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There are known knowns, these are things we know that we know. 

There are known unknowns, that is to say, there are things that we know we don’t know. 

But there are also unknown unknowns, these are things we don’t know we don’t know.

Donald Rumsfeld

Aan mijn ouders
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Introduction and outline of the thesis

The incidence of cutaneous melanoma in most western countries is increasing 

at a greater rate than that of almost any other malignancy.1 In about 50% of the 

cases the primary disease is located on an extremity. The risk of recurrence after 

resection of the primary tumor is related primarily to the Breslow thickness of the 

lesion but is also influenced by tumor ulceration and mitotic rate.2,3 The literature 

indicates that 6–19% of patients with American Joint Committee on Cancer (AJCC) 

Stage II melanomas that are > 1.5 mm thick and are located on an extremity 

develop in-transit metastases, due to spread of the tumor through intradermal 

or subcutaneous lymphatics.4 The median time to presentation with in-transit 

metastases is 13 to 16 months from the time of initial diagnosis, with a median 

survival of 19 months.5 

If not too numerous, surgical excision of these in-transit metastases is the 

treatment of choice.6 If recurrences are widespread and superficial treatment by 

means of electrodessication, cryotherapy or laser ablation are suitable options. A 

major management problem, however, arises when the recurrences are no longer 

amenable to these local treatments. The quality of life for these patients is often 

poor because of unsightly, uncomfortable lesions that may ulcerate, ooze and 

bleed and, if located on a limb, considerable impairment in function may occur. 

Approximately half of all soft tissue sarcomas (STS), a rare and histologically 

diverse group of tumors comprising approximately 1% of all adult malignancies, 

develop in the limb and they often manifest as large masses at the time of 

diagnosis.7 Treatment of these tumors often includes radical surgical excision with 

complex reconstruction followed by adjuvant radiotherapy.8-10 Amputation of the 

affected limb does not increase the overall survival rate,11 so treatment modalities 

that maintain not only the structural integrity of the limb but also preserve its 

function are important.7,11,12

Regional chemotherapy through isolated limb perfusion (ILP), first introduced in 1958 

by Creech et al.,13 has proven to be an effective treatment option in both melanoma 

and STS of the limb. During ILP, the limb vasculature is isolated from that of the rest 

of the body and a high dose of a chemotherapeutic agent (mostly melphalan) can 

be delivered to the tumor-bearing tissues. Regional drug concentrations can be 

administered up to a 10-fold of what is tolerated systemically.14 Due to the isolation 

of the limb systemic toxicity is absent or negligible.15,16 Isolation is achieved by 

ligation or temporary occlusion of collateral blood vessels and the placement of a 

proximal tourniquet. The limb blood flow is then pumped through an oxygenator 

and a heat exchanger in an external circuit to provide oxygenated and temperature 

regulated regional perfusion (Figure 1).17
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Using the cytotoxic drug melphalan, ILP induces a complete response (CR) in a 

median of 46% of the melanoma patients and a partial response (PR) in a median 

of 34% of the patients, with a median limb recurrence free interval (LRFI) following 

a CR of 14 months.18,19 For STS overall response rates of 63 – 91% have been 

reported with median limb salvage rates of 71%.20,21,22

The ILP technique, however, involves a technically complex and invasive operative 

procedure, requiring open surgical cannulation of the vessels at the root of the 

extremity. In addition, ILP requires expensive equipment, occupies a surgical 

operating room for a long period and involves a substantial number of surgical, 

anesthetic and perfusion staff and nursing personnel. It is only available in 

specialized centres and is considered less appropriate in elderly patients or those 

with serious medical co-morbidities.23 Complications from ILP are not uncommon. 

Significant regional toxicity such as skin necrosis, compartment syndrome and 

peripheral neuropathy can occur.24,25 Vascular catastrophe requiring arterial 

reconstruction or amputation is uncommon but has been reported.26

In the past several attempts have been made to achieve similar results to ILP with 

simplified procedures, such as direct intra-arterial infusion or ‘tourniquet infusion’ 

with partial venous outflow occlusion, but these techniques failed to achieve 

remission rates comparable to those obtained with ILP.27-29

Figure 1: Schematic illustration of isolated limb perfusion of the lower limb (adapted from 
Hoekstra).17
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Part I:  Isolated limb infusion for melanoma and 
soft tissue sarcoma

A simplified and minimally invasive procedure called isolated limb infusion (ILI) has 

been developed and implemented at the Sydney Melanoma Unit (SMU) in 1992 with 

the objective of obtaining the benefits of ILP without its major disadvantages.25,30 

ILI is essentially a low-flow ILP, performed under hypoxic conditions (i.e., without 

oxygenation of the limb blood) via percutaneously placed catheters. Like ILP, it 

achieves high-dose regional therapy with cytotoxic agents and avoids troublesome 

systemic side effects, but without an invasive surgical procedure (Figure 2).17,31,32 

Catheter insertion for ILI is usually straightforward, even after previous radical 

groin or axillary lymph node dissection; circumstances in which vascular access 

for ILP can be technically difficult with the cause of substantial morbidity. Another 

major difference between both procedures is that during ILI blood is circulated in 

the isolated extremity at a much lower rate - by which systemic leakage is nearly 

always prevented - and for a shorter time than during ILP.31,33 Furthermore, the 

hypoxia during the ILI procedure leads to marked acidosis of the isolated circuit in 

contrast to ILP where the pump oxygenator maintains the oxygenation and prevents 

acidosis in the limb. Finally, the blood transfusions that are normally required for 

ILP are unnecessary during ILI. An overview of these and other main differences 

between ILI and conventional ILP are listed in Table 1. 

Table 1: Technical differences between isolated limb perfusion and isolated limb infusion

Isolated Limb Perfusion Isolated Limb Infusion

Technically complex Technically simple

Open surgical exposure of vessels for catheter 
insertion

Percutaneous vascular catheter insertion in 
radiology department

Several hours duration Approximately 1 hour duration

Perfusionist and ancillary staff required No perfusionist required and fewer total staff

Complex and expensive equipment needed Equipment requirements modest

Higher perfusion pressures predispose to 
systemic leakage

Low pressure system, effective vascular isolation 

Limb tissue oxygenated, with normal blood 
gases maintained

Progressive hypoxia and acidosis

Hyperthermia can be achieved Usually not possible to raise limb temperature 
above 40 °C

General anesthesia required Possible with regional anesthesia

Frequently routine blood administration (to 
prime extracorporeal circuit)

Blood administration not required

The primary indication for ILI is, as for ILP, inoperable in-transit melanoma. In 

accordance to ILP the method can be used as well to treat patients with advanced 

soft tissue sarcoma of the extremity.34,35 To date, over 400 ILI procedures for 
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both melanoma and soft tissue sarcoma have been performed at the SMU. The 

technique is now in regular use in several other Australian centres, as well as in the 

United States, Europe and Africa.32,34,36,37

In the current thesis the SMU experience in the use of ILI is described, evaluated 

and discussed. Different analyses were made in an attempt to provide a detailed 

outline of the outcomes of the procedure. 

Figure 2: Schematic illustration of isolated limb infusion of the lower limb (adapted from 
Hoekstra).17
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In Chapter 1 we report treatment results of 185 single ILI procedures in patients 

with recurrent limb melanoma performed in the SMU. In this analysis we also 

looked at prognostic factors for outcome. 

Chapter 2 focuses on the acute limb toxicity after the ILI treatment for melanoma. 

Possible patient and procedure-related predictive factors for acute limb toxicity 

were analyzed in order to improve the understanding of its origin and to decrease 

toxicity in the future. 

Since ILI is a minimally invasive procedure, it can, in theory, be performed in medical 

frail and older patients.35 In Chapter 3 this proposition is tested by analyzing our 

treatment and toxicity results in melanoma patients over 75 years of age and we 

compare them to those obtained from the group of patients younger than 75 years 

of age. 

Patients with distant metastatic melanoma are often denied ILP for troublesome 

limb recurrences because of the magnitude of the procedure and the short life 

expectancy of these patients.38,39 Distant metastatic disease, however, is generally 

not a limitation to treat these patients with minimally invasive ILI and in Chapter 4 

we report our results of performing ILI in stage IV patients. 

Because ILI does not involve open surgical vascular access, it is easy to repeat. In 

Chapter 5 we report our experience in performing a repeat procedure in patients 

with progressive or recurrent limb melanoma who previously underwent ILI.

In some patients locoregional disease after ILI is not responding or is recurring 

so extensive that an amputation becomes inevitable. In Chapter 6 we analyzed 

indications and results of amputation for irresectable extremity melanoma after 

failure of ILI. 

To attain limb salvage, ILI is also an option for patients with advanced soft tissue 

sarcoma of the extremity. Chapter 7 describes the SMU experience with ILI in 

these patients either as induction treatment or for palliation.

Chapter 8 contains an overview of the technical aspects of ILI with a review of the 

use and results of the treatment in the literature.

Part II:  Adoptive immunotherapy for cancer

Regional cancer treatments like ILI (and ILP) are frequently combined with 

experimental (neo) adjuvant treatment protocols in order to increase the effect 

of the regional approach.40,41 Adjuvant studies using the ILI or ILP protocol 

have reported to augment anti-tumor activity when adding cytokines, such as 

IL-2, TNF-α, IFN-γ and Stat3, to the cytotoxic regimen.42-44 T-cell activation is 

believed to play a key role in the tumor response seen in these studies.45-47 In 
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this view adjuvant adoptive transfer of stimulated T-cells has great potential in 

the ILI protocol, particularly since immunomodulation has shown to be clinically 

effective in melanoma and sarcoma patients.48-51 Adoptive transfer of stimulated 

T-cells around the ILI treatment could thus potentially increase the tumor response 

rates. This approach would particularly be useful for patients in whom a poor 

response to the ILI treatment can be expected, such as those with more advanced 

disease.52,53 

T-cells stimulated with anti-CD3, anti-CD28 and anti-4-1BB (a member of the 

tumor necrosis factor receptor) show a higher secretion of targeting cytokines 

(IL-2 and IFN-γ) and an increased tumor response compared to T-cells stimulated 

with anti-CD3 and anti-CD28 only.54,55 When these triple stimulated T-cells are 

transferred back to the patient they could be more effective than just replacing 

the decreased T-cell number and increase the depressed cytokine secretion that 

is seen after locoregional treatment with cytotoxic agents.56 Furthermore, T-cells 

that have undergone this triple activation show an increased survival which means 

their anti-tumor action is not only more effective but also longer lasting before 

they go into apoptosis.54 

In Chapter 9 we try to explain this lower apoptotic rate shown by these stimulated 

T-cells by performing several basic cell experiments to determine if there is an 

up-regulation of anti-apoptotic proteins.

The thesis is concluded with a summary in English and in Dutch and a “future 

perspectives” section, in which new research in isolated limb infusion and 

immunotherapy are discussed together with new developments in combined 

therapies for the treatment of melanoma and sarcoma.

16
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Abstract

Introduction: Isolated limb infusion (ILI) is a minimally invasive technique for 

delivering regional chemotherapy in patients with advanced and metastatic 

melanoma confined to a limb. It is essentially a low-flow isolated limb perfusion 

(ILP) performed via percutaneous catheters without oxygenation.

Methods: From our prospective database 185 patients with advanced metastatic 

melanoma of the limb treated with a single ILI between 1993 and 2007 were 

identified. In all patients a cytotoxic drug combination of melphalan and 

actinomycin-D was used. Drug circulation time was 20–30 minutes under mild 

hyperthermic conditions (38–39 °C).

Results: The majority of patients (62%) were female. Their average age was 74 

years (range 29–93 years). Most patients had MD Anderson stage III disease 

(134/185). The overall response rate was 84% [complete response (CR) rate 38%, 

partial response rate 46%]. Median response duration was 13 months (22 months 

for patients with CR; p = .01). Median follow-up was 20 months and median survival 

was 38 months. In those patients with a CR, the median survival was 53 months (p 

= .005). CR rate and survival time decreased with increasing stage of disease. On 

multivariate analysis significant factors for a favorable outcome were achievement 

of CR, stage of disease, thickness of primary melanoma, the pCO2 in the isolated 

circuit, and a Wieberdink limb toxicity score of III (considerable erythema and 

edema).

Conclusion: The response rates and duration of response after ILI are comparable 

to those achieved by conventional ILP. ILI is a minimally invasive alternative to 

the much more complex and morbid conventional ILP technique for patients with 

advanced metastatic melanoma confined to a limb.
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Introduction

Unresectable metastatic melanoma confined to a limb has been treated by isolated 

limb perfusion (ILP) using cytotoxic drugs (mostly melphalan) since the late 1950s.1 

It is a remarkably effective form of regional chemotherapy, inducing a complete 

response (CR) in 7 – 90% (median 46%) of the limbs and a partial response (PR) in 

0 – 44% (median 34%), with a median limb recurrence-free interval (LRFI) following 

a CR of 9 – 19 months.2,3 Even higher response rates have been reported after a 

double ILP schedule (77% CR) and after ILP with the combination of melphalan, 

tumor necrosis factor-alpha (TNF-α), and interferon gamma (up to 90% CR).4-6

Although ILP is effective, it is an invasive, complex, and costly procedure.7,8

A simplified and minimally invasive procedure called isolated limb infusion (ILI) was 

developed and introduced at the Sydney Melanoma Unit (SMU) with the objective 

of obtaining the benefits of ILP without incurring its major disadvantages.9,10 ILI is 

essentially a non-oxygenated, low-flow ILP performed via percutaneously inserted 

catheters. Despite the brief exposure time of the tissues to melphalan during ILI 

(20 – 30 minutes), theory and practice have shown that there is adequate cellular 

drug uptake for effective tumor cell killing to be achieved in most patients.11 Studies 

with substantial patient numbers have shown that response rates (CR and overall 

response [OR]) after ILI are comparable to those observed after conventional ILP.12

Patients treated by ILI and ILP often have or are prone to develop systemic 

metastatic disease, and no increased overall survival rate associated with either 

procedure has been demonstrated.13 The main goal of both ILI and ILP is thus to 

achieve long-lasting locoregional tumor control in the affected limb.

In this study we analyzed the prospectively collected data from all patients who 

were treated for locally advanced melanoma with a single ILI procedure at the 

SMU over a 14-year period. Our aim was to compare the response rates, duration 

of response, and survival with previously reported results after both ILI and ILP. 

We also sought to identify prognostic factors for these endpoints that might allow 

better patient selection, explain treatment failures, and indicate intraoperative 

factors that could improve the outcome for patients undergoing this treatment.

Patients and Methods

From November 1992 to March 2007, 343 ILI procedures for melanoma were 

performed in 232 patients at the SMU. Patients were treated with a single ILI 

procedure (n = 139), with two ILIs (n = 79), with three ILIs (n = 10), or with four ILIs 

(n = 4). In 47 patients the procedure was undertaken as a planned double ILI, with 

a time interval between infusions of 2 – 8 weeks, and in 46 patients the procedure 
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was repeated when disease progression in the limb occurred or new metastases 

developed.

In this article, only the results from the initial ILI are presented, including the initial 

ILIs for patients who subsequently relapsed and underwent a second, third, or 

even a fourth ILI. The patients who underwent a planned double ILI procedure were 

not included in this study. The planned double-ILI protocol was investigated as an 

alternative treatment method to compare the results with the single-ILI procedure. 

The results of the elective double procedure have been reported previously.14

Taking these inclusion criteria into account we were able to identify 185 patients 

from our prospective database who underwent a single isolated limb infusion for 

locally advanced melanoma of a limb. 

The ILI procedures were performed as described previously.9,10 A schematic 

overview of the procedure is shown in Figure 1.15 Briefly, the technical details were 

as follows: radiological catheters with additional side-holes near their tips were 

inserted percutaneously into the axial artery and vein of the disease-bearing limb 

via the contralateral groin, and their tips were positioned in such a way that they 

were at the level of the knee or elbow joint. Tissues more proximally located in the 

limb but distal to the level of the tourniquet were perfused in a retrograde fashion 

via collateral vascular channels. The efficiency of this retrograde perfusion via 

collateral vascular channels is apparent both from the immediate blanching of the 

entire limb when the red-cellfree drug solution is infused via the arterial catheter, 

Figure 1: Schematic illustration of the circuit used for isolated infusion of a lower limb (adapted 
from Thompson et al.15).
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and from the uniformity of limb skin erythema ± oedema in the postoperative 

period.

The patient was then given a general anesthetic, and heparin (3 mg/kg) was infused 

to achieve full systemic heparinization. A single 5 mg IV dose of tropisetron, a 

5HT3 antagonist, was administered as prophylaxis against postoperative nausea 

and vomiting. A pneumatic tourniquet was inflated around the root of the limb to 

be treated and the cytotoxic agents were infused into the isolated circuit via the 

arterial catheter. The cytotoxic drugs that were used in all cases were melphalan 

5 – 10 mg/l of tissue (mostly 7.5 mg/l) and actinomycin-D 50 – 100 μg/l of tissue 

(mostly 75 μg/l) in 400 mL warmed, heparinized normal saline. 

In conventional ILP a minimum dose of melphalan of 15 – 20 mg is considered 

appropriate when the limb volume is very small. For a very large volume of tissue in 

a lower limb, a maximal dosage of 100 mg of melphalan is generally administered. 

Similar principles were applied in determining melphalan dosages for ILI. 

Actinomycin-D was used as well because of the good response rates (CR 73%) of 

the melphalan/actinomycin-D combination when administered by conventional ILP 

in our institution, without excessive limb toxicity.2,12

For the duration of the ILI procedure (20 – 30 minutes), the infusate was continually 

circulated by repeated aspiration from the venous catheter and reinjection into 

the arterial catheter using a syringe attached to a three-way tap in the external 

circuit. Limb temperature was increased by incorporating a blood-warming coil 

in the extracorporeal circuit and by encasing the limb in a hot-air blanket, with a 

radiant heater placed over it. After 20 – 30 minutes, the limb was flushed with one 

liter of Hartmann’s solution via the arterial catheter, and the venous effluent was 

discarded. The limb tourniquet was then deflated to restore normal limb circulation, 

the heparin was reversed with protamine, and the catheters were removed. For 

patients with metastatic disease in the groin or axilla requiring a regional lymph 

node dissection as well as an ILI, this was undertaken under the same anesthetic 

after completion of the ILI procedure, removal of the catheters, and reversal of 

heparin. 

Subcutaneous and intramuscular limb temperatures were monitored continuously 

during the ILI procedure, and blood samples were taken at regular intervals to 

measure the melphalan concentrations and blood gases. The drug leakage rate 

from the isolated limb into the systemic circulation was assessed retrospectively in 

all patients, on the basis of systemic melphalan concentrations that were measured 

routinely during each procedure. Intraoperative systemic leakage monitoring 

was not performed, after early studies demonstrated that systemic leakage was 

invariably very low. 

Postoperatively the serum creatine phosphokinase (CK) level was measured 

daily, and limb toxicity, systemic toxicity, and tumor response were assessed 
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regularly. Limb toxicity was assessed using the scale proposed by Wieberdink et 

al. (Table 1).16 

After conventional ILP in our institution, a CK level exceeding 1000 IU/l was 

associated with serious limb toxicity, but this did not always seem to be true after 

ILI.12,17 However, all patients whose CK levels exceeded 1000 IU/l or who developed 

grade III toxicity or higher were treated with corticosteroids until their CK levels 

had fallen to < 1000 IU/L. Responses were assessed according to the standard 

World Health Organization criteria.18 These define a CR as the disappearance of 

all measurable disease, determined by two observations < 4 weeks apart, and a 

PR as a ≥ 50% decrease in total tumor size determined by two observations < 4 

weeks apart and no appearance of new lesions or progression of any lesion. Stable 

disease (SD) was defined as no change or a < 50% decrease in tumor size, and 

progressive disease (PD) as any increase in size. It was possible to evaluate the 

responses of all 185 patients included in this study. However, not all patients could 

be followed up at the SMU because some lived in remote regions or overseas. In 

those cases the general practitioner or referring surgeon looking after the patient 

was asked to provide follow-up information. All data were collected prospectively 

and recorded on a computerized database.

Possible prognostic factors were tested for their influence on response rates, 

duration of response, and survival. The χ2 test was used for comparison of frequency 

distributions and the Mann–Whitney U-test was used for the nonparametric 

variables.19 Continuous variables were assessed using the analysis of variance 

(ANOVA) test for repeated measures. Survival and duration of response were 

analyzed with the Kaplan–Meier method.20 

Multinomial logistic regression and Cox regression (Cox’s proportional hazard 

model)21 analyses with the stepwise backward method were used for multivariate 

analysis of response rates, duration of response, and survival, with various cohorts. 

A significant difference was assumed for a probability value of < .05. Statistical 

analyses were performed using GraphPad Prism software (GraphPad software 

Inc., San Diego, CA, USA) and SPSS (SPSS Inc.,Chicago, IL, USA).

Table 1: Wieberdink toxicity grading16

Grade I No visible effect

Grade II Slight erythema and/or edema

Grade III Considerable erythema and/or edema with blistering

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

Grade V Severe tissue damage necessitating amputation
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Results

Patient Characteristics

Of the 185 patients in this study, six had advanced MD Anderson stage I disease 

that was considered unsuitable for primary surgical resection. The other 179 had 

locally recurrent or metastatic melanoma involving a limb and, of these, 30 patients 

had known distant metastases at the time of treatment (15 had subcutaneous or 

lymphatic metastases in the limb above the level of the tourniquet or in the groin, 

8 had pulmonary metastases, and 7 had other visceral disease). 

Disease status at the time of the initial ILI, according to the modified MD Anderson 

classification (Table 2),22 was as follows: stage I (intact primary tumor) 3%; stage 

II (local recurrence) 8%; stage IIIa (in-transit metastasis) 40%; stage IIIab (in-transit 

metastasis and regional node involvement) 32%; and stage IV (distant metastasis) 

16%. Patients with stage IV disease were treated if they had seriously symptomatic 

disease in a limb and their systemic metastases were not considered to be life 

threatening in the short to medium term. 

The majority of patients (62%) were female and the median age was 74 years (range 

29 – 93 years). Thirteen (7%) patients were treated for disease in the upper limb and 

172 (93%) had disease in the lower limb. These and other patient characteristics 

are listed in Table 3.

Morbidity, Mortality, and Limb Toxicity

There was no mortality associated with the procedure. The local (limb) toxicity 

was as follows: Wieberdink grade I, n = 3 (2%); grade II, n = 105 (56%); grade III, n 

= 72 (39%); and grade IV, n = 5 (3%). No grade V toxicity (requiring amputation of 

the involved limb) occurred. 

In 11 patients (6%), systemic melphalan was detected. In one patient a systemic 

leakage of 6%was detected 5 minutes after the onset of the infusion. In the other 

10 patients the systemic leakage was < 1%. None of the patients experienced 

severe systemic side effects such as bone-marrow depression. Postoperative 

Table 2: Modified MD Anderson stage of disease classification22

Stage Description

I Primary melanoma

IIa Local recurrence

IIb Satellites

IIIa In-transit metastases

IIIab In-transit metastases with nodal involvement

IV Distant metastases
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nausea and vomiting (PONV)18 was generally absent or mild, with 83% of patients 

experiencing PONV grade 0 (no nausea), 13% experiencing grade 1 (mild nausea), 

4% experiencing grade 2 (moderate nausea and vomiting), and no patients 

experiencing grade 3 (severe nausea and vomiting).

Table 3: Patient and tumor characteristics 

Characteristics No. of patients (%)

Sex

  Male 71 (38)

  Female 114 (62)

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

BMI, median (range), kg/m2 26 (17 - 48)

Stage (MD Anderson)

  I 6 (3)

  II 15 (8)

  IIIa 74 (40)

  IIIab 60 (32)

  IV 30 (16)

Involved limb

  Lower 172 (93)

  Upper 13 (7)

Location on limb

  Arm/thigh 48 (26)

  Forearm/leg 129 (70)

  Hand/foot 8 (4)

Depth of infiltration

  Cutaneous 70 (38)

  Subcutaneous 37 (20)

  Cutaneous and subcutaneous 67 (36)

  Deep to fascia 8 (4)

  Cutaneous, subcutaneous 3 (2)

  and deep to fascia

Number of lesions, median (range) 5 (1- 55)

Size of lesions (mm), median (range) 7 (1 – 160)

Clark level of primary (of 147 patients)

2 6 (4)

3 25 (17)

4 86 (58)

5 30 (20)

Thickness of primary melanoma (mm), median (range) 3 (0.15 – 18)

BMI, body mass index; mm, millimeter
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Response Rates

An OR rate of 84% was achieved. In 70 patients (38%), CR occurred, 85 patients 

(46%) had a PR, 18 patients (10%) had SD, and 12 (6%) patients had PD. The median 

time between ILI and best response was 1.4 months (range 1 – 84 weeks). The 

median overall follow-up time was 20 months (mean 30 months). 

The overall median duration of response was 13 months (interquartile range [IQR] 

4 to > 120 months). The median LRFI following a CR was 22 months (IQR 6 to > 

120 months), which was significantly higher than the median duration of PR, which 

was 9 months (IQR 4 – 47 months; p = .012; Figure 2; Table 4). Of all 114 patients in 

whom relapses in the treated limb were documented, 107 (94%) occurred within 24 

months. Eight patients underwent an amputation after recurrence or progression 

of disease. During the study period 131 patients died, 58 (44%) of them without 

any progression in the limb at the time of death after experiencing a CR or PR.

Figure 2: Duration of response (months) after complete response (CR) compared to partial 
response (PR; p = .012) following isolated limb infusion.

Effects on Survival

The median overall survival following ILI was 38 months (IQR 16 – 105 months; 

Figure 3). The response to the treatment was shown to be a predictor for survival. 

For those patients in whom a CR was achieved, the median survival was 53 months 

(IQR 28 to > 120 months), which was significantly longer than the survival in the 

group of patients in whom no CR occurred (median 25 months; IQR 12 – 82 months; 

p = .005; Table 4) and in patients who achieved a PR in particular (median 27 

months; IQR 14 – 86 months; p = .026; Figure 4). The median overall survival after a 

PR was longer than the overall survival of the non-responders (median 14 months; 

IQR 7 – 35 months) but this difference just failed to reach statistical significance (p 

= .07). When combined, however, survival in the group of patients with a CR or a 
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PR (median 41 months; IQR 16 – 106 months) was statistically significantly longer 

that the survival of the non-responders (p = .004).

Prognostic Patient-Related Factors

Patient-related factors that were studied to determine their effect on response rate, 

LRFI or survival time are listed in Table 4. The stage of the disease was a significant 

predictor not only for survival, but also for achieving a CR. The CR rate decreased 

with increasing stage of disease, ranging from 83% CR in MD Anderson stage I 

disease to 53% in stage II, 43% in stage IIIa, 33% in stage IIIab to 23% CR in stage 

IV disease (Table 5). Although the lowest CR rates were obtained in patients with 

Table 4: Univariate analysis (p-values) of patient-related prognostic factors for CR and OR 
achievement, LRFI, and survival

Variable CR OR LRFI Survival

Sex .723 .842 .239 .258

Age .466 .473 .147 .259

BMI .475 .169 .678 .002

Stage (MD Anderson) .010 .221 .847 .003

Involved limb .521 .933 .931 .847

Location on limb .576 .322 .601 .552

Depth of infiltration .100 .568 .737 .029

Number of lesions .068 .287 .056 .010

Size of lesions .547 .770 .339 .713

Clark level of primary .623 .334 .504 .323

Thickness of primary melanoma .164 .599 .609 .038

CR achieved n.a. n.a. .012* .005

CR, complete response; OR, overall response; LRFI, limb recurrence free interval; BMI, body 
mass index; n.a., not applicable, *, compared to partial response.

Figure 3: Overall survival (months) after isolated limb infusion.
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Table 5: Percentage of patients experiencing a complete response corresponding to MD Anderson 
stage of disease

Stage %

I 83

II 53

IIIa 43

IIIab 33

IV 23

Figure 4: Survival (months) after complete response (CR) compared to partial response (PR; p = 
.026) after isolated limb infusion.

the highest disease stages, OR rates remained satisfactory, being 86% in patients 

with stage IIIab and 77% in patients with stage IV disease. Also the LRFI within the 

infused limb was shorter in patients with higher disease stages, although these 

differences were not statistically significant. The median LRFI was 89 months for 

patients suffering from stage I disease, 79 months for stage II, 27 for stage IIIa, 19 

months for stage IIIab, and 33 months in stage IV. 

The median survival for patients with stage I disease was 95 months (IQR 80 to 

> 120 months), for stage II 97 months (IQR 82 to >120 months), for stage IIIa 43 

months (IQR 24 – 105 months), for stage IIIab 26 months (IQR 12 – 97 months), 

and for stage IV 20 months (IQR 3 – 40 months; p = .003; Figure 5). The Breslow 

thickness of the primary melanoma also proved to be a predictor for survival (p 

= .038; Figure 6). Patients whose primary melanoma was < 3 mm in Breslow 

thickness had a median survival of 41 months (IQR 21 – 120 months), which was 

significantly longer than the survival of patients whose primary melanoma was > 

3 mm in thickness (median 26 months; IQR 12 – 74 months). 
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The number of lesions showed a trend towards significance with respect to CR and 

LRFI, (CR, p = .068; LRFI, p = .056). Survival, however, was significantly prolonged 

for patients with only one lesion (median 74 months; IQR 41 to > 120 months) 

compared to patients with two to five lesions (median 33 months, IQR 13 – 84 

months) or patients with more than five lesions (median 30 months; IQR 12 – 81 

months; p = .010). 

Also, the depth of tumor infiltration was significantly associated with survival (p 

= .029). The median survival times were as follows: cutaneous tumor 53 months 

(IQR 25 to > 120 months), subcutaneous tumor 41 months (IQR 16 – 82 months), 

Figure 5: Overall survival (months) after isolated limb infusionby stage of disease (p = .003). The 
number of patients with disease stage I was too small to produce a representative survival curve.

Figure 6: Overall survival (months) after isolated limb infusion in patients with a thickness of the 
primary melanoma < 3 mm compared with those with a primary melanoma > 3 mm (p= .038).
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tumor invading the deep fascia 30 months (IQR 21 –  46 months), cutaneous 

and subcutaneous tumors 20 months (IQR 10 – 67 months), and cutaneous and 

subcutaneous tumors with fascial involvement 15 months (IQR 8 – 30 months). 

The size of the lesions did not predict outcome, LRFI or survival. Patients with a 

body mass index (BMI) < 26 kg/m2 had a significantly longer survival (median 38 

months; IQR 22 to > 120 months) compared to patients with a BMI > 26 kg/m2 

(median 29 months; IQR 12 – 64 months; p = .002).

Prognostic Intraoperative Factors

Intraoperative factors that were studied to determine whether they influenced 

response rate, LRFI or survival time are listed in Table 6. A higher melphalan 

concentration in the isolated circuit at the end of the procedure appeared to be 

significant for both CR (p = .013) and OR (p = .022) while a greater decrease in 

melphalan concentration during the procedure showed a trend towards an increased 

Table 6: Univariate analysis (p-values) of intra-operative prognostic factors for CR and OR 
achievement and LRFI

Variable Median (IQR) CR OR LRFI

Drug exposure time (minutes) 30 (21 – 32) .698 .491 .994

Tourniquet time (minutes) 55 (44 – 65) .551 .074 .740

Circulating volume (ml) 1375 (1050 - 1750) .230 .998 .518

Infused melphalan (mg/l) 7.5 (7.0- 8.1) .880 .605 .466

Melphalan infusate (μM) 316 (252 - 379) .145 .607 .976

Final melphalan concentration (μM) 35 (28 – 45) .013 .022 .561

Melphalan concentration decrease (μM) 273 (219 – 339) .056 .831 .986

Δ T Subcutaneous (ºC) 1.6 (1.1 – 2.2) .520 .062 .617

Δ T Intramuscular (ºC) 1.5 (0.9 – 1.9) .238 .329 .352

Δ pO2 (mmHg) 165 (123 – 198) .199 .209 .918

Δ pCO2 (mmHg) 13 (8 – 19) .017 .091 .209

Δ PH 0.24 (0.16 – 0.31) .299 .423 .878

Δ BE (mmol/l) 9.5 (7.7 – 11.6) .104 .168 .608

Δ Saturation (%) 91.5 (86.5 – 94.5) .215 .923 .591

CK (IU/l) 750 (173 - 2512) .223 .029 .510

Toxicity grade .061 .002 .106

Number of patients (%)

  I 3 (2) 0 (0) 1 (33) 21*

  II 105 (56) 35 (33) 81 (77)

  III 72 (39) 33 (46) 68 (94) 32*

  IV 5 (3) 2 (40) 5 (100)

  V 0 (0) - -

CR, complete remission; OR, overall remission; LRFI, limb recurrence free interval; IQR, 
interquartile range; Δ, value of difference between start and end of the procedure; CK, creatine 
phosphokinase; *, median interval (months) is listed, limb toxicity grade I/II compared to III/IV.
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CR rate (p = .056). The CR rate was also significantly enhanced when a greater 

difference in pCO2 was detected between the start and the end of the procedure 

in the blood of the isolated limb (p = .017). There was a trend for a higher OR rate 

to be associated with a greater increase from the initial to the final subcutaneous 

temperatures in the limb (p = .062) and for procedures with a longer tourniquet 

time (p = .074). The postoperative CK level showed a significant association with 

OR rate (p = .029), with a higher CK level predicting a better response. The toxicity 

score predicted the OR rate (p = .002), and the predictor was almost significant for 

the CR rate (p = .061). Because the numbers of patients with toxicity grade I and 

IV were too small to calculate a reliable LRFI we compared the combined groups 

grade I/II to III/IV. The LRFI in patients who developed a grade III/IV toxicity (median 

32 months; IQR 16 to > 120 months) failed to be significantly different from the 

LRFI after grade I/II toxicity (median 21 months; IQR 8 to > 120 months; p = .106). 

Multivariate Analysis

In the univariate analysis, LRFI was only associated with CR, while response rates 

and survival were associated with several factors. Patient and perioperative factors 

were therefore analyzed further using a logistic regression analysis (for CR and 

OR) and a Cox regression analysis (for survival; Table 7). 

In both univariate and multivariate analysis a lower stage of disease and a greater 

difference in limb blood pCO2 between the start and the end of the procedure were 

found to be significant for a higher CR rate, and a toxicity score of III was the only 

significant factor associated with an improved OR rate. An extended tourniquet 

time just failed to reach significance in the multivariate analysis, as it had done in 

the univariate analysis. 

The prolonged survival observed in the CR group remained significant (p = .040). 

Disease stage and thickness of the primary melanoma were the other significant 

factors predicting survival on the multivariate analyses.

Table 7: Multivariate analysis of clinical and peri-operative prognostic factors for CR or OR 
achievement and survival 

Endpoint Variable p-value HR 95% CI

CR Stage of disease .027 0.626 0.474 – 0.861

Δ pCO2 .013 1.649 1.283 – 2.203

OR Toxicity score .020 1.438 1.196 – 1.674

Tourniquet time .055 0.948 0.898 – 1.001

Survival Stage of disease .003 2.069 1.462 – 3.088

Thickness of primary melanoma .006 1.752 1.342 – 2.374

CR .040 1.251 1.028 – 1.534

CR, complete response; OR, overall response; ILI, isolated limb infusion; HR, hazard ratio; CI, 
confidence interval; Δ, value of difference between start and end of the procedure. 
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Discussion

The OR rate after ILI in this series was 84%, with a CR rate of 38%. This CR rate is 

at the lower end of the CR rates reported after conventional ILP. A review paper 

reported CR rates after ILP with melphalan varying from 26% to 81% but in larger 

series CR percentages rarely exceeded 50%.23 In the present series 48% of the ILI 

patients had stage IIIab or IV disease and it must be borne in mind that response 

rates following ILP and ILI are largely determined by stage of disease at the time of 

the procedure.12,24,25

Because ILI is so well tolerated, some patients with a higher stage of disease 

are treated, whereas they would have been considered unsuitable for ILP. 

Consequently, in the present ILI series the percentage of patients with more 

advanced disease is at the higher end of the spectrum of most ILP series, which 

could well be the explanation for the lower CR rate that was achieved in the current 

study. In our series the LRFI after a CR was longer than the duration of response 

after a PR, which is in agreement with results of our previous ILI studies and most 

ILP studies.12,24-26 

Most regional relapses (94%) occurred within 2 years of ILI, which is comparable 

to the ILP series of Di Filippo et al.,27 in which 100% of relapses occurred within 3 

years, and to the ILI series we reported previously, in which 95% of the patients 

relapsed in 2 years.12 The median LRFI (22 months) was comparable to the median 

LRFI after ILP (19 months), so in this respect ILI has a similar efficacy to ILP.28

When considering the benefits of the two procedures, it must be noted that ILP is 

invasive and a much more complex and costly procedure. ILI, on the other hand, 

is minimally invasive and relatively simple to perform. Extra staff and complex 

equipment are not required for ILI. Furthermore, the total operating theatre time 

rarely exceeds 60 min and, like ILP, the ILI technique can be used not only for limb 

melanomas, but also to treat other limb tumors, such as soft-tissue sarcomas and 

advanced or recurrent squamous cell and basal cell carcinomas.29,30 

Although Noorda et al. showed no increased mortality or morbidity in elderly 

patients after ILP, many surgeons are still reluctant to perform an ILP in this patient 

category because of its invasive nature, and other treatment options are often 

preferred.31-33 However, when older patients have troublesome recurrent melanoma 

involving a limb, alternative treatments such as laser ablation and radiotherapy 

are often unsatisfactory and the patients’ quality of life can be greatly impaired. 

Limb amputation may be a realistic alternative in occasional cases, but satisfactory 

rehabilitation after amputation is notoriously difficult to achieve in elderly patients. 

ILI has proven to be a suitable alternative to ILP in this group, with even greater 

response rates reported in a previous study.12 The median age of 74 years in our ILI 

series is much higher than the median age in most ILP series.25,34,35 
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Prognostic Factors Predicting Response

This study clearly showed that a lower stage of disease is a predictor for a better 

response, which is consistent with our previous experience.12 The effect was 

large, with CR rates decreasing from 83% for MD Anderson stage I disease to only 

23% for stage IV disease (Table 5). This indicates that tumors with the capacity to 

metastasize are less likely to respond to regional therapy. 

The decrease in melphalan concentration during the procedure just failed to 

be a significant predictor of CR, but a high final melphalan concentration was 

a significant predictor of both CR and OR. In these cases tumor tissues were 

probably completely saturated with melphalan and no more circulating drug 

could be absorbed. In vitro studies of melanoma cells indicate that the uptake of 

melphalan by the tumor is a rapid and active process that reaches a plateau after 

approximately 10 minutes because of saturation of the uptake mechanism, with an 

elimination half-life of 15 – 20 minutes.36 This means that, during an ILI procedure, 

most of the drug will have been eliminated from the limb circulation after 30 

minutes. For this reason the duration of drug circulation is currently 30 minutes at 

the SMU. Initially, however, the ILI protocol was designed with a drug circulation 

time of only 20 minutes. When it became apparent that the drug uptake was not 

completed after 20 minutes we prolonged the drug circulation time to 30 minutes. 

A greater difference in pCO2 between the beginning and the end of the procedure 

caused by the hypoxia in the isolated limb proved to be a significant predictive 

factor for CR while a prolonged tourniquet time showed a trend towards an 

increased OR rate. This supports our previous data in which we have shown that a 

prolonged tourniquet time has a beneficial effect on outcome, most likely caused 

by the synergism of hypoxia and ischemia on tumor deposits in the isolated 

limb.12 In vitro studies have shown that hypoxia enhances the cytotoxic effects of 

melphalan by a factor of approximately 1.5, whereas the combination of hypoxia 

and acidosis can increase the effect by a factor of 3.37 How the synergism between 

melphalan and hypoxia is mediated is presently unknown. ILP studies have shown 

that by administering glucose in the isolated circuit the intracellular pH in the 

tumor can be decreased, with a concomitant increase in the response rate.38 It 

is tempting to speculate that producing deliberate hypoxia during conventional 

ILP might improve response rates, and there are some animal and human data 

(particularly from hypoxic isolated pelvic perfusion) to support this concept. ILP 

studies exploring this possibility, however, have yet to be initiated.

The synergism between hyperthermia and melphalan for ILP has been clearly 

described but even more important is the avoidance of hypothermia.39,40 This 

also seems to be applicable for ILI. Since the heater in the infusion circuit has a 

limited capacity to raise blood temperatures because of the low flow rates that can 
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be achieved through the small-caliber catheters, it is necessary to maintain the 

temperature of the limb with an external heating blanket and an overhead radiant 

heater as well. Also, starting to heat both patient and limb as soon as the patient 

arrives in the anesthetic room is highly recommended, because it is otherwise 

difficult if not impossible to reach the desired subcutaneous temperature of around 

38 °C in the limb by the end of the ILI procedure.10,12 

The regional toxicity reported in this article is within the range described after 

conventional ILP.41 A higher OR rate was observed in patients experiencing 

grade III to IV toxicity and also in patients who developed a serum CK < 1000 IU/l 

postoperatively. These data are in contrast to ILP publications that did not report 

any relationship between toxicity and effect, but concur with our previous ILI 

series.12,41 This suggests that there is a relationship between the damage caused 

by the cytotoxic drugs to the limb muscle, reflected in the CK and toxicity score, 

and the effect on the tumor, reflected in the response rates. 

The standard dose of melphalan that we had used for conventional ILP at the SMU 

for many years was 10 mg/l of tissue for the lower limb and 13 mg/l for the upper 

limb. Others used melphalan doses based on body weight (typically 1.2 mg/kg 

for the lower limb and 1.5 mg/kg for the upper limb). When the ILI procedure was 

initially devised, however, a reduced melphalan dosage of 7.5 mg/l was selected 

because it was expected that hypoxia during the procedure would be likely to 

increase the efficacy (and toxicity) of the melphalan. This proved to be correct. 

It is unlikely that further drug dose escalation for ILI would be possible without 

causing unacceptable toxicity. Because higher response rates were not achieved 

at higher melphalan levels or in association with greater drops in melphalan levels 

during the procedure, it is in any case doubtful that dose escalation would yield 

better results. However, because addition of TNF-α to a melphalan regimen during 

ILP has been shown to increase CR rates to values as high as 90%, a dose-escalation 

study of ILI using melphalan and TNF-α would be of great interest.22,42

Effect of ILI on LRFI and Survival

Apart from the response rates no other factor turned out to be a significant 

predictor of the duration of response. However, the trend towards a longer LRFI for 

toxicity grade III/IV compared to grade I/II suggests that, as well as the relationship 

between toxicity score and outcome described above, toxicity might also have an 

effect on LRFI. 

No form of locoregional treatment for recurrent melanoma, even limb amputation, 

has ever been shown unequivocally to influence survival. This is presumably 

because survival is principally dependent on the existence and rate of progression 

of distant metastases. A large multicenter randomized study did not show 
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increased survival after prophylactic ILP in stage I melanoma patients after wide 

local excision of the primary melanoma, although an increase in disease-free 

survival was observed in the subgroup of patients who had not undergone elective 

lymph node dissection.13 The independent prognostic factors for a longer survival 

after ILI in the multivariate analysis in the present study, namely a lower stage of 

disease and a thinner primary melanoma, were therefore not unexpected. 

The fact that the achievement of CR was of prognostic significance for an improved 

survival is probably biologically determined in the sense that those tumors likely 

to undergo a CR are likely to have a lower tendency to disseminate. However, it 

is also possible that the improved survival seen in some patients who achieved a 

CR in the infused limb was because all disease in the limb was eliminated, thereby 

removing its metastatic potential. 

The fact that disease stage affected survival was also as expected, with the most 

obvious decrease between MD Anderson stages IIIa and IIIab, i.e., when there was 

disease outside the region treated by the ILI. Patients with more than one lesion 

in the affected limb had a poorer survival, which is in accordance with previous 

ILP publications.43,44 Finally, a deeper tumor infiltration was accompanied by a 

decreased survival. This can be explained by the fact that a tumor that invades into 

deeper anatomical structures is more prone to cause distant metastases. 

The increased survival for patients with a higher BMI was unexpected. A possible 

explanation for this could be the fact that melphalan is absorbed in a higher 

concentration in muscle and tumor than in skin and subcutaneous fat,45 yet we did 

not find any differences in response rate. Leg volumes of patients with a higher 

BMI consisted of a larger percentage of subcutaneous fat, which probably caused 

an increased concentration of drug in the tumor since no adjustments in dose 

calculations were made for these patients, causing more melphalan to be available. 

This theory is supported by the fact that the difference in melphalan concentration 

between the start and end of the procedure was significantly greater in heavier 

patients (BMI > 26 kg/m2) than in lighter patients (p = .008).

Conclusion

In this study examining outcome after ILI, disease stage was identified as an 

important prognostic factor both for tumor response and survival. The thickness of 

the primary melanoma and achievement of a CR after ILI also predicted an increased 

survival. Tumor response was found to be greater if there was a significant rise in 

pCO2 during the procedure and if a Wieberdink toxicity score of III was registered 

afterwards. The frequency and duration of response after ILI were comparable to 

previously reported results achieved by conventional ILP, an invasive and much 

more complex and costly procedure.
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Abstract

Introduction: Isolated limb infusion (ILI) with cytotoxic drugs is a low-flow isolated 

limb perfusion (ILP) performed via percutaneous catheters without oxygenation 

to treat metastatic melanoma confined to a limb. Response rates and duration of 

response following ILI are similar to those after ILP. Previously we have shown 

that more significant limb toxicity is not associated with a higher response rate or 

improved patient outcome. In this study we sought to determine factors predicting 

toxicity following ILI.

Methods: From our prospective database 185 patients with advanced metastatic 

melanoma of the limb treated with a single ILI between 1992 and 2007 were 

identified. In all patients a cytotoxic combination of melphalan and actinomycin-D 

was used. Drug circulation time was 20 to 30 minutes under mild hyperthermic 

conditions (38 - 39 ºC). Limb toxicity was assessed using the Wieberdink scale.

Results: The average patient age was 74 years (range 29 - 93) and 62% were 

female. Most patients (134 / 185) had MD Anderson stage III disease (satellites and 

intransit metastases). Toxicity grade I (no reaction) occurred in 3 patients, grade 

II (slight erythema and edema) in 105 patients, grade III (considerable erythema 

and edema +/- blistering) in 72 patients and grade IV (threatened or actual 

compartment syndrome) in 5 patients. No patient developed grade V toxicity 

(requiring amputation). 

On univariate analysis high peak and high final melphalan concentrations were 

found to be predictive factors for grade III/IV limb toxicity as well as the area under 

the curve of the melphalan concentration. Surprisingly, a greater rise in the pCO2 

during the procedure was associated with lower toxicity in the univariate analysis. 

An increased serum creatine phosphokinase (CK) post-operatively was related 

to a higher toxicity score.  In the multivariate analysis a high final melphalan 

concentration and a shorter tourniquet time were independent predictive risk 

factors for developing grade III/IV limb toxicity.

Conclusions: ILI is a safe alternative to the more invasive and laborious ILP 

technique to treat melanoma confined to a limb. Regional acute toxicity following 

ILI is mild to moderate in most patients. Based on the predictive factors found 

in this series, altering the melphalan dose and tourniquet time may allow further 

reductions in post-ILI toxicity without compromising effectiveness.
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Introduction

Isolated limb perfusion (ILP) is a well-established procedure that is used to treat 

recurrent melanoma of the limbs, with many reports describing its efficacy in 

achieving locoregional disease control.1-3 It remains, however, an invasive, complex, 

and costly procedure.4,5 Isolated limb infusion (ILI) was developed at the Sydney 

Melanoma Unit (SMU) as a minimally invasive alternative to ILP. Essentially it is a 

low-flow ILP in which high concentrations of cytotoxic drugs are administered via 

percutaneous catheters without oxygenation to an isolated limb.6 ILI has become 

the treatment of choice over conventional ILP in a number of institutions because 

of its minimally invasive character and satisfactory results.7,8 In a recent study we 

reported a complete response (CR) rate following ILI of 38%, with a limb recurrence 

free interval (LRFI) of 22 months.9 

In patients treated by ILP toxicity and morbidity have been well documented.5,10,11 

Today, experienced surgical oncologists and perfusionists generally manage to 

produce satisfactory response rates while keeping toxicity and morbidity rates 

low. Severe acute regional tissue reactions occur less frequently since a better 

understanding of factors causing this phenomenon has led to improvements of the 

ILP technique.5 Moreover, it has been shown that there is no relationship between 

significant limb toxicity and outcome in patients treated by ILP. This is in accordance 

with our previously reported ILI results.9,12 In a study comprised of 185 patients, 

those experiencing limb Wieberdink13 toxicity grade III to IV following ILI (Table 1) 

showed a trend towards a higher complete response (CR) rate but this just failed 

to reach significance (p = .06). The median limb recurrence free interval (LRFI) 

for patients experiencing grade III to IV toxicity was 32 months compared to 21 

months for patients experiencing grade I to II toxicity, but this difference too failed 

to reach significance (p = .11). As expected, survival did not differ significantly 

between the two groups (p = .89). Therefore, as long as response benefit is not 

compromised one should strive to achieve low procedure-induced toxicity when 

performing ILI, as for ILP. 

A few studies have reported toxicity and morbidity data following ILI, along with 

response rates,7,8,14 but no study to date has specifically examined toxicity following 

Table 1: Wieberdink toxicity grading13

Grade Description n (%)

I No visible effect 3 (2)

II Slight erythema and/or oedema 105 (56)

III Considerable erythema and/or oedema with blistering 72 (39)

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

5 (3)

V Severe tissue damage necessitating amputation 0 (0)
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the procedure by analyzing data for possible predictive factors. Consequently there 

is limited insight into the reasons for toxicity after ILI. This knowledge is essential 

to better understand and further improve the procedure. Therefore this study was 

undertaken with the aim of determining predictive factors for post-ILI toxicity and 

comparing them to predictive factors for toxicity in previous ILP studies.8,15 

Patients and Methods

From 1992 to 2007, 343 ILI procedures for melanoma were performed in 232 

patients at the SMU. Patients were treated with a single ILI procedure (n = 139), 

with two ILIs (n = 79), with three ILIs (n = 10), or with four ILIs (n = 4). In 47 patients 

the procedure was undertaken according to a planned double ILI protocol, with 

a time interval between infusions of two to eight weeks, and in 46 patients the 

procedure was repeated when disease progression in the limb occurred or new 

metastases developed. 

In this article, only the results from each patient’s initial ILI are presented, including 

the initial ILIs for those who subsequently relapsed and underwent a second, third, 

or even a fourth ILI. However, the patients who underwent a planned double ILI 

procedure were not included in this study since toxicity after the first ILI could 

not reliably be assessed in the relatively short interval between the two infusions. 

The planned double ILI protocol was investigated as an alternative treatment 

method to compare the results with the single ILI procedure and the results of 

the elective double procedure have been reported previously.14 Two procedures 

were cancelled because the radiologist was unable to place the arterial catheter 

in one patient and the venous catheter in the other patient. One procedure had to 

be abandoned before the drug was administered due to bleeding from the arterial 

catheter insertion site. Taking these exclusion criteria into account we identified 

from our prospective database 185 patients who underwent ILI for locally 

advanced melanoma of a limb and in whom post-procedure toxicity could reliably 

be assessed. 

Isolated limb infusion technique

The ILI procedures were performed as described previously.16,17 A schematic 

outline of the procedure is shown in Figure 1.18 Briefly, the technical details were 

as follows: 

Preoperatively limb volume measurements were made using a water-displacement 

method, as described by Wieberdink et al.13 and markings were made on the limb 

at multiple levels to indicate tissue volumes. Radiological catheters with additional 
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side-holes near their tips were inserted percutaneously into the axial artery and 

vein of the disease-bearing limb via the contralateral groin, and their tips were 

positioned at the level of the knee or elbow joint. Tissues more proximally 

located in the limb, but distal to the level of the tourniquet, were perfused in a 

retrograde fashion via collateral vascular channels. The patient was then given 

a general anesthetic and heparin (3 mg/kg) was infused to achieve full systemic 

heparinization. From 1994 onwards a single 5 mg IV dose of tropisetron, a 5HT3 

antagonist, was administered as prophylaxis against postoperative nausea and 

vomiting. A pneumatic tourniquet was inflated around the root of the limb to be 

treated at the appropriate level and the cytotoxic agents were infused into the 

isolated circuit via the arterial catheter. The drugs that were used in all cases 

were melphalan 7.5 mg/l of tissue and actinomycin-D 75 µg/l of tissue in 400 ml of 

warmed, heparinized normal saline. 

In conventional ILP a minimal dose of melphalan of 15 to 20 mg is considered 

appropriate when the limb volume is very small and for a very large volume of 

tissue in a lower limb, a maximal dosage of 100 mg of melphalan is generally 

administered.14 Similar principles were applied in determining melphalan dosages 

for ILI. In the current study the median melphalan dose administered to the patients 

was 7.5 mg/l (mean 7.8 mg/l; range 5.2 – 18.1 mg/l) and the median administered 

actinomycin-D dose was 73.4 μg/l (mean 73.4 μg/l; range 37.1 – 178.0 μg/l). 
Actinomycin-D was used because of the satisfactory response rates (CR 73%) to 

Figure 1: Schematic illustration of the circuit used for isolated infusion of a lower limb (adapted 
from Thompson et al.18).
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the melphalan/actinomycin-D combination when administered by conventional ILP 

in our institution, without excessive toxicity.19,9 

For the duration of the ILI procedure (approximately 20 minutes for 66 patients and 

approximately 30 minutes for 119 patients), the infusate was continually circulated 

by repeated aspiration from the venous catheter and reinjection into the arterial 

catheter using a syringe attached to a three-way tap in the external circuit. The 

limb temperature was increased by incorporating a blood-warming coil in the 

extracorporeal circuit, by surrounding the limb with a hot-air blanket, and by placing 

a radiant heater over it. On completion of the planned drug exposure period, the 

limb was flushed with one liter of Hartmann’s solution via the arterial catheter, 

and the venous effluent was discarded. The limb tourniquet was then deflated to 

restore normal limb circulation, and the catheters were removed. Subcutaneous 

and intramuscular limb temperatures were monitored continuously during the 

ILI procedure, and blood samples were taken at regular intervals to measure the 

melphalan concentrations and blood gases. 

The drug leakage rate from the isolated limb into the systemic circulation was 

assessed retrospectively in all patients, on the basis of systemic melphalan 

concentrations that were measured from blood samples taken every 5 minutes for 

the duration of the procedure. Intra-operative systemic leakage monitoring was 

not performed, after early studies determined that systemic leakage was invariably 

very low.

In seven patients with metastatic disease in their groin lymph nodes as well as 

in-transit metastases in their lower limb, a radical lymph node dissection of the 

groin was performed after the ILI procedure had been completed, the catheters 

withdrawn and the systemic heparin reversed. 

Post-operatively, as prophylaxis against venous and arterial thrombosis, patients 

were administered 5000 units calcium heparin subcutaneously eight hourly and a 

daily dose of 300 mg aspirin for the duration of their hospital admission. Aspirin 

was continued for three months after leaving the hospital. 

Assessment of limb and systemic toxicity

Postoperatively limb toxicity and systemic toxicity were assessed regularly and the 

serum creatine phosphokinase (CK) was measured daily. Limb toxicity was assessed 

using the scale proposed by Wieberdink et al.13 (Table 1) After conventional ILP 

in our institution, a CK level exceeding 1000 IU/l ranging from day 1 to 7 in the 

post-operative course was often associated with serious toxicity.11,20 Therefore, all 

patients whose CK levels exceeded 1000 IU/l or who developed grade III or greater 

toxicity were treated with corticosteroids (dexamethasone 4 mg six hourly) until 

their CK levels had fallen to < 1000 IU/l. 
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Statistical methods

All data were collected prospectively and recorded on a computerized database. 

Selection of possible predictive factors for acute regional toxicity was based on 

previous papers reporting predictive factors for limb toxicity after ILP.5,10,11,21,22

Possible predictive factors were tested for their influence on limb toxicity. The χ2 

test was used for comparison of frequency distributions and the Mann-Whitney 

U test was used for the non-parametric variables.23 Continuous variables were 

assessed using the ANOVA-test for repeated measures. 

The multinominal logistic regression model with the stepwise backward method 

was used for the multivariate analyses. A significant difference was assumed for 

a probability value of < .05. Statistical analyses were performed using GraphPad 

Prism software (GraphPad software Inc, San Diego, CA, USA) and SPSS (SPSS Inc, 

Chicago, IL, USA).

Results

Patient characteristics

The patient and tumor characteristics are listed in Table 2. The majority of patients 

in this study population (62%) were female and the median age was 74 years (range 

29-93). 

Disease status at the time of the ILI, according to the modified MD Anderson 

classification is documented in Table 3.24 The six patients with stage I disease had 

locally advanced primary melanomas that were considered unsuitable for primary 

surgical resection. Patients suffering from stage IV disease were treated if they had 

seriously symptomatic disease in a limb and had systemic metastases that were 

not considered to be life threatening in the short to medium term.

Limb toxicity and systemic leakage

The local (limb) toxicity was as follows: Wieberdink grade 1, n = 3 (2%); grade 2,  

n = 105 (56%); grade 3, n = 72 (39%); and grade IV, n = 5 (3%). No grade V toxicity 

(requiring amputation of the involved limb) occurred. (Table 1)

The rate of systemic leakage was low. In 11 of the 185 patients (6%), melphalan 

was detected in the systemic circulation and in one of them a calculated systemic 

leakage of 6% of the melphalan dose infused into the isolated limb was detected 

after 5 minutes. 

In the other 10 patients the systemic leakage was < 1%. None of the patients 

experienced a severe systemic side effect such as bone-marrow depression and 

there was no mortality associated with the procedure.
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Table 2: Univariate analysis of pre-treatment patient and tumor related factors for toxicity 

Variable No. of patients 
(%)

No. of patients 
(%) with grade   

I/II toxicity

No. of patients 
(%) with grade  
III/IV toxicity

p-value

Sex .36

    Male 71    (38) 44     (62) 27     (38)

    Female 114  (62) 64     (56) 50     (44)

Age, median (range/IQR), years 74    (29 - 93) 75     (65 - 81) 69     (61 - 79) .07

BMI, median (range/IQR), kg/m2 26    (17 - 48) 25.1  (22.4 - 27.8) 26.0  (24.0 - 29.3) .06

Stage (MD Anderson) .96

   I 6      (3) 5       (83) 1       (17)

   II 15    (8) 7       (47) 8       (53)

   IIIa 74    (40) 42     (57) 32     (43)

   IIIab 60    (32) 37     (62) 23     (38)

   IV 30    (16) 17     (57) 13     (43)

Involved limb .73

    Lower 172  (93) 101   (59) 71     (41)

    Upper 13    (7) 7       (54) 6       (46)

Location on limb .92

  Arm/thigh 48    (26) 27     (56) 21     (44)

  Forearm/leg 129  (70) 77     (60) 52     (40)

  Hand/foot 8      (4) 4       (50) 4       (50)

Depth of infiltration .39

  Cutaneous 70    (38) 43     (61) 27     (39)

  Subcutaneous 37    (20) 22     (59) 15     (41)

  Cutaneous and subcutaneous 67    (36) 37     (55) 30     (45)

  Deep to fascia 8      (4) 5       (62) 3       (38)

Cutaneous, subcutaneous and 
deep to fascia

3      (2) 1       (33) 2       (67)

Number of lesions, median 
(range/IQR)

5      (1- 55) 5       (2 - 9) 4       (2 - 7) .19

Size of lesions, median 
(range/IQR)

7      (1 - 160) 7       (5 - 13) 8       (5 - 11) .64

Previous lymph node dissection  .30

   yes 73    (39) 46     (63) 27     (37)   

   no 112  (61) 62     (55) 50     (45)

Treatment period .06

   1992 - 1998 93    (50) 48     (52) 45     (48)

   1998 – 2007 92    (50) 60     (65) 32     (35)

BMI, body mass index; IQR, interquartile range, of median in columns listing toxicity grades I/II 
and III/IV; size of lesions in millimeter, n=184.

Post-operative nausea and vomiting (PONV) was rarely a problem, with 154 patients 

(83%) experiencing PONV grade 0 (no nausea), 24 patients (13%) experiencing 

grade 1 (mild nausea) and 7 patients (4%) experiencing grade 2 (moderate nausea 

and vomiting). No patient experienced grade 3 (severe nausea and vomiting).25
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Multivariate analysis

Since several intra-operative factors were associated with limb toxicity all factors 

were further analyzed in a logistic regression model. The statistically significant 

results of this multivariate analysis are listed in Table 5. Both in the univariate 

and in the multivariate analysis a high melphalan concentration in the isolated 

limb measured at the end of the procedure was found to be significant for the 

development of a Wieberdink toxicity score of III/IV (p = .033). Although a shorter 

tourniquet time was not a significant predictive factor in the univariate analysis 

(p = .29) it proved to be a significant predictor for limb toxicity in the multivariate 

analysis (p = .045). 

Complications 

We recorded 16 complications associated with the ILI procedure in the 30 day 

post- operative period.  One procedure was terminated prematurely when a very 

large tumor on the limb started to bleed profusely and in another procedure the 

radiologist was unable to insert the arterial catheter pre-operatively because of 

pre-existent thrombosis of the brachial artery and therefore, the arterial catheter 

was inserted in the operating room. During the procedure, however, satisfactory 

circulation of the blood within the upper limb could not be maintained.

Two patients developed a threatened compartment syndrome and in both a 

fasciotomy was performed on post-operative day 5. In three patients a fasciotomy 

was performed as a prophylactic procedure because the limb appeared unusually 

swollen and tense immediately after the procedure. In each case the limb swelling 

resolved within a few hours. One patient developed a deep venous thrombosis 

(DVT) in the post-operative period and one patient had an allergic reaction to 

melphalan. 

Eight patients developed lymphedema in the postoperative course. Among them 

were three of the seven patients who had undergone a groin dissection directly 

following ILI and three patients were patients who had been treated with a groin 

dissection previous to the procedure. However, there was no relationship between 

toxicity score following ILI and the development of lymphedema. 

Table 3: Modified MD Anderson stage of disease classification24

Stage Description n (%)

I Primary melanoma 6 (3)

II Local recurrence/satellites 15 (8)

IIIa In-transit metastases 74 (40)

IIIab In-transit metastases with nodal involvement 60 (32)

IV Distant metastases 30 (16)
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Patient-related factors for limb toxicity

The results of univariate analysis of the patient- and tumor-related factors that 

were studied for their effect on toxicity are listed in Table 2. None of them were a 

predictor for grade III/IV limb toxicity. There was no significant difference between 

the percentages of male patients (38%) and female patients (44%) developing 

toxicity grade III/IV (p = .36). Nor did a previous lymph node dissection prove to be 

a predictor for grade III/IV limb toxicity (p = .30).

However, several trends were observed, and some patient- and tumor-related 

factors just failed to reach statistical significance as predictors of toxicity. 

Older patients, for instance, less frequently developed grade III/IV limb toxicity 

compared to younger patients, demonstrated by the higher median age of the 

patients developing limb toxicity I/II (median 75 years, interquartile range [IQR] 

65 - 81) compared to the median age of patients developing limb toxicity III/IV 

(median 69 years, IQR 61 - 79) (p = .07). Also, higher toxicity (grade III/IV) was 

experienced by patients with a higher body mass index (BMI) (median 26.0, IQR 

24.0 - 29.3) compared to those with a lower BMI  (median 25.1, IQR 22.4 - 27.8). 

This difference also just failed to reach statistical significance (p = .06). Finally, 

the treatment period just failed to be statistically significant (p = .06) with patients 

treated between 1992 and 1998 developing more grade III/IV limb toxicity (48%) 

compared to the patients treated from 1998 to 2007 (35%).

Treatment related factors for limb toxicity

The results of univariate analysis of the treatment related factors that were studied 

for their effect on toxicity are documented in Table 4. Several of them were 

found to be statistically significant predictors for the development of grade III/IV 

limb toxicity. The peak and final melphalan concentrations in the isolated circuit 

proved to be statistically significant (p = .003 and p = < .0001 respectively) and 

consequently the area under the curve (AUC) also turned out to be a significant 

predictive factor (p = .012). A smaller increase of the pCO2 in the blood of the 

isolated circuit during the procedure was also a statistically significant factor 

predicting grade III/IV limb toxicity (p = .046).   

Postoperative indicators for limb toxicity

Postoperatively the median creatine phosphokinase (CK) level of patients 

developing grade I/II toxicity (median 350 IU/l, IQR 127 - 883 IU/l) was significantly 

lower than the median CK level of the patients experiencing grade III/IV toxicity 

(median 2298 IU/l, IQR 603 - 4444 IU/l) (p = < .0001) which makes the serum CK a 

strong indicator of grade III/IV limb toxicity. The post-operative day that the serum 

CK peak was measured was not an indicator of toxicity (p = .25).   
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As expected, the number of days that a patient remained in hospital after an ILI was 

a significant indicator of toxicity; those patients who experienced no to moderate 

limb toxicity had a shorter hospital stay (median 7 days, IQR 7 - 9 days) than the 

patients who developed grade III/IV limb toxicity (median 9 days, IQR 7 - 10 days) 

(p = .004).

Table 4: Univariate analysis of treatment related factors for toxicity 

Variable Median (IQR) Median Grade I/II 
(IQR)

Median Grade III/
IV (IQR)

p- value

Esmarch, no. (%) .07

   Yes 159     (86) 97      (61) 62      (39)

    No 26       (14) 11      (42) 15      (58)

Drug exposure time (min) 30       (21 – 32) 30      (21 – 31) 31      (21 – 32) .42

Tourniquet time (min) 55       (44 – 65) 58      (45 – 65) 51      (41 – 65) .29

Circulating volume (ml) 1375   (1050 - 1750) 1338  (1069 - 1750) 1425  (1050 - 1825) .50

Infused melphalan 
concentration (mg/l)

7.5      (7.0 – 8.1) 7.5     (6.8 – 8.0) 7.7     (7.0 – 8.8) .08

Peak melphalan 
concentration (μM)

316     (252 – 379) 293    (236 – 356) 343    (275 – 414) .003

Final melphalan 
concentration (μM)

35       (28 – 45) 31      (26 - 38) 42      (33 – 51) <.0001

Melphalan concentration 
AUC (μM)

273     (219 – 339) 261    (206 – 320) 301    (231 – 361) .012

Infused actinomycin-D 
(μg/l)

73.4    (65.0 – 79.9) 73.4   (66.7 – 77.8) 73.9   (62.9 - 83.3) .42

Δ T Subcutaneous (ºC) 1.6      (1.1 – 2.2) 1.7     (1.1 – 2.2) 1.6     (1.1 – 2.3) .88

Peak T Subcutaneous 
(ºC)

38.1    (37.5 – 38.8) 38.1   (37.7 – 38.8) 38.0   (37.2 – 38.8) .32

Δ T Intramuscular (ºC) 1.5      (0.9 – 1.9) 1.6     (1.0 – 2.0) 1.5     (0.9 – 1.9) .48

Peak T Intramuscular (ºC) 38.1    (37.7 – 38.5) 38.2   (37.7 – 38.6) 38.1   (37.6 – 38.5) .18

Δ pO2 (mmHg) 165     (123 – 198) 165    (124 – 195) 174    (131 – 219) .36

Δ pCO2 (mmHg) 13       (8 – 19) 14.2   (9.1 – 19.6) 11.9   (7.1 – 15.9) .046

Δ pH 0.24    (0.16 – 0.31) 0.24   (0.17 – 0.31) 0.23   (0.16 – 0.31) .63

Δ BE (mmol/l) 9.5      (7.7 – 11.6) 9.5     (7.3 – 11.3) 9.6     (7.9 – 11.7) .59

Δ Saturation (%) 91.5    (86.5 – 94.5) 91.8   (86.8 – 94.6) 90.9   (86.1 – 94.4) .54

IQR, interquartile range; melphalan AUC, area under curve; Δ, value of difference between start 
and end of the procedure; T, temperature in Celsius; BE, base excess.

Table 5: Statistically significant results after multivariate analysis of treatment related factors for 
limb toxicity 

Variable p-value HR 95% CI

Final melphalan concentration (μM) .033 1.328 1.187 - 1.576

Tourniquet time (min) .045 0.912 0.811 - 0.966

 HR, hazard ratio; CI, confidence interval.
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Discussion

After ILI with cytotoxic agents for melanoma, some degree of acute regional 

toxicity is usual, and is probably unavoidable if the desired therapeutic effect is to 

be achieved.11 

Slight erythema, edema, and a feeling of tightness and mild discomfort in the 

infused limb commonly develop within 24 hours after ILI, peak on days 3 and 4, 

and usually start to resolve after 5 - 7 days. 

A simple system to grade these acute toxic reactions in a limb after ILP with 

melphalan was introduced by Wieberdink et al. and has also been shown to be 

applicable for ILI.7,13 (Table 1) A grade II reaction, involving slight erythema and 

edema of normal limb tissues, is readily tolerated by the patient and normally 

resolves quickly and completely.26,27 It may be regarded as an acceptable toxicity 

reaction following ILI and ILP.11 A grade III reaction, with considerable edema 

and sometimes blistering, is uncomfortable and less well accepted by patients, 

but usually settles completely within 3 to 4 weeks, rarely leaves any permanent 

disability and may indicate that the highest acceptable dose has been given.12,21 

Most troublesome affects of toxicity are seen on the sole of the foot and the palm 

of the hand, but this problem can usually be avoided by applying an Esmarch 

bandage to exclude the hand or foot during the ILI procedure, if it is not involved 

by tumour.

Grade IV reactions are clearly undesirable, as they do not only cause significant 

disability in the short term but may also result in permanent tissue damage.11,13,21 A 

grade V reaction, leading to amputation as a direct consequence of the procedure, 

is a catastrophic outcome and represents the most serious complication possible. 

Patients are always warned of this possibility at the time informed consent for the 

ILI procedure is obtained – but those with extreme limb disease realize that an 

amputation is their only treatment alternative in any case.

In the current study we found in the multivariate analysis that a high final 

melphalan concentration and a high melphalan peak concentration and a larger 

AUC of melphalan in the univariate analysis were associated with grade III/IV 

limb toxicity. This is in accordance with previous publications reporting toxicity 

following conventional ILP.5,11,28 A high final melphalan concentration most likely 

indicates melphalan saturation of the tissues whereas lower final concentrations 

might indicate that the tissues potentially could take up more melphalan. 

A method for adjusting the administered melphalan dose per patient has been 

proposed recently by Beasley at al. Their formula involves calculation of the 

melphalan concentration per patient based not only on their limb volume but also 

on their ideal body weight.29 At their institution, this formula has been proved to be 

successful in decreasing limb toxicity without obviously reducing the efficacy of 

56

proefschrift Kroon.indb   56 19-3-2009   12:40:20



the treatment.  Confirmatory studies from other centers are awaited with interest. 

This formula might be of particular benefit in reducing limb toxicity for overweight 

patients (BMI > 25 kg/m2) since melphalan uptake is higher in muscle as opposed 

to fat.30,31 Taking this into account, the skin and subcutaneous tissues are exposed 

to a relatively higher dose of melphalan when concentrations are based on limb 

volumes only because overweight patients have a lower muscle to fat ratio. 

This could be the explanation for the trend towards grade III/IV limb toxicity 

overweight patients in the current study. Although this formula may be useful, 

more information is required in relation to the melphalan uptake by different tissue 

types by microdialysis and saturable dose studies, for instance.32-34 Furthermore, 

drug combination therapies have the potential to enhance response rates without 

increasing limb toxicity. Currently several trials have been initiated that investigate 

the effects of drug combinations using ILI, and results are expected in the near 

future.35 

Surprisingly, in the multivariate analysis of the current series a longer tourniquet 

time, associated with the induction of more hypoxia and acidosis, was an 

independent predictive factor for lower limb toxicity and in the univariate analysis 

a similar association with lower limb toxicity was seen for a greater increase of 

the pCO2 in the isolated circuit. Since we previously found that both an increased 

tourniquet time and an increased pCO2 are associated with improved outcomes,7,9 

the conclusion that could be drawn is that in ILI hypoxia induced by longer 

tourniquet times increase response rates without increasing limb toxicity. These 

results, however, have to be interpreted with great caution since, in contrast to 

our results, previous reports have shown that increased hypoxia and acidosis can 

increase the toxicity induced by melphalan5,36,37 and both the tourniquet time (p 

= .045) and the pCO2 (p = .046) were only just significant in the multivariate and 

univariate analysis, respectively. Nevertheless, it can be concluded that tourniquet 

times up to 60 minutes can be applied without risking increased limb toxicity.   

In our study, low circulating volumes were not related to increased toxicity. ILP 

studies have suggested that low circulating volumes result in a longer duration 

of contact of melphalan with the tissues and, thus, in increased toxicity.22 High 

circulating volumes, on the other hand, can result in high venous pressure, which 

causes an increase in the incidence of edema and localized toxicity.13,37,38 The 

current study also showed that there was a trend for grade III/IV limb toxicity to 

occur in younger patients. This is in contrast to ILP studies that have shown a trend 

towards greater toxicity in elderly patients.39,40 This makes ILI especially suitable 

for elderly patients, a group in whom the appropriateness of ILP, based on safety 

and efficacy considerations, is a matter of ongoing discussion.27,41 Furthermore, 

using  an Esmarch bandage to the distal part of the limb, when not affected by the 
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disease, showed a trend towards a grade I/II limb toxicity, suggesting a reduction 

in toxicity when applied. 

The serum CK can be elevated when muscle damage occurs and measuring CK is 

helpful in monitoring limb toxicity.42 In this study we confirmed the strong relation 

between raised serum CK and limb toxicity. Unlike some ILP reports, our results 

showed no correlation between the day of the serum CK peak and the severity of 

the limb toxicity.20,42 

Since the pressure of the circulation during ILI is much lower compared to the 

traditional ILP, systemic leakage of infusate containing cytotoxic drugs is very 

low compared to ILP.6,43 Also the use of a pneumatic tourniquet, rather than the 

notoriously inefficient rubber tourniquet traditionally used in ILP, is responsible for 

less leakage to the systemic circulation. Melphalan was detected in the systemic 

circulation in only 6% of our patients and in all of them melphalan leakage was less 

than 1% of the total administered melphalan dose except for one who experienced 

systemic leakage of 6%. This was due to blood influx into the systemic circulation 

after the patient moved as it was found difficult to keep the patient fully anesthetized. 

This leakage, however, did not cause any major systemic side-effects to the patient.  

This low systemic leakage results in low systemic toxicity. However, mild nausea 

and vomiting during the first 24 hours post-ILI are not uncommon. Although every 

patient routinely is administered tropisetron prophylactically, the post-operative 

nausea and vomiting that was experienced by some patients without systemically 

detected melphalan during the procedure can be explained by the combination 

anesthetic agents and postoperative narcotic analgesics providing a possible 

emetogenic stimulus.44 The smaller number of patients experiencing nausea and 

vomiting we report in this study compared to the data reported following ILP5,43 

can be explained by the longer lasting anesthesia and the increase in pain caused 

by the surgery involved in ILP, which provokes even more distress to the patient 

and necessitates higher doses of potentially emetogenic analgesics.44 Severe 

systemic side effects such as bone marrow suppression were not observed in this 

ILI series or in the past.6 

In conclusion, the incidence of significant acute regional toxicity (grade III/IV) in this 

series (42%) is at the higher end of the spectrum of the toxicity reported following 

ILP.5,6,12 Long-term morbidity following ILI, however, is rarely seen.6,27 A possible 

explanation could be that ILI does not involve an invasive surgical procedure that 

of itself can result in complications and morbidity. The independent predictive 

factors for grade III/IV limb toxicity identified in this study, i.e. a high final melphalan 

concentration and a shorter tourniquet times, allow us to adjust our protocol for 

patient groups, limb volume measurements and operative circumstances to reduce 

the toxicity following ILI without diminishing its effectiveness. 
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Abstract

Introduction: The treatment of elderly patients with advanced metastatic 

melanoma confined to a limb remains controversial. Isolated limb infusion (ILI) is 

an effective minimally invasive alternative to isolated limb perfusion (ILP) and is 

therefore a potentially valuable therapeutic option for this group.

Methods: From our prospective database 185 patients with advanced metastatic 

melanoma of the limb treated with a single ILI between 1992 and 2007 were 

identified.  Of these, 86 (46%) were ≥ 75 years (range 75 to 93, median 82), and 99 

(54%) were < 75 (range 29 to 74, mean 64). In all patients a cytotoxic combination 

of melphalan and actinomycin-D was used. 

Results: The patient characteristics in both groups were comparable except that 

the older group comprised more women (71% versus 54%; p = .02) and had a 

lower body mass index (median 24.4 versus 26.4; p = .008). Complete response 

(CR) rates were 34% for those ≥ 75 years and 41% in the younger group (p = .28). 

There was no difference in limb recurrence free interval after a CR (median 24 

months for both groups; p = .51) or in survival (median 36 months for < 75, 39 

months for ≥ 75; p = .36) between both groups. Older patients experienced less 

limb toxicity after the procedure (Wieberdink grade III/IV toxicity in 36%) compared 

to younger patients (51%; p = .009) while systemic toxicity, complications and 

long-term morbidity were similar.    

Conclusions: Elderly patients with advanced metastatic melanoma of the limb 

experienced the same or lower toxicity after ILI compared to younger patients while 

response rates, limb recurrence free interval, survival and morbidity were similar. 

ILI is an attractive alternative to the more laborious and invasive ILP, especially for 

older patients.
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Introduction

The incidence of melanoma has more than doubled over the last 20 years, with the 

greatest increase in the older age group.1 Consequently, the average age of patients 

who undergo surgery for this disease has increased steadily.2 A particular treatment 

challenge in this regard occurs when locoregionally metastatic melanoma of a limb 

develops in elderly patients.2-4 Over the past five decades isolated limb perfusion 

(ILP) has been shown to be effective for this form of disease manifestation.5 ILP 

administers a high dose of chemotherapy to a melanoma-bearing limb without 

causing adverse systemic effects. Nevertheless, many surgeons are reluctant to 

perform an ILP in older patients because of the risk of complications and long-term 

morbidity due to surgery and limb toxicity, despite reassuring findings in recent ILP 

studies focused on this patient group.2-4,6,7 However, the benefits of locoregional 

treatment with minor side effects are especially great in elderly patients, and 

such treatment can diminish or prevent disabling morbidity, reduce the need for 

troublesome rehabilitation and avoid serious loss of quality of life. Treatments that 

are non-invasive and demand little from the patient would therefore be ideal for 

this group.

Isolated limb infusion (ILI) has been developed at the Sydney Melanoma Unit (SMU) 

as a minimally invasive alternative to conventional ILP.8 Recent studies reporting the 

SMU experience have shown that ILI is a safe and effective procedure with results 

comparable to those that can be achieved with ILP.9 The main advantage of ILI over 

ILP is that the cytotoxic drug or drug combination is administered and circulated 

through percutaneous placed catheters, avoiding the need for an invasive surgical 

operation. This results in a shorter and less demanding procedure without surgical 

morbidity and should therefore make it especially suitable for older melanoma 

patients. 

To assess whether this hypothesis is true, the safety and efficacy of ILI in melanoma 

patients older than 75 years who were treated for advanced locoregional melanoma 

of a limb were analyzed. 

Patients and Methods

From November 1992 to March 2007, 343 ILI procedures for melanoma were 

performed in 232 patients at the SMU. Patients were either treated with a single 

ILI procedure (n = 139), with two ILIs (n = 79), with three ILIs (n = 10), or with four 

ILIs (n = 4). In 47 patients the procedure was undertaken as a planned double ILI, 

with a time interval between infusions of two to eight weeks, and in 46 patients the 
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procedure was repeated when disease progression in the limb occurred or new 

metastases developed. 

In this article, only the results from the initial ILI are presented, including the initial 

ILIs for patients who subsequently relapsed and underwent a second, third, or even 

a fourth ILI. The patients who underwent a planned double ILI procedure were not 

included in this study because this double ILI protocol was set up as an alternate 

treatment method to compare its results with those of a single ILI procedure. The 

results of the planned double ILI procedure have been reported previously.10

Using these inclusion criteria we identified 185 patients from our prospective 

database who underwent a single ILI for locally advanced melanoma of a limb. Stage 

of disease was classified according to the modified MD Anderson classification 

system (Table 1).11 

The ILI procedures were performed as described previously.8 A schematic 

overview of the procedure is shown in Figure 1.12 Briefly the technical details were 

as follows: standard radiological catheters with additional side-holes near their 

tips were inserted percutaneously into the axial artery and vein of the disease-

bearing limb via the contralateral groin, and their tips were positioned at the level 

of the knee or elbow joint. A pneumatic tourniquet was inflated around the root 

of the disease-bearing limb. Tissues located proximally in the limb but distal to 

the level of the tourniquet were perfused in a retrograde fashion via collateral 

vascular channels. The patient was then given a general anesthetic and heparin (3 

mg/kg) was administered to achieve full systemic heparinization. A single 5 mg IV 

dose of tropisetron, a 5HT3 antagonist, was administered as prophylaxis against 

postoperative nausea and vomiting. The cytotoxic agents were infused into the 

isolated vascular circuit via the arterial catheter. The cytotoxic drugs that were 

used in all cases were melphalan 7.5 mg/l of perfused tissue (range 5-10 mg/l) 

and actinomycin-D 75 µg/l of infused tissue (range 50-100 µg/l), dissolved in 400 

ml of warmed, heparinized normal saline.9,13 In conventional ILP a minimum dose 

of melphalan of 15 to 20 mg is considered appropriate when the limb volume is 

very small. For a very large volume of tissue in a lower limb, a maximal dosage of 

100 mg of melphalan is generally administered. Similar principles were applied in 

Table 1: Modified MD Anderson stage of disease classification11

Stage Description

I Primary melanoma

IIa Local recurrence (in contact with scar or skin graft)

IIb Satellites (within 3 cm of scar or skin graft)

IIIa In-transit metastases

IIIab In-transit metastases with nodal involvement

IV Distant metastases
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determining melphalan dosages for ILI. Actinomycin-D was used because of the 

satisfactory response rates of the melphalan/actinomycin-D combination when 

administered by conventional ILP in our institution (complete response [CR] rate 

73%), without any apparent increase in toxicity compared with ILPs performed 

using melphalan alone.14 

For the duration of the ILI procedure (20 - 30 minutes), the infusate was continually 

circulated by repeated aspiration from the venous catheter and reinjection into 

the arterial catheter using a syringe attached to a three-way tap in the circuit. 

Limb temperature was increased to mildly hyperthermic levels (38 - 39 ºC) by 

incorporating a blood-warming coil in the extracorporeal circuit, wrapping the limb 

in a hot-air blanket and applying an overhead radiant heater with a feedback control 

sensor (Fisher and Paykel, Cleveland, QLD, Australia). After 20 to 30 minutes, the 

limb was flushed with one liter of Hartmann’s solution via the arterial catheter, 

and the venous effluent was discarded. The limb tourniquet was then deflated to 

restore normal limb circulation, and the catheters were removed. Subcutaneous 

and intramuscular limb temperatures were monitored continuously during the 

ILI procedure, and blood samples were taken at regular intervals to measure the 

melphalan concentrations and blood gases in the limb. 

The leakage rate from the isolated limb into the systemic circulation was assessed 

retrospectively in all patients, on the basis of systemic melphalan concentrations 

Figure 1: Schematic illustration of the circuit used for isolated infusion of a lower limb (adapted 
from Thompson et al.12).
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that were measured routinely during each procedure. Intraoperative systemic 

leakage monitoring was not performed.

Postoperatively limb toxicity, systemic toxicity and the serum creatine 

phosphokinase (CK) were assessed daily. Limb toxicity was assessed using the 

scale proposed by Wieberdink et al.13 (Table 2) After conventional ILP in our 

institution, a CK level exceeding 1000 IU/l was often associated with serious limb 

toxicity.14 Therefore, all patients whose CK levels exceeded 1000 IU/l after ILI or who 

developed grade III toxicity and higher were treated with systemic corticosteroids 

until their CK levels had fallen to < 1000 IU/l again. Responses were assessed 

according to the standard World Health Organization criteria.15 These define a CR 

as the disappearance of all measurable disease, determined by two observations 

not < 4 weeks apart, and a partial response (PR) as a ≥ 50% decrease in total tumor 

size determined by two observations not < 4 weeks apart and no appearance of 

new lesions or progression of any lesion. Stable disease (SD) was defined as no 

change or less than a 50% decrease in tumor size and progressive disease (PD) as 

any increase in size. It was possible to evaluate the responses of all 185 patients 

included in this study. Not every patient was followed up at the SMU because 

some lived in remote regions or overseas. In these cases the general practitioner 

or referring surgeon looking after the patient was consulted to obtain follow-up 

information. 

Informed consent was received from each patient and all data were collected 

prospectively and recorded on a computerized database. 

For the statistical analyses the χ2 test was used for comparison of frequency 

distributions and the Mann-Whitney U test was used for the non-parametric 

variables. Continuous variables were assessed using the ANOVA-test for repeated 

measures. Duration of response and survival were analyzed with the Kaplan-Meier 

method. Parameters which varied with time were expressed as the median, with 

the interquartile range (IQR) presented in brackets. A significant difference was 

assumed for a probability value of < .05. Statistical analyses were performed using 

GraphPad Prism software (San Diego, CA, USA) and SPSS (Chicago, IL, USA).

Table 2: Wieberdink toxicity grading13

Grade I No visible effect

Grade II Slight erythema and/or oedema

Grade III Considerable erythema and/or oedema with blistering

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

Grade V Severe tissue damage necessitating amputation
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Results

Patient characteristics

Table 3 lists the patient characteristics for both age groups (< 75 years and ≥ 75 

years). There were 99 ILIs (54%) performed in the younger group and 86 ILIs (46%) in 

patients ≥ 75 years. The mean age in the group of patients < 75 years was 64 years 

(range 29 - 74) and in the group ≥ 75 years it was 82 years (range 75 - 93). 

Two patient characteristics were significantly different when the two groups were 

compared. The older group consisted of more female patients (71%) compared to the 

younger group (54% female patients; p = .02). The body mass index (BMI) was the 

other patient characteristic that was significantly different, although the difference 

was not great. The older group had a median BMI of 24.4 (IQR 21.9 – 27.2) whereas 

the median BMI of the younger group was 26.4 (IQR 24.0 – 29.5; p = .008).

Table 3: Patient characteristics

Variable < 75 years ≥ 75 years p-value

No. of ILIs 99 86

Mean age, years (range)  64      (29-74) 82       (75-93)

Sex (male/female) 46/53  (46%) 25/61  (29%) .015

Body Mass Index kg/m2 (IQR) 26.4    (24.0 - 29.5) 24.4    (21.9 - 27.2) .008

MD Anderson stage .090

    I 3         (3%) 3         (3%)

    II 8         (8%) 7         (8%)

    IIIa 32       (32%) 42       (49%)

    IIIab 37       (37%) 23       (27%)

    IV 19       (19%) 11       (13%)

Upper/lower limb 5/94    (95%) 8/79    (91%) .388

Location in the limb .445

    Foot/hand 5         (5%) 3         (3%)

    Leg/forearm 65       (66%) 64       (75%)

    Thigh/arm 29       (29%) 19       (22%)

Median size of lesions, mm (IQR) 14       (5 - 14) 11       (5 - 12) .353

Median number of lesions (IQR) 6         (2 - 7) 8         (2 - 9) .066

Depth of infiltration .542

   Cutaneous 32       (32%) 38       (44%)

   Subcutaneous 27       (27%) 10       (12%)

   Cutaneous and subcutaneous 33       (33%) 34       (40%)

   Into fascia 6         (6%) 2         (2%)

   Cutaneous, subcutaneous and fascia 1         (1%) 2         (2%)

Treatment period .123

   1992-1998 55       (56%) 38        (44%)

   1999-2007 44       (44%) 48        (56%)
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The stage of disease of the younger patients was more advanced (more patients 

had MD Anderson stage IIIab and stage IV disease) compared to the older patients 

but this difference was not statistically significant (p = .09). The median number of 

lesions in the older group was higher (8; IQR 2 - 9) compared to the younger group 

(6; IQR 2 – 7) but again this difference was not statistically significant (p = .07). More 

elderly than younger patients were treated by ILI in the recent years of this study 

compared to the earlier years although this difference was not significant (p = .12).
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Figure 2: Limb recurrence free interval (months) following a complete response after  isolated 
limb infusion for patients ≥ 75 years compared to patients < 75 years (p = .510).

Figure 3: Overall survival (months) after isolated limb infusion for patients ≥ 75 years  compared 
to patients < 75 years (p = .361).
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The other patient characteristics were similarly distributed in both groups. These 

patient characteristics included: the size of the lesions, the depth of infiltration, the 

location of the lesions on the limb and the involved limb (upper or lower).       

Response Rates and Survival

Following treatment a CR occurred in 41% of the patients < 75 years, while 34% of 

the patients ≥ 75 years had a CR. This difference was not statistically significant 

(p= .28). The number of patients experiencing an overall response (OR), i.e. CR or 

PR, was 84% in both groups (p = .98; Table 4).

The median follow-up time was 20 months for the younger group and 21 months 

for the older patients. Figure 2 shows the limb recurrence free interval (LRFI) after 

a CR for each group. The median LRFI for patients < 75 years was 27 months (IQR 

7 to > 72 months). This was not significantly different from that of patients ≥ 75 

years, who had a median LRFI of 20 months (IQR 10 to > 72 months; p = .510). The 

median overall survival of the elderly patients was also similar when compared to 

younger patients, respectively 41 months (IQR 15 to > 72 months) for patients ≥ 

75 years of age and 34 months  (IQR 15 to > 72 months) for patients < 75 years (p 

= .361; Figure 3).  

Toxicity and Morbidity 

The toxicity and morbidity occurring as result of the ILI treatment are listed in Table 

5. Younger patients were more likely to experience higher grades of limb toxicity 

following ILI than elderly patients. Of the patients < 75 years 51% experienced 

limb toxicity grade III/IV whereas this occurred in 31% of the patients ≥ 75 years. 

This difference in toxicity was statistically significant (p = .009). In the younger 

group 3 fasciotomies were performed and in the older group 2 fasciotomies were 

performed.

The peak serum CK level measured after the procedure was significantly different 

between the two groups. The median serum CK peak in patients ≥ 75 years was 

431 IU/l, which was significantly lower when compared to the median serum CK 

peak in patients < 75 years (1012 IU/l; p = .019). There was no difference in the 

postoperative day on which the serum CK reached its peak. Systemic melphalan 

was detected in one patient of the older group, at a concentration of 6% of the 

administered dose 5 minutes after the commencement of the infusion. In the other 

Table 4: Response rates

Response < 75 years ≥ 75 years p-value

Complete response (yes/no) 41/58 (41%) 29/57 (34%) .282

Overall response (yes/no) 83/16 (84%) 72/14 (84%) .983
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10 patients identified as having systemic leakage this was < 1%. The post-operative 

nausea and vomiting (PONV) grade15, the number of days a patient was admitted 

to hospital and the development of limb pain and impaired limb function one year 

after the procedure were all similar for the two groups. 

There was no mortality associated with ILI in either of the analyzed groups. 

However, one patient in the younger group died 3 weeks after the procedure 

from a cerebrovascular accident. At the time of the ILI this patient had known 

brain metastases that were small, asymptomatic and considered not to be life 

threatening, as well as seriously symptomatic limb disease. 

Discussion

In the Western world the mean life expectancy at age 75 is 8.5 years for men and 

11 years for women.16 The incidence of melanoma has more than doubled over the 

last two decades with rates increasing even more in older age groups.17 As a result 

we are confronted with steadily increasing numbers of elderly melanoma patients 

with more advanced stages of disease. 

Following initial wide excision, melanoma of a limb recurs locally, as satellites and 

as in-transit metastases in 5 to 10% of cases.18,19 When advanced these tumors 

can become ulcerative which often causes severe pain and continue to ooze 

with intermitting hemorrhage to the extent that amputation of the affected limb 

sometimes has to be considered.3 Elderly patients who undergo amputation face 

Table 5: Toxicity and morbidity

Variable < 75 years ≥ 75 years p-value

Wieberdink toxicity .009

    I/II 49 (49%) 59 (69%)

    III/IV 50 (51%) 27 (31%)

Peak Serum CK, IU/l (median, IQR) 1012 (212 - 3377) 431 (157 - 1285) .019

Post-operative day of serum CK peak (median, IQR) 5 (4 - 6) 5 (2 - 6) .533

PONV grade .315

0 85 (86%) 69 (80%)

1 11 (11%) 13 (15%)

2 3 (3%) 4 (5%)

3 0 (0%) 0 (0%)

Systemic leakage yes/no 6/93 (6%) 5/81 (6%) .944

Fasciotomy yes/no 3/96 (3%) 2/84 (2%) .768

Number of days admitted (median, IQR) 7 (6 - 9) 8 (7 - 10) .128

Limb pain 1 year post-ILI  yes/no 5/94 (5%) 8/78 (9%) .259

Limb malfunction 1 year  post-ILI yes/no 3/96 (3%) 5/81 (6%) .353

CK, creatine phosphokinase; IQR, interquartile range; PONV, post-operative nausea and vomiting.
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a troublesome rehabilitation process and may lose their independence or have a 

seriously decreased quality of life. Therefore every attempt to avoid amputation 

in this patient group must be made. The treatment option most suitable for an 

individual patient depends primarily on the number and size of the lesions. Simple 

procedures with low morbidity, such as surgical excision, CO2-laser ablation or 

intralesional injection of cytotoxic drugs or immunological agents, are preferred. 

If the disease is localized, radiotherapy can sometimes be effective. However, 

when the disease is extensive and relentlessly progressive, procedures to deliver 

high-dose regional chemotherapy, such as ILI or ILP, are the only realistic remaining 

options for limb salvage.20

Despite some recent publications stating that ILP can safely be administered in 

older patients, most clinicians consider the risk of this demanding and invasive 

procedure too high because of the frequently frail general condition of the 

patient.2,3 ILI in this respect is a more attractive treatment option that achieves 

response rates and LRFIs that are similar to those achieved in younger patients,  

without causing great morbidity. ILI can even be performed using local anesthesia 

if the patients condition does not allow general anesthesia.   

The equivalent response rates and LRFIs that we recorded for our older patients 

are in line with ILP studies that have focused on the elderly group.2,3,21 When 

compared to ILP, however, the CR rates after ILI for the elderly patients in this 

study were somewhat lower. This is likely to be due to patient selection since our 

ILI patients suffered from more advanced stages of disease than those included 

in most ILP studies. It has previously been shown that advanced stage of disease 

is a significant prognostic factor for lower CR rates following ILI.9 Duration of 

response for older patients, however, is similar when ILI and ILP are compared, 

with an equal LRFI.3

We found that the proportion of patients with more severe limb toxicity (Wieberdink 

grade III or IV toxicity) was significantly lower in older patients (27% versus 50%), 

which is in accordance with ILP reports from the literature.3,22 This can perhaps be 

explained by the fact that older patients in our study had a significantly lower BMI 

than younger patients. Previously we have shown a trend towards increased toxicity 

for patients with a higher BMI.23 A possible explanation for this is that patients with 

a higher BMI have a higher fat to muscle ratio in the perfused extremity. Since there 

is a higher melphalan uptake in muscle as opposed to subcutaneous fat and skin, 

the muscles of patients with a higher BMI are exposed to a relatively higher dose 

of melphalan, resulting in increased toxicity.24 Studies are in progress assessing 

the possibility that toxicity can be reduced by modifying drug dosage on the basis 

of the patients’ ideal body weight (IBW).25

In ILP studies, acute limb toxicity has been shown to be the major predictor of 

long-term morbidity and functional impairment of the treated limb.26 For, ILI 

C
h

ap
ter 3  

Iso
lated

 lim
b

 in
fu

sio
n in eld

erly p
atien

ts w
ith m

elan
o

m
a

75

proefschrift Kroon.indb   75 19-3-2009   12:40:27



however, this has not been shown to be the case and the present study also shows 

that more severe limb toxicity does not necessarily lead to increased long-term 

morbidity.27

It has been suggested that older patients are more prone to the systemic side 

effects of chemotherapy used in ILP.2,28 Due to the low pressure in the isolated 

circuit during ILI and the effectiveness of the pneumatic tourniquet that is used 

routinely, melphalan leakage is usually negligible. This is undoubtedly the reason 

why no serious systemic side effects were observed in either of our two patient 

groups. The nausea and vomiting observed occasionally after ILI is usually mild 

and short-lived, and may be a side effect of regional tissue damage caused by the 

ILI, while the adverse effects of anesthetic drugs and analgesics may also play 

a role.29 In the present study, the number of patients experiencing nausea and 

vomiting after ILI was low and symptoms were normally mild with no difference 

between the age groups. The number of days a patient remained in the hospital 

after ILI was not significantly higher for patients ≥ 75 years and the median of 8 

days is considerably lower than the median stay of two to three weeks reported 

from some centers after ILP, from which invasive procedure older patients recover 

more slowly.2,3

In the current study there was no mortality associated with the ILI procedure in 

either of the analyzed groups. This is in accordance with an ILP report that showed 

no increase in post-operative mortality in older patients.3 Another ILP study, 

however, reported 3 deaths (6%) in the older patient group and no mortality in 

the younger patients.2 It was stated that this reflected the considerable risks that 

are accepted when performing ILP in elderly patients. Since functional status and 

comorbidities are the main risk factors that account for peri-operative mortality and 

complications, rather than chronological age itself,16,30,31 several ILP studies based 

the inclusion of older patients on these criteria.2,3,21 Nevertheless, post-operative 

complication rates after ILP in these studies were higher when compared to ILI, 

with extended hospital stay. Another drawback of ILP is that it can be performed in 

only a few tertiary referral centers around the world because it is such a complex 

and labor-intensive procedure. Effective and safe ILP needs not only meticulous 

attention to every aspect of the procedure, but also experienced staff and a large 

patient volume.2 ILI, on the other hand, is a much simpler procedure that could be 

undertaken in most melanoma treatment centers, allowing elderly and less mobile 

patients to be treated closer to home.

In conclusion, ILI is especially valuable for elderly patients who suffer from advanced 

melanoma of a limb. Its minimally invasive nature results in less morbidity and thus 

a quicker recovery when compared with conventional ILP, yet it results in response 

rates that are similar to those seen in younger patients. 
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Abstract

Introduction: In the treatment of patients with advanced limb melanoma a major 

treatment dilemma can arise when distant metastases are present also. Isolated 

limb infusion (ILI) has proved to be a useful limb-saving treatment and could 

potentially be of palliative value in patients with AJCC stage IV melanoma.

Methods: We identified 37 patients with advanced symptomatic limb disease as 

well as documented distant metastases at the time of their ILI. In all patients a drug 

combination of melphalan and actinomycin-D was used.

Results: 51% had visceral distant metastases and 49% had cutaneous distant 

metastases only. The overall response rate in the treated limb was 76% (complete 

response [CR] rate 22%, partial response [PR] rate 54%). Median response duration 

was 11 months (28 months for patients with CR; p = .08). Median survival after a 

CR was 22 months, 17 months after a PR and only 4 months for those with stable 

or progressive disease (p = .002). Patients with visceral distant metastases had 

a significantly decreased survival compared to those with cutaneous distant 

metastases only (8 and 21 months respectively; p = .03). Limb salvage was 

achieved in 86% of the patients. The procedure was well tolerated, with only one 

patient developing Wieberdink grade IV toxicity (threatened/actual compartment 

syndrome) and none requiring amputation as a result of the procedure (grade V 

toxicity).

Conclusions: Minimally invasive ILI can effectively be used as palliative treatment 

to provide local tumor control and limb salvage in stage IV melanoma patients with 

advanced, symptomatic limb disease.
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Introduction

In the course of their disease 3 - 5% of patients who present with a primary 

cutaneous melanoma on a limb will develop in-transit metastases.1,2 The standard 

treatment options for these recurrences include surgical excision if this is readily 

feasible, or ablation by electrodesiccation, cryotherapy or with a CO2-laser if 

lesions are numerous and superficially located.3,4

When these local treatments fail, high dose regional chemotherapy administered 

by isolated limb infusion (ILI) can provide locoregional disease control in many 

cases. ILI is a simple, minimally invasive alternative to isolated limb perfusion (ILP), 

performed through percutaneously placed catheters. An overall tumor response 

rate of 84% has been reported, of which 38% were complete responses.5 ILI 

results in a limb recurrence-free interval comparable to that achieved by ILP, and 

amputation of the diseased limb can be avoided in most patients.6 The procedure 

is generally undertaken with curative intent in patients with disease confined to the 

limb and without evidence of distant metastases, but patients who have distant 

metastases (stage IV according to the American Joint Committee on Cancer [AJCC] 

staging system) may also benefit.7,8

In the absence of effective systemic therapies, the local problems in the limb of 

patients with stage IV disease may be so disabling and difficult to manage that 

ILI becomes an attractive treatment option. With 1-year survival rates for patients 

with systemic melanoma metastases ranging from 41% to 59%,1 ILI may provide 

effective and worthwhile palliation in this unfortunate patient group. ILI is associated 

with a low risk of regional and systemic complications, a reasonably short hospital 

stay, and little serious long-term morbidity.5,9 In this study we assessed the value 

of ILI as a palliative treatment for melanoma patients with stage IV disease who 

had symptomatic, unresectable limb melanoma.

Patients and Methods

At the Sydney Melanoma Unit (SMU) 348 ILI procedures for melanoma were 

performed between 1992 and 2007. Of these, 51 ILI procedures were performed in 

patients with documented distant metastatic melanoma. These patients had either 

distant cutaneous melanoma metastases (AJCC stage IVa) or distant visceral 

metastases (stage IVb).7 Five patients in this group underwent a planned double 

ILI procedure and were not included in the study. This double ILI protocol was 

being investigated as an alternative to a single ILI procedure and results have been 

reported previously.10 Three other patients with stage IV disease were treated with 

a repeat ILI after progression or recurrence of tumor in the treated limb. In these 
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patients only the data for the initial ILI were included in this study. All patients with 

stage IV disease who underwent ILI were treated with melphalan and actinomycin-D 

except one, who was treated with fotemustine as part of an experimental protocol.11 

This patient was also excluded from the current series. This left a study group 

of 37 patients with distant metastatic melanoma identified from our prospective 

database who underwent an ILI with melphalan and actinomycin-D for locally 

advanced melanoma of a limb. 

The ILI procedures were performed as described previously.12,13 A schematic 

overview of the procedure is shown in Figure 1.14 Briefly the technical details 

were as follows: Radiological catheters with additional side-holes near their tips 

were inserted percutaneously via the contralateral groin into the popliteal artery 

and vein for lower limb ILIs and into the brachial artery and basilic vein for upper 

limb ILIs. Preoperative limb volume measurements were made using a simple 

water-displacement method, as described by Wieberdink et al. and markings that 

indicate tissue volumes were made on the limb at multiple levels.15 If not affected 

by the disease an Esmarch bandage was applied to the foot or hand, excluding 

it from the effects of the cytotoxic agents. A pneumatic tourniquet was inflated 

around the root of the limb and the cytotoxic agents were infused into the isolated 

circuit via the arterial catheter. 

The cytotoxic drugs that were used in all cases were melphalan (5 - 10 mg/l of 

tissue) and actinomycin-D (50 – 100 μg/l of tissue) in 400 ml warmed, heparinized 

normal saline. In conventional ILP it has been usual to administer a somewhat 

Figure 1: Schematic illustration of the circuit used for isolated infusion of a lower limb (adapted 
from Thompson et al.14).
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higher dose of melphalan per liter of tissue for the upper limb than the lower limb, 

and when the limb volume is very small, a minimal dose of melphalan of 15 to 20 

mg has been considered appropriate. Similarly, for a very large volume of tissue 

in a lower limb, a maximal dosage of 100 mg of melphalan has generally been 

considered appropriate.16 Similar principles were applied in determining melphalan 

dosages for ILI.9 These considerations account for the ranges of drug dosages per 

liter of tissue volume that were recorded. A promising new development in the 

adjustment of the administered melphalan dose per patient has been described by 

Beasley at al.17 They have developed a formula that allows tailoring the melphalan 

concentration per patient based not only on limb volume but also on ideal body 

weight by multiplying the melphalan dose by the ratio of ideal body weight to actual 

body weight. This formula was not used for dose calculations in the current study 

since it was undertaken before the above mentioned publication. Actinomycin-D 

was used in combination with melphalan because of the satisfactory response 

rates of this combination when administered by conventional ILP in our institution 

without excessive toxicity.18 For the duration of the ILI procedure (normally 30 

minutes), the infusate was continually circulated by repeated aspiration from the 

venous catheter and reinjection into the arterial catheter using a syringe attached 

to a three-way tap in the external circuit. To increase the limb temperatures a 

blood warming coil was incorporated in the extracorporeal circuit and the limb 

was encased in a hot-air blanket with an overhead radiant heater placed over it. At 

the completion of the procedure the limb was flushed with one liter of Hartmann’s 

solution via the arterial catheter and the venous effluent was discarded. The limb 

tourniquet was then deflated to restore normal limb circulation, and the catheters 

were removed. 

Postoperatively limb toxicity (using the scale proposed by Wieberdink et al.15 

(Table 1) and systemic toxicity were assessed daily along with measurements of 

the serum creatine phosphokinase (CK) level. CK levels exceeding 1000 IU/l may 

be associated with serious limb toxicity.5,19 Therefore all patients whose CK levels 

exceeded this level or who developed Wieberdink grade III toxicity or higher were 

treated with systemic corticosteroids until their CK levels had fallen to < 1000 

IU/l or the signs of limb toxicity had diminished. Tumor response was assessed 

Table 1: Wieberdink toxicity grading15

Grade I No visible effect

Grade II Slight erythema and/or edema

Grade III Considerable erythema and/or edema with blistering

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

Grade V Severe tissue damage necessitating amputation
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regularly during the patient’s hospital stay and after discharge patients were seen 

in the post-operative clinic at least once every 4 weeks for 3 months, or more 

frequently if needed. Responses were assessed according to the standard World 

Health Organization (WHO) criteria. These define a complete response (CR) as the 

disappearance of all measurable disease, assessed on two separate occasions 

not < 4 weeks apart. A partial response (PR) was defined as a ≥ 50% decrease 

in total tumor size determined by two observations not < 4 weeks apart and no 

appearance of new lesions or progression of any lesion. Stable disease (SD) was 

defined as no change or < 50% decrease in tumor size, and progressive disease 

(PD) as any increase in size.20 Radiologic and/or ultrasound imaging was used 

to confirm the response when this was difficult to assess clinically, for instance 

in patients with deep seated disease. All data were collected prospectively and 

recorded on a computerized database.

It was possible to evaluate the responses of all 37 patients included in this study. 

The follow-up of some patients could not be performed at the SMU because they 

lived overseas or in remote regions. In those cases the general practitioner or 

referring surgeon was consulted.

Statistical analyses were performed using the χ2 test for comparison of frequency 

distributions and the Mann-Whitney U test for the non-parametric variables.21 

Survival and duration of response were analyzed using the Kaplan-Meier 

method.22 Parameters which varied with time are expressed as the median, with 

the interquartile range (IQR) presented in brackets. A significant difference was 

assumed for a probability value of < .05. Statistical analyses were performed 

using GraphPad Prism software (GraphPad software Inc, San Diego, CA, USA) and 

SPSS (SPSS Inc, Chicago, IL, USA).

Results

Patient and tumor characteristics

Forty nine percent of the patients suffered from stage IVa disease (cutaneous 

metastases only) and 51% suffered from stage IVb disease (visceral metastases; 

mostly involving lung, liver and brain). Four patients had metastatic disease 

affecting two or more organs. The majority of the patients (57%) were female and 

their average age was 69 years (range 43-88 years).

The limb disease that required treatment was: in-transit metastases with previous 

or current nodal involvement in the majority of the patients (65%), followed by 

in-transit metastases without previous or current nodal involvement (19%) and 

local recurrences (5%). Four patients (11%) were treated for advanced melanoma 
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Table 2: Patient and tumor characteristics of 37 stage IV melanoma patients with advanced limb 
disease treated by ILI

Characteristics No. of patients (%)

Sex

  Male 16    (43)

  Female 21    (57)

Age (in years), median (range) 69   (43 - 88)

Stage (AJCC)7

  IVa (cutaneous metastases only) 18    (49)

  IVb (visceral metastases) 19    (51)

  Lung 9

  Adrenal 1

  Brain 6

  Liver     3

Local disease in limb

  Local recurrences 2      (5)

  In-transit metastases w/o nodal involvement 7      (19)

  In-transit metastases with nodal involvement 24    (65)

  Distant metastases 4      (11)

Involved limb

  Lower 35    (95)

  Upper 2      (5)

Location on limb

  Arm/thigh 12    (32)

  Forearm/leg 22    (60)

  Hand/foot 3      (8)

Depth of infiltration

  Cutaneous 6      (16)

  Subcutaneous 6      (16)

  Cutaneous and subcutaneous 21    (57)

  Deep to fascia 3      (8)

  Cutaneous, subcutaneous and deep to fascia 1      (3)

Number of lesions, median (range) 9      (1 – 100+)

Size of lesions (mm), median (range) 10    (3 – 80)

Most prominent symptom prior to treatment

  Uncontrollable progressive disease leading to functional impairment 10    (27)

  Ulceration, necrosis and bleeding 4      (11) 

  Fungating and odorous lesions  1      (3)

  Pain 4      (11)

  Uncontrollable progressive disease without apparent symptoms 18    (48)

ILI, isolated limb infusion; mm, millimeter.
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in their limb that was thought to have been metastatic from a primary melanoma at 

a remote body site. In two of them the primary melanoma had been excised from 

the scalp, in one patient from the back and in one patient from the right arm (while 

the ILI was required for the right leg).

The majority of the patients (95%) were treated for locally uncontrollable melanoma 

involving the leg and the greatest tumor burden was found in most (60%) on the 

distal part of the leg. In the majority of patients the tumor deposits involved the 

cutaneous and subcutaneous tissues only (57%) followed by involvement of the 

cutaneous tissues and subcutaneous tissues only (both in 16% of the patients). 

Disease extending below the deep fascia of the limb was seen in 8% and one 

patient (3%) suffered from disease involving but not extending deep to the deep 

fascia. The patients had a median of 9 lesions (range 1 – 100+) on the affected 

limb and the median size of the lesions was 10 mm (range 3 – 80 mm). Ten patients 

(27%) were treated by ILI because of uncontrollable progressive disease leading to 

functional impairment.

Ulceration, necrosis and bleeding of the lesions was the most prominent symptom 

to justify the treatment in 4 patients (11%), 4 patients (11%) suffered from severely 

painful lesions and 1 patient (3%) underwent an ILI for fungating and malodorous 

lesions. Eighteen patients (48%) were treated for asymptomatic limb disease 

because it was to be expected that disease progression would cause severe 

symptoms in the near future if left untreated. The patient and tumor characteristics 

are listed in Table 2.

Six patients had been treated with an ILI previously and four patients had undergone 

an ILP. In these patients, there had been no clinical or radiological evidence of 

distant metastatic disease at the time of these earlier treatments.

Response and survival 

Median time between ILI and CR was 13 weeks (range 7 – 48 weeks) and the time 

between ILI and PR was 7 weeks (range 5 – 17 weeks). The overall response (OR) 

rate in the treated limb following ILI was 76%. Eight patients (22%) experienced a 

CR and a PR was observed in 20 patients (54%). SD was seen in 5 patients (13%) and 

4 patients (11%) had PD following the ILI treatment. No difference in response rates 

was seen when the patients with stage IVa and stage IVb disease were compared.

Median follow-up time was 10 months (IQR 3 to 18 months). Median duration of 

response was 11 months (IQR 4 to > 60 months). For patients experiencing a CR the 

median duration of response was 28 months (IQR 14 to > 60 months) and for patients 

experiencing a PR this was 6 months (IQR 3 to 12 months; p = .08; Figure 2).

Median survival was 16 months (IQR 5 to 41 months). In patients with a CR, the 

median survival was 22 months (IQR 14 to > 60 months) and in patients with a 
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PR this was 17 months (IQR 6 to > 60 months). Survival of patients with SD or 

PD was poor, with a median of 3 months (IQR 2 to 7 months; p = .002; Figure 3). 

Patients with distant cutaneous metastases only (stage IVa) had a median survival 

of 21 months (IQR 7 to > 48 months), which was significantly longer than the 

median survival of 8 months (IQR 3 to 16 months) for patients with distant visceral 

metastatic disease (stage IVb; p = .03). In the latter group of patients, those with 

lung metastases had a significantly better survival time (median 10 months; IQR 4 

to 41 months) than those with other visceral metastases (median 4 months; IQR 2 

to 7 months; p = .05). 

Sixteen patients received additional locoregional treatment following ILI. In eight 

patients in-transit metastases that did not achieve a CR following ILI or that recurred 

were excised. Five patients received radiotherapy and three patients were treated 

with a repeat ILI for recurrent or progressive disease. Ultimately, limb salvage was 

achieved in 86% of the patients, which includes all patients with a CR or PR and 4 

patients whose disease was stable after their ILI. The disease progression that had 

been occurring in these 4 patients was successfully arrested. In five patients (14%) 

the limb disease could not be controlled and amputation of the affected limb was 

eventually performed.

Limb toxicity and morbidity

Details of limb toxicity and morbidity are given in Table 3. Only one patient 

experienced Wieberdink grade IV limb toxicity; a prophylactic fasciotomy was 

Figure 2: Duration of response (months) after complete response (CR) compared to partial 
response (PR; p = .08) following isolated limb infusion.
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performed because of concern that a compartment syndrome might develop, but 

this did not occur and there was complete recovery of the limb. No grade V toxicity 

occurred in this series.

During the ILI procedure blood samples were taken routinely from both the isolated 

limb and the systemic circulation for measurement of drug concentrations. In 

two patients (5%) melphalan was detected in the systemic circulation but in both 

patients the systemic concentration of melphalan that was detected was low (< 1% 

of the concentration in the isolated circuit). Post-operative nausea and vomiting 

(PONV) was absent or mild in most patients. The majority (62%) experienced none 

(PONV grade 0), only two (5%) experienced PONV grade 2 (moderate nausea and 

vomiting) and no patient grade 3 (severe nausea and vomiting).20 Patients were 

admitted to hospital for a median of 8 days (range 2-50 days).

The complication rate in this series was 14%, including the patient mentioned 

above who had a prophylactic fasciotomy because of concern about a threatened 

complication. One patient required an emergency laparotomy for a perforated 

diverticulum 7 days after the ILI. Because it occurred within 30 days of the ILI it was 

recorded as a possible complication of the treatment although there was nothing 

to suggest that this was the case. This patient had a complicated post-operative 

course and remained in hospital for 50 days. Another patient experienced occult 

gastro-intestinal bleeding. One patient was readmitted to hospital when her 

leg started swelling after she had been home for 2 days; after simple measures 

involving bed rest with elevation of the leg and administration of dexamethasone 

Table 3: Limb toxicity and morbidity of 37 stage IV melanoma patients with advanced limb disease 
treated by ILI

Variable No. of patients (%)

Wieberdink toxicity

I 0     (0)

II 21   (57)

III 15   (40)

IV 1     (3)

V 0     (0)

Systemic leakage

Yes 2     (5)

No 35   (95)

PONV grade

0 23   (62)

1 12   (33)

2 2     (5)

3 0     (0)

Number of days admitted (median, range) 8     (2 - 50)

ILI, isolated limb infusion; PONV, post-operative nausea and vomiting.
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she was able to be discharged again after 5 days. One patient had a thrombosis of 

the superficial femoral artery three days post-ILI that was successfully treated with 

urokinase; this patient had previously experienced two deep venous thromboses 

(DVT) and was taking anticoagulants for this problem. 

Finally, one patient died unexpectedly 8 days post-ILI from melanoma brain 

metastases that had been identified preoperatively but considered to be stable 

and not an immediate threat to life.

Discussion

The treatment of progressive and in most cases symptomatic locoregionally 

advanced or recurrent limb melanoma in patients with synchronous distant 

metastases presents a major clinical challenge. Since the 1-year survival for patients 

with stage IV disease ranges from 41% to 59%, the treatment objective should 

be to maintain or improve their quality of life during the terminal phase of their 

illness.1 To achieve this, a palliative approach with low morbidity and side-effects 

is clearly desirable. Whenever possible, stage IV melanoma patients with advanced 

limb disease should, if the size and location of the tumor permits, undergo 

simple local procedures that have little impact on their lives. These procedures 

include surgical excision or ablation by electrodesiccation or with a CO2-laser.3,23 

Radiotherapy is sometimes effective, but only after careful patient selection.24 In 

patients with extensive, inoperable limb melanoma most locoregional treatment 
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options are unsatisfactory and currently available systemic therapies are rarely 

effective in this situation.25-28 Although amputation of the affected limb results in 

symptomatic relief it is a mutilating option and is considered inappropriate as a 

palliative treatment in most patients with stage IV melanoma because of the risk of 

surgical morbidity and the inevitable loss of quality of life for the limited time that 

the patient has remaining to them.28-30

Since the introduction of ILI at the SMU in 1992, 52 procedures, of which 37 are 

described in the current report, have been performed for palliation of in-transit 

metastases of a limb in patients with stage IV disease. This accounts for 15% of the 

total number of ILIs performed at our institution. The OR rate for patients with stage 

IV disease in the current study is 76%, which is similar to the OR rates reported 

in other ILI studies not specifically focusing on this patient population (with the 

majority of the patients normally suffering from in-transit metastases only, without 

evidence of distant metastases).5,9 The results of the current study are encouraging, 

since all patients who were included suffered from stage IV melanoma with a 

high tumor burden in the affected limb (median size of lesions 10 mm). These 

two factors make this an unfavorable group in which to achieve a good response 

to ILI, since previous studies have demonstrated that high stage of disease and 

high tumor load are the strongest negative prognostic factors for tumor response 

after an ILI.5,9 In a recent publication we reported that the percentage of patients 

experiencing a CR following an ILI decreased significantly with increasing stage of 

disease. A CR was seen in 83% of the patients with MD Anderson stage I disease 

(primary melanoma intact), in 53% of those with MD Anderson stage II disease 

(local recurrences), in 43% of those with MD Anderson stage IIIa disease (in-transit 

metastases without nodal involvement), in 33% of those with MD Anderson stage 

IIIb disease (intransit metastases with nodal involvement) and in only 23% of those 

with stage IV disease (distant metastases; p = .003).5,31

As expected, the CR rate of patients with advanced disease in the current report 

(22%) was lower than we have observed previously in series comprising all stages 

of disease. However, palliation with improved limb function was achieved in most 

of the patients experiencing a PR, after their ILI, and in others tumor progression 

was arrested, making the outcome of the procedure worthwhile.5 In view with this, 

the OR rate of 76% and the limb salvage rate of 86% that was achieved could be 

regarded as satisfactory. 

Patients experiencing a CR had an increased survival compared to those achieving 

a PR, while those with SD or PD had a poor survival. This superior survival of the 

patients with CR was expected and is most likely a reflection of tumor biology and 

not a result of ILI, since no form of locoregional treatment has ever been shown 

to increase the survival of patients with recurrent melanoma.5,32,33 Based on the 

AJCC database, Balch et al. divided patients with distant melanoma metastases into 
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three groups with one-year survival rates of 59% for distant skin, subcutaneous, 

or nodal metastatic disease, 57% for patients with lung metastases and 41% for 

patients with all other visceral metastases.1 In the current study we found a similar 

decrease in survival: patients with distant cutaneous metastases only had the 

longest survival times, followed by patients with lung metastases, while patients 

with other visceral metastatic disease had the shortest survival times.

Our results are in accordance with those reported in three ILP studies that have been 

performed in patients with stage IV disease and unresectable limb melanoma.28,34,35 

These studies reported OR rates of 80-93%, with a 1-year survival rate of 39 - 58%. 

It should be noted, however, that patient numbers in these studies are very small, 

ranging from 8 to 15, making valid comparisons difficult. One study reported that 

ILP for stage IV patients accounted for only 1.8% of all patients treated by ILP in 

their institution.28 This percentage is much lower than the 15% of patients with 

stage IV disease treated by ILI in the SMU, probably indicating a selection for ILP 

of only those stage IV patients who had minimal distant disease and who were 

considered fit enough to undergo this major, invasive procedure. ILI, on the other 

hand, is tolerated even by frail and elderly patients because of its minimally invasive 

nature, which results in lower morbidity and fewer complications than ILP.5

Regional toxicity in the current study was generally mild to moderate. Only one 

patient developed grade IV limb toxicity and required a prophylactic fasciotomy. 

The limb toxicity in all other patients was not severe and in most cases subsided 

after 5 to 6 days. The pneumatic tourniquet was demonstrated to provide reliable 

limb isolation, since systemic melphalan was detected in only two patients, and 

then at concentrations too low to cause any serious systemic side effects. Use 

of an Esmarch bandage, whenever possible, to exclude the foot or hand from the 

toxic effects of the chemotherapy,36 was effective in preventing desquamation of 

the sole or palm, a particularly troublesome problem following ILI (or ILP). This 

could only be done, of course, if there were no tumor deposits on the foot or hand 

requiring treatment. 

The post-operative nausea and vomiting that some patients suffered in the first 

24 hours post-ILI can be explained by the combination of melphalan, anesthetic 

agents and postoperative narcotic analgesics providing a possible emetogenic 

stimulus. The overall complication rate was low, and when complications that 

were specifically procedure related did occur, they passed without lasting 

consequences. These data support the use of ILI in a palliative setting, since good 

palliative treatment should have few side effects. Although the median hospital 

stay was 8 days, this was largely due to a very conservative ILI protocol that was 

followed because it was a new procedure. Now that extensive experience with ILI 

has been gained at the SMU, a substantially shorter hospital stay following the 

procedure is considered safe and reasonable for most patients.  
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In conclusion, ILI can provide useful palliation for stage IV melanoma patients who 

have troublesome limb disease. It results in satisfactory local disease control in a 

majority of such patients, and a high limb salvage rate is achieved without serious 

morbidity. The end result is preservation or improvement of the patients’ mobility, 

with a beneficial effect on the overall quality of their remaining life.
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Abstract

Introduction: Isolated limb infusion (ILI) is an effective and minimally invasive 

treatment option for delivering regional chemotherapy in patients with metastatic 

melanoma confined to a limb. Recurrent or progressive disease following an ILI, 

however, presents a challenge for further treatment. The value of repeat ILI in this 

situation has not been well documented.

Methods: 48 patients were identified who have been treated with a repeat ILI. In all 

patients a cytotoxic combination of melphalan and actinomycin-D was used.

Results: The median time between the two procedures was 11 months. The 

complete response (CR) rate following repeat ILI was 23% compared to 31% after 

the initial ILI (p = .36). The overall response was 83% compared with 75% after 

the first procedure (p = .32). The median duration of response was 11 months (10 

months for patients with CR; p = .80) and median survival was 38 months. In those 

patients achieving a CR, the median survival was 68 months (p = .003). Toxicity 

following repeat ILI was increased, with 20 patients experiencing Wieberdink grade 

III limb toxicity (considerable erythema and oedema with blistering) and 5 patients 

experiencing grade IV toxicity (threatened or actual compartment syndrome) 

while after the initial ILI these toxicity grades occurred in 14 patients and one 

patient, respectively (p = .03). No patient experienced grade V toxicity (requiring 

amputation).

Conclusions: Repeat ILI is an attractive treatment option to achieve limb salvage 

in patients with inoperable recurrent or progressive melanoma after a previous ILI. 

It can be associated with significant regional toxicity but is well tolerated by most 

patients with satisfactory response rates. 
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Introduction

In the management of melanoma patients with multiple and/or bulky in-transit 

metastases confined to a limb, obtaining local control and preserving the limb 

can present major challenges. In these patients isolated limb perfusion (ILP) with 

melphalan is a suitable treatment option when other local treatments such as 

excision, cryotherapy, electrodesiccation or laser ablation are no longer appropriate 

due to progressive disease.1,2,3 Although results following ILP are satisfactory the 

technique involves a complex and invasive surgical procedure with a substantial 

risk of complications.4,5

Isolated limb infusion (ILI) has been developed at the Sydney Melanoma Unit as 

a simplified and minimally invasive alternative to ILP.6,7 In essence, ILI is a low 

flow ILP performed via percutaneous catheters without oxygenation. We have 

previously shown that the outcomes of ILI are comparable to those achieved by 

conventional ILP.8 

Although ILI often results in a relatively long disease-free survival, recurrent or 

progressive local disease after an initial ILI is not uncommon.9 In many patients 

this recurrent disease occurs without any symptomatic systemic disease.10 In the 

majority of these locally relapsing patients the tumor can be controlled again by 

the above mentioned, relatively simple local treatment options. In some patients, 

however, the recurrences are too extensive and in these cases a repeat ILI (or ILP) 

is the only realistic treatment option other than amputation. The minimally invasive 

character of ILI makes it a potentially attractive procedure to repeat without having 

to deal with scar tissue inevitably formed after a previous procedure, in contrast 

to repeat ILP. 

Results of repeat ILP have been reported but little is known about the feasibility 

and efficacy of repeat ILI.11,12 The present study was undertaken to investigate the 

response rates and toxicity of repeat ILI in patients with recurrent limb melanoma.

Patients and Methods

From November 1992 to November 2007, 353 ILI procedures for melanoma were 

performed in 238 patients at the Sydney Melanoma Unit (SMU). For this study 

we identified 48 patients in whom the ILI procedure was repeated when disease 

progression in the limb occurred or new melanoma metastases developed (Figure 

1). In another 47 patients the repeat procedure was undertaken as part of a planned 

double ILI protocol, with a time interval between the ILIs of two to eight weeks. The 

planned double ILI protocol was investigated as an alternative treatment method 

to improve results of the single ILI procedure and these patients were not included 
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in this study. The results of the planned double procedure have been reported 

earlier.9

The ILI procedures were performed as described previously.6,7,13 A schematic 

overview of the procedure is shown in Figure 2. Briefly, the technical details were 

as follows: catheters with additional side-holes near their tips were inserted 

percutaneously into the axial artery and vein of the disease-bearing limb using 

the Seldinger technique via the contralateral groin. Their tips were positioned at 

the level of the knee or elbow joint. Tissues more proximally located in the limb 

but distal to the level of the tourniquet were perfused in a retrograde fashion 

via collateral vascular channels. The efficiency of this retrograde perfusion via 

collateral vascular channels is apparent both from the immediate blanching of the 

entire limb when the red-cell free drug solution is infused via the arterial catheter, 

and from the uniformity of limb skin erythema ± oedema in the postoperative 

period. If not affected by the disease an Esmarch bandage was applied to the 

foot or hand, excluding it from the effects of the cytotoxic agents. A pneumatic 

Figure 1: A flow diagram illustrating the management of patients with local recurrent melanoma 
and/or in-transit metastases of the limb. Solid lines represent the management of the present 
disease. Dotted lines represent the management of the possible development of recurrent or 
progressive disease over time after previous management of the limb disease.
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tourniquet was inflated around the root of the limb and the cytotoxic agents were 

infused into the isolated circuit via the arterial catheter. The cytotoxic drugs that 

were used in all cases were melphalan (5 - 10 mg/l of tissue) and actinomycin-D (50 

- 100 µg/l of tissue) in 400 ml warmed, heparinized normal saline. Actinomycin-D 

was used as well as melphalan because of the satisfactory response rates of this 

combination when administered by conventional ILP in our institution, without 

excessive toxicity.2 

For the duration of the ILI procedure (20 to 30 minutes), the infusate was continually 

circulated by repeated aspiration from the venous catheter and reinjection into 

the arterial catheter using a syringe attached to a three-way tap in the external 

circuit. To increase the limb temperatures a blood-warming coil was incorporated 

in the extracorporeal circuit and the limb was encased by a hot-air blanket, with an 

overhead radiant heater placed over it. 

Subcutaneous and intramuscular temperature probes continuously monitored the 

limb temperatures during the ILI procedure. Blood samples were taken every five 

minutes both from the systemic circulation and from the isolated circuit in order 

to assess the drug leakage rate from the limb to the systemic circulation and to 

measure melphalan concentrations and blood gases. The limb was flushed with 

one liter of Hartmann’s solution via the arterial catheter after the infusion period, 

and the venous effluent was discarded. The limb tourniquet was then deflated to 

restore normal limb circulation, and the catheters were removed. For patients with 

metastatic disease in the groin or axilla requiring a regional lymph node dissection 

Figure 2: Schematic illustration of the circuit used for isolated infusion of a lower limb (adapted 
from Thompson et al.13).
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as well as an ILI, this was undertaken under the same anesthetic after completion 

of the ILI procedure, removal of the catheters, and reversal of heparin.

Postoperatively limb toxicity (recorded using the scale proposed by Wieberdink et 

al.14 (Table 1), systemic toxicity was assessed daily along with measurements of 

the serum creatine phosphokinase (CK) level. CK levels exceeding 1000 IU/l can be 

associated with serious toxicity. Therefore all patients whose CK levels exceeded 

this level or who developed Wieberdink grade III toxicity or higher were treated with 

systemic corticosteroids until their CK level had fallen to < 1000 IU/l or the signs of 

limb toxicity had diminished.15 Tumor response was assessed regularly during the 

hospital stay and after discharge patients were seen once every 4 weeks or more 

frequently if needed. According to the standard World Health Organization (WHO) 

criteria, a complete response (CR) was recorded when all measurable disease had 

disappeared, based on observations made on two separate occasions not < 4 

weeks apart. A partial response (PR) required a ≥ 50% decrease in total tumor size 

determined by two observations not < 4 weeks apart and no appearance of new 

lesions or progression of any lesion.16 It was possible to evaluate the responses of 

all 48 patients included in this study. The follow-up of three patients (6%) after both 

the first and the repeat ILI could not be performed at the SMU because they lived 

overseas or in remote regions. In these circumstances the general practitioner 

or referring surgeon was consulted. All data were collected prospectively and 

recorded on a computerized database.

The data were tested for statistically significant differences between the initial and 

repeat procedure. The χ2 test was used for comparison of frequency distributions 

and the Mann-Whitney U test was used for non-parametric variables.17 Continuous 

variables were assessed using the ANOVA-test for repeated measures. Survival 

and duration of response were analyzed using the Kaplan-Meier method.18 A 

significant difference was assumed for a probability value of < .05. Statistical 

analyses were performed using GraphPad Prism software (San Diego, CA, USA) 

and SPSS (Chicago, IL, USA).

Table 1: Wieberdink toxicity grading14

Grade I No visible effect

Grade II Slight erythema and/or oedema

Grade III Considerable erythema and/or oedema with blistering

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

Grade V Severe tissue damage necessitating amputation
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Results

Patient and tumor characteristics

The patient characteristics are listed in Table 2. There were 26 males (54%) and 

22 females (46%) in the study. The average age at the time of the first ILI was 72 

years and the age at the time of the repeat ILI was 74 years (range 46 - 94 years), 

with a median of 11 months between the initial and repeat procedures. At the time 

of the repeat treatment, significantly more patients had MD Anderson stage IV 

disease (Table 3) compared to the first ILI (p = .04).19 These patients suffered from 

concurrent intransit metastases and newly diagnosed distant metastases outside 

Table 3: Modified MD Anderson stage of disease classification19

Stage Description

I Primary melanoma

IIa Local recurrence

IIb Satellites

IIIa In-transit metastases

IIIab In-transit metastases with nodal involvement

IV Distant metastases

Table 2: Characteristics of 48 patients treated with a repeat ILI

Variable First ILI Repeat ILI p-value

Sex (male/female) 26/22

Mean age, year (range) 72    (45 - 93) 74    (46 - 94)

MD Anderson stage .04

    I 1 1

    II 4 1

    IIIa 27 24

    IIIab 15 14

    IV 1 8

Location in the limb .79

    Foot/hand 1 0

    Leg/forearm 39 40

    Thigh/arm 8 8

Median size of lesions, mm (IQR) 6      (5 - 13) 7      (6 - 15) .22

Median number of lesions (IQR) 10     (6 - 17) 12     (6 - 23) .26

Depth of infiltration .01

   Cutaneous 24 15

   Subcutaneous 8 5

   Cutaneous and subcutaneous 15 25

   Cutaneous, subcutaneous and fascia 1 3

ILI, isolated limb infusion; mm, millimeter; IQR, interquartile range.
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of the treated limb at the time of the repeat ILI which caused this increase in their 

stage of disease. 

The other patient-related factor that changed significantly was the depth of tumor 

infiltration, with an increased number of patients having both cutaneous and 

subcutaneous tumor metastases at the time of the repeat ILI (25 versus 15 patients; 

p = .01). All other patient and tumor characteristics remained equally distributed at 

the time of the repeat ILI.

Response rates, duration of response and survival

The median patient follow-up after repeat ILI was 18 months. After the repeat 

treatment, the CR rate was 23%. This compares with a response rate of 31% after 

the first treatment, but this was not significantly different (p = .36; Table 4). The 

overall response (OR) rate was slightly increased after repeat ILI (83%) compared 

to the OR rate after the first ILI (75%), but again this was not statistically significant 

different (p =.32).

Table 4: Response rates after first isolated limb infusion (ILI) and repeat ILI

Response First ILI Repeat ILI p-value

Complete response (yes/no) 15/33    (31%) 11/37   (23%) .36

Partial response      (yes/no) 21/27    (44%) 29/19   (60%) .10

Overall response     (yes/no) 36/12    (75%) 40/8     (83%) .32

0 6 12 18 24
0

25

50

75

100

Progression -free 
survival (%)

Repeat ILI 

First ILI

p = .01

Patients
at risk

ILI1     36                                  22                 12                                  6 4

ILI2     40                                  29                 15                                 10 9

Months

Figure 3: Duration of response (months) after a first isolated limb infusion (ILI) and a repeat ILI 
(p = .01).
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The median duration of OR after repeat ILI was 11 months (interquartile range [IQR] 

6 to > 48 months), which was significantly longer than the median OR duration of 

6 months after the first ILI (IQR 5 to > 13 months; p = .01) (Figure 3).  The median 

duration of response following a CR after repeat ILI was 10 months (IQR 7 to > 48 

months) and this was 12 months following a PR (IQR 6 to > 48 months; p = .80; 

Figure 4). 

The median overall survival after repeat ILI was 38 months (IQR 14 to 69 

months) with a 5-year survival of 39 %. Survival was significantly greater after 

the achievement of a CR (median survival 68 months; IQR 50 to > 120 months) 

compared to survival after a PR (median 38 months; IQR 18 to 68 months) and 

stable disease (SD) or progressive disease (PD) (median 12 months; IQR 6 to 27 

months) (p = .003; Figure 5). 

Intra-operative variables and toxicity

Intra-operative variables and toxicity data following the ILI procedures are listed in 

Table 5. During the repeat procedure somewhat higher doses of melphalan were 

infused (median 7.7 mg/l; IQR 7.1 to 8.3 mg/l) compared to the first ILI (median 

7.1 mg/l; IQR 6.1 to 7.8 mg/l; p = .02). Consequently the melphalan concentration 

in the infusate was also higher during the repeat ILI (median 412 μM, IQR 303 to 

473 μM) than during the first treatment (median 298 μM; IQR 249 to 377 μM; p = 

<.0001). 

0 12 24 36 48
0

25

50

75

100

p = .80
CR

PR

Patients
at risk

CR    11                                 6                      3                                 3 3

PR    29                                12                      7                                 5 5

Months

Progression -free 
survival (%)

Figure 4: Duration of response (months) after complete response (CR) and partial response 
(PR; p = .80) after repeat isolated limb infusion.
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An Esmarch bandage was not used in 6 repeat ILI cases while it was not used in 

only one patient during the first treatment (p = .11). Limb toxicity following repeat 

ILI was significantly increased compared to the first treatment, with one patient 

developing Wieberdink grade I toxicity, 22 developing grade II, 20 developing 

grade III and 5 patients experiencing grade IV toxicity. After the initial ILI this was 

as follows: one patient developed grade I toxicity, 32 patients grade II, 14 patients 

grade III and one patient grade IV toxicity (p = .03). Although most patients 

experienced the same or an increase in limb toxicity after repeat ILI, no correlation 

could be made between the first and repeat ILI for the development of increased 

limb toxicity because lower limb toxicity was also seen following repeat ILI. No 

patient experienced grade V toxicity. 3 patients with grade IV toxicity after repeat 

ILI had a fasciotomy in the post-operative period. No patient had a fasciotomy 

after the first ILI (p = .24). The patient experiencing grade IV toxicity after the 

first procedure developed grade II toxicity following the repeat ILI. Those who 

experienced grade IV toxicity after the repeat ILI developed grade II (n = 2) and 

grade III (n = 3) following the first ILI. After repeat ILI one patient experienced 

an allergic reaction to the melphalan and one patient developed a pancytopenia 

post-operatively. No complications were seen after the first treatment.

The post-operative serum CK values were significantly greater after the repeat 

procedure (median 1123 IU/l; IQR 405 to 3353 IU/l) compared to the CK values after 

the first ILI (median 318 IU/l; IQR 134 to 1032 IU/l; p = .002). The post-operative 

0 12 24 36 48 60 72
0

25

50

75

100
Survival (%)

CR           11                      10                     9   9                      7                 5                         4  
PR           29                      21                    15   10                     6                   5                         2
SD/PD       8                       4                      3   2                      1                  1                         1 

p = .003

PR

CR

SD/PD

Months

Figure 5: Survival (months) after complete response (CR), partial response (PR) and stable or 
progressive disease (SD/PD; p = .003) after repeat isolated limb infusion.
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day on which the serum CK level peaked was the same after both treatments (on 

median post-operative day 4; range day 1 - 11).

The occurrence of systemic drug leakage was equally distributed between the 

two groups and occurred in 3 patients during the first ILI and in 4 patients during 

the repeat treatment (p = .90). In all 7 patients the systemic leakage was < 1% 

of the total administered melphalan dose. Post-operative nausea and vomiting 

(PONV)15 was mild in all patients and not significantly different after initial and 

repeat procedures (p = .24).

When treated with a repeat ILI, patients remained in hospital one day longer 

(median 8 days; IQR 7 – 10 days) than they did after the first treatment (median 7 

days; IQR 6 – 9 days). This difference was statistically significant (p = .008).

Discussion

Recurrent or progressive limb melanoma after an ILI presents a therapeutic dilemma 

and treatment options depend on the extent of the disease and the symptoms 

that it is causing. In the majority of cases the local cutaneous or superficial 

subcutaneous recurrences are small enough to be managed by surgical excision 

or by other simple local treatment options such as cryotherapy, laser ablation, or 

Table 5: Intra-operative data and toxicity of 48 patients treated by repeat isolated limb infusion 
(ILI)

Variable First ILI Repeat ILI p-value

Infused melphalan (mg/l) (median, IQR) 7.1  (6.1 – 7.8) 7.7  (7.1 – 8.3) .02

Melphalan infusate (μM) (median, IQR) 298  (249 - 377) 412  (303 - 473) <.0001

Use of Esmarch (Fisher Exact test) 47 42 .11

Wieberdink toxicity .03

I 1 1

II 32 22

III 14 20

IV 1 5

Fasciotomy (Fisher Exact test) 0 3 .24

Serum CK, IU/l (median, IQR) 318  (134 - 1032) 1123  (405 - 3353) .002

Post-operative day of serum CK peak (median, IQR) 4      (2 - 6) 4      (3 - 6) .20

Patients with systemic leakage (Fisher Exact test) 3 4 .90

PONV grade .29

0 39 35

1 7 9

2 2 4

3 0 0

Number of days admitted (median, IQR) 7    (6 - 9) 8    (7 – 10) .008

CK, creatine phosphokinase; IQR, interquartile range; PONV, post-operative nausea and vomiting.

C
h

ap
ter 5  

R
ep

eat iso
lated

 lim
b

 in
fu

sio
n fo

r recu
rren

t m
elan

o
m

a

105

proefschrift Kroon.indb   105 19-3-2009   12:40:33



electrodesiccation.20,21 However, when there are large or numerous cutaneous or 

subcutaneous lesions, these local treatments are insufficient and repeat ILP or ILI 

may be the only alternatives to amputation. 

In this study we found that repeat ILI results in satisfactory response rates, with 

an OR rate that is comparable to the OR rate we found in a large series of patients 

treated by a single ILI.8 However, the CR rate of 23% after repeat ILI was lower 

than the CR rate of 38% in our single ILI study. This difference may be explained 

by the higher stage of disease of the patients who underwent repeat ILI. As we 

have shown previously, higher stage of disease is an important predictive factor 

for poorer response which indicates that tumors with the capacity to spread more 

aggressively locally and/or metastasize distantly are less likely to respond well to 

regional therapy.8

Although not achieving a CR, symptoms were relieved in most patients achieving 

a PR, with a better limb function and a markedly improved quality of life which 

were judged to have made the procedure worthwhile to undertake. In view with 

this, the OR rate of 83% that was achieved after repeat ILI could be regarded as 

satisfactory.

In studies describing results after repeat ILP similar OR rates were recorded, ranging 

from 71 to 96%, but also higher CR rates, ranging from 65 to 83%.11,12,22,23 Patient 

selection may possibly explain this difference in CR rates, since the patients in our 

study had more advanced stages of disease compared to those in the ILP studies. 

Also, the addition of TNF-α to melphalan in several of the repeat ILP studies may 

have had an advantageous effect on response,11,12,24 since it has been suggested 

that TNF-α is particularly effective in higher stages of disease, when there are more 

bulky and well vascularised lesions.23,25 Finally, patient numbers in the reported ILP 

studies were generally low (6 to 25 patients), making results possibly less reliable. 

In the current series 3 patients could not be followed-up at the SMU because they 

lived overseas or in remote regions. Although the referring surgeon and/or general 

practitioner were consulted to assess the response and duration of response, this 

might encounter a bias, however the responses of these patients after both the 

first and the repeat ILI were assessed by the same practitioner.  

In the past, some studies have investigated the use of other cytotoxic drugs, 

such as cisplatin and fotemustine, to treat recurrent or persistent melanoma 

after a previous ILI or ILP.26-28 Results of these studies showed no improvement 

compared to melphalan-based procedures, while the toxicity and morbidity of 

these alternative cytotoxic regimens were unacceptably high.

Toxicity following ILI and ILP has been shown to be comparable.29 Following 

repeat ILI grade III or IV toxicity occurred significantly more frequently when 

compared with the first ILI. The toxicity reported after repeat ILP varies, with one 

study reporting increased toxicity22 but not others.11,12,23 The increased toxicity 
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after repeat ILI seen in the present series appears to have been directly related to 

the increased melphalan dosage used in these procedures. In previous studies we 

have shown that a higher melphalan concentration is a significant predictor not 

only for increased toxicity but also for increased response.8,30 In view of these 

results the treating surgeon may have tended to increase the drug dose slightly for 

repeat ILI in the hope of attaining an optimal result in this difficult to treat patient 

group. It has been suggested that severe acute limb toxicity after ILP correlates 

significantly with a higher risk of long-term morbidity, but this has not been 

observed in patients treated by ILI at the SMU.3,9,30

In the current study the median duration of response after repeat ILI was 11 months 

with a median overall survival of 38 months. The increased survival observed after 

a CR following repeat ILI was most likely a reflection of the tumor biology.8,31 The 

recurrent locoregional disease in these patients is less aggressive and has a lower 

tendency to develop distant metastases than the disease of patients who do not 

experience a CR.30,32 The duration of response and survival times after repeat ILI 

are comparable to those obtained after repeat ILP, which has a reported duration 

of response of 6 to 14 months and survival ranging from 33 to 54 months.11,12,22,23

The advantage of ILI compared to other local treatments is that the whole area at 

risk of recurrence is treated, with the possibility of eradicating microscopic disease 

that may be present in the affected limb.33,34 The increased median duration of 

response after ILI and ILP compared to excision alone seems likely to be the result 

of this additional effect on microscopic disease. 

Because conventional ILP involves open surgical exposure of major vessels, it is 

a considerably more difficult and time-consuming procedure when the procedure 

needs to be repeated because of scar tissue that has formed as a result of the 

earlier ILP. Also the risk of complications is increased, and this may discourage 

surgeons from repeating the procedure.1,35 These technical difficulties are avoided 

with repeat ILI, because the catheters used in ILI are introduced percutaneously 

without open surgical access to the vessels. 

In conclusion, results after repeat ILI are generally satisfactory, with acceptable 

toxicity. Since survival times for patients with recurrent or progressive disease 

after a previous ILI are considerable, every attempt should be made to avoid 

amputation. In patients with extensive recurrent disease in a limb, repeat ILI is 

an attractive treatment option because of its simplicity and minimally invasive 

character.
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Abstract

Introduction: Isolated limb infusion (ILI) is a minimally invasive procedure to 

deliver high-dose regional chemotherapy to treat metastatic melanoma confined 

to a limb. In some patients, however, locoregional disease is not responding to the 

treatment or is recurring so extensively that an amputation may become inevitable. 

In this study we analyzed the indications and results of amputation. 

Methods: 14 patients could be identified in whom amputation of the affected limb 

had to be carried out after failure of ILI.

Results: Following ILI, three patients had a complete response, seven a partial 

response, two had stable disease and two patients had progressive disease. The 

median duration of response after ILI was 7 months (range 2 - 30). The median 

interval between ILI and amputation was 10 months. Amputation was performed 

in six of 20 patients who had been treated with an upper ILI, compared to eight 

amputations that were performed in 215 patients who had been treated with a 

lower ILI (p = .001). The indications for amputation were uncontrollable tumor 

pain (n = 3), troublesome tumor progression (n = 6) and bleeding from ulcerative 

lesions (n = 5). Five patients developed stump recurrences which were treated by 

excision or radiation. Six of the eight patients with lower limb amputation became 

ambulant with prosthesis. Median survival after amputation was 13 months: three 

patients survived more than 5 years.  

Conclusions: Amputation following upper ILI is more common compared to lower 

ILI. Amputation may provide effective long-term palliation in selected patients in 

case of extensive inoperable progressive or recurrent disease after ILI.
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Introduction

Isolated limb infusion (ILI) has been developed at the Sydney Melanoma Unit as 

a simplified and minimally invasive alternative to isolated limb perfusion (ILP) to 

treat advanced melanoma confined to a limb.1,2 In essence, ILI is a low-flow ILP, 

performed via percutaneously placed catheters without oxygenation. We have 

previously shown that the overall response (OR) rate following ILI is 84% with 

38% of the patients experiencing a complete response (CR) to the treatment with 

a median duration of response of 22 months.3 These results are comparable to 

those achieved by conventional ILP.4,5

In the past, only a few reports on primary amputation of limbs with advanced 

melanoma have been published, all from the pre-ILP and ILI era.6-9 Since the 

introduction of ILP and ILI as standard treatment options, primary amputation is no 

longer considered appropriate in this situation.

In some patients, however, this drastic measure has to be performed after all if the 

lesions  are not responding or recurring aggressively after ILI, leading to suffering 

from deeply infiltrative and ulcerating lesions associated with severe pain, bleeding 

and foul odor.5 In the current paper we analyze the indications and results of major 

amputation for advanced extremity melanoma after failure of ILI in the Sydney 

Melanoma Unit (SMU).

Patients and Methods

From 1992 to 2007, 235 patients underwent a total of 349 ILIs for recurrent 

melanoma of the limb in our institution. Twenty patients were treated with 23 ILIs 

for the upper limb and 215 patients were treated with 326 ILIs for the lower limb. 

From our computer-assisted database, containing all patient, tumor, treatment 

and follow-up data, we could identify 14 patients in whom extensive progressive 

or recurrent disease after previous ILI treatment necessitated amputation of the 

affected limb. Before amputation became inevitable, eight patients were treated 

with a single ILI, five underwent two ILIs and one patient was treated with three 

ILIs. Another ILI in these patients was not considered appropriate, because of the 

rapid and overwhelming recurrence or progression of tumor shortly after the last 

ILI. For those patients who underwent more than one ILI we included the data of 

the most recent treatment in the analysis.

The ILI procedures were performed as described previously.2,3 The cytotoxic drugs 

that were used in all cases were melphalan 7.5 mg/l of tissue and actinomycin-D 

75 µg/l of tissue in 400 ml warmed, heparinized normal saline. In conventional 

ILP a minimum dose of melphalan of 15 to 20 mg is considered appropriate when 

C
h

ap
ter 6  

A
m

p
u

tatio
n after failu

re o
f iso

lated
 lim

b
 in

fu
sio

n fo
r m

elan
o

m
a

113

proefschrift Kroon.indb   113 19-3-2009   12:40:34



the limb volume is very small. For a very large volume of tissue in a lower limb, 

a maximal dosage of 100 mg of melphalan is generally administered. Similar 

principles were applied in determining melphalan dosages for ILI. Drug circulation 

time was 20 to 30 minutes under mild hyperthermic conditions resulting in a 

median final intramuscular temperature of 38.2 °C (range 37.1 - 41.1 °C).

Survival was calculated according to the Kaplan-Meier method using GraphPad 

Prism software (San Diego, CA, USA).10 A significant difference was assumed for 

a probability value of < .05. 

Results

Patient, tumor, treatment and follow-up data of the 14 patients included in this 

study are summarized in Table 1. There were 8 women and 6 men, with a median 

age of 74 years (range 53 - 89 years) at the time of amputation. 

Three patients had a CR following their last ILI, seven had a partial response (PR), 

two had stable disease and two patients had progressive disease. The median 

duration of response for the 10 patients with either a CR or a PR was 7 months 

(range 2 - 30 months). The median interval from ILI to amputation was 11 months 

(range 3 - 34 months). 

Following the last ILI regional toxicity was severe in two patients with extensive 

epidermolysis and damage to deep tissues with a threatened compartment 

syndrome. A preventive fasciotomy was performed in both. In the other twelve 

patients the regional toxicity was mild to moderate with six patients who 

developed considerable erythema and/or edema with some blistering following 

the ILI procedure.

Ten patients received additional treatments after the last ILI. Four received 

radiotherapy of the limb or groin/axilla, four patients had remaining or recurrent 

tumor lesions removed by excision or diathermy and two patients received 

chemotherapy for distant metastases. 

After upper ILI amputation was significantly more common: six of the twenty 

patients required this ablative surgery (70% overall limb salvage rate), while this 

number was eight after lower ILI performed in 215 patients (96% overall limb salvage 

rate; p = .001). The indications necessitating an amputation were as follows: six 

patients had uncontrollable and troublesome recurrent or progressive disease, five 

patients had uncontrollable bleeding from ulcerative and necrotic lesions and three 

patients suffered from uncontrollable pain due to tumor progression. All patients 

were symptom free after amputation and one patient experienced phantom pain 

after amputation which could be treated well with analgesics.  
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Table 1: Patient and tumor characteristics for 14 patients 

Characteristics No. of patients (%)

Sex

Male 6    (43)

Female 8    (57)

Age, median (range), years 74 (53 - 89)

Number of ILI procedures performed

1 8   (57)

2 5   (36)

3 1   (7)

Involved limb

Upper 6   (43)

Lower 8   (57)

Site of primary

Arm/thigh 2   (14)

Forearm/leg 8   (57)

Hand/foot 4   (29)

Stage of disease at time of last ILI 

 (Modified MD Anderson staging system)19

I  0   (0)

II  1   (7)

IIIa  7   (50) 

IIIab  2   (14)

IV  4   (39)

Response to last ILI

Complete response 3   (21)

Partial response 7   (50)

Stable disease 2   (14)

Progressive disease 2   (14)

Additional treatments

Radiotherapy 4  (29)

Excision / Diathermy 4  (29)

Chemotherapy 2  (14)

None 4  (29)

Amputation

Below knee / elbow 2    (14)

Above knee / elbow 12  (86)

Reason for amputation

Uncontrollable and troublesome progressive disease 6   (43)

Ulceration, necrosis and bleeding 5   (36)

Pain 3   (21)
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All but two patients had an above-knee/-elbow amputation and all amputation 

wounds could be closed primarily. Two patients suffered from post-operative 

bleeding after amputation but could be treated conservatively. Median hospital 

stay after amputation was 15 days (range 11 - 28 days). Six of the eight patients 

with lower limb amputation became ambulant with the aid of prosthesis. Stump 

recurrences were seen in five patients (36%) and were treated by either excision 

or radiotherapy.

Figure 1: Survival (months) of patients following limb amputation after failure of isolated limb 
infusion.

Survival (%)

Months0 12 24 36 48 60 72 84
0

25

50

75

100

Survival (%)

Months0 12 24 36 48 60 72 84
0

25

50

75

100

p = .07

Stage IV Stage III

Figure 2: Survival (months) after limb amputation of patients with MD Anderson stage III disease 
compared to patients with stage IV disease (p = .07).
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Median survival after amputation was 13 months (range 1 - > 84 months). (Figure 1)

At the time of the analysis, three patients were alive and disease free, nine 

patients died of metastatic melanoma and two patients died of other causes (both 

cardiovascular). Three patients (21%) survived more than 5 years. 

Four (29%) patients suffered from distant metastases (two skin metastases 

outside the diseased limb and two visceral metastases) at the time of the last ILI 

whose number had increased at the time of the amputation to seven patients (four 

skin and three visceral metastases). Patients with distant metastases at the time 

of the amputation had a shorter survival with a median of 5 months (range 1 - 42 

months) compared to a median of 34 months for those in whom there was no 

evidence for distant metastatic disease (range 6 - > 84 months; p = .07). (Figure 

2) No difference was seen in the survival of patients who had an amputation of the 

upper limb (median 13 months; range 4 - > 84 months) compared to those who 

had an amputation of the lower limb (median 13 months; range 1 - > 84 months; 

p = .059). 

Discussion

Patients with recurrent or progressive melanoma confined to the limb can 

normally be managed by simple measures such as excision, laser ablation, 

electrodesiccation or radiotherapy. When lesions are too large and/or deeply 

located, ILI with melphalan and actinomycin-D has been proven to be an effective 

minimally invasive treatment option with CR rates of 38% and PR rates of 46%. The 

duration of response after achieving a CR following the treatment is 22 months and 

this is 13 months after achieving a PR.3 These response data are comparable to 

those reported following conventional ILP.5 In patients experiencing a PR following 

ILI and in those experiencing recurrent lesions the aforementioned local treatment 

options are frequently again effective to halt the disease.11 If the recurrent disease 

is too extensive, a repeat ILI can be indicated. Repeat ILI results in an OR rate of 71 

- 84% with a median duration of response ranging from 5 to 11 months.12,13 

Due to these good results amputation nowadays is considered over-treatment 

in patients with recurrent limb melanoma because it provides no advantage in 

terms of survival and has a great impact on the quality of life.14,15 However, in a 

minority of the patients the effect of ILI is unsatisfactory and extensive disease 

may necessitate amputation. 

In this first report focusing on the indications and outcomes of major amputation 

for uncontrollable limb melanoma after failure of ILI we describe a 15-year period 

in which 14 patients (6% of the total ILI-treated group) underwent an amputation. 

Most patients suffered from deeply infiltrative lesions associated with severe pain 
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or bleeding from ulcerative and necrotic lesions and amputation of the affected 

limb resulted in effective symptomatic relief. 

The significantly higher amputation rate for upper limbs compared to lower limbs 

was unexpected. A possible explanation could be our limited experience with 

upper ILI, but previously we have shown that there is no difference in response 

rates or duration of response after the treatment of the upper limb ILI compared 

to the lower limb ILI.3 Another reason could be that extensive disease in the upper 

limb is often more aggravating than in the lower limb, which may result in an earlier 

consideration of amputation.

To date only Kapma et al. have reported their experiences of amputation after 

failure of ILP.16 The lower amputation rate in that series of 2.4% may be explained 

by the fact that patients undergoing ILP generally suffer from lower stages of 

disease compared to ILI.3,15 In a recent study we found that low stage of disease 

is a major prognostic factor for improved response rates. Furthermore, because 

of its’ minimally invasive character, ILI is performed in medically frail and elderly 

patients resulting in a higher average age and increased co-morbidity compared to 

those undergoing ILP, which can be another explanation for the higher amputation 

rate.17

The median overall survival of 13 months after amputation in the current series 

study is comparable to that mentioned in the ILP study focusing on amputation.16 

Remarkably, no patient in that series suffered from MD Anderson stage IV disease 

at the time of the ILP while 29% of the patients in the current report had distant 

metastases at the time of ILI, reducing the life expectancy considerably.18,19 When 

analyzing the survival of patients in our study with MD Anderson stage III disease 

we even found a median survival of 34 months. These results, however, have to 

be interpreted with great caution because of the small patient numbers in these 

studies and because locoregional treatments have yet to show an impact on 

survival.3 The stump recurrence rate in our study was 36%, which is similar to that 

reported by Kapma et al.16 These recurrences were treated by either excision or 

radiation and those who had a limb-prosthesis remained ambulant.

Four series have reported their experiences of major limb amputation for 

melanoma without ILI or ILP treatment. Turnbull et al. described 60 patients, 

treated by major amputation with a curative intent in the period between 1950 and 

1964. Indications for amputation as primary treatment were recurrent melanoma, 

in-transit deposits and/or regional lymph node metastases. The five-year survival 

in this series was 21%.9 Another series of 32 melanoma patients undergoing 

amputation between 1950 and 1983 was reported by Kourtesis et al. Their main 

indications were irresectable, troublesome melanoma recurrences not responding 

to other treatments. Three patients in their series were unsuccessfully treated by 

ILP prior to amputation. The five-year survival after amputation was 15%.8 Jaques 
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et al. described 58 major amputations performed for limb melanoma out of 4336 

patients treated between 1965 and 1984.7 Three of the patients had undergone an 

ILP, without objective tumour response. The overall five-year survival was 35%. 

Ebskov reported amputation in 41 melanoma patients in the period 1978–1987 

without mentioning indications.6 The 5-year survival rate in this last study was 

28%. The outcomes of these studies are difficult to compare to the results of the 

current report because of the different indications for amputation, different time 

periods and the use of ILI in all of our patients. It is striking that in all series, including 

the current one, long-term (5-year) survival was obtained in only 15–35% of the 

patients.6-9,16 In view of this relatively low survival rate and a possible troublesome 

rehabilitation after amputation in this patient group it is advised to explore all other 

palliative possibilities before considering amputation. 

In conclusion, amputation of a limb in patients with locoregional inoperable 

melanoma is the last resort to achieve palliation after failure of ILI in selected 

patients. Taking the aggressive tumor growth into account, the procedure is 

considered appropriate and may provide effective long-term symptom relief.
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Abstract

Introduction: Isolated limb infusion (ILI) is a minimally invasive technique for 

delivering high-dose regional chemotherapy. We report our experience with ILI for 

the treatment of soft tissue sarcoma (STS).

Methods: From our prospective database, 21 patients with STS of the limb 

treated with ILI between 1994 and 2007 were identified. In all patients, a high-dose 

cytotoxic drug combination was used.

Results: There were 14 men, and the median age was 60 years (range, 18–85 years). 

Eighteen patients (86%) had lower limb tumors. All patients had advanced local 

disease. The procedure was well tolerated. Fourteen patients (67%) received ILI 

before definitive surgery. The overall response rate was 90% (complete response 

[CR] rate 57%, partial response rate 33%). The disease-specific overall survival 

was 61.9% (median follow-up, 28 months). Only American Joint Committee on 

Cancer stage was associated with overall survival. The local recurrence rate was 

42%. CR and malignant fibrous histiocytoma tumor subtype were associated 

with a lower local recurrence rate. A lower initial skin temperature (median 35.8 

°C) was associated with a CR (p = .033). Patients who had a steep increase in 

intramuscular temperature during the procedure were more likely to have a CR (p 

= .055). Classification tree analysis identified patients with an initial PaO2 of ≥ 194 

mmHg as being more likely to have a CR. Ultimately, the overall limb salvage rate 

was 76%.

Conclusion: The outcomes after ILI are comparable to those achieved by 

conventional isolated limb perfusion. ILI is a minimally invasive alternative to 

isolated limb perfusion for patients with advanced STS of the extremity.
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Introduction 

Soft tissue sarcomas (STS) are a rare and histologically diverse group of tumors 

comprising approximately 1% of all adult malignancies. Approximately half of all 

STS develop in the extremities, and they can often manifest as large masses at 

the time of diagnosis.1 STS has a sinister reputation for tumor extension along 

fascial planes and neurovascular bundles, well beyond what is visible at the time 

of surgical resection. In addition, there is a 50% risk of harboring micrometastases 

at distant sites at the time of presentation for high-grade lesions.2 Treatment of 

these tumors often includes radical surgical excision with complex reconstruction 

followed by adjuvant radiotherapy, and this has improved local control rates and 

limb salvage rates.3-5

The role of neoadjuvant systemic chemotherapy for the primary treatment of 

STS remains unclear, although a large meta-analysis undertaken by the Sarcoma 

Meta-Analysis Collaboration suggested that there might be a small improvement 

in disease-free survival (DFS) but not overall survival (OS).6

Unfortunately, 40% of patients with high-grade STS ultimately die of disseminated 

distant disease.1,7 Amputation of the affected limb does not increase the OS 

rate,8 so treatment modalities that maintain not only the structural integrity of 

the limb but also preserve its function are important.1,7,8 Neoadjuvant isolated 

regional chemotherapy is an attractive treatment option because it allows much 

larger doses of chemotherapy to be delivered to the tumor with minimal systemic 

toxicity. Furthermore, where the tumor responds to the therapy, vital anatomical 

structures may be able to be preserved at the time of subsequent surgical excision, 

and previously unresectable tumors may be converted into resectable ones.2,7 

A minimally invasive procedure for administering regional chemotherapy called 

isolated limb infusion (ILI) has been developed at the Sydney Melanoma Unit with 

the objective of obtaining the benefits of conventional isolated limb perfusion (ILP) 

without incurring its major disadvantages.9,10 ILI is essentially a non-oxygenated, 

low-flow ILP performed via percutaneously inserted catheters. Studies with 

substantial patient numbers with locally advanced melanoma have shown that 

response rates (complete response [CR] and overall response) after ILI are similar 

to those observed after conventional ILP.11,12 There are few published data on the 

use of ILI for the treatment of STS.13

The aim of this study was to investigate the effectiveness of ILI in controlling locally 

advanced STS. A further aim was to investigate the effect of intraoperative factors 

in producing a complete tumor response to ILI.
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Patients and Methods

The data were collected prospectively on all patients treated for STS with ILI 

between 1994 and 2007. Patients prospectively gave informed consent for data 

to be collected and used for future clinical research. Patients were referred for 

ILI for two primary reasons: as neoadjuvant treatment before definitive surgical 

resection, or as palliative treatment for unresectable disease. The decision about 

the resectability of the extremity lesion was made as part of a multidisciplinary 

team management process.

The ILI procedure was performed in the same way for each case, and the full 

technical details have been described previously.9,10 A schematic overview of 

the procedure is shown in Figure 1.14 A brief synopsis of the technical details is 

as follows: interventional radiology vascular catheters with additional side holes 

near their tips were inserted percutaneously into the axial artery and vein of the 

disease-bearing limb via the contralateral groin, and their tips were positioned 

under fluoroscopic guidance at the level of the knee or elbow joint. (Tissues 

more proximally located in the limb but distal to the level of the tourniquet are 

perfused in a retrograde fashion via collateral vascular channels). The patient was 

then given a general anesthetic, and heparin (3 mg/kg) was infused to achieve full 

systemic heparinization. A pneumatic tourniquet was inflated proximally around 

the limb to be treated, and the cytotoxic agents were infused into the isolated 

limb via the arterial catheter. After 1996, the cytotoxic drugs used were melphalan 

5 - 10 mg/l of tissue and actinomycin-D 50 - 100 μg/l of tissue in 400 ml warmed, 

heparinized normal saline. Early on in the series, from 1994 to 1996, one patient 

had melphalan and actinomycin-D and three patients had mitomycin C at 5 - 20 

mg in addition to melphalan, and the first patient in the series had a combination 

of mitomycin (10 mg), doxorubicin (25 mg), and cisplatin (50 mg). The doses of 

melphalan and actinomycin-D were determined according to the criteria set out 

in our unit’s protocol for the treatment of melanoma in-transit metastases, as 

published previously.10

For the duration of the ILI procedure (20 to 30 minutes), the infusate was 

continually circulated manually from the venous catheter to the arterial catheter 

with a syringe attached to a three-way tap in the external circuit. Limb temperature 

was increased by incorporating a blood-warming coil in the extracorporeal circuit 

and by encasing the limb in a hot-air blanket. Subcutaneous and intramuscular 

limb probes were inserted for continuous temperature monitoring during the ILI 

procedure, and blood samples were taken from the circuit at regular intervals to 

measure the melphalan concentrations and blood gases. After 20 to 30 minutes, 

the limb was flushed with one liter of Hartmann’s solution via the arterial catheter, 
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and the venous effluent was discarded. The limb tourniquet was then deflated to 

restore normal limb circulation, and the catheters were removed.

Postoperatively, the serum creatine phosphokinase level was measured daily, and 

limb toxicity and tumor response were assessed regularly. The scale proposed by 

Wieberdink et al.15 was used to assess limb toxicity (Table 1). At routine follow-

up (usually at 6 and 12 weeks), the response of the tumors of all 21 patients 

were evaluated, and CRs and partial responses (PR) were assessed by clinical 

observation strictly according to the standard World Health Organization criteria.16 

Figure 1: Schematic diagram (top) and photograph (bottom) demonstrating the key components 
of the isolated limb infusion circuit. Note the Esmarch bandage on the foot to protect the acral 
region from developing postoperative toxicity.
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These define a CR as the disappearance of all measurable disease determined by 

two observations not < 4 weeks apart, and a PR as a ≥ 50% decrease in total tumor 

size determined by two observations not < 4 weeks apart and no appearance of 

new lesions or progression of any lesion. In this study, the size of the cohort was 

small. Patients were thus grouped into categories: those who had a CR versus 

those who had a PR, no response, or disease progression. None of the patients 

in this cohort received concurrent treatment between the ILI procedure and the 

clinical assessment. Accordingly, any tumor response was attributed to the ILI 

procedure alone. In addition to the local tumor response, the patient’s DFS and OS 

were recorded. In those cases where the patient was referred from remote regions 

or overseas, the general practitioner or referring surgeon looking after the patient 

was contacted to determine the patient’s long-term follow-up status. All data were 

collected prospectively and recorded in a computerized database.

Possible prognostic factors were tested for their influence on response rates, 

local recurrence-free interval, DFS, and OS. The Fisher exact test was used for 

comparison of frequency distributions, and the Mann-Whitney U-test was used 

for the nonparametric variables.17 Continuous variables were assessed by 

repeated-measures analysis of variance (ANOVA). Overall and DFS in addition 

to local recurrence rates were analyzed by the Kaplan-Meier method.18 The 

multinomial logistic regression and the Cox regression (Cox proportional hazard 

model)19 analyses with the stepwise backward method were used for multivariate 

analysis of response rates and survival, with various cohorts. Classification trees 

(exhaustive chi-square automatic interaction detector (CHAID) method)20 were 

produced to provide a multivariate analysis of the intraoperative variables by using 

response type as the outcome variable. A significant difference was assumed for 

a probability value of < .05. Statistical analyses were performed by GraphPad 

Prism version 4.0 (San Diego, CA), SPSS version 11.0 (Chicago, IL) and AnswerTree 

version 3.0 (SPSS).

Table 1: Wieberdink toxicity grading15

Grade I No visible effect

Grade II Slight erythema and/or edema

Grade III Considerable erythema and/or edema with blistering

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

Grade V Severe tissue damage necessitating amputation
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Results

Twenty-one patients were identified from the ILI database; there were 14 men 

(male:female ratio 2:1), and the average age was 60 years (range, 18 – 85 years). 

Eighteen patients (86%) had disease involving the lower limb, and three had 

disease of the upper limb. Fourteen patients (67%) underwent ILI as neoadjuvant 

therapy before surgery, and seven patients underwent ILI for either the treatment 

of inoperable recurrence or palliation. Table 2 describes the distribution of patients 

according to the American Joint Committee on Cancer disease staging and the 

distribution of the sarcoma subtypes. All patients except one (20 of 21) in this 

study had a high-grade STS. The median follow-up time was 28 months (range, 2 

– 91 months). 

The disease of 12 patients (57%) had a CR to the ILI, 7 (33%) had a PR, and 2 

(10%) had no response, giving an overall response rate of 90%. Neither the tumor 

stage nor the tumor type (Fisher exact test) was associated with an improved or 

worse response, and there was no difference in response rate between the sexes. 

All of the patients who received ILI as neoadjuvant therapy before definitive 

surgical resection had a positive response to the treatment. Nine (65%) of the 14 

Table 2: Patient and tumor characteristics and response to ILI

Characteristics No. of patients (%)

Sex

  Male 14   (67)

  Female   7   (33)

Age in years, median (range) 60  (18-85)

Stage (AJCC) at ILI

  I  0        (0)

  II  9      (43)

  III  9      (43)

  IV  3      (14)

Involved limb

  Lower 18    (86)

  Upper  3     (14)

Soft Tissue Sarcoma Subtype

  Malignant Fibrous Histiocytoma 10    (47)

  Angiosarcoma  4      (19)

  Fibrosarcoma  2      (10)

  Others  5      (24)

Response to ILI

  Complete (CR) 12    (57)

  Partial (PR)  7     (33)

  None  2     (10)
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patients experienced CR at the time of surgery (Figure 2), and the remainder (35%) 

experienced PR. 

All the measured intraoperative variables were significantly different when 

the preoperative values were compared with the postoperative values (paired 

t-test). In one case, the blood gas results were not available for analysis. A CR 

was significantly associated with a lower preoperative skin temperature (p = .033, 

Mann-Whitney, two-tailed). The median skin temperature in the CR group was 

35.8 °C. All the intraoperative data variables were analyzed by an ANOVA general 

linear model (GLM) test for repeated measurements. None of the variables were 

significant predictors of a CR, but there was a trend seen with a difference in the 

pre- and postoperative temperatures in both skin (p = .075) and muscle (p = .055, 

both GLM-ANOVA). From the graph in Figure 3, it can be seen that patients who 

had a CR initially had lower skin temperatures and then had a steeper temperature 

increase during the procedure. The difference in temperature between the skin 

and muscle before and after surgery was also analyzed, and this was not found to 

be statistically significant. Classification tree analysis was also performed, and the 

model that the analysis generated split the data according to the arterial oxygen 

tension (PaO2) of the isolated limb at the start of the procedure.

Therefore, patients who had a preoperative PaO2 of ≥ 194 mmHg were more likely 

to have had a CR (p = .001, relative risk = 4.13 [95% CI 1.64 to7.37]).

None of the postoperative variables analyzed was associated with a CR 

(Mann-Whitney). In particular, a CR was not associated with greater postoperative 

Figure 2: Photomicrographs (H&E X 10 power) showing a pretreatment (left) and a post treatment 
(right) specimen. The pretreatment specimen showed a high grade, undifferentiated spindle cell 
sarcoma (“malignant fibrous histiocytoma”) devoid of necrosis. The post treatment specimen was 
extensively necrotic-only scattered macrophages are present in a totally necrotic background. 
Note the absence of tumor cells, confirming that a CR had been achieved.
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Figure 3: Graph demonstrating the 
lower initial starting skin temperature 
and the steeper rate of change during 
the isolated limb infusion procedure 
for the patients who had a complete 
response compared with those who 
did not.

Figure 4: Kaplan-Meier curves compar-
ing local recurrence rates for patients 
who had definitive surgical excision (n 
= 14) with those who did not (n = 7).

Figure 5: Kaplan-Meier curves compar-
ing local recurrence rates for patients 
who had a complete response to 
isolated limb infusion (n = 12) with 
those who did not (n = 9)

toxicity, nor was it associated with a higher maximum creatine phosphokinase 

level. Three patients (14%) developed grade IV toxicity as a result of the ILI 

procedure, but one of these received mitomycin C in addition to melphalan and 

another received a combination of mitomycin C, cisplatin, and doxorubicin with no 

melphalan. The remainder of the patients developed mild postoperative toxicity 

(grades II and III).
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Nine patients (42%) in the total cohort developed a local recurrence during the 

follow-up period, and the median local recurrence free-interval was 25 months. 

Three (21%) of 14 surgical patients developed a local recurrence during follow-

up, and the patients who went on to have a completion surgical excision had a 

significantly lower local recurrence rate (Kaplan-Meier, p = .013; HR = .20 [.025 to 

.65], Figure 4). A CR was associated with a significantly decreased local recurrence 

rate (Kaplan-Meier, p = .004; HR = 7.00 [2.09 to 47.00], Figure 5). When the tumor 

subtypes were categorized into malignant fibrous histiocytoma (MFH) versus 

the others, the MFHs were associated with a significantly lower chance of local 

recurrence (Kaplan-Meier, p = .015; HR = 8.38 [1.41 to 24.15]) when treated with 

ILI. The Cox proportional hazard model identified both CR and MFH subtypes as 

statistically significant independent predictors of local recurrence rate. These two 

variables were also statistically significant independent predictors of increased 

DFS. Conversely, disease stage was not predictive of local recurrence or DFS.

The overall disease-specific survival was 62%. When the data were analyzed for 

predictors of OS, disease stage was the only significant independent variable 

(Cox proportional hazard, exp β = .106 [.013 to .868]). Thus, stage I/II disease 

had significantly better OS than stage III/IV (Kaplan-Meier, p = .009; HR = 9.18 

[1.63 to 29.8]). There was a trend for CR to be associated with an increased OS 

(p = .071, HR = 3.32 [.89 to 18.52]) and there was also a trend for the MFH tumor 

subtype to have an improved OS, but neither of these variables reached statistical 

significance. There was no statistically significant increase in OS for those patients 

who had surgery over those who did not. Ten patients (47%) received adjuvant 

radiotherapy. Neither univariate nor multivariate analysis was able to demonstrate 

a significant improvement in OS, DFS, or local recurrence rate associated with 

radiotherapy. 

No patient in this cohort had an amputation resulting from acute toxicity of the ILI 

procedure. However, five patients (24%) ultimately had amputations for disease 

progression: one patient (33%) with STS of the upper limb and four patients (22%) 

with STS of the lower limb. There were trends for the amputees to have had a poor 

response to the ILI (p = .082) and to have a worse OS (p = .08).

Discussion

Amputation of the limb is no longer considered standard therapy for primary STS. 

Limb-sparing surgery with adjuvant radiotherapy has been shown to produce 

good local control rates with no reduction in OS.1,8 However, the treatment of these 

tumors becomes more difficult when the primary tumor is large, when it is abutting 

or invading vital anatomic structures, or when it is high grade. The complexity of 
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management becomes even greater when local recurrence occurs because the 

tumor is often unresectable by the time the reemergence is recognized. 

ILI is an attractive treatment option for patients with STS of the extremity. It 

enables the chemotherapy to be safely delivered to the tumor at a 10–fold higher 

concentration than can be administered systemically.9,10,21It also has the advantage 

of reaching the entire area at risk where surgical resection might leave the patient 

with a substantial functional deficit. It may be suitable for some patients with 

clinically important comorbidities where surgery might be poorly tolerated.9,10,13 

It can be administered in the neoadjuvant setting to shrink tumors to a surgically 

manageable size and also to prevent micrometastases from progressing to 

macroscopic disease.8

When treating patients with melanoma by ILI at the Sydney Melanoma Unit, 

melphalan is the primary chemotherapeutic agent of choice. In vitro studies 

assessing the response of melanoma cells indicate that the uptake of melphalan by 

the tumor is a rapid and active process that reaches a plateau after approximately 10 

minutes because of saturation of the uptake mechanism, with an elimination half-life 

of 15 to 20 minutes.22 This means that during an ILI procedure, most of the drug will 

have been eliminated from the limb circulation after 30 minutes. The local toxicity of 

melphalan was well tolerated in the present study, with only one patient developing 

grade IV toxicity with the standard melphalan/actinomycin-D regimen. The published 

experience with ILI or ILP using other chemotherapeutic agents such as doxorubicin 

alone or melphalan in combination with tumor necrosis factor reveals that the rate of 

severe local toxicity with these agents can be very high.23-26

In the present study, the use of ILI was prescribed for a heterogeneous cohort of 

patients. The overall response rate was 90% for all patients and 100% for those 

undergoing ILI as neoadjuvant therapy before definitive surgery. The limb salvage 

rate was 76%. These results compare favorably with the published experience of 

ILP and ILI from other centers that use different chemotherapeutic agents such as 

tumor necrosis factor or doxorubicin with or without adjuvant radiotherapy.13,23-27 

Importantly, the response rate and limb salvage rate in this study are similar to 

or better than those published with the use of the more complex, expensive, and 

labor-intensive ILP.7,28 Furthermore, the present study comprised many patients 

with locally advanced and unresectable disease who would have been excluded 

from some of the other studies.

Analysis of the intraoperative variables determined that patients with a low skin 

temperature initially followed by a rapid increase in temperature were more likely 

to have a CR. The synergism between hyperthermia and melphalan for ILP has 

been clearly described but thought to be even more important is the avoidance 

of hypothermia.29,30 This also seems to be applicable for ILI. Because the infusion 

circuit has a limited heating capacity because of the low flow rates able to be achieved 
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through the small-caliber catheters, it is necessary to maintain the temperature of 

the limb with an external heating blanket and an overhead radiant heater as well 

to reach the desired subcutaneous temperature of at least 37.8 °C in the limb by 

the end of the ILI procedure when treating patients with melanoma.10,11 However, 

in contrast to the melanoma studies, the STS patients that started with a cooler 

limb were more likely to have a CR. Theoretically this would make sense, as these 

deep-sited STSs are more likely to receive a greater delivery of chemotherapy if the 

circulation to the superficial tissues is concomitantly vasoconstricted, whereas this 

situation would be detrimental in the treatment of in transit melanoma metastases 

situated in the dermis and superficial subcutaneous tissue planes.12 Classification 

tree analysis identified a high PaO2 in the isolated limb artery at the initiation of 

the ILI procedure to be associated with a CR, although this was not identified as 

a statistically significant predictor by GLM-ANOVA analysis. The reasons for this 

observation are not immediately apparent. In vitro studies looking at melanoma 

have demonstrated that hypoxia enhances the cytotoxic effects of melphalan by a 

factor of approximately 1.5, whereas the combination of hypoxia and acidosis can 

increase the effect by a factor of 3.31 In the present study, a low PaO2 in the isolated 

limb at the start of the procedure may have been indicative of a poor peripheral 

circulation in general, suggesting atherosclerosis, which may have contributed to 

an inferior delivery of cytotoxic agents to the tumor. 

The overall local recurrence rate in the present study was similar to other published 

studies,25-28 and the limb recurrence-free interval (LRFI) rate was greatly improved 

in the group that subsequently had definitive surgical treatment. A CR was also 

markedly associated with an improved LRFI, and the effect these two factors 

were able to have may not only have been a result of treating main tumor bulk 

but also the eradication of outlying local micrometastases that are present in a 

high proportion of high-grade STS. This study was commenced before the World 

Health Organization classification of tumors reclassified MFH as undifferentiated 

high-grade pleomorphic sarcoma,32 and it may no longer be valid to draw 

conclusions regarding this subgroup of patients. However, both the old and new 

classifications describe high-grade sarcomas with a considerable amount of 

cellular activity and a high cell turnover rate,32 and it is these common factors that 

may be responsible for an increased uptake of the drugs resulting in the destruction 

of more tumor leading to great improvement in LRFI observed in the subgroup of 

patients with MFH after ILI. 

As with other locoregional treatments for STS, ILI did not greatly improve OS in 

this study. This was not an unexpected outcome. There was a trend for a CR to be 

associated with improved OS, but this just failed to reach statistical significance 

(p = .07). Where ILP has been used to treat patients with melanoma, a CR is a 

statistically significant positive prognostic indicator after long-term follow-
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up, which may reflect a more favorable tumor biology.33 Multivariate analysis 

revealed that only the stage of the tumor at the initial presentation of the patient 

was associated with an improved OS, and this is a finding consistent with other 

treatment modalities and for other diseases where ILI was used, especially 

melanoma.12,29 Unlike ILI for melanoma in-transit metastases, the rate of CR is 

not related to the stage of the disease.13 The explanation for this may lie in the 

inability to deliver the same concentration of cytotoxic agents systemically as 

can be given locally in ILI to produce an overall response. Similarly, delivery of 

high concentrations of cytotoxic drugs to the tumor to produce a CR locally may 

be hampered by peripheral vascular disease in patients with otherwise favorable 

early-stage disease.

In this study examining the usefulness of ILI in the treatment of advanced-stage STS, 

a 13-year experience has been analyzed and presented. The stage of the disease 

at presentation of the patient was the only statistically significant prognostic factor 

for OS. A complete tumor response to ILI was associated with an increased LRFI 

and disease-free interval. The likelihood of a complete tumor response was found 

to be increased if the initial skin temperature of the affected limb was cooler and 

the initial PaO2 was ≥ 194 mmHg. The limb salvage rates and duration of response 

after ILI were comparable to previously reported results achieved by conventional 

ILP, an invasive and much more complex and costly procedure.
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Abstract

Isolated limb perfusion is the preferred treatment option for locally advanced 

melanoma and sarcoma confined to a limb. This treatment results in high response 

rates with a satisfying duration of response in both tumours. A drawback of 

isolated limb perfusion, however, is the invasive and complex character of the 

procedure.

Isolated limb infusion has been designed as a minimally invasive alternative to 

isolated limb perfusion. Treatment results of this simple technique, reported by 

various centres worldwide, show comparable response rates for melanoma and 

sarcoma. Therefore isolated limb infusion may replace isolated limb perfusion 

in the future as the preferred treatment option for these locally advanced limb 

tumours. 
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Introduction

For five decades patients with advanced melanoma and sarcoma confined to a 

limb have been treated effectively by isolated limb perfusion (ILP). The advantage 

of this approach is that high-dose regional chemotherapy can be administered 

without causing serious systemic side effects.1,2 

In ILP, using melphalan as the standard drug, a complete response (CR) can be 

obtained in a median of 46% (7% to 90%) of cases and a partial response (PR) in 

a median of 34% (0% to 44%), with a median limb recurrence free interval (LRFI) 

following a CR of 14 months (9 to 19 months).3,4 Even higher response rates have 

been reported after a planned double ILP schedule (77% CR) and after ILP using 

melphalan in combination with tumor necrosis factor-alpha (TNF-α) with or without 

interferon gamma (IFN-γ) CR rates up to 90% have been achieved.5-7 

The ILP technique, however, involves a complex and invasive operative procedure. 

In the past several attempts have been made to achieve similar results with a 

simplified procedure, such as direct intra-arterial infusion8 or ‘tourniquet infusion’ 

with partial venous outflow occlusion,9,10 but these techniques failed to achieve 

remission rates comparable to those obtained by ILP.

A simplified and minimally invasive procedure called isolated limb infusion (ILI) 

has been developed and implemented in the early 1990’s by Thompson and 

colleagues at the Sydney Melanoma Unit (SMU) with the objective of obtaining the 

benefits of ILP without its major disadvantages.11,12 ILI is essentially a low-flow ILP, 

performed under hypoxic conditions (i.e. without oxygenation of the perfusate) 

via percutaneously placed catheters. Like ILP, it achieves high-dose regional 

therapy with cytotoxic agents, but without an invasive surgical procedure. Results 

obtained by ILI using melphalan (7.5 mg/l of infused tissue) and actinomycin-D (75 

µg/l of infused tissue) have been shown to be comparable to those obtained by 

conventional ILP.13,14 A minimum dose of melphalan of 15 to 20 mg is considered 

appropriate when the limb volume is very small. For a very large volume of 

tissue in a lower limb, a maximal dosage of 100 mg of melphalan is generally 

administered. Actinomycin-D is used in addition to melphalan because this 

combination produced highly satisfactory response rates when administered by 

conventional ILP at the SMU.3,15 Most ILI studies to date have administered this 

cytotoxic combination.14,15-19

Similarities and differences between isolated limb infusion and isolated 
limb perfusion

Both ILP and ILI involve a method of vascular isolation and perfusion of the 

extremity with cytotoxic agents. Drug concentrations in the isolated limb can be 
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administered up to a 10-fold of the maximum tolerated systemic concentration 

and systemic side effects are avoided in both ILI and ILP.16,20-22 Like ILP the 

primary indication for ILI is patients with inoperable in-transit melanoma of the 

extremity, while both isolation treatments are also of benefit for patients with 

advanced extremity sarcoma.14,23,24 ILI is used successfully as well in patients with 

refractory warts of the hands,25 refractory chromoycosis,26 localized cutaneous 

T-cell lymphoma,27 squamous cell carcinoma and Merkel cell carcinoma.19

Major differences between both procedures are the lower blood flow and shorter 

circulation time in the isolated extremity during ILI (150-1000 ml/min for 60 minutes 

in ILP versus 50-100ml/min for 30 minutes in ILI).14,28 Furthermore the ILI procedure 

is a hypoxic procedure, which leads to marked acidosis of the isolated circuit in 

contrast to ILP where the pump oxygenator maintains the oxygenation in the limb. 

Catheter insertion via the contralateral groin for ILI is usually straightforward, even 

for a repeat procedure or after groin or axillary lymph node dissection, whereas 

vascular access for ILP can be technically difficult under these circumstances with 

the risk of substantial morbidity.22,29 Finally, blood transfusion or more recently the 

use of autologous blood which is required for ILP to prime the perfusion circuit is 

unnecessary during ILI. Figure 1 shows a schematic overview of the ILI technique 

and Figure 2 shows a photograph of an isolated limb infusion procedure in progress 

in the operating theatre. The main differences between ILI and conventional ILP 

are listed in Table 1. The detailed technical aspects of the ILI procedure have been 

published previously.29,30

Figure 1: Schematic illustration of the circuit used for isolated infusion of a lower limb (adapted 
from Thompson et al.74).
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Table 1: Differences between isolated limb perfusion and isolated limb infusion

Isolated Limb Perfusion Isolated Limb Infusion

Technically complex Technically simple

Open surgical exposure of vessels for catheter 
insertion

Percutaneous vascular catheter insertion in 
radiology department

4 to 6 hours duration Approximately 1 hour

Perfusionist and ancillary staff required No perfusionist required and fewer total staff

Complex and expensive equipment needed Equipment requirements modest

Magnitude of procedure excludes patients Well tolerated by medically compromised, frail 
and elderly patients

Technically challenging to perform a repeat 
procedure

Not difficult to perform a repeat procedure

Systemic metastases normally a 
contraindication

Systemic metastases not a contraindication

Higher perfusion pressures predispose to 
systemic leakage

Low pressure system, effective vascular isolation 
with tourniquet

Limb tissues oxygenated, with normal blood 
gases maintained

Progressive hypoxia and acidosis

Hyperthermia (> 41°C) can be achieved Usually not possible to raise limb temperature 
above 40°C

General anesthesia required Possible with regional anesthesia

Figure 2: Photograph of an isolated limb infusion procedure in progress in the operating theatre. 
Note the Esmarch bandage on the foot to protect the acral region from developing postoperative 
toxicity.
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Pharmacokinetics of melphalan during isolated limb infusion

Melphalan remains the gold standard to treat patients by ILP or ILI.14,31 

Microdialysis studies using melphalan in ILI have allowed us to monitor the 

drug uptake by different types of tissue in a dynamic fashion. By employing this 

method, correlations between drug concentrations in the perfusate and uptake in 

the tissues have been found, assisting optimal drug dosing with regard to tumor 

response and limb toxicity.32

During ILI, the melphalan concentration decays in a mono-exponential manner with 

a mean residence time and elimination half-life of 21 to 35 minutes and 15 to 25 

minutes, respectively (Figure 3).33-36 This suggests a rapid uptake of the drugs by the 

Figure 3: Typical melphalan concentration 
graph during isolated limb infusion.

tissues and therefore the drug is infused rapidly at the beginning of the procedure, 

usually over 3-4 minutes.30 Similar pharmacokinetics have been demonstrated 

in (animal) ILP studies.37,38 Due to the limited capacity of the catheters, only a 

low flow rate can be achieved during ILI. However, this might be an advantageous 

factor since it has been shown that a low-flow rate increases the time of exposure 

of the tissues to the drug.39 The synergistic effect between hyperthermia and 

melphalan is well documented.1,40,41 During ILI tissue temperatures are in range of 

mild hyperthermia (38-39 °C) which, not withstanding the low-flow rates, can easily 

be achieved by using a warm water coil incorporated in the extracorporeal circuit 

and a hot-air blanket encasing the limb with a radiant heater placed over it. These 

mild hyperthermic conditions are satisfactory bearing in mind that it is mostly the 

avoidance of hypothermia that is of greatest importance for a favorable response 

(Figure 4).13,42 Melphalan is infused in a normal saline solution, since its uptake into 

the tissues is impaired by a factor 3 when a perfusate with high albumin content is 

used due to the binding of the drug to protein.43

Figure 4: Typical temperature graph during 
isolated limb infusion.
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Toxicity and morbidity after isolated limb infusion

Local effects

ILI is a well-tolerated procedure. Typically erythema and oedema develop within 

24 hours. The skin surrounding or overlying tumor deposits often develops a 

ring of intense inflammation that becomes apparent within 48 hours. The toxic 

reaction reaches its peak after 3 to 5 days and then begins to subside. Superficial 

desquamation of the skin often occurs after 2-3 weeks. Hair growth in the 

drug-exposed parts of the treated limb normally ceases for up to 3 months after 

an ILI and residual pigmentation of the limb is common. If the foot or hand has 

not been excluded by an Esmarch bandage or pneumatic tourniquet, loss of the 

superficial layers of the epidermis of the sole and palm may occur, leaving a 

delicate and sensitive new skin surface exposed. If this occurs, it takes many weeks 

until the area is again covered by normal plantar or palmar skin. Additional loss of 

toenails or fingernails can occur up to 3 to 4 months after the treatment.21 These 

effects are identical to the effects observed after conventional ILP.22 Careful clinical 

observations for signs of limb toxicity are assessed regularly postoperatively. The 

frequently used toxicity scale proposed by Wieberdink et al. in ILP is also applicable 

in ILI (Table 2).44 Daily monitoring of serum creatine phosphokinase (CK) levels 

post-operatively can support the clinical observations. We have shown that CK 

levels exceeding 1000 IU/l after ILI correlate with increased and potentially serious 

limb toxicity.21,45 Therefore all patients whose CK levels exceed 1000 IU/l and 

those who clinically develop severe limb toxicity are treated with corticosteroids 

until CK levels have dropped below 1000 IU/l and the clinical evidence of toxicity 

has subsided. 

Kroon et al. and Mecker et al. suggest that intravenous steroids may help 

subsiding the acute regional toxicities seen after ILP and ILI to lessen the regional 

inflammatory response in the muscle from reperfusion injury which may lead 

to less post-operative edema, erythema and extremity pain.21,46 If clinical signs 

of an early compartment syndrome become apparent (grade IV) a fasciotomy is 

indicated.

Table 2: Wieberdink toxicity grading44

Grade I No visible effect

Grade II Slight erythema and/or oedema

Grade III Considerable erythema and/or oedema with blistering

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

Grade V Severe tissue damage necessitating amputation
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Figure 5: Extensive intransit 
melanoma metastases of the 
left lower leg before ILI. 

Figure 6: Tumor remission 4 
weeks post-ILI.  

Figure 7: Complete response 4 
months post-ILI.
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In the SMU experience the regional toxicity seen following ILI is higher than after 

ILP. Although no grade V toxicity (requiring amputation) has been observed after ILI 

using melphalan, 39% of all patients have developed grade III toxicity (considerable 

erythema and oedema) and 3% developed grade IV toxicity (threatened or actual 

compartment syndrome).21 In large ILP series 24% of the patients experienced 

grade III or greater toxicity.47 Following ILP it has been suggested that severe acute 

limb toxicity correlates significantly with a higher risk of increased hospital stay 

and long-term morbidity,2 but this has not been observed in our patients treated 

by ILI.16,29 Median hospital stay after ILI is 7 days only and one year post–ILI 

there were no symptoms of long-term morbidity in most patients and only mild 

symptoms in the remainder, of which none were disabling. Predictive factors for 

increased toxicity following ILI (grade III to IV) are a high BMI, high administered 

melphalan concentrations and a small raise in pCO2 in the infusate at the end of the 

procedure.21 The increased toxicity for overweight patients can be explained by 

the fact that melphalan uptake in skin and subcutaneous fat is lower compared to 

muscle and tumor.48 One solution to this problem is to tailor the dose of melphalan, 

which is determined by the volume of the limb, to meet the needs of individual 

patients by reducing drug doses by an arbitrary 10% for an obese extremity.49 A 

formula for drug dosage that is based not only on limb volume but also on ideal 

body weight, which has shown to decrease toxicity without loss in efficacy, can 

also be used.17 This calculation is performed by multiplying the melphalan dose by 

the ratio of ideal body weight to actual body weight.

General/systemic effects

Since the pressure in the isolated circuit is low and a pneumatic tourniquet is used 

routinely, significant leakage to the systemic circulation is rare. In the ILIs performed 

at the SMU, melphalan was detected in the systemic circulation in only 6% of the 

patients and usually at concentrations less than 1% of the total administered dose. 

This is in general considerably lower than in ILP.21,47 Consequently, systemic side 

effects following ILI are rare and usually mild. Postoperative nausea and vomiting 

is easily treated while serious systemic adverse effects such as bone marrow 

depression have only been observed in one case and without fatal outcome.21,50
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Clinical efficacy of isolated limb infusion for 
melanoma

Response rates, duration of response and survival

Some tumor involution can be seen as soon as 7 days after the procedure. However, 

complete disappearance of tumor nodules may take weeks or even months.

The results of 393 ILI procedures performed in the SMU have been reviewed. Of 

these, 343 were for inoperable primary, locally recurrent or in-transit melanoma 

and 50 for other malignancies (mostly sarcomas and squamous cell carcinomas). 

The CR rate for melanoma following a single ILI was 38% with a median LRFI of 22 

months and the PR rate was 46% with a median duration of response of 9 months 

(p = .012; Figure 5,6,7).14 Overall median survival was 41 months (range 13 to > 72 

months). Patients in whom a CR was achieved had a significantly longer median 

survival (53 months; range 28 to > 72 months) compared to those who achieved a 

PR (27 months; range 14 to > 72 months; p = .026).

Four institutions other than the SMU have reported their experiences with ILI.16-19 

Their response rates and those of the two SMU based studies are listed in Table 

3. Possible explanations of the variety in response rates could be the differences 

in patient populations and the modifications to the procedure used in the listed 

studies. Brady et al. and Marsden et al. included patients with soft tissue sarcoma 

and Merkel cell carcinoma for instance while Beasley et al. included only patients 

with American Joint Committee on Cancer (AJCC) Stage IIIB melanoma or 

greater.16,17 This might explain why the latter study did not find stage of disease to 

be a predictor of response or survival as reported by the SMU.13,14 Also tourniquet 

times varied between the different studies from 32 to 79 minutes. In the SMU a 

tourniquet time longer than 40 minutes was found to have a trend towards an 

increased OR rate.14 Furthermore, papaverine was not used routinely in the study 

by Beasley et al. while the size of the venous catheters, which may be important for 

Table 3: Isolated limb infusion studies using melphalan and actinomyocin-D13,14,16-19

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

Mian, 2001 9* Best response 44% 56% 0% 0%

Linder, 2002 128 Best response 41% 43% 12% 4%

Brady, 2006 22** 3 months 23% 27% 0% 50%

Kroon, 2008 185 Best response 38% 46% 10% 6%

Beasley, 2008 50 3 months 30% 14% 10% 46%

Marsden, 2008 16*** unknown 26% 58% - 16%

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease. 
* 3 patients had >1 ILIs, ** 1 patient had advanced sarcoma, *** 3 patients had >1 ILIs, 4 patients 
had squamous cell carcinoma, 2 patients had Merkel cell carcinoma.
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optimal circulation and drug exposure, ranged in the various studies from 6F to 8F. 

Finally, an important cause for the variety of response rates might be the definition 

of response. Both Beasley and Brady determine response at a single observation 

3 months after the ILI while the SMU defines response according to the standard 

World Health Organization criteria.51 These define a CR as the disappearance of all 

measurable disease, determined by two observations no less than 4 weeks apart, 

and a PR as a ≥ 50% decrease in total tumor size determined by two observations 

no less than 4 weeks apart without any appearance of new or progressive lesions. 

The limitations of a 3-month determination are that the tumor(s) may continue to 

respond after 3 months as shown in both ILI and ILP studies.14,52 Also, patients 

who have progressive disease at 3 months may have had a partial response in the 

early postoperative weeks. Based on these experiences the response rates from 

the studies using the single 3-month observation may in fact have been higher 

than reported if another definition for response had been used. Objective response 

criteria used uniformly in future studies will be necessary so valid comparisons 

can be made between different series.

In terms of durability of response and survival data, less information is available 

from studies other than the SMU. Only Brady and Beasley report a median duration 

of CR of 12 months.    

Prognostic factors

Possible patient-related and intra-operative prognostic factors for response, LRFI 

and survival have been analyzed in SMU studies.13,14 Disease stage proved to be a 

significant predictor for increased response rates and survival. 83% of the patients 

with modified MD Anderson stage I disease experienced a CR. The CR rate 

declined with increasing stage of disease and the lowest CR rate (23%) was seen 

in patients with modified MD Anderson stage IV disease (p = .010). Traditionally 

the modified MD Anderson staging system has been used, rather than the AJCC 

staging system, for both ILP and ILI because of its excellent description of satellites 

and in-transit disease (Table 4). Tumor infiltration beneath the deep fascia was 

associated with shorter survival time compared to cutaneous or subcutaneous 

tumor growth only (p = .029). Other patient related prognostic factors for survival 

were a thinner primary melanoma (p = .038), a lower number of nodules (p = .010) 

and a greater body mass index (BMI) (p = .002). The positive prognostic value of a 

higher BMI can be explained by the higher percentage of subcutaneous fat in these 

patients by which, as described above, the administration of a relatively higher 

dose of melphalan is likely to occur.48

Hypoxia has been shown to increase the cytotoxic effects of melphalan by a 

factor of 1.5 and the combination of hypoxia and acidosis by a factor 3.37,53-55 In 
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accordance with these observations we found that a greater increase in the pCO2  

during ILI significantly enhanced the CR rate (p = .017). This finding supports the 

observation that tourniquet times longer than 40 minutes have a beneficial effect 

on survival.13 The value of this prognostic factor, however, must be interpreted with 

great caution since no form of loco-regional treatment for recurrent melanoma has 

ever shown to influence survival.

In our series patients developing grade III to IV limb toxicity following ILI experienced 

an improved overall response (OR) compared to patients experiencing grade I to 

II limb toxicity (p = .002). Greater limb toxicity, however, was not associated with 

a longer LRFI or survival. Therefore it was concluded that one should strive to 

an acceptable toxicity grade since the possible benefits of a high toxicity do not 

outweigh the possible morbidity and complications in which the quality of life of 

the patient can be seriously harmed. Other significant intra-operative prognostic 

factors in our series were a higher final melphalan level in the isolated circuit for 

both improved CR rates (p = .013) and OR rates (p = .022) and a post-operative 

greater rise in serum CK level for an improved OR rate (p = .029).

Isolated limb infusion modifications

Fractionated chemotherapy

The simplicity and low morbidity of ILI makes it readily possible to perform a 

double ILI to achieve fractionated chemotherapy. Tumor cells partially damaged 

by the first exposure to cytotoxic drugs are in theory likely to be more vulnerable 

at the time of the second exposures.5,42,56 To determine the value of fractionated 

chemotherapy administered by ILI, 47 patients underwent a planned double 

procedure.57 The interval between the ILIs ranged from 2 to 8 weeks (mean 4.2 

weeks). Compared to the single ILI protocol there was no significant difference in 

response rate, LRFI or survival. A CR was achieved in 41% and a PR in 47% of the 

patients with a median duration of response of 18 months (range 6 to 60 months), 

Table 4: Modified MD Anderson stage of disease classification75

Stage Description

I Primary melanoma

IIa Local recurrence

IIb Satellites

IIIa In-transit metastases

IIIab In-transit metastases with nodal involvement

IV Distant metastases
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while after a single ILI the CR and PR were both 41% with a median duration of 

response of 17 months (range 7 to 44 months) . 

A drawback of planned double ILI was the significantly increased grade III to IV 

toxicity compared with treatment by a single ILI (76% vs. 52%; p = .02). Because 

of this increased toxicity without increased efficacy, a single ILI procedure remains 

the preferred treatment option for locally recurrent or in-transit metastasis of 

melanoma confined to the limb.

Repeat isolated limb infusion

In the SMU 48 patients received a repeat ILI after progression or recurrence of 

disease following an initial ILI procedure.50 The median interval between the 

two treatments was 11 months. The CR and OR rates obtained after the repeat 

procedures (23% and 83%, respectively) were not significantly different from the 

CR and OR rates obtained after the first ILI in this patient group (35%; p = .358 

and 75%; p = .315, respectively). There was a statistical difference, however, in 

the median overall duration of response, which was 6 months after the first ILI 

compared to 10 months after the repeated treatment (p = .014). 

Toxicity was significantly increased following second ILI with five grade IV limb 

toxicities occurring after second ILI compared to one grade IV toxicity after the 

initial ILI (p = .027). The increased toxicity was caused by a significantly higher 

melphalan concentration used in the repeat procedure (median: 298μM versus 

412μM; p < .0001). In view of these results the treating surgeon may have tended 

to increase the drug dose slightly for repeat ILI in the hope of attaining an optimal 

result in this difficult to treat patient group. Although CR rates are lower, OR, 

duration of response and survival are comparable to those reported after repeat 

ILP for recurrent limb disease.7,58,59 It can be concluded that a repeat ILI procedure 

can be of value if limb disease progresses or recurs after an initial ILI. 

Other drugs used during isolated limb infusion

The simplicity of the ILI protocol makes it an ideal setting to test new drugs.29

In a pilot study of patients treated with the alkylating agent fotemustine, a 

high response rate was achieved with a CR rate of 31% and a PR rate of 61%. 

Unexpectedly, however, the procedure was associated with severe local 

toxicity with 4 out of 13 patients (31%) experiencing grade V toxicity (requiring 

amputation).60 Based on promising preclinical data, Duke University is currently 

investigating the administration of new agents, such as temozolomide and Bcl-2, in 

several phase I clinical ILI trials to treat regionally advanced melanoma.61,62

The synergism between TNF-α and melphalan has been shown in numerous ILP 

studies.37,63-66 TNF-α could potentially also make an advantageous contribution 
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to melphalan in ILI without ignoring the possibilities of increased toxicity. A study 

examining the efficacy of TNF-α in ILI would be of great interest but has yet to be 

initiated.  

Isolated limb infusion in soft tissue sarcoma  

Like ILP, ILI is also applicable in patients with irresectable soft tissue sarcoma (STS) 

confined to a limb and results are similar.23,24,67 In two studies experiences in the 

use of ILI in STS have been reported. A group in Egypt showed in a cohort of 40 

patients that STS can effectively be treated when a combination of pre-operative 

ILI and radiotherapy is administered. All patients underwent surgical resection 3 

to 7 weeks after the pre-operative treatment. A pathological response was seen in 

80% of the cases (CR 38% and PR 42%) and limb salvage was achieved in 82.5% 

of the patients. Only four patients (13%) developed local recurrent disease after 

a median follow-up time of 15 months. Survival rates were not mentioned in this 

study. Toxicity was low with 10% of the patients developing grade III limb toxicity 

and no patients developing grade IV or V toxicity.

In a SMU based study the effect of ILI on STS was analyzed in 21 patients. Fourteen 

(67%) patients underwent ILI as neo-adjuvant therapy prior to surgery and seven 

patients underwent ILI to treat inoperable recurrences or for palliation. 57% of the 

patients had a CR and limb salvage was achieved in 76%. The patients experiencing 

a CR had a significantly longer duration of response than patients with a PR (p = 

.004) while survival time just failed to be significant (p = .07). Five patients required 

an amputation due to extensive progressive or recurrent disease. The procedure 

was well tolerated with 14 patients experiencing Wieberdink grade II toxicity, five 

patients grade III and no patient experienced grade IV or V toxicity. Response rates 

were not different for patients suffering from varying stages of disease. A lower 

stage of disease was a significantly associated with longer survival (p = .008).

When treating STS with ILI the same principles apply as for melanoma with 

one adjustment. In ILI for STS the aim is to cause peripheral vasoconstriction 

pre-operatively instead of peripheral vasodilatation as is pursued in melanoma, 

since increased blood flow to the deep tissues, where soft tissue tumors mostly 

are localized, may be advantageous. This alteration of blood flow is achieved 

by neglecting two measures before drug administration, namely the use of 

papaverine and heating of the limb. Interestingly, prognostic factors for STS that 

were associated with an improved response rate were low skin temperatures 

before drug administration, a greater increase in tissue temperatures during the 

procedure and an optimal pre-operative oxygenation.24
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Advantages of isolated limb infusion

Technical aspects

The efficacy of ILI in the treatment of metastatic melanoma and sarcoma with 

melphalan is at the lower end of the of results reported after ILP while it avoids the 

need for surgical exposure and open cannulation of major blood vessels reduces 

morbidity.14,24,29 Because of its minimally invasive character patients recover 

quicker with less complications, despite significant acute regional toxicity.13,21 The 

procedure is easy to repeat when recurrent disease becomes apparent or to test 

the therapeutic efficacy of fractionated chemotherapy.50,57 Expensive and complex 

equipment (e.g. roller pump, oxygenator, heart-lung machine) is not required and 

smaller numbers of medical, nursing and technical staff are needed. The total 

operating theatre time rarely exceeds 60 minutes, compared to 4 to 6 hours for 

an ILP. These reductions in personnel, equipment and operating time make the 

procedure considerably cheaper (Table 1). 

Hypoxia and acidosis of infusate

During the ILP procedure every attempt is made to maintain normal oxygenation 

and acid–base conditions of the perfusate. During ILI, however, the infusate 

becomes progressively hypoxic and acidotic (Figure 8, Table 5).13,29

As described above, hypoxia has been shown to enhance the cytotoxic effects of 

melphalan by a factor of 1.5.37,54 When hypoxia and acidosis are combined the 

cytotoxic effects of melphalan are further increased by a factor 3 due to enhanced 

cellular uptake and reduced hydrolysis of melphalan.53,55 It is therefore likely that 

the hypoxic state during ILI is therapeutically advantageous.

Figure 8: Typical saturation (%SO2) graph of the perfusate during isolated limb infusion. 
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Elderly and frail patients

Despite recent publications suggesting that ILP can be safely administered in 

elderly patients68,69 its use in this patient group is still a topic of discussion and is 

often denied for fear of high associated morbidity.70,71

ILI, on the other hand, is well tolerated in elderly patients, even in those with 

intercurrent medical problems, making it feasible to treat patients who would 

otherwise not be considered suitable for high dose regional chemotherapy. It has 

become an even more attractive treatment option since higher response rates with 

equal or maybe even lower toxicity have been reported following ILI for elderly 

patients compared to younger patients treated by ILI.13,72

Furthermore, ILI can easily be utilized as a palliative treatment for patients with 

systemic metastases if they experience limb disease with troublesome pain, 

ulceration, or repeated bleeding, provided that the patients’ life expectancy is 

more than a few months. 

Vascular disease

ILI can be used with safety in the limbs of patients with major occlusive peripheral 

vascular disease, whereas this can be a contraindication to ILP.22,73 In routine ILI 

of the lower limb the catheter tips are placed in the popliteal artery and vein and 

retrograde flow perfuses the tissues in the proximal and mid thigh. The efficiency 

of this retrograde perfusion via collateral vascular channels becomes apparent 

both from the immediate blanching of the entire limb when the red-cell free drug 

solution is infused via the arterial catheter, and from the uniformity of the toxicity 

reaction of the limb up to the level of  the isolating tourniquet in the post-operative 

period.14

In the case of a complete arteriosclerotic occlusion of the superficial femoral 

artery the arterial catheter tip is positioned in the distal profunda femoral artery. 

Likewise, if the superficial femoral vein is thrombosed, the venous catheter tip 

can be positioned in the profunda vein. In these cases the collateral arterial and 

venous circulation enables adequate low-flow perfusion of the entire limb with 

fairly uniform drug distribution. 

Table 5: Mean blood gas values of the isolated limb after 30 minutes in 185 patients14

 pO2  8,4 mmHg

 pCO2  54,3 mmHg

 pH 7,11

 BE  -10,8 mmol/l

 SO2 6,90%
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Conclusion

ILI is a technically simple and minimally invasive alternative to the more laborious 

ILP. Response rates following ILI are on the lower end of those reported after 

ILP with comparable acute limb toxicity but results in fewer complications when 

treating metastatic melanoma and advanced soft tissue sarcomas. This method 

provides an ideal environment to test new (combinations of) drugs and it can easily 

be repeated due to its low morbidity.

To date, reports on the method published come from just a few institutions, but 

there is interest in initiating clinical trials to compare ILI and ILP and a multi-centre 

study is being prepared in order to show the efficacy of ILI on a larger scale and 

to optimize the procedure.74 If such studies produces results similar to those 

already reported, more widespread use of the ILI technique is likely to occur, with 

the possibility that ILI might ultimately replace ILP as the treatment of choice for 

patients with serious troublesome recurrent limb melanoma or advanced soft 

tissue sarcomas.
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Abstract

We previously reported that in vitro costimulation of murine MCA 205 tumor-draining 

lymph node (TDLN) cells through a third signal, 4-1BB (CD137), in addition to CD3 

and CD28 engagement significantly increases T-cell yield and amplifies antitumor 

responses in adoptive therapy. The increased T-cell yield seemed to be related to 

inhibition of activation-induced cell death. 

In this study, using real time polymerase chain reaction and intracellular staining, 

we tested our hypothesis that anti-apoptotic Bcl gene members are modulated in 

4-1BB ligated TDLN cells. TDLN cells activated through 4-1BB in conjunction with 

CD3/CD28 demonstrated elevated Bcl-2 and Bcl-xL gene and protein expression 

compared with CD3/CD28 activation. Furthermore, Bcl-2 and/or Bcl-xL inhibition 

abrogated 4-1BB–conferred rescue of activation induced cell death in TDLN cells, 

and as a result, 4-1BB–enhanced TDLN cell yield was abolished. Congenic mice 

were used as donors for TDLN cells labeled with CFSE to evaluate proliferation 

and persistence of activated cells after intravenous adoptive transfer. The 

effector function of transferred cells was assessed by determining the incidence 

of interferon-γ–producing cells in response to tumor stimulation in serial blood 

samples drawn from treated mice using intracellular cytokine staining. CD28 and 

CD28/4-1BB costimulation significantly enhanced in vivo proliferation and survival 

of the infused cells compared with CD3 activation. 4-1BB coligation augmented the 

proliferation and effector function of the infused cells compared with both CD3 

and CD3/CD28-activated cells. 

Characterizing the function of signaling molecules involved in T-cell activation 

pathways may allow optimization of conditions in the generation of effector T-cells 

for cancer immunotherapy.
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Introduction

Adoptive immunotherapy by passive transfer of immunologically competent 

tumor-reactive cells into the tumor-bearing host can directly or indirectly destroy 

tumor. The ex vivo generation of large numbers of tumorreactive effector 

T-cells remains a critical step for the successful clinical application of adoptive 

immunotherapy. Various ex vivo strategies have been investigated using biologic 

or biochemical reagents to promote T-cell proliferation and stimulate antitumor 

reactivity in preclinical and clinical studies. These approaches include the use of 

T-cell growth factors [i.e., interleukin-2 (IL-2)], autologous tumor cells, superantigens, 

pharmacologic agents, and monoclonal antibodies.1-6 Although effector T-cells 

can be generated to mediate tumor regression using the above-mentioned 

techniques in animal models, clinical responses in adoptive immunotherapy have 

been confined to a small group of patients.1,3-5,7 Therefore, novel protocols and 

the involved molecular mechanisms need to be identified for the generation of 

more potent therapeutic cellular reagents.

Ex vivo T-cell activation using antibodies against T-cell markers takes advantage of 

common signal transduction pathways that are present to T-cells. We have used this 

principle to expand tumor-primed T-cells.7–10 Tumor-draining lymph node (TDLN) 

cells activated through CD3 and CD28 followed by expansion in IL-2 proliferated 

vigorously, elaborated cytokines, and mediated tumor regression upon adoptive 

transfer.8-10 Preclinical and clinical experiences indicate that up-regulation of type 

1 [e.g., interferon-γ (IFN-γ)], whereas down-regulating type 2 cytokine responses of 

effector T-cells may increase their therapeutic potential.7,11 Indeed, we found that 

IL-12 and IL-18 can be used to generate more potent therapeutic CD4+ and CD8+ 

antitumor effector cells by synergistically polarizing anti-CD3/anti-CD28–activated 

TDLN cells towards a TH1 and Tc1 phenotype, and that the IL-12/IL-18 polarization 

effect requires NF-κB.12 

4-1BB (CD137) is an inducible T-cell surface receptor. Ligation of 4-1BB on T-cells 

using anti-4-1BB mAb provides a third signal to lymphoid cells in conjunction with 

the stimulus via the TCR-CD3 complex and CD28. We reported that 4-1BB ligation 

during CD3/CD28 coactivation of TDLN cells in vitro shifted T-cell responsiveness 

toward a type 1 cytokine pattern with markedly elevated IFN-γ and granulocyte 

macrophage colony-stimulating factor secretion.13 Importantly, these TDLN cells 

were more effective in mediating antitumor reactivity in vivo than those activated 

via CD3 and CD28. We noted that TDLN cells activated through CD3/CD28/4-1BB 

ligation showed significantly decreased T-cell apoptosis and necrosis compared 

with T-cells activated via CD3 alone and CD3/CD28 together. This latter observation 

suggested that 4-1BB ligation inhibited activation-induced cell death (AICD) in 
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TDLN cells. However, the mechanisms responsible for these findings were not fully 

defined.

Programmed cell death, or apoptosis, is a process involving multiple pathways.14 

The apoptotic cascade in mitochondria is responsible for an important part of the 

programmed death process in cells. Apoptotic signals release cytochrome c from 

the mitochondrial intermembrane space to activate Apaf-1, coupling this organelle 

to caspase activation and cell death. Key inhibitors of apoptosis are the Bcl gene 

family members.15 Bcl gene family members are major regulators of mitochondrial 

integrity and mitochondria-initiated caspase activation. The Bcl gene family consists 

of 28 members discovered so far, with either anti-apoptotic or pro-apoptotic 

ability. The ratio between the anti-apoptotic and the pro-apoptotic Bcl family 

members helps to determine the susceptibility of cells to a death signal.16,17 The 

Bcl-2 gene was the first Bcl family member identified. Bcl-2 is a proto-oncogene 

and its product is an integral membrane protein located mainly in the outer 

membranes of the mitochondria. Bcl-2 protein blocks cell death by contributing 

to anti-apoptotic mechanisms. It functions as a critical intracellular checkpoint 

and acts as an inhibitor of the mitochondrial outer membrane permeabilization 

by which it inhibits the mitochondrial protein release in apoptosis.18 Bcl-xL is 

another anti-apoptotic gene in the Bcl gene family and its product is localized at 

the mitochondria and in the cytosol.19 Studies have demonstrated that inhibition 

of mitochondrial outer membrane permeabilization is the main function of Bcl-xL, 

preventing mitochondrial protein release in apoptosis.20,21 These findings support 

the assumption that the relative expression of anti-apoptotic Bcl genes in antibody-

activated TDLN cells may determine their quantity and quality, and therefore be of 

potential relevance for the outcome of cancer immunotherapy. We hypothesized 

that anti-apoptotic genes Bcl-2 and Bcl-xL, and their products, may be modulated 

in TDLN cells costimulated with anti-4-1BB in addition to anti-CD3 and anti-CD28.

Material and Methods

Mice

Female C57BL/6 mice with a CD45.2 phenotype were purchased from Harlan 

Laboratories (Indianapolis, IN). Female C57BL/6 mice with a CD45.1 phenotype were 

purchased from The Jackson Laboratory (Bar Harbor, ME). They were maintained 

in specific pathogen- free conditions and used for experiments at 8 weeks of age 

or older. Recognized principles of laboratory animal care (NIH Publication 85-23, 

revised in 1985) were followed, and the University of Michigan Laboratory of 

Animal Medicine approved all animal protocols.
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Murine Tumor

The methylcholanthrene-induced murine fibrosarcoma, MCA 205, syngeneic to 

C57BL/6 (B6) mice was used in these experiments. Tumors were maintained in 

vivo by serial subcutaneous (SC) transplantation in B6 mice and used within the 

eighth transplantation. Tumor cell suspensions were prepared from solid tumors by 

enzymatic digestion in a trypsinizing flask in 40 ml of Hanks’ balanced salt solution 

(HBSS; Life Technologies, Inc, Grand Island, NY) containing 40 mg of collagenase, 

4 mg of DNAse I, and 100U of hyaluronidase (Sigma Chemical Co, St Louis, MO) 

with constant stirring for 3 hours at room temperature. Tumor cells were washed 

in HBSS 3 times before SC injection in mice to induce TDLN.

TDLN Cell Preparation

To induce TDLN, B6 mice were inoculated with 1.5 x 106 MCA 205 tumor cells in 

0.1 ml of phosphate-buffered saline (Life Technologies, Inc) SC in the lower flank. 

Nine days later, the inguinal TDLN were harvested aseptically. Multiple TDLN 

were pooled from groups of mice. Lymphoid cell suspensions were prepared by 

mechanical dissociation with 25-gauge needles and pressed with the blunt end of 

a 10-mL plastic syringe in HBSS. The resultant cell suspension was filtered through 

nylon mesh and washed in HBSS.

T-cell Activation and Expansion

TDLN cells were activated in X-Vivo 15 with 10% heat inactivated fetal bovine 

serum (both from BioWhittaker, Walkersville, MD) at 2 x 106 cells/mL with 1.0 

μg/mL anti-CD3mAb and 1.0 μg/ml anti-CD28 mAb (BD Pharmingen, San Diego, 

CA) immobilized in 6-well culture plates (Costar, Cambridge, MA) with or without 

soluble anti-4-1BB mAb (rat IgG1, BD Pharmingen) at 2.5 μg/ml for 2 days in a 37 

°C incubator. Secondary cross-linking antibody (antirat IgG1; BD Pharmingen) was 

used at 5 mg/ml together with anti-4-1BB mAb. After antibody activation, the cells 

were harvested and counted on a hemocytometer by trypan blue exclusion. Cells 

were then expanded beginning at 3 x 105 cells/ml in 6-well plates in complete 

medium (CM) containing 60 IU/ml human recombinant IL-2 (Chiron Therapeutics, 

Emeryville, CA) for 3 days at 37 °C. CM consisted of RPMI 1640 supplemented 

with 10% heat inactivated fetal bovine serum, 0.1 mM nonessential amino acids, 

1 mM sodium pyruvate, 2 mM fresh L-glutamine, 100 mg/ml streptomycin, 100 U/

ml penicillin, 50 μg/ml gentamicin, 0.5 μg/ml fungizone (all from Life Technologies, 

Inc), and 0.05 mM 2-mercaptoethanol (Sigma).

In some experiments, HA14-1 and chelerythrine (both from Sigma) were used to 

block Bcl-2 and Bcl-xL expression, respectively.22,23 The inhibitors were added to 

the TDLN cells at the beginning of antibody activation and cell expansion.
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FACS Analysis

Antibody-activated TDLN cells were stained and analyzed for apoptotic and 

necrotic cells with an Annexin V/FITC and propidium iodide (PI) binding using the 

manufacturers protocol (R&D Systems, Inc, Minneapolis, MN). For intracellular 

staining, the activated TDLN cells were permeabilized in Permwash (BD Pharmingen) 

solution, stained, and washed following the manufacturers protocol. Cells (1 x 

106) were stained by FITC anti-Bcl-2 (BD Pharmingen) or PE-anti-Bcl-xL (Santa 

Cruz Biotechnology Inc, Santa Cruz, CA). Control staining was performed using 

isotype-matched antibodies. Analysis of the stained cells was performed with 

a FACSCalibur flow cytometer (Becton Dickinson, Franklin Lakes, NJ). Cellquest 

software (BD Biosciences, San Jose, CA) was used to analyze the data.

Real Time-polymerase Chain Reaction

After cell activation, 2 x 106 TDLN cells were used for RNA isolation (RNeasy 

Kit; Qiagen, Valencia, CA) and subsequent cDNA construction (Invitrogen Life 

Technologies, Carlsbad, CA) following the manufacturer’s instructions. Polymerase 

chain reaction (PCR) reactions (Cepheid Smart Cycler, Sunnyvale, CA) were 

conducted in quadruplicates for each of the indicated sample-target combinations, 

using 250nM primers, 4mM MgCl2, and 1/20,000 final dilution of Sybr Green I. PCR 

amplifications were performed using the same protocol: 1 cycle of 95 °C for 4 minutes, 

40 cycles of 95 °C for 15 seconds, 58 °C for 15 seconds, and 72 °C for 30 seconds. A melt 

curve analysis was performed routinely to ensure amplification of a single product. 

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as a control. The 

following primers were used: for mouse GAPDH: AGCCAAACGGGTCATCATCA 

(forward), AGCCCTTCCACAATGCCAAA (reverse); for mouse Bcl-2: CTCGTC-

GCTACCGTCGTGACTTCG (forward), CAGATGCCGGTTCAGGTACTCAGTC (reverse); 

for mouse Bcl-xL: TGGAGTAAACTGGGGGTCGCATCG (forward), AGCCACCGTC-

ATGCCCGTCAGG (reverse). All primers were designed to span at least one intron 

to distinguish amplification of contaminating genomic DNA, and synthesized by 

Invitrogen. For some experiments, agarose gel electrophoresis was performed for 

confirmation.

Analysis of In Vivo Persistence and Proliferation of Adoptively 
Transferred TDLN Cells

TDLN cells were induced in CD45.1/C57BL/6 mice. Nine days after SC tumor 

inoculation, TDLN cells were harvested, pooled together, and homogenized to a 

single cell suspension. Cells were divided to 3 groups and activated using either: 

anti-CD3, anti-CD3/CD28, or anti-CD3/CD28/4-1BB mAbs for 2 days. Cells were 

then harvested, and expanded for 3 days in IL-2 containing medium. Activated 
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and expanded cells were stained with 5-(and 6-) carboxyfluorescein diacetate 

succinimidyl ester (CFSE) (Molecular Probes, Inc, Eugene, OR), 1 μM, and infused 

intravenously to naive CD45.2/C57BL/6 mice on day 0. Each group consisted of 5 

mice that received 5 x 106 cells per mouse. Blood samples (100 μL) were drawn from 

these mice on days 1, 3, 5, and 9 after adoptive transfer via the lateral saphenous 

vein. After lysis of RBCs, Fc receptors were blocked using anti- CD16/CD32 mAb, 

and cells were stained using RPE– conjugated anti-CD45.1 and PE-Cy5–conjugated 

anti-CD3 mAbs, and isotype control mAbs recommended by the manufacturer. 

Cells were fixed with 2% paraformaldehyde, and analyzed within 24 hours on a 

FACSCalibur. Immediately before analysis, a known quantity of 15 μm polystyrene 

microbeads (Bangs Laboratories, Fishers, IN) was added to each sample. For each 

sample, 1,000,000 events were acquired and analyzed. FL2 versus FL3 dot plots 

were gated on forward and side scatter properties of the adoptively transferred 

cells, and the number of double positive events was recorded. The absolute 

number of cells of interest in each sample was calculated using the following 

formula: (number of cells of interest analyzed in sample) x (number of beads 

added to sample)/(number of beads analyzed in sample). Data acquired from 

samples stained with isotype control Abs were subtracted from the data obtained 

from corresponding samples stained with the Abs of interest. To determine the 

state of proliferation of the adoptively transferred cells, FL1 histograms gated on 

CD45.1+ CD3+ cells were generated and the geometrical mean of CFSE intensity 

was recorded.

Assessment of Effector Function of Activated TDLN Cells

The function of T-cells used for adoptive transfer was evaluated after ex vivo 

activation and expansion prior to cell infusion (in vitro), and on days 1, 3, 5, and 

9 after cell infusion (in vivo). Effector function was assessed by determining the 

incidence of IFN-γ–producing cells in response to MCA 205 tumor stimulation 

using intracellular cytokine staining. 

For in vitro function analysis, MCA 205 TDLN cells activated with either anti-CD3, 

anti-CD3/CD28, or anti-CD3/CD28/4-1BB (4 x 106) were cultured in 24-well culture 

plates with MCA 205 tumor cells (4 x 105) in a final volume of 2ml CM per well. 

After 4 hours of incubation, Brefeldin A (GolgiPlug, 1 μL/ml) was added to all wells 

and cells were cultured for an additional 16 hours. Cells were then harvested, Fc 

receptors were blocked using anti-CD16/CD32 mAb, and cells were stained using 

PE-Cy5–conjugated anti-CD3 mAb or an isotype control mAb. Cells were fixed and 

permeabilized using Cytofix/Cytoperm solution (250 μl/sample) for 20 minutes at 

4 °C, and then washed twice with Perm/Wash solution. Intracellular staining was 

performed using PEconjugated anti-IFN-γ mAb or an isotype control mAb. For 
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each sample, 100,000 events were acquired using a FACSCalibur flow cytometer. 

FL2 versus FL3 dot plots were gated on forward and side scatter properties of the 

adoptively transferred cells, and the number of IFN-γ+ CD3+ events was recorded. 

Data acquired from samples stained with isotype control Abs were subtracted from 

the data obtained from corresponding samples stained with the Abs of interest.

For in vivo function analysis, blood samples were drawn from 15 CD45.2+ recipient 

mice on days 1, 3, 5, and 9 after adoptive CD45.1+ cell transfer. To obtain sufficient 

number of cells, at each time point blood samples collected from mice in the 

same treatment group (n = 5) were pooled together. RBCs were lysed, and cells 

were frozen so that all samples could be assessed simultaneously. After thawing, 

white blood cells (106) were cultured with MCA 205 cells (105) as described above. 

After Fc receptors were blocked, cells were stained using PE-Cy5.5–conjugated 

anti-CD45.1 and PE-conjugated anti-IFN-γ or isotype control mAbs as detailed 

above. For each sample, 175,000 events were acquired. FL2 versus FL3 dot plots 

were gated on forward and side scatter properties of the adoptively transferred 

cells, and the number of IFN-γ+ CD45.1+ events was recorded. As outlined above, 

data acquired from samples stained with isotype control Abs were subtracted from 

the data obtained from corresponding samples stained with the Abs of interest.

Statistical Analysis

Data were evaluated by paired or unpaired t test (2 cohorts) and 1-way analysis 

of variance test for multiple comparisons ( > 2 cohorts). P values < .05 were 

considered statistically significant.

Results

Bcl-2 and/or Bcl-xL Inhibition Abrogates 4-1BB–conferred Rescue of 
AICD in TDLN Cells

The degree of apoptosis and necrosis of TDLN cells after CD3/CD28 activation 

was examined and compared with that of TDLN cells activated with anti-CD3/

anti-CD28 mAbs plus 4-1BB engagement. Viable (ANN – / PI – ) cells comprised 

70% of the whole population after CD3/CD28/4-1BB activation versus fewer than 

50% after CD3/CD28 activation (Figure 1). A significantly larger proportion of CD3/

CD28-activated TDLN cells underwent apoptosis and/or necrosis than CD3/CD28/4-

1BB–activated cells (36% vs. 18.4%, respectively). Interestingly, the enhanced 

cell survival in CD3/CD28/4-1BB stimulated TDLN cells was abolished when we 

inhibited the anti-apoptotic genes Bcl-2 and Bcl-xL. As shown in Figure 1, Bcl-2 

specific inhibitor HA14-1 (2 μM) and Bcl-xL specific inhibitor chelerythrine (0.5 μM) 
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were used during the CD3/CD28/4-1BB stimulation of TDLN cells. As a result, the 

viable cells were reduced from 70% to 48.1% and 45.5%, respectively, when Bcl-2 

or Bcl-xL was inhibited. In contrast, the percentage of apoptotic and/or necrotic 

cells increased from 18.4% to 38% and 37.5%, respectively, which approximates 

the level (36%) of apoptotic and necrotic cells in TDLN cells activated with anti-CD3/

CD28 mAbs alone. Inhibition of both genes simultaneously yielded similar results. 

These experiments indicate that protection against AICD leading to increased cell 

viability mediated through 4-1BB signaling involves the antiapoptotic genes Bcl-2 

and Bcl-xL in TDLN cells.

Table 1 shows the yield of TDLN cells at the end of expansion in IL-2 following 

CD3/CD28 activation with or without the use of anti-4-1BB mAb and Bcl gene 

inhibitors. In agreement with the flow cytometry data, 4-1BB–augmented cell yield 

was abrogated by Bcl gene inhibitors, confirming the role of Bcl-2 and Bcl-xL in 

4-1BB–conferred rescue of AICD in TDLN cells.

Figure 1: Involvement of Bcl-2 and Bcl-xL in anti-4-1BB–augmented cell survival in TDLN cells. 
TDLN cells were activated with anti-CD3/anti-CD28 with or without anti-4-1BB or inhibitors for 
Bcl-2 (HA-14-1) and/or Bcl-xL (chelerythrine) as indicated. Apoptosis and necrosis were analyzed 
in activated TDLN cells with Annexin V/FITC and PI staining. The bottom left quadrant (ANNV – /
PI – ) represents viable cells; the bottom right quadrant (ANNV + / PI – ) depicts cells in early 
apoptosis, and the top right quadrant (ANNV + / PI + ) shows late apoptotic and necrotic cells. The 
top-right corner is showing the percentage per quadrant. Data are representative of 3 independent 
experiments performed.
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4-1BB Activation Increases Bcl-xL and Bcl-2 Gene Expression in TDLN 
Cells

To provide direct evidence for the involvement of Bcl gene family members in 

4-1BB–induced T-cell survival in TDLN cells, we examined the expression of Bcl-xL 

and Bcl-2 genes after antibody activation. TDLN cells were activated with anti-CD3/

CD28 with or without anti-4-1BB mAbs for 2 days. Antibody-activated TDLN cells 

were used for RNA isolation and cDNA preparation for real time-PCR (RT-PCR) to 

amplify Bcl-xL and Bcl-2 genes. As shown in Figure 2A, Bcl-xL gene expression 

was markedly increased in CD3/CD28/4-1BB–activated TDLN cells compared with 

CD3/CD28 activation in 4 of 4 experiments performed. Bcl-2 gene expression 

was also increased in 3 of 4 experiments comparing CD3/CD28/4-1BB versus 

CD3/CD28 activation of TDLN cells. To quantitate the effect of 4-1BB activation 

on the up-regulated expression of Bcl genes, the threshold cycle values (Ct) for 

the quadruplicate reactions were averaged and subtracted from the average of 

the control (GAPDH) to obtain a normalized ΔCt value. The ΔCt values were used 

to compare the expression of mRNA by subtracting the ΔCt values of anti-CD3/

anti-CD28 groups from the ΔCt values of anti-CD3/anti-CD28/anti-4-1BB groups. 

These ΔΔCt values were used for the calculation of the fold of increase or decrease 

of the product in the formula: Fold of increase/decrease of target message=2ΔΔCt.

Anti-4-1BB–induced up-regulation of Bcl-xL and Bcl-2 gene expression was 

blocked by their specific inhibitors, chelerythrine and HA14-1, respectively (Figure 

2B). In these experiments, ΔΔCt values were around – 1 or – 0.5 for Bcl-xL and 

Bcl-2 down-regulation, respectively. Given the fact that the average ΔΔCt for 

4-1BB–conferred Bcl-xL and Bcl-2 up-regulation was approximately 1 or 0.5, 

respectively (Figure 2A), inhibition of Bcl-xL and Bcl-2 under the conditions in 

these experiments reduced their level of mRNA expression in CD3/CD28/4-1BB–

activated TDLN cells back to the level similar to that in the cells activated with 

anti-CD3/CD28.

The RT-PCR products of Bcl-xL and Bcl-2 gene expression were illustrated on 

an agrose gel (Figure 2C). Anti-4-1BB plus anti-CD3/anti-CD28 (lane 2) evidently 

increased Bcl-xL and Bcl-2 gene expression compared with CD3/CD28 activation 

alone (lane 1). HA14-1 and chelerythrine blocked 4-1BB–augmented Bcl-2 and 
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Bcl-xL gene expression, respectively (lane 3, 4). When HA14-1 and chelerythrine 

were used simultaneously (lane 5), the expression of Bcl-xL and Bcl-2 were both 

reduced to a level comparable with that when TDLN cells were activated with 

anti-CD3/anti-CD28 without 4-1BB costimulation (lane 1).

Bcl Protein Expression is Enhanced After 4-1BB Ligation of TDLN Cells

We examined Bcl-xL and Bcl-2 protein expression in TDLN cells activated with 

anti-CD3/CD28 with or without 4-1BB ligation. TDLN cells were collected for 

intracellular Bcl protein expression analysis at the end of antibody activation. 

These cells were permeabilized and stained with PE-conjugated anti-Bcl-xL or 

FITC-conjugated anti-Bcl-2 for intracellular staining. Figure 3A shows the mean of 3 

independent experiments comparing the modulation of Bcl-xL protein expression 

Figure 2: Modulation of Bcl-xL and Bcl-2 
gene expression in anti-CD3/CD28/4-1BB–
activated TDLN cells. A, Increased Bcl-xL and 
Bcl-2 gene expression in anti-CD3/CD28/4-
1BB–activated TDLN cells. After TDLN cell 
activation with anti-CD3/anti-CD28 or anti-CD3/
anti-CD28/anti-4-1BB, RT-PCR was performed 
to evaluate 4-1BB–augmented Bcl-xL and Bcl-2 
gene expression as described in Materials 
and Methods section. The increase fold of 
4-1BB–augmented Bcl-xL and Bcl-2 gene 
expression compared with that after anti-CD3/
anti-CD28 activation was expressed in ΔΔCt: 
Fold increase of target message = 2ΔΔCt. ΔΔ Ct 
= 1 represents a doubling of target message. 
Data are reported as the mean ΔΔCt ± SE of 
quadruplicate samples. *p < .05 compared 
with anti-CD3/CD28 activation. B, Inhibition of 
anti-4-1BB–augmented Bcl-xL and Bcl-2 gene 
expression in anti-CD3/CD28/4-1BB–activated 
TDLN cells. Comparing TDLN cells stimulated 
with anti-CD3/CD28/4-1BB with or without 
the use of the Bcl inhibitors chelerythrine and 
HA14-1, respectively. Fold decrease of mRNA 
expression of Bcl-xL and Bcl-2 was expressed 
in ΔΔCt: Fold decrease of target message 
= 2ΔΔCt. ΔΔCt = – 1 represents a halving 
total mRNA. Data are representative for 3 
independent experiments. *p < .05 comparing 
with versus without the use of the inhibitor. C, 
RT-PCR products on agarose gel showing the 
Bcl-xL and Bcl-2 gene expression. TDLN cells 
were activated with anti-CD3/anti-CD28 in the 
absence (lane 1) or presence of anti-4-1BB 
(lanes 2, 3, 4, 5) with the use of HA14-1 (4 μM, 
lane 3), chelerythrine (1 μM, lane 4) or HA14-1 
(4 μM) +chelerythrine (1 μM) (lane 5). Data 
are representative of 3 independent RT-PCR 
experiments.
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induced by anti-4-1BB in TDLN cells. After 2 days of antibody activation, Bcl-xL 

protein expression in TDLN cells activated with anti-CD3/CD28 plus anti-4-1BB was 

significantly increased compared to anti-CD3/CD28–activated TDLN cells in all 3 

of the performed experiments (p < .05). The percentage of TDLN cells expressing 

Bcl-xL protein intracellularly was increased from approximately 30% to 50 - 70% 

with the ligation of 4-1BB. In repeated experiments, there was not consistent 

increase in the intracellular expression of Bcl-2 protein in anti-CD3/CD28/4-1BB-

activation compared with anti-CD3/CD28-activation of TDLN cells after 2 days 

(data not shown). However on day 5, at the end of activation and expansion, TDLN 

cells activated with anti-CD3/CD28/4-1BB mAbs contained a higher percentage of 

Figure 3: A and B, Intracellular expression of Bcl-xL (A) and Bcl-2 (B) proteins in anti-CD3/CD28 
and anti-CD3/CD28/4-1BB–activated TDLN cells. TDLN cells were collected on day 2 at the end 
of antibody activation (A), or on day 5 at the end of IL-2 expansion (B). Cells were stained for 
intracellular Bcl-xL (A), or Bcl-2 (B) expression and analyzed by flow cytometry for the percentage 
of positive cells. Data are reported as the average percent of positive cells ± SE of 3 independent 
experiments. *p < .05 (A), p = .057 (B). C, Abrogation of anti-4-1BB–augmented Bcl-xL protein 
expression by chelerythrine. TDLN cells were activated via CD3/CD28 with or without 4-1BB 
ligation in the absence or presence of chelerythrine. Intracellular Bcl-xL protein expression was 
detected using PE-anti-Bcl-xL. Control staining was performed by PE-conjugated isotype-match 
control (open frame). Data are representative of 2 reproducible experiments.
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Bcl-2–expressing cells compared with TDLN cells activated with anti-CD3/CD28 

mAbs in 3 of 3 independent experiments. As shown in Figure 3B, the difference 

between the mean percentages of positive cells approached but did not reach 

statistical significance (p = .057). The consistent trend in up-regulated Bcl-2 protein 

expression with the addition of 4-1BB ligation correlates with the up-regulated 

Bcl-2 gene expression noted above.

Inhibition of Bcl-xL protein expression was also evaluated in antibody-activated 

TDLN cells using Bcl-xL specific inhibitor chelerythrine. As indicated in Figure 3C, 

while intracellular Bcl-xL protein expression was significantly increased in TDLN 

cells activated with anti-CD3/anti-CD28/anti-4-1BB (35%) compared with that in 

anti-CD3/anti-CD28–activated TDLN cells (18%), the 4-1BB–augmented Bcl-xL 

protein expression was abolished by the use of chelerythrine at 1 μM, and went 

back to the level (17%) similar to that expressed in TDLN cells activated with 

anti-CD3/CD28.

CD28 and CD28/4-1BB Costimulation Increases In Vivo Survival and 
Proliferation of Adoptively Transferred Activated TDLN Cells

We proceeded to evaluate the in vivo survival and proliferation of activated TDLN 

cells by using the CD45.1/C57BL/6 congenic mouse as a donor strain. TDLN cells 

were induced in these mice and activated either with anti-CD3, anti-CD3/CD28 or 

anti-CD3/CD28/4-1BB mAbs as previously described. Activated and expanded cells 

were labeled with CFSE before adoptive transfer. Serial blood draws were obtained 

at various time points after cell infusion, and the absolute numbers of CD45.1+ / 

CD3+ cells were assessed per milliliter of blood. The persistence of the transferred 

cells is illustrated per mouse per group of cells infused in Figure 4A. The mean 

number of cells per group is shown in Figures 4B and 4C. At all 4 time points 

evaluated, TDLN cells activated via anti-CD3/C28 mAbs persisted in vivo in higher 

numbers than TDLN cells activated via anti-CD3 mAb. These differences reached 

statistical significance (p < .05) on days 1, 3, and 9 after adoptive transfer. In 

addition, at all 4 time points evaluated, TDLN cells activated via anti-CD3/C28/4-1BB 

mAbs survived in higher numbers than TDLN cells activated via anti-CD3 mAb. 

These differences reached statistical significance (p < .05) on days 3, 5, and 9 after 

adoptive transfer. There were no statistically significant differences in the number 

of infused cells detected in blood samples of mice treated with CD3/CD28/4-1BB–

activated TDLN cells versus CD3/CD28-activated TDLN cells. 

To evaluate in vivo proliferation of the adoptively transferred activated TDLN cells, 

the geometrical mean of CFSE intensity of the CD45.1+ / CD3+ cells detected in the 

blood samples of treated mice was determined. Increased cell proliferation leads 

to enhanced dye dilution that is represented by a lower CFSE intensity. As shown 
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in Figure 5B, analysis of the geometrical mean of CFSE intensity demonstrated that 

at all time points evaluated both TDLN cells activated with anti-CD3/CD28 mAbs 

and TDLN cells activated with anti-CD3/CD28/4-1BB mAbs proliferated significantly 

more than TDLN cells activated with anti-CD3 mAb (p < .01). In addition, TDLN 

cells activated with anti-CD3/CD28/4-1BB mAbs divided to a significantly greater 

extent than TDLN cells activated with anti-CD3/CD28 mAbs on days 1 and 3 after 

adoptive transfer (p < .02). Representative dot plots from mice in each of the 3 

treatment groups are shown in Figure 5A. 

These data show that costimulation of CD3-activated TDLN cells via anti-CD28 or 

anti-CD28/4-1BB mAbs significantly enhances the in vivo proliferation and survival 

of the adoptively transferred cells.

4-1BB Costimulation Enhances the Effector Function of Adoptively 
Transferred Activated TDLN Cells

The function of activated TDLN cells used for adoptive transfer was assessed by 

determining the incidence of IFN-γ-producing cells in response to MCA 205 tumor 

Figure 4: CD28 and CD28/4-1BB costimulation enhances in vivo survival of adoptively transferred 
CD3-activated TDLN cells. CD45.2 mice received intravenous adoptive transfer of CFSE-labeled 
CD45.1 TDLN cells on day 0 activated via anti-CD3, anti-CD3/CD28, or anti-CD3/CD28/4-1BB mAbs. 
Blood samples were drawn on days 1, 3, 5, and 9 after cell infusion. The absolute number of 
CD45.1+ CD3+ cells/mL of blood was determined using fluorochrome-conjugated mAbs staining 
and flow cytometry analysis as described in Materials and Methods section. A, Each curve 
represents an individual mouse. B and C, Data are reported as the mean number of CD45.1+ 
CD3+ cells detected per milliliter of blood ± SE of 5 mice per group. * p < .05.
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Figure 5: 4-1BB costimulation promotes 
in vivo proliferation of adoptively 
transferred CD3 and CD3/CD28-activated 
TDLN cells. CD45.1 TDLN cells were 
activated either via anti-CD3, anti-CD3/
CD28, or anti-CD3/CD28/4-1BB mAbs, 
labeled with CFSE, and then adoptively 
transferred to CD45.2 mice. On days 
1, 3, 5, and 9 after cell infusion, blood 
samples were collected from treated 
mice, stained using CD45.1 and CD3 
fluorochrome-conjugated mAbs, and 
analyzed by flow cytometry (A) CFSE 
versus CD3 dot plots were gated 
on CD45.1+ cells. A representative 
sample of activated TDLN cells with 
(a) or without (e) CFSE labeling before 
adoptive transfer. A representative blood 
sample from mice treated with CD3- (b), 
CD3/CD28- (c), or CD3/CD28/4-1BB- (d) 
activated TDLN cells obtained 1 day 
after adoptive transfer. The geometrical 
mean of CFSE intensity is recorded at 
the right lower corner of each plot. B, 
For each blood sample obtained, the 
geometrical mean of CFSE intensity of 
CD45.1+ CD3+ cells was determined. 
Data are reported as the mean ± SE of 
5 mice per group. *p < .05 versus all 
other groups.
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stimulation using intracellular cytokine staining. Figure 6A shows the incidence of 

activated TDLN cells that produced IFN-γ in response to tumor stimulation in the 3 

groups of cells used for adoptive transfer as determined before cell infusion. TDLN 

cells activated with anti-CD3/CD28/4-1BB mAbs contained a higher incidence of 

IFN-γ-producing cells compared with TDLN cells activated with anti-CD3/CD28 

mAbs. The latter population had a higher incidence of IFN-γ-producing cells 

compared with TDLN cells activated with anti-CD3 mAb. These data extend our 

previously reported results by demonstrating that activation of TDLN cells through 

4-1BB and/or CD28 in conjunction with anti-CD3 mAb increases the incidence of 

IFN-γ-producing cells, and the amount of the secreted cytokine.13

Figure 6B shows the incidence of adoptively transferred cells that produced IFN-γ 
in response to tumor stimulation in blood samples of treated mice at various 

time points after cell infusion. No major differences in effector function were 

observed between the 3 groups at early time points (days 1 and 3). On day 5, 

however, although the function of TDLN cells activated with anti-CD3 or anti-CD3/

CD28 mAbs seemed to decline, the function of CD3/CD28/4-1BB–activated TDLN 

cells seemed to increase substantially. These data suggest that the enhanced 

therapeutic efficacy observed after adoptive transfer of CD3/CD28/4-1BB versus 

CD3/CD28-activated TDLN cells is mediated through augmented effector function 

rather than increased survival of the infused cells.

Figure 6: 4-1BB costimulation augments the effector function of adoptively transferred CD3 and 
CD3/CD28-activated TDLN cells both before (A) and after (B) cell infusion. Effector function was 
assessed by determining the incidence of IFN-γ-producing cells in response to tumor stimulation 
using intracellular cytokine staining as described in Materials and Methods section. A, The 
incidence of T cells that produced IFN-γ in response to tumor stimulation in the 3 groups of cells 
used for adoptive transfer as determined before cell infusion. B, The incidence of adoptively 
transferred cells that produced IFN-γ in response to tumor stimulation in blood samples of treated 
mice described in Figure 4 at various time points after cell infusion.
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Discussion

In attempts to design protocols that produce potent tumor-reactive T-cells for cancer 

immunotherapy, we have employed anti-CD3 as a ligand for the T-cell receptor and 

anti-CD28 for costimulation to generate effector T-cells from TDLN.8-10 However, 

CD3/CD28 costimulation enhances production of both type 1 cytokines (e.g., IL-2, 

IFN-γ) and type 2 cytokines (e.g., IL-4, IL-5, and IL-10).8,24,25 In addition, CD3/CD28 

costimulation induces significant AICD.13,26-28 To address these issues, we have 

reported that costimulation of TDLN cells via CD3/CD28 engagement plus a third 

signal, 4-1BB, amplifies antitumor responses by increasing type 1 cytokine and 

granulocyte macrophage colonystimulating factor production while decreasing 

type 2 cytokine release. Ligation of 4-1BB in addition to CD3/CD28 engagement 

increased T-cell yield, which seemed to be related to the inhibition of AICD.13 In 

this report, we provide evidence that costimulation of TDLN cells with anti-4-1BB in 

concert with anti-CD3 and anti- CD28 up-regulates the expression of anti-apoptotic 

genes Bcl-2 and Bcl-xL. Upon adoptive transfer, these 4-1BB–activated TDLN 

cells demonstrated significant in vivo persistence compared anti-CD3–activated 

TDLN cells. In addition, these 4-1BB–activated TDLN cells manifested greater 

proliferative activity after adoptive transfer compared with either anti-CD3 or 

anti-CD3/CD28–activated cells.

Regulation of AICD depends on multiple signal molecules such as the NF-κB gene29 

and the Bcl gene family members.30,31 Bcl-2 and Bcl-xL represent 2 of the most 

important Bcl proteins in apoptosis signaling.14,15 Their anti-apoptotic actions have 

been studied broadly.18-21,32-25 Over-expression of Bcl-2 protein has been shown 

to provide protection against a variety of apoptotic insults, including radiation and 

chemotherapeutic drugs.32 It has also been reported that cells expressing Bcl-2 can 

override the apoptotic death triggered by wild type p53.33 Up-regulation of Bcl-2 has 

been found to account for the protection of activated T-cells from apoptosis using 

human T-cells,34 normal peripheral blood mononuclear cells, or tumor-infiltrating 

lymphocytes,35 and normal murine splenic T-cells.36 Up-regulation of the Bcl-2 

and Bcl-xL proteins do not enhance cell proliferation initially but rather increase 

cell survival.34,37 Kwon and coworkers have previously reported that both CD4+ 

and CD8+ T-cells activated with anti-CD3 mAb will manifest increased expression 

of Bcl gene family molecules and increased survival in vitro when 4-1BB was 

ligated.38,39 Takahashi et al.40 reported that the combined in vivo administration of 

anti-4-1BB mAb with staphylococcal enterotoxin A in mice resulted in an increased 

persistence of staphylococcal enterotoxin A-reactive CD8+ T-cells in the treated 

hosts compared to a deletion of these antigen-reactive T-cells if anti-4-1BB was 

not given. Our results extend these observations by demonstrating that the in vitro 

activation of TDLN cells with anti-4-1BB in concert with anti-CD3/CD28 results in 
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greater proliferation of cells after adoptive transfer. Furthermore, we were able to 

demonstrate a higher incidence of tumor-stimulated IFN-γ-producing T effector 

cells after adoptive transfer of 4-1BB ligated TDLN cells compared with anti-CD3 or 

anti-CD3/CD28–activated cells.

In this study, up-regulated Bcl-xL and Bcl-2 gene expression was blocked in anti-CD3/

CD28/4-1BB–activated TDLN cells by their specific inhibitors chelerythrine23 and 

HA14-1,22 respectively. These results suggest that both Bcl-xL and Bcl-2 are involved 

in the anti-apoptotic cascade in CD3/CD28/4-1BB–activated TDLN cells. RT-PCR and 

FACS analysis were both used in these experiments to detect up-regulated Bcl-2 

or Bcl-xL expression at the transcripts and protein level, respectively. We detected 

4-1BB–up-regulated Bcl-xL expression at both mRNA and protein levels after 2 

days of 4-1BB ligation. However, at this same time point, we only detected Bcl-2 

gene modulation at the mRNA level and not protein expression. We did observe 

consistent up-regulation of Bcl-2 protein after 5 days, at the end of cell expansion. 

This suggests that these 2 anti-apoptotic Bcl proteins are expressed sequentially, 

with the Bcl-2 protein expression coming after Bcl-xL. The increased expression 

of Bfl-1, another Bcl gene family member, has been reported to be up-regulated in 

CD8+ T-cells after 4-1BB ligation and is associated with increased cell survival.39 

We did not examine this molecule in our studies. 

These results provide evidence to support the development of novel strategies 

to extend the survival and persistence of adoptively transferred T-cells in the 

tumor-bearing host. Charo et al.35 reported that T-cells transduced with a retrovirus 

expressing the human Bcl-2 gene were resistant to death, and had a survival 

advantage following IL-2 withdrawal. In their animal model, over-expressing Bcl-2 

in melanoma-specific transgenic T-cells significantly enhanced the efficacy of 

adoptive immunotherapy of an established B16 tumor. Another approach to enhance 

persistence and/or survival of adoptively transferred T-cells is to lymphodeplete 

the host with chemotherapeutic agents. The lymphodepleted host environment 

appears to promote the persistence of transferred effector T-cells resulting in 

improved therapeutic effects.41 We have performed additional studies involving 

the in vivo administration of anti-4-1BB mAb after adoptive transfer of effector 

cells that augment the therapeutic efficacy of the transferred cells (manuscript in 

preparation). Further studies to evaluate if anti-4-1BB administration enhances the 

survival of effector cells in vivo by modulating anti-apoptotic Bcl members are 

currently being evaluated.
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Part I: Isolated limb infusion for mela-
noma and soft tissue sarcoma

Patients with locally inoperable melanoma or soft tissue sarcoma confined to a 

limb have traditionally been treated by regional chemotherapy through isolated 

limb perfusion (ILP). ILP achieves regional drug concentrations over ten times 

higher than would be tolerated systemically. Due to the isolation of the limb 

serious systemic side effects can be avoided. The technique, however, involves a 

technically complex surgical procedure and complications can occur easily. 

A simplified and minimally invasive procedure called isolated limb infusion (ILI) 

has been developed at the Sydney Melanoma Unit (SMU) with the objective of 

obtaining the benefits of ILP without its major disadvantages. ILI is essentially a 

low-flow ILP, performed under hypoxic conditions (i.e. without oxygenation of the 

limb blood) via percutaneously placed catheters. Like ILP, it achieves high-dose 

regional therapy and avoids troublesome systemic side effects, but without 

an invasive surgical procedure. The indications for ILI using melphalan and 

actinomycin-D are, as for ILP, inoperable in-transit melanoma and locally advanced 

soft tissue sarcoma of the extremity. The technique is now the preferred treatment 

in an increasing number of hospitals around the world. 

In Chapter 1 the SMU experience of treating patients with metastatic melanoma 

confined to the limb with a single ILI is described. From a prospectively collected 

database, 185 patients were identified. Patients were staged according to the MD 

Anderson staging system and most had MD Anderson stage III disease (134/185; 

in-transit metastases with or without nodal involvement). The overall response 

(OR) rate was 84% (complete response [CR] rate 38%, partial response [PR] rate 

46%). Median response duration was 13 months (22 months for patients with CR; 

p = .01). The median follow-up time was 20 months and median survival was 

38 months. In those patients with a CR, the median survival was 53 months (p 

= .004). CR rate and survival time decreased with increasing stage of disease. 

On multivariate analysis prognostic factors for a favorable response were a 

lower stage of disease, a greater rise of the pCO2 in the isolated circuit during 

the procedure and a Wieberdink limb toxicity grade of III (considerable erythema 

and oedema). Prognostic factors for survival were a lower stage of disease, a thin 

primary melanoma and the achievement of a CR.

This study showed that response rates and duration of response after ILI are 

comparable to those achieved by conventional ILP.

In Chapter 2 the occurrence of acute limb toxicity following ILI was studied in 185 

patients with advanced metastatic melanoma of the limb and predictive factors for 
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toxicity were determined. Limb toxicity was assessed using the Wieberdink scale. 

Toxicity was mild to moderate in most patients with grade I (no reaction) occurring 

in 3 patients and grade II (slight erythema and edema) in 105 patients. Grade III 

toxicity (considerable erythema and edema +/- blistering) was seen in 72 patients 

and grade IV (threatened or actual compartment syndrome) in 5 patients. No patient 

developed grade V toxicity (requiring amputation). On univariate analysis high 

peak and high final melphalan concentrations were found to be predictive factor 

for grade III/IV limb toxicity as well as the area under the curve of the melphalan 

concentration. Surprisingly, a greater rise in the pCO2 during the procedure was 

associated with lower toxicity in the univariate analysis and an increased serum 

creatine phosphokinase (CK) post-operatively was related to a higher toxicity 

score. In the multivariate analysis a high final melphalan concentration and a 

shorter tourniquet time were independent predictive risk factors for developing 

grade III/IV limb toxicity.

It was concluded that ILI is a safe alternative to the more invasive and laborious ILP 

technique to treat melanoma confined to a limb. Regional acute toxicity following 

ILI is mild to moderate in most patients. Based on the predictive factors found in 

this series, altering the melphalan dose and tourniquet time should allow further 

reductions in post-ILI toxicity without compromising effectiveness.

The treatment of elderly patients with advanced metastatic melanoma confined to a 

limb remains controversial. Potentially, minimally invasive ILI is a good therapeutic 

option for this group. In Chapter 3 we evaluated the safety and efficacy of ILI in 

patients older than 75 years. We identified 86 patients (46%) aged 75 years or 

older (range 75 – 93) and compared their outcomes with 99 patients younger that 

75 (range 29 - 74). The patient characteristics of the two groups were comparable 

apart from the larger number of women in the older group (71% versus 54%; p = 

.02). CR rates were 34% for those ≥ 75 years and 41% in the younger group (p = 

.28). There was no difference in limb recurrence free interval after a CR (median: 

24 months for both groups; p = .51) or in the overall survival (median: 36 months 

for patients < 75, 39 months for patients ≥ 75 years; p = .36). Older patients 

experienced less limb toxicity after the procedure (31% had Wieberdink grade III/

IV toxicity) compared to younger patients (51% Wieberdink grade III/IV toxicity; p 

= .009). Systemic toxicity, complications, hospital stay and long-term morbidity 

were similar.    

In conclusion, elderly patients with advanced metastatic melanoma of the limb 

experience the same or even lower toxicity after ILI compared to younger patients 

but with similar response rates, limb recurrence free interval and survival. Its 

minimally invasive character makes ILI an attractive alternative to the more 

laborious and complex ILP technique for older patients.
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In the treatment of patients with advanced limb melanoma a major dilemma can 

arise when haematogenic spread occurs. In this patient group every effort has to be 

made to avoid mutilating surgery to retain quality of life. In Chapter 4 we investigated 

the palliative value of ILI in 37 patients with Stage IV melanoma and symptomatic 

advanced limb disease. Fifty one percent had visceral distant metastases (mostly 

lung, liver and brain) and 49% had cutaneous distant metastases only. The OR rate 

was 76% (CR rate 22%, PR rate 54%). Median response duration was 11 months 

(28 months for those with CR; p = .08). Median survival was 16 months; in patients 

with a CR this was 22 months (p = .002). Limb salvage was achieved in 86% of 

the patients. The procedure was well tolerated with only one patient developing 

Wieberdink grade IV toxicity and no grade V toxicities.

ILI can be considered as an effective palliative treatment option to provide local 

tumor control and limb salvage in stage IV melanoma patients with symptomatic 

advanced limb disease, especially when the life expectancy is relatively long.

In Chapter 5 we report our results of repeat ILI in 48 melanoma patients with 

inoperable progressive or recurrent disease after a previous ILI. The majority of 

patients (54%) were male. Most patients suffered from MD Anderson stage III 

disease (38/48). The median time between the two procedures was 11 months. 

The CR rate following repeat ILI was 23% compared to 31% after the initial ILI (p = 

.358). The OR rate was 83% while this was 75% after the first procedure (p = .315). 

Median duration of response was 11 months (10 months for patients with CR; p = 

.800). The median follow-up after repeat ILI was 18 months and median survival 

was 38 months. In those patients with a CR, the median survival was 68 months 

(p = .003). During the repeat procedure melphalan concentrations were higher 

(median 7.7 mg/l) compared to the first ILI (median 7.1 mg/l; p = .021). Toxicity 

following repeat ILI was increased with 20 patients experiencing Wieberdink grade 

III toxicity and 5 patients experiencing grade IV toxicity, while after the initial ILI 

this occurred to 14 patients and one patient, respectively (p = .027). No patient 

experienced grade V toxicity.

Therefore, repeat ILI is an attractive treatment to achieve limb salvage in case of 

inoperable recurrent or progressive melanoma after previous ILI. The procedure is 

well tolerated with satisfactory response rates and duration of response. 

In some patients recurrent or progressive disease after ILI is too extensive and an 

amputation becomes inevitable. Chapter 6 discusses the indications and results of 

amputation for irresectable extremity melanoma after failure of ILI in 14 patients. 

The majority of patients were female (57%) and the average age at the time of the 

amputation was 74 years (range 53 - 89). Following the last ILI, three patients had a 

CR, seven had a PR and four patients had stable or progressive disease. The median 
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duration of response was 7 months (range 2 - 30 months). The median interval 

between ILI and amputation was 10 months. Amputation was performed in six of 

the total of 20 patients that had been treated with an upper ILI in our institution, 

compared to eight amputations that were performed from the total of 215 patients 

that were treated for the lower limb (p = .001).The indications for amputation were 

uncontrollable pain (n = 3), extensive locoregional tumor progression (n = 6), and 

ulcerating and fungating lesions, not responding to other treatments (n = 5). Five 

patients developed stump recurrence after amputation, which could be treated 

effectively by either excision or radiation. Six of the eight patients who underwent 

a lower limb amputation became ambulant with the aid of a prosthesis. Median 

survival after amputation was 13 months. Three patients survived more than 5 

years after amputation. 

It was concluded that amputation of the affected limb is indicated in a minority of 

the cases for irresectable extremity melanoma after failure of ILI. It may provide 

effective long-term palliation in selected patients.

In Chapter 7 we report our experience of using ILI in 21 patients to treat advanced 

soft tissue sarcoma (STS) of the limb. Fourteen patients (67%) received ILI prior to 

definitive surgery. The OR rate was 90% (CR rate 57%, PR rate 33%). Intra-operative 

factors for a favorable response were a low initial skin temperature (35.8 °C) and 

pre-operative full oxygen saturation (≥ 194 mmHg). CR and malignant fibrous 

histiocytoma tumor subtype were associated with a lower local recurrence rate. 

The survival rate was 62% after a median follow-up of 28 months. There was a 

trend for an increased survival after a CR (p = .07), though the tumor stage was the 

only significant survival indicator (p = .01). Five patients (24%) ultimately required 

an amputation for progressive or recurrent disease resulting in a limb salvage rate 

of 76%. 

This study shows that the response rates and limb salvage rates after ILI for STS 

are satisfactory and comparable to those achieved by conventional ILP.

Part I is concluded with Chapter 8 in which a description of the ILI technique and 

an overview of reported data from literature are provided and discussed. Finally, a 

comparison is made between ILI and ILP.
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Part II: Adoptive immunotherapy for cancer

Regional cancer treatments are frequently combined with experimental (neo) 

adjuvant protocols to increase the therapeutic effect. Immunotherapy studies 

using the ILI protocol have reported to augment anti-tumor activity, which is the 

effect of T-cell activation and cytokine secretion. Therefore, adoptive transfer of 

stimulated T-cells before or after ILI could potentially increase the tumor response 

rates and survival. 

In vitro co-stimulation of tumor-draining lymph node (TDLN) cells through 

a third signal, 4-1BB (CD137), in addition to CD3 and CD28 engagement 

significantly increases T-cell yield and amplifies anti-tumor responses in adoptive 

immunotherapy. The increased T-cell yield is caused by a lower apoptotic rate of 

these cells which seems to be related to inhibition of activation-induced cell death. 

In Chapter 9 we hypothesized that modulation of anti-apoptotic Bcl gene members 

causes the decreased apoptotic rate of these stimulated T-cells. We isolated TDLN 

cells from MCA205 tumor-bearing mice and activated those using monoclonal 

antibodies against CD3, CD28 and 4-1BB followed by IL-2 expansion. 

Bcl-2 and Bcl-xL expression and blockade were evaluated using real time 

polymerase chain reaction and intracellular staining. TDLN cells activated through 

4-1BB in conjunction with CD3/CD28 demonstrated elevated Bcl-2 and Bcl-xL gene 

and protein expression compared to CD3/CD28 activation alone. Furthermore, 

Bcl-2 and/or Bcl-xL inhibition abrogated 4-1BB–conferred rescue of activation 

induced cell death in TDLN cells and as a result, 4-1BB–enhanced TDLN cell yield 

was abolished and IFNγ production was inhibited. Congenic mice were used as 

donors for TDLN cells that were labeled (in order to be detected) to evaluate 

proliferation and persistence of activated cells after intravenous adoptive transfer. 

The effector function of the transferred cells was assessed by determining the 

incidence of IFNγ–producing cells in response to tumor stimulation in serial blood 

samples drawn from treated mice using intracellular cytokine staining. CD3/CD28 

and CD3/CD28/4-1BB costimulation significantly enhanced in vivo proliferation 

and survival of the infused cells compared with CD3 activation. CD3/CD28/4-1BB 

colligation augmented the proliferation, the effector function and survival of the 

infused cells compared to CD3 and CD3/CD28-activated cells. 

These findings suggest a mechanism by which a triad of co-stimulatory molecules 

increases the effect of TDLN cells and prolongs their survival through up-regulation 

of Bcl gene members. Characterizing the function of signaling molecules involved in 

T-cell activation pathways may allow optimization of conditions in the generation of 

effector T-cells for cancer immunotherapy. Combining regional cancer treatments, 

such as ILI, with protocols in which optimized immunotherapeutic regimens are 

embedded seems promising.
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Deel I: Regionale isolatie-infusie voor melanoom 
en wekedelensarcoom

Patiënten die lijden aan een inoperabel melanoom of wekedelensarcoom dat 

beperkt is tot een extremiteit kunnen sinds eind jaren vijftig behandeld worden met 

een lokaal hoge dosis chemotherapie door middel van regionale isolatieperfusie. 

Met behulp van deze procedure kan meer dan het tienvoudige van de systemisch 

maximaal toelaatbare concentratie chemotherapeuticum toegediend worden aan 

de extremiteit, doordat de isolatie van de aangedane extremiteit systemische 

bijwerkingen voorkomt. Een nadeel van deze behandeling is echter dat het een 

technisch complexe en chirurgisch invasieve ingreep betreft waarbij geregeld 

complicaties optreden. 

Als alternatief voor regionale isolatieperfusie is door de Sydney Melanoma 

Unit (SMU) de regionale isolatie-infusiebehandeling ontwikkeld, hetgeen een 

vereenvoudigde en minimaal invasieve techniek is met dezelfde voordelen 

als isolatieperfusie, maar zonder de hierboven genoemde nadelen. Even als bij 

isolatieperfusie kan een hoge concentratie van het chemotherapeuticum, meestal 

een combinatie van melphalan en actinomycine-D, in het geïsoleerde circuit bereikt 

worden zonder gevaar voor systemische bijwerkingen. In essentie is isolatie-infusie 

een “low-flow” isolatieperfusie die onder anoxische omstandigheden (dus zonder 

oxygenatie van het geïsoleerde bloed in de extremiteit) wordt uitgevoerd met 

behulp van percutaan ingebrachte catheters. Hierdoor kan technisch ingewikkelde 

en kostbare apparatuur, zoals een hart-longmachine, achterwege worden gelaten 

en is een chirurgisch invasieve procedure niet nodig. De indicaties voor isolatie-

infusie zijn, even als voor isolatieperfusie, inoperabele lokale recidieven, satellieten 

en in-transit metastasen van melanoom en lokaal vergevorderd wekedelensarcoom 

van de extremiteit. De techniek wordt momenteel in een toenemend aantal 

ziekenhuizen over de wereld als voorkeursbehandeling toegepast. 

In Hoofdstuk 1 worden de resultaten beschreven van 185 melanoompatiënten die 

in de SMU behandeld zijn met regionale isolatie-infusie. De patiëntengegevens 

waren afkomstig van een prospectief verzamelde database. Voor de stadiëring 

van het melanoom werd het MD Anderson stadiëringsysteem gebruikt 

en de meeste patiënten bleken te behoren tot MD Anderson stadium III 

(134/185; in-transitmetastasen al dan niet gepaard gaande met regionale 

lymfekliermetastasering). Na isolatie-infusie trad bij 38% van de patiënten een 

complete respons [CR] op en ontstond bij 46% een partiële respons [PR] (overall 

respons [OR]: 84%). De mediane responsduur was 13 maanden (22 maanden voor 

patiënten met een CR; p = .01). De mediane follow-up duur bedroeg 20 maanden en 

de mediane overleving was 38 maanden. Bij patiënten met een CR was de mediane 
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overleving 53 maanden (p = .004). Het CR-percentage en de overlevingsduur 

verminderden met een toegenomen ziektestadium. Uit de multivariate analyse 

kwamen als prognostische factoren voor een gunstige respons naar voren: een 

lager ziektestadium, een grotere stijging van de pCO2 in het geïsoleerde circuit 

tijdens de procedure en het optreden van een toxiciteitsgraad III volgens Wieberdink 

(aanzienlijk erytheem en oedeem) na de procedure. Prognostische factoren voor 

een langere overleving waren eveneens een lager ziektestadium, een dun primair 

melanoom en het optreden van een CR. 

Uit dit onderzoek blijkt dat de responspercentages en de responsduur na regionale 

isolatie-infusie vergelijkhaar zijn met die welke behaald worden na conventionele 

regionale isolatieperfusie.

In Hoofdstuk 2 worden de prognostische factoren voor acute regionale toxiciteit 

na isolatie-infusie besproken aan de hand van 185 patiënten met uitgebreide 

metastasering van de extremiteit. Toxiciteit werd bepaald aan de hand van het 

gradiëringssysteem volgens Wieberdink. Bij de meeste patiënten was deze mild tot 

matig met een graad I reactie (geen toxiciteit) bij 3 patiënten en een graad II reactie 

(enig erytheem en oedeem) bij 105 patiënten. Een graad III reactie (aanzienlijk 

erytheem en oedeem met eventuele blaarvorming) ontstond bij 72 patiënten en bij 

5 patiënten ontwikkelden een graad IV reactie (ernstige toxiciteit met een (dreigend) 

compartiment syndroom). Geen enkele patiënt ontwikkelde graad V toxiciteit 

(noodzaak tot amputatie). Uit de univariate analyse bleek dat de hoogte van de 

melphalanpiekconcentratie tijdens de behandeling en de melphalanconcentratie 

aan het einde ervan een voorspellende waarde hebben voor het ontwikkelen van 

een hogere toxiciteit. Dit was ook het geval voor de oppervlakte onder de curve 

van de melphalanconcentratie. Verrassend genoeg was een grotere pCO2-stijging 

gedurende de procedure geassocieerd met een lagere toxiciteit. Een verhoogd 

postoperatief serum creatinine phosphokinase bleek sterk gerelateerd aan een 

hogere toxiciteit. Een hoge melphalanconcentratie aan het eind van de behandeling 

bleek ook in de multivariate analyse een voorspellende factor te zijn voor een 

toegenomen toxiciteit evenals een kortere isolatietijd.

De conclusie van deze studie is dat isolatie-infusie een veilig alternatief is voor 

de meer invasieve en bewerkelijke isolatieperfusietechniek. Gebaseerd op de 

in deze studie geïdentificeerde voorspellende factoren voor het ontstaan van 

toxiciteit kunnen aanpassingen van de isolatietijd, de melphalandosering en van 

het doseringsschema mogelijk leiden tot een verdere vermindering van de acute 

regionale toxiciteit zonder dat dit van invloed zal zijn op de effectiviteit van de 

behandeling.
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Uitgebreide melanoommetastasering van een extremiteit bij oudere patiënten 

vormt een therapeutische uitdaging. Minimaal invasieve regionale isolatie-

infusie lijkt voor deze patiëntengroep een goede behandelingsmogelijkheid. In 

Hoofdstuk 3 beschrijven wij de veiligheid en effectiviteit van isolatie-infusie bij 

oudere patiënten. De resultaten van 86 patiënten van 75 jaar of ouder (spreiding 

75 - 93) werden vergeleken met die van 99 patiënten jonger dan 75 jaar (spreiding 

29 - 74). Uitgezonderd een groter aantal vrouwen in de oudere groep (71% versus 

54%; p = .02) waren beide groepen vergelijkbaar. Het percentage complete 

remissies bedroeg 34 in de oudere groep, hetgeen overeenkwam met dat van 

de jongere groep (41%; p = .28). Er was evenmin een verschil in het mediane 

ziektevrije interval na het bereiken van een CR (24 maanden in beide groepen; 

p = .51) of in de mediane overleving (36 maanden voor patiënten jonger dan 75 

jaar, 39 maanden voor patiënten van 75 jaar of ouder; p = .36). De toxiciteit van de 

behandelde extremiteit was bij oudere patiënten geringer (31% Wieberdink graad 

III/IV toxiciteit) dan bij jongere patiënten (51% Wieberdink graad III/IV toxiciteit; p = 

.009). Systemische toxiciteit, complicaties, opnameduur en langetermijnmorbiditeit 

waren vergelijkbaar tussen de twee groepen.

Concluderend kan worden gesteld dat oudere patiënten met uitgebreide 

melanoommetastasering van een extremiteit in vergelijking met jongere 

patiënten na isolatie-infusie dezelfde of zelfs minder toxiciteit ervaren terwijl de 

responspercentages, het ziektevrije interval en de overleving vergelijkbaar zijn. 

Minimaal invasieve isolatie-infusie is dan ook een aantrekkelijk alternatief voor 

de meer bewerkelijke en complexe isolatieperfusietechniek, met name bij oudere 

patiënten. 

Bij de behandeling van patiënten met uitgebreide melanoommetastasering van 

een extremiteit kan men zich geplaatst zien voor een groot dilemma indien er 

tevens sprake is van hematogene metastasering. Vaak is juist deze patiëntengroep 

gebaat bij een alternatief voor mutilerende chirurgie met het behoud van een 

goede kwaliteit van leven. In Hoofdstuk 4 worden de resultaten van palliatieve 

isolatie-infusie beschreven bij 37 patiënten met hematogene metastasen, die 

eveneens leden aan vergevorderd symptomatisch melanoom van de extremiteit. 

Eenenvijftig procent van de patiënten had viscerale metastasen (het merendeel in 

long, lever en/of hersenen) en 49% had enkel cutane metastasen op afstand. Het 

OR-percentage was 76% (CR 22%, PR 54%) en de mediane responsduur bedroeg 

11 maanden (28 maanden na het bereiken van een CR; p = .08). De mediane 

overleving was 16 maanden; deze was 22 maanden voor de patiënten met een 

CR (p = .002). Uiteindelijk kon de extremiteit behouden blijven bij 86% van de 

patiënten. De procedure werd goed doorstaan en slechts één patiënt ontwikkelde 

een graad IV toxiciteit volgens Wieberdink. 
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Geconcludeerd kan worden dat regionale isolatie-infusie een goede palliatieve 

behandelingsoptie is om lokale tumorcontrole te verkrijgen bij melanoompatiënten 

met metastasen op afstand, met name als er nog een relatief lange levensverwachting 

bestaat. 

In Hoofdstuk 5 beschrijven wij onze resultaten van een herhaalde regionale isolatie-

infusiebehandeling bij 48 patiënten met inoperabele melanoommetastasen van de 

arm of het been. De meerderheid van de patiënten (54%) was man en de meeste 

patiënten hadden MD Anderson ziektestadium III (38/48). De mediane tijd tussen de 

twee procedures was 11 maanden. Het CR-percentage na de herhalingsbehandeling 

was 23% in vergelijking met 31% na de eerste isolatie-infusiebehandeling (p = 

.358). Het OR-percentage was 83% terwijl dit 75% bedroeg na de eerste procedure 

(p = .315). De mediane responsduur was 11 maanden (10 maanden na het 

behalen van een CR; p = .800). De mediane follow-up na de herhalingsisolatie-

infusie was 18 maanden en de mediane overleving was 38 maanden (68 maanden 

voor de patiënten met een CR; p = .003). Tijdens de herhalingsprocedure waren 

de melphalanconcentraties hoger (mediaan 7.7 mg/l) dan tijdens de eerste 

behandeling (mediaan 7.1 mg/l; p = .021). Na de herhalingsisolatie-infusie was 

er sprake van toegenomen toxiciteit met 20 patiënten die een graad III toxiciteit 

volgens Wieberdink ontwikkelden en 5 patiënten een graad IV. Na de eerste 

procedure waren deze aantallen respectievelijk 14 (graad III toxiciteit) en één (graad 

IV toxiciteit; p = .027). Geen van de patiënten ontwikkelde een graad V toxiciteit. 

Een herhalingsisolatie-infusie is een aantrekkelijke behandelingsoptie om een 

extremiteit te behouden in het geval van melanoomprogressie of inoperabele 

melanoomrecidivering na een eerdere behandeling. De procedure wordt goed 

doorstaan met acceptabele responspercentages en responsduur.

Na regionale isolatie-infusie kan bij sommige patiënten progressie of terugkeer 

van de ziekte zo uitgebreidheid zijn dat amputatie van de aangedane extremiteit 

onvermijdelijk wordt. In Hoofdstuk 6 bespreken wij de indicaties en resultaten 

van amputatie bij 14 patiënten bij wie dit het geval was. De meerderheid van de 

patiënten was vrouw en de gemiddelde leeftijd ten tijde van de amputatie was 74 

jaar (spreiding 53 – 89 jaar). Na de laatste isolatie-infusie hadden drie patiënten 

een CR, zeven een PR en vier hadden stabiele of progressieve ziekte. De mediane 

responsduur was 7 maanden (spreiding 2 – 30 maanden). Het mediane interval 

tussen de laatste isolatie-infusie en amputatie was 10 maanden. Amputatie bleek 

noodzakelijk bij 6 van de in totaal 20 patiënten die een isolatie-infusie ondergingen 

voor melanoom van de arm en bij 8 van de in totaal 215 patiënten die behandeld 

werden voor melanoom van het been (p = .001). De indicaties voor amputatie waren 

oncontroleerbare pijn (n = 3), locoregionale tumorprogressie (n = 6) en ulcererende 
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en necrotiserende laesies die niet reageerden op andere behandelingen (n = 5). 

Bij vijf patiënten ontstond tumorrecidivering in de amputatiestomp die steeds 

afdoende konden worden behandeld middels excisie of bestraling. Zes van de 8 

patiënten die amputatie van een been ondergingen werden met behulp van een 

prothese weer ambulant. De mediane overleving na amputatie was 13 maanden. 

Drie patiënten hadden een overleving van langer dan 5 jaar. 

De conclusie van deze studie luidt dat na falen van regionale isolatie-infusie amputatie 

van de aangedane extremiteit geïndiceerd kan zijn wanneer oncontroleerbare 

ziekteprogressie, gepaard gaande met ernstige klachten, optreedt. Bij nauwkeurig 

geselecteerde patiënten kan amputatie in deze gevallen een effectieve langdurige 

palliatie geven.

In Hoofdstuk 7 beschrijven wij onze ervaring met isolatie-infusie voor de 

behandeling van vergevorderd wekedelensarcoom van de extremiteit bij 21 

patiënten. Veertien (67%) patiënten werden behandeld door middel van isolatie-

infusie vóór chirurgische resectie. Het OR-percentage was 90% (CR 57%, PR 

33%). Intra-operatieve prognostische factoren voor een gunstige respons 

waren een lage begintemperatuur van de extremiteit (35.8 °C) en een goede 

preoperatieve oxygenatie (≥ 194 mmHg). Het bereiken van een CR en het maligne 

fibreus histiocytoom als tumorsubtype gingen gepaard met een lager lokaal 

recidiefpercentage. De overleving was 62% na een mediane follow-up van 28 

maanden. Er was een trend voor een langere overleving na het behalen van een CR 

(p = .07), maar het ziektestadium was de enige significante factor voor overleving 

(p = .01). Uiteindelijk bleek amputatie noodzakelijk bij vijf patiënten (24%) na 

progressie of terugkeer van de ziekte. In 76% van de gevallen kon de extremiteit 

dus worden behouden.

Deze studie laat zien dat de resultaten van isolatie-infusie voor lokaal vergevorderd 

wekedelensarcoom acceptabel zijn met behoud van de extremiteit in het 

merendeel van de patiënten en vergelijkbaar zijn met die welke vermeld worden na 

conventionele isolatieperfusie. 

Deel I wordt afgesloten met Hoofdstuk 8 waarin de techniek van de regionale 

isolatie-infusieprocedure wordt beschreven met een overzicht van de resultaten van 

de behandeling die gemeld worden in de literatuur. Ook wordt in dit hoofdstuk een 

vergelijking gemaakt tussen regionale isolatie-infusie en regionale isolatieperfusie 
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Deel II: Adoptieve immunotherapie voor 
kankerbehandeling

Regionale kankertherapie wordt vaak gecombineerd met experimentele (neo) 

adjuvante behandelingsprotocollen met als doel de kans op een gunstig resultaat 

te vergroten. Zo is in het verleden gebleken dat de werking van regionale isolatie-

infusie versterkt kan worden door combinatie met immunotherapie. Dit gunstige 

effect wordt teweeg gebracht door de activatie van T-cellen en de secretie van 

cytokinen. Hierop voortbordurend zou adoptieve immunotherapie met behulp van 

gestimuleerde T-cellen voor of na isolatie-infusie tot een versterkte tumorrespons 

en een verlengde overleving kunnen leiden. 

In vitro co-stimulatie van tumor drainerende lymfekliercellen (TDLK-cellen) met 

behulp van een derde signaal, 4-1BB (CD137), als toevoeging op stimulatie met 

CD3 en CD28, verhoogt het aantal T-cellen significant en versterkt de antitumor 

respons tijdens adoptieve immunotherapie. Het verhoogde aantal T-cellen wordt 

veroorzaakt door een kleiner aantal cellen dat in apoptose raakt hetgeen het 

resultaat lijkt te zijn van de remming van de door activatie geïnduceerde celdood. 

In Hoofdstuk 9 hebben wij de veronderstelling getoetst dat een verandering in de 

expressie van de anti-apoptotische Bcl-genen deze geringere neiging tot apoptose 

van de gestimuleerde T-cellen tot gevolg heeft. Hiertoe isoleerden wij TDLK-cellen 

van muizen met een MCA205 tumor en activeerden deze cellen met monoclonale 

antilichamen tegen CD3, CD28 en 4-1BB gevolgd door expansie met IL-2. 

De expressie van Bcl-2 en Bcl-xL en de gevolgen van het blokkeren van deze 

twee anti-apoptotische genen werden geanalyseerd met real time polymerase 

kettingreacties (RT-PCR) en met intracellulaire kleuring. TDLK-cellen die 

geactiveerd waren met 4-1BB en CD3/CD28 lieten een hogere Bcl-2 en Bcl-xL gen- 

en eiwitexpressie zien dan cellen die enkel door CD3/CD28 geactiveerd waren. Het 

blokkeren van Bcl-2 en/of Bcl-xL hief de door CD3/CD28/4-1BB-stimulatie verlaagde 

activatie geïnduceerde celdood op. Dit leidde tot een sterke vermindering van het 

aantal cellen en van de productie van IFNγ. Om TDLK-cellen te kunnen detecteren 

tijdens adoptieve transfer werden deze voorzien van een label. Muizen van een 

congene stam werden als donor gebruikt om de proliferatie en de activiteit van de 

geactiveerde cellen te kunnen evalueren. De effector functie van de TDLK-cellen 

werd bepaald door de detectie van IFNγ-productie van de cellen in reactie op 

tumorstimulatie te meten. Hiertoe werden bloedmonsters van de behandelde 

muizen afgenomen en de intracellulaire cytokines van de TDLK-cellen gekleurd. 

CD3/CD28 en CD3/CD28/4-1BB co-stimulatie gaf in vivo een significant verhoogde 

proliferatie en verlengde overleving van de geïnjecteerde cellen in vergelijking met 

CD3 activatie alleen. Aanvullend hierop bleek dat CD3/CD28/4-1BB co-stimulatie het 
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aantal T-cellen vergrootte, de effectiviteit verhoogde en de overleving verlengde 

ten opzichte van CD3 en CD3/CD28 stimulatie.

De bevindingen van deze studie maken het aannemelijk dat stimulatie met 

antilichamen tegen CD3, CD28 én 4-1BB zorgt voor een grotere effectiviteit van de 

TDLK-cellen met een langere overleving door toegenomen activiteit van leden van de 

Bcl genfamilie. Het identificeren en bepalen van de functie van de signaalmoleculen 

die betrokken zijn bij T-celactivatie kan leiden tot het ontstaan van optimale 

omstandigheden voor de productie van effector T-cellen voor immunotherapie 

tegen kanker. Het combineren van regionale therapiemogelijkheden, zoals 

isolatie-infusie, met behandelingsprotocollen van adoptieve immunotherapie lijkt 

veelbelovend. 
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Future perspectives 
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The current thesis describes the use of isolated limb infusion (ILI) for unresectable 

melanoma or sarcoma of the limb. It is a strategy to deliver regional cytotoxic 

drugs in an equally effective but less invasive fashion than the traditional isolated 

limb perfusion (ILP). 

To date, just a few institutions have reported on the use of ILI, but there is interest 

in initiating a multi-center study in the USA to better determine its efficacy on a 

larger scale. In the future obviously, a randomized controlled trial is needed to study 

the use of ILI versus ILP.1 If these studies produce results similar to those already 

reported, more widespread use of the ILI technique is likely to occur making it the 

preferred treatment option for patients with in-transit melanoma or advanced soft 

tissue sarcoma of the extremity. 

Meanwhile studies have been undertaken that investigate the technical details 

and the pharmacokinetics of the procedure with the aim to improve the outcome 

and safety of the treatment. Microdialysis and saturable dose studies during ILI, 

for instance, have been initiated to monitor the drug uptake by different types of 

tissues in a dynamic fashion.2 Mice models have contributed to the understanding 

of the altered conditions in the isolated limb due to the induced hypoxia and 

acidosis during the procedure. These studies have provided a better insight in the 

melphalan distribution during ILI and have offered the opportunity to optimize the 

drug regimen by decreasing toxicity without loosing efficacy.3-5 Future studies that 

investigate the enhanced synergism of melphalan and actinomycin-D during ILI 

are needed. Furthermore modifications to achieve actual hyperthermia during the 

procedure will be of value, especially in view of implementing high temperatures 

in double ILI.6

The simplicity of the ILI procedure makes it an appealing strategy to test new drug 

regimens.7 The use of fotemustine, for instance, has been investigated in a trial 

using the ILI protocol, but unfortunately this resulted in unacceptable locoregional 

toxicity. More promising seems the use of temozolomide that, in rodent models, 

has shown to be more effective than melphalan.8-10

Some tumors are more chemosensitive due to a favorable biology, whereas other 

tumors possess or have acquired resistance to chemotherapy.11,12 Increasing the 

dose of the cytotoxic agents in these cases does not result in an increased efficacy, 

but it does increase toxicity.4,13 Gene expression signatures can identify these 

tumors resistant to cytotoxic agents and this technique may ultimately provide 

an opportunity to select and  optimize the use of cytotoxic drugs.14 In melanoma 

cell lines, chemotherapy sensitivity signatures using micro-array gene expression 

data combined with in vitro drug response data have been described.15 The gene 

signature obtained from a biopsy sample could not only predict tumor response 

to chemotherapy allowing for optimal drug selection, but could also identify 

deregulated pathways and mechanisms of resistance that subsequently can be 
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targeted with appropriate agents. A rodent ILP model as a gene delivery system 

showed that tumor response in the isolated setting was superior to intravenous 

or intra-tumoral injection of cytotoxic agents. The minimally invasive nature of ILI 

compared to ILP would clearly be advantageous when this novel delivery system 

is translated into the clinical setting.16,17

Future aims to increase efficacy in patients with a predicted poor response to 

ILI due to tumor burden or chemoresistance are focused on new combination 

therapies relying on synergistic effects, such as increased drug delivery to the 

tumor, selective effects on the tumor vasculature or increased inducement of 

apoptosis.4,7,18 A study using the cytokine TNF-α along with melphalan in the ILI 

protocol, for instance, would be of great value since in ILP the combination has 

clearly been shown to be effective.19,20

Inhibitors of resistance mechanisms serve as potent chemomodulators that can 

enhance the efficacy of regional chemotherapy. Identifying these mechanisms 

of resistance and determining factors that predict resistance are among the 

key challenges in the near future. Currently a number of studies using systemic 

administration of targeting therapies with ILI are running.7 These targeting therapies 

may disrupt various cell signaling pathways that make the tumors more susceptible 

to the effects of cytotoxic agents by which response rates may increase without 

increasing toxicity.12,21,22

Systemic butathione sulfoximine (BSO), for instance, appears to be a promising 

adjunct to melphalan in regional chemotherapy.12,23 Melanoma cells express 

elevated glutathione (GSH) levels,24,25 which have been associated with inactivation 

of melphalan by direct binding to the cytotoxic drug.26-29 BSO reduces intracellular 

GSH which restores the cytotoxic sensitivity and thus potentiates the effect of 

melphalan.12,30-33 

Another potential targeting therapy is the administration of systemic ADH-1 

(Exherin) in combination with melphalan. This strategy has shown marked response 

increase in melphalan resistant tumors.7,21 ADH-1 disrupts the binding interactions 

of increased intracellular N-cadherin, which causes increased proliferation and 

decreased apoptosis of the tumor cells. 

Genetic mutations in the B-raf kinase signaling pathway lead to increased 

proliferation and survival of tumor cells.34 When the B-raf kinase inhibitor Sorafenib 

is used systemically in combination with chemotherapeutic agents in a regional 

therapeutic setting it has been shown to increase responses.35,36

Stat3 inhibition, a downstream target of src kinase, is also currently studied in an 

ILI trial. Stat3 is activated in the majority of the melanoma cell lines and promotes 

tumor growth and survival as well as upregulation of VEGF.37,38 Inhibition of 

src kinase by Dasatinib (Sprycel) may potentiate the effectiveness of traditional 

chemotherapy by blocking the growth of human melanoma cell lines and inducing 
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apoptosis by inhibiting the expression of anti-apoptotic genes like Bcl-2 and 

Bcl-xL.38

As described in this thesis, adoptive transfer of triple (anti-CD3/anti-CD28/

anti-4-1BB) stimulated T-cells in combination with chemotherapeutic agents can 

potentially increase the tumor response during ILI. Triple activated T-cells show a 

decreased apoptotic rate and an increased cytokine secretion compared to single 

(anti-CD3) or double (anti-CD3/anti-CD28) activated T-cells by which they can 

attack malignant cells more effectively. 

Tumor cells may also become resistant to melphalan by increasing DNA 

repair.11,39 A possible area of interest is using inhibitors of DNA repair enzymes 

in conjunction with regional therapy. The DNA repair enzyme O6-alkylguanine-

DNA alkyltransferase (AGT) activity, for instance, is the predominant mechanism 

of resistance to temozolomide.40,41 In agreement with this observation is the 

outcome of a trial in which regional temozolomide, combined with systemic 

O6-benzylguanine (O6BG), an inhibitor of AGT, was compared with temozolomide 

alone. Tumor response in this trial was enhanced after treatment with the drug 

combination, while toxicity remained the same.9,21

The ILI studies described in this chapter will provide a better understanding 

of pharmacokinetic and chemoresistance mechanisms with in the end the 

identification of optimal combinations of therapeutic agents. These developments 

may lead to further improvements of the therapeutic index of ILI.
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Samenvatting

Regionale isolatieperfusie met cytostatica is de voorkeursbehandeling voor 

vervoortgeschreden tumorgroei van melanoom en sarcoom die beperkt is 

tot een extremiteit. Deze behandeling resulteert bij beide tumoren in hoge 

responspercentages met een bevredigende responsduur. Amputatie kan op deze 

wijze vaak worden voorkomen. Regionale isolatieperfusie is echter een invasieve 

en technisch gecompliceerde procedure.

Regionale isolatie-infusie is ontwikkeld als een minimaal invasief alternatief voor 

regionale isolatieperfusie. Met deze veel eenvoudigere behandeling worden 

bij patiënten met melanoom en sarcoom in verschillende klinieken wereldwijd 

resultaten vermeld, die vergelijkbaar zijn met isolatieperfusie. Mogelijk zal in de 

toekomst isolatie-infusie, isolatieperfusie vervangen als voorkeursbehandeling 

voor de genoemde tumoren.

Abstract

Isolated limb perfusion is the preferred treatment option for locally advanced 

melanoma and sarcoma confined to a limb. This treatment results in high response 

rates with a satisfying duration of response in both tumours. A drawback of isolated 

limb perfusion, however, is the invasive and complex character of the procedure.

Isolated limb infusion has been designed as a minimally invasive alternative to 

isolated limb perfusion. Treatment results of this simple technique, reported by 

various centres worldwide, show comparable response rates for melanoma and 

sarcoma. Therefore isolated limb infusion may replace isolated limb perfusion 

in the future as the preferred treatment option for these locally advanced limb 

tumours. 
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Inleiding

Bij patiënten met melanoom of sarcoom wordt de behandelend arts soms 

geconfronteerd met lokaal ver voortgeschreden tumorgroei. Bij het melanoom is dit 

meestal het gevolg van uitgebreide satellitose en/of in-transit metastasering en bij 

het sarcoom van een ver voortgeschreden primaire tumor of een uitgebreid lokaal 

recidief.1,2 Systemische therapie is tot op heden bij beide patiëntengroepen niet 

effectief gebleken. Bij lokalisatie van de tumor aan een ledemaat dreigt amputatie. 

Deze mutilerende ingreep kan echter vaak worden voorkomen door toepassing 

van regionale isolatieperfusie, een behandeling waarbij cytostatica in een zo hoge 

dosis kunnen worden toegediend, dat deze wel effectief zijn.2,3

Regionale isolatieperfusie

Bij regionale isolatieperfusie wordt onder algehele narcose de bloedcirculatie 

van de extremiteit afgesloten van de rest van het lichaam door het operatief 

vrijprepareren en afklemmen van de hoofdarterie en -vene. De geïsoleerde 

extremiteit wordt daarna met behulp van in deze vaten geplaatste catheters 

aangesloten op een met bloed gevuld extracorporaal circuit, met daarin een 

hart-longmachine en een warmtewisselaar. Proximaal van de te behandelen regio 

wordt een knevel of een pneumatische tourniquet aangelegd. In dit geïsoleerde 

systeem wordt gezorgd voor normale fysiologische omstandigheden. Regionaal 

kunnen nu cytostatica worden toegediend in een ongeveer tienmaal hogere dosis 

dan wanneer dit systemisch zou plaats vinden.2,3 Er bestaat immers geen risico op 

toxiciteit van interne organen die gevoelig zijn voor cytostatica. Als regel wordt bij 

isolatieperfusie het cytostaticum melphalan gebruikt.4 

Doordat de zeer hoge dosering van het cytostaticum potentieel levensbedreigend 

is, wordt tijdens de isolatie voortdurend gecontroleerd op onverhoopt optredende 

lekkage naar de systemische circulatie met behulp van lage doseringen radioactieve 

speurstoffen die in het geïsoleerde systeem worden gespoten.5 Meestal circuleert 

het cytostaticum een uur waarna de extremiteit wordt schoongespoeld, de isolatie 

wordt opgeheven en de arteriotomie en de venotomie worden hersteld.

Na een regionale isolatieperfusie worden bij patiënten met satellieten en in-transit 

metastasen van melanoom complete respons- (CR) percentages van 7 - 91 (mediaan 

46) en partiële respons- (PR) percentages van 0 - 44 (mediaan 34) beschreven. 

De mediane responsduur na een CR bedraagt 14 (spreiding 6 tot 30) maanden.2,6 

Bij patiënten met sarcoom worden responspercentages van 63-91 vermeld.3,7 

Zowel bij patiënten met melanoom als patiënten met sarcoom kan door middel 
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van regionale isolatieperfusie in ongeveer 90% van de gevallen amputatie van de 

aangedane extremiteit worden voorkomen.

Regionale isolatieperfusie heeft ondanks deze goede resultaten een aantal 

nadelen. Het is een invasieve techniek en een technisch gecompliceerde procedure 

waarbij behalve een chirurg ook een perfusionist en veel ondersteunend 

personeel zijn vereist.8 Hoewel sommige onderzoeken vermelden dat regionale 

isolatieperfusie ook verantwoord kan worden toegepast bij oudere patiënten, 

is er toch terughoudendheid bij deze groep, evenals bij patiënten met ernstige 

co-morbiditeit.9-11 Tenslotte kan herhaling van een isolatieperfusie, in geval 

van terugkeer van de tumor, gecompliceerd zijn door littekenvorming van de 

voorgaande chirurgische benadering van de bloedvaten.

Regionale isolatie-infusie

In de negentiger jaren van de vorige eeuw is in de ‘Sydney Melanoma Unit’ (SMU) 

een vereenvoudigd, minimaal invasief en daardoor minder belastend alternatief 

voor regionale isolatieperfusie ontwikkeld: de zogenaamde regionale isolatie-

infusie.12

Bij isolatie-infusie brengt de radioloog een arteriële en een veneuze catheter 

door middel van de Seldinger techniek in via de contralaterale lies en plaatst de 

toppen van de catheters ter hoogte van het knie- of ellebooggewricht van de 

aangedane extremiteit. Vervolgens gaat de patiënt naar de operatiekamer waar 

onder algehele narcose de catheters worden aangesloten op een met fysiologisch 

zout gevuld eenvoudig extracorporaal circuit, met wel een warmtewisselaar 

maar zonder een hart-longmachine. In dit extracorporale circuit kan op deze 

wijze een lage bloedstroom worden gerealiseerd zonder oxygenatie. Hierdoor 

wordt de extremiteit tijdens isolatie-infusie in tegenstelling tot isolatieperfusie 

sterk hypoxisch en acidotisch (Tabel 1).13 Om isolatie te bereiken wordt evenals 

bij isolatieperfusie een pneumatische tourniquet proximaal rond de aangedane 

extremiteit aangelegd. Behalve verwarming van het bloed in het extracorporale 

circuit wordt de extremiteit tijdens de procedure ook op temperatuur gehouden 

Tabel 1: Gemiddelde bloedgaswaarden van 185 patiënten in de geïsoleerde extremiteit na 30 
minuten regionale isolatie-infusie13

pO2  8,4 mmHg

pCO2  54,3 mmHg

pH 7,11

BE  -10,8 mmol/l

Saturatie 6,90%
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door een warme luchtdeken en straalverwarming. Afkoeling moet namelijk 

voorkomen worden daar dit een negatief effect heeft op de werkzaamheid van 

cytostatica.4 

Na infusie van de cytostatica, waarbij in de SMU naast melphalan ook 

actinomycine-D wordt gegeven, wordt het bloed in het geïsoleerde circuit met 

een injectiespuit gedurende 30 minuten handmatig rondgepompt. Aangezien de 

halfwaardetijd van melphalan in de bloedbaan 15 tot 20 minuten bedraagt en na 30 

Figuur 1: Schematisch overzicht van regionale isolatie-infusie (Figuur van Hoekstra).2
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minuten vrijwel de gehele toegediende dosis cytostaticum - zowel melphalan als 

actinomycine-D - door de weefsels van de geïsoleerde extremiteit is opgenomen, 

volstaat deze relatief korte behandelingsduur.14,15 Actinomycine-D wordt gebruikt 

toegevoegd aan melphalan omdat deze combinatie in onze handen bij regionale 

isolatieperfusie resulteerde in zeer bevredigende responspercentages zonder 

een toename in toxiciteit.16 Controle op lekkage van het cytostaticum naar de 

systemische circulatie is niet nodig in verband met de lage stroom en de lage 

druk in het geïsoleerde circuit en de effectieve isolatie van de extremiteit door de 

tourniquet. 

Na 30 minuten wordt de extremiteit schoon gespoeld en wordt de isolatie 

opgeheven. Tenslotte worden de catheters verwijderd en wordt de narcose 

beëindigd.17 Figuur 1  geeft een overzicht van de procedure.

Resultaten van regionale isolatie-infusie

Sinds 1992 zijn in de SMU meer dan 400 regionale isolatie-infusie behandelingen 

uitgevoerd voor met name melanoom, maar ook voor sarcoom. 

Recent zijn de resultaten van deze behandeling gerapporteerd. Bij patiënten met 

melanoom werd een responspercentage gevonden van 84 (CR 38, PR 46).13 De 

mediane responsduur bij deze patiënten was 13 maanden, 22 (spreiding 5 tot > 

72) maanden voor CR en 9 (spreiding 4 tot 47; p = .012) maanden voor PR. De 

mediane overleving van patiënten met een CR was 53 (spreiding 28 tot > 120) 

maanden en van patiënten met een PR 26 (spreiding 14 tot > 120) maanden, 

terwijl patiënten met stabiele ziekte of met progressie een overleving van slechts 

6 maanden hadden (p = .004). Deze resultaten zijn vergelijkbaar met die van 

regionale isolatieperfusie.18,19 

De procedure wordt inmiddels ook toegepast in verschillende andere centra 

in Australië, de Verenigde Staten, Egypte, het Verenigd Koninkrijk, Ierland en 

Nederland.20-23 Vier instituten hebben inmiddels hun ervaringen met regionale 

Tabel 2: Resultaten van isolatie-infusie met melphalan en actinomyocine-D bij patiënten met 
melanoom13,20,21,24,25

Auteur, jaar Aantal patiënten Respons criteria CR     PR      TS     TP

Mian, 2001  9* Beste respons 44%   56%    0%     0%

Linder, 2002 128 Beste respons 41%   43%   12%    4%

Brady, 2006  22** 3 maanden 23%   27%    0%    50%

Kroon, 2008 185 Beste respons 38%   46%   10%    6%

Beasley, 2008 50 3 maanden 30%   14%   10%   46%

CR, complete respons; PR, partiële respons; TS, tumor stabiel; TP, tumor progressie.
* 3 patiënten ondergingen > 1 isolatie-infusie.
** 1 patiënt: lokaal uitgebreid sarcoom.
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isolatie-infusie bij patiënten met melanoom gepubliceerd (Tabel 2).20,21,24,25 De 

spreiding in de vermelde resultaten tussen deze studies komt mogelijk door de nog 

geringe patiëntenaantallen van de series buiten de SMU. Een andere verklaring 

hiervoor is het verschil in responsmeting (Beasley et al.24 maten de response na 3 

maanden, terwijl in de SMU uitgegaan werd van de beste respons), terwijl kleine, 

maar waarschijnlijk wel belangrijke verschillen in de toegepaste techniek ook 

kunnen meespelen. 

Hoewel de ervaring bij patiënten met inoperabele sarcomen nog beperkt is, worden 

ook hier resultaten gemeld die vergelijkbaar zijn met regionale isolatieperfusie.22,26 

In twee afzonderlijke series worden CR-percentages tussen 38 en 57 vermeld 

met een mediane progressievrije periode van 15 maanden. Bij 76 - 82% van de 

patiënten kon de ledemaat worden behouden.

De lokale toxiciteit van de ledemaat als gevolg van de behandeling met de 

cytostatica is na isolatie-infusie in het algemeen mild en vergelijkbaar met die na 

isolatieperfusie.13,24,25 Geringe roodheid en oedeem worden bij 41-57% van de 

patiënten waargenomen, bij 39-53% is dit omvangrijker met soms ook blaarvorming. 

Deze toxiciteit kan eigenlijk altijd conservatief behandeld worden door middel 

van bedrust en elevatie van het been. Bij 3% van de patiënten treedt schade op 

aan de diepere weefsels en ter voorkoming van een compartimentsyndroom kan 

een ontlastende fasciotomie nodig zijn. Amputatie van ledematen als gevolg van 

ernstige toxiciteit heeft na isolatie-infusie met melphalan en actinomycine-D tot op 

heden niet plaats gevonden.

Beschouwing

Het belangrijkste voordeel van regionale isolatie-infusie in vergelijking met 

regionale isolatieperfusie is het minimaal invasieve karakter ervan. Hierdoor wordt 

morbiditeit ten gevolge van de operatieve benadering van de bloedvaten, zoals 

nodig voor isolatieperfusie, voorkomen. Na de ingreep kunnen de patiënten dan 

ook relatief snel weer worden ontslagen.25 Ouderen en patiënten met ernstige 

comorbiditeit verdragen de ingreep in het algemeen dan ook goed. Ondanks het 

feit dat de gemiddelde leeftijd van de SMU-patiënten duidelijk hoger lag dan die 

welke vermeld wordt bij isolatieperfusie, was er geen toename van de regionale 

toxiciteit of van complicaties.13

Door het weinig belastende karakter van isolatie-infusie vormen ook metastasen op 

afstand minder een contra-indicatie dan bij isolatieperfusie. Isolatie-infusie wordt 

dan ook nogal eens aangeboden voor palliatie.13 Daarnaast kan isolatie-infusie 

bij tumorrecidivering eenvoudig worden herhaald, omdat er sprake is van een 
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non-invasieve ingreep. De responspercentages van dergelijke herhaalde ingrepen 

zijn te vergelijken met die welke vermeld worden na primaire isolatie-infusie.27

Ook bij patiënten met ernstige vaatvernauwingen of vaatocclusies kan de procedure 

worden uitgevoerd, omdat in deze gevallen de catheters door hun geringe diameter 

vrij gemakkelijk in collaterale vaten geplaatst kunnen worden.

Omdat door de lage druk in het geïsoleerde circuit lekkage verwaarloosbaar 

is worden systemische bijwerkingen, zoals postoperatieve misselijkheid en 

beenmergdepressie, niet waargenomen.13,25

Een ander voordeel van isolatie-infusie is het feit dat het cytotoxische effect van 

melphalan met een factor 3 toeneemt in de hypoxische en acidotische omgeving, 

zoals die in het geïsoleerde circuit wordt gecreëerd.28 In overeenkomst hiermee 

vonden wij dat naar mate de extremiteit langer wordt geïsoleerd (tourniquettijd > 

40 minuten) de kans op een goede respons groter wordt.25 

Verder heeft regionale isolatie-infusie een aantal praktische voordelen. De duur 

van de procedure is aanzienlijk korter (tijd op de operatiekamer in totaal gemiddeld 

1 uur tegenover gemiddeld 3-5 uur voor isolatieperfusie) en er kan volstaan worden 

met minder dure en complexe apparatuur en met minder personeel.17 Regionale 

isolatie-infusie is dan ook een aanzienlijk goedkopere behandeling dan regionale 

isolatieperfusie. 

Tabel 3: Verschillen tussen isolatieperfusie en isolatie-infusie

Isolatieperfusie Isolatie-infusie

Technisch ingewikkeld Technisch eenvoudig

Gecompliceerde en dure apperatuur noodzakelijk Eenvoudige en slechts weinig apperatuur 
nodig

Operatief inbrengen van catheters in de vaten  Percutaan inbrengen van catheters in de vaten

Duur van procedure ongeveer 3-5 uur Duur van de procedure ongeveer 1 uur

Perfusionist en ondersteunend personeel nodig Geen perfusionist en minder personeel nodig

Omvang en invasiviteit maakt procedure minder 
geschikt voor oudere patiënten en voor patiënten 
met comorbiditeit

Wordt goed doorstaan door oudere patiënten 
en patiënten met comorbiditeit

Procedure lastig te herhalen Procedure gemakkelijk te herhalen

Metastasen op afstand vormen vaak een 
contraïndicatie

Metastasen op afstand vormen geen 
contraïdicatie

Regelmatig bloedtransfusie nodig tijdens 
procedure

Geen bloedtransfusie nodig

Hoge perfusiedrukken: soms systemische lekkage Lage perfusiedrukken: zelden systemische 
lekkage

Oxygentatie met behoud van normale 
bloedgaswaarden

Sterke hypoxie en acidose, waardoor 
versterkte werking cytostatica

Hyperthermie (> 41.5 °C) mogelijk Milde hypterthermie (39 - 40 °C) mogelijk
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Tenslotte leent de procedure zich uitstekend voor onderzoek naar de werking van 

nieuwe medicijnen of van combinaties hiervan.29,30 Voordelen van isolatie-infusie 

en verschillen tussen isolatieperfusie en isolatie-infusie worden vermeld in Tabel 3.

Voordat regionale isolatie-infusie op grote schaal zal kunnen worden toegepast is 

een gerandomiseerd onderzoek, dat isolatieperfusie en isolatie-infusie met elkaar 

vergelijkt, gewenst. Verwacht mag worden dat de Nederlandse klinieken die nu 

regionale isolatieperfusie toepassen goed in staat zullen zijn aan een dergelijk 

onderzoek deel te nemen vanuit de routine opgedaan met de perfusietechniek. 

Voorzien kan echter worden dat het moeilijk zal zijn het voor een dergelijke 

gerandomiseerde studie het vereiste aantal patiënten te verkrijgen. De American 

College of Surgeons Oncology Group (ACSOG) bereidt momenteel een niet 

gerandomiseerd multicentrisch klinisch onderzoek voor naar de waarde van 

regionale isolatie-infusie bij intransitmetastasering van melanoom. In de Verenigde 

Staten wordt de isolatieperfusie techniek nauwelijks toegepast waardoor een 

gerandomiseerd onderzoek daar niet mogelijk is. Ook in dit onderzoek zouden de 

Nederlandse perfusiecentra goed kunnen participeren. Indien de resultaten van 

isolatie-infusie in de bovengenoemde studies inderdaad vergelijkbaar blijken te zijn 

met die welke tot nu zijn gepubliceerd, is het mogelijk dat regionale isolatie-infusie 

te zijner tijd regionale isolatieperfusie zal vervangen als voorkeursbehandeling voor 

patiënten met lokaal ver voortgeschreden tumorgroei van melanoom en sarcoom 

van de ledematen.

A
p

p
en

d
ix 

Iso
latie-in

fu
sie effectief b

ij m
elan

o
o

m
 en sarco

o
m

217

proefschrift Kroon.indb   217 19-3-2009   12:40:58



Referenties

 1.  Balch CM, Buzaid AC, Soong SJ, et al. Final version of the American Joint Committee on 
Cancer staging system for cutaneous melanoma. J Clin Oncol 2001;19:3635-48.

 2.  Hoekstra HJ. The European approach to in-transit melanoma lesions. Int J Hyperthermia 
2008;26:227-37.

 3.  Hoekstra HJ. Extremity Perfusion for Sarcoma. Surg Oncol Clin N Am 2008;17:805-24.

 4.  Vrouenraets BC, Nieweg OE, Kroon BB. Thirty-five years of isolated limb perfusion for 
melanoma: indications and results. Br J Surg 1996;83:1319-28.

 5.  van Ginkel RJ, Limburg PC, Piers DA, Koops HS, Hoekstra HJ. Value of continuous leakage 
monitoring with radioactive iodine-131-labeled human serum albumin during hyperther-
mic isolated limb perfusion with tumor necrosis factor-alpha and melphalan. Ann Surg 
Oncol 2002;9:355-63.

 6.  Grünhagen DJ, de Wilt JH, van Geel AN, Eggermont AM. Isolated limb perfusion for mela-
noma patients - a review of its indications and the role of tumour necrosis factor-alpha. 
Eur J Surg Oncol 2006;32:371-80.

 7.  Noorda EM, Vrouenraets BC, Nieweg OE, van Coevorden F, van Slooten GW, Kroon BB. 
Isolated limb perfusion with tumor necrosis factor-alpha and melphalan for patients with 
unresectable soft tissue sarcoma of the extremities. Cancer 2003;98:1483-90.

 8.  Thompson JF, De Wilt JHW: Isolated limb perfusion in the management of patients with 
recurrent limb melanoma: an important but limited role. Ann Surg Oncol 2001;8:564-5.

 9.  Noorda EM, Vrouenraets BC, Nieweg OE, van Geel AN, Eggermont AM, Kroon BBR. 
Safety and efficacy of isolated limb perfusion in elderly melanoma patients. Ann Surg 
Oncol 2002;9:968-74.

 10.  van Etten B, van Geel AN, de Wilt JH, Eggermont AM. Fifty tumor necrosis factor-based 
isolated limb perfusions for limb salvage in patients older than 75 years with limb-threat-
ening soft tissue sarcomas and other extremity tumors. Ann Surg Oncol 2003;10:32-7.

 11.  McMasters KM. Isolated limb perfusion in elderly melanoma patients. Ann Surg Oncol 
2002;9:939-40.

 12.  Thompson JF,Waugh RC, Saw RPM, Kam PCA. Isolated limb infusion with melphalan for 
recurrent limb melanoma: A simple alternative to isolated limb perfusion. Reg Cancer 
Treat 1994;7:188-92.

 13.  Kroon HM, Moncrieff M, Kam PC, Thompson JF. Outcomes of Isolated Limb Infusion for 
Melanoma. A 14-year Experience. Ann Surg Oncol 2008;15:3003-13.

 14.  Roberts MS, Wu ZY, Siebert GA, Anissimov YG, Thompson JF, Smithers BM. Pharmacoki-
netics and pharmacodynamics of melphalan in isolated limb infusion for recurrent local-
ized limb malignancy. Melanoma Res 2001;11:423-31.

 15.  Karakousis CP, Kanter PM, Park HC, Sharma SD, Moore R, Ewing JH. Tourniquet infusion 
versus hyperthermic perfusion. Cancer 1982;49:850-8.

 16.  Thompson JF, Hunt JA, Shannon KF, Kam PC. Frequency and duration of remission after 
isolated limb perfusion for melanoma. Arch Surg 1997;132:903-7.

 17.  Thompson JF, Kam PC, Waugh RC, Harman CR. Isolated limb infusion with cytotoxic 
agents: A simple alternative to isolated limb perfusion. Semin Surg Oncol 1998;14:238-
47.

 18.  Grünhagen DJ, Brunstein F, Graveland WJ, van Geel AN, de Wilt JH, Eggermont AM. One 

218

proefschrift Kroon.indb   218 19-3-2009   12:40:58



hundred consecutive isolated limb perfusions with TNF-alpha and melphalan in mela-
noma patients with multiple in-transit metastases. Ann Surg 2004;240:939-47.

 19.  Noorda EM, Vrouenraets BC, Nieweg OE, van Geel BN, Eggermont AM, Kroon BB. Isolated 
limb perfusion for unresectable melanoma of the extremities. Arch Surg 2004;139:1237-
42.

 20.  Brady MS, Brown K, Patel A, Fisher C, Marx W. A phase II trial of isolated limb infusion 
with melphalan and dactinomycin for regional melanoma and soft tissue sarcoma of the 
extremity. Ann Surg Oncol 2006;13:1123-9.

 21.  Mian R, Henderson MA, Speakman D, Finkelde D, Ainslie J, McKenzie A. Isolated limb 
infusion for melanoma: a simple alternative to isolated limb perfusion. Can J Surg 
2001;44:189-92.

 22.  Hegazy MA, Kotb SZ, Sakr H, et al. Preoperative isolated limb infusion of Doxorubi-
cin and external irradiation for limb-threatening soft tissue sarcomas. Ann Surg Oncol 
2007;14:568-76.

 23.  Ryan ER, Hill AD, Skehan SJ. FDG PET/CT demonstrates the effectiveness of isolated limb 
infusion for malignant melanoma. Clin Nucl Med 2006;31:707-8.

 24.  Beasley GM, Petersen RP, Yoo J, et al.  Isolated Limb Infusion for In-transit Malignant Mela-
noma of the Extremity: A Well Tolerated but Less Effective Alternative to Hyperthermic 
Isolated Limb Perfusion.  Ann Surg Oncol 2008;15:2195-205.

 25.  Lindnér P, Doubrovsky A, Kam PCA, Thompson JF. Prognostic factors after isolated limb 
infusion with cytotoxic agents for melanoma. Ann Surg Oncol 2002;9:127-36.

 26.  Moncrieff MD, Kroon HM, Kam PC, Stalley PD, Scolyer RA, Thompson JF. Outcomes of 
the use of isolated limb infusion for soft tissue sarcoma of the extremity. Ann Surg Oncol 
2008;15:2749-56.

 27.  Lindnér P, Thompson JF, De Wilt JH, Colman M, Kam PCA. Double isolated limb infu-
sion with cytotoxic agents for recurrent and metastatic limb melanoma. Eur J Surg Oncol 
2004;30:433-9.

 28.  Siemann DW, Chapman M, Beikirch A. Effects of oxygenation and pH on tumor cell 
response to alkylating chemotherapy. Int J Radiat Oncol Biol Phys 1991;20:287-9.

 29.  Yoshimoto Y, Augustine CK, Yoo JS, et al. Defining regional infusion treatment strate-
gies for extremity melanoma: comparative analysis of melphalan and temozolomide as 
regional chemotherapeutic agents. Mol Cancer Ther 2007;6:1492-500.

 30.  Beasley GM, Ross MI, Tyler DS. Future directions in regional treatment strategies for 
melanoma and sarcoma. Int J Hyperthermia 2008;24:301-9.

 

A
p

p
en

d
ix 

Iso
latie-in

fu
sie effectief b

ij m
elan

o
o

m
 en sarco

o
m

219

proefschrift Kroon.indb   219 19-3-2009   12:40:58



proefschrift Kroon.indb   220 19-3-2009   12:40:58



Publications

proefschrift Kroon.indb   221 19-3-2009   12:40:58



proefschrift Kroon.indb   222 19-3-2009   12:40:58



Publications

Kroon HM, Boutkan H, Merkus JHS: Urineweginfectie. niet altijd onschuldig. Ned 

Tijdschr Geneeskd (studenteneditie) 2006;9:14-7.

Kroon HM, Breslau PJ, Lardenoye JW. Can the incidence of unplanned 

re-operations be used as an indicator of the quality of care in surgery? Am J Med 

Qual 2007;22:198-202.

Kroon HM, Li Q, Teitz-Tennenbaum S, Whitfield JR, Noone AM, Chang AE. 

4-1BB co-stimulation of effector T-cells for adoptive immunotherapy of cancer: 

Involvement of Bcl gene family members. J Immunoth 2007;30:406-16.

Kroon HM, Lowe L, Cimmino VM, Chang AE, Wong SL, Johnson TM, Sabel MS. 

What is a sentinel node? Re-evaluating the 10% rule for sentinel lymph node biopsy 

in melanoma. J Surg Oncol 2007;95:623-8.

Kroon HM, Moncrieff M, Kam PC, Thompson JF. Outcomes following isolated limb 

infusion. A 14-year experience. Ann Surg Oncol 2008;15:3003-13.

Moncrieff M, Kroon HM, Kam PC, Stalley PD, Scolyer RA, Thompson JF. Isolated 

limb infusion for advanced soft tissue sarcoma of the extremity. Ann Surg Oncol 

2008;15:2749-56.

Kroon HM, Moncrieff M, Kam PC, Thompson JF. Factors predictive of acute 

regional toxicity after isolated limb infusion with melphalan and actinomycin-D in 

melanoma patients. Ann Surg Oncol; Epub ahead of print.

Kroon HM, Lin DY, Kam PC, Thompson JF. Isolated limb infusion as palliative 

treatment for advanced limb disease in patients with AJCC stage IV melanoma. 

Ann Surg Oncol; Epub ahead of print.

Kroon HM, Lin DY, Kam PC, Thompson JF. Efficacy of repeat isolated limb infusion 

with melphalan and actinomycin-D for recurrent melanoma. Cancer; Epub ahead 

of print.

Kroon HM, Hoekstra HJ, Thompson JF. Isolatie-infusie effectief bij melanoom en 

sarcoom. Goed alternatief voor regionale isolatieperfusie met cytostatica. Ned 

Tijdschr Geneesk 2009;153:508-14.

 
P

u
b

licatio
n

s

223

proefschrift Kroon.indb   223 19-3-2009   12:40:58



Kroon HM, Lin DY, Kam PC, Thompson JF. Safety and efficacy of isolated limb 

infusion with cytotoxic drugs in elderly patients with advanced locoregional 

melanoma. Ann Surg; in press.

Kroon HM, Lin DY, Kam PC, Thompson JF. Major amputation for irresectable 

extremity melanoma after failure of isolated limb infusion. Ann Surg Oncol; in 

press.

Kroon HM, Thompson JF. Isolated limb infusion: A review. J Surg Oncol; in press.

Beasley GM, Kroon HM, Ross M, Kam PCA, Thompson JF, Tyler D. Isolated limb 

infusion for melanoma. Chapter 27 in: Balch C, Houghton AN, Sober AJ, Soong SJ, 

Atkins MB, Thompson FJ, editors. Cutaneous Melanoma, 5th edition St Louis, MO, 

USA: Quality Medical Publishing, Inc. 2009;541-60.

Coventry BJ, Thompson JF, Tyler DL, Kroon HM. Isolated limb infusion and perfusion 

chemotherapy. Chapter 36 in: Coventry BJ, editor. Surgical Risks, Complications 

and Consequences Adelaide, Australia: Insite Productions Publishers Pty Ltd. 

2009. ISBN 978-9578439-3-6.

Sanki A, Kroon HM, Kam PCA, Thompson JF. Management of advanced recurrent 

melanoma and sarcoma confined to the limb. Curr Probl Surg; submitted.

224

proefschrift Kroon.indb   224 19-3-2009   12:40:58



Presentations

proefschrift Kroon.indb   225 19-3-2009   12:40:59



proefschrift Kroon.indb   226 19-3-2009   12:40:59



Presentations 

Kroon HM, Lardenoye JHP, Breslau PJ. De incidentie van ongeplande re-operaties 

in een algemeen heelkundige kliniek als indicator van de kwaliteit van zorg. 

Chirurgendagen Nederlandse Vereniging voor Heelkunde, mei 2005, Veldhoven 

(abstract: Ned Tijdschr Heelkd 2005;14:99-100).

Kroon HM, Li Q, Whitfield JR, Chang AE. Involvement of Bcl gene family members 

in anti-4-1BB-induced T-cell survival and anti-tumor reactivity. Annual Cancer 

Research Symposium University of Michigan, November 2005, Ann Arbor, USA.

Kroon HM, Li Q, Whitfield JR, Chang AE. Involvement of Bcl gene family 

members in anti-4-1BB-induced T-cell survival and anti-tumor reactivity. Society 

of Surgical Oncology, March 2006, San Diego, USA (abstract: Ann Surg Oncol 

2006;13(S1):67).

Kroon HM, Lowe L, Cimmino VM, Chang AE, Wong SL, Johnson TM, Sabel MS. 

Is the 10% rule appropriate for sentinel lymph node biopsy in melanoma? Society 

of Surgical Oncology, March 2006, San Diego, USA (abstract: Ann Surg Oncol 

2006;13(S1):36).

Kroon HM, Li Q, Whitfield JR, Chang AE. Anti-41BB-induced T-cell survival 

and anti-tumor reactivity. Symposium Experimenteel Onderzoek Heelkundige 

Specialismen, november 2006, Groningen.

Moncrieff M, Kroon HM, Stalley P, Kam PC, Thompson JF. Outcomes of the use of 

isolated limb infusion in soft tissue sarcoma of the extremity. British Association of 

Plastic, Reconstructive and Aesthetic Surgeons; winter meeting, December 2007, 

London, England (abstract:BAPRAS abstract book 2007).

Kroon HM, Moncrieff M, Kam PC, Thompson JF. Regional toxicity after isolated limb 

infusion with melphalan and actinomyocin-D in melanoma patients. International 

Congress on Anti-Cancer Treatment, February 2008, Paris, France (abstract: ICACT 

abstract book 2008;296).

Kroon HM, Moncrieff M, Kam PC, Thompson JF. Outcomes of isolated limb infusion. 

A 14-year experience. Society of Surgical Oncology, March 2008, Chicago, USA 

(abstract: Ann Surg Oncol 2008;15(S2):10).

 
P

resen
tatio

n
s

227

proefschrift Kroon.indb   227 19-3-2009   12:40:59



Moncrieff M, Kroon HM, Stalley P, Kam PC, Thompson JF. Outcomes of the use of 

isolated limb infusion in soft tissue sarcoma of the extremity. Society of Surgical 

Oncology, March 2008, Chicago, USA (abstract: Ann Surg Oncol 2008;15(S2):27).

Kroon HM, Moncrieff M, Kam PCA, Thompson JF. Results of isolated limb infusion 

for metastatic melanoma. Royal Australasian College of Surgeons and The College 

of Surgeons of Hong Kong Conjoint Annual Scientific Congress, May 2008, Hong 

Kong, China (abstract: ANZ J Surg 2008;78(suppl 1):A50-1).

Kroon HM, Moncrieff M, Kam PCA, Thompson JF. The use of isolated limb infusion 

in advanced soft tissue sarcoma. Royal Australasian College of Surgeons and The 

College of Surgeons of Hong Kong Conjoint Annual Scientific Congress, May 2008, 

Hong Kong, China (abstract: ANZ J Surg 2008;78(suppl 1):A132).

Kroon HM, Moncrieff M, Kam PCA, Thompson JF. Regional toxicity after isolated 

limb infusion with melphalan and actinomycin-D in melanoma patients. Sydney 

Cancer Conference, July 2008, Sydney, Australia (abstract: SCC abstract book 

2008;148).

Kroon HM, Lin DY, Kam PCA, Thompson JF. Safety and efficacy of isolated limb 

infusion in elderly melanoma patients. Sydney Cancer Conference, July 2008, 

Sydney, Australia (abstract: SCC abstract book 2008;149).

Kroon HM, Lin DY, Kam PCA, Thompson JF. Efficacy of repeat isolated limb infusion 

with melphalan and actinomycin-D for recurrent melanoma. Sydney Cancer 

Conference, July 2008, Sydney, Australia (abstract: SCC abstract book 2008;150).

Kroon HM, Moncrieff M, Kam PCA, Thompson JF. Isolated limb infusion for 

metastatic melanoma. Sydney Cancer Conference, July 2008, Sydney, Australia 

(abstract: SCC abstract book 2008;151).

Kroon HM, Kam PC, Thompson JF. Isolated limb infusion for melanoma and 

sarcoma. Australasian College of Dermatologists, August 2008, Sydney, Australia.

Kroon HM, Moncrieff MD, Kam PC, Thompson JF. Isolated limb infusion, a safe 

and effective alternative to isolated limb perfusion. Patron’s Prize, Royal Prince 

Alfred Hospital, July 2008, Sydney, Australia.

228

proefschrift Kroon.indb   228 19-3-2009   12:40:59



Kroon HM, Lin DY, Kam PCA, Thompson JF. Safety and efficacy of isolated limb 

infusion in elderly patients with advanced locoregional melanoma. European 

Society of Surgical Oncology, September 2008, The Hague, the Netherlands 

(abstract: Eur J Surg Oncol 2008;34:1041).

Kroon HM, Moncrieff M, Kam PCA, Thompson JF. Determinants of acute regional 

limb toxicity following isolated limb infusion for melanoma. European Society of 

Surgical Oncology, September 2008, The Hague, the Netherlands (abstract: Eur J 

Surg Oncol 2008;34:1105-6).

Kroon HM, Lin DY, Kam PCA, Thompson JF. Efficacy of repeat isolated limb infusion 

with melphalan and actinomycin-D for recurrent melanoma. European Society of 

Surgical Oncology, September 2008, The Hague, the Netherlands (abstract: Eur J 

Surg Oncol 2008;34:1107).

Kroon HM, Moncrieff M, Kam PC, Thompson JF. Results and limb toxicity after 

isolated limb infusion for melanoma. Perspectives in Melanoma XII, October 2008, 

The Hague, the Netherlands (abstract: Perspectives in Melanoma XII abstract book 

2008;287).

Kroon HM, Lin DY, Kam PC, Thompson JF. Isolated limb infusion in elderly patients 

with advanced locoregional melanoma. Perspectives in Melanoma XII, October 

2008, The Hague, the Netherlands (abstract: Perspectives in Melanoma XII abstract 

book 2008;288).

Kroon HM, Lin DY, Kam PC, Thompson JF. Results of repeat isolated limb infusion 

for recurrent melanoma. Clinical Oncological Society of Australia, November 2008, 

Sydney, Australia (abstract: Asia-Pac J Clin Oncol 2008;4(Suppl 2):A113).

Kroon HM, Moncrieff M, Kam PC, Thompson JF. Regional limb toxicity following 

isolated limb infusion for melanoma. Clinical Oncological Society of Australia, 

November 2008, Sydney, Australia (abstract: Asia-Pac J Clin Oncol 2008;4(Suppl 

2):A114).

Kroon HM, Lin DY, Kam PC, Thompson JF. Isolated limb infusion in elderly patients 

with advanced locoregional melanoma. Clinical Oncological Society of Australia, 

November 2008, Sydney, Australia (abstract: Asia-Pac J Clin Oncol 2008;4(Suppl 

2):A114).

 
P

resen
tatio

n
s

229

proefschrift Kroon.indb   229 19-3-2009   12:40:59



Kroon HM, Lin DY, Kam PC, Thompson JF. Isolated limb infusion as palliative 

treatment for advanced limb disease in patients with stage IV melanoma. Society 

of Surgical Oncology, March 2009, Phoenix, USA (abstract: Ann Surg Oncol 

2009;16(S1):95).

Kroon HM, Lin DY, Kam PC, Thompson JF. Major amputation for irresectable 

extremity melanoma after failure of isolated limb infusion. Society of Surgical 

Oncology, March 2009, Phoenix, USA (abstract: Ann Surg Oncol 2009;16(S1):100).

Kroon HM, Lin DY, Kam PC, Thompson JF. Regionale isolatie-infusie bij oudere 

patiënten met uitgebreide melanoommetastasering van de extremiteiten; veilig 

en effectief. Chirurgendagen Nederlandse Vereniging voor Heelkunde, mei 2009, 

Veldhoven.

Kroon HM, Lin DY, Kam PC, Thompson JF. Regionale isolatie-infusie bij patiënten 

met gemetastaseerd melanoom van de extremiteiten: resultaten en toxiciteit. 

Chirurgendagen Nederlandse Vereniging voor Heelkunde, mei 2009, Veldhoven.

230

proefschrift Kroon.indb   230 19-3-2009   12:40:59



Dankwoord

proefschrift Kroon.indb   231 19-3-2009   12:40:59



proefschrift Kroon.indb   232 19-3-2009   12:40:59



Dankwoord

Iedereen die een bijdrage heeft geleverd aan het tot stand komen van mijn 

proefschrift ben ik dankbaar. Een aantal van hen wil ik graag met name noemen:

Allereerst mijn promotor Professor dr. H.J. Hoekstra. Beste Harald, jij bent het 

‘mastermind’ achter mijn proefschrift. Op het moment dat ik jou benaderde voor 

mijn afstudeeronderzoek, dat ik graag in de Verenigde Staten wilde doen, had jij 

een lijst met mogelijke instituten waar ik heen zou kunnen. ‘Chang’s lab’ in Ann 

Arbor bleek een perfecte keus. Nog voordat ik met het onderzoek begon liet jij 

al de woorden ‘proefschrift’ en ‘promoveren’ vallen. Als co-assistent was ik daar 

nog helemaal niet mee bezig en klonk het heel ver weg. Met de door jou bedachte 

Michigan-Sydney-Groningen constructie was je mijn gedachten voor. Vooral je 

duidelijkheid en snelheid heb ik door de jaren heen zeer gewaardeerd. Hartelijk 

dank voor je nimmer aflatende steun tijdens mijn onderzoek aan verre instituten. 

My promotor Professor J.F. Thompson. Dear Prof, thank you for trusting me in 

analyzing the isolated limb infusion data, a technique invented and further developed 

by you. It has been a great learning experience to work on this project which gave 

me the chance to do the number of analyses that I managed to do. Working under 

your supervision in the Sydney Melanoma Unit has made me independent in my 

approach of research and my thinking. It has been a great experience to work with 

the melanomologist. 

My promotor Professor A.E. Chang. Dear Fred, you offered me a research 

project in your laboratory. In the light of my lack of previous laboratory research 

experience I think this is extraordinary. I have learned more than I can describe 

in the meetings, from the colleagues in your laboratory and from you. You are 

a perfect mentor: modest, open for discussion, easily approachable and always 

engaged in improving the research projects. I feel honored that you gave me the 

opportunity to work in your famous laboratory.

Leden van de beoordelingscommissie, Prof. dr. A.M.M. Eggermont, Prof. dr. 

J.Th.M. Plukker, Prof. dr. Th. Wobbes, dank voor uw bereidheid mijn proefschrift 

op zijn wetenschappelijke waarde te beoordelen.  

Dr. M.S. Sabel. Dear Michael, your enthusiasm in undertaking research is 

contagious. You are always full of new interesting ideas. I hope to meet you again 

at future meetings as one of the moderators in the melanoma sessions and during 

the breaks of course.
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Dr. Q. Li. Dear Qiao, it has been a great experience to do my laboratory work 

with you only two doors down the hall. The fact that I could ask for your help 

and thoughts at any moment of the day has been very helpful for me to increase 

my understanding of immunotherapy. Thank you for an enjoyable year at the 

University of Michigan.   

Professor P.C.A. Kam. Dear Prof. Kam, as one of the founding fathers of the isolated 

limb infusion technique I owe you many thanks. It has been a pleasure to see you 

working as anesthesiologist and being able to ask you anything. I admire your calm 

and cheerful character even at stressful times in the operating theatre. Thank you 

for your help in preparing the manuscripts that are included in this thesis.

J.R. Whitfield. Dear Joel, you prove that a healthy working climate increases 

productivity. I will never forget our countless discussions on politics, world leaders, 

wars, cultures, sports, etcetera, while learning the real time polymerase chain 

reaction procedure from you. Working in your laboratory never felt like actual work 

but more like having a friendly discussion with lots of laughter. Thank you for all 

the enjoyable hours of work!    

Dr. S. Teitz-Tennenbaum. Dear Seagal, thank you for teaching me the laboratory 

procedures and helping me preparing the manuscript included in this thesis. It 

has been great to work with you and I am sure we will meet again at one of the 

international congresses. 

Dr. M.D. Moncrieff. Dear Marc, thank you for your help in the statistical analyses. 

Our research discussions during the sailing trips from Sydney Harbour to Pitt Water 

have definitely highlighted my SMU experience, with the dolphins swimming along 

Searenity as the ultimate experience. I hope we can get involved in more sailing 

trips now we’re both in Europe and living ‘nearby’.

Dr. D.Y. Lin. Dear Indy, thank you for your help in analyzing the data and preparing 

the manuscripts. It has been great to present and publish our first papers together 

and I am sure there are more to come in the future, maybe even in Dutch…..  

Dr. Chang’s laboratory. Dear Riuji, Elizabeth and Take, thank you for the enjoyable 

atmosphere in the laboratory. As an inexperienced basic researcher I felt at home 

quickly and would have never finished the paper without your help.
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Kaye Oakley. Dear Kaye, Prof. Thompson would probably be lost without your 

excellent support. Thank you very much for all your help, tact and patience in 

stressful times.

The Sydney Melanoma Unit-database. Dear Kim, Maria, Ashna, Tess and Marjorie, 

I could write a thousand words and it still wouldn’t be enough! Thank you all for all 

your help and for being the listening ear when I just spilled out my thoughts to you, 

sometimes regarding my research, many times regarding Australia, news, people, 

etcetera etcetera. I miss all the fun talks and the stomach aches from laughing! It is 

true what you wrote when I left: ‘We zullen geen afscheid, maar zie je later!’ Spot 

on!  

All the physicians, nurses, clinical trial specialists and other personnel of the 

Sydney Melanoma Unit, thank you for making me part of the largest melanoma unit 

in the world. It has been quite an experience to work in a clinic that develops new 

melanoma treatments based on its own experience. The SMU is truly something 

special.   

Dr. A.B. Francken. Beste Anne Brecht, ik had mij geen betere voorganger kunnen 

wensen. Dank voor al je hulp, tips, adviezen en het delen van jouw ervaringen in 

Sydney.

All the guys from Nu Sigma Nu Medical Fraternity in Ann Arbor. Going abroad for a 

substantial time can be tough. Fortunately I moved into a house with 30 guys which 

made it a piece of cake. Thanks for all the good times in and outside of the house! 

We’ve already caught up both in the USA and in the Netherlands and I am looking 

forward to do this in the future many more times as colleagues and as friends!   

Caitlyn Milazzo. Dear Cait, though our research topics could not be further apart, we 

connected instantly. I always enjoy hearing your thoughts and stories. Thank you 

for your visits and I hope we will meet again soon; in sunny California this time?   

Crew from Cyrene 3 and Shiralee, I will never forget the countless hours on the 

Sydney Harbour! It didn’t take me long to realize this is probably the best sailing in 

the world! Thank you for the team efforts during the races and the socializing after. 

I hope you realize this dissertation will not be of any help during an emergency 

situation at open waters! Special thanks to Rob, Sue, Mike and Elena for having 

me as crew on your beautiful yachts. I hope to see you at the start of the Sydney – 

Hobart race soon! 
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Bastiaan van der Reijt. Beste Bas, na elkaar vier jaar eerder één keer ‘s nachts in 

Amsterdam gesproken te hebben was het als een thuiskomst toen ik bij jou in 

Sydney kwam. Dankzij jou heb ik niet alleen heel gezellig maar ook nog eens op de 

mooiste plekjes van Sydney kunnen wonen! Met veel bewondering heb ik jouw en 

je broers initiatieven op de beurs van Sydney van de zijlijn gevolgd. Dank je voor je 

interesse in mijn onderzoek!

Pépé Grégoire. Beste Pépé, jouw beelden spreken voor zichzelf en ik ben blij 

dat ik Windkracht 14 mag gebruiken als passende foto voor de omslag van mijn 

proefschrift. Je gastvrijheid en de passie waarmee je over je nieuwe ideeën voor 

kunstwerken spreekt hebben veel indruk op mij gemaakt. Ik hoop snel een keer 

een polowedstrijd bij te kunnen wonen. 

Club, huis, Forwardianen en vrienden, dank voor de leuke belletjes en mailtjes! 

Vooral de bezoeken die ik heb gehad in de V.S. en in Australië heb ik als heel 

bijzonder ervaren. Een stimulans voor het onderzoek. 

Mijn zus en broer. Lieve Annie, ook al was ik vaak ver weg, de mails en kaartjes 

bleven komen. Dank voor je interesse en steun. Lieve Bin, ik vond het heel bijzonder 

bij jouw promotie paranimf te zijn en ben blij dat tijdens mijn promotie deze jongste 

familietraditie kan worden voortgezet met dit keer Marije aan mijn zijde. 

Mijn paranimfen Dr. R.G. van Lingen en Drs. M.W. Kroon.

Lieve Roos, mijn studiemaatje. Jij bent mij net altijd iets voor. Je wist een paar 

uur eerder dan ik dat ook jij (eindelijk) was ingeloot. Je studeerde een paar 

maanden eerder af, je was eerder in opleiding en nu ook weer vier maanden eerder 

gepromoveerd. Ik hoop dat je dit goede voorbeeld blijft geven. Ik vond het een eer 

om bij jou paranimf te mogen zijn en ik ben blij dat ook ik vandaag jou aan mijn 

zijde mag hebben. 

Lieve Marije, zus en ook arts. In een dermatologisch promotietraject zet ook jij 

de familietraditie voort. Waar ik ook zat, jij kwam mij, samen met Heit en Mem, 

opzoeken voor een vakantie die ik maar wat graag met jullie mee vierde. Dank je 

dat jij mijn paranimf wil zijn.

Mijn ouders, lieve Heit en Mem, dank voor jullie nimmer aflatende steun en 

vertrouwen in werkelijk alles. Zonder jullie als vaste rots in de branding hadden 

deze onderzoeksperioden nooit dit resultaat gehad. Lieve Heit, speciaal jou wil ik 

ook danken voor je wetenschappelijke ondersteuning. Jouw inzet en steun zijn van 

het niveau geweest als van een promotor. 
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Lieve Indy, je hebt alles in Sydney achtergelaten om ons leven samen in Nederland 

voort te kunnen zetten. Hoe kan ik je hier ooit voor bedanken? Ik kijk uit naar ons 

nieuwe leven hier en hoop dat je je het Nederlands snel eigen maakt zodat je deze 

woorden al heel binnenkort kunt begrijpen.
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Radiotherapeutic Techniques at the Hanzehogeschool in Groningen and passed his 

propaedeutic exam in the spring of 1999. This year he did enrol into Medical School 

at the University of Groningen. In 2003 he commenced his two-year internships 

and was based at the Medical Centre Leeuwarden for the first year and at the Sint 

Elisabeth Hospital in Willemstad at Curaçao, Netherlands Antilles for the second. 

He chose to do his final internship in general surgery and worked for three months 
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