
The indications and results of isolated limb perfusion have varied over the years and
are now mostly limited to unresectable melanoma and soft tissue sarcoma of the
extremities. This thesis gives an overview of the current applications of isolated limb
perfusion and answers a number of questions that have arisen regarding the practice
of isolated limb perfusion.

The principle aim of this thesis was to determine which patients should (or should
not be) advised to undergo isolated limb perfusion, on the basis of 23 years of
experience with isolated limb perfusion in the Antoni van Leeuwenhoek hospital/
The Netherlands Cancer Institute and the Daniel den Hoed Cancer Center
(Rotterdam). Secondly, the aim was to determine the most effective schedule and to
describe the results that can be expected of isolated limb perfusion in terms of
response, recurrence-free survival, overall survival and the long term quality of these
patients’ lives.
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Chapter 1

Introduction and outline of the thesis

Isolated limb perfusion (ILP) with melphalan was created by Creech et al. in
1957 at Tulane University in New Orleans and first performed in a 76-year old
man with extensively recurrent melanoma of his leg.1 This patient attained a com-
plete response and was without evidence of locoregional disease until he died at
age 92. The unique method of applying a high (cytostatic) drug dose to an isolat-
ed extremity, offered a limb sparing option for those patients with unresectable
tumors on their extremities, who used to be candidates for amputation. ILP has
since then been applied for various indications, with varying degrees of hyper-
thermia and/or sorts of drugs, aiming to improve response rates.2

The principle of ILP is that a high dose of a drug can be administered to the
extremity without systemic toxicity, in order to treat extensive locoregional dis-
ease that is not amenable to excisional surgery. During ILP, the major artery and
vein are clamped at the desired level, collateral vessels are ligated and a tourni-
quet is applied around the limb, proximal to the region of ILP. After insertion of
catheters into the major vessels, the isolated limb is perfused by an extra-corpo-
real circulation, oxygenated and propelled by a heart-lung machine (Figure 1). A
melphalan dose of 13 mg/l-perfused tissue in the upper limb and 10 mg/l for the
lower limb is added to the perfusate. For tumor necrosis factor α (TNFα) this is
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Figure 1. Schematic drawing of the isolated circuit 
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3 mg and 4 mg respectively, irrespective of limb volume. The concentration of
melphalan is 10 to 20 times higher in this isolated circuit than what would be tol-
erated in systemic treatment. The systemic application of TNFα in these doses
would be lethal. The perfusate circulates for 60 minutes if melphalan is applied
and 90 minutes if TNFα is added. At the end of the procedure, the limb is rinsed
out with an electrolyte solution and the vessels are repaired after removal of the
catheters.

The indications and results of ILP have varied over the years and are now
mostly limited to unresectable melanoma and soft tissue sarcoma of the extrem-
ities. This thesis aims to answer a number of questions that have arisen regarding
the current applications of ILP. The aim of all chapters was to identify patients
who should (or should not be) advised to undergo ILP, to determine what ILP-
schedule is then most effective and what results can be expected of ILP in these
patients in terms of response, recurrence-free survival, overall survival and the
long term impact on the patients´ lives. 

In chapter two, the best available evidence (preferably randomized controlled
trials) supporting the current applications of ILP was assembled. A systematic
analysis of evidence in the literature was performed for ILP in extremity
melanoma and soft tissue sarcoma, following the principles of evidence-based
medicine.3,4

While recurrent melanoma lesions on the extremity can usually be managed
by local surgery, the traditional indication for ILP has been unresectable extrem-
ity melanoma. However, studies providing the results of ILP for this indication
are lacking. Most series consist of patients with measurable lesions, part of which
were resectable and left in situ to monitor response, some were excised and some
were truly unresectable. In these heterogeneous groups of patients with measur-
able melanoma lesions, ILP with melphalan leads to a 54% complete response
rate.2 Since the introduction of TNFα in 1992, response rates of up to 73% have
been reported.2,5 The complete response rate after ILP with melphalan alone is
likely to be lower than 54% in patients with truly unresectable disease, because
it is known that a high tumor load (as expressed by the number of lesions, total
tumor surface area and nodal status) is a negative prognostic factor for response
after ILP.5-8 In chapter three, we have reported the response rates and survival
after ILP with melphalan with or without TNFα for unresectable melanoma with
special attention to prognostic factors for these outcome measures.

In some patients with in-transit metastases of extremity melanoma, locore-
gional recurrences develop with increasing frequency after resection of previous
lesions. These in-transit metastases impose a therapeutic dilemma at each new
recurrence.9 Many patients who have minimal locoregional disease can be main-
tained for a long time with local treatments only. There are several of such local
treatment options, including excisional surgery, CO2 laser ablation and local
radiotherapy, but none of these impacts the development of further limb recur-
rences.10-12 Prophylactic ILP however has the potential to stop or slow down the
process of ongoing recurrences by eradicating micrometastases present in the
limb as well as the macroscopic lesions.13,14 This has been studied in a small
prospective randomized trial with 69 patients with recurrent extremity melanoma
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who were randomly treated by excision alone or excision plus ILP. This study
showed an increased tumor-free survival after ILP from 10 to 17 months with a
limb recurrence rate that decreased from 67% to 45%.13 To determine whether
ILP in the population of patients with resectable recurrent in-transit lesions may
be indicated, the effect of ILP on further recurrences, the number of lesions per
recurrence and the limb recurrence-free interval in patients with frequently recur-
ring limb melanoma was studied and described in chapter four.

Many surgeons are reluctant to refer patients at an advanced age for ILP,
whereas operative mortality from ILP is low, regional toxicity is mild and sys-
temic leakage of the cytostatic drug(s) is negligible. 8,15,16 This could be based on
the fact that peri-operative mortality for major surgical procedures increases with
age,17 the peri-operative complication rate is higher in patients over 70 years of
age and hospital stay is generally longer.18-20 Specifically after ILP, a fear of long-
term functional morbidity due to severe acute limb toxicity,21 increased systemic
side-effects from melphalan8,16,22 and a severe systemic cardiovascular response
to TNFα is expressed when elderly are concerned.15,22,23 In chapter five, we stud-
ied the safety and efficacy of ILP in melanoma patients older than 75 years of age
who were treated for advanced locoregional melanoma. 

Two large studies showed that in 46 to 54% of the patients with a complete
response after ILP, locoregional recurrences occur.24,25 Amputation is a deterring
option in such patients when these recurrences are not amenable to local surgery.
Repeat ILP has been reported to result in increased acute regional toxicity com-
pared to the first ILP and one could reason that patients who do not respond to a
first ILP may have little to gain from a repeat procedure.26 Nevertheless, a com-
plete response rate of 74% has been demonstrated after repeat ILP with melpha-
lan in single, double, triple or sequential ILP-schedules. The latter procedure is
no longer performed since the introduction of TNFα in ILP.22 There are a few
studies on repeat ILP with TNFα in small series of patients with heterogeneous
patient and tumor characteristics.27,28 Therefore in chapter six, we assessed the
results of repeat ILP with TNFα in patients who relapsed or had persistent dis-
ease after previous ILP in our institutions. 

After ILP for extremity melanoma a complete response is reached after a
median interval of approximately seven months after ILP.2,5 The five-year sur-
vival rate with in-transit melanoma varies between 23% and 47% mainly depend-
ing on regional lymph node status.29,30 Since ILP is an extensive procedure with
possible complications and morbidity, it should be offered only to patients with a
life expectancy long enough to experience its benefits. A number of prognostic
factors for survival of patients who undergo ILP have been identified, but no spe-
cific attention was paid to those who die relatively shortly after ILP.6,31,32 Factors
determining survival in general might differ from those that determine the risk of
dying within one year from ILP. In chapter seven, these factors were identified to
be able to select patients for ILP who are likely to live long enough to experience
its benefits. 

The degree of hyperthermia applied during ILP has been subject of discussion
over the years. While single mild hyperthermic (39-40ºC) ILP with melphalan
yields similar results as ILP under normothermic (37-38ºC) conditions, 33 high-
er temperatures have been used to improve results. True hyperthermia (42-44ºC)
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in combination with melphalan, however, results in severe toxic reactions with a
substantial risk of amputation.34,35 ILP with melphalan using a somewhat lower
temperature (borderline true hyperthermia, 41-42ºC) leads to a wide range of CR
rates of 39%-81%.6,36-39 In our institution however, this was accompanied by
unacceptable toxicity.40 Based on these observations, a sequential ILP schedule
was developed in which both hyperthermia and melphalan could be applied at the
maximum tolerable dose for each modality, aiming at a double therapeutic effect
without the toxicity encountered with simultaneous application.41,42 Initial results
in 10 patients were published before.43 In chapter eight, the long-term results are
presented of all 17 patients treated with a true hyperthermic ILP (42-43ºC) with-
out a cytostatic drug followed by a normothermic ILP with melphalan alone.

Despite the continuing risk of loco-regional and distant metastasis, approxi-
mately 23-47% of the patients with extremity melanoma survive five-years after
ILP.29,30 These long-term survivors can be subject of long-term disease- and/or
ILP-related complaints, which may influence their quality of life after ILP. In
long-term survivors of other forms of cancer, an increased level of fear, especial-
ly fear of recurrences, incidence of depression, disturbed sense of self and body
perception has been reported.44-46 Especially fear of recurrences and the disturbed
sense of self or body perception, caused by still visible (non-vital) skin lesions,
edema or a difference in skin color between the perfused and healthy limb, could
have an impact on long-term survivors after ILPAlso, problems getting life insur-
ance or home mortgage have been observed in long-term survivors in general.47,48

One study so far has focused specifically on quality of life of long-term survivors
of melanoma and there is one study on quality of life in patients treated with ILP
for melanoma.49 In this study however, short term quality of life was assessed in
patients who received ILP for primary melanoma.50 Therefore, in chapter nine a
study was performed to assess quality of life and possible patient-, tumor- and
ILP-related factors for quality of life in long-term survivors after ILP for recur-
rent limb melanoma. 

The application of ILP as a treatment of soft tissue sarcoma (STS) of the
extremities has gained success after Liénard et al. first added TNFα to melpha-
lan-ILP in 1992.22 In the first four patients with unresectable recurrent STS treat-
ed with TNFα and melphalan, a 100% tumor response rate was reported after
ILP.22 Before that time, no other anti-sarcoma drugs in ILP had lead to these
promising response rates with acceptable toxicity.51 Later, results of TNFα-ILP
for unresectable STS of the extremities from other institutions showed overall
response rates varying from 76 to 91%.52-56 TNFα-ILP offers a possibility for
limb-sparing surgery in responding patients, thereby aiming at a disease-free
extremity with preserved function, which has shown to result in similar long-term
survival as amputation of the etxremity.57,58 In chapter ten, the results of ILP in
our institution for soft tissue sarcoma of the extremity are presented.

In chapter eleven, a case is described in which a patient with three large
painful femoral metastases, with impending fracture, underwent ILP with mel-
phalan as a palliative measure. 
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Chapter 2

Isolated limb perfusion: what is the evidence for its use?

Noorda EM, Vrouenraets BC, Nieweg OE, van Coevorden F, Kroon BBR

Submitted

Introduction

Over time, isolated limb perfusion (ILP) has been used for various indications,
with varying results. Evidence from prospective (randomized) studies, support-
ing the current application of ILP, is rare. To assess what evidence is available for
the use of ILP, we have conducted a systematic analysis of the literature which
aimed to include only the best available evidence for the various indications of
ILP in extremity melanoma and soft tissue sarcoma (STS). This analysis has been
performed following the principles of evidence-based medicine (www.cebm.
utoronto.ca/practise/ca/). 1,2 The question that we have tried to answer is “Based
upon the best evidence available, what are the indications and results of ILP in
patients with melanoma or sarcoma of the extremities?” 

Methods 

Evidence-based medicine is based upon four subsequent steps (FRAP)
(www.cebm.utoronto.ca/practise/ca/):1

- Frame the clinical question
- Retrieve the evidence, through a literature search
- Appraise the evidence (critically appraised topic=CAT)
- Patient application: extrapolation of the available best-evidence to clinical

practice
For the purpose of this overview these steps were followed.

First, questions regarding the various clinical applications of ILP were formu-
lated. Clinical questions that were addressed separately were: What is the value
of adjuvant ILP after excision of primary melanoma? What is the value of pro-
phylactic ILP after excision of recurrent melanoma? What is the value of ILP in
unresectable melanoma? What is the value of ILP in resectable STS of the
extremity? What is the value of ILP in unresectable STS of the extremity? 

Second, the best available evidence was selected, guided by the following
ranking of evidence of interventional studies: 1

- Level 1a. Systematic review of randomized controlled trials (RCTs) with
consistent results

- Level 1b. RCT of good quality
- Level 2a. Systematic review of observational or case-control studies with

consistent results
- Level 2b. RCT of less quality or observational or case-control study

17

   Opmaak Noorda / 3de proef  05-01-2004  19:41  Pagina 17



- Level 2c. Outcomes research (descriptive study)
- Level 3. Patient series, observational or case-control study of poor quality
- Level 4. The experts’ opinion or generally accepted practice 

Ideally, level 1 evidence was included and if that was not available, evidence
from the next level etc. If no RCT was available, the largest analyses were dis-
cussed, provided that the inclusion criteria, outcome variables and statistics were
reported well. Published and unpublished reports were sought through Pubmed
and the Cochrane Controlled Trial Register. For melanoma, the evidence was
searched using MesH terms “melanoma” and “perfusion, regional”, the result of
which was limited to RCTs or clinical trials. For STS, the same search was per-
formed with “sarcoma” and the addition of radiotherapy or intra-arterial
chemotherapy, if applicable. Conference reports and abstracts were retrieved
from the internet, from the authors, or from participants of these conferences. The
references from previous review articles were examined. 

Third, for each of the aforementioned clinical questions, a CAT of the best
available study was performed following the guidelines provided by the Centre
for Evidence-Based Medicine in Toronto, Canada. A CAT is a judgment of the
validity of the study and the size and precision of the diagnostic or therapeutic
effect, wherein the following questions are answered: Are the results valid? What
are the results? Are the results applicable to my patients? This is done by system-
atically collecting the following data from the analysis: Data regarding the design
of the study, inclusion criteria, size of the study population (per group), treatment
arms to which was randomized (if applicable), primary end points of the study,
duration of follow-up and the results regarding the primary and other relevant
endpoints. Possible endpoints were response to ILP, regional and systemic toxic-
ity, morbidity, disease-free survival and overall survival. For randomized con-
trolled studies, the absolute risk reduction (ARR) and number needed to treat
(NNT) were given with their confidence intervals (CIs). A conclusion was drawn
based upon the results and methodological validity of the study and followed by
additional commentary if necessary. 

ILP in melanoma

What is the value of adjuvant ILP after excision of primary melanoma lesions?
In Table 1, the RCTs are described that assessed the role of adjuvant ILP with
melphalan (M-ILP) in extremity melanoma. Three of these trials assessed the
value of adjuvant M-ILP in primary melanoma. 

The best available evidence is the report on a large, multicentre RCT from 11
centers in seven countries, which was performed between 1984 and 1994. 3 This
report concerns 852 patients with a so-called ´high-risk´ primary melanoma
(Breslow thickness ≥ 1.5 mm) on the extremity who were randomized to either
wide local excision (WLE) or WLE and a mild hyperthermic (38-40º C) M-ILP.
Patients were eligible if they had no locoregional or distant metastases, if tumors
were located distal to the middle half of the thigh or upper arm, if they were
between 15 and 75 years of age, if they had not received previous chemo- or
radiotherapy and if they had no other (previous) malignancies. The European
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Organization for Research and Treatment of Cancer (EORTC) performed the ran-
domization. After randomization, 20 patients (10 in each treatment arm) were not
included in the analysis because they were not eligible after all (n=15) or were
lost to follow-up (n=5). Data from 412 patients receiving WLE only and 420
WLE + ILP, served as the subject of the trial. Elective lymph node dissection
(ELND) was performed according to the participating centers’ protocol. A panel
of pathologists reviewed all resected material and quality control of the ILP was
performed at all participating centers by the surgeons who initiated the trial. The
median duration of follow-up was 6.4 years. Primary end points were locoregion-
al recurrences as the first site of recurrence and survival. 

In-transit metastases occurred in a significantly smaller number of patients in
the group with ILP than those with WLE alone (3.3%, 95% CI 2.8%-3.8% vs.
6.6%, 95% CI 6.1%-7.1%, P=0.05), although the ARR of 3.3% (95% CI 0.3%-
6.0%) was small with a high NNT of 33 (95% CI 16-333). The incidence of
regional node metastases in all patients, regardless of whether they underwent
ELND or not, was not significantly decreased from 16.7% (95% CI 13.1%-
20.3%) in those who underwent only WLE to 12.6% (95% CI 9.4%-15.7%
P=0.11) in the ILP group, with an ARR of 4.1% (95% CI -0.6%-9%) and a NNT
of 24 (95% CI 11-167). The differences in nodal recurrence rate were also not
significant in the subgroups who had undergone ELND and those who had not.
The disease-free survival was significantly increased in the ILP group (P=0.02)
in the first two to three years following primary treatment, but no long-term effect
was observed. There was no impact on overall survival. 

In conclusion, the limited regional benefit and absence of an increase in over-
all survival by M-ILP does not outweigh its costs and morbidity, and M-ILP can
therefore not be recommended as an adjunct to WLE in this group of patients
with primary melanoma. 
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Table 1. Prophylactic ILP for extremity melanoma

—————————————————————————————————————————————————

Study Design MD Ander- Treatment N Regional Locoregional

son stage* arms LND† RR‡

—————————————————————————————————————————————————

Schraffordt RCT I WLE 832 42% 6.6% vs. 3.3%

Koops 19983 WLE + ILP

Ghussen 19886 RCT I-III WLE 107 All 38% vs. 7%

WLE + ILP

Fenn 19975 RCT I WLE 030 None 43% vs. 13%

WLE + ILP

Hafstrøm 19918 RCT II/III Excision 069 All 67% vs. 46%

Excision + ILP

—————————————————————————————————————————————————

* Stage of disease is displayed in Table 2.

† LND= lymph node dissection

‡ RR= recurrence rate, given for each treatment arm respectively
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Commentary 1. It is remarkable that a single chemotherapeutic treatment session
significantly affects micrometastatic disease, resulting in a relative risk reduction
(RRR) of in-transit metastases of 50% (95% CI 4.4%-72.9%) and a RRR of
lymph node metastases of 25% (95% CI 4.7%-84.4%). This reduction in risk of
locoregional recurrences was particularly evident in the patients with tumor
thickness between 1.5 and 3 mm. Thicker melanoma lesions were more likely to
have their first recurrences at distant sites. This difference in pattern of dissemi-
nation in melanoma lesions thicker and thinner than 4 mm has been reported
before.4

Commentary 2. Two other RCTs have been performed comparing WLE or WLE
and M-ILP for primary high-risk melanoma.5,6 Ghussen et al randomized 107
patients with stage I-III melanoma (Table 2), only 37 of whom with primary
melanoma, and followed them for at least four years.5 The applicability of their
results to clinical practice is strongly doubted because of the extremely high
locoregional recurrence rate of 39% in the control group (compared to 8% in the
ILP-group (ARR 31%, 95% CI 9%-58%)). In general, recurrence rates are about
2-3% after adequately resected primary melanoma. 7 Secondly, survival in this
series is exceptionally high considering the fact that 65% of the patients had
locoregionally recurrent disease, with a 3-year disease-free survival of approxi-
mately 94% in the ILP group and 73% for the controls (P=0.02). A small and pre-
maturely closed RCT by Fenn et al. included only 30 patients with a mean dura-
tion of follow-up of 72 months (range 16-113 months).5 The locoregional
recurrence rates of 13% and 43%, in favor of the ILP-group, were high (P=0.14,
ARR 30%, 95% CI -2%-61%). This trial suggested a survival advantage for
patients after ILP, with 5-year survival rates of 88% versus 60%, respectively
(P<0.03). However, because of its small size, the value of these findings is limited.

What is the value of prophylactic M-ILP after excision of recurrent melanoma
lesions?
The best available evidence comes from a single centre, randomized trial, per-
formed by the Swedish Melanoma Study Group between 1981 and 1989 (Table 1).8

Sixty-nine patients with locoregionally recurrent melanoma were randomized
to WLE alone (36 patients) or WLE with borderline hyperthermic (41-42ºC) M-
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Table 2. MD Anderson classification for melanoma

—————————————————————————————————————————————————

Stage I Primary melanoma

Stage IIA* Local recurrence

Stage IIB Satellite ≤ 3cm from primary/scar/skin graft

Stage IIIA Satellite/In-transit metastasis > 3cm from primary/scar/skin graft

Stage IIIB Regional lymph node metastases

Stage IIIAB Satellite/in-transit metastasis with regional lymph node metastases

Stage IV Distant metastases

—————————————————————————————————————————————————

* Stage II was divided in stage IIA and stage IIB, according to Klaase et al. 37
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ILP (33 patients). Patients were not eligible if they had distant metastases. Both
treatment arms were well balanced for sex, age, tumor thickness and tumor site
on the upper or lower extremity. All patients were subjected to a regional lymph
node dissection and had a mean follow-up of 39 months. Follow-up was per-
formed at the patients’ local hospital. The primary endpoints were further locore-
gional recurrences and survival. 

A lower locoregional recurrence rate was seen in the ILP-group: 45% (95% CI
28-62%) of these patients experienced recurrence compared to 67% (95% CI 52-
82%) in the group with excision only (P=0.13). The ARR was 22% (95% CI -2%
to 44%) with a NNT of 5 (95% CI 2-59). The median disease-free interval was
prolonged to 17 months after ILP compared to 10 months after WLE alone
(P=0.04). No difference in overall survival was observed, with approximate 5-
year survival rates of 39% and 44% respectively, in favor of the ILP group
(P=0.28). 

In conclusion, a significant increase in tumor-free survival was observed after
ILP with a trend for a lower locoregional recurrence rate. However, since no
overall survival benefits were observed, prophylactic M-ILP with all its costs and
associated morbidity cannot be recommended in recurrent melanoma as adjunct
to simple excision of these lesions. 
Commentary. This study confirms that ILP influences micrometastatic disease,
with a RRR in further locoregional metastases of 32% (95% CI –5.8%-58.0%)
and a prolonged disease-free interval in patients at high risk of micrometastatic
extremity metastases at the time of treatment. This study did not specify whether
the patients had early stage recurrent disease (i.e. a first single recurrence) or later
stage (multiple second or further recurrences) as the indication for their ILP.
However, this RCT also shows the remarkable effect of a single application of
regional chemotherapy on micrometastatic disease, with a reduction in further
locoregional metastases. 

To establish the role of ILP as an adjuvant treatment for resectable recurrences
of melanoma, larger randomized studies are needed. Because these trials suggest
that adjuvant M-ILP has a significant effect on micrometastatic disease, ILP may
provide valuable locoregional disease control in selected patients groups (for
example those with frequently recurring and multiple lesions) compared to WLE
only. For future studies, it might be necessary to select specific patient groups, for
example with a third or more recurrence, because these patients have proved their
tendency for repeat recurrences.9

What is the value of therapeutic ILP for unresectable extremity melanoma? 
An overview of the results of ILP in patients with measurable recurrent
melanoma lesions is given in Table 3. There have been no RCTs studying ILP
versus other treatments for patients with measurable disease. Although the gen-
erally accepted indication for M-ILP is unresectable limb melanoma, there are
also no RCTs comparing ILP with other possible treatment options (e.g. radio-
therapy, chemotherapy etc.) for this indication. Since most results on tumor
response after ILP are from series in which the lesions were deliberately left in
situ to monitor the ILP-effect, it is difficult to assess the results of ILP for truly
unresectable extremity melanoma.10

21

   Opmaak Noorda / 3de proef  05-01-2004  19:41  Pagina 21



The best available evidence comes from a subgroup analysis of a multicentre
phase III trial carried out in five US centers.11 In a preliminary report, 103 patients
were included with two or more recurrent melanoma lesions on the extremity.
These patients were randomized to mild hyperthermic M-ILP (n=51) or ILP with
melphalan, tumor necrosis factor alpha (TNFα) and interferon-gamma (IFNα,
TIM-ILP) (n=52). 

In the subgroup of patients with a high tumor load (i.e. more than 10 lesions
or lesions larger than 5cm), a 19% CR rate after M-ILP was attained versus 58%
when TNFα and melphalan were used. 

In conclusion, this study suggests that high tumor load extremity melanoma
lesions are best treated with TIM-ILP, compared to the (remarkably) low CR rate
after M-ILP. 
Commentary 1. The traditional indication for ILP, namely unresectable limb
melanoma, is based on level 3 or 4 evidence. The largest retrospective study that
analyzed results of ILP in patients with unresectable melanoma lesions was per-
formed by Kapteijn et al.12 Forty-nine patients were treated with various ILP
schedules varying from single normothermic to double normothermic and single
hyperthermic to a sequential schedule in which high-dose hyperthermia and mel-
phalan were separately and sequentially applied. Criteria for unresectability of
melanoma lesions were not given. In 28 (57%) of the patients a CR was attained.
Except for the single normothermic ILPs, these results are based upon ILP-types
that are no longer performed. Therefore, new studies with M-ILP and T(I)M-ILP
seem warranted, preferentially RCTs comparing ILP with extensive locoregional
treatment, such as CO2 laser ablation or excisions. 
Commentary 2. These results are preliminary and it is unknown on how many
patients with a high tumor load they are based. However, the results after M-ILP
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Table 3. Therapeutic ILP for melanoma

—————————————————————————————————————————————————

Study Design MD Anderson Treat- N End points CR

stage* ment

—————————————————————————————————————————————————

Fraker 200211 RCT In-transit melano- TIM-ILP 103 Response 72% vs 58%

ma,  ≥ 2 lesions M-ILP Recurrences

Disease-free 

survival

Liénard 199913 RCT Measurable TM-ILP 069 Response 69% vs 78%

stage II/III TIM-ILP Recurrences vs 52%

M-ILP Disease-free 

survival

Vrouenraets Review Measurable M-ILP 021 CR 54%

1996 10† stage II/III Recurrences

—————————————————————————————————————————————————

CR = complete response 

* Stage of disease is displayed in Table 2

† A review of retrospective series with at least 10 patients
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and TIM-ILP for high tumor burden disease are disappointing compared to the
results of both ILP-types for measurable lesions, as reported in a retrospective
comparative study by Liénard et al., with a 73% CR rate after T(I)M-ILP com-
pared to 52% after M-ILP. 13 In addition, a large meta-analysis of retrospective
series showed that M-ILP resulted in a CR rate of 54%.10

Commentary 3. Results obtained with multiple surgical excisions or CO2 laser
ablation are generally satisfactory if recurring lesions are not too extensive and
superficially localized.14,15 Therefore, there is no evidence for the use of ILP in
extensive but still resectable lesions. In pursuit of locoregional control with limb
salvage for patients with lesions that cannot be managed with excisional surgery,
other local treatment options seem subject to limitations. For example, CO2 laser
ablation can only be applied to lesions smaller than 2 cm in the cutis or superfi-
cial subcutis.14,15 Radiotherapy ± hyperthermia can result in a 35-62% CR rate,
depending on the application of hyperthermia, but has the best effect in tumors
smaller than 4 cm with the disadvantage that it cannot be applied to large areas
with multiple lesions.16 Other intralesional applications of drugs or cytokines
result in reasonable response rates up to 50% but mostly for only a short dura-
tion.17,18 The local application of dinitrochlorobenzen combined with systemic
dacarbazine has resulted in a maximum of 25% CR.19 

Commentary 4. The definition of unresectability is subjective to individual judg-
ment and often not clearly defined. Fraker et al. have proposed a division based
on high and low tumor load in which high tumor load is defined by more than 10
(small) lesions or lesions larger than 5 cm.20  Rossi et al defined a high tumor load
as lesions larger than 3 cm or more than 15 in number.21

ILP in soft tissue sarcoma

The local treatment of advanced STS of the extremity requires a multimodality
approach to obtain maximum local tumor control with preservation of limb func-
tion. Advanced STS of the extremities was conventionally treated with amputa-
tion of the extremity, until 1982 when Rosenberg et al. published the results of a
RCT, in which patients were randomized to either amputation of the limb or limb
sparing surgery (excision and radiation therapy), which showed no significant
difference in overall survival between the treatment arms.22 This was a landmark
in the treatment of STS of the extremity, and a tendency for limb sparing treat-
ment modalities then developed. The best available evidence was searched for
the effectiveness of ILP and other locoregional, limb sparing treatment modali-
ties for patients with extremity STS. No RCTs or other studies were found that
provide information on the value of ILP in resectable STS. The value of ILP in
unresectable STS will therefore only be discussed, as well as three other possible
neoadjuvant treatment modalities in these patients, namely radiotherapy, intraar-
terial chemotherapy and systemic chemotherapy. The best available evidence was
selected and appraised in the same way as for melanoma. 

What is the value of ILP for patients with unresectable STS of the extremity? 
There was no RCT or other comparative study available comparing ILP with
other treatment options (i.e. neoadjuvant or amputation) for locally unresectable

23

   Opmaak Noorda / 3de proef  05-01-2004  19:41  Pagina 23



STS. Therefore, only (retrospective) case series can be discussed (Table 4.). 
The best available evidence, i.e. largest series on ILP for unresectable STS of

the extremities, is a retrospective, multicentre study by eight European centers
that provides data from 186 patients treated according to the same protocol with
melphalan and TNFα (TM-ILP) in 1995.23 The patients were selected on the
basis of unresectable STS of the limb based upon the following criteria of unre-
sectability: multifocality, fixation to vital structures (nerve/vessels/bone), recur-
rence in a previously irradiated area, location in or near a joint, large size which
would necessitate an extent of resection that would severely compromise limb
function or a combination of these factors. They underwent a mild hyperthermic
(38-40ºC) TM-ILP, and in 55 patients IFNα was added (TIM-ILP). If sufficient
response allowed resection, the tumor remnant was subsequently removed. Medi-
an follow-up was 22 months (range 6-58 months). The major endpoints were
tumor response, divided in clinical, histologic and final response, and limb sal-
vage rate. 

Clinically, tumor response was complete in 33 patients (18%), partial in 106
(57%), no change was observed in 42 (22%) and progression occurred in five
patients (3%). In 126 (68%) patients, the tumor remnant could be resected after
ILP. Sixty patients did not undergo post-ILP resection due to excessive number
of tumors, systemic metastases or refusal to be amputated. The final response was
based upon a combined judgment of clinical response and pathological review of
the resection specimen (if available) and was complete in 54 patients (29%), par-
tial in 99 (53%), no change was observed in 29 (16%) and progressive in four
patients (2%). The limb of 34 patients had to be amputated during the course of
follow-up, seven of whom had initially been rendered tumor-free by ILP ± resec-
tion. The limb salvage rate was 82%. 

In conclusion, limb salvage could be obtained in the majority of patients who
would otherwise have undergone amputation. 
Commentary 1. The actual limb salvage rate is 64%, since only 64% attained
local tumor control with preservation of the limb (function). 
Commentary 2. Other reports on the use of T(I)M-ILP for this indication are also
displayed in Table 4. In 1992, TNFα was first used in ILP with a 100% response
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Table 4. TNFα-ILP in patients with unresectable extremity soft tissue sarcoma

—————————————————————————————————————————————————

Study Nr. of N Treat- Final RR CR rate LSR

centers ment

—————————————————————————————————————————————————

Eggermont 199623 Multi 186 T(I)M 82% 29% 82%

Gutman 199728 Single 031 TM 92% 37% 85%

Olieman 199825 Single 034 TIM 94% 35% 85%

Lejeune 200027 Single 022 T(I)M 82% 18% 86%

Van Etten 200326 Single 030 T(I)M 77% 40% 76%

Noorda 200338 Single 049 T(I)M 63% 08% 57%

—————————————————————————————————————————————————

RR = response rate, CR = complete response, LSR = Limb salvage rate
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rate in the first four patients with unresectable recurrent STS treated with TNFα
in combination with melphalan.24 Later, results of T(I)M-ILP for unresectable
STS of the extremities from different institutions showed overall response rates
varying from 77 to 94%.23,25-28 Various other drugs have been tried in ILP prior to
TNFα in these patients. An overview of all series containing more than 15
patients and reporting response and limb salvage rates, is given in Table 5. 
Commentary 3. There are no RCTs or prospective studies on preoperative radio-
therapy in unresectable STS of the extremity. The largest retrospective series is
from the Massachusetts General Hospital Cancer Center (Table 6).29 A total of 220
patients had unresectable STS (70 on the extremity) that were rendered resectable
by preoperative radiotherapy. No criteria are provided on which unresectability
was based. The minimum follow-up was five years. No information is given on the
completeness of tumor response after radiotherapy. Ten percent of the patients
who had undergone local resection had a local recurrence. No limb salvage rate is
mentioned. This was a biased series because only patients with resectable tumors
after neoadjuvant radiotherapy were selected and thus no limb salvage rate, a
measure for the effectiveness of preoperative radiotherapy, was provided. 

Another study, by Tanabe et al. from the MD Anderson Cancer Center, on pre-
operative radiotherapy for patients with resectable extremity sarcomas does pro-
vide information about response after preoperative radiotherapy (Table 6).30 A
group of 95 patients, treated with preoperative radiotherapy and subsequent
resection was retrospectively studied after a median follow-up of 66 months
(range 16-236 months). In 54% of them the tumor was smaller than 8 cm. A 46%
overall tumor response to radiotherapy was seen at histology. After resection of
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Table 5. ILP with various drugs for unresectable extremity soft tissue sarcoma

—————————————————————————————————————————————————

Study Design/patients N Treatment Final CR LSR

selection RR rate

—————————————————————————————————————————————————

Krementz 197739 Retrospective 56 Melphalan ± nitro- 32% 7% N/R

gen mustard

± actinomycine D

Lehti 198640 Retrospective 50 Melphalan and N/R N/R 074%

actinomycine D

Klaase 198941 Retrospective 17 Doxorubicine 24% 24 081%

and/or melphalan

Di Fillipo 199042 Retrospective 47 Melphalan and 57% N/R 057%

actinomycine D

Stephens Moseley Prospective 20 Cisplatin 20% 5% 100%

199243

Rossi 199644 Prospective 47 Doxorubicine 96% 0 096%

—————————————————————————————————————————————————

Studies with more than 15 patients with response and/or limb salvage rates were 

included. RR = Response rate, CR = Complete response, LSR = Limb salvage rate, 

N/R = not reported

   Opmaak Noorda / 3de proef  05-01-2004  19:41  Pagina 25



the tumor, recurrences were observed in 14 (15%) of the patients. Seven of these
patients had to undergo amputation, resulting in a limb salvage rate of 92%. 

O’Sullivan et al. have recently published the results of a preliminary closed
RCT comparing pre- and postoperative radiotherapy in resectable extremity STS.
The main outcome measure of this trial was the wound complication rate. Unfor-
tunately, it did not provide information on the tumor response rate after preoper-
ative radiotherapy.31

Commentary 4. The largest prospective series on the application of neo-adjuvant
intra-arterial chemotherapy was published by Eilber et al., who combined this
treatment modality with radiotherapy in high-risk (intermediate or high grade)
extremity STS, with undefined resectability. In the first 107 patients, doxorubicin
was delivered intra-arterially during three days followed by 10 fractions of 35 Gy
of irradiation (Table 6).32 This resulted in a 98% limb salvage rate and a 3% local
recurrence rate after a median follow-up of 8 years. However, a high local toxic-
ity and complication rate of 43%, with pathological fractures in a third of them,
was encountered. This led them to reduce the radiation dose with 50%. The next
137 patients were treated with the same intra-arterial scheme but with five frac-
tions of 17.5 Gy.33 A limb salvage rate of 97% was attained, but with a 12% local
recurrence rate after a median follow-up of 48 months. Compared to the first
scheme a lower complication rate of 26% occurred, however at the cost of a high-
er local recurrence rate.33 Subsequent studies showed local recurrence rates vary-
ing from 3 to 29%, limb salvage rates of 80-98% and varying complication rates
of 3 to 26% (Table 6).34-36

Concluding, from the aforementioned reports it is clear that the application of
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Table 6. Preoperative radiotherapy and intraarterial chemotherapy for soft tissue

sarcoma of the extremities

—————————————————————————————————————————————————

Study Design/patient N Rad.dose Local Local LSR

selection (Gy) resection (n) RR

—————————————————————————————————————————————————

Suit 198829 Retrospective 070 50-56 64 10% 91%

Unresectable

Tanabe 199430 Retrospective 095 50 All 15% 92%

Resectable

Eilber 198532 Prospective 107 35 All 3% 98%

High-risk

Huth 198833 Prospective 137 17 All 12% 97%

High-risk

Azzarelli 199236 Retrospective 078 No 62 29% 80%

(un)resectable

Levine 199334 Retrospective 055 25 47 15% 87%

Unresectable 

Temple 199735 Prospective 030 40 3% 98%

High-risk42

—————————————————————————————————————————————————

RR = recurrence rate, LSR = Limb salvage rate
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all neoadjuvant treatment modalities is limited by the complications and toxicity
they entail. Considering the effectiveness of ILP and the reported complication
rates, ILP seems the best option. However, to be conclusive, RCTs are warranted
comparing preoperative radiotherapy or intraarterial chemotherapy with ILP in
patients with unresectable extremity STS. 

Summary 

Due to the limited regional benefit and absence of an increase in overall survival,
M-ILP cannot be recommended as an adjunct to WLE in patients with primary
melanoma (level 1b evidence). Prophylactic M-ILP next to the excision of recur-
rent melanoma has not resulted in a benefit in recurrence rate or survival (level
2b evidence). It is remarkable that ILP has a definite effect on micrometastatic
disease in both situations, illustrated by a reduction in risk of further locoregion-
al recurrences of 33% to 50%. Therapeutic ILP seems indicated in unresectable
melanoma (level 3-4 evidence), although RCTs comparing ILP with other treat-
ment options are lacking. In unresectable STS of the extremities, limb salvage
can be obtained in 57-86% of patients with neoadjuvant T(I)M-ILP (level 3 evi-
dence). However, there are no comparative studies with other neoadjuvant treat-
ment options (or major amputation) for unresectable STS of the extremity. Fur-
ther RCTs should establish its role in these patients.
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Introduction

Recurrent melanoma lesions on the extremity can usually be managed by local
surgery. Large numbers of small cutaneous or superficial subcutaneous lesions
can effectively be treated with CO2 laser ablation.1,2 If the number, size or loca-
tion of the lesions prohibits these simple treatments, ILP with high-dose
chemotherapy is indicated. The more since other treatments, such as radiothera-
py and systemic chemo- and/or immunotherapy have only limited effectiveness.3-

5 Amputation is an unattractive option for patients who are believed to have a
poor prognosis. 

In patients with measurable melanoma lesions, melphalan-ILP leads to a 54%
complete response rate.6 Since the introduction of tumor necrosis factor-alpha
(TNFα) in 1992, response rates of up to 73% have been reported.7,8 The complete
response rate after ILP with melphalan alone is likely to be lower than 54% in
patients with truly unresectable disease, because it is known that a high tumor
load (as expressed by the number of lesions, total tumor surface area and nodal
status) is a negative prognostic factor for response after ILP.9-11 Since the results
are unknown for this selected group of patients with truly unresectable melanoma
lesions, we have analyzed the response rates and survival after ILP with melpha-
lan with or without TNFα with special attention to prognostic factors for these
outcome measures.

Patients and methods

From 1978 to 2001, 130 therapeutic ILPs were performed in our institutions in
108 patients with unresectable melanoma lesions. There were 24 men (22%) and
84 women (78%) with a mean age of 67 years (range 34-90 years). Eight of these
patients (7%) underwent two ILPs and seven patients (6%) were perfused three
times because of recurrent lesions. Forty ILPs were performed with melphalan
(M-ILP) and in 90 ILPs TNFα was added (TM-ILP), combined with IFNα in
eleven cases. The average number of lesions was nineteen (range 1- >100
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lesions) with a median size of 3 cm (interquartile range 1-5 cm). Fifty-eight ILPs
were performed for lesions located on the lower leg, 35 ILPs for lesions distrib-
uted over the whole lower extremity, 20 for lesions on the thigh and knee, 15
patients for lesions on the foot (extending up to the knee in six) and two patients
for lesions on the arm. A hundred and five ILPs (81%) were performed for more
than ten lesions or lesions ≥ 5 cm, which are the criteria for high tumor load
according to Fraker et al.9 Ten ILPs were performed for lesions which were con-
sidered unresectable because of their localization: on the foot (n=3), near a joint
(n=2) and multiple lesions, but less than ten, spread out over a large area (n=5).
Fifteen ILPs were performed for relatively large lesions which were between 3
and 5 cm in size, one of the two criteria for high tumor load according to Rossi
et al.8 None of the patients were considered suitable candidates for laser ablation
according to the criteria of Hill et al. (cutaneous or superficial subcutaneous
metastases smaller than 2 cm in diameter).1 The MD Anderson stage of disease
at the time of ILP is displayed in Table 1. 

Our ILP technique has been described previously in detail.12 During ILP, the
major artery and vein are clamped at the desired level, collateral vessels are
ligated and a tourniquet is applied around the limb, proximal to the region of
ILP. After insertion of the catheters, the isolated limb is perfused by an extra-
corporeal circulation, oxygenated and propelled by a heart-lung machine. A mel-
phalan dose of 13 mg/l-perfused tissue for the upper limb and 10 mg/l for the
lower limb is added to the perfusate. For TNFα this is 3 mg and 4 mg respective-
ly, irrespective of limb volume. In 11 patients with TM-ILP, 0.2 mg IFNα was
additionally applied and injected subcutaneously for two days before surgery.
The same dose was given intraoperatively and injected in the perfusate. During
ILP, adequate tissue temperatures are achieved and maintained by heating the
heparinized perfusate and application of a warm water blanket around the limb.
Limb temperatures are kept between 37 and 38°C (normothermia) or 38 and
40°C (mild hyperthermia) in case of ILP with TNFα. ILP with melphalan lasts

32

Table 1. Population characteristics: MD Anderson stage of disease 

(adapted for stage II) 25

—————————————————————————————————————————————————

No. of patients

—————————————————————————————————————————————————

Stage I Primary melanoma 01 (01%)

Stage II a Local recurrence 04 (03%)

Stage II b Satellites 05 (04%)

Stage III a In transit metastases 50 (38%)

Stage III b Regional node metastases 02* (02%)

Stage III ab In transit - and regional lymph node metastases 59 (45%)

Stage IV Distant metastases 09 (07%)

—————————————————————————————————————————————————

* One patient with a local recurrence (5 x 5 cm) located on the foot sole and regional 

lymph node metastases. The other patient had a large primary melanoma (9 x 9 cm) 

on the lower limb and regional lymph node metastases.
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one hour and when TNFα is used 90 minutes. At termination of the ILP, the per-
fusate is drained out and the limb is rinsed with an electrolyte solution. The
tourniquet is then released and catheters are removed. In 71 patients (55%) an
inguinal lymph node dissection had already been done before ILP or was per-
formed at ILP. 

Regional toxicity after ILP was graded according to Wieberdink et al.13 Tumor
response was measured by WHO criteria.14 Postoperatively, patients stay in bed
with the leg elevated until acute toxic limb reactions subside. Patients were grad-
ually mobilized with the help of a physiotherapist and discharged when fully
ambulant. Long-term morbidity was routinely scored by identifying the follow-
ing signs/symptoms: edema, venous thrombosis, arterial thrombosis, nerve
injury, muscle atrophy/fibrosis, recurrent erysipelas and subjective complaints of
pain and malfunction of the perfused limb. All were scored until two years after
ILP and morbidity was considered irreversible if symptoms were persistent
longer than two years after ILP. The median duration of follow-up was 21
months, ranging from two days to 17 years (interquartile range 9-40 months).

Statistical analysis was performed with Student’s t-test when comparing
groups with a normal distribution or with the X2 test when proportions were con-
cerned. Non-parametrical tests, mostly the Mann-Whitney test, were used if the
distribution of data was not normal. For limb recurrence-free survival, a Kaplan
Meier analysis was performed and a log-rank test for comparison of differences
between independent groups. A p-value of ≤ 0.05 was regarded significant.

Results

Tumor response
Tumor response after ILP is displayed in Table 2. A complete response (CR) was
attained after 72 of all 130 ILPs (55%) at a median of two months after the pro-
cedure. A CR had a median duration of ten months (interquartile range 5-25
months). A partial response (PR) (22%, 95% CI 15-30%) was obtained after 28
ILPs and six of these patients were rendered locoregionally disease-free after
additional resection of the lesions. Thirty-six of the patients with a CR (50%,
95% CI 39-63%) had a recurrence at a median of six months after ILP (interquar-
tile range 3-13 months). The median duration of follow-up in those without
recurrence was 21 months (interquartile range 6-50 months). Median limb recur-
rence-free survival (LRFS) was 18 months. The CR rate was 45% after M-ILP
and 59% after TM-ILP (P=0.14). The median time to CR was significantly dif-
ferent between M-ILP and TM-ILP with three and two months respectively
(P=0.01). The recurrence rate after M-ILP was 56%, which was not significantly
higher than the 48% after TM-ILP (P=0.59). The LRFS attained after M-ILP of
30 months proved not to be significantly longer than the 16 months after TM-ILP
(P=0.68). LRFS after CR is displayed in Figure 1.

In patients with a high tumor load according to the Fraker criteria (n=105), ILP
resulted in a CR in 54 cases (52%, 95% CI 42-61%) that was attained after a
median of two months (interquartile range 1-4 months). The CR rate after M-ILP
was 41% (95% CI 24-59%) and not significantly lower than the 58% (95% CI 45-
68%) attained after TM-ILP (P=0.11). The time to CR was significantly shorter
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after TM-ILP compared to M-ILP with two (interquartile range 1-4 months) and
three months (interquartile range 2-7 months) respectively (P=0.03). Median
LRFS after M-ILP was 30 months (95% CI 3-58 months) which was not signifi-
cantly different from the 16 months (95% CI ∞) after TM-ILP (P=0.64). 

A significant better effect of TM-ILP on bulky lesions as opposed to multiple
small lesions could not be demonstrated. The CR rate after TM-ILP or  M-ILP in
those with a few lesions that were larger than 5 cm (n=18) was 50% in both
groups. In those patients with more than 15 lesions that were smaller than 5 cm
(n=65), the CR rate was 59% (95% CI 44-73%) after TM-ILP compared to M-
ILP with 37% (95% CI 13-61%, P=0.11). 

Prognostic factors for CR and limb recurrence-free survival
Regression analysis for predictors of CR and limb recurrence-free survival were
performed in which the following parameters were tested: sex, Breslow thickness
and ulceration of the primary tumor, number of previous episodes of excisional
surgery on same limb, site of indicator lesions (arm/thigh/lower leg), tumor load
(high or low according to Fraker’s criteria), 9 MD Anderson stage of disease and
ILP-type (M-ILP versus TM-ILP). From a multivariable logistic regression
analysis the absence of lymph node metastases (stage IIIA disease) appeared to
be the single significant independent prognostic factor for CR, with an odds ratio
of 3.5 (95% CI 1.34-9.43, P=0.01). In a Cox-regression analysis, MD Anderson
stage IIIA disease proved also to be the strongest predictive factor for limb-recur-
rence free survival with an odds ratio of 0.3 (95% CI 0.12-0.83, P=0.02). 
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Figure 1. Limb recurrence-free survival for those with CR after ILP

Follow-up after CR (months)

Numbers of patients at risk are provided at each point in time 
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Management of recurrences and persisting lesions after ILP
Data on follow-up after ILP are displayed in Table 3 in which the treatment of limb
recurrences and persistent lesions is specified. In four patients the limb was ampu-
tated during further follow-up: After a CR, one patient had a persistent wound
infection with extensive, infected necrotic soft tissues and three months after ILP
exarticulation at the hip joint was inevitable. Another patient underwent an above
knee amputation because of intractable recurrences 18 months after CR. In two
other patients who had persistent lesions after ILP, an amputation of the lower leg
was performed three months after ILP and an above knee amputation 14 months
later. The last patient was initially treated with radiation therapy for these lesions
but developed infected radiation-induced necrosis. After a median follow-up of
21 months, the total limb salvage rate for all 108 patients was 96%. 

Metastases and survival
In Table 4, the development of regional node and distant metastases in relation to
response after ILP is displayed. Distant metastases developed 72% of the patients
who relapsed locoregionally after a CR which was significantly ore than the 47%
in those without relapse after CR. Median survival was not significantly different
between these groups. 

Overall 5-year survival of all patients was 29% (95% CI 20-38%). Median sur-
vival was 25 months. In a Cox regression analysis the following variables for sur-
vival were tested for their independent prognostic value: sex, age, MD Anderson
stage of disease, Breslow thickness of the primary, ulceration of the primary,
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Table 3. Treatment of limb relapse or persistent lesions after ILP 

—————————————————————————————————————————————————

Treatment Complete response Persistent lesions

with limb relapse

n = 36 n = 58 

—————————————————————————————————————————————————

Excision 16     (44%) 15     (26%)

Radiotherapy and local 03     (8%) 07     (12%)

hyperthermia (± excision)

Re-ILP (± excision) 06     (17%) 03     (5%)

Limb amputation 01     (3%) 02     (3%)

Chemo- or immunotherapy 07     (20%) * 15     (26%) ‡

None 03     (8%) † 16     (28%) §

—————————————————————————————————————————————————

* Three of these patients also underwent excision of lesions, one radiation therapy with

local hyperthermia and one a repeat-ILP. 

† No additional therapy because of progressive distant metastases. 

‡ Three patients also underwent local excision of lesions, two radiation therapy with 

local hyperthermia. 

§ Fourteen patients underwent no additional therapy because of progressive distant

metastases, one patient had complications after ILP with subsequent death and 

another died of myocardial infarction two days after ILP.

   Opmaak Noorda / 3de proef  05-01-2004  19:41  Pagina 36



smaller or larger tumor size than 3 cm, high or low tumor load (according to
Fraker), ILP-type and response (CR or no CR) to ILP. A stepwise backward
analysis, identified CR and small tumor size than 3 cm as independent prognos-
tic factors for a better survival with odds ratios of 0.3 (95% CI 0.18-0.55,
P<0.001) and 2.0 (95% CI 1.16-3.53, P=0.013), respectively. In Figure 2, sur-
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Table 4. Regional lymph node involvement, distant metastases and survival 

related to response after ILP

—————————————————————————————————————————————————

Regional lymph p* Distant p* Median p* 

node metastases metastases survival 

(95% CI) (95% CI) (95% CI)

—————————————————————————————————————————————————

CR w/o 03 (9%, 0-22%) 0.26 17 (47%, 30-64%) <0.05 52 mos (24-81) 0.57

relapse

CR with 07 (19%, 6-33%) 26 (72%, 57-88%) 43 mos (39-47)

relapse

No CR 15 (26%, 15-40%) 0.18 34 (59%, 50-76%) 0.31 15 mos (11-19) <0.001

Total 25 (19%, 13-28%) 77 (59%, 52-69%) 25 mos (19-31) <0.001

—————————————————————————————————————————————————

* first p-value is for the difference between CR w/o relapse and with relapse; 

the second p-value is for the difference between CR with relapse and no CR.

Figure 2. Overall survival related to response after ILP

Follow-up after ILP (months)

Numbers of patients at risk are provided at each point in time for both groups
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vival curves are displayed separately for those who attained a CR on ILP com-
pared to those without CR. Survival was significantly different between these
groups with a median survival of 44 months (95% CI 30-57 months) and 15
months (95% CI 11-19 months) respectively (P<0.001). The median survival of
43 months was also significantly longer in those who relapsed after CR compared
to 15 months in those without CR  (P <0.001). 

Toxicity and morbidity
Acute regional toxicity consisted of a mild grade I/II reaction (slight erythema
and/or edema) after 97 ILPs (75%). Thirty ILPs (23%) were followed by a mod-
erately severe grade III tissue reaction with blistering. Three patients (2%) had a
grade IV toxicity reaction with reversible nerve dysfunction in two patients.
There was no significant systemic toxicity. Long-term morbidity was limited:
One year after ILP, seven patients (9%) had edema of the perfused extremity and
at two years only two patients (4%) had edema. Objective atrophy or fibrosis of
the musculature was seen in five patients (6%) at one year and in one patient (2%)
two years after ILP. Two patients (3%) had irreversible nerve dysfunction at one
year after ILP. Subjective complaints of limited function of the perfused limb
were reported in four patients (5%) after one year and in three patients (6%) two
years after ILP. 

Discussion

Locally unresectable extremity melanoma is a major therapeutic problem since
few treatment options remain and the prognosis is unclear and probably limited.
Radiation therapy with or without hyperthermia results in an overall response
rate of 80% with the best response in tumors smaller than 4 cm. The disadvan-
tages are that it cannot be applied to large areas of disease and has no effect on
micrometastatic disease in the rest of the extremity.3

Traditionally, ILP has been considered the treatment of choice for patients
with truly unresectable melanoma lesions limited to the extremity. However,
results of ILP in the particular patient group with truly unresectable lesions are
lacking with most series presenting data on mixed groups of patients with vary-
ing numbers of tumor nodules. The definition of unresectability of melanoma
lesions is not generally agreed upon and seems to be subjected to the personal
assessment of the treating surgeon. In the present series, most of the lesions
(81%) were judged to be unresectable on the basis of Fraker’s criteria for a high
tumor burden.9 In a few patients (10% of this series), lesions were unresectable
based upon other criteria such as localization, lesions with unclear margins
and/or an inflammatory component, widely spread lesions, not permitting multi-
ple excisions at one time. In the latter case, CO2 laser ablation was not optional
since lesions were localized in the deep subcutis. Rossi et al. judged patients with
more than 15 lesions or nodules larger than 3 cm as high tumor burden disease,
comprising 82% of our study group.8 In the present series patients with a high
tumor load according to the Fraker criteria had similar response and recurrence
rates compared to the overall study population. 

Overall, 55% of our patients attained a CR after ILP, with 36 patients (28%)
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being cured locoregionally by a single ILP for the rest of the follow-up period of
21 months. The 45% CR rate after M-ILP in our patients with unresectable
melanoma is somewhat lower than the approximate mean 54% CR rate after M-
ILP seen in patients with lesions varying in resectability.15 This can be explained
by the difference in tumor load since it has been shown that tumor load, in terms
of the number of lesions, total tumor surface area and nodal status, is an impor-
tant prognostic factor for tumor response after ILP.10,11,16 Our CR rate of 45% after
M-ILP is however remarkably higher than the 19% CR rate after M-ILP as
reported by Fraker et al. in a same subgroup of patients with a high tumor bur-
den.7 The reason for this difference is unknown, with our 59% CR rate after TM-
ILP of being similar to the 58% CR rate after TM-ILP in the Fraker trial. CR rates
after TM-ILP in populations with varying disease burden varied from 64 to
90%,7,9,17-21 probably due to a generally lower tumor load in these studies.

In the present analysis, the difference in complete response rates after M-ILP
(45%) compared with TM-ILP (59%) was not statistically significant, although a
tendency for a higher response rate in unresectable lesions after TM-ILP was
apparent. This tendency was also shown in the multicenter European phase II trial
that randomized patients with measurable disease to ILP with TM-ILP with IFNα
(TIM-ILP) or without IFNα (TM-ILP) and compared them to a historical control
group treated with M-ILP, where a 52% CR rate after M-ILP and a 73% CR rate
after T(I)M-ILP were observed.19 The time to CR in the present series was signifi-
cantly shorter after TM-ILP compared to M-ILP. Although this was only a one-
month difference, it confirms what has been observed in the mentioned European
trial where this difference was 61 versus 225 days. In that study the LRFS for those
with CR was 15 months after T(I)M-ILP compared to 19 months after M-ILP,
which in the present series was 16 and 30 months respectively. These results sug-
gest that TM-ILP leads to a faster achievement of CR than M-ILP, but that TM-ILP
has no additional positive impact on long-term locoregional control in those who
attain CR. This was also the case in the Fraker trial, in which this benefit of TM-
ILP was especially observed in those with a high tumor load.7 Lejeune suggested
that large and well-vascularized tumors are particularly sensitive to TNFα because
it acts on their newly formed vessels. 22 However, the CR rates in both large and
small lesions were similar after M-ILP and TM-ILP. 

The single prognostic factor for attaining a CR was stage IIIA disease. The fact
that the chance of a CR is higher in the absence of nodal involvement confirms
what has been found in previous studies.10,11,16 Also, subsequent LRFS was sig-
nificantly influenced by the presence of nodal metastases. In our high tumor bur-
den group, the number of lesions did not have prognostic value for attaining a
CR,10,11,16 in contrast to other reports with more mixed stages of disease.

Approximately half of the patients with a CR recurred in the perfused limb
after a median interval of only six months after ILP. These recurrences could be
managed with simple local treatment modalities in 70% of the patients. Unfortu-
nately two patients needed an amputation of the limb. More than half of the
patients without CR (n=33) could not be managed by local limb-sparing treat-
ments only and in two patients amputation was inevitable. Considering that all
patients had truly unresectable tumors from the start, the limb salvage rate of
96% is impressive. 
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Overall five-year survival in this series was 29%, which is in the lower range
of the 26-46%, typical for patients with in-transit metastases with or without
lymph node involvement.23 This is assumed to be due to selection of melanoma
patients with more extensive disease in the present series. CR, with or without
relapse, and relatively small tumors were positive prognostic factors for survival.
Tumor size proved to be of independent prognostic value in other studies as well,
with larger tumors having a worse prognosis.24,25 The significant difference in the
occurrence of distant metastatic disease between those with CR who did not
relapse locoregionally and who relapsed is probably a reflection of the more
aggressive nature of the disease in the latter group. However, this did not lead to
a significant difference in median survival between these groups. 

Concluding, after a single ILP for locoregionally unresectable melanoma 55%
of the patients attain a CR. This group has a median limb recurrence-free survival
of 18 months with approximately 50% of them rendered disease-free for a long
time. These patients have a three to four fold increase in overall survival as com-
pared to those with no CR. The response to ILP is probably partly dictated by the
nature of the disease in the individual patient, but may be influenced by the drugs
and schedule used in ILP. Due to ILP, amputation can be avoided in 96% of the
patients with high tumor burden disease. Since survival is so much better after a
CR, maximum efforts should be made to obtain this. In this and other studies, a
tendency for better tumor response after TM-ILP in patients with a high-tumor
burden has been found which has to be proved by ongoing randomized studies.
Application of lower doses of TNFα in these patients will be interesting, to
reduce the costs with comparable anti-tumor effects.17
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Introduction

In some patients with in-transit metastases of extremity melanoma, locoregional
recurrences seem to develop with increasing frequency after resection of previ-
ous lesions. Distant metastases, however, are often not (yet) present and these in-
transit metastases can impose a major therapeutic dilemma at each new recur-
rence.1 Many patients who have minimal locoregional disease can be maintained
for a long time with local treatments only.2 There are several of such local treat-
ment options, including excisional surgery, CO2 laser ablation if lesions are
numerous and superficially located and local radiotherapy if these two simple
treatments fail, but none of these impacts the development of further limb recur-
rences.3-5 Isolated limb perfusion (ILP) however can treat both macroscopic
lesions as well as microscopic disease by delivering a high dose of therapeutic
agent(s) to the whole limb.6 Therefore, prophylactic ILP has the potential to stop
or slow down the process of ongoing recurrences by eradicating micrometastases
present in the limb. ILP provides a complete response in 54% of the patients with
a probably lower complete response rate in those with unresectable compared to
resectable lesions.5 In a small prospective randomized trial conducted by the
Swedish Melanoma Study Group, 69 patients with recurrent extremity melanoma
were randomly treated by excision alone or excision plus ILP. Tumor-free sur-
vival was increased after ILP from ten to seventeen months with a limb recur-
rence rate that decreased from 67% to 45%.7 To determine whether ILP in the
population of patients with resectable recurrent in-transit lesions may be indicat-
ed, the effect of ILP on further recurrences, the number of lesions per recurrence
and the limb recurrence-free interval in patients with frequently recurring limb
melanoma was studied.
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Patients and methods

Between 1978 and 2001, 451 patients underwent 505 therapeutic ILPs for locore-
gional recurrent and/or unresectable melanoma of the limbs in our institutions. A
computer-assisted database containing all patient, tumor, ILP and follow-up data,
allowed the selection of 43 patients in whom ILP was performed for a third or
later limb recurrence. There were 40 women and three men with a mean age of
62 years (range 35-83 years). The patients were divided into two groups with
unresectable and resectable lesions for the purpose of analysis. Unresectable
lesions can be categorized as either due to a high tumor load or due to localiza-
tion or diffuse spread over a large area. A high tumor load is either defined
according to Fraker et al. (ten lesions or more or lesions larger than 5 cm)8 or
according to Rossi et al. (more than fifteen lesions or lesions larger than 3 cm).9

According to either of these criteria, eighteen patients had resectable and 25
patients had unresectable melanoma lesions. The lesions forming the indication
for ILP were located on the upper arm in three patients, on the thigh in two, on
the lower leg in 27, on the foot in three, on the foot extending up to the lower leg
in five and three patients had lesions widely spread over the lower limb. The stage
of disease was classified according to the MD Anderson melanoma staging sys-
tem adapted for stage II.10 The median number of previous recurrences was two
(range 2-10) and the median number of lesions forming the indication for ILP
was four (range 2-8). Details about number and size of the lesions and stage of
disease are shown in Table 1. Twenty-five patients underwent ILP for their third
recurrence, nine for their fourth, one for his fifth, four for their sixth, two for their
seventh and one for his eighth and one for his eleventh recurrence. The indica-
tion for ILP was based on unresectability or resectable disease that was felt to
impose future problems in locoregional disease control.
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Table 1. Patient and tumor characteristics of patients with resectable or 

unresectable lesions

—————————————————————————————————————————————————

Resectable Unresectable Total 

(n =18) (n = 25) (n = 43)

—————————————————————————————————————————————————

Median nr. of lesions * 2.0 (1.0-4.0) 5.5 (2.0-10) † 3.5 (1.0-7.25)

Median size (cm2)* 0.82 (0.09-1.5) 0.63 (0.23-6.0) ‡ 1.0 (0.25-4.0)

MD Anderson classification

IIA (local recurrence) 00 01    (04%) 01    (02%)

IIB (satellite) 02    (11%) 03    (12%) 05    (12%)

IIIA (in-transit) 13    (72%) 12    (48%) 25    (58%)

IIIAB (satellite/intransit + 03    (17%) 09    (36%) 12    (28%)

regional node metastases)

—————————————————————————————————————————————————

* Interquartile range is given in parentheses 

† P= 0.05

‡ P= 0.641

   Opmaak Noorda / 3de proef  05-01-2004  19:41  Pagina 44



Our technique of ILP has been described in detail elsewhere.11 In short, isola-
tion of the blood circuit of a limb is achieved by clamping the major artery and
vein, by ligating collateral vessels and by applying a tourniquet around the base
of the limb. After cannulation of the vessels, the isolated limb is provided with
an artificial circulation by means of an extracorporeal circuit, into which the
drugs are administered. 

ILP with melphalan is usually carried out with normothermia (37-38°C); ILP
with tumor necrosis factor-a (TNFα) and melphalan is performed under mild
hyperthermia (38-40°C). The circulating time of melphalan is 60 minutes. Nine-
teen patients were treated with melphalan alone, nineteen with melphalan and
TNFα and five with melphalan, TNFα and interferon-α (IFNα). In these latter
patients 0.2 mg IFNα was injected subcutaneously for two days before surgery.
The same dose was given intraoperatively into the isolated circuit. One patient
was treated with a sequential ILP type, in which ILP with hyperthermia (42-43
°C) without drugs was followed by ILP with melphalan one week later under nor-
mothermic conditions.12

Regional toxicity after ILP was graded according to Wieberdink13 and tumor
response was defined according to the standard WHO criteria.14 The median fol-
low up after ILP was 35 months  (interquartile range 14-64 months). 

Limb recurrence-free intervals (LRFIs) were computed from the time of com-
plete remission (CR) after ILP to the next recurrence or the end of follow up. If
a partial remission (PR), no change (NC) or progressive disease was present after
ILP, the subsequent interval was scored as zero months. 

Statistical analysis for the LRFI was performed with an accelerated failure
time analysis with a frailty per patient.15,16 A Weibull survival distribution for the
within patient interval lenghts (untransformed) was used in conjunction with a
gamma distribution for the frailties. To check the sensitivity of the results a sec-
ond analysis was performed based on a proportional hazard analysis of the inter-
val-length data. Correlation between intervals within the same patients was
accounted for using the method of Wei, Lin and Weissfield.17 For the analysis of
the number of lesions per interval, the method of General Estimating Equations
(GEE)18 based on an overdispersed Poisson distribution was used, because of the
obvious non-normality of the number of lesions and the possibility that the num-
ber of lesions in different intervals for the same patients are correlated. The num-
ber of lesions was the dependent variable, the recurrence number and the status
of the interval with respect to perfusion (before or after) were used as independ-
ent variables. Several models were used: an arbitrary or a linear relation between
ln (number of lesions) and recurrence number and including or excluding inter-
action between recurrence number and interval status. 

Results

Tumor response
Results regarding tumor response after ILP are shown in Table 2. Twenty-seven
patients had a CR (63%, 95 CI 48-78%) with a median duration of 12 months
(interquartile range 5-46 months). Thirteen of them (48%) experienced a recur-
rence in the perfused area after a median time of six months (interquartile range
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5-13 months) after ILP. Fourteen patients of the total study group (33%) had a
persistent CR till the end of follow-up, which had a median duration of 37
months (9.5-62 months). Ten of these patients were still alive without evidence
of locoregional disease at the time of analysis. 

Limb recurrence-free interval
The median LRFI before and after ILP decreases significantly over time
(P<0.0001). Figure 1 shows the estimated median LRFIs after CR with their 95%
confidence intervals. The LRFI after ILP is longer than the LRFI before ILP at
the same recurrence number. The latter is also shown in figure 2, which gives the
ratio (after versus before) of the median LRFIs. The horizontal line is at a ratio
of one, i.e. equal medians. Above this line the median LRFI is higher for patients
after ILP. Although figures 1 and 2 may create the impression that the relative dif-
ferences between the “after” and “before” intervals decrease over time, this is not
supported statistically (P=0.27). Assuming a constant ratio, the median LRFI for
patients after ILP is estimated to be 4.7 (95% CI: 2.8-7.9, P<0.0001) times longer
than for patients at the same recurrence number treated with excision alone
before ILP. For example, if the ILP is performed at the third recurrence, the sub-
sequent median LRFI is 23 months (95% CI 12-43 months) compared to the
LRFI of three months (95% CI 2-6 months) in those who have not undergone ILP
at the same recurrence number (Figure 1). The last median LRFI before ILP is 2
months (interquartile range 1-4 months) and the first LRFI after ILP is 7 months
(interquartile range 2-26 months, P= 0.005). 

Number of lesions 
The median number of lesions forming the indication for ILP was four
(interquartile range 2-8) and significantly larger than the number of lesions at the
first recurrence after ILP which was one (interquartile range 1-3, P=0.006). Over-
all, at the same recurrence number, patients before ILP have a 2.6 fold (95% CI
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Table 2. Response after ILP in resectable and unresectable lesions

—————————————————————————————————————————————————

Response Resectable Unresectable Total

(n =18) (n = 25) (n = 43)

—————————————————————————————————————————————————

CR 11    (61%) 16    (64%) 27    (63%)

PR 01* (06%) 05    (24%) 05    (12%)

NC 00 01    (04%) 02    (05%)

PD 02    (12%) 02    (08%) 03    (07%)

N/E 04 † (22%) 1 ‡ (04%) 06    (14%)

—————————————————————————————————————————————————

CR = complete response, PR = partial response, NC = no change, PD = progressive 

disease, N/E = not evaluable

* Lesions were resected at maximal response

† Excision at ILP 

‡ Lesions were not evaluated due to postoperative complications
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Figure 1.  Effect of ILP on limb recurrence-free interval: median interval lengths

with 95% CI per recurrence number in the whole study population (n=43)

Figure 2.  Effect of ILP on limb recurrence-free interval:  ratios of median interval

lengths with 95% CI in whole study population (n=43)
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1.6-4.5) higher mean number of lesions compared to patients after ILP (P<0.001).
The number of lesions increases with the recurrence number and this increase is
estimated to be 22% per recurrence (95% CI 10-35%, P=0.02). This is similar
before and after ILP with a 23% increase in number of lesions per recurrence
number before and 16% increase after ILP (P=0.55). In Figure 3, the relation
between the mean number of lesions and recurrence number is shown before and
after ILP. It shows that the mean number of lesions increases with the recurrences
number before as well as after ILP and that the number of lesions for patients
after ILP is lower than for patients before ILP. For example at the fourth recur-
rence, the mean number of lesions after ILP is 0.6 (68% CI 0.3-2) compared to a
mean number of 4 (68% CI 3.5-4.6) if lesions had only been excised at the third
recurrence. 

Toxicity and complications
Acute regional toxicity consisted of a grade I or II reaction with mild erythema
and/or edema in 30 patients (69%). Twelve patients (28%) had a more severe
acute toxicity reaction with blistering and in one patient an amputation was nec-
essary nine days after ILP due to extensive tissue necrosis. 

Management of further recurrences
In two patients a transfemoral amputation of the lower limb was done for in-
tractable recurrences and failure of local radiotherapy with hyperthermia at one
year and two years after ILPrespectively. The limb salvage rate was 93%.The man-
agement of recurrences and persisting disease after ILP is displayed in Table 3.
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Figure 3.  Effect of ILP on number of lesions: number of lesions with 68% CI per

recurrence in the whole study population (n=43)

   Opmaak Noorda / 3de proef  05-01-2004  19:41  Pagina 48



Survival 
Overall five-year survival after ILP was 46% (95% CI 28-64%), with a median
of 56 months (95% CI 35-78 months). There was no significant difference in sur-
vival between those with unresectable and resectable lesions with five-year sur-
vival rates of 41% (95% CI 16-66%) and 54% (95% CI 31-78%), respectively
(P=0.38). 

Patients with resectable lesions at the time of ILP

Tumor response
One patient had more than nine LRFIs. As this caused estimation problems, we
analyzed only the first nine intervals. Eleven of the 18 patients with resectable
lesions developed a CR (61%: CI 36%-86%) after ILP. Four patients had no
evaluable tumor response because the lesions were excised at ILP. One other
patient had a PR and underwent excision of lesions at the time of maximal
response. Two patients had lesions that progressed rapidly after ILP and were
treated with local radiotherapy combined with hyperthermia. Five of the eleven
patients with CR had a recurrence (46%, 95% CI 10-81%) after a median of five
months (interquartile range 4-15 months). The mean duration of CR was 25
months (95% CI; 4-81 months). 
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Table 3. Treatment of limb relapse or persistent lesions after ILP

—————————————————————————————————————————————————

Treatment limb recurrence Limb relapse Persistent lesions

after CR (n=16)* (n = 12)

—————————————————————————————————————————————————

Excision 6    (37.5%) 4    (33%)

Radiotherapy and local 2    (12.5%) 1    (08%)

hyperthermia (± excision)

Re-ILP (± excision) 3    (19%)† 0    (00%)

Limb amputation 0    (00%) 3    (25%)

Chemo- or immunotherapy 4    (25%)‡ 2    (17%) 

None 1    (06%) 2    (17%) §

—————————————————————————————————————————————————

CR = complete response, PR = partial response, NC = no change, 

PD = progressive disease

* Including the patients with concomitant excision of lesions at ILP, who relapsed in 

the perfused area (n = 3) 

† One patient underwent multiple laser ablations and excisions before repeat-ILP and 

additional systemic chemotherapy

‡ One patient underwent local radiotherapy and excision

§ One patient underwent no additional treatment because of distant metastases 

leading to her death within two months after ILP. In another patient lesions were not

evaluated due to postoperative complications.
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Figure 4.  Effect of ILP on limb recurrence-free interval:  median interval lengths with

95% CI per recurrence interval number in the patients with resectable lesions (n =18)

Figure 5.  Effect of ILP on limb recurrence-free interval: ratios of median interval

lengths with 95% CI in the patients with resectable lesions (n=18)
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Limb recurrence-free interval
Figure 4 shows the estimated median LRFIs with their 95% confidence intervals.
The median LRFI decreases when the number of times of recurrence increases
(P=0.05). Also, the intervals for patients after ILP in this subgroup are longer than
for patients before ILP at the same recurrence number. If for instance ILP is per-
formed at the third recurrence, the subsequent median LRFI is 30 months (95%
CI 12-75 months) compared to five months (95% CI 2-15 months) in those who
have not undergone ILP at the same recurrence number (Figure 4). In figure 5 the
ratios of median intervals after versus before ILP are given. Assuming a constant
ratio, the median LRFI for patients with resectable lesions after ILP is 5.9 (95%
CI: 2.7-13, P<0.0001) times longer than for patients at the same recurrence num-
ber before ILP. 

Discussion

The recurrent nature of melanoma in-transit metastases after adequate resection
imposes a therapeutic dilemma. If these lesions are amenable to local treatments,
excision or CO2 laser ablation are simple and effective treatment methods which
have little impact on the patient’s life.3,4 Systemic treatments such as
biochemotherapy, high-dose interleukin-2, dacarbazine or temozolomide-con-
taining regimens are optional if there are (skin) metastases beyond the extremi-
ty.19-22 The main indication for ILP has traditionally been in-transit metastases
confined to the limb that cannot be removed by local surgery. We speculated
whether there might be an indication for ILP in patients with resectable lesions
who have a high tendency for locoregional recurrences without evidence of
haematological spread. A theoretical advantage of ILP over other local treatment
options could be the elimination of any microscopic disease already present in
the limb with consequently a lengthening of the limb recurrence-free interval and
reduction of the number of recurrent lesions. 

This study showed a significant increase in LRFI after ILP compared to exci-
sion only. For the entire population, the LRFI was five times longer and for the
patients with resectable lesions this was even six times longer at a given recur-
rence number. For all patients, at the third recurrence, ILP led to a median LRFI
of 23 months compared to three months for patients who underwent excision
only at that time. This LRFI is longer than the 9-19 months that is known from
other reports after ILP with melphalan with or without TNFα.7,9,23-26 A single ILP
stopped the process of recurring disease in a third of our patients who were ren-
dered locoregionally tumor-free until the end of follow-up, at a median of three
years after ILP. These results seem considerably better than results of excision
alone for in-transit melanoma in which 15 to 17% of the patients become long-
term free of disease.7,24 Apart from the time between recurrences, the number of
lesions per recurrence was also shown to decrease after ILP. These findings
strongly suggest that ILP influences the outgrowth of micrometastases in the
affected limb. This is supported by the results of a small prospective randomized
trial conducted by the Swedish Melanoma Study Group in which 69 patients with
recurrent extremity melanoma were randomly treated by excision or excision
plus ILP. The tumor-free survival was increased after ILP from ten to seventeen
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months and the limb recurrence rate was decreased from 67% to 45% after a
median follow-up of five years.7 In a large international randomized trial compar-
ing adjuvant ILP to the excision of primary extremity melanoma with excision
alone, a trend for a longer disease-free interval was also seen. Both a reduction
of the incidence of in-transit metastases (3% vs. 7%) and regional lymph node
metastases (13% vs. 17%) in the patients that underwent ILP was observed.6

Another study on the management of extremity recurrences after CR to ILP in 28
patients demonstrated an increased median duration of CR of fifteen months after
repeat ILP compared to six months after excision alone.24

Single ILP with melphalan results in a CR in approximately 54% of the
patients.5 Our CR rate of 63% compares favorable to this figure with a similar
rate of recurrence in about half of these patients. Waiting for a third or further
recurrence does not seem to diminish the chance of a CR after ILP. This is in con-
trast to previous studies in which the tumor load on the extremity, which increas-
es over time in these patients, was the strongest negative prognostic factor for
tumor response.26-28 We could however confirm the other finding of these studies
that a high tumor load is a negative predictor of recurrence-free survival, with a
larger gain in limb recurrence-free interval after ILP performed at the third recur-
rence than at a later stage. A higher complete response rate of 72% and 73% has
been reported after ILP with TNFα and melphalan, compared to 58% and 52%
after ILP with melphalan alone in these studies.9,23 In the present study, results of
these two regimens were not analyzed separately because of the small size of the
groups and the fact that the effect on micrometastases is mainly due to the mel-
phalan as expressed by a similar limb disease free survival after both regimens. 

The main disadvantages of ILP lie in the involved costs, risk of acute region-
al toxicity and long-term morbidity. After single ILP with melphalan, regional
toxicity is mild in 85% of the patients with slight edema and erythema, resolving
completely within two weeks.29 More severe acute skin and soft-tissue reactions
with blistering occur in approximately 15% of the patients, but a compartmental
syndrome necessitating fasciotomy or amputation occurs in a maximum of 5% of
the patients. Clinically observed long-term morbidity after iliac ILP with melpha-
lan consists mostly of restricted function of the ankle and edema. Significant
edema is reported in 28% of the patients28 and although an objective restricted
function of the ankle has been found in 25 to 40% of the patients,30,31 only 8% of
these patients complained of ankle stiffness.30 In elderly patients, the same effi-
cacy, toxicity and morbidity have been observed after ILP.22 The risk of the afore-
mentioned downsides of ILP should be weighed against multiple surgical exci-
sions or sessions of CO 2 laser ablation which are likely to be necessary with
increasing frequency for a growing number of lesions. 

Some argue that systemic treatment would benefit these patients with localized
metastatic disease since they are at high risk of distant metastatic disease.2 How-
ever, only small groups of patients with systemic treatment for localized inoper-
able disease have been reported. In a phase II randomized trial, biochemothera-
py  (consisting of chemotherapy combined with IFNa and IL-2) resulted in a 60%
response rate and chemotherapy in a 45% response rate in the small proportion
of patients with AJCC stage III (in-transit or lymph node metastases) localized
metastatic disease.19 This was achieved at the cost of systemic toxicity, such as
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fatigue, anorexia, altered sensorium and hypotension, in a considerable number
of patients, mostly in the combined treatment group. In a non-randomized analy-
sis of 631 patients, high-dose IL-2, with the addition of chemotherapy or, IFNα
or both, resulted in a 43% overall response rate in patients with cutaneous metas-
tases without lymph node involvement with a five-year survival rate of 27%.20

Dacarbazine as a single agent results in a mere 10-20% overall response rate and
also has no proved benefit in terms of survival.21 The value of systemic treatment
in localized metastatic melanoma is unclear and local treatment options should
be applied until distant metastases appear. 

In conclusion, controlling the locoregional disease process in patients with fre-
quently recurring limb melanoma is of great importance since the prognosis for
these patients is reasonable. ILP slows down and sometimes stops this process
with a markedly increased LRFI compared to excision alone and diminished
tumor load at the next recurrence. Although a randomized trial would be warrant-
ed to provide definitive recommendations, ILP should be considered in patients
with a third episode of limb melanoma recurrences. 
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Chapter 5

Safety and efficacy of isolated limb perfusion in
elderly melanoma patients
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Introduction

Isolated limb perfusion (ILP) with melphalan is an accepted treatment modality
to achieve locoregional control in advanced melanoma of extremities.1 The prin-
ciple of ILP is that a high dose of chemotherapy can be administered to a
melanoma-bearing limb without systemic side-effects. Since the introduction of
recombinant tumor necrosis factor-alpha (TNFα) in ILP, this procedure is also
applied successfully to irresectable limb sarcoma and bulky or melphalan resist-
ant melanoma.2-5

Nowadays, operative mortality from ILP is low, regional toxicity is mild and
systemic leakage of the cytostatic drug(s) is negligible.6-8 Still, many surgeons are
reluctant to refer patients at an advanced age for ILP because the peri-operative
mortality for major surgical procedures increases with age,9 the peri-operative
complication rate is higher in patients over 70 years of age and hospital stay is
generally longer.10-12 A fear for long-term functional morbidity due to severe
acute limb toxicity,13 increased systemic side-effects from melphalan6 and a
severe systemic cardiovascular response to TNFα is felt when elderly are con-
cerned.14

To assess whether these assumptions are true, we studied the safety and effi-
cacy of ILP in melanoma patients older than 75 years of age who were treated for
advanced locoregional melanoma. 

Patients and methods

From 1978 to 2001, 218 single therapeutic ILPs were performed with either mel-
phalan (n=84) or the combination of TNFα and melphalan (n=134) under nor-
mothermic (37-38°C) or mild hyperthermic (38-40°C) conditions for advanced
unexcised melanoma of a limb. Patients were included if they had measura-
ble disease at the time of ILP. These procedures were carried out in a total of
202 patients. A group of 53 patients (27.6%) was 75 years of age or older, (mean
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79, range 75-90 years) at the time of ILP and they underwent 58 ILPs. Results
from this older age group were compared with those from patients younger than
75 years of age. Patient characteristics of both age groups are summarized in
Table 1. Stage of disease was classified according to the MD Anderson classifi-
cation system Table 2. A few patients with stage IV disease (n=8), were treated
with palliative intent only, because of distressing symptoms of bulky, irresectable
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Table 2. MD Anderson classification (adapted for stage II) 30

—————————————————————————————————————————————————

MD Anderson stage

—————————————————————————————————————————————————

IA Intact primary

IB Excised primary

IC Multiple primaries

IIA Local recurrence

IIB Satellite ≤ 3 cm from primary/skin graft

IIIA Satellite/in-transit > 3cm from primary/skin graft

IIIB Regional node metastasis

IIIAB Satellite/in-transit with regional node metastasis

IV Distant metastasis

—————————————————————————————————————————————————

Table 1. Patient characteristics in the two age groups

—————————————————————————————————————————————————

< 75 yr. ≥ 75 yr. P-value †

—————————————————————————————————————————————————

No. of ILPs 160 58

No. of patients 149 53

Gender  g:f 35:114 (77%) 8:45 (85%) 0.20

Mean age (range) 60 (29-74) 79     (75-90)

MD Anderson 0.77

Stage I  *    002    (1.2%) 01    (1.7%)

Stage II 017    (10.7%) 06    (10.3%)

Stage III 133    (83.2%) 50    (86.2%)

Stage IV 008    (5.0%) 01    (1.7%)

Level of ILP 

Axillary 017    (10.7%) 01    (1.7%) 0.024

Iliac 097    (60.6%) 24    (41.4%) 0.012

Femoral 046    (28,7%) 33    (56.9%) 0.000

M: T & M ‡ 60:100 (62.5%) 24:34 (58.6%) 0.60

—————————————————————————————————————————————————

* locally irresectablemelanoma

† χ 2 test, significant if P< 0.05 

‡ M = ILP with melphalan only, T&M=ILP with TNFα and melphalan  
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locoregional metastases. Patients were all considered fit for operation by a regu-
lar preoperative screening procedure including ECG, chest X-ray, lung function
tests, standard hematological and chemical lab and screening for distant metasta-
tic disease. 

During ILP, the major artery and vein are clamped at the desired level, collat-
eral vessels are ligated and a tourniquet is applied around the limb, proximal to
the region of ILP. After insertion of the catheters, the isolated limb is perfused by
an extracorporeal circulation, oxygenated and propelled by a heart-lung machine.
A melphalan dose of 13 mg/l-perfused tissue in the upper limb and 10 mg/l for
the lower limb is added to the perfusate. For TNFα this is 3 mg and 4 mg respec-
tively, irrespective of limb volume. Adequate tissue temperatures are achieved
and maintained by heating the heparinized perfusate and application of a warm
blanket around the limb. Limb temperatures are kept between 37 and 38°C (nor-
mothermia) or 38 and 40°C (mild hyperthermia) in case of ILP with TNFα. ILP
with melphalan lasts one hour and when TNFα is used 90 minutes. At termina-
tion of the ILP, the perfusate is drained out and the limb is rinsed with an elec-
trolyte solution. The tourniquet is then released and catheters are removed. 

In our routine, to limit the surgical dissection and total melphalan dose, lower
limb ILP in older patients is usually performed at the femoral level instead of the
iliac level, unless the disease extends up to the femoral region. This is reflected
in our data showing significantly less iliac and more femoral ILPs being per-
formed in patients over age 75 than in younger patients (Table 1, P=0.002). There
was no difference in the use of TNFα between older and younger patients.
Regional toxicity after ILP was graded according to Wieberdink et al. (Table 3).15

Postoperatively, patients stay in bed with the leg elevated until acute toxic limb
reactions subside. Systemic toxicity and tumor response were measured by WHO
criteria.16 Patients were gradually mobilized with the help of a physiotherapist
and discharged when fully mobile. Long-term morbidity was routinely scored by
identifying the following signs/symptoms: edema, venous thrombosis, arterial
thrombosis, nerve injury, muscle atrophy/fibrosis, recurrent erysipelas and sub-
jective complaints of pain and malfunction the perfused limb. All were scored at
one month, three months, one year and two years after ILP and morbidity was
considered irreversible if complaints were persistent longer than 2 years after
ILP. Median follow-up was six years (25-75% interval 3-10 years). Some patients
had an amputation of the limb despite the effort for limb sparing surgery. This
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Table 3. Classification of acute regional toxicity reactions following ILP15

—————————————————————————————————————————————————

Grade I No evidence of reaction

Grade II Slight erythema or edema

Grade III Considerable erythema and/or edema with some blistering; slightly 

disturbed motility permissible

Grade IV Extensive epidermiolysis and/or obvious damage to the deep tissues, 

causing definite functional disturbances;threatening or manifest 

compartmental syndrome

Grade V Reaction which may necessitate amputation

—————————————————————————————————————————————————
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was only done in the case of locally irresectable progressive recurrences that
could not be excised without severely compromising limb function or be ablated
by CO2 laser and had previously shown no or little response to ILP, so that repeat
ILP was not an option.

The following tests were used for statistical analysis: proportions were com-
pared using the X2 test. Survival and limb recurrence-free interval were analyzed
using Kaplan-Meier analyses with the logrank test assessing equality of distribu-
tions. Multivariate linear regression analysis was performed to determine the most
important factors leading to increased hospital stay. A P-value of less than 0.05
was considered significant. The following independent variables were tested in
this analysis: age, sex, level of ILP, time period in which the ILP was performed,
the administered drug, limb toxicity (grade III/IV versus grade I/II), complications
such as wound infection and seroma needing drainage. The level of ILP was tested
because of the more extensive procedure of ILP at the iliac level compared to the
femoral level and the usually higher melphalan peak concentration that is obtained
in ILP at the iliac level. To study an effect of increasing experience gained with
ILP, the time period in which the ILP was performed was evaluated by defining
four time periods: 1978-1984, 1985-1990, 1991-1995 and 1996-2001.

Results

Tumor response and limb recurrence
Tumor response was not evaluated in one patient in the group of 75 years of age
or older due to severe postoperative complications. She had an incarcerated her-
nia of small bowel in the iliac fossa with severe bleeding from a lacerated artery.
After ileocecal resection and multiple transfusions, an enterocutaneous fistula
developed. Subsequently, she developed an acute respiratory distress syndrome
and hepatic failure and died six months after ILP. Therefore, objective responses
of 57 ILPs in 52 older patients could be analyzed. In the younger age group, the
tumor response was not evaluated in two patients. One patient without a history
of cardiovascular disease suddenly died with ventricular fibrillation two days
after an uncomplicated ILP procedure with melphalan alone. In another patient,
local tumor response was not recorded due to progressive metastases at other
sites leading to her death three months after ILP. Objective tumor response after
158 procedures in 147 younger patients could be analyzed. 

Patients 75 years of age or older had a complete response rate of 56.1% (n=32,
95% confidence interval (CI) 43%-69%) compared to 58.2% in the younger
group (n=92, 95% CI 48%-64%, P=0.79). Eighteen of the older patients relapsed
in the perfused area (56.3%, 95% CI 39%-73%) after a median period of nine
months (25-75% interval 5-18 months). This was not statistically different from
the younger group with a 51.1% relapse rate (n=47, 95% CI 41%-61%) after a
median period of six months (25-75% interval 4-14 months, P=0.61). Five-year
limb recurrence-free survival was 53.4% for patients 75 years of age or older who
attained a CR on the ILP and did not differ from that in the younger patients
(48.9%, P=0.36) (Figure 1). Five-year disease-specific survival in the elderly
compared to those younger than 75 years of age was also similar (40.6% versus
37.0 %, P= 0.49) (Figure 2).
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Figure 1.  Relapse-free survival for those with CR after ILP

Time after ILP (months)

Numbers of patients at risk are provided at each point in time for both groups
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Figure 2.  Disease specific survival

Time after ILP (months)

Numbers of patients at risk are provided at each point in time for both groups
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Limb toxicity and locoregional complications 
Toxicity and complications are listed in Table 4. The encountered limb toxicity
in the elderly was comparable to toxicity in the younger patients, with only a not
significantly larger proportion grade I/ II and less grade III/IV reactions in the
older patients. No grade V reactions of tissue necrosis necessitating amputation
were seen. In a univariate analysis, limb toxic reactions after femoral ILP were
not significantly different in both age groups, with 18.5% grade III/IV reactions
among the elderly compared with 28.6% in the younger (P=0.27). After iliac
ILPs, regional toxicity was comparable for both age groups (20.8% versus 23.7%
grade III/IV reactions respectively, P=0.51). When regional toxicity after ILP was
univariately tested irrespective of patient age, the occurrence of more severe tox-
icity appeared not different after ILP at the iliac or femoral level (20.8% versus
18.5%, P=0.84). 

The incidence of wound infections and seroma was similar in both groups. A
37-year old man developed arterial thrombosis, which could be treated conserv-
atively. Postoperative bleeding at the arteriotomy site occurred in two patients,
one in each age group, requiring reoperation in the older patient. 
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Table 4. Toxicity, complications and hospital stay after ILP in patients in the 

two age groups

—————————————————————————————————————————————————

< 75 yr. (n, %) ≥ 75 yr.  (n, %) P-value ‡

—————————————————————————————————————————————————

Limb toxicity Grade I/II 14/97 (72.1%) 5/42 (81.0%) 0.20

Grade III/IV 40/03 (27.9%) 10/1 (19.0%) 0.18

Other complications Seroma 10  (6.3%) 04  (6.9%) 0.86

Wound infection 22  (13.8%) 10  (17.2%) 0.52

Arterial thrombosis 01  (0.6%) 00

DVT† 03  (1.9%) 00

Bleeding at art. site† 01  (0.6%) 01  (1.9%)

Systemic toxicity  Nausea 33  (20.8%) 14  (20.7%) 0.99

Low WBC † 10  (6.3%) 06  (10.3%) 0.31

Fever 12  (12.0%) 07  (20.5%) 0.25

Median hospital stay* 17  (12-24) 21  (15.5-28) 0.002§

Peri-operative mortality 01  (0.6%) 01  (1.9%) 0.46 

Long-term morbidity Edema  3 ms 11  (7.4%) 06  (10.9%) 0.42

12 ms 04  (3.6%) 03  (7.5%) 0.28

Limb malfunction 2yr 09  (5.7%) 04  (6.9%) 0.37

—————————————————————————————————————————————————

* between parentheses: 25%-75% range in days 

† DVT = deep venous thrombosis, art. site = arteriotomy site,  low WBC = white blood 

cell count lower than 3.0x10 9/liter

‡ X2 test

§ Mann-Whitney test for non-parametric distributions
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Systemic toxicity 
In both age groups, an equal percentage of patients (20,7% in the elderly and
20.8% in the younger group respectively) experienced some degree of nausea.
Similar minor systemic toxicity was encountered in both age groups regarding
white blood cell count and TNFα induced postoperative fever. No other signs of
TNFα toxicity were encountered in both age groups.

Peri-operative mortality 
Peri-operative mortality, usually defined as 30-day mortality, was low. No patient
in the older age group died within 30 days from ILP, whereas in the younger
group one earlier described patient died after two days due to myocardial infarc-
tion (0.6%). However, the one older patient mentioned earlier who died of com-
plications of the procedure was regarded a peri-operative death, since it was
clearly procedure related. Among the older patients, the 90-day mortality rate
was 1.7%, i.e. one patient died after two months due to systemic metastases of
melanoma. Four additional patients (2.5%) in the younger age group died within
90 days postoperatively due to metastatic melanoma. 

Hospital stay 
Hospital stay was normally distributed when one outlier was left out from the
analysis. This was the patient who was described earlier with a complicated hos-
pital stay of 120 days. Patients over 75 years of age stayed significantly longer in
the hospital than younger patients with a mean stay of 23.0 days (range 7-65
days, SD 10.6) and 18.8 days (2-69 days, SD 9.5) respectively (P=0.007). Results
of a multivariable linear regression analysis, performed to determine prognostic
factors for length of hospital stay, are shown in Table 5. Age older than 75 years
remained an independent risk factor for a significantly longer hospital stay. Also
female sex, wound infection, more severe limb toxicity (grade III/IV) and ILP
performed between 1978 and 1984, were risk factors for a longer hospital stay. 

Long-term morbidity
No significant differences in long-term morbidity were found between the age
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Table 5. Factors associated with difference in hospital stay after ILP: Results from a 

multivariable linear regression analysis 

—————————————————————————————————————————————————

Hospital stay (days) * p-value

—————————————————————————————————————————————————

Female sex 20.6    (17.2) 0.018

Age ≥ 75 yr. 23.0    (18.8) 0.000

Wound infection 27.0    (18.9) 0.000 

Limb toxicity 26.0    (18.3) 0.000

1978-1984 25.3    (18.8) 0.000

—————————————————————————————————————————————————

* Numbers indicated are the length of hospital stay if the tested characteristic is 

present and between parentheses if characteristic is absent. 
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groups. Limb malfunction at two years after ILP in the younger age groups con-
sisted of ankylosis, fibrosis and/or muscle atrophy in nine patients (6%). One of
these patients also had recurrent ulcers, another had peroneal nerve dysfunction
and one patient suffered from all three long-term side-effects. Three patients in
the older group suffered from ankylosis, fibrosis and/or muscle atrophy (6%).
None of the older patients had clinically significant edema two years after ILP. 

During follow-up, limb amputations were performed after ILP in three patients
younger than age 75 (2%) and four older patients (7.6%, P=0.29). In four patients
this was because of progressive lesions and in three because of extensive relapse
after an initial complete response. In none of the patients the indication for ampu-
tation was due to toxicity and/or morbidity caused by the ILP. 

Discussion

The mean life expectancy at age 75 is 8.5 years for males and 11 years for
females.17 Maintaining or improving the quality of life in this age group is desir-
able. Therefore, effective palliative measures like ILP are important also in this
phase of life.

Melanoma of the limb locally recurs mostly in the form of in-transit metas-
tases (in 5-8% of melanoma patients) in the extremity and can present an
appalling problem to the patient. Various locoregional treatment options exist,
but effective management of regionally recurrent melanoma remains a challenge.
The choice depends primarily on the number and size of the lesions and on the
general condition of the patient. Treatments vary form (multiple) excision(s),
laser-evaporation, intralesional injection of interferons and regional chemothera-
py i.e. isolated limb infusion or perfusion.18 Over the years, we have become
more and more conservative in our approach to the application of ILP. The indi-
cation of its use has been debated and the opinions varied from ILP being the first
choice of treatment for all patients with in-transit metastases to for only those
with truly irresectable, often bulky, disease.19 The utility of ILP with melphalan
has now been limited to the locoregional multiple metastatic and advanced
metastastic cases. TNF-based ILP is only applied in the case of two indications,
i.e. in bulky metastatic disease and on the occasion of recurrent disease after pre-
vious ILP with melphalan alone.4, 5

Recurrent melanoma can be a substantial problem in elderly patients. The cur-
rent study was performed to see whether ILP, when indicated, is sufficiently
effective and feasible in these patients. Sofar, only one report focusing on the
application of ILP in patients older than 70 years of age has been published. No
conclusions could be drawn from that study because of the small number of
patients who underwent therapeutic ILP and the use of various unconventional
drugs.20 Our study shows that complete response rate and limb recurrence-free
interval after ILP for advanced locoregional melanoma among patients older and
younger than age 75 are similar. The complete response rate of 56% in older
patients with advanced melanoma is comparable to data in the literature where a
mean complete remission rate of about 54% is reported, regardless of age.1 After
a long median follow-up of six years, our locoregional relapse rate in patients
older than age 75 is higher than reported in the literature (56.3% versus 24-54%),
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but not significantly different from the younger age group.1 Still, a third of the
older patients are rendered locoregionally tumor-free for at least five years. Thus,
ILP in older patients appears to be as effective as in younger patients. 

We found no increase in mortality among the older patients with one proce-
dure related death of ILP, in spite of the general finding that mortality increases
with age after any surgical procedure.9 Peri-operative mortality rates after ILP
with melphalan generally range from 0-9%, with nowadays the majority being
between 0-1%.6 Functional status, comorbidity and emergency situations are the
risk factors that account for peri-operative mortality and complications rather
than chronological age itself.21,22 So, careful assessment of patient’s specific
comorbidities is more important than age in determining the preoperative risk.23

In recent studies from the Dutch ILP centers, it has been clear that no apprecia-
ble systemic toxicity occurs with TNF-based ILPs in patients without leakage,7

while patients with high leakage (>15%) were reported to have toxicity that can
be easily managed.24 Apart from fever in the immediate postoperative phase, we
did not see any increase in systemic toxicity after TNFα-ILP in either age group. 

In the present study, limb toxicity was similar in older patients compared to
younger patients. The proportion of patients with a more severe toxicity reaction,
i.e. grade III-IV according to the Wieberdink criteria, was even lower (although
not statistically significant) in the older patients 19% versus 27.9%) and compa-
rable to data in the literature (15%).25 Since the major predictor of long-term mor-
bidity and functional impairment is acute limb toxicity13, we also found little
long-term morbidity in patients older than 75 years of age. We generally choose
to perform ILP at the femoral level in the elderly unless the disease extends
beyond this level, because of the smaller dissection and the potentially increased
limb toxicity due to a higher melphalan peak concentration at the iliac level.27

However, there was no difference in toxicity between both age groups at neither
the femoral nor the iliac level. In this study, we could not demonstrate an increase
in toxicity at the iliac compared with the femoral isolation level. 

It has been suggested that older patients are prone to the systemic side-effects
of the chemotherapy used in ILP,6 but this was not the case in this series. Melpha-
lan leakage at our institutions is negligible7 which is reflected by our low inci-
dence of any degree of bone marrow depression (7.3%) compared to the litera-
ture (up to 59%) and with no significant difference between older and younger
patients.6 Systemic toxicity with nausea and vomiting occurred in one-fifth of the
patients, equally divided between the two age groups. This is probably a side-
effect of regional tissue damage by the ILP but also an adverse effect of anesthe-
sia for it is known that 10-50% of patients experience nausea following surgery
under general anaesthesia.28

Other postoperative complications, such as wound infections and seroma,
were evenly distributed among both age groups or, like deep venous or arterial
thrombosis, did not occur in patients older than 75 years of age. 

Not unexpectedly, patients over 75 had a significantly longer length of hospi-
tal stay than younger patients. Hospital stay is known to be mostly determined by
either medical causes such as complications or severity of disease, or by social
factors such as waiting for a nursing home.29 In our hospital the main limiting fac-
tor for discharge is mobilization, apart from complications such as wound infec-
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tions or more severe regional toxicity. Patients should be able to pursue daily
activities in a reasonable way when discharged, with the aid of physiotherapy.
Older patients tend to recover more slowly and need more time to be fully mobile
after ILP in comparison with younger patients. Also, time was needed to arrange
sufficient support during the first weeks at home since most older patients in our
study population were still living independently. In our study female sex, wound
infections and grade III/IV limb toxicity were independent determining factors
for a longer hospital stay. Hospital stay was also significantly longer from 1978
to 1984, reflecting the relative inexperience with the procedure and the general-
ly accepted longer hospital stay in those years.

In conclusion, patients older than 75 years of age with advanced melanoma of
a limb benefit as much from ILP as younger patients, without a higher risk of
mortality and morbidity.
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Editorial

Isolated Limb Perfusion in Elderly Melanoma Patients

Kelly M. McMasters, MD, PhD

In-transit melanoma of the extremity can pose a terri-
ble local disease control problem. Isolated limb perfusion
(ILP), originally developed by Creech et al.1 in the
1950s, is capable of inducing a complete response in a
substantial fraction of patients. Often this complete re-
sponse is durable, perhaps even curative. Although en-
thusiasm for ILP has waxed and waned over the ensuing
decades, and adjuvant ILP for primary melanomas has
fallen out of favor,2 there can be no question that ILP
plays an important role in local disease control of pa-
tients with extremity in-transit disease.

In this issue, Noorda et al.3 report their retrospective
experience with 218 therapeutic ILP procedures in 202
patients. Fifty-three of these patients were 75 years of
age or older. Response rates, toxicity, complications, and
long-term morbidity were similar comparing patients
�75 years of age with those over 75. Hospital stay was
somewhat longer in older patients as would be expected.
Interestingly, 56% of the older patients and 58% of the
younger patients achieved complete response to ILP, and
of those who achieved complete response, roughly half
achieved durable long-term locoregional disease control.
If one considers long-term limb-specific disease-free sur-
vival as the measure of success for this procedure, ap-
proximately one quarter of the patients had unequivocal
benefit from the operation.

The article by Noorda et al.3 clearly demonstrates that
older patients can undergo ILP safely and can enjoy the
same degree of benefit as younger patients. This is en-
couraging, especially when we are faced with very dif-
ficult decisions about aggressive operation for advanced
locoregional disease in melanoma patients who are el-

derly with other medical problems. The clear message is
that for patients who need ILP, age should not be a
contraindication.

However, the bigger question arises: who really needs
ILP? Although the patients in the study by Noorda et al.3

were reported to have significant locoregional disease,
the extent of the disease is rather poorly defined except
for the M. D. Anderson staging classification, which
gives us little real insight into the nature of the in-transit
disease. For example, a patient with a single satellite
lesion or local recurrence, which might be easily treated
with simple surgical excision, could be included. Al-
though ILP may be beneficial for patients who present
with minimal in-transit metastasis or local recurrence,
the population of patients who have significant risk to
warrant this procedure remains poorly defined. The fact
that 19% and 28% of the older and younger age groups,
respectively, experienced significant grade III/IV limb
toxicity underscores the fact that ILP remains a major
operation with a risk of major complications, including
limb loss in rare instances.

It has certainly been our experience that many patients
who have minimal disease can forego ILP in favor of
local excision, intralesional therapy with interferon or
Calmette-Guérin Bacille or other local therapies. Many
patients can be maintained for a long time with local
treatment only. Furthermore, because patients with in-
transit disease are at high risk for systemic metastasis,
they may benefit from systemic treatment with bioche-
motherapy, high-dose interleukin-2, temozolomide-con-
taining regimens, or other agents. It is clear that skin and
subcutaneous metastases respond much better to sys-
temic therapy than visceral metastases. Patients with a
complete response, or a good partial response to systemic
treatment, combined with surgical resection, may never
need ILP for local disease control. We have been im-
pressed with the fact that, at least at our center, uncon-
trolled in-transit disease requiring ILP is relatively un-
common. One could certainly argue that ILP as primary
therapy for in-transit disease may have advantages over
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these other types of therapy. However, whether ILP is
used as front-line therapy or as backup therapy, given the
fact that the majority of patients with in-transit disease
will suffer locoregional recurrence, it is useful to have
additional modalities at our disposal.

Further study is certainly necessary to define the pop-
ulation of patients in which ILP is best indicated. Be-
cause many patients can be managed with less invasive
procedures, ILP can be reserved truly for local disease
control in the extremity when other measures fail. For
patients who present with more advanced regional dis-
ease, ILP plays an important role, with a long-standing
track record for local disease control. The important
experience from Noorda et al.3 indicates that, when ILP
is necessary, age should not be a concern in deciding
whether or not to perform the procedure. Whether or not
tumor necrosis factor should be included in melphalan-

based ILP remains a subject of some controversy and is
undergoing further study at the present time in the Amer-
ican College of Surgeons Oncology Group trial Z0020.
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Introduction

Isolated limb perfusion (ILP) with melphalan for locoregionally recurrent limb
melanoma generally results in an 80% tumour response rate with 54% complete
responses.1 Two large studies showed 46 to 54% recurrence after a complete
response with ILP have been reported.2,3 Amputation is a deterring option in such
patients when recurrences are not amenable to local surgery. There is reluctance
to perform a repeat ILP since acute regional toxicity has been reported to be more
severe and it could be assumed that patients not responding to a first ILP may
have little to gain from a repeat procedure.4 Nevertheless, a complete response
rate of 74% has been demonstrated after repeat ILP with melphalan applied in
single, double, triple or sequential ILP-schedules, has been demonstrated.5 The
latter elaborate procedures are no longer performed since the introduction of
tumour necrosis factor-alpha (TNFα) in the isolated circuit with good results.
However, studies about TNFα in repeat ILP procedures are scarce with a few
small patient series with heterogeneous patient and tumour characteristics.6,7

Therefore, we assessed the results of repeat ILP with TNFα in patients who
relapsed or had persistent disease after previous ILP in our institutions. 

Patients and methods

From 1978 to 2001, 505 ILPs were performed in 451 patients with recurrent
and/or locally advanced extremity melanoma in our institutions. All patient,
tumour, treatment and follow-up data were maintained in a computer database. In
this database, 21 patients were identified who underwent 29 repeat ILPs between
1991 and 1999, using TNFα and melphalan for persisting or recurrent melanoma
lesions after a previous ILP. Six of these patients underwent three ILPs and one
four. There were three male patients (15%) and the mean age was 65 years (range
29-83 years). Recurrent melanoma lesions were located on the lower limb in 19
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and on the upper limb in two patients. Stage of disease was classified according
to the MD Anderson staging system adapted for stage II (Table 1).8

Our ILP technique has been described in detail elsewhere.9 During ILP, the
major artery and vein are clamped at the desired level, collateral vessels are lig-
ated and a tourniquet is applied around the limb, proximal to the region of ILP.
After insertion of the catheters, the isolated limb is perfused by an extra-corpore-
al circulation, oxygenated and propelled by a heart-lung machine. A melphalan
dose of 13 mg/l-perfused tissue in the upper limb and 10 mg/l for the lower limb
is added to the perfusate. For TNFα this is 3 mg and 4 mg respectively, irrespec-
tive of limb volume. In seven patients, 0.2 mg interferon-gamma (IFNα) was
additionally injected subcutaneously for two days before repeat ILP. The same
dose was given intraoperatively in the isolated circuit. Adequate tissue tempera-
tures are achieved and maintained by heating the heparinised perfusate and appli-
cation of a warm water blanket around the limb. Limb temperatures are kept
between 37 and 38°C (normothermia) in ILP with melphalan alone or 38 and
40°C (mild hyperthermia) in case of ILP with TNFα. ILP with melphalan lasts
one hour, when TNFα is used 90 minutes. At termination of the ILP, the perfusate
is drained out and the limb is rinsed with an electrolyte solution. The tourniquet
is then released and catheters are removed. In one patient, the first ILP consisted
of a sequential ILP scheme, in which ILP with hyperthermia (42-43°C) was fol-
lowed one week later by ILP with melphalan alone under normothermic condi-
tions.10

Acute regional tissue toxicity after ILP was graded according to Wieberdink et
al.11 Tumour response was measured by WHO criteria.12 Postoperatively, patients
stayed in bed with the leg elevated until acute toxic limb reactions subsided. They
were gradually mobilised with the help of a physiotherapist and discharged when
fully ambulant. 

In Table 1 characteristics and results of the first ILP are shown. In four patients
tumour response of the first ILP was not evaluable because the procedure was
performed as adjuvant to the excision of a primary tumour (n=2) as part of a ran-
domised trial,13 or prophylactically after the excision of in-transit metastases
(n=2). Twelve patients (71%) with in-transit metastases or a local recurrence had
a high tumour load according to the combined criteria of Fraker and Rossi, i.e.
more than ten lesions and/or lesions larger than 3 cm.14,15 After the first ILP, 11 of
17 patients (65%, 95% CI 39-90%) with measurable disease attained a complete
response (CR). Median duration of that CR was seven months (IQ range 5-25
months). All acute regional toxicity reactions were between grades I and III, with
three (14.5%) grade I, 15 (71%) grade II and three (14.5%) grade III reactions.
Two patients had neuropathy still present at the time of the repeat ILP. One of the
two had undergone the sequential schedule with peroneal nerve dysfunction fol-
lowing the first hyperthermic ILP. The other patient had sensory nerve distur-
bances of the lower leg. Before or at the time of the first ILP, 15 patients had
undergone lymph node clearance with two axillary dissections, one inguinal dis-
section, ten combined inguinal/iliac/obturator dissections and two dissections at
the iliac/obturator level. The median time between first and repeat ILP was 17
months (IQ range 10-30 months). Within this interval, 16 patients had several
recurrences, which were all managed by excision. 
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Characteristics of repeat ILP are displayed in Table 2. The stage of disease was
different from that at first ILP, with significantly more regional lymph nodal
involvement (stage IIIAB disease) in 11 out of 21 patients (52%, P <0.05). The
median number of lesions was nine (IQ range 5-25). Fifteen patients (71%) had
a high tumour load according to the combined Fraker and Rossi criteria. Of the
other six patients, one had lesions on the sole of the foot that were considered
locally unresectable due to their localisation and five patients had multiple but
less than ten small lesions spread over a large area of the extremity. Repeat-ILP
was indicated in these patients, because either new lesions were developing more
frequently and progressively, and/or lesions were considered unresectable. All
repeat ILPs were performed with TNFα and melphalan, with the addition of
IFNα in seven cases. At the time of the repeat procedure, five patients underwent
an iliac/obturator lymph node dissection. Only one patient did not undergo any
lymph node dissection at all during the course of his disease. Mean follow-up
after the repeat ILP was 48 months, ranging from 2 to 115 months. 

Statistical analysis was performed with Student’s t-test when comparing
groups with a normal distribution or X2 test when proportions were concerned.
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Table 1. Characteristics and results of the first ILP 

—————————————————————————————————————————————————

MD Anderson stage of disease

Stage I   primary melanoma 2 (09%)

Stage IIB  satellitosis 6 (29%)

Stage IIIA in-transit sin lymph node metastases 9 (43%)

Stage IIIAB in-transit with lymph node metastases 4 (19%)

Number of lesions (median, IQ range) 9 (2-23)

ILP-type

Melphalan 12

TNFα+ melphalan 8 (3 with IFNγ)

HT and melphalan sequentially 1

Level of ILP

Axillary/iliac/femoral 2/10/9

Tumour response (n = 17) *

Complete response 11 (65%)

Partial response 02 (12%)

No change 03 (17%)

Progression 01 (06%)

Acute regional toxicity

Grade I   (no reaction) 03 (14.5%)

Grade II  (mild erythema/edema) 15 (71%)

Grade III (mild erythema, edema and blistering) 03 (14.5%)

Mean (range) hospital stay (days) 19.5 (6-39)

—————————————————————————————————————————————————

HT = true hyperthermia (42-43˚C) 

* Four patients had no evaluable lesions since ILP was adjuvant to excision of the 

primary tumour (n = 2) or in-transit metastases (n = 2).
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Non-parametrical tests, mostly the Mann-Whitney test, were used if the distribu-
tion of data was not normal. For limb recurrence-free survival, a Kaplan-Meier
analysis was performed and a log-rank test for comparison of differences
between independent groups. A P-value of ≤ 0.05 was regarded as significant.

Results

Tumour response 
In Table 2, results of repeat ILP with TNFα and melphalan are shown and com-
pared to those after the first ILP. Repeat ILP resulted in a CR in 13 patients (62%,
95% CI 39-85%), which was comparable to the 65% CR rate after the first pro-
cedure (95% CI 39-90%, P=0.9). Two patients (9%) attained a partial response,
one patient (5%) had no change of disease and five (24%) had progressive dis-
ease despite repeat ILP. Locoregional recurrences occurred in nine complete
responders (69%, 95% CI 40-98%) after a median period of nine months (IQ
range 7-14 months) after repeat ILP. The limb recurrence-free survival for those
with a CR was 31% (95% CI 6%-56%) with a median limb recurrence-free inter-
val of 13 months (95% CI 5-22 months, Figure 1).

Seven (64%) of the complete responders to the first ILP (n=11) attained a com-
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Table 2. Characteristics and results of repeat ILP 

—————————————————————————————————————————————————

MD Anderson stage of disease P-value*

—————————————————————————————————————————————————

Stage IIIA in-transit sin lymph node metastases 10   (48%) 0.76

Stage IIIAB in-transit with lymph node metastases 11   (52%) <0.05

Number of lesions (median, IQ range) 09   (5-25)

ILP-type

TNFα+ Melphalan 21   (7 + IFNγ)

Level of ILP

Axillary/iliac/femoral 2/5/14 0.61

Tumour response (n=21) * 0.41

Complete response 13   (62%) 0.53

Partial response 02   (9%)

No change 01   (5%)

Progression 05   (24%)

Acute regional toxicity 0.28

Grade I   (no reaction) 03   (14%)

Grade II  (mild erythema/oedema) 11   (52%)

Grade III (mild erythema, oedema and blistering) 06   (29%)

Grade IV (extensive epidermiolysis, obvious damage 

to the deep tissues; threatening compartment 

syndrome) 01   (5%)

Mean (range) hospital stay (days) 23   (9-65) 0.26

—————————————————————————————————————————————————

* compared with characteristics at first ILP (see Table1)
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plete response after the repeat ILP as well, whereas two (33%) of the six without
CR to the first ILP attained a CR after repeat ILP (P=0.49). 

Toxicity and long-term morbidity
Acute regional toxicity after the repeat ILP was not significantly different from
the first ILP, when mild grade I/II reactions were compared (85% and 67%,
respectively) with severe grade III-IV reactions (15% and 33%, respectively,
P=0.28). No grade V reaction occurred. The patient with a grade IV reaction after
repeat ILP, had an impending compartment syndrome following ILP that
resolved without sequelae. One patient with a grade II toxicity reaction and a CR,
had severe atherosclerotic disease of the perfused extremity with wound healing
problems that necessitated amputation of the limb 10 months after the repeat ILP.
There was no neuropathy due to repeat ILP. One patient developed limb malfunc-
tion with muscle atrophy and fibrosis after radiation therapy for further limb
recurrences. The mean hospital stay was 23 days (range 9-65 days), which was
not significantly longer than after the first procedure (20 days, P=0.26). 

Management of recurrences or persistent disease after repeat ILP
Management after repeat ILP and (locoregional) disease status at the end of fol-
low-up is shown in Table 3. The 17 patients with locoregionally recurrent or per-
sistent disease after repeat ILP were treated with excision(s) (n=10), radiation
therapy (n=3), repeat ILP (n=7), systemic chemotherapy and/or immunotherapy
(n=5) and in one patient no treatment was instituted due to progressive distant
metastasic disease. 
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Figure 1.  Limb recurrence-free survival for those with CR after repeat ILP
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Seven patients underwent a third ILP at a median of 19 months after the sec-
ond ILP-procedure (IQ range 8-55 months). Tumour response after the third ILP
was complete in four patients (57%), partial in one (9%) and two patients (14%)
had progressive disease despite the third ILP. Three patients with CR recurred in
the perfused area after five, 13 and 19 months of the third ILP. Acute regional tox-
icity was mild with a grade II reaction in five patients and a grade III reaction in
two patients. One patient had wound healing problems after additional radiother-
apy and excisions of  progressive lesions after ILP and general muscle atrophy
and fibrosis of the treated extremity. Another patient underwent a fourth ILP for
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Table 3. Response and management of persistent disease and recurrences after 

repeat ILP

—————————————————————————————————————————————————

Nr Respons Response Limb Treatment limb Survival Loco-

first ILP repeat recurrence recurrence/ (fup, mos) regional 

ILP after persistent dis. disease

CR (mos) status

—————————————————————————————————————————————————

01 NE CR Yes (13) Excision Dead (62) ED

02 CR CR No (49) Alive (50) NED

03 CR CR Yes (9) Excision, ILP Alive (115) NED

04 CR PD Excision, Dead (64) ED

CO2 laser, ILP

05 NE CR Yes (4) Excision, ILP Dead (16) NED

06 NE CR No (99) Alive (103) NED

07 PR CR Yes (7) Excision Alive (108) NED

08 CR CR Yes (6) Excision, ILP Dead (47) ED

09 CR PR Excision, ILP Dead (39) ED

10 NE NC RT, systemic Dead (65) ED

11 CR CR Yes (9) Systemic, ILP Dead (69) ED

12 CR CR Yes (16) Excision, ILP Alive (115) ED

13 CR CR Yes (19) Excision Alive (23) NED

14 CR CR No (23) Amputation Dead (23) NED

15 PR PR RT, systemic Dead (15) ED

16 CR PD None* Dead (13) ED

17 CR CR No (46) Dead (51) NED

18 NC PD Systemic Dead (6) ED

19 NC CR Yes (7) Excision Dead (15) ED

20 NC PD RT Dead (2) ED

21 PD PD Systemic Dead (6) ED

—————————————————————————————————————————————————

Persistent dis. = persistent disease, NE = not evaluable, CR = complete remission, 

PR = partial remission, NC = no change, PD = progressive disease, mos = months, 

RT = radiotherapy, ED = evidence of disease, NED = no evidence of disease, 

fup = follow-up. 

* Due to progressive distant metastases
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recurrent disease, 42 months after the third ILP, which again resulted in a CR
with a duration of three months.

The limb salvage rate for all 21 patients was 95%. Seven patients (33%) were
rendered locoregionally disease-free until the end of their follow-up with a medi-
an duration of 51 months (IQ range 23-103 months). Five of these patients were
disease-free after the repeat ILP and two patients after a third procedure, with
additional excisions in four patients. 

Survival
Overall five-year survival after repeat ILP was 46% (95% CI 24-68%) with a
median survival of 51 months (95% CI 19-83 months). Median overall survival
for patients with CR was 62 months (95% CI 36-89 months). All patients who
had persistent disease after the repeat ILP died after a median of 13 months (95%
CI 0.4-26 months, P=0.006). Survival curves are provided in Figure 2. 

Discussion

After successful treatment of locoregionally recurrent limb melanoma with ILP
using melphalan, further recurrences develop in 46-54% of the patients.2,3 Persis-
tent disease after unsuccessful ILP with melphalan is present in approximately
46% of the perfused patients.1 Treatment options for recurring or persistent dis-
ease after ILP vary depending on the extent of the disease. Further local excisions
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Figure 2.  Overall survival after repeat ILP for all patients, and separately for those

with CR and no CR by repeat ILP
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of recurring lesions, when not too extensive, can provide local control in a sub-
stantial number of patients. If cutaneous or superficial subcutaneous lesions are
smaller than 2 cm, CO2 laser ablation is also a valuable treatment option.16,17

Radiotherapy with or without hyperthermia is an option if the number of lesions
is less than seven and they are smaller than 4 cm but difficult to resect,18 Howev-
er, if large or numerous (sub)cutaneous lesions are involved, ILP seems the only
alternative to avoid amputation. In the present series, repeat ILP was performed
in 71% of the cases for high tumour load lesions, according to recently defined
criteria,15,19 and one patient had unresectable lesions because of their location on
the sole of the foot. Although most of the patients in this study had deep subcu-
taneous in-transit metastases, CO2 laser ablation could have been possible in a
few patients, while radiation therapy could have been given in some others. How-
ever, the advantage of ILP compared to these local treatments is that the whole
area at risk of recurrence is treated, with the possibility of eradicating microscop-
ic disease that may be present in the affected limb. The longer disease-free inter-
val after ILP compared to excision alone for locoregionally recurrent melanoma,
as observed in several studies,7,20,21 seems to be the result of this additional
locoregional tumour-cell-killing effect. 

In the present study, the CR rate of repeat ILP with TNFα was 62% which
seems comparable to the 74% CR rate reported from our previous repeat ILP
series and in the lower range of the 58-90% CR rate that has generally been
reported after TNFα -ILP.4,14,22-25 Compared to melphalan alone ILP, with its 54%
CR rate, our 62% is good in view of the extent of the disease in the present series,
which is probably the result of the addition TNFα. Our limb recurrence rate after
CR of 69% is high compared to the limb recurrence rate of 38-58% after TNFα-
ILP in other series.14,22-24 This is probably due to the longer duration of follow-up
of the present series and reflects the strong tendency for the disease to recur in
our specific group of patients. In a retrospective analysis performed by Feldman
et al.,7 the management of limb recurrences after ILP was described in 28
patients. Repeat ILP was performed in six patients, resulting in five CRs with
recurrences occurring in three of them. Bartlett et al. showed a 50% CR rate after
repeat TNFα-ILP in a series of ten patients with persistent disease after the ini-
tial ILP with melphalan alone.6

The median duration of CR of 13 months in the present study is comparable
to the 12-17 months reported after initial ILP with TNFα.7,14,15,20 In our patient
population with a high tendency for locoregionally recurrent melanoma and fail-
ure after earlier ILP, a third of the patients were rendered locoregionally disease-
free by repeat ILP(s), with or without additional excisional surgery, for a median
period of more than four years. All patients who were locoregionally disease-free
at the end of follow-up, had attained a complete response on the repeat ILP, a
result that is generally not attained with excision alone in these patients groups.
In 14 patients, Feldman et al found only two patients who remained locoregion-
ally disease-free until the end of follow-up with excisional surgery alone.7 Hill et
al. described that local control could be obtained in 56% of 32 patients with
extensive in-transit metastases after multiple sessions of CO2 laser ablation with-
in a period of up to two and a half years. 

Repeat ILP can be effective despite a failure of a previous ILP, because it may
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be that recurrent disease after ILP consists of grown lesions that were not yet vas-
cularised at the time of the first procedure, which have to become sensitive to
therapeutic agents at the time of the repeat procedure.2,6 It remains unclear
whether TNFα needs to be added to melphalan in the repeat setting. No results
are available on response after single repeat ILP with melphalan alone, under nor-
mothermic conditions. In our previous report on repeat ILP, merely double, triple
and hyperthermic ILP-schedules were applied, which have been abandoned after
the introduction of TNFα in ILP.4 A better response of high tumour burden dis-
ease on ILP with TNFα compared to ILP with melphalan alone has been suggest-
ed in several reports.14,15 Bulky, well vascularised lesions have been suggested to
be particularly susceptible to TNFα.26 Since it is likely that recurring or persist-
ent lesions after previous ILP are more extensive, TNFα could be especially use-
ful in these repeat procedures.

Acute regional toxicity after repeat ILP was not higher than after the first ILP.
This is a confirmation of what others have found,7 although more severe toxicity has
been encountered in our previous report on repeat ILPs with melphalan using vari-
ous schedules. Probably these schedules are responsible for the increased toxicity.

Our 46% five-year survival rate is considerable, however it should be inter-
preted cautiously because of the relatively small group of patients. Generally,
five-year survival for patients with in-transit metastases with or without regional
lymph node metastases ranges between 27 and 46%.27 In a large series of patients
who underwent a first ILP for these stages of disease, Krementz et al. reported
five-year survival rates of 23 to 36%, depending on the presence of lymph node
metastases.28 Lejeune et al. presented the interesting finding that among 206
patients treated with ILP for locoregionally recurring melanoma, distant metas-
tases occurred in only 24% of them as the first site of recurrence.29 This confirms
our impression that there is probably a subgroup of patients with a rather good
prognosis, whose recurrences remain limited to the locoregional area and do not
spread to distant sites for a long period of time. Nevertheless, all our patients with
residual disease after ILP died and the favourable prognosis applies only to
patients who attain a CR to ILP, which has also been found by others.30

Table 5. Factors that are significantly related to the mental or physical component 

score (multivariable logistic regression analysis)

—————————————————————————————————————————————————

Physical (R2 = 38 %) Mental (R2 = 24 %)

—————————————————————————————————————————————————

Factor B P-value Factor B P-value

—————————————————————————————————————————————————

Stiffness of the -6.4 0.000 Stiffness of the -5.8 0.000

perfused extremity perfused extremity

Lesions on lower leg 5.8 0.02 Necessity for -0.007 0.004

supportive stockings

Age at the time -2.9 0.007

of analysis

Fear of recurrences -2.1 0.045

—————————————————————————————————————————————————
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Concluding, repeat ILP with TNFα is feasible in patients with recurrent dis-
ease after previous ILP. It seems indicated for patients not suitable for other, less
invasive, treatment options due to the extent of the disease after failure of a pre-
vious ILP. In these patients, a relatively high complete response rate can be
attained that is comparable to that of the first procedure. The high recurrence rate
is probably a reflection of the nature of the disease in these patients. The limb
recurrence-free interval seems longer than what is generally observed by other
local treatment modalities, an important benefit since some of these patients have
a rather good prognosis in terms of survival. A third of these patients are without
locoregional evidence of disease after long-term follow-up. 
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Introduction

Isolated limb perfusion (ILP) is generally applied for locally unresectable in-tran-
sit melanoma or soft tissue sarcoma of the extremities.1,2 In melanoma, ILP with
melphalan results in a complete response  in 54% of patients that is  reached after
a median interval of approximately seven months after ILP.1,3 The five-year sur-
vival rate with in-transit melanoma varies between 23% and 47% mainly depend-
ing on regional lymph node status.4,5 Since ILP is an extensive procedure with
possible severe complications and morbidity, it should be offered only to patients
with a life expectancy long enough to experience its benefits. 

Previous studies have focused on prognostic factors for survival after ILP for
loco-regional metastatic melanoma. Gender, the number of previous relapses, the
number of lesions forming the indication for ILP, the size of the indicator lesions
and prior systemic therapy were found to be of prognostic value for survival.6,7

In an earlier study, we also found age, Breslow thickness and Clark level of inva-
sion of the primary to be prognostic.8 In these studies a survival analysis was per-
formed, but no specific attention was paid to those who die relatively shortly after
ILP. Factors determining survival in general might differ from those that deter-
mine the risk of dying within one year from ILP. This analysis aims to identify a
group of patients that is at risk of death within one year after ILP in order to rec-
ommend ILP only to patients who are expected to live long enough to experience
its benefits. 

Patients and methods

From 1978 to 2001, 505 ILPs were performed for mostly recurrent melanoma of
the extremities in a total of 447 patients in our two institutions. A computer data-
base containing all patient, tumour and treatment data allowed the selection of
443 patients in whom analysis took place at least one year after ILP. Four of these
patients had been lost to follow-up after return to their home countries, leaving
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439 patients who underwent 492 ILPs for analysis. For patients with multiple
ILPs, the data concerning the first ILP were included.

Stage of disease was classified according to the MD Anderson classification,
adapted for stage II according to Klaase et al. in which stage II was divided in
IIA (local recurrence) and IIB (satellites within 3 cm from the primary tumor/skin
graft) (Table 1).8 Four patients had locally unresectable stage I disease (1%), 34
stage IIA (8%), 63 stage IIB (14%), 176 stage IIIA (40%), 44 stage IIIB (10%),
111 patients stage IIIAB (25%) and seven patients (2%) had stage IV disease with
(a combination of) pulmonary (n=4), brain (n=4) or extensive distant cutaneous
metastases (n=1). The indication for ILP in those patients with stage IIIB disease
was an unresectable primary (n=3), a local recurrence (n=24) or adjuvant to the
excision of primary melanoma lesions, which had been mostly performed in the
framework of an ongoing trial between 1984 and 1994 (n=17). Although in the
latter patients, initially no clinical suspicion of lymph node metastases was pres-
ent, regional metastases were found in the routine lymph node dissection speci-
men at iliac ILP. In these patients an additional inguinal lymph node dissection
was performed at six weeks after the ILP. Lymph node metastases were classified
as regional if located in the inguinal/iliac region for lower extremity disease or in
the axilla for melanoma of the upper extremity. Patients with stage IV disease
were treated with palliative intent for extensive symptomatic loco-regional dis-
ease. Depending on the treatment period and extent of loco-regional disease,
patients underwent different ILP schedules: in 246 patients (56%) ILP was per-
formed with melphalan alone under normothermic (37-38°C) conditions (1978-
2001), in 58 patients (18%) triple or double normothermic ILP schedules with
melphalan alone (1985-1990) were applied, in eight patients (2%) ILP took place
with melphalan under borderline hyperthermic (40-41°C) conditions (1988-
1990) and in five patients (1%) hyperthermia (40-41°C) was added during the last
30 minutes of drug circulation (1988-1990). Another seventeen patients (4%)
underwent an ILP with only high-dose hyperthermia (42-43°C) followed one
week later by a procedure with melphalan under normothermia (1989-1994) and
finally in 105 patients (24%) ILP was performed with TNFα and melphalan

Table 1. MD Anderson classification (adapted for stage II) 8

—————————————————————————————————————————————————

MD Anderson stage of disease

—————————————————————————————————————————————————

I Primary melanoma

IIA* Local recurrence

IIB Satellite ≤ 3 cm from primary, scar or skin graft

IIIA Satellite/in-transit > 3 cm from primary, scar or skin graft

IIIB Regional node metastasis

IIIAB Satellite/in-transit with regional node metastasis

IV Distant metastasis

—————————————————————————————————————————————————

* Stage II was divided in stage IIA (local recurrence) and stage IIB (satellitosis within 

3 cm of primary, scar or skin graft). 

   Opmaak Noorda / 3de proef  05-01-2004  19:41  Pagina 84



under mild hyperthermic (38-40°C) conditions (1992-2001). The number of
lesions forming the indication for ILP ranged from one to over 100 lesions, with
a median number of two (25-75% range 1-6). The size of the largest lesions var-
ied from 0.01 cm2 to 150 cm2 with a median size of 1.0 cm2 (25-75% range 0.25-
4.6 cm2). In 174 cases (39%) the lesions were completely excised before or at
ILP. The lesions were unresectable in 139 cases (32%) and in 126 cases (29%)
they were resectable but not (completely) removed to monitor the ILP effect. 

During ILP, the major artery and vein are clamped at the desired level, collat-
eral vessels are ligated and a tourniquet is applied around the extremity, proximal
to the region of ILP. After insertion of the catheters, the isolated extremity is per-
fused by an extra-corporeal circulation, oxygenated and propelled by a heart-lung
machine. In single ILPs, a melphalan dose of 13 mg/l-perfused tissue in the upper
extremity and 10 mg/l for the lower extremity is added to the perfusate. For
TNFα this is 3 mg and 4 mg respectively, unrespective of extremity volume. In
the double or triple ILP schedules a reduced melphalan dosage was used.9 ILP
with melphalan lasts one hour and when TNFα is used 90 minutes. In the sequen-
tial schedule, a two-hour ILP with high-dose hyperthermia only was performed.
One week later the normothermic, one–hour ILP with melfalan took place.10 Gen-
erally, the intended tissue temperatures are achieved and maintained by heating
the heparinised perfusate and application of a warm blanket around the extremi-
ty. At termination of the ILP, the perfusate is drained out and the extremity is
rinsed with an electrolyte solution. The tourniquet is then released and catheters
are removed.

Depending on the site of loco-regional disease, ILP is performed at the
brachial, axillary, femoral or iliac level. Acute regional toxicity after ILP is grad-
ed according to Wieberdink et al.11 Postoperatively, patients stay in bed with the
leg elevated until acute toxic extremity reactions subside. Systemic toxicity and
tumour response are measured by WHO criteria.12 Median follow-up was 3.2
years after ILP (25-75% interval 1.4-7.9 years). Analysis took place at a mean of
10.3 years after ILP (range 1–23.6 years). 

A multivariable logistic regression analysis was performed to identify prognos-
tic variables quantifying the risk of death within one year after ILP. It might have
been more interesting to assess these factors for mortality within six months of
ILP, but this group of patients was too small (n=25). That is why we chose to deter-
mine factors for death within one year. No patients were lost to follow-up within
one year. The following independent variables were tested: gender, age, Breslow
thickness of primary, ulceration at histology of primary, interval between primary
tumour and ILP, number of previous recurrences, number of lesions forming the
indication for ILP, size of the largest indicator lesion,  stage of disease and type of
ILP. The number of missing data was reduced as much as possible, but the retro-
spective nature of this study left some information inevitably missing. Breslow
thickness was recorded in 354 cases (81%), ulceration in 326 (74%), size of the
largest indicator lesion in 339 (77%) and the number of indicator lesions was
recorded in 427 cases (97%). Primary tumour characteristics such as Breslow
thickness and ulceration were not further retrievable due to either unknown pri-
mary lesions, inadequately excised primaries that allowed no accurate assessment
of Breslow thickness and/or ulceration and tissue samples from patients in the
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early phase of this series that were no longer available for revision. For all other
variables, data were complete. To include all cases at every step of the regression
analysis, missing values were corrected by including an indicator variable and a
variable in which missing values where replaced by the median of the available
values. A P-value < 0.05 was considered significant.

Results

Overall survival 
In Figure 1, overall survival of the study population per stage of disease is dis-
played. Median overall survival was 46 months (95% confidence interval (CI)
38-54 months). Overall five-year survival was 42% (95% CI 37-46%). Within the
first twelve months following ILP, 69 patients (16%) died, 25 (36%) of them
within six months. Sixty-four patients died of distant metastatic melanoma. There
was one procedure-related death which concerned a woman who died six months
after ILP from septic complications of a concurrent incarcerated hernia of the
ileocoecal junction in the iliac fossa with severe bleeding from a lacerated artery.
After bowel resection and multiple transfusions, an enterocutaneous fistula
developed. Subsequently, she went through acute respiratory distress syndrome
and hepatic failure and died six months after ILP. One other patient suddenly died
two days after ILP from acute myocardial infarction, with no previous cardiovas-
cular history. Three patients died due to intracranial haemorrhage without evi-
dence of melanoma. 
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Figure 1.  Overall survival for patients in each stage of disease

Time after ILP (months)

C
u

m
u

la
ti

ve
 s

u
rv

iv
al

 (%
)

   Opmaak Noorda / 3de proef  05-01-2004  19:41  Pagina 86



The overall complete response rate was 61% (95% CI 55-66%) for patients
with unexcised lesions. Complete response rates were significantly different for
those who died within one year, with a complete response rate of 47% (95% CI
33-61%) compared to 64% (95% CI 57-70%) in the surviving group (p=0.03).

Prognostic factors
In Table 2, a univariate analysis of prognostic factors for death within one year
after ILP is shown. The number of lesions and the size of the largest lesion form-
ing the indication for ILP were significantly greater in the group that survived
less than one year after ILP. There was also a significantly different distribution
of stage of disease between the two groups, with more patients with stage I to
IIIA disease who were still alive one year after ILP and more stage IIIB, stage
IIIAB and stage IV disease in the group with poor survival. Lymph node status
still had a significant influence on survival in patients who attained a complete
response after ILP with a one-year survival rate of 90% in these patients without
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Table 2. Univariate analysis of prognostic factors for poor survival after ILP

—————————————————————————————————————————————————

Dead < one year Alive > one year P-value

—————————————————————————————————————————————————

Gender M/F 18 (26%) / 51 (74%) 77 (21%) / 293 (79%) 0.21

Age (years)              61 (range 19-83) 59 (range 17-90) 0.35

Breslow thickness (mm) 3.5 (IQ range* 2.0-4.3) 2.7 (IQ range 1.7-4.1) 0.16

Ulceration present 25 (49%) 117 (43%) 0.42

Nr. of previous recurrences 0.7 (range 0-10) 0.7 (range 0-10) 0.88

Interval primary-ILP (mos.) 19 (IQ range 5-50) 22 (IQ range 7-54) 0.57

Nr. lesions 3 (IQ range 1-14) 2 (IQ range 1-6) 0.02

Size largest lesion 4.0 (IQ range 0.7-10.1) 1.0 (IQ range 0.25-4.0) 0.000

Stage of disease 0.000

I 00 004 (1.1%)

II A 01 (1.4%) 033 (8.9%)

II B 06 (8.7%) 057 (15.4%)

III A 16 (23.2%) 160 (43.2%)

III B † 13 (18.8%) 031 (8.4%)

III AB 28 (40.6%) 083 (22.4%)

IV 05 (7.2%) 002 (0.5%)

Type of ILP 0.46

Melphalan 33 (47.8%) 213 (57.6%)

Double/triple 08 (11.6%) 050 (13.5%)

TNFα/melphalan 22 (31.9%) 083 (22.4%)

Hyperthermia/melphalan 02 (2.9%) 011 (3%)

Sequential 04 (5.8%) 013 (3.5%)

—————————————————————————————————————————————————

* IQ range= interquartile range i.e. between 25% and 75% of values 

† The indication for ILP was an unresecTableprimary lesion in three patients, a local 

recurrence in 24 patients and adjuvant to local excision of primary melanoma 

lesions in 17 patients.
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lymph node metastases (n=113) and 75% for patients with lymph node metas-
tases (n=48, p<0.001). The difference in survival for patients with and without
lymph node involvement is displayed in Figure 2.

Results of the multivariable logistic regression analysis are presented in Table
3. It appeared that MD Anderson stage IIIAB, stage IIIB or stage IV were remain-
ing independent risk factors for death within one year from ILP. The calculated
odds ratio (OR) indicates the increase in risk of dying within one year after ILP
if one of these factors is present compared to if the factor is absent. 

Toxicity and morbidity 
More severe acute regional toxicity with blistering occurred in 76 patients (17%),
four of whom had persistent nerve injury up until three months after ILP. Seven
patients (2%) had a compartmental compression syndrome following ILP, with
persistent nerve injury in four patients up until three months after ILP. At three
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Figure 2.  Overall survival for patients with and without lymph node involvement
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Table 3. Results from a multivariable logistic regression analysis of risk factors for

death within one year

—————————————————————————————————————————————————

Risk factor OR CI (%) P-value

—————————————————————————————————————————————————

Stage of disease IIIAB 3.6 2.1-10 < 0.001

Stage of disease IIIB 4.6 2.0-6.6 < 0.001

Stage of disease IV 22 3.8-127 0.001

—————————————————————————————————————————————————

   Opmaak Noorda / 3de proef  05-01-2004  19:41  Pagina 88



months after ILP, a total of eighteen patients had symptomatic nerve injury (4%),
which decreased to eleven patients (3%) at one year after ILP. At that time, 45
patients (10%) had complaints of fibrosis and/or ankylosis, mostly of the ankle.

Discussion

ILP is a sophisticated procedure which can offer local control in advanced
melanoma of the extremities in a considerable number of patients. However,
most patients with loco-regional metastases of melanoma eventually die of dis-
tant disease. Overall five-year survival for non-perfused patients with in-transit
metastases confined to an extremity varies between 23 to 47%, depending on the
presence of regional lymph node metastases.5 In a recent study of perfused
patients with regional metastatic disease a 43% five-year survival rate has been
reported.7 Overall five-year survival in our study population, consisting mostly of
patients with satellites, in-transit metastases with or without lymph node metas-
tases is 42% and thus comparable to data from the literature. 

Generally, patients with recurrent extremity melanoma have several treatment
options, depending on tumour load. First, local surgical excision(s) of recurring
lesions, when not too extensive, can provide local control in a substantial num-
ber of patients. If cutaneous or superficial subcutaneous lesions are smaller than
2 cm, CO2 laser ablation is also a valuable treatment option.13,14 If lesions are
fewer than seven and smaller than 4 cm, but difficult to resect, radiation therapy
with or without hyperthermia could be used.15 However, if large or numerous
(sub)cutaneous lesions are involved, ILP seems the only alternative to avoid
amputation and obtain local disease control. Furthermore, an advantage of ILP
over the other local treatment modalities is that possible microscopic metastatic
disease present in affected extremity, may also be eradicated. 

In our series, sixty-nine patients (16%) died within one year after ILP. Pres-
ence of regional lymph node metastases and/or distant metastases at the time of
ILP were identified as significant prognostic factors for this early death. Those
with distant metastases at presentation are likely to have a poor survival, since
these patients are reported to have an overall one-year survival rate of 41-59%.4
Patients with nodal metastases, however, have a one-year survival rate ranging
between 71-96% depending on nodal tumour load and the presence of ulceration
of the primary tumour.4 In this series also 74% of the patients with nodal metas-
tases survived over one year after ILP. However, these patients appeared to have
a higher risk of poor survival compared to those with in-transit metastases or
satellites without lymph node involvement. Interestingly this observed difference
in survival confirms the adjustment that the AJCC has made in the staging sys-
tem of cutaneous malignant melanoma wherein patients with in-transit metas-
tases without involvement of regional lymph nodes are separately staged from
patients with in-transit metastases and lymph node metastases.4 In another recent
study, consisting of patients who attained a complete response after ILP, region-
al node status, however, had no additional prognostic value.7 These contrasting
results may be due to patient selection, because only patients with a complete
response after ILP were enrolled in the latter study. 

Approximately half of our patients with measurable disease who died within
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the year following ILP had not attained a complete response, but had the
described risk of morbidity: a more severe toxicity reaction of the extremity
occurred in 19% of them and some degree of functional impairment at one year
after ILP in 10%. We are therefore of the opinion that ILP in these patients with
poor prognosis should only be applied if lesions are truly unresectable with no
other local treatment options. Since it has been shown that increased tumour bur-
den is a negative prognostic factor for response after ILP,1,16 it can be expected
that complete response rates in this patient group are lower than the average of
54% that can be obtained by ILP with melphalan. In this respect it is interesting
that in a multicentre European study an increased complete response rate (73%)
as well as a reduction in median duration to complete response from 225 to 61
days was shown when TNFα was added to melphalan.3 Also, Fraker et al. com-
paring melphalan-ILP with the combination of melphalan and TNFα in a
prospective randomised trial, found improved complete response rates from 58%
to 72% if TNFα was added.17 The complete response rate in patients with high
tumour burden was increased from 19% to 58% by applying TNFα. Therefore,
when there is an indication for ILP in high tumour burden patients whose survival
is expected to be short the addition of TNFα to melphalan should be considered.

Concluding, no patients could be identified whom ILP should be withheld due
to an unacceptably high risk of poor survival. However, in patients with stage IV
disease ILP should only be performed when strictly necessary for palliative rea-
sons. In patients with regional lymph node involvement the procedure should be
limited to those with truly unresectabele lesions, because of the approximately
25% one-year mortality rate. In the case of either regional lymph node involve-
ment or distant metastases it might be more effective to apply TNFα-ILP, since
higher complete response rates and shorter times to complete response have been
reported. 
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sequentially in extensive melanoma of the lower limb
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Introduction

Isolated limb perfusion (ILP) with melphalan has a well-established role in the
treatment of recurrent melanoma of the limbs. Single normothermic (37-38ºC) or
mild hyperthermic (39-40ºC) ILP with melphalan produces complete response
(CR) rates of 54% with a mean limb recurrence rate of 44% after CR.1 Different
ILP schedules have been used in order to improve response rates and duration of
response. Double normothermic ILP schedules with melphalan increase CR rates
to 76%, although the limb recurrence-free interval does not improve.2,3 While sin-
gle mild hyperthermic ILP with melphalan yields similar results as ILP under
normothermic conditions,4 higher temperatures have been used to improve
results. True hyperthermia (42-44ºC) in combination with melphalan, however,
results in severe toxic reactions with a substantial risk of amputation.5,6 ILP with
melphalan using a somewhat lower temperature (borderline true hyperthermia,
41-42ºC) leads to a wide range of CR rates of 39%-81%.7-11 In our institution
however, this was accompanied by unacceptable toxicity.12 In all these studies
using hyperthermia, the higher toxicity is caused by the potentiating effect of
hyperthermia on melphalan leading to enhanced drug uptake in both tumour and
normal cells.13,14 Interestingly, hyperthermia (42-45ºC) on itself has a selective
cell killing effect on tumour cells, while sparing normal cells because it is espe-
cially toxic to cells in insufficiently perfused hypoxic and acidotic areas of
tumour tissue.15-17

Based on these observations, we developed a sequential ILP schedule in which
both hyperthermia and melphalan would be applied at the maximum tolerable
dose for each modality, aiming at a double therapeutic effect without the toxici-
ty encountered with simultaneous application.18,19 Initial results in ten patients
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were published before.20 Here we present the long-term results of all patients
treated with a true hyperthermic ILP (42-43ºC) without a cytostatic drug fol-
lowed by a normothermic ILP with melphalan alone.

Patients and methods

From 1989 to 1994, seventeen consecutive patients with grossly recurrent
melanoma were selected for this study. There were sixteen women and one man
with a mean age of 65 years (range 48-78 years). Patient and tumour characteris-
tics are listed in Table 1. Fifteen patients had disease confined to the lower leg
and/or foot, one had a large local recurrence in the popliteal fossa and one patient
had multiple lesions on the entire lower limb. All patients had extensive disease
and seven were considered truly irresectable on the basis of the extent, size
and/or location of the lesions. Stage of disease was classified according to the
MD Anderson classification system. Five patients had stage II disease (local
recurrence or satellitosis), seven had stage IIIA (in-transit metastases), two had
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Table 1. Patient characteristics and results of the sequential ILP schedule

—————————————————————————————————————————————————

No. Sex Age MD An- No. of Re- Duration of Limb re- Survival

derson* lesions sponse† follow-up (yr.) currence status

—————————————————————————————————————————————————

1 f 60 II B 5 CR 9.5 No NED

2 f 70 III B 1 CR 1.0 No DOD

3 f 52 II A 1 CR 6.6 Yes DOD

4 f 66 III B 1 CR 3 (m) § No DOD

5 f 48 IV 50 PR 8 (m) No DOD

6 f 53 III A 12 CR 4.7 No DWD

7 f 62 II A 1 CR 10.2 No NED

8 f 65 III AB 7 CR 8 (m) No DOD

9 f 53 III A 1 CR 5.6 No DOD

10 f 78 III A 30 PR 3.7 No DOD

11 f 71 III A 12 CR 4.0 No DWD

12 f 73 III A 10 PR 1.9 Yes D

13 f 78 III A 2 PR ‡ 6 (m) No DOD

14 f 70 II B 7 CR 7.1 Yes DOD

15 f 77 III A 20 NC 3.8 No DOD

16 f 74 III AB 10 CR 4.5 Yes DOD

17 g 48 II B 10 PR ‡ 10.6 Yes NED

—————————————————————————————————————————————————

* MD Anderson stage adapted for stage II: IIA = local recurrence and IIB = satellitosis

within 3 cm from primary scar or skingraft, 32 † CR = complete response, PR = partial

response, NC = no change, ‡ attained CR after additional excision, NC = no change,

§ m = months, _NED =  alive with no evidence of disease (melanoma), DOD = dead of

disease, DWD = dead without disease, D = Dead of intercurrent disease with loco-

regional recurrences
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stage IIIAB (in-transit and regional lymph node metastases) and two patients had
stage IIIB disease (regional lymph node metastases) with a large local recurrence.
One patient had stage IV (distant metastases) disease and was treated with pallia-
tive intent for extensive locoregional metastases. The median number of lesions
was seven (range 1-50). The five patients with one large nodule had their recur-
rence on the lower leg or at their knee. The size of these single lesions varied
from three to nine cm in diameter. Three patients had been treated for in-transit
metastases before by local excision. One of them had undergone an ILP three
years prior to the sequential schedule. Physical condition was required to be suf-
ficient to undergo the two operative procedures. Patients had were informed
about the procedure and oral consent was obtained.

All patients were treated with a sequential ILP schedule consisting of a two-
hour true hyperthermic (42-43ºC) femoral ILP without cytostatic drug followed
one week later by a one-hour normothermic (37-38ºC) ILP at the iliac level with
high-dose melphalan (10mg/l perfused tissue). The application of true hyperther-
mia by ILP was achieved by introducing an extra heat exchanger into the arteri-
al line of the circuit, perfusate temperatures of approximately 44ºC and a hot
water blanket with water circulating at a temperature of 44ºC circulating,
wrapped around the limb. Temperature probes were inserted into tumour nodules,
muscle and subcutaneous tissues surrounding the tumour and at proximal and
distal sites of the limb. The two-hour ILP period started when a temperature of
42ºC was reached in tumour nodules or a temperature of 42.5ºC in the normal tis-
sues. The mean warming-up period was 40 minutes. Tissue temperatures were
kept in between 42ºC and 43ºC throughout the entire two-hour ILP period. It was
assumed that maximum tumour cell kill would be attained if the time between the
two ILPs would be as short as possible. Taking into account the time needed for
wound healing after the first ILP, the interval between the two ILPs was set at one
week. Two patients, however, had a period of 14 days between the ILPs because
of blistering on the heel and ankle combined with a transient, diffuse loss of sen-
sibility of the perfused limb after the first ILP. Another patient had disturbed liver
function tests after the hyperthermic ILP, probably due to the anaesthesia. She
recovered without sequelae and had the complementary normothermic ILP with
melphalan three weeks after the first.

Toxicity after ILP with melphalan was graded according to Wieberdink.21

Tumour response was measured by WHO criteria.22 Patients stayed in the hospi-
tal throughout the whole ILP schedule. Mean hospital stay was 38 days ranging
from 21 to 96 days in a patient waiting for a place in a nursing home. Analysis
took place at least 7.7 years after ILP. For survival and limb recurrence-free inter-
val calculations, Kaplan-Meier analyses were applied. A logrank test was used to
test differences in survival between groups. A difference was considered signifi-
cant with a P-value < 0.05

Results 

The results are listed in Table 1. After the first true hyperthermic ILP, tumour
regression was observed in four patients. After both ILPs, an objective response
was observed in sixteen patients (94%). Eleven patients attained CR (65%), five
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had a partial response (PR) and one patient had no change of the tumour lesions.
In two of the partial responders a CR could be obtained after additional excisions.
CR was established after a median period of five months (interquartile range 3.5-
5.5 months). Three patients with CR (27%) relapsed in the perfused area after
five, six and eighteen months, respectively. All other complete responders had no
evidence of recurrent local disease during their follow-up period (median 3 years,
interquartile range 4 months-7.5 years). Five-year limb recurrence-free survival
for the eleven patients with a CR was 67%. The two partial responders who were
rendered tumour-free after additional excisions relapsed after two and five
months respectively. In one patient, amputation of the limb had to be performed
two months after ILP because of progression of the lesions after an initial partial
response. 

Results on acute locoregional toxicity are shown in Table 2. After the first ILP
with true hyperthermia, no tissue reaction was observed in seven patients, while
four patients had slight erythema of the perfused limb. Six patients developed
blistering on their heels. Two patients had transient diffuse loss of sensibility of
the perfused limb; one combined with a short period of motor dysfunction and
moderate elevation of serum creatinine phosphokinase levels, indicating some
degree of muscle damage. In one patient, complete loss of peroneal nerve func-
tion occurred immediately after the first hyperthermic ILP, probably due to pres-
sure of the femoral tourniquet. 

Following the second melphalan ILP, fifteen patients (88%) had a grade II tox-
icity reaction, i.e. slight erythema and/or oedema. In two patients a grade III tox-
icity reaction was seen with blisters on the heel combined with considerable
oedema and/or erythema. Long-term morbidity occurred only in the patient who
had irreversible loss of peroneal nerve function.

At the time of analysis, three patients are still alive without evidence of dis-
ease. Eleven patients died of metastatic melanoma, one of intercurrent disease
with limb recurrences and two died of intercurrent disease without melanoma.
Median disease-specific survival was 5.6 years (95% confidence interval (CI)
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Table 2. Acute regional toxicity

—————————————————————————————————————————————————

Hyperthermic ILP (n) Normothermic ILP 

with melphalan (n)

—————————————————————————————————————————————————

No tissue reaction/grade I 7*

Slight erythema or oedema/grade II 4 15

Blistering/grade III 6† 02

—————————————————————————————————————————————————

Since the grading system according to Wieberdink is based upon acute toxicity caused 

by melphalan, the grades strictly apply to toxicity after the second ILP. Descriptions are

provided for tissue reaction after the first ILP.

* One patient had complete irreversible loss of peroneal nerve function 

† Blistering localised on heels in all six patients. Two patients had transient sensibility 

loss of the limb, one combined with neurapraxia
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2.7-8.4 years) with a median overall survival of 4 years (95% CI 3.0-5.0 years).
Disease specific 5-year survival for those who attained a CR was 62% and 22%
for the remaining six patients (P=0.43).

Discussion

The present study was performed to examine the feasibility and results of an ILP
schedule using hyperthermia and melphalan at their maximum tolerable doses.
To avoid the severe toxicity encountered when both treatment modalities are
applied simultaneously,5,6 we developed a sequential ILP schedule for patients
with extensive recurrent melanoma. 

Hyperthermia kills tumour cells through damage to cell membranes and denat-
uration of proteins.16,23 The extent of tumour cell kill by hyperthermia is depend-
ent on the heat dose and the duration of hyperthermia, although these two are not
simply linearly related. It is known from in vitro experiments that a change in this
relationship occurs between 42ºC and 43ºC with an increased effectiveness of
heat above 42.5ºC. To have the same therapeutic effect, a change of 1°C below
this transition point requires a factor six increase in duration of heat application
whereas this is a factor two if temperature is higher than 42.5ºC.24

The effect of hyperthermia has generally been found to be enhanced by a
hypoxic and acidic environment, often found in regions of solid tumours.15-17 If
cells are adapted to grow at low pH, in chronic acidotic states, this thermal sen-
sitivity diminishes.16 However, if acidosis is acutely caused this sensitivity to heat
is apparent.15,16 In another study, we demonstrated that acute acidosis in tumour
tissue occurs during the hyperthermic ILP with a mean initial tumour pH of 7.15
decreasing with 0.41 units, significantly more than the decrease in pH of normal
perfused tissues. This selective decrease in tumour pH is mainly caused by the
anoxic period when the extracorporeal circulation system is connected to the
limb vasculature. Hyperthermia at the clinically maximum tolerable level further
decreases both tumour and normal tissue pH.15 At a temperature of 42ºC applied
for 120 minutes, like in our study, a decrease in pH of 0.40 units results in a 100-
fold increase of tumour cell kill.25

The efficacy of hyperthermia in ILP without cytostatics was previously report-
ed by Cavaliere et al. who treated seven patients with extremity melanoma with
ILP under high-dose hyperthermic conditions without cytostatics resulting in  a
marked regression of the tumours.5 Before the current series was performed we
had treated three patients with ILP with high-dose hyperthermia without cytosta-
tics for extremity sarcoma and have observed regression of the tumors.18 To
improve complete response rates, we hypothesised that the true hyperthermia
would kill cells in the acidotic and hypoxic parts of the large tumour nodules,
thus reducing tumour load, and that the second ILP with melphalan would treat
the well perfused parts of the tumour nodules and possible microscopic dis-
ease.15,26

Our complete response rate of 65% is markedly higher than reported CR rates
of single normothermic or mild hyperthermic ILP with melphalan (54%)1 sug-
gesting the superiority of the combination. Moreover, in bulky disease, ILP with
melphalan has only limited value with low CR rates of 17%.27 Other investiga-
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tors have also demonstrated the lower chance of CR in more extensive disease.7

It is only with the introduction of TNFα that CR rates improved, ranging from
60% to 78% in these patients.27-29 Since all our patients had extensive disease, the
limb recurrence rate of 27% after a mean follow up of ten years is low compared
to a mean limb recurrence rate of 44% (range 24%-54%) reported in the litera-
ture after a shorter follow up.1,30,31 Although the number of patients is small, the
5-year limb recurrence-free interval of 63% in our group with advanced recurrent
melanoma compares favourable to the reported 3-year limb recurrence-free inter-
val of 38% after normothermic ILP with melphalan.32 

It appears from our study that hyperthermia alone does not result in increased
limb toxicity with generally milder reactions being observed than after the use of
melphalan under normothermic conditions.33 Tissue reactions specifically seen
after ILP with high-dose hyperthermia alone were pressure-related blistering at
the heel and transient sensory disturbances of the limb. This blistering was no
longer observed once we paid special attention to avoid pressure on the patients’
heels during ILP with hyperthermia. The transient diffuse sensory disturbances
seen in two patients and the damaged peroneal nerve in one patient could be
attributed to the specific sensitivity of nerve tissue to heat and exerted pressure
by the tourniquet.13

Considering the fact that the tourniquet is applied longer during the hyperther-
mic ILP than usual (i.e. two hours), one should be particularly cautious with the
amount of pressure applied. Since leakage is of no concern using only hyperther-
mia without use of a cytostatic drug, pressure can be limited to prevent nerve tox-
icity. Cumulative toxicity after the sequential procedure was similar to what is
seen after single normothermic or mild hyperthermic ILPs with melphalan, show-
ing mostly grade II reactions with mild erythema and oedema resolving without
sequelae.33 This emphasises the importance of the timing of hyperthermia and
melphalan in avoiding or promoting synergistic toxic reactions. 

Nowadays, for patients with bulky tumour load, ILP with tumour necrosis fac-
tor alpha (TNFα) and melphalan can be used with results comparable to the
results of our sequential schedule.27-29 A disadvantage of the sequential schedule
is undoubtedly that it implies two surgical procedures. This means a double oper-
ative risk, increased costs and an additional ILP, in the case of locoregional fail-
ure, may be more difficult to perform. However, from a previous study where we
applied a double ILP schedule with melphalan under normothermic conditions,
no increased operative risk appeared.3 Despite the presumed higher operative
risk, we found little short- and long-term morbidity in the present series. As for
the costs of ILP, the cost of the first hyperthermic procedure is probably out-
weighed by the considerable costs of TNFα. Furthermore, a third ILP has been
proven to be feasible.34 At this moment, results of ILP with TNFα point in the
direction of a benefit in response rate and reduced time to obtained response com-
pared to ILP with melphalan alone, especially in those patients with a high
tumour load.35,36 Final results have to be awaited of the US trial, determining the
role of TNFα in ILP for melanoma. Based on the above, if TNFα is not available,
as it is not registered for use in melanoma ILP in some countries, or if it is con-
traindicated or if there is failure after a previous ILP, the sequential schedule
could be a safe and effective alternative in selected patients with bulky disease. 
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In conclusion, our sequential ILP schedule using high-dose hyperthermia and
melphalan results in a high complete response rate and a low limb-recurrence rate
in patients with extensive, recurrent melanoma of the limbs at the cost of only
mild toxicity. In patients with bulky disease, this regimen could be a valuable
alternative to ILP with TNFα and melphalan. However larger studies are needed
to define its exact role in recurrent limb melanoma.
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Introduction

Since 1957, isolated limb perfusion (ILP) has been applied for melanoma of the
extremities.1 The principle of ILP is that the whole affected limb is treated with
high-dose chemotherapy to eradicate visible tumor recurrences as well as
micrometastatic disease that is often thought to be present at the time of ILP.
High doses of melphalan, the cytostatic mostly used, can be administered in the
perfusate in a concentration that is 10 to 20 times higher than what would be tol-
erated systemically.2 No severe systemic toxicity is nowadays encountered.3 ILP
with melphalan produces complete response (CR) rates of 54% with a mean limb
recurrence rate of 44% after CR.4 Despite the continuing risk of locoregional and
distant metastasis, approximately 27-46% of these patients survive five-years
after ILP, mainly depending on the presence of regional lymph node metastases
at the time of ILP.5 These long-term survivors can be subject of long-term dis-
ease- and/or ILP-related complaints, which may influence their quality of life
after ILP. For instance, acute toxic reactions of the limb are severe in approxi-
mately 15% of the patients, with edema and blistering,6 which can result in long-
term functional disturbances.7 The magnitude of the impact of physical limita-
tions on quality of life has however been questioned.8

In long-term survivors of varying forms of cancer, an increased level of fear,
especially fear of recurrences, incidence of depression, disturbed sense of self
and body perception has been reported.9-11 Especially fear of recurrences and the
disturbed sense of self or body perception, caused by still visible (non-vital)
tumor remnants on the limb, edema or a difference in skin color between the per-
fused and healthy limb, could have an impact on long-term survivors after ILP.
Finally, problems getting life insurance or home mortgage have been observed in
long-term survivors in general.8,9

One study so far has focused specifically on quality of life of long-term sur-
vivors of melanoma 10 and there is one study on quality of life in patients treated
with ILP for melanoma.11 In this study however, short term quality of life was
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assessed in patients who received ILP for primary melanoma. Therefore, this
study was performed in order to assess quality of life and possible patient-,
tumor- and ILP-related factors for quality of life in long-term survivors after ILP
for recurrent limb melanoma. 

Patients and methods 

From 1978 to 2001, 326 ILPs were performed in 292 patients with advanced
melanoma of the limbs in our institution. From our computer-assisted database,
containing all patient-, tumor-, treatment and follow-up data of these patients, 62
patients could be selected who were alive and disease-free for longer than six
months after ILP. Family doctors were contacted to check the address and sur-
vival status. Three patients could not be traced and two could not respond due to
severe cognitive dysfunction. Seventy-five eligible patients received an invita-
tional letter to participate in the study. Three patients (5%) did not return the
questionnaire and could not be reached telephonically afterwards and three (5%)
declined to participate. Therefore, 51 patients (89%) returned the questionnaires
and were subject of this study. Data regarding patient and tumor characteristics
at the time of ILP are provided in Table 1. 

Forty-two patients (74%) underwent a single normothermic ILP with melpha-
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Table 1. Patient- and tumor characteristics at the time of ILP and toxicity and 

recorded morbidity after ILP

—————————————————————————————————————————————————

Male gender 05   (10%)

Mean age (range) 57   (28-83)

Median number of lesions 02   (1-3.5)

Localization on leg versus arm 47  (92%) / 4 (8%)

MD Anderson stage of disease

Stage IIA 06   (12%)

Stage IIB 16   (31%)

Stage IIIA 21   (41%)

Stage IIIAB 04   (08%)

Stage IIIB 04   (08%)

Acute regional toxicity

Grade I/II (mild erythema/edema) 41   (80%)

Grade III (erythema/edema and blistering) 10   (20%)

Morbidity at ≥ one year after ILP

Edema 10   (20%)

Neuropathy 00

Pain 02   (04%)

Erysipelas 03   (06%)

Complaints of limb malfunction 05   (10%)

Muscle atrophy 04   (08%)

—————————————————————————————————————————————————

* Mean age (range) at the time of analysis 71 (38-90)
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lan, 11 patients (19%) with melphalan and TNFα, two patients had a sequential
ILP-schedule and two patients a double normothermic schedule with melphalan.
Lesions were excised before or at ILP in 22 patients (44%). Data regarding post-
ILP toxicity and morbidity are displayed in Table 1. Toxicity was scored accord-
ing to Wieberdink et al.12 at the ward until hospital discharge and morbidity was
recorded at the outpatient clinic until the end of follow-up by the surgeon as well.
Eight patients developed further limb recurrences in the perfused limb, which
were treated with surgical excision in all cases. Three patients developed distant
metastases during follow-up, one had mediastinal metastases and another patient
had distant skin metastases with a femoral bone metastasis treated with radiation
therapy. The third had a single metastasis in the jejunum, for which resection was
performed. At the time of analysis, the median follow-up after ILP was 14 years
(range 3-25 years).

All patients received a Dutch-language version of the MOS 36-item Short-
Form Health Survey (SF-36), to assess health status and quality of life domains.13

The SF-36 is a self-administered questionnaire composed of 36 questions organ-
ized in eight subscales, assessing: 

1. Physical functioning
2. Role limitations due to physical functioning 
3. Bodily pain
4. Social functioning
5. General mental health
6. Role limitations due to emotional functioning
7. Vitality
8. General health perceptions

Calculation of scores in each subscale followed standard procedures.16 For all
scales, linearly transformed scores range from 0 to 100, with higher scores rep-
resenting higher levels of functioning and health. The SF-36 yields a physical and
a mental component scores on the basis of the scores of each subscale. The SF-
36 has been validated in the healthy Dutch population and in a heterogeneous
group of cancer patients.17 Normative data are available for the healthy Dutch
population and an age and gender matched sample of this population served as
comparison group in this study with three controls selected for each patient.

The patients completed a disease-specific questionnaire developed by the
authors and a questionnaire on work- and insurance related issues.12 The disease-
specific questionnaire consisted of 16 questions on (number of questions between
brackets): 

1. Fear of recurrences (3)
2. Physical limitations due to ILP-related complaints of the limb (5)
3. Impact of cosmetic ILP-related issues on daily activities (6)
4. Satisfaction with the choice for ILP (2)

One of the questions regarding fear of recurrences was dependent of the other
two main questions. The two main questions regarding fear (i.e. fear of limb
recurrences and fear of recurrences at distant sites) showed a high internal con-
sistency (α=0.77). Therefore a pooled score could be calculated for these vari-
ables. The pooled score was used in the regression analysis, while the results of
all individual disease-specific items were first described per item.
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An additional series of 17 questions addressed employment and problems in
obtaining life insurance, health insurance or a home-mortgage, due to having had
a cancer diagnosis.12 

Analysis 
First, a general assessment of quality of life was performed on the basis of the stan-
dard calculation of scores of the SF-36. These results were compared to the results
of the SF-36 in the general Dutch population, of which a matched control group
was composed. An effect size was calculated for each subscale. This is an indica-
tion for the magnitude of the difference in mean scores between the patient popula-
tion and the Dutch norm population. The effect size is calculated by: (mean study
population - mean comparison population) / standard deviation of comparison
population. Conventional definitions of effect sizes: 0.2 is small, 0.5 is medium
and 0.8 is large. 18 Students’ T-test or Mann-Whitney-tests were used to test for
significance of differences. Results from the disease-related questionnaire,
employment- and insurance related questions were described and tested per item. 

Second, sociodemographic and clinical variables were tested for their relation
to the physical and mental health component scores (SF-36). Factors were select-
ed on the basis of a clinical line of reasoning that they might influence mental and
physical well being. The following variables were tested: age, gender, location of
lesions on the limb, number of lesions, size of the lesions, regional lymph node
dissection at or before ILP, systemic therapy, number of previous recurrences
before ILP, ILP-type, response of the lesions to ILP, acute regional toxicity reac-
tion, number of recurrences after ILP, morbidity at or after one year post-ILP and
distant metastases after ILP. The correlation of the results of the following main
questions of the disease-specific questionnaire with the component scores was
also tested: fear of limb recurrences or distant metastases (1), the presence of
edema (1), stinging sensations (1), stiffness (1), difference in color between treat-
ed and untreated limbs (1), persisting skin discolorations/non-vital lesions on the
limb (1) and the necessity to wear supportive stockings (1). 

A multivariate linear regression-analysis was subsequently performed to iden-
tify which of all these factors had the strongest relationship with either compo-
nent score. Variables that had a P-value below 0.1 in the univariate analysis were
included in the regression-analysis. With the exception of this selection criterion,
all tests of significance employed a P-value of < 0.05. 

Results

SF-36
A summary of the results per subscale is given in Table 2. Overall, the patient
population scored better than the age- and gender-matched population compari-
son group. This difference was significant in favor of the patient population in the
domains of bodily pain, general health perceptions, the mental component score
and the physical component score (P<0.05) and marginally significant regarding
the physical functioning and role emotional scale (P<0.1). The effect size of the
difference between the means of the two populations is also displayed. The per-
centage of the study population that scored below the 25%-percentile score of the
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Dutch population is shown in column 4. In all subscales, except for the role lim-
itations due to physical functioning, this percentage of patients was below the
25% of the Dutch population. 

Disease-specific questionnaire
Results of the questionnaire regarding disease-related issues are displayed per
item in Table 3. As for physical complaints, 49-55% of the study population
experienced physical limitations such as stinging sensations (paresthesias),
edema, or stiffness of the treated extremity at any frequency, varying from some-
times to often. Seventy-two to 82% of these patients who experienced any kind
of physical limitation were impaired in their daily activities by these limitations.
Regarding the cosmetic items, 31% and 37.5% of the study sample respectively
reported the presence of a color difference between the extremities or visible
(non-vital) skin lesions. Sixty-one to 69% of the long-term survivors with a cos-
metic complaint (including edema), was reluctant to wear shorts or a bathing suit.
Fear of limb recurrences was present in 77% of the study population and 63%
experienced fear of recurrences at distant sites. Fifty-five per cent of the long-
term survivors checked the perfused limb regularly to frequently for new recur-
rences. When asked, 45 of 46 respondents (88% of the total of 51 patients) said
they would (probably or certain) choose to undergo ILP again if they were in the
same situation. These 45 patients would also recommend ILP to a close friend or
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Table 2. Means, standard deviations and effect size for SF-36 scores of the patient 

population compared with Dutch  population

—————————————————————————————————————————————————

Patient population Dutch population

—————————————————————————————————————————————————

Scale N Mean (SD) % Low* N Mean (SD) Low* Effect† P††

—————————————————————————————————————————————————

Physical function 49 69.4   (24.1) 10 149 61.9   (30.0) 33 0.3 0.08

Role physical 49 62.8   (43.9) 35 142 55.9   (44.7) 25 0.2 0.36

Bodily pain 51 75.6   (28.3) 6 153 65.6   (27.6) 32 0.4 0.03

Social function 51 82.6   (22.1) 16 153 76.6   (28.3) 50 0.2 0.12

Mental health 50 76.9   (19.6) 16 149 71.9   (19.4) 56 0.3 0.12

Role emotional 46 83.3   (30.3) 7 141 73.3   (38.4) 0 0.3 0.07

Vitality 50 65.3   (20.0) 20 149 61.1   (22.4) 45 0.2 0.24

GH perceptions 50 67.4   (21.4) 10 148 59.9   (20.7) 42 0.4 0.03

CS Physical 43 46.4   (9.8) 12 136 41.1   (12.6) 31 0.4 0.005

CS Mental 43 54.4   (8.0) 12 136 51.1   (10.8) 45 0.3 0.04

—————————————————————————————————————————————————

GH = General health, CS = component score

* % Low = % patients below the 25% percentile in Dutch population, Low = value at 

25%-percentile

† (Mean patient population - Mean Dutch population)/SD Dutch population

†† between means, T-test, P < 0.05 is regarded significant
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relative if it were applicable to them. The distribution of the number of com-
plaints is displayed in Table 4.

Mortgage, employment- and insurance related issues
Four patients did not fill out the questionnaire regarding these issues. Three (6%)
of 48 patients had difficulty obtaining home mortgage, two of whom finally suc-
ceeded in obtaining it. The problems that were initially encountered were refusal
of a home mortgage (n=2) or at the costs of a very high premium (n=1). Four
(9%) of 46 patients had difficulty getting a life insurance. Two patients were
denied a life insurance, one was offered extra high premium and another had to
undergo a specifically thorough health examination in order to get the insurance.
Only one of them finally got the insurance. Four (8%) of 48 patients encountered
problems in getting a health insurance consisting of a denial in three patients, one
of whom was denied the insurance because of a second malignancy, and another
having to pay an extra high premium. Five (of 43, 11.5%) patients were current-
ly employed, eighteen (42%) retired, fifteen housewives (35%) and five (11.5%)
were considered work disabled. Two patients (of 28 who were or had been
employed, 7%) had lost their jobs because of melanoma and one patient had start-
ed to work part-time because of melanoma. 

Factors associated significantly with health related quality of life
Univariately, related factors (P≤0.1) to the physical component score were:
lesions on the lower leg, as opposed to other localizations (r=0.29, P=0.06), mus-
cle atrophy (r=-0.48, P=0.003), distant metastases after ILP (r=-0.45, P=0.004),
stinging sensations (r=-0.44, P=0.003), stiffness (r=-0.59, P<0.001), edema of the
perfused extremity (r=-0.45, P=0.002), and a difference in color between the
extremities (r=-0.40, P=0.009). After multivariate linear regression analysis fol-
lowing a forward stepwise method, stiffness of the perfused limb (P<0.001) was
negatively related and lesions located on the lower leg , as opposed to other local-
izations (P<0.05) was positively related to physical functioning (R2=38%). 

In univariate analysis, the following factors were related to the mental compo-
nent score with a P≤0.1: age at the time of analysis (r=-0.25, P=0.1), limb recur-
rences after ILP (r=-0.26, P=0.1), difference in color between extremities (r=-
0.45, P=0.003), persistent discoloration/non-vital skin lesions on the perfused
extremity (r=-0.30, P=0.05), stiffness of the perfused extremity (r=-0.49,
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Table 4. Distribution of the number of disease 

specific complaints per patient

——————————————————————————————

5 05    (10.0%)

4 09    (17.5%)

3 09    (17.5%)

2 07    (14.0%)

1 11    (21.5%)

0 10    (19.5%)

——————————————————————————————

   Opmaak Noorda / 3de proef  05-01-2004  19:41  Pagina 109



P=0.001), stinging sensations (r=-0.34, P=0.03), and the standardized scale for
fear of limb recurrences and distant metastases (r=-0.47, P=0.002). 

When all factors were included in a linear regression analysis, stiffness of the
extremity (P<0.001), fear of recurrences (P<0.05), stiffness of the extremity
(P<0.001) and the age at analysis (P<0.05) were the strongest negative prognos-
tic factors for mental well being (R2=24%, Table 5). 

Discussion

In this study, an assessment of health related quality of life was performed among
51 long-term survivors after ILP for recurrent extremity melanoma. Although the
study group was relatively small, it demonstrated that this group of patients
scored better on all domains of quality of life compared to an age- and sex-
matched Dutch comparison group. This difference in quality of life was statisti-
cally significant regarding bodily pain, general health perception and the overall
mental and physical health scores. Nevertheless, the perfused patients reported a
considerable amount of disease- and treatment related specific morbidity, fear of
recurrent disease and cosmetic problems. 

Although the favorable outcome for ex-ILP patients is a counter-intuitive find-
ing, it has also been reported for other cancer types.9,14-16 There are several pos-
sible explanations why the survivors perform better. First, this study population
is a selection (21%) of all 292 patients that underwent an ILP for recurrent
extremity melanoma in our institution. These patients are the most favorable of a
group of patients that generally has a short life expectancy due to their disease,
and is probably mostly happy to have survived for a median of 14 years after ILP.
Second, the patients’ standards and values of life may have changed during the
course of the disease, as part of the process of accommodating to the illness, a
phenomenon known as response-shift.17 For example, long-term survivors may
get used to a persistent physical complaint although the severity of the complaint
itself has not changed over time.18 Consequently, they tend to value their com-
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Table 5. Factors that are significantly related to the mental or physical component 

score (multivariable logistic regression analysis)

—————————————————————————————————————————————————

Physical (R2 = 38 %) Mental (R2 = 24 %)

—————————————————————————————————————————————————

Factor B P-value Factor B P-value

—————————————————————————————————————————————————

Stiffness of the -6.4 0.000 Stiffness of the -5.8 0.000

perfused extremity perfused extremity

Lesions on lower leg 5.8 0.02 Necessity for -0.007 0.004

supportive stockings

Age at the time -2.9 0.007

of analysis

Fear of recurrences -2.1 0.045

—————————————————————————————————————————————————
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plaints less severe than someone who has not survived cancer. Third, the study
group was relatively old, as well as the comparison group, meaning that both
populations have relatively many other health problems that come with aging. As
these were probably perceived as less disabling by the long-term survivors than
by the comparison group, this might have enlarged the difference by both
groups.8,19

Approximately half of the patients have complaints of edema, stiffness of the
extremity or stinging sensations to some extent. This limits 72-82% of them in
their daily activities, with 19-25% being severely hindered. An evaluation of
early physical functional after ILP has been performed by Wiarda et al. in the
framework of a randomized controlled trial, in which patients were treated for
primary extremity melanoma with wide local excision with or without ILP20,21

They found a significant difference in the ability to walk and especially run, in
favor of the non-perfused group, and a restriction in ankle function. Olieman et
al. assessed physical function in patients from their center, participating in the
same aforementioned trial at that time.21,22 They found paresthesias and pain in
the ILP group as the most important symptoms still present at one year after treat-
ment. It was stated that this did not hinder the patients’ functioning, as measured
by physical examination of these patients. Unfortunately, no assessment was
done of the patients’ subjective perception of limitations. Others have also found
physical impairment on the long-term after ILP, with stiffness of the treated limb
and restriction in motion of the ankle or wrist in 25-40% of the patients.23,24

Regarding cosmetics, a third of the patients had some complaints, a color dif-
ference of the extremities, visible remnants of (non vital) skin lesions and/or
edema. This prevented more than half of them from wearing shorts, bathing suits,
or anything that would leave their treated extremity naked. 

More than two-thirds of the patients had any degree of fear for further recur-
rences. Ninety per cent of the patients still checked their limbs and body for
recurrences at any frequency. This could be an expression of fear, or an act of
compliance, since patients are told to contact their physician if new lesions would
appear. It is remarkable, however, because the risk of new cutaneous lesions in
these patients, at a median of 14 years after treatment, is approximately 5% at the
most. Although almost 60% of the patients have more than one disease- or treat-
ment related complaint at a median of 14 years after ILP, 88% of all patients
would (probably) choose to undergo ILP again or would advise their relatives or
friends to do so. It has been stated by others that patients who have survived can-
cer tend to value the fact that they are still alive highly and attribute this to the
treatment that rendered them disease-free.14,25 The only clinical trial that has com-
pared patients who underwent amputation with limb sparing treatment (resection
and radiotherapy) for extremity soft tissue sarcoma, illustrates this by showing no
difference in quality of life between these groups.26 This also leads to the assump-
tion that long-term survivors value the fact that they survived highly and they are
consequently usually satisfied with the treatment that rendered them disease-free. 

As for work- and insurance related issues, only a few patients experienced
problems in these fields. Compared to the results with the same questionnaire in
a study on long-term survivors of Hodgkin lymphoma in the Netherlands, our
results were more favorable with 6% problems in obtaining a mortgage compared
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to 14% in their study and 9% problems getting life insurance compared to 27%.8

This might be explained by the fact that our patients were older and probably
already had a mortgage and life insurance. In comparison with American figures,
our results also compare favorably, which is probably due to the better social
security and healthcare system in the Netherlands.9,27

Stiffness of the treated extremity was negatively associated with physical per-
formance in these long-term survivors, while lesions located on the lower leg at
the time of ILP influenced physical functioning positively. Earlier studies have
also shown that objectively measured stiffness of joints in the treated extremity
is often the only sign of long-term morbidity after ILP.22-24 Lesions on the lower
leg can usually be treated by a femoral ILP which is associated with less morbid-
ity, due to the absence of the iliac lymph node dissection and a lower dose of mel-
phalan, than a procedure performed at the iliac level. This is probably the expla-
nation for the fact that localization of lesions on the lower leg is a relatively
favorable prognostic sign for later physical function. The most important factors
that influenced these long-term survivors’ mental well being appeared to the per-
ceived stiffness of the extremity, the necessity to wear supportive stockings, age
at analysis and fear of recurrences. The fact that patients are daily confronted
with their past disease by the necessity to wear stockings impacts mental well-
being by causing a disturbed sense of self or body perception that has also been
reported in other studies to be a specific phenomenon of long-term survivors of
cancer.14,15,25 Chronic stiffness of an extremity could have a psychosocial impact
by being limited in one’s range of action; others have also stated an association
between depressive symptoms and physical functioning.28 A higher incidence of
depression has been reported at higher age, caused by all age specific life-events
as well as the fact that older persons tend to be alone more often.27,29 This study
confirms what has been found by others, that fear of recurrences is an important
persistent issue in long term survivors of cancer.29

Unfortunately, for the present study no control group could be composed of
long-term survivors of recurrent limb melanoma managed by other treatments
than ILP. This is due to the fact that there are only few long-term survivors of
recurrent limb melanoma, that have been cured by other treatments, such as sur-
gical excision, CO2 laser ablation, radiotherapy and/or systemic chemo- or
immunotherapy, due to the limited prognosis of this disease.5 Consequently, the
best comparison available was one with an age- and gender-matched group from
the general Dutch population. The cross-sectional design of this study might have
introduced bias by assessing quality of life at only one point in time, at a variable
time distance of ILP for each patient. Secondly, the fact that this analysis was
cross-sectionally performed at a long interval after ILP has introduced the afore-
mentioned effects that in retrospection, patients tend to value their complaints as
less severe.

From this first study on quality of life after ILP for recurrent melanoma it can
be concluded that long-term survivors have a better quality of life than age- and
sex-matched Dutch controls. Nevertheless, disease- and treatment specific prob-
lems do still impact their lives at a median of 14 years after ILP, with only 20%
of them being free of any complaints. Patients and physicians are fairly ignorant
of the impact of late sequelae of ILP. The findings of this study can be useful in
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informing patients and physicians better of what to expect after ILP in terms of
quality of life. Further studies should be performed in order to find out whether
earlier psychological support or more specific physiotherapy can prevent the
reported late physical and mental sequelae.
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Introduction

Since 1957, isolated limb perfusion (ILP) with melphalan is a well-accepted
treatment modality for locoregionally unresectable melanoma of the extremities.1

The application of ILP as a treatment of soft tissue sarcoma (STS) of the extrem-
ities has gained success after Liénard et al. first added tumor necrosis factor-alpha
(TNFα) to melphalan-ILP in 1992.2 Before that time, no other anti-sarcoma drugs
had lead to the promising results with acceptable toxicity attained with TNFα in
the isolated circuit.3

In the first four patients with unresectable recurrent STS treated with TNFα
and melphalan, a 100% tumor response rate was reported after ILP.2 Later results
of TNFα-ILP for unresectable STS of the extremities from other institutions
showed overall response rates varying from 79 to 91%.4-7 TNFα-ILP could
enable limb-sparing surgery in responding patients, thereby aiming at a disease-
free extremity with preserved function, without compromising long-term sur-
vival.8,9

Possible drawbacks exist as well. ILP is a considerable surgical procedure
with a risk of regional and systemic complications. Severe regional toxicity can
cause long-term impaired extremity-function and the risk of a shock-like syn-
drome is considerable if more than 10% leakage of TNFα to the systemic circu-
lation during ILP occurs.10,11 Moreover, the risk of local recurrence after limb-
sparing surgery is considerable 8,12 and response and limb salvage rates after
TNFα-ILP are promising, but vary and tend to get lower over time.4-7

In view of the above, we studied the results of limb salvage surgery with
TNFα-ILP regarding toxicity, limb salvage rate, local relapse rate, functional out-
come and survival in patients with locally unresectable sarcoma of the extremi-
ties who were treated in our institution. 
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Patients and methods

Patient characteristics 
From 1992 to 2001, 49 consecutive patients with unresectable STS of an extremity
underwent  ILP with TNFα and melphalan in our institution. Of these patients, 29
(58%) were male and the mean age was 51 years (range 14-85 years). Tumors were
considered unresectable when local control was only possible by mutilating sur-
gery resulting in major functional morbidity or by amputation of the affected
extremity. Resectability with adequate margins was judged on the basis of clinical
examination and computed tomography scans or magnetic resonance imaging.
Criteria for unresectability (with the number of patients between brackets) were:

1. Multifocality (2)
2. Fixation to vital neural/vascular structures or bone (10)
3. Recurrences in a previously irradiated area without possibilities for radical

surgery (2)
4. Localization at or near a joint (5)
5. Large size (> 8 cm in diameter) of which radical surgery would lead to

functional amputation (17)
6. Combination of factors (13)

Tumor characteristics regarding histological subtypes, tumor grade and stage of
disease at the time of ILP are displayed in Tables 1, 2 and 3. Grade was patho-
logically scored following criteria according to Coindre et al., i.e. degree of dif-
ferentiation, necrosis and mitotic figures.13 Stage of disease was determined fol-
lowing AJCC standards.14 Median tumor size was 14 cm (range 8-20 cm). For a
multifocal localization this concerned the largest lesion. Nine patients had under-
gone prior systemic chemotherapy. 
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Table 1. Histological subtypes (n = 49)

—————————————————————————————————————————————————

Histological subtype N %

Liposarcoma 9 19

Leiomyosarcoma 8 17

Synovial sarcoma 6 12

Malignant peripheral nerve sheath tumor 5 10

Rhabdomyosarcoma 5 10

Epitheloid cell tumor 4 08

MFH 4 08

Agressive fibromatosis 2 04

Angiosarcoma 2 04

Other sarcoma types* 4 08

—————————————————————————————————————————————————

*Two pleiomorph sarcomas, one myxoid chondrosarcoma and one sarcoma NOS
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ILP drugs and technique
Our ILP methodology has been described earlier in detail.15 During ILP, the
major artery and vein are clamped at the desired level, collateral vessels are lig-
ated and a tourniquet is applied around the limb, proximal to the region of ILP.
After insertion of the catheters, the isolated limb is perfused by an extra-corpore-
al circulation, oxygenated and propelled by a heart-lung machine. A melphalan
dose of 13 mg/l-perfused tissue in the upper limb and 10 mg/l for the lower limb
is added to the perfusate. For TNFα this is 3 mg and 4 mg respectively, irrespec-
tive of limb volume. In five patients interferon-gamma (IFNα) was added, as part
of a multicenter study.5 This was injected subcutaneously on the two days before
surgery (0.2 mg IFNα) and the same dose was given during ILP. TNFα ± IFNα
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Table 2. Histological grade (n=49)

——————————————————————————————————

Grade N %

——————————————————————————————————

I 10 20

II 16 33

III 21 43

N/A* 02 04

——————————————————————————————————

* Not applicable: two patients with aggressive fibromatosis

Table 3. Stage of disease with American Joint Committee on Cancer (AJCC) 

TNM classification 14 (n = 49)

—————————————————————————————————————————————————

Stage TNM† N %

—————————————————————————————————————————————————

IB (G1-G2, T2a, N0, M0) 03 06

IIA (G1-G2, T2b, N0, M0) 15 31

IIB (G3-G4, T1a-b, N0, M0) 02 04

III (G3-G4, T2b, N0, M0) 12 24

IVA (Any grade, any size, N1M0) 02 04

IVB (Any grade, any size, N0M1) 13 27

N/A* 02 04

—————————————————————————————————————————————————

* Not applicable: two patients with aggressive fibromatosis
† AJCC TNM grading system: 

G1-G2 Low grade: well/moderately differentiated

G3-G4 High grade: poorly/undifferentiated

T1 Small ≤ 5 cm

T2 Large > 5 cm 

a Superficial tumor is above the superficial fascia without invading the fascia

b Deep tumor is either beneath the superficial fascia and/or invading the fascia

N0/N1 No regional lymph node metastases/regional lymph node metastases

M0/M1 No distant metastases/distant metastases
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was injected as a bolus at the beginning of the ILP and was circulated for 90 min-
utes. Melphalan was injected 30 minutes after the administration of TNFα ±
IFNα and was circulated for the remaining 60 minutes. During ILP, adequate tis-
sue temperatures are achieved and maintained by heating the heparinized per-
fusate and application of a warm water blanket around the limb. Limb tempera-
tures are kept between 38°C and 40°C (mild hyperthermia). At termination of the
procedure, the perfusate is drained out and the limb is rinsed with an electrolyte
solution. The tourniquet is then released and catheters are removed. Two ILPs
were at the axillary, ten at the brachial, 16 at the iliac and 21 at the femoral iso-
lation level. Leakage from the isolated circuit into the systemic circulation was
continuously monitored with radioactive labeled human serum albumin. 

Complications and toxicity
Postoperative complications recorded were seroma, wound infection, postopera-
tive bleeding, arterial and venous thrombosis. Acute regional toxicity was grad-
ed from I to V according to Wieberdink et al.16 Systemic toxicity was measured
according to Common Toxicity Criteria.17 Signs that were evaluated were: nau-
sea/vomiting, fever, hypotension, rhythm disturbances, serum bilirubin, alanine-
amino transferase, asparagine-amino transferase (ASAT), white blood cell and
platelet counts. 

Tumor response
Clinical tumor responses were assessed according to standardized WHO crite-
ria.18 Complete responses (CR) were defined as the complete disappearance of
tumor in the extremity for more than four weeks, partial responses (PR) as regres-
sion of tumor size by more than 50% during more than four weeks, no change
(NC) as regression of tumor size less than 50% for more than four weeks, and
progressive disease (PD) as progression of more than 25%. After resection of the
tumor remnant, pathological examination provided a second assessment of
response. The percentage of necrosis was estimated on the basis of macroscopic
evaluation of necrotic tissue and histological examination of tissue surrounding
the necrotic tissue area. A tumor in complete response was 100% necrotic. If the
tumor had 50-99% necrosis, the response was considered partial. If the tumor was
< 50% necrotic, response was classified as no change. Final tumor response was
based upon a combination of clinical and pathological responses. If a clinical PR
proved to be 100% necrotic at pathological examination, the response was
upgraded to a CR. Pathological assessment was decisive with one exception. If
tumor size had decreased clinically more than 50% but at pathological examina-
tion less than 50% necrosis was found, the response was not downgraded, but still
regarded a PR since the regression of the tumor was more than 50% and had
allowed local resection. 

Final treatment of the tumor remnant
Local resection of the tumor remnant was performed at maximal response and if
the tumor was considered resectable at that time. Generally, this was aimed to be
at approximately 10 weeks after ILP. Postoperative radiation therapy was consid-
ered indicated in case of marginal or positive resection margins. 
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Long-term morbidity and follow-up
Long-term morbidity was scored by identifying the following signs/symptoms:
edema, venous thrombosis, arterial occlusion, nerve injury, muscle atrophy/fibro-
sis, recurrent infections, pain and extremity malfunction. Morbidity was consid-
ered irreversible if complaints persisted longer than two years after ILP. Median
follow-up was 26 months (range 2 days-103 months) after ILP. Three patients
were lost to follow-up at five, 11, and 16 months after ILP; all left for their home
countries after successful resection of the tumor remnant. 

Results

Tumor response and resection of the tumor remnant
Clinical tumor response, pathological response and final response are displayed
in Table 4. In one patient (2%) who died two days after ILP, tumor response could
not be assessed. A clinical CR was attained in one patient (2%), 23 patients (47%)
had a PR, 17 patients (35%) NC of the tumor and seven patients PD (14%) Patho-
logical response was a CR in four patients (8%), a PR in 14 (29%) and NC in 24
(49%) of these patients. The combined final response rate was a CR in four
patients (8%), a PR in 27 patients (55%), NC in 12 (25%) and PD in five patients
(10%). Although after 34 ILPs (69%) sufficient clinical response was seen to
locally resect the tumor remnant, resection was actually done in only 31 patients
(63%)  because of progressive distant metastasic disease in the other three
patients. Thirteen of these patients had a clinical NC response, but a substantial
amount of tumor necrosis on dynamic MRI. Histological material was further
available from eight amputations and three punctures/biopsies. Tumor resection
was performed at a median of 3.9 months after ILP (range 10 days-8 months).
The resection that was done at 10 days after ILP was in a 17-year-old boy with
extremely fast necrosis of the tumor. In some patients resection was performed
longer than 10 weeks after ILP, as was the aim, because maximal tumor regres-
sion was still ongoing at that time. Resection margins were considered macro-
scopically involved in 11 patients and microscopically in four. In 16 patients the
margins were considered to be tumor negative, although marginal (with less than
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Table 4. Tumor response (n = 49)

—————————————————————————————————————————————————

Clinical response Histological response* Final response 

—————————————————————————————————————————————————

CR 01   (02%) 04   (08%) 04   (08%)

PR 23   (47%) 14   (29%) 27   (55%)

NC 17   (35%) 24   (49%) 12   (25%)

PD 07   (14%) 05   (10%)

NE 01   (02%) 07   (14%) 01   (02%)

—————————————————————————————————————————————————

NE = not evaluable 

* Histological material was available from  eight amputations, three  

punctures/biopsies and 31 local resections 
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5 mm margin of healthy tissue) in eight. Additional radiation therapy was given
in the 23 patients with involved or marginally free resection margins. 

Neither initial tumor size nor grade influenced final response in univariate
analysis. When tumor size was divided in those smaller or equal to 8 cm and larg-
er than 8 cm, responses were similar, with no versus four CRs, six versus  21 PRs,
three  versus nine NCs and two versus three PDs, respectively (Fischer’s Exact
Test, p=0.64). The lack of relation between final tumor response and histological
grade is shown in Table 5. 

Amputations
In 13 patients (27%) amputation of the limb was performed. Eight patients under-
went amputation of the extremity following insufficient reponse to ILP, which
was a PR in three and PD in five patients.. The other five patients underwent
amputation for local recurrence (n=2) 20 and 32 months after ILP respectively,
for progression after initial PR (n=2) four and 12 months after ILP respectively
and for treatment-related complications (n=1) 20 months after ILP. Although in
36 of 49 patients (74%) the limb was not amputated ,  eight of them had persist-
ent unresectable local disease for which amputation was not performed because
of progressive distant metastases. One of them underwent a second ILP for local
tumor progression that failed to render the tumor resectable. He died 31 months
after the first ILP due to systemic metastases. Finally, ILP resulted in local tumor
control with preservation of the affected limb in 28 of 49 patients (57%).

Locoregional relapse
Four of the 32 patients (13%) who had been rendered clinically tumor-free by
ILP with (n=31) or without (n=1) subsequent resection ± radiation therapy
relapsed locally in the treated extremity at six, seven, 20 and 32 months after ILP,
respectively. In two of them the recurrence could be treated by local surgery,
keeping their extremities salvaged. Five-year local relapse-free survival was 83%
for the 32 patients who were initially rendered tumor-free by ILP ± subsequent
resection and radiation therapy. 
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Table 5. Final tumor response related to tumor grade (n = 46)*

—————————————————————————————————————

CR PR NC PD

—————————————————————————————————————

Low (I) 0 05 4 1

Intermediate (II) 3 07 4 1

High (III) 1 13 4 3

—————————————————————————————————————

* 46 cases were included because two patients had ILP because

of aggressive fibromatosis which is not defined by any tumor

grade and in one patient response was not evaluable dueto early

death. X2 test, p=0.58
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Survival
Five-year disease-specific survival was 48% for the 49 patients. Median overall
survival was 49 months (95% CI 2-96 months). The 13 patients with stage IVB
disease at ILP had a median overall survival of 8 months (95% CI 4-11 months).
The other 36 patients with locoregional disease only at ILP had a median overall
survival of 91 months (95% CI 24-158 months, P<0.0001). Two of these latter
patients died from other causes than sarcoma: one from treatment-related com-
plications (see earlier) and one patient from intercurrent disease, being free from
sarcoma.

Toxicity and complications 
Acute regional toxicity was mild (grade I/II reactions) in 35 patients (71%) and
more severe (grade III reactions) in twelve patients (25%). A grade IV reaction
was observed in one patient (2%) and resulted in fibrosis and functional impair-
ment that was reversible within four months after ILP. Nevertheless, after resec-
tion of the tumor remnant and subsequent radiation therapy, this patient devel-
oped radiation-induced necrosis with a severe wound infection necessitating an
above knee amputation 20 months after ILP. Overall, seven of the 31 patients
(23%) who underwent local resection of the tumor remnant developed wound
healing disturbances: one patient without additional radiotherapy had delayed
wound healing and six patients developed wound infections after additional radi-
ation therapy, with  wound problems lasting for one and six years in two of these
patients. 

There was little systemic toxicity after TNFα–ILP, no severe cardiovascular
reactions with hypotension or disturbances of the cardiac rhythm were observed.
Two patients (4%) had short-lived postoperative fever and four were nauseous
needing anti-emetics (8%). Transient elevation of liver function tests was
observed in 17 patients (35%). One patient (2%) had a mildly lowered white
blood cell count. 

Three patients (6%) had major ILP-related complications: two patients had
arterial thrombosis directly following ILP, one after a brachial and one after a
femoral ILP. Thrombectomy was performed after which both recovered com-
pletely. One patient died due to treatment-related factors. He underwent an iliac
ILP for recurrent leiomyosarcoma of his right thigh and had previously under-
gone radiation therapy of the inguinal area after resection of lymph node metas-
tases. At ILP, the epigastric vessels were ligated as usual. Within 24 hours post-
operatively he developed a severe soft tissue infection in his right lower
abdominal wall and became septic. Subsequently, he developed gas gangrene up
unto his neck and died two days after ILP despite hyperbaric oxygen treatment
and surgery. 

Functional morbidity is displayed in Table 6. Two patients had neurapraxia
that recovered within one month after ILP, another two had isolated peroneal
nerve dysfunction and combined peroneal and tibial nerve dysfunction respec-
tively, both recovering after seven to eight months after ILP. Nerve damage was
probably caused by initial tumor swelling surrounding the sciatic nerve and/or
pressure of the femoral tourniquet. Four patients had irreversible nerve dysfunc-
tion following ILP. In one, the tumor remnant appeared to originate from the per-
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oneal nerve and it was subsequently resected. In two patients, peroneal nerve dys-
function was apparent directly following ILP, due to tumor invasion of the sciat-
ic nerve and subsequent tumor swelling. The fourth patient developed peroneal
nerve palsy after the tumor remnant had been resected from the sciatic nerve. Of
the 26 patients alive one year after ILP, eight patients (31%) experienced extrem-
ity malfunction due to muscle fibrosis and atrophy (n=3), recurrent infections and
edema (n=1) and the aforementioned irreversible nerve dysfunctions (n=4).
Three of these patients (18%) were among the 17 patients still alive at two years
after ILP and had persistent complaints of extremity malfunction. 

Discussion

Amputation of the extremity undoubtedly results in the highest local control rate
in patients with locally unresectable STS of an extremity.19 However, no survival
benefit has been shown after amputation compared to limb sparing treatment
modalities in these patients, and nowadays the latter is increasingly pursued. 

In the present series, we studied the effectiveness of TNFα-ILP as part of a
limb sparing treatment modality. The overall response rate of 63% is lower than
the 79-91% response rates reported in the literature.4-7 Factors determining tumor
response after TNFα-ILP in unresectable STS are unknown. It is assumed that
high-grade tumors respond better to ILP than low-grade tumors,5 although we
could not demonstrate that in our series. The four CRs attained in intermediate
and high-grade tumors could give a hint in this direction. Also tumor size, with
large and highly vascularized tumors responding better,20 did not determine
response in our series. A possible explanation for our lower response rates could
be that response rates tend to decrease over time when ILP is more widely
applied, probably due to patient selection, a development similar to that observed
in the application of TNFα-ILP in melanoma.2,21,22

In 73% of our patients, the limb was not amputated during the course of their
disease. This percentage is comparable to previously reported limb salvage rates
of 81-86%.4-7 We consider this so-called limb-salvage rate of 73% as misleading,
since eight of these patients still had unresectable local tumors that were not
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Table 6. Long-term morbidity after ILP

—————————————————————————————————————————————————

1 month 3 months 1 year 2 years 

(n, %) (n, %) (n, %) (n, %)

n = 48* n = 47* n = 26* n = 17*

—————————————————————————————————————————————————

Edema N/A 6   (13%) 6   (23%) 6   (35%)

Recurrent infections 1   (02%) 1   (02%) 4   (15%) 2   (12%)

Muscle atrophy/fibrosis N/A 1   (02%) 4   (15%) 3   (18%)

Pain N/A 8   (17%) 3   (12%) 2   (12%)

Neuropathy 8   (16%) 6   (13%) 4   (16%) 3   (19%)

—————————————————————————————————————————————————

N/A = not applicable, *numbers of patients left at risk, alive without amputation
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amputated due to progressive distant disease. We prefer to define limb salvage as
local control of tumor with preservation of the affected limb, which was the case
in our study in 57% of the patients. 

Factors determining this limb salvage rate are tumor response to ILP, the indi-
cations for post-ILP amputation and the duration of follow-up. Our aim has
always been to achieve a locally radical complete resection after ILP and if this
was not considered possible after ILP without severely compromising limb func-
tion, amputation was performed. With longer follow-up, more patients will have
a risk of recurrence leading to amputation. Our median follow-up of 26 months
compares favourably to the follow-up duration of 14, 18 and 26 months, respec-
tively, of other series,4,6,23 with two of our patients being amputated at 32 and 60
months after ILP. Our relatively low limb salvage rate could partly be explained
by these three factors. 

Our local recurrence rate of 13% is in the lower range of that reported in the
literature, which varies from 11-48%.4-7 The percentage of tumor-involved mar-
gins after resection (48%) was lower in our series than reported by Olieman et al.
(58%), which was unfortunately the only group that reported these exact num-
bers.7 Recurrent disease as indication for TNFα-ILP and postoperative radiation
therapy could also influence the local relapse rate.7,12,19 In our series, 18% of
the patients underwent TNFα-ILP for a recurrence which is similar to patients
treated by the group from Groningen (12%),7 but much lower than in other
reports (45-60%).4-7,23 The indication for the application of additional radiation
therapy in these studies seems comparable, namely for positive or close margins
of resection.24

The encountered acute regional tissue toxicity after TNFα-ILP is comparable
to literature data, with some erythema and edema in 71% of patients.25 Three
major ILP-related complications occurred consisting of arterial thrombosis in
two patients and one ILP-related death due to fulminant Clostridial infection.
Long-term morbidity was seen in several patients. In our series, one amputation
was performed for infected radiation-induced necrosis, a complication that has
been reported before.7 Irreversible procedure-related neuropathy was seen in four
patients (8%), which is comparable to other studies (3-9%).4,5,23 The incidence of
long-term neuropathy in melanoma patients treated with ILP with melphalan
alone has been 20% after axillary and 2% after iliac ILPs in our institution, with
other institutions reporting a wide range of long-term neuropathy in 1-48% of the
patients.26 Finally, 31% of our patients who were still alive one year after ILP
reported extremity malfunction to some extent, and 18% after 2 years. 

Twenty-five per cent of the patients in our series had distant metastases at the
time of TNFα-ILP. Previous studies on TNFα-ILP in unresectable sarcoma have
included 3-16% patients with distant metastatic disease at the time of ILP but did
not mention survival rates.5-7,23 Only Lejeune et al., who included 11 patients
(50%) with distant metastases, reported a five-year survival of 32% (versus 48%
in the present series).4

Apart from the variable response and the risk of long-term morbidity, TNFα-
ILP is an extensive and expensive procedure that has to be valued critically. First,
its benefit should be compared to that of, for example, preoperative radiotherapy,
the results of which are scarce for unresectable soft tissue sarcoma of the extrem-
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ities.27 Secondly, although distant disease is likely to be present at the time of pri-
mary presentation in high-risk tumors, it is unknown whether an adverse effect
on survival results from delayed tumor resection after ILP as compared to radi-
cal amputation performed as soon as the diagnosis is made.8,19 Third, it is ques-
tionable whether an extensive limb-sparing surgery modality as TNFα-ILP,
resection and radiation therapy is preferable to immediate radical amputation,
when functional and psychological outcome is regarded. The only randomized
trial comparing patients whose extremities were amputated with those who were
treated sparingly, did not show any significant difference in quality of life.28

Amputees can have considerable mobility if good prostheses are prescribed with
well-guided rehabilitation.29 From a study that compared quality of life and
extremity function between patients who were either limb salvaged or had ampu-
tation for extremity osteosarcoma, it appeared that the limb salvaged patients
scored higher in extremity function but both groups had a similar ability to walk,
amount of pain and acceptance of the postoperative state.30

If limb-sparing surgery were considered, criteria would be helpful to select
those patients who are likely to respond well. It was assumed that high-grade,
highly-vascularized and/or large sarcomas are most likely to respond to TNFα-
ILP, expressed in tumor size reduction and necrosis.5 However, we have not been
able to confirm these assumptions. It could be that different histological tumor
types react differently to TNFα-ILP. Histological subgroups of sarcoma are usu-
ally too small to draw conclusions, as in this analysis. The predictive value of
FDG-PET for tumor response is promising and should be further confirmed.31

Since no clear data are available to identify those who are most likely to benefit
from ILP, and survival, functional and psychological status are similar after rad-
ical amputation and limb-sparing surgery, both options should be considered and
discussed with the patient.

In conclusion, ILP in combination with limb salvage surgery can provide local
tumor control in the majority of patients with unresectable extremity STS. This
intensive extremity sparing treatment modality is not free from some trouble-
some complications. A better selection of those who are most likely to benefit
from TNFα-ILP is needed.
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Introduction

Bone metastases are the most common form of distant spread in breast cancer
patients. They are radiologically identified before death in 69% of metastasized
cases.1 Important complications of bone destruction occur in 10–29% of them
and consist of hypercalcaemia, pathologic fracture or spinal cord compression.1 2

Treatment of these metastases is mainly palliative with systemic chemotherapy,
hormonal therapy and/or local radiotherapy to alleviate pain. An impending frac-
ture is usually treated by surgical fixation in order to retain normal function.3

Isolated limb perfusion (ILP) with cytostatic agents is an established treatment
for locally irresectable tumours of the extremities, first applied for melanoma in
1958 by Creech et al.4 During ILP, isolation of the blood circuit of a limb is
achieved by clamping the major artery and vein, ligating collateral vessels and
applying a tourniquet around the limb. After cannulation of the vessels, the iso-
lated limb is perfused by an extracorporeal circulation, oxygenated and propelled
by a heart-lung machine. High doses of cytostatic drugs can be administered in
the perfusate. The concentration of melphalan, the cytostatic mostly used, can be
10 to 20 times higher in this isolated circuit than in systemic treatment.5

In this report, a rare indication for ILP with melphalan is presented. This
approach resulted in a desirable long-lasting palliative effect in a patient with
painful impending femoral fractures due to multiple metastases of breast cancer. 

Case report

A 43-year old woman was referred to our hospital for palliative treatment of
symptomatic metastases in the left femur and prevention of a pathologic fracture.
Six years before, breast conserving therapy with axillary dissection was per-
formed for T3N1bM0 breast cancer. Three years later she had a local recurrence
for which she underwent ablative surgery. Two years after salvage surgery, she
was treated with radiotherapy and hyperthermia for multiple skin metastases
around the scar of the mastectomy. Thereafter, bone scintigraphy showed multi-
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ple lesions in the left humerus, two ribs and the left femur at the level of the
greater trochanter, midshaft and the medial condyle. Because of the presence of
estrogen receptors, bilateral oophorectomy was performed and tamoxifen and
paminodronate were started. For the severe complaints of her left leg, she
received 800 cGy of irradiation to the femur, with only little pain reduction and
no signs of amelioration on X-ray. 

When she presented at our hospital, one month later, she could not bear any
weight on her left leg and walked with crutches, because of the pain and risk of
fracturing. Repeat X-rays of the pelvis and both femoral bones revealed besides
small asymptomatic metastases in the distal right femur, the three large bone
metastases in the left femur. Because of the location of these metastatic masses,
intramedullary nailing was  not considered feasible (Fig.1a and Fig.2). Therefore,
an iliacal ILP under normothermic conditions (tissue temperatures between 37–
38ºC) was performed with a total dose of 86 mg of melphalan (10 mg/liter per-
fused tissue). Postoperative recovery was uneventful with a grade II regional tox-
icity reaction, according to the Wieberdink classification, with only mild oedema
and erythema. 6 She was discharged from our hospital two weeks after ILP. 
xxxxxFigure 1a, 1b and 2.xxxxx

The pain considerably subsided and six months after ILP she could bear weight
on the left leg again. One year after ILP she was asymptomatic in the left leg and
from then on walked without crutches and without pain, until her death two years
later. Radiological evidence for this clinical improvement was found three months
after ILP, when increased calcification was described in the lesser trochanter of the
left femur on X-ray films (Fig.1b), with stable disease at the left midshaft and dis-
tal sites. Furthermore magnetic resonance imaging (MRI) performed nine months
after ILP confirmed the clinical improvement. A decrease in size of all lesions was
shown (Fig.3) which was confirmed on subsequent bone scintigraphy.
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Fig. 1a/1b. X-ray before and after ILP showing metastases in the greater and lesser
trochanter before ILP (left) and X-ray three months after ILP, showing increased cal-
cification in the lesser trochanter and stable disease in the greater trochanter (right)
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One month after ILP she started treatment with cyclophosphamide, methotrex-
ate and 5-fluorouracil (CMF) for her other metastases. However, metastases at
the skin of the right thorax, the left humerus and in the ribs were progressive.
Because of this progression, the CMF regimen was stopped one and a half year
after ILP. Despite treatment with radiotherapy, photodynamic therapy and differ-
ent chemotherapeutical agents, she died three years after ILP from widely metas-
tasized breast cancer. She had been able to walk without crutches and with no
complaints of her left leg during these last years of her life.

Discussion

To our knowledge, this is the first report describing ILP with melphalan for bone
metastases of any tumor. ILP resulted in long-lasting palliation with an objective
response of at least one year in a patient with painful femoral metastasis of breast
cancer with impending fracture. ILP was given as a last resource one month after
inadequate pain alleviation by radiotherapy. Surgical fixation with aN
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Fig. 2. X-ray before ILP, showing the midshaft and distal metastases in the left femur  
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Fig. 3a/3b. Magnetic resonance imaging (T1 weighted) before and after ILP showing
metastatic lesions in the left femur before ILP (left top and bottom) and nine months
after ILP, showing a decrease in tumor mass in the left femur (right top and bottom)
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Intramedullary nail was opted against since stable locking of a nail both proxi-
mally and distally was considered impossible, due to multiple metastases in both
the proximal and distal left femur.

Apart from osteosarcoma, no reports have been published on the use of ILP
for bone lesions. In osteosarcoma, the biological response modifier recombinant
tumor necrosis factor alpha (TNFα) is the effective agent nowadays being used,
preferably in combination with melphalan or another cytostatic agent, with a
reported response rate of 77%.7,8 Melphalan alone in this tumor has no significant
effect.8 It is questionable whether the treatment of osteosarcoma is comparable
with that for osteolytic bone metastases, considering the different nature of these
tumors.9 Since TNFα is said to enhance osteoclastic activity 10 one could specu-
late that while TNFα is very effective in osteosarcoma with increased osteoid
production by osteoblasts, it would not have been useful in a lytic lesion because
it would further increase bone resorption. Melphalan alone was chosen, because
of our wide experience with that drug in ILP and its proven moderate efficacy in
the systemic treatment of breast cancer with remission rates up to 28% as a sin-
gle agent.11-13 Furthermore, a substantially higher dose of melphalan can be
administered through ILP than would be tolerated systemically (10-20 times
higher). Possibly, the response of breast cancer metastases to melphalan would be
improved considerably through this dose-escalation. 

In the present report, the patient was treated with CMF in the year following
ILP. Therefore, one could doubt if systemic chemotherapy rather than ILP had
caused the effect. However, other bone and soft tissue lesions progressed under
chemotherapeutical treatment while the lesions in the left femur were shrinking.
Moreover, systemic chemotherapy has not been reported to result in objective
reossification, as in our patient. The slow response to ILP with gradual pain relief
is similar to the often slow response seen after ILP with melphalan in patients
with symptomatic recurrent melanoma. 

In conclusion, in selected patients with symptomatic large bone metastases
from breast cancer, and no other treatment options, ILP with melphalan may be
used for successful palliation.
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Chapter 12

Summary and conclusions/Samenvatting en conclusies

Summary 

In chapter one a brief introduction and outline of this thesis is provided. The con-
text for this thesis is further elaborated in chapter two, a systematic review of the
best evidence available for the application of isolated limb perfusion (ILP) in
extremity melanoma and soft tissue sarcoma. Several clinical questions regarding
the indications of ILP are answered. Due to the limited regional decrease in locore-
gional recurrence rate and absence of an increase in overall survival, ILP with mel-
phalan cannot be recommended as an adjunct to excision of primary or recurrent
melanoma. However, ILP has a remarkable effect on micrometastatic disease,
illustrated by a relative risk reduction of further locoregional metastases of 33% to
50% for both primary and recurrent melanoma, respectively and in the latter group
also a significant increase in disease-free interval in the extremity of 10 to 17
months. Therapeutic ILP is indicated in unresectable melanoma, although ran-
domized controlled trials (RCTs) comparing ILP with other treatment options are
lacking. A higher response rate after ILP with tumor necrosis factor-α (TNFα) and
melphalan is attained than after ILP with melphalan alone but with equal recur-
rence rates and survival. In unresectable soft tissue sarcoma (STS) of the extremi-
ties, limb salvage can be obtained in 76-86% of patients with neoadjuvant ILP with
TNFα and melphalan ± resection. The only alternative with similar response rates
is intra-arterial chemotherapy which has generally resulted in a higher complica-
tion rate. Further RCTs should establish its role in these patients. 

Although the general consensus is that ILP in extremity melanoma should only
be applied for truly unresectable melanoma lesions, without other local treatment
options, data supporting this are scarce. Therefore, in chapter three the results of
ILP in unresectable extremity melanoma in our institutions are reported. In this
chapter, definitions of unresectability are suggested to facilitate comparison of
results from different institutions. From our computer-assisted database, contain-
ing all characteristics and results of ILP for extremity melanoma, 130 patients
could be selected who had undergone an ILP for truly unresectable lesions. This
selection was made on the basis of number (>10) or size (>3 cm) of the lesions
or their localization on the extremity. A complete tumor response was obtained in
more than half of the patients (55%, 95% CI 46-63%) with a tendency for a bet-
ter response rate after ILP with TNFα and melphalan compared to ILP with mel-
phalan alone (45%, 95% CI 29-61% and 59%, 95% CI 49-69% respectively,
P=0.14). The limb salvage rate was 96%. Overall five-year survival was 29%
(95% CI 20-38%). The absence of lymph node metastasis increased the chance
of a complete response and longer tumor-free survival. Patients with a complete
response and relatively small tumor nodules (<3cm) had a significantly better
overall survival in multivariate analysis. 
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Therefore, it is concluded that ILP is a valuable treatment option in patients
with locoregional unresectable extremity melanoma, for whom there are no effec-
tive alternatives. 

An additional benefit of ILP over other locoregional treatment modalities such as
local excision, CO2 laser ablation or radiation therapy, is that it treats the micro-
metastases in the limb, which are not (yet) macroscopically visible. This is then
expressed in a delay or absence of further recurrences after ILP. Also, the num-
ber of recurring lesions could then be smaller. To test these hypotheses, a study
was performed, the results of which are reported in chapter four. All 43 patients
who had their first ILP for a third or further limb recurrence were selected from
our computer database. Eighteen patients had resectable and 25 had locally unre-
sectable lesions at the time of ILP. The patients had a total of 269 intervals
between treatment of their primary melanoma and last recurrence or last follow-
up. Median follow-up was 35 months (interquartile range 14-64 months). The
median limb recurrence-free interval decreased over time from primary
melanoma to the third or further recurrence for which ILP was performed
(P<0.001). The median limb recurrence-free interval was 4.7 (95% CI: 2.8-7.9,
P<0.001) times longer after ILP compared to the last interval before ILP. Patients
with resectable lesions had a median limb recurrence-free interval that was 5.9
(95% CI: 2.7-13, P<0.001) times longer. In all patients, the number of lesions
increased with 22% per recurrence number (95% CI 10-35%, P=0.02). At the
same recurrence number, patients before ILP had a 2.6 fold (95% CI 1.6-4.5)
higher mean number of lesions compared to patients after ILP (P<0.001). 

ILP lengthens the limb recurrence-free interval and decreases the number of
lesions per recurrence significantly in patients with repeatedly recurrent limb
melanoma. Therefore, ILP could be a valuable adjunct to excisional surgery of in-
transit metastases in these patients whose limb recurrence-free intervals tend to
shorten over time.

Although the technique of ILP is relatively simple, it is a four to five hour oper-
ative procedure under general anaesthesia with a risk of locoregional and sys-
temic toxicity. Therefore, some physicians appeared to be reluctant to refer older
patients for ILP. To test the efficacy and safety of ILP in elderly patients, a study
was performed in which the results in older patients who underwent ILP for
advanced melanoma lesions were compared to younger patients. In chapter five
the results are described of 218 therapeutic ILPs with melphalan ± TNFα were
performed in 202 patients with locoregionally recurrent, measurable melanoma.
Fifty-three patients (28%) were 75 years or older. Complete response rates were
56% for those aged over 75 years and 58% for the younger group (P=0.8).
Locoregional relapse occurred in 56% of the older group after a median period
of nine months (interquartile range 5-18 months) versus 51% after a median of
six months in the younger group (25-75% range 4-14 months, P=0.6). Limb tox-
icity, systemic toxicity, local complications and long-term morbidity were simi-
lar in both age groups. In patients older than age 75, 19% had a grade III/IV tox-
icity reaction (28% in the younger group, P=0.2). Peri-operative mortality was
low, with one procedure related death in the elderly, six months after ILP. Older
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patients stayed in the hospital for a median of 23 days (younger patients 19 days,
P<0.01).

Concluding, ILP resulted in similar response rates in the elderly with recurrent
melanoma without increased toxicity, complications and long-term morbidity
compared to younger patients. Older age on itself is not a contraindication for
ILP. 

The treatment of recurring melanoma is a continuing challenge, since new in-
transit metastases frequently occur. Despite ILP, about 70% of the patients have
new recurrences that pose a therapeutic problem. In chapter six the feasibility
and effectiveness of a repeat ILP with TNFα is described, on the basis of the
results in our institution. Between 1991 and 1999, 21 patients underwent repeat
ILP using TNFα for recurrent melanoma or persisting disease after a previous
ILP. First ILPs had been performed with melphalan alone in 13 patients and with
TNFα and melphalan in eight, for a median of nine lesions (interquartile range
2-23 lesions). Repeat ILP was performed with TNFα and melphalan in all 21
patients for a median of nine lesions (IQ range 5-25 lesions). Mean follow-up
after repeat ILP was 48 months (range 2-115 months). Thirteen patients (62%,
95% CI 39-85%) attained a complete response after repeat ILP compared to 11
(65%, 95% CI 39-90%, P=0.3) of 17 with measurable lesions at the first ILP. Nine
patients (69%, 95% CI 40-98%) relapsed again after CR. Median limb recur-
rence-free survival was 13 months (95% CI 5-22 months). Fourteen patients
(66%, 95% CI 45%-89%) had mild acute regional toxicity after repeat ILP com-
pared to 18 (85%, 95% CI 68%-102%) after the first ILP (P=0.3). One patient
underwent amputation for critical limb ischaemia 10 months following repeat
ILP, leading to a limb salvage rate of 95%. Overall median survival was 62
months (95% CI 36-89 months) after CR compared to 13 months (95% CI 0.4-
26 months) for those without CR (P=0.006). 

Repeat ILP with TNFα and melphalan appears to be well feasible in patients
with recurrent disease after previous ILP with mild regional toxicity. The com-
plete response rate is relatively high and comparable to that of the first procedure
with a considerable limb-recurrence free survival and high limb salvage rate.

Patients with recurrent melanoma have a five-year survival varying from 27-56%.
Some of these patients do not survive longer than one year after treatment. ILP
entails, usually mild, locoregional toxicity that subsides in two to three months
and a maximum response of the lesions is seen at a median of four months after
the procedure. Considering this, a selection of patients, that will live long enough
to experience the benefits of ILP, would be desirable. In an attempt to identify
prognostic factors for short-term survival, a study was performed and the results
are described in chapter seven. Data from all 439 patients (95 men (22%)) who
underwent a first ILP for melanoma of the extremities were analyzed. Ninety per-
cent of the patients had MD Anderson stage IIB or III disease at the time of ILP.
ILP was performed with melphalan with or without TNFα under mild hyperther-
mic (38-40ºC) or normothermic (37-38ºC) conditions in 80% of the cases. A mul-
tivariable logistic regression analysis was performed for death within one year
after ILP. Sixty-nine patients (16%) died within this period, 64 of metastatic
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melanoma. Patients with stage IIIB regional lymph node metastases, for whom
the indication for ILP was an unresectable primary (n=3), a local recurrence
(n=24) or adjuvant to excision of primary lesions (n=17), or stage IIIAB with
satellites and/or in-transit metastases had a relative risk of 4.6 (95% CI 2.0-6.6)
and 3.6 (95% CI 2.1-10) of dying within one year from ILP, respectively
(p<0.001). In patients with stage IV disease (distant metastases) the relative risk
was 22 (95% CI 3.8-127, p=0.001). 

Therefore, patients with limb melanoma have an increased risk of dying with-
in one year after ILP when regional lymph node or distant metastases are present.
The indication for ILP should be carefully considered in these patients.

In search of better tumor response rates, high-dose hyperthermia in ILP has been
applied. In chapter eight the results are described of a sequential ILP schedule,
in which an ILP with high-dose hyperthermia (42-43ºC) without cytostatics, is
followed a week later by ILP with melphalan under normothermic conditions. It
was known that hyperthermia had a cell-killing effect on tumor cells, but its
simultaneous application with cytostatics had proven to be too toxic. This sequen-
tial schedule was developed to have the cytotoxic effect of both high-dose hyper-
thermia and melphalan, without the increase in locoregional toxicity caused by
their synergy. Seventeen patients with extensively recurrent or bulky extremity
melanoma were treated with this schedule between 1989 and 1994. Eleven (65%)
patients had a complete response. Three (27%) patients had limb recurrences
after five, six and 18 months respectively. The five-year limb recurrence-free sur-
vival for patients with CR was 63%. Limb toxicity was mild with only pressure-
related blistering and transient sensory disturbances after the hyperthermic ILP.
After the second ILP, 88% of the patients had the desired grade II reaction (mild
erythema and edema). 

Concluding, this sequential ILP schedule results in a high complete response
rate and a low limb-recurrence rate in patients with extensive, recurrent
melanoma of the limbs at the cost of only mild toxicity. This regimen could be an
alternative to ILP with TNFα and melphalan, which seems indicated in extensive
or bulky lesions. 

In chapter nine, the quality of life of long-term survivors after ILP for extremi-
ty melanoma is reported. ILP can result in long-term morbidity in up to 40% of
the patients and the (recurrent) disease itself could impact these patients’ lives.
Quality of life has not been assessed before in this specific patient group. Fifty-
seven patients were selected from our computer-assisted database (with 292
patients from only one of our centers) because they were currently still alive, dis-
ease-free for over six months with preservation of the limb, without distant
metastases and with complete contact information. They were sent an invitation-
al letter and three questionnaires: the MOS 36-item Short Form Health Survey
(SF-36), a disease-specific questionnaire and a questionnaire on work- and insur-
ance related problems. The questionnaires were returned by 51 (89%) patients
(mean age 71 (38-90) years), a median of 14 (3-25) years after ILP. The outcome
of the SF-36 was compared with an age- and gender-matched Dutch comparison
group. A linear regression analysis was performed to identify factors related to
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the mental and physical health component scores from the SF-36. The patient
population scored better on all items of the SF-36 than the comparison group, sig-
nificant (P<0.05) in the domains of bodily pain, general health perceptions, men-
tal score and physical score. However, stinging sensations, stiffness or edema of
the affected limb were reported by 49-55% of the patients. Color difference
between the extremities and visible skin lesions were reported by 31% and 38%
of the study group respectively. Fear of recurrences was reported by 63-77% of
the patients. Twenty percent of the patients had no complaints, while 10% had
more than five complaints. Problems in obtaining a mortgage or life insurance
were reported by 6-9% of patients. Stiffness of the extremity (P<0.001) was neg-
atively related to the physical score while lesions on the lower leg (P<0.05) were
positively related. Stiffness of the extremity (P<0.001), the necessity to wear sup-
portive stockings (P<0.05), older age at analysis (P<0.05) and fear of recurrences
(P<0.05) were negatively related to the mental score.

Concluding, long-term survivors after ILP for melanoma have a better health
related quality of life than a matched comparison group, although many disease
and treatment related problems are reported. This counter-intuitive outcome can
be due to the composition of the study group, a favorable selection of long-term
survivors and to “response shift”, meaning that patients have changed their per-
spectives over time and accommodated to their complaints.

In 1992, ILP with TNFα was introduced in the treatment of unresectable extrem-
ity soft tissue sarcoma, after ILP with other agents had not been successful in
these patients. The results of ILP with TNFα and melphalan in soft tissue sarco-
ma of the extremities in our institution are described in chapter ten. From 1992
to 2001, 49 patients (mean age 51years, range 14 - 85 years) underwent ILP for
unresectable soft tissue sarcomas of the extremities. All patients received melpha-
lan and TNFα (four patients also received Interferon-α). Median follow-up was
26 months (range 2 days-103 months). In one patient (2%), who died two days
after ILP, response and acute limb toxicity could not be assessed. Tumor resection
was performed in 31 patients (63%). Histological material was further available
from eight amputations and three punctures/biopsies. Final response, based upon
both clinical and pathological assessment in which pathology was decisive, was
complete in four patients (8%) and partial in 27 patients (55%), resulting in a
final overall response rate of 63%. Local control with preservation of the limb
was attained in 28 (57%) of the patients. Four (13%) of the 32 patients who had
been rendered tumor-free by ILP +/- resection and radiotherapy, developed a
local recurrence. Five-year disease-specific survival was 48% for the 49 patients.
Acute limb toxicity was a mild grade I/II reaction in 35 (71%) patients, a grade
III reaction in 12 patients (25%) and a grade IV reaction in one patient (2%).
Three major ILP-related complications were encountered consisting of arterial
thrombosis in two patients and a fulminant Clostridial infection leading to death
in one patient. There were no severe cardiovascular reactions. 

In these patients with unresectable soft tissue sarcomas of the limbs treated by
ILP with TNFα and melphalan, followed by resection of the tumor remnant when
possible, a 63% overall tumor response rate and 57% local control with limb
preservation rate are achieved. 
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In chapter eleven, a case is described of a woman with femoral metastases of
breast cancer, which caused impending fracturing and pain. Radiation therapy did
not result in sufficient relieve of pain and intra-medullary fixation was not con-
sidered optional because of the localization of the metastases. Melphalan in low
doses has little response on disseminated breast cancer, but in this case there was
no other treatment option. She was experimentally treated with ILP with melpha-
lan in a high dose and was successfully palliated: she could walk without crutch-
es and without pain in her leg for the last two years of her life. 

Future prospects

Melanoma
Generally, ILP can only be recommended if localized disease is unresectable.
This term however has scarcely been specified and is subject of personal judg-
ment. In this thesis a number of criteria were provided such as the number and
size of the lesions, their localization on the extremity and the vulnerability of the
affected area, for example due to previous radiotherapy. The definition of unre-
sectability should be specified in reports on ILP, in order to make comparison,
judgment of results and proper application in clinical practice possible. Because
it has been demonstrated that ILP has an effect on micrometastases, there could
be indications for its use in resectable lesions but only in patients who frequent-
ly have recurrences. For future studies it can also be interesting to see whether
patients who have a first recurrence benefit from an adjuvant ILP as well in terms
of limb recurrence free survival or even absence of recurrences. Randomized
studies are needed to find this out. The recently developed micro-array technique,
might give information about tumor characteristics on the basis of an analysis of
its genome, such as the ability to generate locoregional metastases only or also
metastases at distant sites. 1 This could lead to a change in the treatment of
patients with recurrent extremity melanoma, where the first group might be
offered ILP in an earlier stage of disease. 

Soft tissue sarcoma
The application of ILP in soft tissue sarcoma has been successful with a report-
ed limb salvage rate between 79 to 92%. As described in this thesis, results can
be disappointing with a local control rate with limb salvage of only 57%. Its
application should therefore be limited to those with a clear indication for ampu-
tation of the limb. In future, the possible influence of grade and histology of the
tumors on response should be studied, in order to select only those patients who
have a high chance to benefit from the procedure. Sofar, TNFα is an expensive
and possible lethal drug if leakage occurs to the systemic circulation. The results
of ongoing studies on dose reduction of TNFα are awaited and might make ILP
with TNFα a more readily available (and cheaper) treatment modality as an alter-
native to for example preoperative radiotherapy. 

Other tumors
The application of a high-dose of drugs to the extremity offers a possibility to
treat other tumors on the extremity as well. For example the application for
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metastases of breast cancer that, despite its successful palliative effect as report-
ed in this thesis, has not been repeated. Various other unresectable tumors, such
as squamous cell carcinoma and Merkel´s cell carcinoma on extremities have
been treated successfully by ILP. 2 Another application is ILP for osteosarcoma,
which has been proven to be effective in rats and the results of which are await-
ed in patients. 3
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Klinische lessen

Regionale isolatieperfusie:
ook bij bejaarde patiënten goed toepasbaar

E.M. Noorda, B.C. Vrouenraets, 0.E. Nieweg en B.B.R. Kroon

Dames en Heren,

Patiënten met lokaal irresectabele tumoren van extremiteiten krijgen vaak inten-
sieve behandelingscombinaties van radiotherapie, chemotherapie en chirurgie,
waarmee zonder amputatie lokale controle bereikt kan worden. Bij (hoog)bejaarde
patiënten rijst dan de vraag in hoeverre dergelijke belastende behandelingen zin-
vol zijn, gezien de kortere levensverwachting en de kans op functieverlies van de
aangedane extremiteit. Deze situatie doet zich met name Voor bij een kleine groep
patiënten met lokaal irresectabel melanoom of wekedelensarcoom Van een extre-
miteit.

Met regionale isolatieperfusie kan gepoogd worden de extremiteit te sparen en
toch locoregionale controle te bereiken. Deze behandeling wordt nu bijna 40 jaar
in Nederland toegepast bij patiënten met lokaal irresectabel melanoom Van de
extremiteiten.1 Het principe is dat een hoge dosis chemotherapie kan worden toe-
gediend aan de aangedane extremiteit zonder ernstige Systemische toxiciteit. Bij
het melanoom is melfalan het cytostaticum van keuze2 en sinds 1992, na de invoe-
ring Van de combinatie van melfalan met recombinant tumor necrosis factor-alfa
(TNF-alfa), wordt regionale isolatieperfusie ook met succes toegepast bij het
lokaal irresectabele wekedelensarcoom van de extremiteiten.3

In de dagelijkse praktijk lijkt er terughoudendheid te bestaan om een intensieve
behandeling als regionale isolatieperfusie toe te passen bij de oudere patiënt,
gezien de in het algemeen met de leeftijd toegenomen perioperatieve sterfte,4 het
grotere aantal postoperatieve complicaties en de langere opnameduur.5-7 Bij regio-
nale isolatieperfusie moet men bovendien rekening houden met de kans op blij-
vend functieverlies van de extremiteit, meestal als gevolg van een ernstige acute
regionale toxiciteitsreactie,8-9 en met potentieel ernstige systemische bijwerkin-
gen van de combinatie van melfalan en TNFalfa.3 Met behulp van moderne perfu-
sietechnieken kan lekkage van melfalan en TNF-alfa echter tot een verwaarloos-
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baar niveau worden teruggebracht, waardoor ernstige systemische toxiciteit van
TNF-alfa, zoals hemodynamische problemen, kan worden voorkomen.10

Dat regionale isolatieperfusie ook op hoge leeftijd succesvol kan worden toege-
past bij vergevorderde locoregionale ziekteprocessen, illustreren wij u aan de band
van enkele casussen.

Patiënt A, een 82-jarige vrouw, werd naar onze polikliniek verwezen wegens loco-
regionale metastasen van een melanoom. Zeven jaar tevoren was een amelano-
tisch melanoom van de rechter voetzool geëxcideerd (Breslow-dikte: 4,2 mm). Zij
had hierna geen recidieven gehad. Zij was bekend wegens hartritmestoornissen en
gebruikte carbasalaatcalcium (American Society of Anesthesiologists (ASA)-
classificatie II).

Zij presenteerde zich met enkele verheven bruinrode afwijkingen op de mediale
voetzool en het onderbeen rechts. Elders waren biopten genomen die aantoonden
dat het ging om in-transitmetastasen’ van melanoom (metastasen die onderweg
van primaire tumor naar regionale lymfklierstations uitgroeien in lymfvaten). Bij
het lichamelijk onderzoek werd een tiental i tot 5 mm grote, verheven afwijkingen
gezien, verspreid over de mediale zijde van haar voet en onderbeen. Er waren geen
palpabele klieren in de lies. De elders gemaakte CT-scan van de thorax en het
abdomen toonde geen aanwijzingen voor hematogene metastasen.

Gezien de uitgebreidheid van de afwijkingen werd besloten tot een femorale
regionale isolatieperfusie met melfalan onder normotherme condities (37-38°C).
De procedure verliep ongecompliceerd en zonder lekkage van melfalan van het
been naar de systemische circulatie. Postoperatief had patiënte gering erytheem en
oedeem van de geperfundeerde extremiteit. Het postoperatieve beloop was onge-
compliceerd en nadat volledige mobilisatie bereikt was, werd patiënt na 19 dagen
naar huis ontslagen.

Twee maanden later was er bij controle op de polikliniek een complete remissie.
De postoperatieve toxiciteitsreactie was verdwenen en patiënte liep zoals vóór de
perfusie. Twee en een half jaar later werd er op de kuit wederom een in-transitmeta-
stase gevonden, die radicaal kon worden geëxcideerd. Vijf jaar na regionale iso-la-
tieperfusie, op 87-jarige leeftijd, werd patiënte op eigen verzoek uit controle ontsla-
gen azonder tekenen van locoregionale recidivering of metastasen op afstand.

Figuur 1. Patiënt B. 

Lokaal recidief-

melanoom op het 

linker onderbeen.
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Patiënt B, een 78-jarige vitale vrouw, werd verwezen in verband met een recidief-
melanoom op het linker onderbeen. De primaire tumor was 4 jaar eerder ruim
lokaal geëxcideerd, waarna de wond gesloten was met een huidtransplantaat.
Histologisch was er indertijd een ulcererend melanoom met een Breslow-dikte
van 1,4 mm. Patiënte was in goede conditie (ASA 1) en was 24 jaar tevoren suc-
cesvol behandeld voor een cervixcarcinoom.

Nu presenteerde zij zich met een snelgroeiende tumor ter plaatse van de huid-
plastiek net proximaal van de mediale malleolus (figuur 1). De 10 x 10 cm grote
tumor riekte en bloedde spontaan. Er waren geen suspecte klieren in de lies palpa-
bel. Cytologisch onderzoek bevestigde de diagnose ‘recidiefmelanoom’. Op de
röntgenfoto van de thorax werden geen aanwijzingen voor metastasen gezien. Er
werd besloten tot regionale isolatieperfusie van het been, aangezien de tumor niet
te reseceren was zonder ernstig functieverlies van de enkel en de voet.

Er werd een femorale regionale isolatieperfusie verricht met melfalan en TNF-
alfa onder licht hypertherme condities (38-40°C). De procedure verliep ongecom-
pliceerd zonder systemische lekkage van melfalan en TNF-alfa. Postoperatief was
patiënte de eerste dagen misselijk, en ontwikkelde zij een geringe weefselreactie
met enig erytheem en oedeem. Twee weken na regionale isolatieperfusie werd
débridement verricht van de grotendeels necrotische tumor. Patiënte werd 4
weken na de regionale isolatieperfusie volledig mobiel naar huis ontslagen.

Na 10 weken was er een partiële remissie, met progressie van een kleine rest
vitaal tumorweefsel (figuur 2), die 3 maanden na de regionale isolatieperfusie
radicaal werd gereseceerd. Het huiddefect werd gesloten met behulp van een ‘split
skin graft’ en de wondgenezing was voorspoedig.

Bij controle 5 jaar later waren er bij de inmiddels 83-jarige vrouw geen aanwij-
zingen voor locoregionale of hematogene metastasering. De functie van haar
enkel was normaal.

Patiënt C, een 83-jarige vrouw, presenteerde zich in een ziekenhuis elders met een
zwelling aan de dorsale zijde van de linker onderarm, net proximaal van de pols.
Deze zwelling bestond reeds 6 maanden en zij had hierbij geen functieverlies van
de hand of pols ontwikkeld. Afgezien van een goed gecontroleerde hypertensie
was zij vitaal (ASA II). Er was een niet-radicale resectie verricht en pathologisch

Figuur 2. Patiënt B. 

Partiële remissie, 

10 weken na

regionale isolatie-

perfusie.
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onderzoek wees uit dat het om een niet nader gespecificeerde maligne wekedelen-
tumor ging. Reeds tijdens de wondgenezing ontstond lokaal nieuwe tumorgroei en
patiënte werd naar ons verwezen.

Bij lichamelijk onderzoek vonden wij 2 vast aanvoelende afwijkingen ter
plaatse van het litteken op de mediodorsale zijde van de linker onderarm, met een
grootte van 1 tot 2 cm. Patiënte had een ongestoorde functie van pols en hand. Bij
histologische revisie werd de tumor opnieuw geduid als een hooggradig sarcoom,
waarschijnlijk een leiomyosarcoom. Een MRI-scan toonde een wekedelentumor
die reikte tot op de cortex van de ulna en de pees van de M. extensor carpi ulnaris
(figuur 3). Vanwege het multifocale, snelgroeiende karakter van de tumor, met een
grote kans op opnieuw irradicale of sterk mutilerende resectie, werd er besloten tot
een regionale isolatieperfusie met TNF-alfa en melfalan.11 Bij opname, 6 weken
later, waren er inmiddels 2 nieuwe tumoren ontstaan ter plaatse van het litteken
(figuur 4).

De regionale isolatieperfusie werd verricht via de V. en de A. brachialis met
melfalan en TNF-alfa gedurende 1,5 uur onder licht hypertherme condities
(38-40°C). Er was minder dan 0,1% lekkage van de arm naar de lichaamscircula-
tie. Direct na de operatie vertoonde patiënte motorische en sensibele stoornissen
van de onderarm, waarschijnlijk veroorzaakt door de hoge druk van de isolerende
tourniquet tijdens de perfusie, met enig oedeem en erytheem. De sensibiliteit van
haar arm herstelde zich binnen 2 weken; na 20 dagen werd patiënte in goede con-
ditie naar huis ontslagen.

Zes weken na de perfusie was ook de motoriek van haar arm weer volledig
hersteld. De tumoren waren bij lichamelijk onderzoek niet veel kleiner gewor-
den, maar voelden weker aan; de klinische respons werd geclassificeerd als
onveranderd.12 Een MRI-scan bevestigde echter het vermoeden dat er een aan-
zienlijke centrale necrose in de tumor was opgetreden (figuur 5). Tien weken na
regionale isolatieperfusie volgde resectie, waarbij het defect werd gesloten met
een huidtransplantaat. Histologisch onderzoek toonde een partiële respons met
ongeveer 50% necrose van de tumor. Het bleek uiteindelijk om een hooggradig

Figuur 3. Patiënt C. MRI-scan waarop een deel van het multifocaal maligne fibreus

histiocytoom (MFH) van de linker onderarm te zien is.
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maligne fibreus histiocytoom te gaan, dat krap radicaal was gereseceerd. Post-
operatief onderging patiënte aanvullende radiotherapie.

Bij controle 3 jaar na de regionale isolatieperfusie, op 86-jarige leeftijd, had
patiënte een goede functie van de pols en de hand zonder tekenen van locoregio-
nale of hematogene metastasering.

De eerste regionale isolatieperfusie werd in 1957 uitgevoerd bij een 76-jarige man
met uitgebreide in-transitmetastasen van een melanoom op het been. Deze patiënt
heeft tot zijn 92e levensjaar ziektevrij geleefd.13 Om een optimale tumorrespons te
bereiken, is er in de loop van de jaren geëxperimenteerd met verschillende delen
van deze therapie, onder andere de indicatie voor perfusie (adjuvant of therapeu-
tisch), het gebruikte cytostaticum en de temperatuur waaronder geperfundeerd
wordt. Tegenwoordig wordt regionale isolatieperfusie met een hoge dosis melfa-
lan uitgevoerd bij het uitgebreid locoregionaal gerecidiveerde melanoom in de
vorm van lokaal recidief, in-transit- of satellietmetastasen (patiënt A). In het alge-
meen wordt hierbij een klinisch relevante tumorrespons bij 8o% van de patiënten
verkregen, van wie ongeveer 50% een complete remissie heeft en ongeveer 30%
na 3 jaar geen recidief in de extremiteit heeft.2 Regionale isolatieperfusie met mel-
falan en TNF-alfa wordt toegepast bij grote afwijkingen van recidiefmelanoom
met een sarcoomachtige groeiwijze (patiënt B).14 Bij recidiefmelanoom na eerdere
regionale isolatieperfusie met melfalan bestaat er ook een indicatie.15 16 Tenslotte
vindt toepassing plaats bij een irresectabel wekedelensarcoom van de extremitei-
ten (patiënt C), met als doel een zodanige remissie te bereiken dat de tumor resec-
tabel wordt en een amputatie kan worden voorkomen. Dit lukt bij 82-87% van
deze patiënten, met complete remissies bij 29-36% van hen.11 17

De acute toxiciteitsreactie van de geperfundeerde extremiteit is tegenwoordig
gering, met bij ongeveer 8o% van de patiënten tijdelijk gering oedeem en
erytheem en bij ongeveer 20% blaarvorming. Ernstige regionale toxiciteit met een
logesyndroom of uitgebreider weefselverval waarvoor een amputatie noodzake-
lijk is, treedt bij 1-2% van de patiënten op. De langetermijnmorbiditeit, zoals func-
tiestoornissen met spieratrofie, fibrose of zenuwuitval, wordt grotendeels bepaald
door de ernst van de acute toxiciteitsreactie en is relatief gering.9 Bij 25-40% van
de patiënten werd enige objectieve bewegingsbeperking gevonden, maar zonder
dat zij hiervan in het dagelijks leven hinder ondervonden.9 18

Dat de bovengenoemde responspercentages ook bij oudere patiënten met een
lokaal irresectabel melanoom bereikt worden, bleek uit een recente analyse, waar-

Figuur 4. Patiënt C. Vier lokalisaties van recidietsarcoom van de linker onderarm.
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bij wij bij 53 patiënten ouder dan 75 jaar een completeresponspercentage van 56%
vonden na regionale isolatieperfusie met melfalan met of zonder TNF-alfa en van
58% bij ‘49 patiënten jonger dan 75 jaar. Hierbij waren de acute regionale toxi-
citeit, postoperatieve complicaties en langetermijnmorbiditeit bij de oudere en de
jongere patiënten vergelij kbaar.19 De perioperatieve sterfte na regionale isolatie-
perfusie, gedefinieerd als de sterfte binnen de eerste 30 dagen na de ingreep, vari-
eert in het algemeen tussen 0 en 1%,8 en in de beschreven groep overleed geen van
de oudere patiënten. De risico-inschatting bij de gangbare preoperatieve screening
op grond van comorbiditeit lijkt voldoende om te bepalen of een patiënt de proce-
dure kan ondergaan, ongeacht de leeftijd. Voor het gebruik van TNF-alfa geldt
daarbij een aantal specifieke contra-indicaties, zoals emstige cardiovasculaire aan-
doeningen, lever- of nierfunctiestoornissen, hematologische afwijkingen en
contra-indicaties voor het gebruik van sympathicomimetica (vasoconstrictoren)
of anticoagulantia.

Op 75-jarige leeftijd is de levensverwachting bij mannen gemiddeld 8,5 jaar en
voor vrouwen is dit 11 jaar.4 20 Omdat een optimale kwaliteit van leven moet wor-
den nagestreefd, kunnen intensieve behandelingen ook in deze fase van het leven
van groot belang zijn, met een acceptabel risico op door de behandeling veroor-
zaakte morbiditeit.20 Met name bij patiënten bij wie alleen palliatie mogelijk is, is
controle van locoregionale tumorgroei daarbij een eerste vereiste.

Dames en Heren, onze ervaring leert dat ook aan oudere patiënten met uitgebreide
locoregionale tumoren van een extremiteit een grote kans op behoud van functio-
naliteit daarvan kan worden geboden met regionale isolatieperfusie, zonder dat
daarbij toename optreedt in sterfte, toxiciteit of langetermijnmorbiditeit.

Belangenconflict: geen gemeld. Financiële ondersteuning: geen gemeld.

Figuur 5. Patiënt C. MRI-scan, 8 weken na regionale isolatieperfusie, met centrale

necrose van een tumor aan de linker onderarm.
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ABSTRACT

Regional isolated limb perfusion: also applicable in elderly patients. – In 3
patients over 75 years of age with a malignancy, limb salvage was achieved
through the application of isolated limb perfusion with melphalan with or without
tumour necrosis factor alpha: an 82-year-old woman with extensive locoregional
melanoma metastases on her lower leg, a 78-year-old woman with a large, ulce-
rating recurrence of melanoma on her lower leg and an 83-year-old woman with
recurrent sarcoma of the lower arm. There were no complications and the women
recovered well. Isolated limb perfusion can be effectively and safely used in
older patients with irresectable tumours of the extremities, offering them limb
salvage for the remainder of their lives.
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Dankwoord

In de twee jaar die ik in het Antoni van Leeuwenhoek ziekenhuis/Het Nederlands
Kanker Instituut heb gewerkt, heb ik verschillende aspecten van de chirurgische
oncologie leren kennen. 

Allereerst de verschillende kanten van de toepassing van regionale isolatie
perfusie: de procedure op zich, waarbij ik meermalen heb mogen assisteren tot
het begeleiden van de patiënten die geperfundeerd werden. Veel tijd heb ik
besteed aan het verzamelen en toepassen van alle bewijs in de internationale lit-
eratuur rondom deze techniek en het zelf genereren van nieuwe gegevens op basis
van ruim 25 jaar ervaring in dit instituut, waarvan u het bewijs in dit proefschrift
verzameld ziet. Daarnaast heb ik vrijwel elk afzonderlijk artikel in dit proef-
schrift, op congressen in Nederland, Frankrijk of de Verenigde Staten mogen pre-
senteren en verdedigen en daarbij de internationale gemeenschap van chirurgen
die regionale isolatie perfusie toepassen, ontmoet. Tijdens al deze werkzaamhe-
den heb ik (wetenschappelijk) leren schrijven, presentaties leren maken en voor-
drachten leren houden. In deze tijd heb ik ook de algemene praktijk van de
chirurgische oncologie leren kennen, de multidisciplinaire aard van de oncologis-
che behandeling leren begrijpen en de basis van het oncologisch denken geleerd.
Ik realiseer me dat dit nog maar een zeer klein deel is van wat er op dit gebied
nog te leren valt. 

Zonder de onvermoeibare inspanningen van mijn promotor en co-promotoren
en ook niet zonder de bijdragen, wetenschappelijk of niet, van vele anderen, was
deze ervaring en dit proefschrift niet tot stand gekomen. Vandaar dit dankwoord. 

Allereerst dank ik mijn waardige (ik ken niemand die dit bijvoeglijk naamwoord
zo verdient) promotor, prof.dr B.B.R. Kroon. Beste Bin, tijdens een promotie
zijn er betere en slechtere periodes voor een onderzoeker. Maar altijd als ik met
u van gedachten had gewisseld, was het voor mij duidelijk waarom ik mijn
zegeningen met dit promotieonderzoek moest tellen. Uw charisma, betrokken-
heid, rust, wijsheid, opmerkzaamheid en humor heb ik telkens weer als een grote
bron van inspiratie ervaren. Ik bewonder uw gave om alle facetten van het werk
als chirurgisch oncoloog recht te doen: de personen die u opleidt, het wetenschap-
pelijk werk, de patiënt, de techniek, uw gezin, het ziekenhuis, de maatschappij,
waar wij ook menige discussie over hebben gevoerd. Ik ben zeer dankbaar dat ik
uw pupil heb mogen zijn.

Ik dank mijn eerste co-promotor en begeleider, dr B.C. Vrouenraets. Beste Bart
(Brad), ik dank alles wat ik heb geleerd in de afgelopen twee jaar voor een groot
deel aan jou. De onderwerpen van alle artikelen waren of door jou of samen met
jou bedacht. De vele versies van elk stuk kreeg ik onvermoeibaar terug met aan-
wijzingen en correcties, totdat ze goed waren. Als ik je belde in het St Lucas-
Andreas ziekenhuis of soms thuis, was er altijd tijd om iets door te spreken. Bart,
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ik heb geleerd van de snelheid van je denken, de hoeveelheid parate kennis (per-
centages, citaten, onderzoeksresultaten) en je snelle beoordelingsvermogen. Ik
hoop dat ik een goede eerste promovenda voor je ben geweest, voor mij was je
een top-begeleider.

Ook dank ik mijn tweede co-promotor, dr O.E. Nieweg. Omgo, je begeleiding
was altijd secuur en gecommitteerd. Elk woord ligt bij jou op als goud op een
schaaltje, hetgeen ik zeer heb gewaardeerd. Als een stuk door jou was goed-
gekeurd, wist ik dat het goed was omdat geen detail aan je oplettend oog ontglipt.
Je rust en je onophoudelijke inzet heb ik zeer op prijs gesteld, alsmede je gevoel
voor humor in je presentaties (Antoni, Antonie, Anthony en Antonius).

Prof. dr A.M.M. Eggermont, beste Lex en dr A.N. van Geel, beste Bert. Ook al
was het op afstand, ook veel dank voor jullie suggesties vanuit Rotterdam. Ik heb
gebruik mogen maken van een unieke samenwerking tussen Amsterdam en Rot-
terdam en hoop dat die ook in de toekomst, voor anderen, weer vruchten afwerpt.
Dank jullie voor de bijdrage aan dit werk.

Dr F. van Coevorden, beste Frits, ook dank aan jou. Met name je bijdrage aan ons
werk aan de wekedelensarcomen waardeer ik zeer. Met veel plezier was ik steeds
bij de sarcoombesprekingen en was vereerd als je me als “perfusie-expert” aan
het woord liet. Je bent de enige heer die nog stijl kan dansen (Los Angeles) en
met veel plezier.

Voor hun bijdrage aan delen van dit proefschrift wil ik nog bedanken: dr J.M.
Klaase, beste Joost, je was de eerste in rij van jonge promovendi/a op dit speci-
fieke uithoekje van de chirurgische oncologie. Ik dank je dat ik op jouw werk
verder heb kunnen bouwen. Dr J. van der Zee, beste Coby, voor je medewerking
aan een van onze artikelen. Dr A.A.M. Hart, beste Guus, veel dank voor al je
werk en onderwijs in de statistiek. Ik denk daar nu wel iets van begrepen te
hebben. Ook dank aan G.W. van Slooten, beste Gooike, vaak onopvallend, maar
een stabiele en onmisbare factor in de perfusiepraktijk van Bin en Omgo.

Ik dank de overige stafleden van de chirurgische oncologie en de andere snij-
dende specialismen (het HOD) voor de aandacht die zij steeds weer gaven aan het
kritisch beoordelen van een nieuw resultaat uit de perfusiebron, bij sectie XI ver-
gaderingen, als proefpraatje voor een congres maar ook wel eens persoonlijk. In
het bijzonder dank ik H. Klomp, beste Houke, en dr.H.S.A. Oldenburg, beste
Hester, de vrouwen die mij voorgaan in dit vak. Ik neem graag een voorbeeld aan
hoe jullie je vak nu uitoefenen. 

Het secretariële personeel, en in het bijzonder Noëlle Tameris, wil ik bedanken
voor jullie steun bij al het (papieren) werk dat een promotie met zich meebengt.
Het versturen van een belangrijke envelop of het regelen van een spoed-CD-rom
is vaak van onzichtbaar maar groot belang. Dank jullie wel.
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Prof. dr J.C.J.M. de Haes, prof. dr F.J. Lejeune, prof. dr W.J. Mooi, prof. dr H.
Schraffordt Koops, dr G.R. Schaap en dr J.H.W. de Wilt dank voor het zitting
nemen in mijn promotie commissie en de vragen die gesteld zullen worden. Spe-
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Ruben van Kreij, student Psychologie en Bart Takkenberg, student Geneeskunde
wil ik bedanken voor het vertrouwen in mij als jullie (eerste) onderzoeksbegelei-
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Ook dank ik dr M.G.M. Statius Muller, beste Markwin, als collega in opleiding
(ik nog niet) in het Slotervaartziekenhuis, heb je mij op dit onderzoek gewezen.
Twee jaar later heb je mij weer een stap dichter bij mijn opleidingsplek Chirurgie
gebracht. Straks zijn we weer collega’s, allebei in opleiding in het Sloter-
vaartziekenhuis. Misschien kunnen we dan samen een volgende AGNIO een
artikeltje laten schrijven.

Mijn mede onderzoekers Anne Lont, dr.Serge van Ruth, dr.Pieter Tanis, Susanne
Estourgie, tevens paranimf, Roelien Olivier, Jacco Nieuwenhuizen en Bin Kroon
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een perfecte ceremoniemeester op ons huwelijk, nu mijn paranimf. Je bent een
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schappelijke) ambities. Jullie creativiteit en streven om het maximale uit het le-
ven te halen, heeft mij geïnspireerd.

Als laatste dank ik Ben, mijn lieve echtgenoot. Zoals we beloofd hebben als part-
ners door het leven te gaan, was jij ook echt een partner in het voltooien van mijn
promotieonderzoek. Op dagen dat ik het niet meer zag zitten, wist je me altijd
weer aan te sporen, Door jou is het onmogelijk om niet te bereiken wat ik zou
willen.
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