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Limb salvage with isolated perfusion for soft tissue sarcoma:
could less TNF-a be better?
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Background: The optimal dose of TNF-a delivered by isolated limb perfusion (ILP) in patients

with locally advanced soft tissue sarcoma is still unknown.

Patients and methods: Randomised phase II trial comparing hyperthermic ILP (38–408) with

melphalan and one of the four assigned doses of TNF-a: 0.5 mg, 1 mg, 2 mg, and 3/4 mg upper/lower

limb. The main end point was objective tumour response on MRI. Secondary end points were histo-

logical response, rate of amputation and toxicity. Resection of the remnant tumour was performed

2–3 months after ILP. The sample size was calculated assuming a linear increase of 10% in the

objective response rates between each dose level group.

Results: One hundred patients (25 per arm) were included. Thirteen per cent of patients had a sys-

temic leakage with a cardiac toxicity in six patients correlated with high doses of TNF-a. Objective

tumour responses were: 68%, 56%, 72% and 64% in the 0.5 mg, 1 mg, 2 mg and 3 or 4 mg arms,

respectively (NS). Sixteen per cent of patients were not operated, 71% had a conservative surgery

and 13% were amputated with no difference between the groups. With a median follow-up of 24

months, the 2 year overall and disease-free survival rates (95% CI) were 82% (73% to 89%) and

49% (39% to 59%), respectively.

Conclusion: At the range of TNF-a doses tested, there was no dose effect detected for the objective

tumour response, but systemic toxicity was significantly correlated with higher TNF-a doses.

Efficacy and safety of low-dose TNF-a could greatly facilitate ILP procedures in the near future.
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Introduction

Isolated limb perfusion (ILP) was introduced by Creech in

1957 [1] for the treatment of patients with locoregionally

recurrent melanoma, with approximately 50%–65% complete

responses with melphalan alone [2]. In contrast, ILP with mel-

phalan alone or other drugs has been used in the treatment of

patients with extremity soft tissue sarcoma with limited suc-

cess [3]. The addition of hyperthermia enhances cytotoxic

effects of alkylating agents such as melphalan [4]. Tumour

necrosis factor-alpha (TNF-a) was first described as an antitu-

mour factor present in the serum of animals that had been

primed with immunomodulators such as BCG, and then

treated with endotoxin [5]. Response rates seen with TNF-a

as a single systemic agent in different trials were very low,

with dose-limiting toxicity being constitutional symptoms and

hypotension [6]. Liénard et al. pioneered the administration

via ILP of high-dose TNFa and g–interferon with melphalan

[7]. The initial doses of 4 mg rHuTNF-a in the lower extre-

mity and 3 mg in the upper extremity were tested arbitrarily as

10 times the maximum tolerated dose in humans [8], and

equivalent to the effective dose in rats, i.e. around 50mg/kg

[9]. Subsequently, this choice of dose has been continued

unaltered because of the high response rate. In a multicenter

European trial, ILP with high-dose TNF-a and melphalan

resulted in a 76% response rate and 71% limb salvage in

patients with limb-threatening soft-tissue sarcomas, leading to

the approval of TNF-a in Europe [10].

Until now, no other available treatment seems to give com-

parable results when applied to limb-threatening soft tissue

sarcomas. Mechanisms involved are an increase of melphalan
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uptake in tumour tissue [11] and a selective destruction of

tumour vessels with the addition of TNF-a [7, 12, 13]. How-

ever, the optimal dose of TNF-a delivered by isolated limb

perfusion in patients with advanced soft tissue sarcoma

(ASTS) is still unknown. In patients with melanoma, increas-

ing the TNF-a dose to 6 mg did not increase the complete

response rate but increased regional toxicity [14]. Pharmaco-

kinetics data [15] showed plateau levels of micrograms of

TNF-a in perfusates during the whole 90 min ILP, suggesting

a saturation of the TNF-a receptors.

In a de-escalation study in rats, de Wilt demonstrated that

the synergy between rHuTNF-a and melphalan was lost at a

dose of TNF-a below 40mg/kg [16]. Since rHuTNF-a in mice

binds only to the p55 receptor and not to the p75, its activity

is five to 10 times less than murine TNF-a (MuTNF) [16, 17].

This suggests that the dose of TNF-a currently used in clinical

setting (approximately 50mg/kg) might be reduced five to 10-

fold while retaining the synergistic effects. Preclinical studies

have showed that targeted delivery to tumour vessels of very

low doses (picograms) of TNF-a enhances the penetration of

doxorubicin in murine models [18] and that systemic adminis-

tration of low-dose TNF-a increases the antitumour activity of

a liposomal formulation of doxorubicin [19]. Clinical obser-

vations also favour a TNF-a dose decrease. Kinetics revealed

that with 3 or 4 mg of rHuTNF-a, the perfusion system is

supersaturated [20]. There is no significant difference in

tumour response between patients with leakage over 2%,

where the exposure of the perfused limb to TNF-a was 18.7%

lower, and those without leakage [21].

Severe systemic toxicity and haemodynamic changes after

ILP with TNF-a and melphalan, with or without interferon-g,

have been reported in several series, although reduced when

leakage is adequately controlled [20]. The potential advantage

of a lower dose of TNF-a includes a lower incidence of sys-

temic adverse events leading to a more simple and safe pro-

cedure with a significantly lower cost. Subsequently, this

approach could be expanded to a wider spectrum of malignan-

cies and patients.

In order to challenge the use of the usual high dose of

TNF-a (3 mg for the upper limb and 4 mg for the lower limb),

we conducted a randomised phase II comparing four doses of

TNF-a: 0.5 mg, 1 mg, 2 mg or the registered dose for ILP in

humans. Our primary end point was radiological response,

which is the main criterion to make the correct decision about

limb salvage or amputation.

Patients and methods

Eligibility criteria

It was required that the patient had a locally limb advanced soft tissue sar-

coma considered non-resectable by the referring surgeon of one of the

three participating centres, i.e. that could only be treated by amputation or

functionally mutilating surgery. The tumours were considered unresectable

because of either multifocal disease or fixation/invasion to the neuro-

vascular bundle and/or bone. The diagnosis was confirmed by histological

re-examination of the primary tumour specimen by an expert pathologist.

Sarcomas were classified as low (I), intermediate (II) or high grade (III),

based upon histological examination of the primary according to the

French cancer center’s histological grading [22]. Primary and recurrent

sarcomas were included. Patients with synchronous metastasis were not

excluded.

Patients had to be older than 16 years, with an Eastern Cooperative

Oncology Group (ECOG) performance status of 0 or 1 and normal cardiac

function. All patients provided written consent before randomisation. The

protocol was approved by the Ethics Committees in the three participating

institutions.

Randomisation

Eligible patients were randomly assigned to receive one of the four

TNF-a doses: 0.5 mg, 1 mg, 2 mg or 3/4 mg for upper/lower limb. Ran-

domisation was done by telephone or fax upon eligibility checklist, using

a block allocation scheme.

ILP

Recombinant human TNF-a (TNF-a-1a, BeromunTM) was provided by

Boehringer Ingelheim GmbH, Ingelheim/Rhein, Germany. Melphalan

(Alkeran) was provided by Glaxo-Wellcome (London, UK). Under general

anaesthesia, the main artery and vein of the affected limb were clamped

and canulated after heparinisation. Cannulae were then connected to a

heart–lung machine and a pneumatic tourniquet was applied proximally

to prevent leakage into the general circulation. ILP consisted of extra-

corporeal circulation with mild hyperthermia (tissue temperature

38–408C) obtained with a heat-exchanger. When sarcoma did not affect

feet or hands, they were wrapped tightly with an Esmarch rubber bandage

immediately before injection of the drugs into the perfusion circuit to pre-

vent sequelae [23]. The allocated dose of TNF-a according to randomis-

ation was injected into the arterial line when the limb tissue temperature

was greater than 388C. Thirty minutes later, 10 mg/l (leg) or 13 mg/l (arm)

of melphalan per limb volume was then added for the following 60 min,

as performed in the European trial [10]. Limb volume was calculated

using specifically dedicated software (Liénard D., unpublished). A 4–6 l

washout of the limbs, using a mixture of Hartmann’s solution and Macro-

dex, was performed at the end of the procedure. During the washout, the

limb was extensively massaged.

Leakage from the isolated perfusion circuit to the systemic compart-

ment was assessed with technetium 99m radiolabelled human serum albu-

min (Vasculocis, Cis Biointernational, Schering, Gif-sur-Yvette, France).

After injection of a small activity (4 MBq) in the systemic circulation

(calibration of the blood volume and efficiency of a precordial NaI(Tl)

scintillation probe), 100 MBq of radiolabelled human serum albumin were

injected into the isolated circuit. Any increase in the precordial counting

rate (continuous curve recording) was interpreted as a leakage from the

isolated circuit to the systemic circulation, and was quantified according

to calibration parameters.

Post ILP surgery and adjuvant treatments

A delayed resection of the remnant tumour was usually planned 2–3

months after ILP. The aim was to perform en bloc resection, with free

margins whenever possible. Major vessels or nerve trunk included in the

tumour were resected en bloc to avoid tumour rupture. Vascular graft,

muscular flaps and skin grafts were used when necessary. Transpositions

of tendons were used to palliate nerve trunk resection.

Adjuvant radiotherapy was considered in patients who had no previous

radiotherapy and when the margins were close to histologically viable

tumour. Adjuvant chemotherapy was optional for non-metastatic patients,

its indication relying mainly upon high histological grade and young age

of the patient.
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End points and clinical follow-up

The primary end point was objective tumour response [complete response

(CR) or partial response (PR)], assessed on MRI performed 1 and 2 months

after ILP, immediately prior to surgery. The MRI examinations included

T1-weighted SE and fast SE T2-weighted fat-saturated sequences, as well

as dynamic sequences (T1-weighted SE repeated six times every 40 s),

displaying the maximum intensity slope in each pixel [2]). CR was defined

by complete necrosis of the tumour or disappearance of all measurable

disease. A partial response (PR) was defined as a regression of the tumour

size greater than 50% in the product of the bi-dimensional measurements.

Progressive disease (PD) was defined as a greater than 25% disease

progression or the appearance of any new lesion [24].

Secondary end points were the ability to perform a conservative sur-

gery, histological response, toxicity and survival. Histopathological

response was defined as complete response (pCR) if no residual identifi-

able tumour cells were present, very good response between 1% and 10%

of identifiable tumour cells, partial response between 11% and 50% of

identifiable tumour cells, and no change if more than 50% identifiable

tumour cells were present in the resection specimen. The R classification

of UICC was used to classify the quality of resection [25]. Systemic tox-

icity and peripheral neuro-toxicity were graded according to the World

Health Organisation (WHO) criteria scale [26]. Local toxicity was graded

according to Wieberdink’s scale [27]. Late toxicity was evaluated 6

months after ILP.

Statistical design

The sample size was calculated assuming a linear increase of 10% in the

objective response (OR) rate between each dose level group, i.e. between

45% (0.5 mg group) and 75% (3 mg/4 mg group). With a type I error of

5% and a type II error of 25%, 25 patients per group were required assum-

ing this hypothesis [28]. Results are expressed as percentages with 95%

confidence intervals (CIs) or as medians and range. The Wilcoxon test for

trend was used to compare the percentages between the four dose groups.

Survival was calculated using the Kaplan and Meier method [29] with

Rothman’s 95% CIs [30]. Median time of follow-up was calculated with

the Schemper method [31]. In the calculation of the local recurrence rate,

deaths without recurrence were censored. All tests were two-sided.

Results

Patient’s characteristics

One hundred consecutive patients were enrolled in three

centres between June 2000 and July 2003 (83 patients in

Gustave Roussy Institute, nine patients in Centre Hospitalier

Universitaire Vaudois and eight patients in Bergonié Institute).

Twenty-five patients were randomly assigned to each TNF-a

dose group. Initial characteristics per group are presented in

Table 1. Size, recurrences, grade and multifocality are well

balanced in the four groups.

Histopathological subtypes are: liposarcoma (n= 23), undif-

ferentiated sarcoma (n = 20), synovial sarcoma (n= 16), epithe-

lioid sarcoma (n= 8), angiosarcoma (n= 7), malignant

peripheral nerve sheath tumours (n= 7), fibroblastic sarcoma

(n= 6), muscular sarcoma (n= 5), and miscellaneous (n = 8).

The median tumour size was 100 mm (range 20–208) for

lower limbs and 70 mm (range 10–125) for upper limbs. ILP

was performed in a previously irradiated volume for 27

patients.

ILP and leakage

All but four patients received the allocated TNF-a dose. Three

patients received a different dose in error: one patient of the

1 mg group received 2 mg, one patient of the 2 mg group

received 1 mg, and one patient of the 3 mg/4 mg group with

Table 1. Patient characteristics

Group 0.5 mg (n= 25) 1 mg (n= 25) 2 mg (n= 25) 3 mg/4 mg (n= 25)

No. of males 13 15 15 9

Age, median (range) 48 (21–76) 52 (20–86) 59 (21–71) 51 (17–81)

Location

Superior limb 12 10 6 13

Inferior limb 13 15 19 12

Multifocality 11 10 12 10

Size (mm): median (range) 70 (10–150) 80 (15–150) 116 (35–208) 80 (10–200)

Recurrence 19 15 13 16

1st 8 9 5 8

2nd 7 3 1 2

3rd 1 0 3 2

>3rd 3 3 4 4

Synchronous metastasis 4 3 3 2

Histological grade

I 3 4 4 4

II 9 11 9 10

III 13 10 11 9

1063



a lower limb tumour received 3 mg instead of 4 mg. One

patient of the 3 mg/4 mg group did not have the perfusion

because of massive nodal involvement discovered during the

cannulation.

Median duration to reach the adequate tissue temperature

was 20 min (range 5–109). Median superficial/deep tissue

temperatures were 38.6/39.18C and 39.6/39.78C at the girdle

of the limb and distally, respectively. Thirteen per cent of

patients had a drug leakage after drug injection (median 3%,

range 1%–12%). Reducing the perfusion flow rate corrected

the leakage most of the time. High leakages were due to a bad

venous return: for eight patients, reposition of the cannula of

the femoral vein under the level of the tourniquet corrected

this technical problem. Despite extensive washout, 17%

patients had leakage (median 3%, range 1%–14%) after

reconnection of the limb circulation.

Toxicity

There was no toxic or surgery related deaths. Grade II and III

cardio-vascular toxicity (Table 2) was correlated with the

TNF-a dose (P <0.01). Only one patient (4 mg) needed circu-

latory support with dopamine infusion because of a ‘sepsis

like’ syndrome. Five patients (2, 3 or 4 mg) developed low

systolic blood pressure requiring fluid management. No

haematological, hepatic, pulmonary toxicity or allergic reac-

tion over grade I was observed. No compartment syndrome

was observed. Local toxicity did not differ according to treat-

ment arm (Table 2), gender (42% for women versus 37% for

men), pre-irradiation (37% for pre-irradiated patients versus

40%) or tumour location (34% upper limb versus 43% lower

limb).

Surgical morbidity after ILP consisted of two arterial

thromboses, one treated surgically and another percutaneously.

All patients were discharged from hospital, able to walk, after

a median stay of 7 days after ILP (range 4–15).

Tumour response

All but two patients were evaluated for response (one patient

did not have ILP, another was amputated outside the referring

centre before evaluation). MRI and histological responses

observed in the four groups are shown in Tables 3 and 4. The

percentages of OR are 68%, 56%, 72% and 64% in the

0.5 mg, 1 mg, 2 mg and 3 mg/4 mg groups, respectively

(P = 0.93). OR did not differ significantly according to tumour

grade (53%, 56% and 77% in grades I, II and III), pre-

irradiation (52% for pre-irradiated patients versus 70%) or

Table 2. ILP toxicity

Group 0.5 mg (n= 25) 1 mg (n= 25) 2 mg (n= 25) 3 mg/4 mg (n= 24)

Acute regional tissue reactions 12 (48%) 10 (40%) 8 (32%) 9 (38%)

Grade II 9 8 6 8

Grade III 3 2 1 1

Grade IV 0 0 1 0

Paraesthesiae (grade I) 6 (24%) 3 (12%) 1 (4%) 3 (13%)

Nerve palsy (grade III) 3 (12%) 4 (16%) 0 (0%) 3 (13%)

Stiffness 5 (20%) 4 (16%) 3 (12%) 6 (25%)

Hemodynamic grade II toxicity 0 (0%) 0 (0%) 1 (4%) 4 (16.6%)

Hemodynamic grade III toxicity 0 (0%) 0 (0%) 0 (0%) 1 (4%)

Acute regional tissue reactions according to Wieberdink et al. [26].

Hemodynamic and peripheral neurotoxicity according to WHO grading [25].

Table 3. MRI response

Group 0.5 mg (n= 25) 1 mg (n= 25) 2 mg (n= 25) 3 mg/4 mg (n= 25) Total (n= 100)

CR, n 8 10 8 10 36

% 32% 40% 32% 40% 36%

(IC 95%) (15%–54%) (21%–61%) (15%–54%) (21%–61%) P= 0.71

PR, n 9 4 10 6 29

Stable, n 5 8 2 7 22

PD, n 3 2 5 1 11

Not available, n 0 1 0 1 2

OR (CR + PR), n 17 14 18 16 65

% 68% 56% 72% 64% 65%

(IC 95%) (46%–85%) (35%–76%) (51%–88%) (43%–82%) P= 0.93
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topography (61% upper limb versus 68% lower limb).

Correlation between radiological (CR or not on MRI) and

pathological responses (less than 11 viable cells or not) was

good (82%) (Table 5).

Post ILP surgery

Sixteen patients were not operated (nine metastasis pro-

gression, four patient refusals, one second cancer, two other

reasons), 71 underwent conservative surgery and 13 were

amputated. The percentages of conservative surgery (Table 6)

are 84%, 68%, 72% and 60% in the 0.5 mg, 1 mg, 2 mg and

3 mg/4 mg groups, respectively (P= 0.10). Conservative

surgery required a myocutaneous flap in 24 patients (two

MacGregors, two pedicled latissimus dorsi, 20 latissimus dorsi

free flaps) and four vascular grafts. Quality of surgery in the

71 patients with conservative surgery was: R0 in 35 patients,

R1 in 32 patients and R2 in four patients. Two patients were

amputated after vascular complications (one occlusion of a

vascular graft associated with a muscular free flap 1 month

after surgery, and one vascular rupture). Rates of limb salvage

were 88%, 80%, 88%, 92% in the 0.5 mg, 1 mg, 2 mg and

3 mg/4 mg groups, respectively (NS).

Further treatments

Thirty-seven patients received post-operative radiotherapy at a

median dose of 50 Gy (range 15–65) concerning 10, 10, nine

and eight patients in the 0.5 mg, 1 mg, 2 mg and 3 mg/4 mg

groups, respectively. Adjuvant chemotherapy was delivered in

18 patients: three, six, three and six patients in the 0.5 mg,

1 mg, 2 mg and 3 mg/4 mg groups, respectively.

Late toxicity

Late toxicity consisted of a muscular atrophy (5%), oedema

(11%), grade 1 sensitive disorders (6%), grade 3 nerve palsy

(3%) and stiffness (16%). Late toxicity was not significantly

different whether a patient received post-ILP radiotherapy

(21%) or not (33%). However, three post-ILP irradiated

patients experienced a spontaneous fracture between 6 and 12

months after the end of treatment.

Survival and local recurrence

No patient was lost to follow-up. With a median follow-up of

24 months, the 2-year overall and disease-free survival rates

(95% CI) were 82% (73%–89%) and 49% (39%–59%),

respectively (Figure 1), with no significant difference between

the four groups. Median disease-free survival was 24 months.

Twenty-four local recurrences were recorded with a median

time to progression of 13 months: 6, 5, 8 and 5 months in the

0.5 mg, 1 mg, 2 mg and 3 mg/4 mg groups, respectively, with

no statistical difference between the four groups (Figure 2).

The 2-year local recurrence rate (95% CI) was 27%

(18%–38%; Figure 3). Recurrences were correlated with qual-

ity (R) of post-ILP surgical resection (log rank P<0.00 001).

Table 4. Pathological response and quality of surgery (R)

Group 0.5 mg 1 mg 2 mg 3 mg/4 mg Total

No. operated patientsa (n= 23b) (n= 21b) (n= 21) (n= 17) (n= 82)

Percentage of viable cells

0 4 3 1 5 13 (16%)

1–10 1 3 7 3 14 (17%)

11–50 5 7 6 3 21 (26%)

>50 13 8 7 6 34 (41%)

R (UICC) (conservative surgery) (n= 21) (n= 17) (n= 18) (n= 15) (n= 71)

R0 8 9 10 8 35 (49%)

R1 12 8 6 6 32 (45%)

R2 1 0 2 1 4 (6%)

aOperated patients: amputations + conservative surgery.
bTwo pathological responses missing.

Table 5. Correlation between MRI and pathological responses

MRI complete responses

% viable cells Yes No Total

0–10 21 (26%) 6 27

>11 9 46 (56%) 55

Total 30 52 82%

Table 6. Post-ILP surgery

Group 0.5 mg
(n= 25)

1 mg
(n= 25)

2 mg
(n= 25)

3 mg/4 mg
(n= 25)

No surgery 1 3 4 8

Amputation 3 5 3 2

Conservative
surgery

21 (84%) 17 (68%) 18 (72%) 15 (60%)

Limb salvagea 22 (88%) 20 (80%) 22 (88%) 23 (92%)

aLimb salvage: no surgery + conservative surgery.
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A total of 13 amputations were initially performed (Table 6)

and eight additional amputations were performed during the

follow-up due to recurrence (six patients) or complication of

post-ILP surgery (two patients). The amputation rate at 2

years (95% CI) was 22% (14%–32%; Figure 3). A total of 21

amputations were thus performed: five, five, six and five

amputations in the 0.5 mg, 1 mg, 2 mg and 3 mg/4 mg groups,

respectively.

Discussion

This trial was conducted over a short period of time (3 years

inclusion), with a high homogeneity of the ILP procedures, as

well as in the indications and evaluation of results. In Gustave

Roussy Institute, the 83 patients included represented 12% of

the operated sarcomas by the same surgeon during this period,

reflecting the strict criteria of inclusion.

The present study is the first to randomise different doses of

TNF-a with the registered dose of melphalan in sarcomas.

Animal models and kinetic findings suggested that very high

doses of TNF-a used traditionally in the clinical setting may

well be reduced. In a pilot clinical study [32], nine sarcoma

patients experienced a CR with a reduced dose of TNF-a

(0.5–0.925 mg) albeit with significant local toxicity. In 20

patients with melanoma [33], low-dose TNF-a ILP achieved

tumour responses comparable with those historically reported

with a higher dose.

Our primary end point was radiological response, which is

the main criterion to make the correct decision about limb sal-

vage or amputation. Our study failed to show a 10% differ-

ence between the different dose groups, which was the

statistical prerequisite to find a TNF-a dose effect (see

Patients and methods) at least at this range of TNF-a doses.

The rates of conservative surgery, which is the final issue,

were equivalent in the four groups. These results suggest that

synergism between low-dose TNF-a and melphalan was con-

served. Moreover, overall response rates and limb salvage

rates are similar to those of previous studies with high doses

of TNF-a [10, 34, 35].

There was no significant difference in terms of CR accord-

ing to tumour grade, although there was a trend for better

responses in patients with high-grade sarcoma. This is sup-

ported by the observation of better clinical responses corre-

lated with high mitotic activity and a low amount of apoptosis

in tumour samples taken prior to ILP with TNF-a and melpha-

lan [36]. It should be emphasised that the rate of CR in low-

grade sarcomas is far higher than that obtained with systemic

chemotherapy.

Correlation between radiological and pathological responses

was good (82%). Nevertheless, assessment of the percentage

of viable tumour cells is difficult because its evaluation in soft

tissue sarcoma after pre-operative treatment is based on the

residual volume of the tumour. If the tumour shrinks but still

contains viable tumour cells, the percentage of residual

tumour is often overestimated. This is why our main objective

was to compare the clinical OR of each therapeutic arm on

MRI, which is more reliable for deciding further surgery.

Systemic toxicity, mostly cardiovascular, is significantly

correlated with the administrated dose of TNF-a. Systemic

toxicity with melphalan is rarely severe, with nausea and

vomiting being the most frequently encountered side-effects

Figure 2. Local recurrences by group.

Figure 1. Overall and disease-free survival.

Figure 3. Local recurrences and amputations.
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[37]. It is remarkable that no patient with low-dose TNF-a

had systemic toxicity. This is in contrast with previous studies

with high-dose TNF-a [10, 34] where all patients developed a

hyperdynamic state and went through a phase of lowered

blood pressure that may require fluid loading and vasopressor

drugs [38]. These cardiovascular side-effects [39] increase

with the exposure of the patient to systemic circulation of

TNF-a [21]. In a review of studies using TNF-a [40], 4.2% of

patients had a shock, 2.7% acute pulmonary oedema and 1.7%

anuria. The possible occurrence of such serious adverse

events until now has demanded the use of isotopic leakage

monitoring in order that corrective measures can be taken if

a systemic leak should occur. Insertion of a Swan Ganz cath-

eter was recommended with 24 h observation in an intensive

care unit [38, 41]. With the current use of 1 mg TNF-a,

patients are now directly admitted to the surgery ward in two

of the centres.

The increase of the TNF-a dose does not add any regional

toxicity. The local toxicity was low compared with other

series; probably because mild hyperthermia (38–408C) was

used [16]. In our study, grade 4 toxicity was only observed in

one of 99 patients compared with 15/186 grade 4 and 5 in the

multicentric European study [10]. This toxicity was not differ-

ent for males and females and was not increased when ILP

was performed in a pre-irradiated field. The main disturbing

local toxicity was neurological (paraesthesia and nerve palsy)

which has been reported in a wide range of perfused patients

[42]. Nerve palsy was observed mainly in the upper limb at

the beginning of this study. These neurological side-effects

are observed with melphalan alone; TNF-a clearly does not

add any regional toxicity. Therefore, after inclusion of the first

five upper limb sarcomas, we decided to modify the protocol

and use the same concentration of melphalan (10 mg/l) for

upper and lower limbs. From that moment on, no more paraly-

sis was observed and there was no statistical difference in

terms of local toxicity or response rates between upper and

lower limbs in the whole study.

Patients who received post-ILP radiotherapy did not experi-

ence more significant morbidity. Olieman [43] demonstrated

that adjuvant radiotherapy after ILP with TNF-a and melpha-

lan and delayed tumour resection was feasible and could

increase local tumour control without increasing treatment

morbidity.

The complete surgery rate with free margins is high regard-

ing criteria of inclusion, but many of them (24/71) required

reconstructive surgery to achieve these results. The rate of

local recurrences is obviously higher than those observed in

primary non-selected patients [44, 45], but all the patients of

our study had recurrences or locally advanced high-grade pri-

mary. Median disease-free survival (24 months) was similar to

that reported in the Stojadinovic study evaluating the outcome

of recurrent soft tissue sarcoma of the extremity where no sig-

nificant difference in OS was found between patients under-

going amputation and limb sparing surgery [46]. In our study,

all local failures or progressions after ILP occurred after

incomplete surgery or no surgery at all. This underlines the

aim that post-ILP surgery should be a wide resection when-

ever possible.

Conclusion

ILP with TNF-a and melphalan is an effective neo-adjuvant

treatment with high response rates that can achieve limb sal-

vage for most patients with locally advanced soft tissue sar-

coma. At the range of TNF-a doses tested, there was no dose

effect detected for OR and the rate of conservative surgery

was similar, but systemic toxicity was significantly related to

high doses of TNF-a. Thus, 1 mg TNF-a might be an effec-

tive dose in ILP for advanced soft tissue sarcoma. Such a

decrease of the recommended dose of TNF-a might greatly

facilitate ILP procedures in the near future.
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