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Abstract

Background: Hyperthermic isolated limb perfusion (HILP) is a locoregional treatment aimed at
avoiding amputation in patients with advanced extremity soft tissue sarcomas (STS). Over the
last 25 years, HILP procedure has been implemented to maximise its therapeutic ratio. Methods:
A retrospective analysis including 117 patients who underwent HILP from 1989 to 2013 was
performed. Three different drug schedules were applied: 1) doxorubicin (n¼ 47), 2) high dose
(3–4 mg) tumour necrosis factor-alpha (TNF-a) plus doxorubicin (n¼ 30), 3) low dose (1 mg)
TNF-a plus melphalan (L-PAM) (n¼ 40). Tumour response was evaluated by MRI or CT and
surgical specimens. Toxicity and local progression-free survival (LPFS) were also evaluated.
Results: In total 92 (78.6%) patients had primary, 25 (21.4%) had recurrent and 17 (14.5%) had
metastatic disease. The subjects in the three groups were homogeneous for clinical-
pathological features. Pathological response was complete in 55 patients (47%), partial in 35
(29.9%), regardless of drug schedule (p¼ 0.501) and tumour presentation (p¼ 0.094).
Wieberdink III–V toxicity was registered in 19.1%, 20% and 2.5% of patients, respectively
(p50.051). Twenty-eight patients (23.9%) received adjuvant radiotherapy with no relevant
toxicity. Five-year LPFS was 81.6% and 74.2% in patients with primary or recurrent disease,
respectively (p¼ 0.652). After a median follow-up of 36.5 months, the limb sparing rate was
77.8%. Conclusions: HILP performed with different drugs was equally active, either in primary,
recurrent or metastatic STS, providing effective limb sparing and durable local control. Low
dose TNF-a plus L-PAM had the most favourable toxicity profile. Adjuvant radiotherapy was not
associated with relevant toxicity.
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Introduction

Soft tissue sarcomas (STS) are a heterogeneous group of

malignant tumours that originate from mesenchymal stem

cells and account for approximately 1% of all cancers. About

60% of STS arise in limbs and more than 90% of them can be

widely excised preserving the limb [1]. The current treatment

of localised STS consists of limb-sparing surgery followed by

radiation therapy and/or systemic therapy in selected patients

[2]. However, in 5–10% of cases radical resection with

adequate surgical margins cannot be accomplished unless by

compromising limb functionality or preservation, due to

disease extension or major neurovascular involvement.

Consequently, these patients are suitable candidates for

amputation, even though mutilating surgery does not confer

any significant survival improvement [2,3]. Isolated limb

perfusion (ILP) was introduced by Creech and Krementz in

1957 [4] and was subsequently implemented by the addition

of hyperthermia by Cavaliere et al. (hyperthermic ILP

(HILP)) [5,6]. Today, HILP represents an established

alternative to limb amputation for patients with locally

advanced STS [7–9]. Since its introduction in the clinic,

one of the most controversial issues has been the identi-

fication of the most effective drugs for the extracorporeal

circulation which has led to a progressive evolution of

HILP procedure. A variety of anticancer agents have been

used over the years: nitrogen mustards, actinomycin,

melphalan (L-PAM), doxorubicin, cisplatin and tumour

necrosis factor alpha (TNF-a) [9]. Currently, the combin-

ation of TNF-a plus L-PAM is used during HILP in STS

patients with unresectable disease in order to achieve

tumour downsizing and make limb sparing surgery possible

[10–12]. The present study reports on a 24-year single

institution experience with HILP in STS patients who were

otherwise candidates for amputation. The aims of this

research were 1) to compare the activity and toxicity of the

different drug schedules that were successively adopted
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over the years at our centre and 2) to provide a long-term

report of locoregional disease outcome.

Patients and methods

Patients

Between February 1989 and September 2013, a total of 117

patients presenting with locally advanced limb STS under-

went HILP at the University Hospital and at Veneto Institute

of Oncology of Padua (Padova), Italy. Baseline patient

characteristics are presented in Table 1. All patients were

evaluated by a multidisciplinary, pathology-dedicated medical

team. The unresectability of tumours was agreed upon the

following criteria: disease multifocality, number of recur-

rences, recurrence in previously irradiated areas, deep tumour

location with adherence to bones, nerves or blood vessels.

Exclusion criteria for HILP were: clinically relevant periph-

eral vascular disease, severe cardiac co-morbidities and

coagulation disorders, as well as concomitant chemo/radio-

therapy or immuno-suppressive therapy. All patients gave

informed consent to the use of their data for scientific

purposes. The study was authorised by the local institutional

review board.

Treatments

The patients were treated with three different drugs schedules,

according to the available evidence from clinical studies.

From 1989 to 1998 HILP procedure was performed with

doxorubicin alone (8.5 mg/L of limb volume) [13,14]. In the

late 1990s, TNF-a was associated to doxorubicin, according

to the favourable results of a phase I–II study [15].

Consequently, from 1999 to 2003 HILP procedure was

performed using TNF-a plus doxorubicin. TNF-a dose was

3 or 4 mg for the upper and lower limbs, respectively;

doxorubicin dose was 8.5 mg/L limb volume. Subsequently,

several studies showed that low dose (1 mg) TNF-a was as

effective as the high doses, but was associated with minor

toxicity [16,17]. As a result, low dose TNF-a was introduced

at our centre in 2004 and we adopted the following schedule:

low dose (1 mg) TNF-a plus L-PAM (13 or 10 mg/L of limb

volume for the upper and lower limb, respectively). The

duration of HILP was 90 min both in the period from 1989 to

1998 and from 1999 to 2003; thereafter, the duration was

reduced to 60 min. In fact, 1 h HILP with TNF-a plus L-PAM

proved be as safe and effective as 90-min HILP [17]. In all but

two patients (in whom target temperature was 41–43 �C) the

maximum tumour temperature during the procedure was set at

40–41 �C (borderline true hyperthermia), which is known to

be more effective than mild hyperthermia (39–40 �C), but also

has less side effects than true hyperthermia (441–43 �C) [18].

The surgical technique for HILP has been described in detail

elsewhere [19]. In brief, the main artery and vein of the

affected limb were isolated and encircled with tourniquets.

After systemic heparinisation, the tourniquets were tightened

as the arterial and venous catheters were inserted into the

vessels. Subsequently, the catheters were connected to the

extracorporeal circuit. An Esmarch tourniquet was placed at

the root of the limb in order to collapse collateral vessels and

to prevent systemic drug leakage. 99mTc-albumin was injected

into the circuit to measure the perfusate leakage by means of a

gamma probe placed over the chest wall of the patient [20].

The flow rate during the perfusion was set at 440 mL/min and

600 mL/min for the upper and lower limb, respectively.

Surgical resection was planned 6–8 weeks after HILP and no

anticancer treatment was administered during this interval.

Magnetic resonance or computed tomography was performed

preoperatively to quantify tumour shrinkage as well as to

evaluate its surrounding anatomical structures.

Response and toxicity

Radiological response was performed according to the

Response Evaluation Criteria in Solid Tumors (RECIST

1.1): complete response (CR) indicated tumour disappear-

ance, partial response (PR) indicated tumour shrinkage of at

least 30%, stable disease (SD) indicated tumour shrinkage less

than 30% or tumour growth less than 20%, progressive disease

(PD) indicated tumour increase greater than 20%. The

percentage of tumour necrosis after HILP was microscopic-

ally assessed by the pathologist and grouped into three

Table 1. Patient characteristics.

Characteristics N (%)

Sex
Male 55 47
Female 62 53

Age
550 yrs 42 35,9
�50 yrs 75 64,1

Tumour location
Upper limb 28 23.9
Lower limb 89 76.1

Tumour burden
Unifocal 82 70.1
Multifocal 35 29,9

Presentation
Primary 92 78.6
Recurrent 25 21.4

Tumour size
510 cm 60 51.3
�10 cm 57 48.7
Distant metastases 17 14.5

Previous treatments
Chemotherapy 6 5.1
Radiotherapy 9 7.7
Combination 3 2.6

Stage
T1b 13 11.1
T2b 104 88.8

Grading
I–II 12 10.3
III 105 89.7

Histotype
Leiomyosarcoma 23 19.7
Liposarcomaa 20 17.1
MPNST 17 14.5
Pleomorphic sarcoma 16 13.7
Synovial sarcoma 14 11.9
Lymphangiosarcoma 7 5.9
Myxofibrosarcoma 4 3.4
EMC 4 3.4
Haemangiopericytoma 3 2.5
Rhabdomyosarcoma 2 1.7
Other histotypes 8 6.4

EMC, extra-skeletal myxoid chondrosarcoma; MPNST,
malignant peripheral nerve sheath tumours.

aDe-differentiated or myxoid liposarcomas.
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categories: complete response (490% of tumour necrosis),

partial response (50–90% of tumour necrosis), and

no response (550% of tumour necrosis). Common toxicity

criteria (CTCAE, v 4.0) were used to classify proced-

ure-related adverse events; the Wieberdink scale was also

used to describe locoregional toxicity [21].

Statistical analysis

Comparison between groups was performed with Mann

Whitney U test or chi-square test, according to variables.

Survival analysis was performed with the Kaplan-Meier

method, comparison between different cohorts was performed

with the log rank test. All tests were double sided and were

retained significant for p� 0.05. Analyses were performed

with R v3.0.2 for Linux (C-RAN project, Vienna).

Results

Patients

A total of 117 consecutive patients (55 men and 62 women)

were evaluated, with a median age of 53 years (range 22–92).

The main clinical pathological features of patients who were

treated according to the three different drug schedules

(doxorubicin, TNF-a plus doxorubicin and TNF-a plus L-

PAM) were similar: gender (p¼ 0.72), age (p¼ 0.63), tumour

size (p¼ 0.08), tumour location (upper vs lower limb,

p¼ 0.42), disease uni- vs multifocality (p¼ 0.78), tumour

grading (p¼ 0.84), histotype (p¼ 0.64), presentation (primary

vs recurrent, p¼ 0.70) and stage (p¼ 0.67).

Treatment

Out of 117 patients, 47 (40.1%) underwent doxorubicin HILP,

30 (25.6%) TNF-a plus doxorubicin HILP, and 40 (34.3%)

TNF-a plus L-PAM HILP. The surgical vascular access was

performed through the axillary vessels in 28 (23.9%) patients,

the femoral vessels in 67 (57.2%) patients and the external

iliac vessels in 22 (18.8%) patients. The median of the

maximum temperature of the perfusate during the procedure

was 40.5 �C (range 39.2–43.0 �C); the upper threshold of

borderline true hyperthermia was exceeded in two patients, in

whom the maximum registered temperature was 42 �C and

43 �C, respectively. The median flow rate during the perfusion

was 440 (range 200–560) mL/min in the upper limb and 600

(range 300–900) mL/min in the lower limb. The median pH of

the perfusate was 7.2 (range 7.0–7.4). The median systemic

leakage of 4.8% (range 0.3–12.0); it was higher in patients

with an iliac access (median 7.8%, range 0.5–12.0) than in

patients with an axillary (2.8%, range 0.3–4.0) or femoral

access (1.7%, range 0.8–6.0). Overall, the median hospital

stay was 8 days, (range 6–32.0).

Toxicity

Grade I–II Wieberdink toxicities were reported by 80.9%,

80.0% and 92.5% of patients in the doxorubicin, TNF-a plus

doxorubicin, and TNF-a plus L-PAM groups, respectively

(p¼ 0.233). Grade III–IV toxicities were more frequent in the

two doxorubicin-based schedules (Table 2). One patient

treated with TNF-a plus doxorubicin had grade IV

Wieberdink toxicity and developed a compartmental syn-

drome which required a fasciotomy to prevent leg ischemia,

while another patient treated with the same drug regimen was

amputated due to grade V toxicity (Table 2). A patient who

underwent doxorubicin HILP had grade IV toxicity and

underwent fasciotomy. One patient died 30 days after TNF-a
plus L-PAM HILP due to bone marrow aplasia which was

unresponsive to pharmacological treatment. Details of both

locoregional and systemic toxicity are presented in Table 3.

Radiological response

In the 115 evaluable patients, the radiological response after

HILP was as follows: complete in two patients (1.7%), partial

in 92 patients (80%), and stable disease in 21 patients

(18.3%). Two patients were not evaluable due to early

amputation on post-operative day 3 and death on post-

operative day 30 (Figure 1).

Surgical treatment and pathologic response

A limb-sparing surgery was feasible in 98/117 patients

(83.8%). In those 98 patients, the radicality of resection was

R0 in 79 (80.6%), R1 in 11 (11.2%) and R2 in 8 (8.2%)

(Figure 1). In the subgroup of patients with metastatic disease

(n¼ 17) a limb-sparing intervention was performed in 14

cases (82.3%). Overall, pathological response was as follows:

complete in 53/115 patients (46.1%), partial in 35/115

(30.4%) and stable disease in 27/115 patients (23.5%).

There was no significant difference in tumour necrosis in

the surgical specimen according to the drug schedule of HILP

(p¼ 0.501) (Table 3). All seven patients with

Table 2. Tumour response and local toxicity according to drug schedule.

Locoregional toxicity (Wieberdink)
(no. of pts, %)

Drug schedule (no. of patients)
HILP duration

(min) ORR (%) 1–2 3 4 5

Doxorubicin (n¼ 47) 90 72.3 38 (80.9) 8 (17.0) 1 (2.1) 0
TNF-aa + doxorubicin (n¼ 30) 90 78.6 24 (80.0) 4 (13.4) 1 (3.3) 1 (3.3)
TNF-ab + L-PAM (n¼ 40) 60 75.0 37 (92.5) 1 (2.5) 0 0

L-PAM, melphalan; ORR, overall response rate (pathological evaluation of surgical specimen of 115 resected patients);
TNF-a, tumour necrosis factor alpha.

aHigh dose (3 or 4 mg for the upper or lower extremity, respectively).
bLow dose (1 mg).
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lymphangiosarcoma had a pathologically confirmed CR. On

the other hand, we observed some STS histotypes that were

poorly responsive to HILP: epithelioid sarcoma (n¼ 4

patients; of these, two were treated with doxorubicin HILP,

the other two with TNF-a plus doxorubicin HILP), clear cell

sarcoma (n¼ 2 patients, both treated with TNF-a plus

doxorubicin HILP), osteogenic sarcoma (n¼ 2 patients; one

received TNF-a plus doxorubicin HILP, the other one TNF-a
plus L-PAM HILP), and extra-skeletal myxoid chondrosar-

coma (n¼ 4 patients. Two of them underwent TNF-a plus

doxorubicin HILP, while two received TNF-a plus L-PAM

HILP). None of these patients showed radiological response

after HILP and the amount of tumour necrosis in the surgical

specimen was550% in all cases.

Further treatments

After discussion in the frame of a multidisciplinary sarcoma

team, 28 (23.9%) patients underwent radiotherapy as a

completion treatment after HILP and resection (Figure 1).

The worst local adverse events following radiation were

graded G1–G2 in all cases and included skin (dermatitis,

erythema, pruritus) or soft tissue (necrosis, infection, fibrosis)

toxicity. Nine patients (7.7%) received adjuvant chemotherapy

after HILP.

Local control

Overall, 26 patients (22.2%) required limb amputation at

different times: one patient was amputated three days after

HILP with TNF-a plus doxorubicin, due to grade V toxicity;

17 patients were amputated due to non-response to HILP;

finally, another eight patients required limb amputation for

disease recurrence during the follow-up, after a median

interval of 24 months (range 8–33) (Figure 1). None of the 28

patients who were irradiated after HILP required limb

amputation. Overall, after a median follow-up of 36.5

months (range 0.1–270.5) 5-year LPFS was 80.6%, without

significant differences among HILP schedules (doxorubicin,

78.4%, TNF-a plus doxorubicin, 84%, TNF-a plus L-PAM,

79.5%, p¼ 0.47) (Figure 2). Five-year LPFS was 81.6% and

74.2% in patients with primary or recurrent disease, respect-

ively (p¼ 0.65).

In the subgroup of patients with metastatic disease

(n¼ 17), three patients underwent early amputation due to

non-response to HILP; in the remaining 14 patients who

received a limb sparing surgery, seven developed disease

recurrence during follow-up and six of them finally required

amputation. As a result, the limb amputation rate in patients

with stage IV disease was 9/17 (52.9%).

Survival

Systemic disease progression occurred in 47 patients (40.2%),

after a median of 14.6 months (range 4–59) from HILP.

Five-year overall survival ranged from 58.6% to 64.5%, in

patients with primary and recurrent disease, respectively.

Twenty-eight patients (23.9%) were disease-free after 5 years

from HILP.

Discussion

The present study summarises a single centre experience with

HILP over a 24-year period in patients with advanced

extremity STS. Our data confirm that HILP is a highly

active and effective treatment. In fact, in our 117 patients the

overall pathological response rate was 76.5% and the limb

sparing rate was up to 77.8%. During the last three decades,

Table 3. Local and systemic toxicity according to drug schedule in 117 sarcoma patients after hyperthermic isolated limb perfusion.

Toxicity by CTAE grade

Doxorubicin (N¼ 47) TNF-a+ doxorubicin (N¼ 30) TNF-a+ L-PAM (N¼ 40)

Any G3–4 Any G3–4 G5 Any G3–4
n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Local
Intraoperative artery injury 1 (2.1) 0 1 (3.3) 0 – 0 0
Intraoperative vein injury 2 (4.2) 0 1 (3.3) 0 – 2 (5) 0
Skin rash 7 (14.9) 2 (4.2) 8 (26.7) 4 (13.3) – 5 (12.5) 1 (2.5)
Pain – limb 20 (42.5) 7 (14.9) 8 (26.7) 6 (20) – 8 (20) 3 (7.5)
Cellulitis infection 8 (17) 2 (4.2) 12 (40) 4 (13.3) – 6 (15) 3 (7.5)
Lymphocele 4 (8.5) 0 3 (10) 0 – 2 (5) 0
Peripheral arterial ischaemia 0 0 2 (6.7) 0 – 0 0
Phlebitis 1 (2.1) 0 1 (3.3) 0 – 1 (2.5) 0
Thrombosis 2 (4.2) 0 0 0 – 0 0
Limb oedema 4 (8.5) 1 (2.1) 6 (20) 2 (6.7) – 4 (10) 0
Neuropathy – sensor 8 (17) 1 (2.1) 6 (20) 1 (3.3) – 2 (5) 0
Neuropathy – motor 6 (12.8) 0 3 (10) 0 – 0 0
Extremity – upper (function) 7 (14.9) 0 6 (20) 0 – 8 (20) 0
Extremity – lower (gait/walking) 5 (10.6) 0 6 (20) 0 – 5 (12.5) 0

Systemic
Nausea/vomiting 5 (10.6) 0 4 (13.3) 0 – 4 (10) 0
Pneumonitis 0 0 1 (3.3) 0 – 0 0
Thrombocytopaenia 0 0 1 (3.3) 0 – 0 0
Leucopaenia 1 (2.1) 0 2 (6.7) 0 1 (3.3) 1 (2.5) 0
Infection – urinary tract 1 (2.1) 0 0 0 – 1 (2.5) 0
Increased creatinine 2 (4.2) 0 1 (3.3) 0 – 0 0

CTAE: common terminology criteria for adverse event. DOX: doxorubicin. L-PAM: melphalan.

168 M. Rastrelli et al. Int J Hyperthermia, 2016; 32(2): 165–172



HILP has been continuously implemented and nowadays it

represents a highly technically evolved procedure [7,9].

During this phase of progressive improvement, different

anticancer drugs have been tested. In particular, at our centre

we used three different schedules, i.e. doxorubicin, high dose

TNF-a plus doxorubicin, and low dose TNF-a plus L-PAM.

The goal of this retrospective analysis was to critically

evaluate the toxicity and efficacy of these regimens in STS

patients who underwent HILP. According to our experience,

this procedure has proved to be safe (although 1/117 patients

died because of systemic toxicity of chemotherapy) and its

locoregional toxicity profile was easily manageable in most

cases. The majority (around 80–90%) of patients reported

mainly grade I–II Wieberdink toxicity, without significant

differences among the three different drug regimens (Table 3).

However, the most severe side effects were observed in those

treated with the two doxorubicin-based schedules, who

experienced grade III–IV locoregional toxicity in 9/47 and

5/30 cases, respectively. Moreover, the single case of grade V

Wieberdink toxicity occurred in a patient who underwent

HILP with TNF-a plus doxorubicin (Table 3). It cannot be

excluded that the higher morbidity in patients treated with

doxorubicin and with TNF-a plus doxorubicin was also due to

the longer duration of the procedure (90 vs 60 min) and to the

higher dose of TNF-a (Table 2). In fact, according to Deerose

et al., reduction of the TNF-a dose and reduction of total

HILP time is associated with less local toxicity (from 23% to

14%), while maintaining HILP efficacy [12]. The association

of TNF-a plus doxorubicin was previously tested by our group

in a small phase II study, where 14 out of 21 patients had

moderate regional toxicity and one patient reported severe

limb toxicity, although not requiring amputation [13].

However, the small number of enrolled patients did not

allow a reliable estimation of the actual rate of doxorubicin-

related toxicity. In a more recent study from the Italian

Society of Integrated Locoregional Treatment in Oncology

(SITILO), 75 patients with limb-threatening STS were treated

with the same drug schedule and grade IV–V locoregional

toxicity was reported by 21% and 3% of cases, respectively

[22].

On the other hand, several studies indicate that HILP with

TNF-a plus L-PAM is associated with mainly mild to

moderate local toxicity and the occurrence of severe morbid-

ity is rare, with grade V toxicity being reported only in

sporadic cases [11,12,17,23–29]. Nevertheless, as shown by

the toxicity profile reported by our patients (Table 3), HILP

may cause a variety of local and systemic adverse events

which are well known [30], ranging from mild erythema to

soft tissue injury, up to compartment syndrome requiring

decompressive fasciotomy or limb amputation; in rare cases,

Figure 1. Flow chart of patient
outcome. CR, complete response; CT,
chemotherapy; HILP, hyperthermic isolated
limb perfusion; L-PAM, melphalan; PR,
partial response; R0, R1, R2, radicality of
resection; RT, radiotherapy; SD, stable
disease.
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drug leakage into the systemic circulation may cause severe

haematological toxicity.

The three drug schedules used in our patients proved to be

comparable both in terms of antitumour activity and efficacy.

Ninety-eight (83.8%) patients received limb-sparing surgery

and the pathological response rate after HILP with doxo-

rubicin, TNF-a plus doxorubicin and TNF-a plus L-PAM

was 72.3%, 78.6% and 75.0%, respectively (Table 2). The

pathological tumour response was complete in 53/115

(46.1%) resected patients and partial in 35/115 (30.4%)

patients, without significant differences among the three

schedules. These results are comparable to previous series,

where the overall response rate ranged from 63% to 96%

[7–9], and raise the question about the necessity of surgical

resection after a complete clinical response following HILP.

However, the discrepancy between the radiological (CT

scan or MRI) and pathological complete response rate in

our study (1.7% and 46.1%, respectively) underlies the

impossibility to predict a pathological CR after HILP and

to identify the patients who could be spared from surgical

resection. Moreover, especially in patients with a large

tumour masses, surgical resection is beneficial in order to

remove all the necrotic tissue and avoid possible

sovrainfections.

The high tumour response achieved with HILP in our

patients, followed by radical resection in most cases,

translated into a sustained locoregional disease control in

the long term as shown by the fact that 5-year LPFS in the

three treatment groups was 78.4%, 84% and 79.5%, respect-

ively. Of note, 84% (98/117) of our patients received limb-

sparing surgical treatment, and, of these patients, about 80%

achieved R0 resection. These outcomes are in line with those

reported in the most recent series, where limb sparing rate

ranged from 41–100% [9].

Despite the sustained antitumour activity shown by HILP,

some histotypes in our experience were refractory to

locoregional chemotherapy. Although small numbers only

allow provocative assumptions, we observed that patients with

epithelioid sarcoma, clear cell sarcoma, osteogenic sarcoma

and extra-skeletal myxoid chondrosarcoma were poorly

responsive to HILP. As for patients with epithelioid sarcoma

and clear cell sarcoma, our data are in contrast with previous

studies [31,32], where these histotypes were responsive to

HILP with TNF-a and L-PAM. One plausible explanation

could reside in the use of doxorubicin-based regimens in our

patients instead of TNF-a and L-PAM. On the other hand, the

four patients with extra-skeletal chondrosarcoma who were

refractory to HILP in our study were treated with TNF-a plus

LPAM.

Considering the high heterogeneity of STS and conse-

quently their variable sensitivity to different anticancer

agents, it is arguable that more active drugs should be

introduced in order to ensure favourable outcomes after

HILP in a greater number of STS patients. At the same time,

the identification of mechanism of resistance to drugs as well

as a better estimation of limb volume may improve the

therapeutic ratio in regional chemotherapy [33,34]. Finally

and hopefully, the availability of less invasive and promising

locoregional treatments, such as isolated limb infusion (ILI)

and electrochemotherapy (ECT) may open new possibilities

Figure 2. Local progression-free survival
according to HILP drug schedule. HILP,
hyperthermic isolated limb perfusion;
L-PAM, melphalan; LPFS, local progression-
free survival.
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in the multimodal management of these complex patients

[35,36].

Twenty-eight (23.9%) of our patients received adjuvant

radiotherapy after HILP and surgical resection due to

marginally or microscopically positive resection margins.

Unfortunately, due to the long time span of the present

analysis as well as to patient heterogeneity and small

numbers, it is impossible to evaluate whether radiotherapy

had an impact in reducing the risk of local recurrence. We can

only observe that the 28 patients in whom HILP was followed

by radiotherapy reported only mild local toxicity after

irradiation and none of them was amputated for disease

recurrence or late treatment-related side effects during follow-

up. The value of adjuvant radiotherapy after HILP and

surgical resection is still a matter for debate. In fact, while

according to some previous experiences the application of

external beam radiotherapy seems feasible and reduces the

risk of local recurrence [37,38], in other studies it is

associated with an increase of soft tissue necrosis or vascular

morbidity leading to limb amputation or irreversible func-

tional damage in up to two thirds of patients [39–41]. Waiting

for confirmatory studies, two parameters could be of value in

balancing the pros and cons of radiotherapy after HILP, i.e.

the degree of HILP-induced tumour necrosis and the

completeness of surgical resection. According to Deroose

et al., in the patients in whom HILP induces450% of tumour

necrosis and R0 resection is performed, radiotherapy may be

safely omitted [42]. This is based on the observation that

patients with 450% of tumour necrosis and R0 resection

reported similar local outcome (recurrence rate of 0/15 and

1/28 with or without radiotherapy, respectively).

Of note, in our experience HILP conferred a sustained

locoregional disease control both in patients with primary or

recurrent disease, in whom 5-year LPFS was 81.6% and

74.2%, respectively. Moreover and interestingly, HILP

allowed a sustained local control also in patients with

metastatic STS, thus confirming its value as a palliative

procedure, at least in well-selected patients [28].

Since the different drug schedules used in HILP over the

last 24 years proved to be comparable in terms of antitumour

activity and efficacy (limb-sparing effect), their selection was

dictated by their toxicity profile. Accordingly, since 2004 we

have adopted the association of low dose TNF-a and L-PAM,

thus improving the local toxicity reported by our patients

(Table 2).

We are aware that the small numbers and the retrospective

nature of this non-comparative study do not allow any firm

conclusions to be drawn concerning the real impact of HILP

on tumour respectability, limb preservation, disease-free and

overall survival. Only a randomised trial comparing HILP vs

neoadjuvant chemoradiotherapy could establish the benefit of

hyperthermic locoregional chemotherapy on surgical man-

agement and patient outcome.

In conclusion, this study confirms that HILP, performed

with different drugs, is an active treatment and provides

substantial limb-sparing effect as well as durable local control

in patients with advanced limb STS, either in those with

primary, recurrent or metastatic disease. Adjuvant radiother-

apy seems not to increase local toxicity. TNF-a plus L-PAM

schedule showed the most favourable therapeutic ratio.
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