response (CR) and 40% a partial 
response (PR), an overall response (OR) rate of 73%. In total 27% of the patients had 
a less favorable response to ILI, with stable disease (SD) seen in 14% and progressive 
disease (PD) in 13% of them.
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Table 1: Wieberdink toxicity grading.25

Grade I No visible effect

Grade II Slight erythema and/or oedema

Grade III Considerable erythema and/or oedema with blistering

Grade IV Extensive epidermolysis and/or obvious damage to deep tissues with a threatened or 
actual compartment syndrome

Grade V Severe tissue damage necessitating amputation

Table 2:  Limb toxicity, assessed using the Wieberdink scale, following ILI for melanoma with melphalan 

and actinomycin D.12,13,19,20,22-24

Author, year No. of patients I           II           III         IV         V

Mian, 2001

Kroon, 2008 

Marsden, 2008

Beasley, 2009

Duprat Neto, 2012

Wong, 2013

Coventry, 2013

9

185

13

128

31

79

131

44%   44%     12%      0%        0%

2%     56%     39%      3%        0%

0%     46%     38%     16%       0%

64%        35%*            1%       0%

0%     40%     50%     10%       0%

80%         20%*           0%       0%

27%   60%    11%        2%       0%

Total 576 33%   46%    19%        2%       0%

*Beasley and Wong reported the combined toxicity for grades II and III  

Table 3: Response rates following ILI for melanoma with melphalan and actinomycin D.12,13,19,20,22-24 

Author, year No. of pa-

tients

Response

criteria

CR      PR        SD       PD

Mian, 2001

Kroon, 2008 

Marsden, 2008

Beasley, 2009

Duprat Neto, 2012

Wong, 2013

Coventry, 2013

9

185

13

128

31

79

131

best response

best response

unknown

3 months

best response

3 months

best response

44%    56%      0%       0%

38%    46%     10%      6%

31%    53%      0%      16%

31%    33%      7%      29%

26%    53%     21%      0%

37%    37%      8%      18%

27%    36%     29%      8%

Total 576 33%    40%    14%    13%

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease. 

Discussion
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Since its introduction in the early 1990s, ILI has become an increasingly applied alter-
native to the traditionally used ILP technique.14 Although this first systematic review, 
including seven eligible studies, showed that side effects following ILI are generally 
mild or moderate, efforts aimed at reducing limb toxicity are of great interest.  A 
study focusing on toxicity showed that patients with larger limb volumes experience 
increased toxicity, without receiving higher dosage of cytotoxic drug per liter of tis-
sue.27 This observation was explained by the rapid melphalan saturation in the limb 
fat, resulting in relatively more of the cytotoxic agent being available for uptake in 
muscle and skin, causing more toxicity.28,29 With the aim of reducing limb toxicity in 
these patients Beasley et al. corrected the melphalan dose for ideal body weight 
(IBW).30 In their hands this decreased toxicity significantly with only a small decrease 
in response. However, these results could not be reproduced in a study undertaken 
at Melanoma Institute Australia in which the ratio between IBW and actual body 
weight did not predict toxicity or outcome.31

In the current systematic review the overall response rate was 73% (CR rate 33%, PR 
rate 40%). The wide range of response rates (Table 3) is possibly caused by the low 
number of patients in some of the included studies and the learning curve required 
to master this new technique. Furthermore, different institutions have used proto-
cols that vary in small but potentially important ways. The impact of these differenc-
es in protocol and the effect of increased experience have recently been investigated 
by Huismans et al., who found that at MIA increased experience and small modifica-
tions that were made to the ILI protocol over the years had a positive effect on the 
outcome.32 Another explanation for the range in responses could be the time point 
at which the response to the procedure was assessed. Two of the included studies 
determined the best response exactly 3 months following the treatment,19,23 while 
most reported the outcome according to the WHO system for reporting responses to 
treatment, allowing a larger time window to detect the best response.20,26

Despite the differences in experience, protocols and outcome, most investigators 
have reported that patients who obtain a CR have significantly improved survival 
compared with non-responders.19,20,24 Achieving a CR can be predicted by several 
patient-related factors such as stage of disease and limb volume. However, proce-
dure-related factors such as ischemia time, the injection of 30–60mg of papavarine 
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into the arterial catheter to maximize vasodilation and raising intra-operative tem-
peratures have also been shown to have a positive effect on response.14,15,24 In view 
of these procedure-related factors, ischemia times at MIA have been increased and 
peri-operative temperatures have been raised, starting with heating the patient 
well before the procedure, to increase the initial temperature of the limb, aiming 
to achieve subcutaneous temperatures in the limb of 38.5–39.0°C at the end of the 
procedure. Although these measures have resulted in a modest increase in limb tox-
icity with more Grade III reactions, the procedures have been well tolerated in most 
cases without lasting side effects, and without causing more Grade IV reactions. The 
changes are considered to be justified by the increased response rate that has been 
observed.32 Taking this into account, the lower response rates of some studies could 
in part be caused by the shorter ischemia times or the lower initial limb tempera-
tures, such as were observed in the first phase II trial of ILI.10

Since its introduction in the late 1950s, ILP has been the most frequently used treat-
ment option for locally advanced limb melanoma, with high response rates report-
ed.33 A drawback of ILP, however, is the invasive and complex nature of the proce-
dure. During ILP open exposure and cannulation of the femoral or axillary artery 
and vein is performed to access the limb circulation. The vessels are then connected 
to an extracorporeal circuit containing a heart-lung machine in order to maintain 
normal physiological conditions in the isolated limb.5,34 A more detailed technical 
comparison of ILI and ILP, discussing the advantages of the two procedures, is pre-
sented in another article in this edition of Seminars in Surgical Oncology.15 Despite 
the disadvantages of the procedure when compared to ILI, ILP for melanoma using 
melphalan results in CR rates of 40–82% and PR rates of 21–44%.35 Although the re-
ported response rates following ILI are generally at the lower end of those reported 
in published ILP series, it must be borne in mind that most patients treated by ILI are 
older and have a higher stage of disease than those treated by ILP. This is important 
since previous reports have shown that both age and stage of disease are prognostic 
factors for response.20,36 Older patients and those with Stage IV disease are often 
thought to be unsuitable for ILP, while following ILI they do not show any increased 
toxicity or morbidity;20,36 even in patients who have distant metastatic disease, con-
current symptomatic limb disease can effectively be treated by ILI to provide palli-
ative local tumor control and limb salvage.37 Finally, ILI provides an ideal treatment 



70

Part 1 | regional treatment; isolated limb infusion

modality that will allow locoregional treatment to be combined with systemic ther-
apies.38,39 For example, a phase I study of ILI using systemic ADH-1 in combination 
with melphalan achieved a CR rate of 50% and the procedures were well tolerated.38 

In conclusion, this systematic review of ILI using melphalan and actinomycin D to 
treat irresectable limb melanoma shows that regional toxicity following the proce-
dure is generally low, and that the procedure results in a satisfactory overall response 
rate of 73%. This is at the lower end of the spectrum of overall response rates report-
ed after ILP. However, when comparing ILI and ILP it must be recognized that ILI is 
often used in significantly older patients, and in those suffering with higher stages of 
disease, which has been shown to decrease the likelihood of a favorable response to 
regional chemotherapy. To date, no randomized trial directly comparing the outcome 
of ILP and ILI has been undertaken.
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Abstract
Objective: To describe the technique of isolated limb infusion (ILI) for regional high 
dose chemotherapy in patients with advanced malignancies confined to a limb, as 
currently practiced at Melanoma Institute Australia (MIA).

Background: ILI is progressively being used around the world but to date the report-
ed response rates are generally lower than those reported by MIA.

Discussion: This description of the ILI protocol at MIA provides details that may allow 
other surgeons to improve results.
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Introduction
Isolated limb infusion (ILI) was developed at Melanoma Institute Australia (MIA; for-
merly known as the Sydney Melanoma Unit) as a simplified and minimally invasive al-
ternative to conventional isolated limb perfusion (ILP).1,2 Over the two decades after 
it was first performed, there have been a number of minor but likely important mod-
ifications to the technique. Essentially, ILI is a low-flow ILP performed under hypoxic 
conditions through small caliber arterial and venous catheters. As for ILP, ILI involves 
vascular isolation and perfusion of an extremity, allowing chemotherapy concentra-
tions to be up to 10-fold higher than systemically tolerated drug concentrations.3,4

One of the main differences between the procedures is that during ILI the infusate 
is not oxygenated, resulting in severe hypoxia and acidosis of the limb. However, hy-
poxia and acidosis enhance the cytotoxic effect of melphalan and are therefore likely 
to be advantageous for a favorable response.5-7 Another important difference is that 
blood transfusion is unnecessary for ILI, while this is normally required during ILP to 
prime the extracorporeal circuit. Furthermore, if a patient has had previous groin 
or axillary surgery, catheter insertion via the (contralateral) groin for ILI is usually 
straightforward, whereas both venous and arterial access for ILP can be technically 
challenging under these circumstances. Similarly, surgical access to the vessels for 
a repeat ILP procedure is often difficult, but percutaneous catheter insertion for a 
subsequent ILI does not present particular  problems.4,7,8 These and other differences 
between ILI and ILP are listed in Table 1.

At MIA the overall response rate achieved following ILI for melanoma is 84%, with a 
complete response rate of 38%.9 These results are similar to those generally achieved 
by ILP.10 Due to its minimally invasive nature ILI is progressively being used in pref-
erence to ILP at melanoma treatment centers around the world. A number of insti-
tutions have reported their experience using the ILI technique for troublesome limb 
melanoma; however, to date response rates similar to those obtained at MIA have 
not been achieved.11-13 It is possible that the inferior results are due to small but im-
portant differences in technique. In this article, we describe in detail the ILI protocol 
that is currently used at MIA so that other surgeons are aware of any differences in 
their own ILI technique, and may consider making adjustments, which may improve 
their results.
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Patient selection for isolated limb infusion
The ILI procedure is well tolerated, even by elderly and medically compromised pa-
tients who would usually not be considered suitable for ILP.14 The primary indication 
for ILI and ILP is similar, namely irresectable in-transit melanoma of the extremity. 
ILI has also successfully been used in patients with advanced extremity sarcoma,15,16 
Merkel cell carcinoma, refractory hand warts,17 refractory chromomycosis,18 and lo-
calized refractory cutaneous T-cell lymphoma.19 Furthermore, ILI can be used as pal-
liative treatment for patients who have troublesome limb disease even if systemic 
metastases are present, whereas the more major ILP procedure would not normally 
be considered under these circumstances.4,20 

Preoperative assessment and management
Routine preoperative evaluation for surgery is undertaken, and antithrombotic pro-
phylaxis is commenced when the patient is admitted to the hospital (oral aspirin 300 
mg daily, and subcutaneous heparin 5,000 IU every 8 hr).4 

A simple water displacement technique, as described by Wieberdink et al.21 but 
based on observations made by Archimedes more than 2,000 years ago, is used to 
measure the limb volume. Marks that indicate tissue volumes are made at multiple 
levels on the limb in such a way that when the tourniquet is applied, the volume of 
infused tissue can be estimated from these marks, and appropriate drug dose calcu-
lations can be made.

Insertion and positioning of arterial and venous catheters
The catheters are inserted in the radiology department on the morning of the ILI pro-
cedure. Small caliber catheters are used, inserted percutaneously using a standard 
Seldinger technique via the common femoral artery and vein in the contralateral 
groin after systemic heparinization using 5,000–10,000U.22 The venous catheter of 
choice is a straight 8FG catheter with 10 side holes near its tip (William A. Cook Pty. 
Ltd., Brisbane, Australia).4 If a venous catheter of smaller caliber is used, satisfactory 
venous return from the limb may be difficult to achieve. However, we have been 
able to obtain very satisfactory venous return by using two 6FG catheters connected 
externally with a Y-connector when an 8FG catheter was unavailable. For the artery, 
a straight 6FG catheter with a single end hole is used. The arterial catheter is usual-
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ly inserted through a standard radiologic sheath. However, when angulation of the 
arterial catheter is considered likely as it crosses the aortic bifurcation, an extra-long 
sheath that itself crosses the aortic bifurcation is used to increase rigidity and pre-
vent kinking.23 In patients without occlusive vascular disease, the catheter tips for a 
lower limb ILI are positioned in the popliteal artery and vein at a level just proximal to 
the knee (Figure 1). Tissues more proximally located in the limb but distal to the level 
of the tourniquet are perfused in a retrograde fashion via collateral vascular chan-
nels. If, however, the superficial femoral artery is occluded it is possible to perform 
an ILI by passing the catheter down the profunda femoral artery, and positioning its 
tip as far distally in the thigh as possible. Similarly, if the superficial femoral vein is 
occluded, the venous catheter can be placed in the profunda femoral vein and a sat-
isfactory ILI procedure can be performed. The ability to perform ILI in the presence 
of arterial or venous occlusion relies on flow through collateral vessels in the limb 
distal to the tourniquet.4

Figure 1: Angiogram of the arterial and venous catheters positioned in 

a lower limb with the tips reaching into the mid-popliteal vessels just 

proximal to the knee.
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For an upper limb ILI, the catheters are also inserted via the (contralateral) groin and 
are positioned with their tips in the brachial artery and basilic vein, just above the 
level of the elbow. For both lower and upper limb ILI, placement of the venous cath-
eter is sometimes difficult because valves are encountered in the proximal part of the 
limb. However, it is usually possible to negotiate these valves by passing a guide wire 
through them. After the catheters have been inserted, low-dose heparin infusions 
through them is initiated and continued until full systemic heparinization immedi-
ately prior to commencement of the ILI procedure. The patient is then transported 
to the operating room. It is of the utmost importance to keep the patient as warm 
as possible during the catheter insertion procedure in the radiology department and 
during the transfer to the operating room, because low body and limb temperatures 
make it more difficult to achieve adequate warming of the limb during the ILI proce-
dure.

Procedure in the operating room
Upon arriving in the operating room, continuing precautions are taken to ensure 
that body and limb temperatures are maintained. These include covering the entire 
body with a hot-air blanket (Bair HuggerTM, Augustine Medical, Eden Prarie, MN) 
at its maximum setting, and maintaining the room temperature at 28–30°C. If these 
precautions are not taken, initial limb subcutaneous temperatures of 34–35°C are 
commonly recorded. General anesthesia is normally used, although it is possible to 
perform lower limb ILI using spinal anesthesia. A single dose of ondansetron, a 5-HT3 
antagonist, is given intravenously as prophylaxis against postoperative nausea and 
vomiting. A second hot-air blanket set at 41°C is placed under and around the dis-
eased limb forming a cocoon, and an overhead radiant heater is placed above it with 
a feedback temperature sensor on the skin (PW820 SunTouch Surgical Warmer; Fish-
er&Paykel Healthcare, Auckland, New Zealand). The heater is set to achieve a skin 
surface temperature of 41°C. Papaverine (30 mg for the upper limb and 60 mg for the 
lower limb) is injected directly into the arterial catheter to maximize cutaneous vaso-
dilation, and needle probes to monitor temperature are inserted into subcutaneous 
tissue and the musculature of the calf or forearm. Then a pneumatic tourniquet is 
positioned at the appropriate level around the root of the limb, but not yet inflated. 
If the part of the distal extremity is not involved, it is excluded by using an Esmarch 
bandage or pneumatic tourniquet around the distal portion of the extremity. The 
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patient is then fully heparinized (3 mg/kg IV) and the arterial and venous catheters 
are connected to the extracorporeal circuit, which incorporates a blood-warming coil 
set at 41°C (Figure 2).1,2,4 Circulation is performed manually, using a syringe attached 
to a wide-bore three-way tap (Level  1 Technologies, Inc., Rockland, MA), by repeat-
edly withdrawing blood from the venous catheter and reinjecting it into the arterial 
catheter, via the extracorporeal circuit.

Once circulation of blood via the catheters has been checked and found to be ade-
quate, the pneumatic tourniquet is inflated around the proximal extremity. Circu-
lation is checked immediately after tourniquet placement to ensure adequate flow 
through the circuit.

Based on the preoperative measurements marked on the skin, the volume of limb 
tissue that has been isolated is estimated (Figures 3 and 4).4 The standard dose of 
melphalan is 7.5 mg for the lower extremity and 10 mg for the upper extremity, with 
a maximum total dose of 100 mg for the lower extremity and 50 mg for the upper 
extremity. Actinomycin D is routinely used as well as melphalan, the standard dose 
being 75 µg/l for the lower extremity and 100 µg/l for the upper extremity. Some 
centers have suggested correcting drug dosages for ideal body weight (IBW) in an 
attempt to help minimize toxicity.11 However, we have not routinely made such cor-
rections, because we have some concern that response rates might be substantially 
lower, without significantly decreasing limb toxicity.24 

The cytotoxic drugs are diluted in 400 ml of heparinized normal saline solution pre-
warmed to approximately 40°C. When a subcutaneous limb temperature of at least 
37°C has been achieved, the cytotoxic agents are infused as rapidly as possible (usu-
ally over 2–5 min) through the arterial line, using an intravenous fluid pump set fed 
from a pressurized infusion bag. Once infusion of the drugs is completed, a 30-min 
circulation of the chemotherapy through the limb and the external circuit commenc-
es. Blood gases, pH, base excess, and melphalan levels are measured in the systemic 
circulation and the isolated circuit at the start of the procedure and at 25 and 30 min 
after the initial infusion of chemotherapy, to assess systemic leakage and the degree 
of hypoxia and acidosis (Table 2). 
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Figure 2: Lower limb ILI. Note the 

warm air blanket forming a co-

coon, the temperature probes in-

serted into the limb, the marks of 

the tissue volume on the limb, the 

feedback temperature sensor (red 

light), and the Esmarch bandage 

around the foot to protect the 

acral region from developing post-

operative toxicity.

Figure 3: Upper limb ILI for recur-

rent melanoma in the webspace 

between thumb and index finger. 

For this reason no Esmarch band-

age was used. Note the proximally 

placed pneumatic tourniquet.

Figure 4: Blood-warming coil in-

corporated in the extracorporeal 

circuit and the syringe used to ex-

tract and reinject the infusate into 

the isolated circuit.
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During the 30-min period of the procedure it is usually possible to increase subcuta-
neous limb temperatures to at least 39°C when all the maneuvers and precautions 
described above are followed.7 After 30 min of drug exposure, the limb is flushed 
with Hartmann’s solution at room temperature via the arterial catheter. As much 
venous blood as possible is extracted from the limb via the venous catheter using 
suction attached to it. This effluent from the limb is discarded as cytotoxic waste. The 
effluent is normally clear after 1,000 ml Hartmann’s solution has been infused, after 
which the limb washout is terminated. Protamine is administered intravenously to 
fully reverse residual heparin, and the arterial and venous catheters are withdrawn.4 
Bleeding at the arterial exit site is prevented by insertion of an AngiosealTM device 
(St. Jude Medical, St. Paul, MN). This also minimizes the risk of false-aneurysm forma-
tion. Formerly catheter exit site bleeding was controlled with an inflatable occluder 
(Femostop II; Radi Medical Systems, Uppsala, Sweden) and pressure with this device 
was maintained for 15 min until satisfactory hemostasis had been obtained. Figure 5 
shows a schematic overview of the ILI technique and Figure 6 shows a lower limb ILI 
procedure in the operating room.

Figure 5: Schematic illustration of the circuit used for isolated infusion of a lower limb.26,28
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Table 2: Mean blood gas values of the isolated limb after 30 minutes.8

pO2  8,4         mmHg

pCO2  54,3       mmHg

pH  7,11

BE -10,8      mmol/l

SO2  6,9         %

Table 3: Wieberdink toxicity grading.20

Grade I No visible effect

Grade II Slight erythema and/or oedema

Grade III Considerable erythema and/or oedema with blistering

Grade IV Extensive epidermolysis and/or obvious damage to deep tissues with a threatened or 

actual compartment syndrome

Grade V Severe tissue damage necessitating amputation

Postoperative care
Postoperatively patients are restricted to bed rest with elevation of the treated limb 
for 48 hr and thereafter mobilized if limb discomfort and swelling are not excessive.4 
The extremity is examined at least twice a day and limb toxicity is assessed clinically 
and recorded using the Wieberdink scale (Table 3).21 In most patients, toxicity is limit-
ed to erythema and edema of the skin and subcutaneous tissues (Grade II); this usu-
ally develops within 24 hr of the ILI and subsides quickly after reaching a peak at 4–5 
days. A patch of inflammation is often observed in the skin surrounding or overlying 
tumor nodules. Occasionally, there is significant discomfort in the limb, requiring an-
algesia. Grade III toxicity is less common, but is considered an acceptable outcome 
because it is associated with good tumor response rates, and complete resolution of 
the toxicity within 2–3 weeks is usual. Serum creatine phosphokinase (CK) levels are 
measured daily. Those patients with serum CK levels that rise to over 1,000 IU/L are 
treated immediately with corticosteroids until their CK levels have fallen to <1,000 
IU/L and clinical toxicity has diminished.25,26 Normally dexamethasone 4 mg IV every 
6 hr is used initially, with rapid dose reduction once the serum CK level starts to fall. 
If there is any concern that a compartment syndrome might be developing (grade IV 
toxicity), a subcutaneous fasciotomy is performed, but this is rarely necessary. Grade 
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V toxicity (requiring an amputation) has not been observed in our series.9,26 Subcu-
taneous heparin (5,000 IU every 8 hr) is continued during the patient’s hospital stay. 
On discharge, normally after 6–7 days, the patients are instructed to continue taking 
aspirin (300 mg daily) for 3 months.4 

Responses to ILI are assessed according to the standard World Health Organization 
criteria.27 These define a complete response as the disappearance of all measurable 
disease, determined by two observations < 4 weeks apart, and a partial response 
as a ≥ 50% decrease in total tumor size determined by two observations < 4 weeks 
apart and no appearance of new lesions or progression of any lesion. Stable disease 
is defined as no change or a < 50% decrease in tumor size, and progressive disease as 
any increase in size or number of lesions.

Conclusions
ILI is progressively being used to treat troublesome limb melanoma and has also 
successfully been used for other indications. To date the response rates in melanoma 
patients reported by most other institutions have been lower than those reported by 
MIA. This detailed, point-by-point description of the ILI protocol that is currently in 
use at MIA in Sydney and achieving good results may allow other surgeons to modify 
their own ILI protocols and achieve better response rates.

Figure 6: Photograph of an isolat-

ed limb infusion procedure in pro-

gress in the operating theatre.28
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Introduction
The treatment of patients with advanced or recurrent malignancies in a limb is often 
challenging due to the size and number of the satellite and/or in-transit metastasis 
in those who have melanomas, or the invasion of tumor into adjacent structures in 
those who have sarcomas. Before the mid-1950s amputation of the affected limb 
was usually recommended, but following the introduction of the isolated limb per-
fusion (ILP) technique this mutilating procedure has been avoided in the majority of 
patients.1 Using this technique high-dose cytotoxic drugs are administered into the 
affected limb after it has been isolated from the systemic circulation, resulting in 
complete response (CR) rates of 46% (7% to 90%) in melanoma and 29% (8% to 40%) 
in sarcoma.2,3 Leakage of cytotoxic drugs from the isolated circuit causing systemic 
toxicity is low as a result of vascular isolation of the affected limb with a tourniquet.3,4 
The ILP technique, however, is a technically complex procedure and involves an in-
vasive surgical approach. In the past, attempts were made to design a simplified and 
less invasive alternative to ILP. Procedures such as intra-arterial infusion5 and tour-
niquet infusion with partial venous outflow occlusion6,7 were used for this purpose, 
but these techniques failed to achieve response rates comparable to those obtained 
by ILP. In the early 1990s Thompson and colleagues at Melanoma Institute Australia 
(MIA; former the Sydney Melanoma Unit) developed a simplified, minimally invasive 
procedure that they called isolated limb infusion (ILI).  Using the ILI technique, they 
sought to obtain the benefits of ILP without incurring its major disadvantages.8,9 ILI 
is essentially a low-flow ILP, performed under hypoxic conditions (i.e. without oxy-
genation of the perfusate) via percutaneously-placed catheters. This simplified tech-
nique, now in use at many centers around the world, produces response rates similar 
to those achieved by ILP for both melanoma and sarcoma.10-13

Until now, ILI with cytotoxic drugs has been used predominantly as a therapeutic 
procedure, but its simplicity and low morbidity suggest that it has great potential as 
induction therapy for advanced limb tumors.  Limited clinical experience with ILI as 
induction therapy (described later in this chapter) indicates that it is indeed useful 
in reducing the size of large limb tumors and rendering operable many tumors that 
were previously considered inoperable.  



94

Part 1 | regional treatment; isolated limb infusion

Isolated limb infusion
ILI technique 
A schematic overview of the procedure is shown in Figure 1.14 In the radiology de-
partment, standard radiological catheters with additional side-holes near their tips 
are inserted percutaneously into the axial artery and vein of the disease-bearing limb 
via the contralateral groin using the Seldinger technique. For lower limb ILIs, the 
catheter tips are positioned in the popliteal artery and vein just above the knee; 
for upper limb ILIs, the catheter tips are positioned in the brachial artery and basilic 
vein, just above the elbow. Tissues located more proximally in the limb but distal to 
the level of the tourniquet are perfused in a retrograde fashion via collateral vascular 
channels. As soon as the catheters are inserted a warm air blanket is placed over the 
patient, to prevent a decrease in the patient’s body temperature both during trans-
port to the operating theatre and while waiting in the anesthetic room. The patient 
is given a general anesthetic, and heparin (3 mg/kg) is administered to achieve full 
systemic heparinization.  Intra-arterial papaverine (30 to 60 mg) is then injected di-
rectly into the popliteal or brachial artery via the arterial catheter and a pneumatic 
tourniquet is inflated around the root of the disease-bearing limb. If the foot or hand 
is not involved in the tumor process, it is excluded by applying an Esmarch rubber 
bandage tightly around it to decrease local toxicity.15,13 When there is no tumor distal 
to the knee or elbow, a second pneumatic tourniquet can be applied around the calf 
or forearm to exclude a larger volume of the limb that does not require drug expo-
sure. The volume of limb tissue distal to the thigh or arm tourniquet and proximal 
to the distal tourniquet or Esmarch bandage (if either has been used) is then esti-
mated, based on volume measurements made pre-operatively and marked on the 
limb. Limb volume can be determined using several techniques; the simplest is the 
water-displacement method, first described by Wieberdink et al.16 Another method 
is to perform calculations based on measurements of the patient’s leg or arm circum-
ference at 1.5-cm intervals up to the level of the tourniquet, encompassing the entire 
area to be infused.10 Both methods are subject to a certain margin of error, however, 
a more precise method suitable for everyday clinical use has not yet been reported. 

The cytotoxic agents are infused into the isolated limb via the arterial catheter. For 
the duration of the ILI procedure (usually 30 minutes), the cytotoxic infusate is
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Figure 1: Schematic illustration of the circuit used for isolated infusion of a lower limb (adapted from 

Thompson et al.).14

continually circulated by repeated aspiration from the venous catheter and reinjec-
tion into the arterial catheter using a syringe attached to a three-way tap in the ex-
ternal circuit. Figure 2 shows an overview picture of the operating theatre during an 
ILI.  Subcutaneous and intramuscular limb temperatures are monitored and recorded 
continuously during the ILI procedure, and blood samples are taken at regular inter-
vals to measure the melphalan concentrations and blood gases in limb blood. Limb 
temperature is increased by incorporating a blood-warming coil in the extracorpore-
al circuit and by encasing the limb in a hot-air blanket, with a radiant heater placed 
over it. After 30 minutes, the limb is flushed with one liter of Hartmann’s solution 
via the arterial catheter, and the venous effluent is discarded. The limb tourniquet 
is then deflated to restore normal limb circulation, the effect of heparin is reversed 
with protamine, and the catheters are removed. For patients with metastatic disease 
in the groin or axilla requiring a regional lymph node dissection as well as an ILI, this 
is undertaken directly after completion of the ILI procedure (and after reversal of the 
heparin) while the patient is still under general anesthesia. 
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Figure 2: Photograph of an iso-

lated limb infusion procedure in 

progress in the operating thea-

tre. Note the Esmarch bandage 

around the foot to protect the 

acral region from developing post-

operative toxicity. 

The drug leakage rate from the isolated limb into the systemic circulation is evaluated 
retrospectively in all patients using melphalan concentrations in the systemic blood 
that are measured routinely during the procedure. Intra-operative systemic leakage 
monitoring, as performed routinely during ILP, is not performed in ILI since early 
studies demonstrated that systemic leakage is invariably minimal. Postoperatively 
the serum creatine phosphokinase (CK) level is measured daily as an indicator of 
muscle and tissue damage. CK levels exceeding 1,000 IU/l after ILI correlate with 
increased and potentially serious limb toxicity.17,18 Therefore all patients whose CK 
levels exceed 1,000 IU/l and those who develop clinically severe limb toxicity are 
treated with systemic corticosteroids until CK levels have fallen below 1,000 IU/l and 
clinical evidence of toxicity has subsided. Limb toxicity and systemic toxicity are as-
sessed daily and tumor response is assessed at regular intervals postoperatively. 

The ILI technique as described above is the result of progressive modifications based 
on increased experience over time. Initially a dose of 5-7 mg/l melphalan and a circu-
lation time of 15-20 minutes were used. Over time the melphalan dosage was grad-
ually increased to the current 7.5 mg/l. In 1998 the drug circulation time was pro-
longed to 30 minutes, when it became apparent that drug uptake was not complete 
after 20 minutes and satisfactory limb temperatures had often not yet been reached. 
11 This prolonged drug circulation increased the total tourniquet time to over 60 
minutes, resulting in a prolongation of limb ischemia.19 The increased limb ischemic 
times have not been a problem, however, and in orthopedic surgery even longer 
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tourniquet times are used routinely without adverse effects. Indeed, the greater hy-
poxia and acidosis resulting from prolonged tourniquet times are likely to be benefi-
cial, since in vitro studies have shown that increased hypoxia and acidosis produce a 
threefold increase in the cytotoxic effects of melphalan on tumor deposits.20-23

Because of the synergistic anti-tumor effects of hyperthermia and melphalan, and the 
fact that melphalan is ineffective when administered to a hypothermic limb, stren-
uous efforts are made to maintain limb temperatures pre-operatively and increase 
limb temperatures intra-operatively.24 To achieve mild limb hyperthermia (ideally 
38⁰C-39⁰C) special precautions are necessary to avoid body and limb cooling in the 
immediate pre-operative period.  These include the placement of a hot-air blanket 
over the patient as soon as the vascular catheters have been inserted. This measure 
is very effective because the patient’s body temperature decreases rapidly after the 
insertion of the catheters in the radiology department, during the transportation to 
the operating theatre and while awaiting the ILI procedure in the anesthetic room. 
Intra-operatively special precautions to maintain limb temperature are used, includ-
ing use of an overhead radiant heater, and placement of a hot-air blanket around the 
disease-bearing limb to form a cocoon around it.8,11

Intra-arterial administration of papaverine prior to drug infusion is an important part 
of the protocol, to enhance early blood flow through the capillary vessels into cu-
taneous and subcutaneous tumor deposits. This results in exposure of the tumor 
deposits to higher concentrations of melphalan early in the circulation. This is im-
portant since there is a rapid decline in melphalan concentration early in the drug-ex-
posure period because of to the short half-life of melphalan.25,26

As a result of these modifications and increased experience with the procedure, the 
response rates remain similar to those following conventional ILP, despite the in-
creased tumor load in patients treated with ILI, and the fact that many more of them 
have systemic disease also.19 

Similarities and differences between ILI and ILP
Both ILP and ILI involve vascular isolation and perfusion of an extremity with high 
doses of cytotoxic agents.  The major differences between the procedures are the low-
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er blood flow and shorter circulation time in the isolated extremity during ILI (150-1000 
ml/min for 60 minutes during ILP versus 50-100 ml/min for 30 minutes during ILI).11,27 
Furthermore the ILI procedure is a hypoxic procedure, which leads to marked acidosis 
in the isolated circuit in contrast to ILP where an oxygenator maintains full oxygenation 
in the limb. Obtaining vascular access in ILP to perform a repeat procedure or after 
groin or axillary lymph node dissection can be technically difficult due to the pres-
ence of scar tissue, resulting in a considerably increased risk of morbidity. A repeat 
ILI, on the other hand, is normally straightforward because the catheters are inserted 
via the contralateral groin.28,29 Also, blood transfusion, or more recently, the use of 
autologous blood is required for ILP to prime the perfusion circuit but is unnecessary 
during ILI.  A 400 ml infusion of normal saline into the limb is sufficient for ILI, due 
to the small volume of the circuit. Finally, ILP is a technically demanding procedure 
that requires complex and expensive equipment, occupies many hours of operating 
theatre time and involves numerous surgical, anesthetic and nursing personnel plus 
ancillary technical staff. Compared to this ILI is a much simpler procedure, which re-
quires more modest equipment, considerably less time in the operating theatre and 
fewer personnel. Figure 1 gives a schematic overview of the ILI technique. The main 
differences between ILI and conventional ILP are listed in Table 1. 

Drugs used in Isolated Limb Infusion
Melphalan remains the gold standard to treat patients by either ILP or ILI.11,30  In 
some centers actinomycin D is used in addition to melphalan in ILI procedures be-
cause of the good response rates (CR 73%) without any apparent increase in toxici-
ty when it is administered with melphalan during ILP.4,8 The melphalan dose that is 
usually administered for an ILI procedure is 7.5 mg per liter of infused tissue, with 
a maximum dose of 100 mg for large tissue volumes and a minimum dose of 15-20 
mg for very small tissue volumes. Melphalan is infused in a warmed, heparinized, 
normal saline solution. Infusion fluids containing albumin should be avoided because 
albumin binds melphalan and reduces melphalan uptake into the tissues by a factor 
of three.31 The dosage of actinomycin D is usually 75 µg per liter of infused tissue, 
with a minimum of 200 µg for smaller limb volumes and a maximum of 500 µg for 
larger limb volumes. 
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The relationship between infused melphalan dose in mg/l and outcome remains 
unclear.10,16,18 Roberts et al. demonstrated in a dose-response study that increasing 
the melphalan tissue concentration above a threshold of 25 µg/ml does not further 
improve the response rates, whereas higher melphalan concentrations cause more 
severe toxicity.32  Increasing melphalan dose above a certain threshold will only in-
crease toxicity without improving outcome. However, melphalan concentration lev-
els are quite variable in individual patients and the factors that determine melphalan 
concentration levels are not yet fully understood.33,34

In an attempt to decrease toxicity without compromising outcome, clinicians at Duke 
University Medical Centre adjusted the melphalan dose according to ideal body 
weight (IBW).35 This adjustment was based primarily on the observation that the 
strongest predictor of toxicity in patients undergoing conventional ILP is the ratio 
of estimated limb volume (Vesti) to steady-state limb drug volume of distribution 
(Vss).33,34 Hypothetically, patients with a weight greater than their IBW are likely to 
have a high Vesti/Vss since melphalan uptake is lower in fatty tissue compared to 
muscle.36 The Duke University group reported that dose adjustment according to IBW 
decreased toxicity, but at the expense of a lower partial response (PR) rate, while the 
CR rate remained unchanged.10,34 Although it might be argued that the achievement 
of a CR is clinically most important, any reduction in the PR rate due to administra-
tion of a lower melphalan dose is clinically relevant since a PR and even stable dis-
ease following an ILI greatly improve the quality of life in most patients. Moreover, 
in many cases a PR can be followed by resection of the remaining lesions, thus using 
ILI as an induction therapy, often resulting in a CR in the limb after this palliative sur-
gery. A retrospective study at MIA showed a correlation between larger limb volume 
and total melphalan dose, but BMI was not correlated with toxicity.37 This seeming 
contradiction was described 30 years ago by Wieberdink et al, who pointed out that 
regional volumes as a percentage of body weight showed a +/- 30% variability about 
the mean.16 It is clear that to further lower toxicity following ILI without compromis-
ing outcome, more research is required, focusing on optimizing melphalan concen-
trations in the individual patient. 

The simplicity of ILI makes it an ideal model to test other drugs. For example, the 
alkylating agent fotemustine was tested in a pilot study in patients with advanced 
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melanoma confined to a limb. In this study a high response rate was achieved after 
ILI, with a CR rate of 31% and a PR rate of 61%. Unexpectedly, however, the proce-
dure was associated with severe local toxicity: 4 of 13 patients (31%) experiencing 
Wieberdink grade V toxicity requiring amputation of the infused limb.16,38 

Recently, the alkylating agent temozolomide (TMZ) has been studied as a new re-
gional cytotoxic agent to treat melanoma. ILI with TMZ is a potentially promising ap-
proach because of the ability to predict response more accurately. The effect of this 
agent is dependent on the activity of the DNA repair enzyme O6-alkylguanine-DNA 
alkyltransferase (AGT) in tumor cells. In an animal model, regional therapy with TMZ 
was more effective than melphalan for a xenograft tumor with low AGT activity, 
whereas melphalan was more effective than temozolomide in another xenograft tu-
mor with high AGT activity.39 The results of a formal phase I clinical study using TMZ 
are awaited with great interest.

Another approach to increase tumor response is by using systemic modulators of 
drug resistance proteins to overcome regional chemotherapy resistance.  TMZ che-
momodulation with O6-benzylguanine (O6BG), an inhibitor of the DNA repair en-
zyme AGT, significantly improved the tumor response in a melanoma xenograft mod-
el using TMZ in ILI.40 Tumor resistance to melphalan was associated with elevated 
intracellular GSH levels. In an animal model short-term systemic therapy with buta-
thione sulfoximine (BSO), an inhibitor of the rate-limiting enzyme in GSH-synthesis, 
enhanced the effects of regional melphalan without increasing toxicity.41 Phase I tri-
als of these agents have not yet been completed. More drug modulators are current-
ly under development and others are already being tested pre-clinically or in phase 
I studies.42

Toxicity and Side Effects following ILI
Following ILI with melphalan and actinomycin D, regional toxicity is normally 
low.9,10,35,43 The toxic reaction normally reaches its peak after 3 to 5 days and then 
begins to subside. In most cases conservative treatment involving bed rest, limb el-
evation and sometimes administering systemic steroids is sufficient. Toxicity is most 
often described using the Wieberdink toxicity scale (Table 2).16 Slight erythema and 
oedema is seen in 41-57% of patients and in 39-53% this is accompanied by the 
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formation of blisters, corresponding to Wieberdink toxicity grades II and III, respec-
tively. In 3% of patients the muscle and other deeper tissues are involved and in 
order to prevent a compartment syndrome from occurring a prophylactic fasciotomy 
is performed in these cases. To date, except for the toxicity after fotemustine in an 
experimental setting, described previously, it has not been necessary to amputate a 
limb due to severe toxicity following ILI.44 

Table 2: Wieberdink toxicity grading.16

Grade I No visible effect

Grade II Slight erythema and/or oedema

Grade III Considerable erythema and/or oedema with blistering

Grade IV Extensive epidermolysis and/or obvious damage to deep tissues with a threatened or 

actual compartment syndrome

Grade V Severe tissue damage necessitating amputation

Table 3: Isolated limb infusion studies using melphalan and actinomyocin D.10-12,43,44,52,53

Author, year No. of patiënts Response criteria CR     PR       SD      PD

Mian, 2001

Lindnér, 2002

Kroon, 2008 

Brady, 2009

Barbour, 2009

Beasley, 2009

Raymond, 2011

9*

128

185

32**

74

128

126

best response

best response

best response

3 months

best response

3 months

3 months

44%   56%    0%     0%

41%   43%   12%    4%

38%   46%   10%    6%

25%   28%    6%     41%

24%   30%    37%   7% 

31%   33%    7%     29%  

30%   13%    11%   29% 

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease. 

* 3 patients had >1 ILI. 

** 1 patient had advanced sarcoma
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Minor side effects include superficial desquamation of the skin, which often occurs 
after 2-3 weeks. Hair growth in drug-exposed sites of the treated limb normally ceas-
es for up to 3 months after an ILI and residual pigmentation of the limb is common. 
If the foot or hand is not excluded by an Esmarch bandage or pneumatic tourniquet 
during ILI, loss of the superficial layers of the epidermis of the sole or palm may oc-
cur, leaving a delicate and sensitive new skin surface exposed. If this occurs, it takes 
many weeks until the area is again covered by normal plantar or palmar skin. Addi-
tional loss of toenails or fingernails can occur 3 to 4 months after the treatment.18 
These side effects are identical to those observed after conventional ILP.28 

Indications and results
As for ILP, the primary indications for ILI are the presence of inoperable in-transit 
melanoma of an extremity, and advanced, inoperable extremity sarcoma.11,13,45 ILI 
has also been used successfully in patients with refractory warts of the hands,46  re-
fractory chromomycosis,47 localized cutaneous T-cell lymphoma,48 squamous cell car-
cinoma and Merkel cell carcinoma.49 

Melanoma
In a multi-center retrospective study conducted in the USA,10 31% of patients expe-
rienced a CR following ILI, 33% had a PR and 36% showed no response to the treat-
ment. In a single-centre experience a CR rate of 38% and a PR of 46% were achieved 
in patients suffering from melanoma following ILI.11 Figure 3 shows a large melano-
ma tumor before and after ILI. The median limb recurrence-free interval (LRFI) in 
patients with a PR was 13 months and for those experiencing a CR it was 22 months 
(range 5 to > 72: p = 0.012). The median survival following a CR was 53 months (range 
28 to > 120), following a PR 26 months (range 14 to > 120), and only 6 months for 
those who had stable or progressive disease following the procedure (p = 0.004). 
At the Duke University Medical Centre 126 first-time ILI’s were performed with a 
CR of 30% and a PR of 14%.  In 88% of these procedures chemotherapy doses were 
corrected for IBW. The patients with a CR had a median survival of 31 months, those 
with a PR, SD or PD had a combined median survival of 28 months. These results and 
survival data are similar to those following ILP with melphalan.44,50,51 As well as these 
studies, a number of other institutions around the world have now reported their 
initial experiences with ILI; these are listed in Table 3.10-12,43,44,52,53 The wide range of 
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results in these studies is likely to be due to the low number of patients in some of 
them and possibly by a variable early experience with the technique in the institu-
tions performing ILIs. Furthermore, some institutions have used protocols that differ 
in small but potentially important ways from the protocols used by others. The im-
pact of protocol variations and the effect of increased experience have recently been 
investigated at MIA.19 In this study it was shown that increased experience and small 
modifications that were made to the ILI protocol over a 14 year period resulted in a 
positive effect on outcome.  Another explanation for the range in results that have 
been reported could be the point in time at which the response to the procedure was 
assessed. Beasley et al., for instance, reported the response exactly 3 months follow-
ing ILI, while others have reported the best response at any time after the procedure. 

Sarcoma and other non-melanoma skin malignancies
Experience with the use of ILI for sarcoma is still limited. A study conducted at MIA in-
volved the use of ILI in a cohort of 21 patients with soft tissue sarcoma. In 14 of these 
patients the ILI was performed as induction therapy and in the other 7 patients the 
ILI was used as a palliative measure.13 The OR was 90%, with a CR of 57% and a PR of 
33%. The response rate in the induction therapy group was 100%, with a histological-
ly confirmed CR rate of 65% (i.e. in 65% of the surgical resection specimens no tumor 
cells were found). After a median follow-up of 28 months the limb salvage rate was 
76%. Turaga et al. describe a cohort of 22 patients; 14 with sarcoma, 7 with Merkel 
cell carcinoma and 1 with squamous cell carcinoma, all treated with ILI.49 The overall 
response rate in this report was 79%, with a CR rate of 21% and a PR rate of 58%. In 
86% of the patients limb preservation was achieved. Interestingly, 4 of the 5 patients 
who underwent resection of residual disease after their ILI remained disease free 
after a median follow-up of 8.6 months. 
In another study ILI using doxorubicin followed by external beam radiotherapy was 
used as an induction therapy to obtain local control and make limb-sparing surgery 
feasible. In this study 30% of the patients showed a PR and 55% a minimal response. 
At a median follow-up of 15 months, limb salvage was achieved in 82.5%.45

Isolated Limb Infusion as induction therapy
Besides using the ILI technique to test new drugs and to find systemic modulators 
to overcome resistance to known cytotoxic agents, it can also be used to provide 
induction therapy. The goals of therapeutic ILI are to achieve satisfactory palliation 
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Figure 3a: Extensive in-transit mel-

anoma metastases of the left lower 

leg before ILI.

Figure 3b: Remission 4 weeks 

post-ILI.

Figure 3c: Complete response 

4 months post-ILI.
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and limb salvage. Achieving a CR improves the quality of life markedly, but achieving 
a PR or even SD can substantially improve the patient’s quality of life also. After a PR 
or when recurrent lesions appear following ILI simple local treatments of the remain-
ing or recurrent lesions by excision, laser ablation, electrodessication, injection with 
rose bengal or radiotherapy can be effective in controlling the disease.54 If recurrent 
disease is too extensive to be treated with simple local measures, a repeat ILI can be 
considered, and can usually be performed without difficulty due to the minimally 
invasive character of the procedure.55 Over a 15-year period only 14 of 235 patients 
treated with an ILI at the MIA eventually needed an amputation to control persistent 
or recurrent limb disease.56 In patients with inoperable sarcoma ILI can be used as 
neo-adjuvant therapy, prior to surgical excision or radiotherapy, similarly to ILP. Us-
ing this approach limb salvage rates of 76-86% have been reported.13,45,49  Another 
approach has been to combine pre-operative ILI with doxorubicin and pre-operative 
external beam radiotherapy to obtain local control and make limb-sparing surgery 
feasible.45 This led to a limb salvage rate of 82.5%.45

An interesting induction strategy is the use of systemic modulators to augment the 
cytotoxic effects of regional chemotherapy administered by ILI. In a phase II study 
designed to test whether systemic ADH-1 enhanced the tumor response to ILI with 
melphalan, an overall response rate of 60% was achieved without increasing toxicity, 
compared with an overall response rate of 40% achieved previously with melphalan 
alone at the same institution.57,58 Along similar lines, following the promising results 
of systemic sorafenib therapy combined with DTIC, the effect of systemic sorafenib 
in combination with regional melphalan or temozolomide on melanoma was stud-
ied in an animal model.59-61 This pre-clinical study showed that systemic sorafenib in 
combination with regional melphalan or regional temozolomide was more effective 
in reducing the tumor growth than either treatment alone.62 The results of a phase I 
clinical study are awaited with great interest. 

Conclusions
By using ILI with therapeutic intent or as induction therapy, amputation of the affect-
ed limb in patients with inoperable melanoma or sarcoma can be avoided in almost 
all patients.  When used for palliation of extensive or recurrent limb disease, good 
control can be achieved in the majority of them.  ILI is an excellent model to test new 
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drugs or new treatment regimens.  A number of studies are currently investigating 
new strategies for treating melanoma and sarcoma using the ILI technique, and in-
novative methods of using ILI as induction therapy, not yet fully exploited, are being 
developed. 
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Abstract
Background: In the US, whether a sentinel lymph node biopsy (SLNB) is performed 
depends on tumor and patient factors, including socioeconomic status (SES) and type 
of health care insurance. We analyzed which patient and tumor characteristics influ-
enced the use of SLNB in a country where every patient has equal access to health-
care.

Methods: Patients diagnosed with a cutaneous invasive melanoma of ≥1 mm be-
tween 2004 and 2011 and living in the northeastern part of the Netherlands were 
selected from the Netherlands Cancer Registry. Regression analysis was performed 
to assess the association of patient and tumor characteristics and SLNB use.

Results: SLNB was performed in 42% of the 2,413 included patients. The frequency 
of performing SLNB increased between 2004 and 2011 from 24 to 55% (p < 0.001). 
Patients were less likely to undergo SLNB if they had a melanoma located in the head 
and neck area (p < 0.001), when they were over 55 years (p = 0.001), and if they 
had a low SES (p = 0.03). SLNB use was more likely when the diagnosis of melanoma 
was made in the university hospital (p = 0.045) or when the Breslow thickness was 
2.01–4.0 mm (p = 0.03).

Conclusions: The use of SLNB has increased significantly between 2004 and 2011. 
However, in 2011 it was still performed in only 55% of the Dutch patients with a 
melanoma ≥1 mm. In patients with head and neck melanoma, older patients, and 
patients with low SES, SLNB was less frequently performed. Patients with T3 mel-
anomas and a diagnosis made in the university hospital more often had an SLNB 
performed.
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Introduction
Sentinel lymph node biopsy (SLNB) was developed in the early 1990s as a minimal-
ly invasive method to detect the presence of occult metastases and thereby differ-
entiate between true stages I or II melanoma and occult stage III melanoma.1 The 
procedure was developed to help select patients who would benefit from a comple-
tion lymph node dissection. Since then, a multitude of studies have been performed 
showing that SLN status is a powerful predictor of survival.2–4 Furthermore, there is 
evidence suggesting that SLNB leads to improved regional disease control and im-
proved disease-free survival.5–7 The subanalysis for node-positive patients with inter-
mediate-thickness melanoma in the final report of the MSLT-I trial shows that SLNB 
leads to improved melanoma-specific survival in these patients. However, because 
an overall survival benefit between the observation and experimental groups could 
not be shown, the overall therapeutic value of the SLNB will unfortunately remain a 
subject of great debate.7 

When the strong prognostic value of the procedure became clear, the SLNB was in-
cluded in the staging guidelines of the American Joint Committee on Cancer (AJCC).8,9 
In the Netherlands, physicians have been advised to offer the SLNB as a diagnostic 
procedure for all patients with stage IB melanoma or higher who want to be optimal-
ly informed about their prognosis since 2005.10,11 

Although the SLNB is part of most national guidelines, its use is reported to be lim-
ited. In the US, SLNB is used in only 47–60% of patients with stage IB melanoma 
or higher.12–16 In these studies the use of the SLNB has been related to age, tumor 
location, Breslow thickness, and socioeconomic and geographic factors. Bilimoria et 
al.14 showed that type of insurance was associated with the performance of an SLNB, 
and Martinez et al.15 noted that patients from the south were less likely to receive an 
SLNB. Other factors that negatively influenced the use of SLNB in these studies where 
location on the head and neck, being a Native American, and increasing age. 

There are only limited data available about the use of SLNB in Europe. One British 
study showed that only 15 of 49 centers that treat melanoma use the SLNB proce-
dure.17 In France in 2004, only 34% of patients with melanoma ˃1 mm underwent an 
SLNB. In this study, the use of SLNB was more related to medical and geographic envi-
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ronment than to other patient or tumor characteristics.18 However, both abovemen-
tioned studies were performed before SLNB recommendations were implemented in 
the national guidelines of these countries. One German study, performed after the 
implementation of SLNB in the German national guidelines, showed that SLNB was 
performed in 87.8% of the eligible patients.19 No great variation was noted between 
different center sizes, geographic regions, and healthcare coverage. 

The present study was performed to describe the use of SLNB in the Netherlands 
by using data from the Netherlands Cancer Registry. In the Netherlands, the guide-
lines advise to perform SLNB in patients with AJCC stage IB and higher. We aimed 
to describe the percentage of eligible patients in which SLNB was performed and to 
identify factors influencing the use of this procedure in the Netherlands. A factor of 
particular interest was socioeconomic status (SES), because there are few data on 
the influence of SES on the use of SLNB in Europe, and, in contrast to the US, all Dutch 
patients have similar access to health care. Therefore, we expected that SES does not 
influence the use of SLNB, in contrast to previous American studies.

Methods
The details of patients diagnosed with primary cutaneous melanoma from 2004 to 
2011 and living in the northeastern part of the Netherlands were extracted from 
the Netherlands Cancer Registry. This registry documents various data (patient and 
tumor characteristics and information on treatment and follow-up) from all newly 
diagnosed patients in the Netherlands.

Only patients aged 18 years and older were included. According to Dutch guidelines, 
SLNB is advised in all stages IB and II patients who want to be optimally informed 
about their prognosis. Because AJCC stage is not registered in the database, we se-
lected patients with an invasive melanoma of ≥1 mm and excluded all patients with 
distant metastases or palpable lymph nodes at the time of diagnosis (n = 2,413).
The following data were extracted from the database: sex, age, SES, Breslow thick-
ness, histology, and hospital of first diagnosis. Unfortunately, race and ulceration 
were not available in the database. The SES of a patient depends on his or her ad-
dress: for every postal code, SES is estimated by the Netherlands Institute for Social 
Research by using four variables: mean income, percentage of habitants with low 
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income, percentage of habitants with low education level, and percentage of unem-
ployment. On the basis of SES, patients were equally divided over five groups. The 
highest group number (group 5) corresponds with the fifth of patients with the best 
SES. Age was divided in four groups: 18–35, 36–55, 56–75, and ˃75 years. Breslow 
thickness was categorized according to the T stages. The database described four 
types of hospitals: general hospital, teaching hospital, academic hospital, or ‘oth-
er.’ The academic hospital was the University Medical Center Groningen, a tertiary 
melanoma center and the only university hospital of the northeast Netherlands. The 
category ‘other’ contains general practitioners or private clinics.

The χ2 test was used to analyze whether the frequency of SLNB had significantly in-
creased during the past 8 years. Logistic regression analysis was performed to assess 
the association of patient and tumor characteristics and SLNB use. Odds ratios (ORs) 
were calculated. The software package SPSS 17.0 for Windows (SPSS, Inc., Chicago, 
IL) was used for statistical analyses.

Results
Patient and tumor characteristics
Between 2004 and 2011, a total of 2,413 patients aged 18 or older with melanoma 
≥1 mm and no clinical signs of nodal or distant metastases were registered in the 
database. SLNB was performed in 1,009 (42%) of these patients. Over the years there 
was a significant increase in the use of the procedure; in 2003, the procedure was 
performed in 24% of the patients, whereas in 2011, SLNB was used in 55% of the 
eligible patients (p > 0.001; Fig. 1). Half of the patients had a melanoma localized on 
either an upper or lower extremity, 35% had a melanoma lesion located on the trunk, 
and 15% had melanoma located in the head and neck area. The most common type 
of histology was superficial spreading melanoma (58%), followed by nodular mela-
noma (21%) and melanoma not otherwise specified (18%). Only few were lentigi-
nous melanoma (3%). There were 1,373 patients (57%) with melanoma of 1–2-mm 
Breslow thickness, 623 patients (26%) with 2.01–4.0-mm-thick melanoma, and 417 
patients (17%) with melanoma >4.0 mm thick. Almost half of the melanomas (49%) 
were diagnosed in a teaching hospital, 40% were diagnosed in a community hospital, 
and 3% were diagnosed in the academic center. These patient and tumor character-
istics are shown in Table 1.
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Table 1: Characteristics of patients with melanoma ≥ 1mm Breslow Thickness registered from 2004 to 

2011 in the North-Eastern part of the Netherlands

Patient characteristics Total no of patients Undergoing SLNB (%)

Sex    male 1137 491 (43)

   female 1276 518 (41)

Age    18-35 years 191 102 (53)

   36-55 years 744 413 (56)

   56-75 years 1023 426 (42)

   >75 years 455 68 (15)

Location    Trunk 852 393 (46)

   Upper extremity 505 225 (45)

   Lower extremity 700 321 (46)

   H&N 354 69 (20)

   Unknown 2

Histology    Nodular 512 204 (40)

   Lentigo 74 23 (31)

   Superficial spreading 1391 607 (44)

   Other/NOS 436 175 (40)

Breslow Thickness    1.0-2.0 mm 1373 598 (44)

   2.01-4.0 mm 623 277 (45)

   >4.0 mm 417 134 (32)

SES    5 (highest) 478 215 (45)

   4 487 206 (42)

   3 479 197 (41)

   2 487 211 (43)

   1 (lowest) 482 180 (37)

Diagnosis Hospital    Teaching 1185 478 (40)

   Academic 81 45 (56)

   Community 963 408 (42)

   Other 85 25 (30)

   Unknown 99 53 (54)

SLNB, sentinel lymph node biopsy; H&N, head and neck; NOS, not otherwise specified; SES, social eco-

nomic status, no; number.
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Factors influencing SLNB use
The following factors significantly influenced the performance of SLNB in melanoma 
patients: age, location of the melanoma, Breslow thickness, hospital of diagnosis, 
and SES. Patients aged 56–75 years and aged 75 years or older had SLNB performed 
less often compared with 18–35-year-old patients (OR 0.58 and 0.16; p = 0.001 and < 
0.001, respectively). Tumor location on the head and neck also negatively influenced 
the use of SLNB when compared with trunk localization (OR 0.41; p < 0.001). Pa-
tients with 2.01–4.0-mm-thick melanoma had an SLNB performed more often than 
patients with melanoma of 1.0–2.0-mm thickness (OR 1.27; p = 0.03).

Patients who were diagnosed with melanoma in the academic hospital had a greater 
chance of having an SLNB performed than patients diagnosed in a teaching hospi-
tal or a community hospital (OR 1.64; p = 0.045). Furthermore, patients who were 
diagnosed in an ‘other’ institute (general practitioner or private clinic) had an SLNB 
performed significantly less often compared with patients diagnosed in teaching hos-
pitals. Patients with a SES in the lowest quintile had an SLNB performed significantly 
less often than patients with an SES in the highest quintile (37 vs. 45%, respectively; 
OR 0.73; p = 0.03; Fig. 2). The results of the multivariable analysis are shown in Table 
2.

Figure 1: Use of SLNB from 2004-2011 in 

patients with melanoma ≥1mm Breslow 

thickness living in the Northeastern part 

of the Netherlands.

Figure 2: Use of SLNB stratified according 

to socioeconomic status.
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Table 2: Factors associated with undergoing a SLNB (multivariable model)

Patiënts
Undergoing 

SLNB (%)
OR 95% CI p value

Sex    male 43 1

   female 41 0.86 0.71 – 1.04 0.11

Age    18-35 53 1

   36-55 56 0.99 0.71 – 1.38 0.96

   56-75 42 0.58 0.42 – 0.81 0.001

   >75 15 0.16 0.11 – 0.25 <0.001

Location    Trunk 46 1

   Upper extremity 45 1.21 0.95 – 1.55 0.12

   Lower extremity 46 1.14 0.91 – 1.43 0.26

   H&N 20 0.41 0.29 – 0.56 <0.001

Histology    Nodular 40 1

   Lentigo 31 1.18 0.64 – 2.19 0.59

   Superficial spreading 44 1.02 0.80 – 1.29 0.87

   Other/NOS 40 1.06 0.80 – 1.41 0.68

Breslow Thickness    1.0-2.0 mm 44 1

   2.01-4.0 mm 45 1.27 1.02 – 1.57 0.03

   >4.0 mm 32 0.84 0.64 – 1.10 0.21

SES    5 (highest) 45 1

   4 42 0.93 0.70 – 1.22 0.58

   3 41 0.89 0.68 – 1.18 0.42

   2 43 0.94 0.71 – 1.24 0.67

   1 (lowest) 37 0.73 0.55 – 0.97 0.03

Diagnosis Hospital    Teaching 40 1

   Academic 58 1.64 1.01 – 2.67 0.045

   Community 42 1.07 0.89 – 1.29 0.46

   Other 30 0.49 0.30 – 0.81 0.005

SLNB, sentinel lymph node biopsy; H&N, head and neck; NOS, not otherwise specified; SES, social eco-

nomic status.
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Discussion
SLNB is a widely accepted diagnostic procedure that has shown to be a powerful pre-
dictor of survival. Several American studies have shown that age, tumor location, and 
Breslow thickness influence the use of SLNB. However, it is interesting to note that 
social factors such as race, insurance, and living area also influence its use.14–16,18 Only 
three studies describe the use of SLNB in Europe, of which two studies were per-
formed before the official integration of SLN status in the AJCC staging in 2009.17–19 

This study was undertaken to describe the current use of the SLNB in the Nether-
lands and evaluate which factors influence the use of SLNB in a country in which all 
patients have equal access to health care.

The use of SLNB in the Netherlands has increased significantly between 2004 and 
2011 from 24 to 55% (p < 0.001). This is comparable to data from the US.12–16 It is, 
however, considerably less than the implementation of the SLNB in neighboring 
country Germany (>85% all age groups).19 This was an unexpected finding. Germany 
has a mandatory health insurance system similar to the Dutch system, so access to 
health care is comparable in both countries. However, the German guidelines are 
very clear about the indications for SLNB (any melanoma with Breslow thickness 
>1 mm and melanoma with Breslow thickness 0.75–1.0 mm plus ulceration or high 
mitosis rate or age <40 years), whereas the Dutch guidelines are less explicit and 
state that an SLNB is ‘advised’ in patients with melanoma stages IB and II for optimal 
staging and prognostic information. This difference might be a reason for the higher 
guideline adherence in Germany. Another possibility is that Dutch surgeons do not 
advise the SLNB procedure, despite the current ASCO/ASO guidelines, because the 
therapeutic value of the procedure itself is still debated.20

As in other studies, age was an important predictor of the use of SLNB. Patients aged 
56–75 and 75 years or older had SLNB performed less often than 18–35-year-old 
patients (OR 0.58 and 0.16; p = 0.001 and < 0.001, respectively). Younger patients 
and their doctors find it more important to be precisely informed about prognosis 
than older patients. Older patients often have more comorbidity, and therefore more 
perioperative complications can be expected. This negatively influences the decision 
to use SLNB.
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Another known phenomenon is that SLNB for melanoma in the head and neck area 
is less often performed. SLNB in the head and neck area is a technically difficult pro-
cedure for which experienced head and neck surgeons are needed.21,22 Also, its use-
fulness is sometimes doubted because of the high false-negative rate and because 
distant recurrences without evidence of nodal recurrences are not infrequently 
seen.23,24 New imaging techniques could assist in the detection of SLNs. Although 
none of the current imaging techniques can identify small (<3-mm) SLNs or distant 
metastases, recent studies have shown improvements in the detection of SLNs by 
using imaging.25,26 Lymphoscintigraphy combined with single-photon emission com-
puted tomography combined with computed tomography showed promising results 
for detecting SLNs and their drainage patterns.26–28 Furthermore, fluorodeoxyglucose 
positron emission tomography/computed tomography using new tracers such as 
[18F]ICF01006 was able to detect SLNs and distant skin metastases before they were 
clinically palpable.29 

This study confirms that patients with 2.01–4.0-mm-thick melanoma most often 
have SLNB performed.15,16 This is probably because the prognostic value of an SLNB is 
highest in this group of patients. Also, patients with thinner melanoma have a much 
lower risk of having a positive SLNB, and a positive SLNB has a smaller influence on 
prognosis. The most evidence for a therapeutic value of SLNB and completion lymph 
node dissection exists for intermediate-thickness (1.20–3.50-mm) melanoma.6 

Unexpectedly, a high SES was associated with more use of the SLNB procedure. The 
difference in SLNB use was significant only between the highest and lowest quintile. 
The difference between the other quintiles, containing patients with the most av-
erage SES scores, was not significant. Still, the difference between groups 1 and 5 is 
remarkable, because there should theoretically not be any difference at all between 
the SES quintiles because all patients in the Netherlands have equal access to health-
care. An explanation for this could be that patients with lower SES are generally older 
than patients with higher SES. Another explanation might be that patients with a 
higher SES have a stronger need for prognostic information, even if their prognosis 
might not be changeable. It could also be that patients with a higher SES more often 
know of the existence of this procedure and actively ask for this option. The finding 
that SES influences the use of SLNB is in contrast to a German study by Livingstone 
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et al.,19 in which living region (east vs. west and federal state) and insurance status 
did not influence SLNB. This is remarkable because Germany is geographically close 
to the Netherlands and has a comparable health care and insurance system. Studies 
from the US do show that race, health insurance state, and SES all influence SLNB 
use, but the health care and insurance system in the US is less comparable to that 
in the Netherlands.14,15 The more consistent use of SLNB in Germany is probably ex-
plained by the clear indications for SLNB in this country. In the Netherlands the SLNB 
is advised only as a staging instrument in patients with stage IB or higher.

Finally, patients who were diagnosed in the academic hospital more often had an 
SLNB performed compared with patients diagnosed in one of the teaching hospitals. 
Academic centers might participate more often in studies concerning SLNB. How-
ever, because there is only one academic center, which is also a tertiary melanoma 
center, included in this study, these results need to be interpreted cautiously.

Although uniform tumor staging is important not only to inform patients correctly, 
but also for study purposes, the guideline to use SLNB as a staging tool for melanoma 
is followed in only 56% of cases in the Netherlands. Patients with thin melanoma, 
melanoma in the head and neck area, older patients, patients with lower SES, and 
patients not diagnosed in academic hospitals all have a smaller chance of having an 
SLNB performed than patients without these characteristics. Although in individual 
cases, age, tumor location, and Breslow thickness might be valid reasons to not of-
fer an SLNB, this does not seem to explain all cases of noncompliance. The ongoing 
discussion about the therapeutic benefits of the SLNB (and subsequent completion 
lymph node dissection) might be an important other reason for noncompliance. The 
final results of the MSLT-I make at least an argument for the therapeutic value of 
SLNB-based management of intermediate-thickness melanomas. In addition, the 
prognostic impact of the SLNB remains a very important factor in the staging of mel-
anoma patients and will be even more important in the near future when more and 
more (adjuvant) systemic treatments become available.
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Abstract
Background: Primary cutaneous head and neck melanomas (HNM) are reported to 
be associated with a higher incidence of brain metastasis than trunk and limb mela-
nomas (TLM). In this study, the incidence of brain metastases in patients with HNM 
and risk factors for the development of brain metastases were analyzed.

Methods: From a large, prospectively-collected database, 1,687 HNM patients and 
8,793 TLM patients who presented with American Joint Committee on Cancer (AJCC) 
stage I and II disease were identified. Survival was assessed using the Kaplan-Meier 
method and multivariate Cox regression analysis. Independent risk factors were de-
termined by binary logistic regression analysis.

Results: The incidence of brain metastases 5 years after diagnosis of HNM was 6.7% 
compared with 4.7% for brain metastases from TLM (p = 0.003). Patients with scalp 
melanomas were most likely to develop brain metastases (12.7%). Independent risk 
factors for brain metastasis in patients with HNM were Breslow thickness, ulceration, 
and scalp location.

Conclusion: Patients with primary scalp melanomas had a much higher incidence of 
brain metastasis than patients with melanomas on other head and neck sites, who 
in turn had a higher incidence than patients with melanomas on sites elsewhere on 
the body. More intensive monitoring of patients with scalp melanomas, who are at 
particularly high risk of brain metastasis, might lead to earlier discovery of meta-
static disease in the brain, offering the prospect of earlier intervention and better 
outcomes.
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Introduction
Of all cutaneous melanomas, 15-20% arise in the head and neck area.1 Cutaneous 
head and neck melanomas (HNM) have been reported to have a worse prognosis 
than trunk and limb melanomas (TLM).1-3 In a retrospective cohort study, the 10-year 
survival probability for scalp and neck melanomas was 76.2% compared with 88.7% 
for melanomas located elsewhere (p < 0.001).1 In another study, the 5-year melano-
ma-specific survival for patients with scalp melanomas was 64.5% compared with 
78.3% for patients with melanomas elsewhere on the head or neck, 77.5% for trunk 
melanomas, and 82.0% for limb melanomas.4

The high incidence of brain metastases reported in patients with HNM (8-19.5%) 
might partly explain their worse prognosis.5,6 In a recent study of 900 melanoma 
patients, ulceration and site of the primary tumor on the head or neck were found 
to be independent predictors of brain metastasis.4 Brain metastases carry the worst 
prognosis of all blood-borne metastases and remain a common cause of mortality 
from melanoma. The median survival of melanoma patients who develop brain me-
tastases is just 113 days, with only 15% of them remaining alive 12 months after brain 
metastasis has been diagnosed.7 Brain metastases from the head and neck region 
are associated with an even shorter survival time.6-8 A significantly higher incidence 
of brain metastases in patients with HNM (8%) compared with those who have ex-
tremity or truncal melanomas (5.2%) was reported by Daryanani et al.5 These authors 
identified male sex, increasing Breslow thickness, high mitotic rate, and younger age 
as risk factors for brain metastasis in this population. As far as we are aware, this 
has been the only previous study that has analyzed the incidence and risk factors 
for brain metastasis in HNM. It involved a relatively small study population of 324 
patients in The Netherlands. The aims of the current study were to analyze the inci-
dence of brain metastases in a much larger cohort of patients with HNM, using in-
formation contained in the research database of Melanoma Institute Australia (MIA), 
and to determine risk factors for the development of brain metastases, which might 
have implications for follow-up strategies.

Patients and methods
Prospectively collected information from the MIA research database was used for 
this retrospective analysis. All patients were treated at the MIA and gave written 
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informed consent for the use of de-identified information for research purposes. Be-
tween 1980 and 2000, a total of 1,990 HNM patients with a single primary melanoma 
were registered in the database. For this study, patients with American Joint Commit-
tee on Cancer (AJCC; 7th edition) stage 0, III, or IV disease at the time of diagnosis (n 
= 155), without follow-up (n = 138), and aged less than 14 years (n = 10) were exclud-
ed. This left a study group of 1,687 patients with HNM. To investigate whether HNM 
was associated with a higher incidence of brain metastasis, a comparison group of 
patients with primary cutaneous melanomas at other body sites (TLM) was selected 
using the same criteria. In the same time period, 11,064 patients with a single TLM 
were treated at the MIA. Again, patients with AJCC stage 0, III, or IV disease (n = 898), 
without follow-up (n = 1,346), and aged less than 14 years (n = 27) were excluded, 
leaving a final control group of 8,793 patients. The mean and median follow-up times 
for the HNM patients were 83.3 and 68.2 months, respectively (interquartile range 
[IQR] 33.2-121.1), and for the TLM patients were 89.2 and 72.8 months, respectively 
(IQR 33.9-130.1). The following clinical data for all patients were retrieved: age at 
diagnosis, sex, date of primary diagnosis, stage at diagnosis, and site of the primary 
tumor. If applicable, the date of diagnosis of brain metastasis was recorded. The fol-
lowing histopathologic data were retrieved: primary tumor Breslow thickness (mm), 
ulcerative state, and mitotic rate (per mm2). 

Univariate survival analysis of categorical covariates was carried out using the Ka-
plan-Meier method together with the log-rank (Mantel-Cox) test to calculate statis-
tical significance. Multivariate survival analysis was carried out with Cox regression 
proportional hazards model. Proportionality of the categorical variables was tested 
by visual inspection of the log-minus-log plots. Time to brain metastasis was calcu-
lated from the date of primary melanoma diagnosis to the date brain metastasis was 
first discovered. Time to other distant metastasis was calculated in the same way. 
Primary tumor site was allocated to one of five subsites: scalp, face, neck, trunk, 
or extremity. Consistent with the latest (7th edition) AJCC staging system, mitotic 
rate was classified as < or ≥  1/mm2.9 Breslow thickness was grouped according to 
T-stage categories 0-1.00, 1.01-2.00, 2.01-4.00, >4 mm. Pearson’s χ2, Mann-Whitney 
U (MWU), and Kruskal-Wallis tests were used where appropriate. Independent risk 
factors for brain metastasis were analyzed using a binary logistic regression model. 
To limit the bias caused by limited follow-up of some patients, we selected patients 
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for the model only if they had either a minimum 10 years of follow-up or an event 
(brain metastasis or death caused by melanoma) within 10 years after the primary 
diagnosis. This resulted in a total of 801 HNM patients and 4,023 TLM patients being 
included in the risk analysis. The threshold level of significance for all analyses was 
a p value of 0.05. The software package IBM SPSS Statistic 19.0 (IBM Corporation, 
Armonk, NY, USA) was used for statistical analyses.

Results
Patient and Melanoma Characteristics
Table 1 shows the characteristics of all patients categorized according to their prima-
ry melanoma location (extremity, trunk, neck, face, or scalp). Patients with scalp and 
face melanomas were significantly older (62 years and 65 years, respectively) than 
the other patients (MWU test; p < 0.001). A higher proportion of patients with scalp 
melanomas were male (85.8%) compared with patients with melanomas of all other 
regions (χ2 = 115.8; degrees of freedom (df) = 1; p < 0.001). Patients with melanomas 
on an extremity were more often female compared with patients with melanomas 
in any other region (χ2 = 1,085.1; df = 1; p < 0.001). Breslow thickness was greatest 
for scalp melanomas (median 2.30 mm; MWU test; p < 0.001) and these melanomas 
were also most often ulcerated (χ2 = 21.7; df = 1; p < 0.001). Face and scalp mela-
nomas more often had a mitotic rate ≥ 1/mm2 compared with extremity, trunk, and 
neck melanomas (χ2 = 16.9; df = 1; p < 0.001).

Characteristics of Patients with Brain Metastases
Patient and tumor characteristics of HNM patients with and without brain metas-
tases in the course of their disease are detailed in Table 2. Patients who developed 
brain metastases were significantly younger at the time of diagnosis (median age 55 
vs. 59 years; p = 0.008) and more frequently male (79 vs. 63%; p < 0.001) compared 
with patients who did not develop brain metastases. Patients with brain metastases 
had thicker melanomas (2.5 vs. 1.5 mm; p < 0.001). In the group of patients without 
brain metastases, T1 tumors were much more common than in the group of patients 
who did develop brain metastases (37 vs. 13%, respectively). Patients who developed 
brain metastases more often had ulcerated melanomas (40 vs. 19%; p < 0.001), and 
more often had a mitotic rate ≥ 1/mm2 (68 vs. 58%; p = 0.003) compared with the 
melanomas of patients who did not develop brain metastases. The anatomical 
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Table 2: Characteristics of patients with cutaneous head or neck melanoma who did or did not develop 

brain metastases during the course of their disease

Brain metastases

No Yes p value

Total patients (%) 1562 (93) 125 (7)   NA

Median age, years (range) 59     (14-97) 55  (18-88) 0.008a

Sex (%) <0.001b

   Male 991    (63) 99     (79) χ2=12.5

   Female 570    (37)     26     (21) df 1

   Unknown 1  

T-stage <0.001b

    T1 578   (37) 16     (13) χ2=33.7 

    T2 362   (23) 29     (23) df 3

    T3 332   (21) 40     (32)

    T4 213   (14) 29     (23)

    Unknown 77     (5) 11     (9)

Breslow thickness, mm

(range) 

1.50(0.12-18.0) 2.50 (0.30-14.0) <0.001a

Ulceration (%) <0.001b

    Yes 295   (19) 50    (40) χ2=39.1

    No 941   (60) 44    (35) df 1

    Unknown 326   (21) 31    (25)   

Mitotic rate (%) 0.003b

    < 1 /mm2 251   (16) 8      (6) χ2=8.8

    ≥ 1 /mm2 913   (58) 85    (68) df 1

    Unknown 398   (26)   32    (26)   

Region (%) <0.001b

   Scalp 221  (14) 37   (30) χ2=23.7

   Face 907  (58) 58   (46) df 2

   Neck 434  (28) 30   (24)

NA, not applicable; mm, millimetre; χ2, Pearson’s Chi square; df, degrees of freedom;
aMann-Whitney U test; bPearson’s Chi square test
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location of the primary melanoma differed significantly between the groups with 
and without brain metastases (p < 0.001). Scalp melanomas occurred relatively more 
often in patients with brain metastases than in those without (30 vs. 14%, respec-
tively).

Brain Metastasis-Free Survival
Figure 1a shows that a greater proportion of patients with HNM (6.7%) developed 
brain metastases within 5 years of diagnosis than patients with TLM (4.7%; p = 0.001). 
Figure 1b shows that substantially more patients with scalp melanomas developed 
brain metastases within 5 years of diagnosis (12.8%) than all other patients (p < 
0.001). The difference in brain metastasis-free survival between HNM and TLM dis-
appeared if the patients with scalp melanomas were excluded (93.3 vs. 94.3%, re-
spectively; p = 0.37); this was not true for any other melanoma location. Additional 
Kaplan-Meier curves showed that male sex, presence of ulceration, increasing 
Breslow thickness, and mitotic rate ≥1/mm2 also significantly shortened brain metas-
tasis-free survival (figures not shown).

Figure 1: Brain metastasis-free survival for (a) patients with HNM and patients with TLM and (b) patients 

with scalp melanoma, other HNM and TLM. HNM, head and neck melanomas; TLM, trunk and limb mel-

anomas.



139

Chapter 7

In multivariate survival analysis of patients with HNM, scalp location, Breslow thick-
ness categories, the presence of ulceration, male sex, and younger age were all in-
dependent factors for shorter brain metastasis-free survival (Table 3a). In the over-
all cohort of patients (HNM and TLM), melanoma location on the scalp and trunk, 
increasing Breslow thickness, mitotic rate ≥1/mm2, and the presence of ulceration 
were significant independent predictors of shorter brain metastasis-free survival  (Ta-
ble 3b).

Risk Factors
All potential risk factors for brain metastasis, including patient age, sex, Breslow 
thickness category, ulceration, mitotic rate, and location were also examined using 
binary logistic regression analysis (Table 4). In the HNM group, the presence of a 
T4 melanoma significantly increased the risk of brain metastasis compared with a 
T1 melanoma (OR 3.04; p = 0.016). The presence of ulceration also significantly in-
creased the risk of brain metastasis (OR 2.25; p = 0.001). Finally, patients with mela-
nomas on the scalp were at increased risk of developing brain metastasis (OR 1.80; p 
= 0.027) compared with all other head and neck locations. When all patients (HNM 
and TLM) were analyzed, the significant risk factors for brain metastasis included in-
creasing T-stage, the presence of ulceration, a high mitotic rate, and location on the 
scalp and trunk (Table 4b).

Discussion
This analysis of a large patient dataset showed that the incidence of brain metastasis 
is higher in patients with HNM (6.7%) than in patients with TLM (4.6%). These figures 
were similar to those reported by Daryanani et al.5 (8 and 5.2%). The incidence of 
brain metastasis in the present study was highest in the subset of patients with scalp 
melanomas (12.7% after 5 years). The incidence of brain metastasis for HNM and 
melanomas at other body sites was not significantly different when scalp melanomas 
were excluded from the HNM population. It seems therefore that primary tumor 
location specifically on the scalp is the principal factor contributing to the high inci-
dence of brain metastasis observed in patients with melanomas arising in the head 
and neck region.
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Table 3: Tumour characteristics associated with short brain metastases-free survival 

(Multivariate Cox regression model).

Feature Value HR 95% CI p value

(a) Including only HNM sites (n = 1,273)

T-stage of primary melanoma T1 (reference)

T2 3.16 1.40-7.14 0.006

T3 4.42 1.99-9.86 <0.001

T4 5.43 2.30-12.80 <0.001

Ulceration Present 2.39 1.54-3.72 <0.001

Site of primary melanoma Other HNM Sites (reference)

Scalp 1.86 1.18-2.94 0.008

Sex Male 1.72 1.02-2.92 0.04

Age Year 0.99 0.97-1.00 0.02

(b) Overall group including all bodysites (n = 6,820)

T-stage of Primary Melanoma T1 (reference)

T2 1.67 1.24-2.27 0.001

T3 3.10 2.29-4.19 <0.001

T4 3.55 2.50-5.03 <0.001

Ulceration Present 1.68 1.37-2.06 <0.001

Mitoses ≥ 1/mm2 2.18 1.47-3.23 <0.001

Site of Primary Melanoma Other Sitesa (reference)

Trunk 1.58 1.31-1.91 <0.001

 Scalp 2.38 1.57-3.61 <0.001

aExtremities, face, neck

HNM, cutaneous head and neck melanoma; HR, hazard ratio; CI, confident interval
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Table 4: Tumour characteristics associated with the development of brain metastases

(Multivariable binary logistic regression model).

Feature Value OR 95% CI p value

(a) Including only HNM sites (n = 612)

T-stage of Primary Melanoma T1 (reference)

T2 2.91 1.24-6.82 0.014

T3 3.36 1.45-7.78 0.005

T4 3.04 1.23-7.51 0.016

Ulceration Present 2.25 1.36-3.71 0.001

Site of Primary Melanoma Other HNM sites (reference)

 Scalp 1.80 1.07-3.04 0.027

(b) Overall group including all body sites (n = 3,828)     

T-stage of Primary Melanoma T1 (reference)

T2 1.86 1.39-2.49 <0.001

T3 3.16 2.36-4.23 <0.001

T4 2.80 1.98-3.95 <0.001

Ulceration Present 1.55 1.25-1.92 <0.001

Site of Primary Melanoma Other Sitesa (reference)

Trunk 1.53 1.26-1.86 <0.001

 Scalp 2.13 1.34-3.40 0.001

aExtremities, face, neck

OR, Odds ratio; CI, Confidence interval; HNM, Cutaneous head and neck melanoma
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As far as we are aware, this is the first study that has reported a high incidence of 
brain metastasis associated with scalp melanomas. However, other studies have 
demonstrated that scalp melanomas have a higher distant failure rate and a higher 
overall recurrence rate compared with other head and neck subsets.10-12 It is thus 
possible that the high incidence of brain metastasis in patients with scalp melanomas 
is not a brain-specific phenomenon, but may represent the high distant failure rate of 
scalp melanomas in general. 

The high distant failure rate of scalp lesions can be explained in part by the presence 
of patient and melanoma characteristics that are known to be poor prognostic fac-
tors. In this series, scalp melanomas were thicker, more often ulcerated and had a 
higher mitotic rate than melanomas at other sites. These findings concur with those 
of other recent studies.1,3,13,14 Why scalp melanomas show these adverse prognostic 
factors more often is unclear. They may be discovered late because they are usu-
ally covered by hair, but the greater thickness of scalp melanomas at the time of 
diagnosis could also be a reflection of their highly aggressive nature. Richard et al.15 
observed that in well-informed populations, Breslow thickness is inversely related to 
delay in diagnosis, implying that thick tumors are more aggressive rather than simply 
being discovered late.

Indeed, binary logistic regression analysis showed melanoma location on the scalp 
to be an independent risk factor for the development of brain metastasis, supporting 
the hypothesis that scalp melanomas are indeed more aggressive. Other indepen-
dent risk factors in patients with HNM were increasing Breslow thickness and ulcer-
ation. These are both well-known and generally accepted prognostic factors for dis-
ease-free survival and overall survival.9 In binary logistic regression analysis including 
TLM and HNM patients, location on the trunk was found as a fourth risk factor for the 
development of brain metastasis. Several previous studies have shown before that 
besides location on the head and neck, trunk location is a poor prognostic factor for 
survival.14,16,17

Brain metastases continue to be an important cause of morbidity and early demise 
in melanoma patients. Although those with small, accessible brain metastases and 
a good performance status can often be treated effectively with surgery or stereo-
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tactic radiotherapy,18,19 and adjuvant whole-brain radiotherapy may also be of some 
value,20,21 patients with brain metastases who are diagnosed late have a very poor 
prognosis. Systemic metastases at other sites, regardless of whether they are diag-
nosed before or at the same time as brain metastases, are much less likely to cause 
problems quickly or to lead to early mortality. 

Because treatment options for patients with stage IV melanoma have until recently 
been limited and generally ineffective, regular screening for systemic metastases, 
including brain metastases, has not usually been part of routine follow-up protocols. 
However, with the recent introduction of effective systemic therapies for metastat-
ic melanoma, some of which have demonstrated efficacy in the treatment of brain 
metastases,22,23 the issue of early discovery of systemic metastases  becomes more 
relevant. With these new treatment options (such as BRAF inhibitors, anti-CTLA4, 
and anti-PD1 antibodies) changing the paradigm for the management of patients 
with systemic melanoma metastases, including those with brain metastases, more 
rigorous screening of high-risk groups is probably warranted. Our study shows that 
patients with a higher Breslow thickness, an ulcerated melanoma and a melanoma 
located on the scalp have a significantly increased risk of developing brain metas-
tases. This small patient subpopulation might benefit greatly from more intensive 
screening (e.g. with periodic brain CT or MRI scans) because there is now good ev-
idence that early detection and treatment of melanoma brain metastases can im-
prove quality of life and prolong survival.

A limitation of this retrospective study is the short follow-up time for some of our pa-
tients. However, we chose to include patients with any duration of follow-up because 
it is usual for patients who relapse to be referred back to MIA. Excluding patients with 
short follow-up could have biased the data because these patients could represent a 
selection of cases that actually do well. Furthermore, all patients in this study were 
conventionally evaluated, and specific screening for brain metastases (e.g. brain MRI) 
was not used routinely. Consequently, it was clinically symptomatic brain metastases 
that were mainly detected. The true incidence of brain metastasis is probably higher 
than the incidence described in this analysis. Furthermore, brain metastases detect-
ed at the time patients were screened for eligibility for clinical trials or for more 
aggressive treatment options could bias the detection rate. Another limitation of this 
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study is referral bias, since all patients were selected from a single institution’s data-
base. Finally, as in any large database study, there were some missing data, most im-
portantly ulceration and mitotic rate were not registered in all cases. Nevertheless, 
because our findings are consistent with those of other published studies on this 
subject, we believe that the conclusions are likely to be reliable. However, validation, 
ideally with population-based studies, is clearly needed before this knowledge can 
be applied with confidence in everyday practice.

Conclusion
Subject to the study limitations described above, patients with primary HNM were 
found to have a higher incidence of brain metastasis (6.7%) than patients with pri-
mary cutaneous melanomas at other body sites (4.6%). Of the various head and neck 
subsites, scalp melanomas were much more likely to metastasize to the brain (12.7%). 
Scalp melanomas had worse prognostic factors compared with other head and neck 
melanomas, but location on the scalp was an independent adverse risk factor for 
shorter brain metastasis-free survival in HNM patients on multivariate analysis.
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Part I: Regional treatment; Isolated limb infusion
Between 6-11% of patients with stage I and II melanoma will develop local recur-
rences or in-transit metastases. In-transit metastases are the result of lymphatic dis-
semination 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%. 

If local recurrences or in-transit melanoma metastases become too extensive for lo-
cal treatments such as surgery, cryotherapy, laser ablation, electro-surgery or local 
immunotherapy, the therapy of choice is often regional chemotherapy. Isolated limb 
perfusion (ILP) was the first successful technique, introduced in the late 1950s, that 
was used for this indication. Because of isolation of the limb in ILP the chemother-
apy dosage could be increased up to a 10-fold compared to the dose that would be 
tolerated systemically.  However, ILP, is technically demanding, time consuming and 
costly. A simplified, minimally invasive alternative to ILP called isolated limb infusion 
(ILI) was developed more recently at Melanoma Institute Australia (MIA). Since its 
introduction in 1994 the ILI technique has been progressively modified to increase 
the therapeutic index. Nowadays an increasing number of melanoma centers around 
the world has implemented ILI as the preferred technique to administer regional 
chemotherapy in patients with locally advanced melanoma confined to a limb.

In Chapter 1 the effect of several ILI protocol modifications and increased experience 
with the technique at MIA is described. In this chapter the results for 94 patients 
treated by ILI in an ‘early’ treatment period (1992–1999) are compared with the re-
sults for 91 patients treated in a ‘late’ period (2000–2007). All patients had advanced 
limb melanoma and received the combination of the cytotoxic drugs melphalan and 
actinomycin D. The patient characteristics of both groups were similar, except for 
a greater tumor load in the ‘late’ group, who had a significantly greater number of 
lesions (median 4 vs. 5; p = 0.02) and deeper tumor infiltration (p = 0.03). Drug circu-
lation times were longer in the ‘late’ group: 22 vs. 31 minutes (p < 0.001) and higher 
initial and final limb temperatures were achieved. Overall response rates were 85% 
in both groups. The ‘late’ group showed a trend towards less toxicity (p = 0.06). This 
study showed that despite the significantly greater tumor load of patients treated in 
the ‘late’ period, response rates following ILI for advanced melanoma were similar 
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to those of the ‘early’ treatment period. This could be attributed to increased expe-
rience and protocol modifications, allowing longer drug exposure times and higher 
limb temperatures to be achieved without increasing toxicity.

In Chapter 2 the adjustment of melphalan dose according to ideal body weight (IBW) 
as a possible method to decrease limb toxicity without compromising outcome was 
analyzed. Consecutive patients treated by lower limb ILI for melanoma at MIA be-
tween 1998 and 2009 (n = 99) were reviewed. Toxicity and outcomes were tested 
for correlation with differences between the administered melphalan dose and the 
calculated adjusted melphalan dose, both in mg and mg/l, and with the differences 
between actual limb volume and calculated adjusted limb volume. No correlation 
was found between these three aforementioned parameters for either Wieberdink 
toxicity grade or outcome. Body mass index (BMI) did not correlate with limb toxicity 
either. Interestingly, a higher total melphalan dose correlated not only with increased 
toxicity but also with a lower response rate. It was concluded that in this study ad-
justing the melphalan dose for IBW did not appear to reduce toxicity following ILI. 
This study was not designed to detect a negative effect on outcome, so the effect of 
dose reduction on outcome remains uncertain.

Chapter 3 contains a systematic review of reported ILI experiences worldwide. A lit-
erature search was conducted according to the guidelines for systematic reviews in 
order to select eligible papers reporting limb toxicity and response rates following 
ILI using melphalan and actinomycin D to treat limb melanoma. A total of 576 pa-
tients from seven publications was included. Regional toxicity following ILI was low: 
no visible effect of the treatment (Wieberdink toxicity grade I) or slight erythema or 
edema (toxicity grade II) was observed in 79% of the patients, while considerable 
erythema and/or edema with blistering (toxicity grade III) was experienced by 19%. 
In 2% of the patients there was a threatened or actual compartment syndrome (tox-
icity grade IV) and no procedure-related amputation (toxicity grade V) was reported. 
A complete response was observed in 33% of the patients and a partial response in 
40%, resulting in an overall response rate of 73%. Stable disease and progressive dis-
ease were the result of the treatment in 14% and 13% of the patients, respectively. 
In conclusion, this first systematic review of ILI using melphalan and actinomycin D 
indicated that regional toxicity was generally low, with satisfactory response rates. 
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When comparing ILI and ILP, it must be borne in mind that ILI is often performed in 
older patients and in those with higher stages of disease, which has previously been 
shown to decrease the likelihood of a favorable response.

Response rates following ILI reported by other institutions around the world are gen-
erally lower than those reported by MIA. Since small adjustments to the protocol and 
increased experience can improve outcome (Chapter 1), in Chapter 4 the protocol of 
the ILI technique for regional high dose chemotherapy for patients with advanced 
malignancies confined to a limb as it is currently performed at MIA is described. 
The ILI technique has undergone important modifications since the first published 
description of the protocol in 1994, and this description of the MIA ILI protocol may 
provide details that allow other surgeons to improve their results.

Chapter 5 summarizes current knowledge of the ILI procedure. The ILI technique is 
described, with special attention to the differences and similarities between ILI and 
ILP. The different drugs that have been and could be used for ILI are also described. 
Besides its role in the treatment of locally advanced melanoma, ILI can also be used 
for primary, locally advanced, inoperable extremity sarcoma, refractory chromomy-
cosis, localized cutaneous T-cell lymphoma, squamous cell carcinoma and Merkel cell 
carcinoma, even refractory warts of the hands. Further, limb toxicity, side effects and 
results following ILI for melanoma, sarcoma and other non-melanoma skin malig-
nancies are discussed. Finally, the use of ILI as induction therapy, followed by surgical 
excision of residual disease, is discussed. 

Part II: Regional melanoma staging
Sentinel lymph node biopsy (SLNB) is recommended in melanoma guidelines around 
the globe. In the Netherlands, physicians are advised to offer SLNB as a diagnostic 
procedure to all patients with clinical stage IB and stage II disease. Despite these rec-
ommendations in the guidelines, the reported use of SLNB is limited. In the United 
States SLNB is used in only 47 - 60% of patients eligible for the procedure. In Chapter 
6 the use of SLNB in the Netherlands is described, and an analysis of which patient 
and tumor characteristics influenced the use of SLNB is presented. Patients living in 
the northeastern part of the Netherlands who were diagnosed with an invasive cuta-
neous melanoma with a Breslow thickness ≥1 mm and were treated between 2004 
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and 2011 were selected from the Netherlands Cancer Registry. A regression analysis 
was performed to assess the association of patient and tumor characteristics and 
SLNB use. SLNB was performed in 42% of the 2413 included patients. The frequency 
of performing SLNB increased between 2004 and 2011 from 24% to 55% (p < 0.001). 
Patients were less likely to undergo a SLNB if they had a melanoma located in the 
head-and-neck area (p < 0.001), when they were 55 years or older (p = 0.001), and if 
they had a low socio-economic status (SES, p = 0.03). The SLNB procedure was more 
likely to be used when the melanoma was diagnosed in a university hospital (p = 
0.045) or when the Breslow thickness was 2.01-4.0 mm (p = 0.03). This study showed 
that the use of the SLNB has increased significantly between 2004 and 2011. How-
ever, in 2011 it was still only performed in 55% of the Dutch patients eligible for the 
procedure. In patients with head-and-neck melanomas, older patients and patients 
with low SES, SLNB was less frequently performed. In patients with 2.01-4.0-mm-
thick melanomas and those who were diagnosed in a university hospital SLNB was 
performed more frequently.

Part III: Anatomic site and the risk of melanoma brain metastases
Brain metastases are a common and serious complication of metastatic melanoma, 
and indicate a poor prognosis. Until recently, treatment options for these patients 
were very limited. Recently, however, new systemic treatment options have become 
available that significantly increase survival. Primary cutaneous head and neck mela-
nomas (HNM) are reported to be associated with a higher incidence of brain metas-
tases than primary trunk and limb melanomas (TLM). In Chapter 7, the incidence of 
brain metastases in patients with primary HNM is reported and risk factors for these 
metastases are analyzed. From a large, prospectively-collected database, 1,687 HNM 
patients and 8,793 TLM patients who presented with American Joint Committee on 
Cancer (AJCC) stage I and II disease were identified. Survival was assessed using the 
Kaplan-Meier method and a multivariate Cox regression analysis. Independent risk 
factors were determined by binary logistic regression analysis. The incidence of brain 
metastases 5 years after diagnosis of HNM was 6.7% compared to 4.7% for the in-
cidence of brain metastases in patients with melanoma elsewhere (p = 0.003). Pa-
tients with primary scalp melanomas were most likely to develop brain metastases 
(12.7%). Independent risk factors for brain metastasis in patients with HNM were 
Breslow thickness, ulceration, and melanoma located on the scalp. It was concluded 
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that patients with primary scalp melanomas have a higher incidence of brain me-
tastasis than patients with melanomas at other head and neck sites. More intensive 
monitoring of patients with scalp melanomas might lead to the earlier diagnosis of 
brain metastasis, offering the prospect of earlier intervention and possibly improved 
outcomes.

Conclusion
Locally irresectable recurrent or in-transit melanoma metastases confined to a limb 
can effectively be treated by ILI. Especially in elderly patients ILI should be considered 
as the treatment of choice, because of low regional toxicity and satisfactory response 
rates. The overall response rate after ILI is 73%, while stable disease is achieved in 
14% and progressive disease is seen in 13%. ILI can also successfully be used in oth-
er malignancies confined to a limb, such as squamous cell carcinomas and Merkel 
cell carcinomas and advanced, inoperable extremity sarcomas. Over the years, in-
creased experience and protocol modifications have gradually improved treatment 
outcomes. Dose adjustment according to ideal body weight does not seem to de-
crease toxicity. 

Nodal status as determined by SLNB is required for AJCC melanoma staging. The use 
of this procedure in the Netherlands is still limited, although the frequency of per-
forming SLNB has significantly increased between 2004 and 2011 from 24% to 55% 
(P < 0.001). Patients with head-and-neck melanomas, elderly patients and those with 
low SES are less likely to undergo SLNB. 

The brain is a common site for melanoma metastases and these metastases are as-
sociated with a poor prognosis. Patients with primary scalp melanomas are at par-
ticular risk of developing brain metastases (12.7%). More intensive monitoring of 
these patients should be considered, since early detection and local and/or systemic 
treatment may improve their quality of life and survival.
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Deel I: Locoregionale behandeling; regionale isolatie infusie
Van alle patiënten met een stadium I of II melanoom ontwikkelt 6-11% een lokaal re-
cidief of in-transit metastase.  In-transit metastasen zijn uitzaaiingen die ontstaan in 
het traject tussen het primaire melanoom en de drainerende regionale lymfeklieren. 
De prognose van patiënten met in-transit metastasen is beperkt, de gerapporteerde 
5-jaarsoverleving varieert van 3 tot 59%.

Als er sprake is van een lokaal recidief of in-transit metastase van het melanoom 
dat te uitgebreid is voor lokale behandeling met chirurgie, cryotherapie, laserablatie, 
elektrochirurgie of lokale immunotherapie, dan is regionale chemotherapie de the-
rapie van voorkeur. Regionale isolatieperfusie is de eerste techniek die succesvol ont-
wikkeld is in de late jaren ‘50 en nog steeds wordt gebruikt voor het toedienen van 
regionale chemotherapie. Met deze techniek kan door middel van isolatie van het 
ledemaat de dosis chemotherapie tot 10 keer toe verhoogd worden ten opzichte van 
de dosis die systemisch zou worden verdragen. Regionale isolatieperfusie is echter 
een technisch complexe en kostbare behandeling die relatief veel (operatie)tijd kost. 
Een simpeler alternatief voor regionale isolatieperfusie is de zogenaamde regionale 
isolatie-infusie. Deze techniek is in de jaren ’90 van de vorige eeuw ontwikkeld in het 
Melanoma Institute Australia (MIA). Het protocol dat wordt gebruikt bij regionale 
isolatie-infusie is in de loop der jaren op diverse punten aangepast om de therapeu-
tische index verder te verbeteren. Regionale isolatie-infusie is vandaag de dag in een 
toenemend aantal behandelcentra de techniek van voorkeur voor de toediening van 
regionale chemotherapie, in het geval van een lokaal uitgebreid melanoom beperkt 
tot een ledemaat. 

In Hoofdstuk 1 wordt het effect van de verschillende aanpassingen in het regionale 
isolatie-infusie protocol en de toegenomen ervaring met deze behandeltechniek in 
het MIA beschreven. In dit hoofdstuk wordt de respons van 94 patiënten die zijn 
behandeld met deze techniek in de ‘vroege’ periode (1992-1999) vergeleken met 
de respons van 91 patiënten behandeld in de ‘late’ periode (2000-2007). Alle pati-
enten hadden uitgebreide melanoomdeposities in de ledematen en werden behan-
deld met een combinatie van de cytostatica melphalan en actinomycine D. De late 
behandelgroep had een significant groter aantal tumorlaesies (mediaan 4 vs. 5; p = 
0.02) en er was sprake van een diepere tumorinfiltratie (p = 0.03). Behoudens deze 
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grotere hoeveelheid tumormassa in de ‘late’ behandelgroep waren de patiëntkarak-
teristieken van beide groepen vergelijkbaar. De circulatietijd van de cytostatica was 
langer in de ‘late’ groep: 22 vs. 31 minuten (p < 0.001) en ook de begin- en eindtem-
peratuur die werd bereikt in het ledemaat waren hoger in de ‘late’ groep. In beide 
groepen was de totale respons 85%. In de ‘late’ groep werd een trend gezien naar 
minder toxiciteit (p = 0.06). Deze studie laat zien dat de respons en overleving na 
regionale isolatie-infusie vergelijkbaar is tussen de  patiënten die werden behandeld 
in de ‘vroege’ en de ‘late’ periode, ondanks de grotere hoeveelheid tumormassa in 
de laatste groep. Dit goede resultaat kan verklaard worden door de toegenomen er-
varing met de procedure en de protocolaanpassingen waardoor de tumoren langer 
met cytostatica geperfundeerd werden en hogere temperaturen in de ledematen 
werden bereikt zonder een toename in regionale toxiciteit.  

In Hoofdstuk 2 wordt de aanpassing van de melphalandosering aan ideaal lichaams-
gewicht, als methode om de toxiciteit te verminderen zonder de respons te bena-
delen, geanalyseerd. Voor deze studie werden 99 opeenvolgende patiënten geïnclu-
deerd, allen behandeld tussen 1998 en 2009 in het MIA met regionale isolatie-infusie 
van een onderste ledemaat. Toxiciteit en respons werden getoetst op correlatie met 
het verschil tussen de toegediende melphalandosering en de berekende aangepaste 
dosering (in mg als in mg/l) en het verschil tussen het werkelijke ledemaatvolume en 
het berekende ideale ledemaatvolume (in l). Er werd geen correlatie gevonden tus-
sen deze 3 bovengenoemde parameters enerzijds en toxiciteit volgens Wieberdink of 
respons anderzijds. Ook de body mass index (BMI) bleek niet gecorreleerd te zijn met 
toxiciteit. Opvallend was dat een hogere totale melphalandosis (in mg) zowel met 
een toegenomen toxiciteit als met een lagere respons correleerde. Concluderend 
lijkt de aanpassing van melphalandosis aan ideaal lichaamsgewicht niet de toxiciteit 
ten gevolge van regionale isolatie-infusie te verlagen. Omdat de retrospectieve opzet 
van deze studie niet geschikt was om een negatief effect op respons vast te stellen 
blijft het effect van de dosisaanpassing daarop onzeker. 

Hoofdstuk 3 bevat een systematisch review van de tot nu toe gepubliceerde ervarin-
gen met regionale isolatie-infusie. Voor deze review werd volgens de richtlijn voor 
systematische reviews gezocht naar studies waarin toxiciteit en respons na behande-
ling van tot een ledemaat beperkt melanoom met regionale isolatie-infusie met mel-
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phalan en actinomycine D waren beschreven. In totaal werden er 576 patiënten uit 
zeven publicaties geïncludeerd. De regionale toxiciteit na isolatie-infusie was laag: bij 
79% van de patiënten werd geen zichtbaar negatief effect van de behandeling (graad 
I toxiciteit volgens Wieberdink) of mild erytheem of oedeem (graad II toxiciteit) ge-
zien. Matig erytheem en/of oedeem met blaarvorming (graad III toxiciteit) werd bij 
19% van de patiënten vastgesteld. Bij 2% van de patiënten was er sprake van een 
dreigend of daadwerkelijk compartiment syndroom (graad IV toxiciteit). Er was geen 
proceduregerelateerde amputatie (graad V toxiciteit) gerapporteerd. Een complete 
respons werd bij 33% van de patiënten gezien en een partiële respons in 40% van de 
gevallen, resulterend in een totale respons van 73%. Stabiele ziekte en progressieve 
ziekte werd respectievelijk in 14% en 13% van de patiënten gezien. Concluderend 
laat deze eerste systematische review over regionale isolatie-infusie met melphalan 
en actinomycine D zien dat de regionale toxiciteit meestal mild is met een goede 
respons op de behandeling. Wanneer men regionale isolatie-infusie met regionale 
isolatieperfusie wil vergelijken, is het belangrijk om te realiseren dat isolatie-infusie 
vaker bij oudere patiënten en bij patiënten met meer ziektelast wordt toegepast, 
patiëntencategorieën waarbij de kans op een gunstige respons kleiner is ten opzichte 
van jonge patiënten en patiënten met minder ziektelast.

De gerapporteerde respons na isolatie-infusie in klinieken buiten het MIA is meestal 
lager dan die wordt gezien in het MIA. Omdat kleine aanpassingen aan het protocol 
en meer ervaring met de procedure de uitkomsten na isolatie-infusie kunnen ver-
beteren (Hoofdstuk 1) en de isolatie-infusie techniek op belangrijke punten is aan-
gepast sinds de eerste publicatie van het protocol in 1994 wordt in Hoofdstuk 4 het 
protocol, zoals het op dit moment wordt toegepast in het MIA beschreven. De gede-
tailleerde beschrijving van dit MIA protocol geeft mogelijk handvatten voor chirurgen 
om hun resultaten verder te verbeteren. 

In Hoofdstuk 5 wordt de huidige kennis over regionale isolatie-infusie samengevat. 
De regionale isolatie-infusie techniek wordt beschreven met speciale aandacht voor 
de verschillen en overeenkomsten tussen isolatie-infusie en isolatieperfusie. We be-
schrijven de verschillende medicamenten die gebruikt kunnen worden en gebruikt 
zijn bij isolatie-infusie. Isolatie-infusie kan behalve voor het lokaal uitgebreid me-
lanoom ook toegepast worden bij lokaal uitgebreid en inoperabel sarcoom in een 
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ledemaat, refractaire handwratten, refractaire chromomycose, lokaal cutaan T-cel 
lymfoom, plaveiselcelcarcinoom en Merkelcelcarcinoom. Regionale toxiciteit, bij-
werkingen en behandelresultaten na regionale isolatie-infusie voor melanoom, sar-
coom en andere  niet-melanoom huidmaligniteiten worden tevens beschreven. Tot 
slot wordt in dit hoofdstuk ook het gebruik van regionale isolatie-infusie als inductie 
therapie, gevolgd door chirurgische excisie van de restziekte, beschreven. 

Deel II: Regionale melanoom stagering
De schildwachtklierprocedure bij het melanoom is wereldwijd opgenomen in diverse
behandelrichtlijnen.  In  Nederland wordt geadviseerd  om  de  schildwachtklierpro-
cedure aan te bieden als diagnostische procedure aan patiënten met stadium IB en 
stadium II melanoom. Ondanks het opnemen van de schildwachtklierprocedure in 
de richtlijn blijft de toepassing van deze procedure beperkt. In de Verenigde Staten 
wordt de schildwachtklierprocedure bij slechts 47-60% van de patiënten die hiervoor 
in aanmerking komen toegepast. 

In Hoofdstuk 6 beschrijven we het gebruik van de schildwachtklierprocedure in Ne-
derland en analyseren we welke patiënt- en tumorkarakteristieken het gebruik ervan 
beïnvloeden. Patiënten woonachtig in het noordoosten van Nederland met een in-
vasief cutaan melanoom met een Breslowdikte van ≥1 mm behandeld in de periode 
2004 – 2011 werden geselecteerd uit de database van het Integraal Kankercentrum 
Nederland (IKNL). Met behulp van een regressieanalyse werd de associatie tussen de 
verschillende patiënt- en tumorkarakteristieken en het gebruik van de schildwacht-
klierprocedure onderzocht. De schildwachtklierprocedure was toegepast bij 42% van 
de 2413 geïncludeerde patiënten. De frequentie waarmee de schildwachtklierproce-
dure werd toegepast nam in de periode 2004-2011 toe van 24% tot 55% (p < 0.001). 
De kans dat een patiënt een schildwachtklierprocedure onderging was kleiner bij 
een melanoom in het hoofd-halsgebied (p < 0.001), bij een leeftijd van 55 jaar of 
ouder (p = 0.001) en bij een lagere sociaal economische status (SES, p = 0.03). De 
schildwachtklierprocedure werd vaker gebruikt wanneer de diagnose melanoom was 
gesteld in het universitair ziekenhuis (p = 0.045) of bij een Breslowdikte van 2.01-4.0 
mm (p = 0.03). Deze studie toont aan dat het gebruik van de schildwachtklierproce-
dure significant is toegenomen in de periode 2004 - 2011. In 2011 echter werd de 
schildwachtklierprocedure nog steeds maar in 55% van de geschikte Nederlandse 



165

samenvatting en conclusies

patiënten toegepast. Bij patiënten met een hoofd-hals melanoom, oudere patiënten 
en patiënten met een lage SES werd de schildwachtklierprocedure minder vaak toe-
gepast. Patiënten met een melanoom met Breslowdikte 2.01-4.0 mm en patiënten 
gediagnosticeerd in het universitair ziekenhuis ondergingen juist vaker een schild-
wachtklierprocedure. 

Deel III: Anatomische locatie van het melanoom en het risico op hersenmetastasen
Hersenmetastasen zijn een veelvoorkomende en ernstige vorm van metastasering  
van het melanoom. Tot recent waren er weinig effectieve behandelopties, maar sinds 
kort zijn er nieuwe systemische middelen beschikbaar gekomen waardoor de over-
leving van deze patiënten significant is verbeterd. Het primair cutaan hoofd-halsme-
lanoom wordt geassocieerd met een hogere incidentie van hersenmetastasen dan 
melanomen gelokaliseerd op de romp of ledematen. 

In Hoofdstuk 7 worden de risicofactoren voor het ontwikkelen van hersenmetasta-
sen en de incidentie van hersenmetastasen en bij patiënten met een hoofd-halsme-
lanoom geanalyseerd. Uit een prospectieve database werden 1687 patiënten met een 
hoofd-halsmelanoom en 8793 patiënten met een melanoom op romp of ledematen 
geselecteerd, allen met American Joint Committee on Cancer (AJCC) ziektestadium I of 
II. De overleving werd geanalyseerd middels Kaplan-Meiercurves en een multivariate 
Cox-regressie analyse. Onafhankelijke risicofactoren werden bepaald met behulp van 
binaire logistische regressieanalyse. Vergeleken met patiënten met een melanoom 
op de romp of ledematen was de incidentie van hersenmetastasen bij patiënten met 
een hoofd-halsmelanoom in de eerste 5 jaar na de diagnose hoog (6.7% vs. 4.7%,  
p = 0.003). Patiënten met een melanoom op de schedel hadden relatief de hoogste 
kans op het ontwikkelen van hersenmetastasen (incidentie 12.7%). Onafhankelijke 
risicofactoren voor het ontwikkelen van hersenmetastasen bij patiënten met een 
hoofd-halsmelanoom waren Breslowdikte, ulceratie en melanoomlokalisatie op de 
schedel. Concluderend hebben patiënten met een melanoom op de schedel een 
sterk verhoogde incidentie van hersenmetastasen vergeleken met patiënten met 
melanomen op andere hoofd-hals lokalisaties. Intensievere monitoring van patiën-
ten met een melanoom op de schedel zou kunnen leiden tot het eerder vaststellen 
van hersenmetastasen waardoor behandelmogelijkheden en behandelresultaten 
mogelijk verbeterd kunnen worden. 
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Conclusie
Een lokaal irresectabel melanoom of in-transit metastasen van het melanoom be-
perkt tot een ledemaat kunnen effectief behandeld worden door regionale isola-
tie-infusie. Vooral bij oudere patiënten is isolatie-infusie te prefereren boven isola-
tieperfusie vanwege de lage regionale toxiciteit en relatief goede respons. De totale 
respons na isolatie-infusie is 73%, stabiele ziekte wordt bereikt bij 14% van de pati-
enten en progressieve ziekte na behandeling komt voor bij 13%. De isolatie-infusie 
techniek kan ook gebruikt worden bij andere maligniteiten die zich beperken tot een 
ledemaat zoals het plaveiselcelcarcinoom, het Merkelcelcarcinoom en het inopera-
bel sarcoom. Gedurende de jaren hebben de toegenomen ervaring met de behande-
ling en een aantal aanpassingen aan het protocol tot verbeterde behandelresultaten 
geleid. Dosisaanpassing aan ideaal lichaamsgewicht lijkt de toxiciteit niet verder te 
verlagen.  

De schildwachtklierbiopsie is een deel van de AJCC stagering van het melanoom. Het 
gebruik van deze procedure is in Nederland nog beperkt, hoewel de toepassing van 
de procedure in de periode 2004 - 2011 wel  in frequentie is toegenomen van 24% 
naar 55% (p < 0.001). Patiënten met een hoofd-halsmelanoom, ouderen en patiën-
ten met een lage SES ondergaan relatief minder vaak een schildwachtklierprocedure. 
Bij patiënten met een melanoom met Breslowdikte 2.01-4.0 mm en patiënten gedi-
agnosticeerd in het universitair ziekenhuis wordt de schildwachtklierprocedure juist 
vaker gebruikt. 

Melanomen metastaseren frequent naar de hersenen, wat een slechte prognose tot 
gevolg heeft. Vooral patiënten met een melanoom op de schedel hebben een gro-
ter risico om hersenmetastasen te ontwikkelen (12.7%). Intensievere follow-up van 
deze patiënten zou overwogen kunnen worden omdat vroege detectie en therapie, 
lokaal dan wel systemisch, de kwaliteit van leven en mogelijk de overleving kunnen 
verbeteren. 
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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



176

Part 4 | summary, conclusions and future perspectives

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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