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

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

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

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

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

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

Table 1: Modified MD Anderson stage of disease classification13 

Stage Description

I Primary melanoma

II Local recurrence / satellites

IIIa In transit metastases

IIIab In transit metastases with nodal involvement

IV Distant metastases

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

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

Variable 1992 – 1999 2000 – 2007 p-value

No. of ILIs 94 91

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

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

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

MD Anderson stage

    I

    II

    IIIa

    IIIab

    IV

1

10

43

27

13

5

5

31

33

17

.12

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

Location in the limb

    Foot/hand

    Leg/forearm

    Thigh/arm

3

71

20

5

58

28

.21

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

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

Depth of infiltration

   Cutaneous

   Subcutaneous

   Cutaneous and subcutaneous

   Through deep fascia

   Cutaneous, subcutaneous and fascia

43

19

26

3

3

27

18

41

5

0

.03

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

temperature in Celsius; BE, base excess.

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

Response 1992-1999 2000-2007 p-value

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

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

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

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

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

1999 compared with patients treated between 2000 and 2007



33

Chapter 1

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

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

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

Table 5: Toxicity and morbidity

Variable 1992-1999 2000-2007 p-value

Wieberdink toxicitya

    I/II (%)

    III/IV (%)

49 (52)

45 (48)

59 (64)

32 (35)

.06

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

633 (141 – 1978) 820 (185 – 2943) .13

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

5 (3 – 6) 5 (4 – 6) .26

PONV grade

   0

   1

   2

   3

74

15

5

0

77

9

2

0

.27

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

Number of days admitted 
(median, IQR)

8  (6 – 9) 7   (5 – 9) <.0001

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

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

Limb malfunction 1y  post-
ILI

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

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

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

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

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

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

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

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

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

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

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

As far as we are aware, this is the first study to compare the outcomes of ILI for mel-
anoma during two treatment periods at a single institution. The response rates and 
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survival rates remained stable while there was a trend towards lower limb toxicity 
despite an increase in tumor load in the treated limbs. This improvement in outcome 
can be explained by the modifications that have been made to the ILI protocol over 
time, based on research performed previously and increased experience with the ILI 
technique.
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