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Abstract
Background Limb-sparing surgery in locally advanced soft tissue sarcomas (LA STS) is challenging. The aim of this study 
is to evaluate upfront isolated limb perfusion (ILP) in untreated patients with LA STS.
Methods All consecutive patients with LA STS of the limbs deemed borderline or unresectable and treated with upfront 
ILP as induction treatment between 2003 and 2016 were included. Demographic, clinical and long-term characteristics were 
obtained and retrospectively analyzed.
Results 41 patients (pts), with a median age of 51 years [range 21–76], were identified (lower limb 68%, upper limb 32%). 
Liposarcoma and undifferentiated pleomorphic sarcoma were the most common subtypes (27% and 22%, respectively). Acute 
toxicities, using Wieberdink classification, were grade II (35 pts, 85%), grade III (2 pts, 5%) and no grade IV–V. Local control 
rate was 98%. 32 pts had limb-sparing surgery (78%). 1 pt had an early amputation due to progressive disease after ILP. 8 
pts were not operated (four had RT alone, one had distant metastases, two had a complete response and one died 3 months 
after ILP of a pulmonary embolism). 36 pts (84%) received postoperative RT. After a median follow-up of 43 months, 18 
pts (47%) relapsed. Median disease-free survival (DFS) was 6.7 years. The median overall survival (OS) was not reached. 
The 1-year, 5-year and 10-year DFS and OS rates were, respectively, 75%, 50% and 45%, and 90%, 63% and 55%.
Conclusion Upfront ILP is an efficient and well-tolerated limb-sparing procedure in borderline or unresectable LA STS 
without hampering OS.
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Introduction

More than 20,000 new cases of soft tissue sarcoma (STS) are 
diagnosed every year in Europe among which 49% are local-
ized in the limbs and up to 88% have no metastases at the 
time of diagnosis [1, 2]. The reference treatment in localized 
disease is wide resection with clear margins, combined with 
radiotherapy (RT) in high-grade lesions and deep-seated 
large (> 5 cm) tumors. Optimization of the initial manage-
ment of localized disease is crucial since disease recurrence 
might deeply impair limb function, up to requiring amputa-
tion. Since no survival benefit has been demonstrated with 
upfront amputation compared to wide resection plus radio-
therapy, an increased interest in limb-sparing surgery has led 
to the exploration of newer neoadjuvant therapies for limb 
salvage in the case of LA STS. Nevertheless, response rates 
using either RT or standard chemotherapy (CT) in STS vary 
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between 1 and 27% [3–5]. Since its first description in 1958, 
isolated limb perfusion (ILP) has been widely used in STS 
progressing under chemotherapy, in irradiated fields or as an 
alternative to amputation, with response rates reaching 70% 
[6, 7]. The aim of this study was to evaluate the efficacy of 
upfront ILP in primary untreated borderline or unresectable 
LA STS of the limbs.

Methods

Patients

All consecutive patients with borderline or unresectable 
STS of the limbs treated with upfront ILP between Janu-
ary 2003 and June 2016 were included. Patients previously 
treated with CT and/or RT and/or surgery before ILP or with 
distant metastases or with a non-sarcoma histology were 
excluded. We defined borderline or unresectable STS as a 
patient in which microscopically complete margin could not 
be achieved without amputation. Resectability of the tumor 
was systematically evaluated by two expert surgeons in sar-
coma surgery (AC, CH). Upfront ILP was systematically 
confirmed during a multidisciplinary team decision (MTD) 
by an expert in sarcoma care after discussing the benefits of 
each neoadjuvant approach. ILP was preferred in patients 
where a quick or volumic response was eagerly needed and/
or in which radiotherapy would be at high risk of secondary 
complications to the bones and nerves. The MTD for sur-
gery was taken 2 months after the ILP, based on a complete 
radiological survey.

Pathology

All the patients had an initial biopsy before ILP. Histopatho-
logical results were systematically confirmed by an expert 
pathologist in STS within RREePS (Réseau de Reference en 
Pathologie des Sarcomes des tissus mous et des viscères). 
The fourth edition of the WHO Classification of Tumors 
of Soft Tissue and Bone was used to classify these tumors 
[8]. FNLCC (French Federation of Cancer Centers Sarcoma 
Group) grading system was used [9].

Isolated limb perfusion

The surgical procedure was performed under general anes-
thesia. ILP could be performed at two levels in both lower 
(iliac or femoral) and upper limbs (axillary or brachial) 
depending on the anatomical localization of the tumor. Iso-
lation of the blood supply of the limb was achieved by can-
nulating the major artery and vein after systemic heparini-
zation and ligation of deep collateral vessels. The canulas 
were connected to an oxygenated extracorporeal circuit, and 

a tourniquet (pressure of 300 mmHG in lower limbs and 
250 mmHG in upper limbs) was positioned at the root of the 
limb to occlude superficial veins. Hyperthermia between 38 
and 39.5 °C was established by heating the isolated circuit 
and the temperature was monitored with four subcutaneous 
thermic probes. Tumor necrosis factor (TNF) was adminis-
tered at the dose of 0.5–2 mg for the upper limb and 1–4 mg 
for the lower limb. Melphalan was administered 10 min after 
TNF administration at the dose of 13 mg/L for the upper 
limb and 10 mg/L for the lower limb. The total perfusion 
time was 60 min. Leakage from the limb to the systemic 
circulation was monitored with radio-labeled 131-I human 
serum albumin using a precordial scintillation probe [10, 
11]. ILP-related toxicity was assessed based on the Wie-
berdink grading system as follows: no reaction (Grade I), 
slight erythema and/or edema (Grade II), considerable ery-
thema or/edema with limited blistering and motility (Grade 
III), extensive epidermolysis and/or obvious damage to the 
deep tissue, compartment syndrome (Grade IV) and severe 
reaction with need for amputation (Grade V) [10]. On the 
other hand, postoperative adverse events were evaluated 
based on the Common terminology Criteria for Adverse 
Events of the National Cancer Institute (CTCAE 4.0) and 
the Clavien/dindo classification [12, 13].

Outcomes

Evaluation of the tumor response was performed using MRI 
at 1 and 2 months after ILP. Radiological evaluation was 
done according to the Response Evaluation Criteria In Solid 
Tumors (RECIST). Estimation of the necrotic changes in the 
tumor was reported either by the degree of tumor necrosis 
on MRI or by evaluation of the residual cancer cells on the 
histopathological specimens. CR (complete response) was 
defined when necrosis was confirmed in 100% of the speci-
mens, PR (partial response) in 50–99% and no response in 
less than 50% of the cells. Patients were followed up by a 
clinical examination and chest computed tomography every 
4 months for 2 years, then every 6 months for 3 years, then 
yearly for 5 years. Recurrence was diagnosed based on clini-
cal or radiological findings and was confirmed during an 
MTD meeting.

Data collection and variables

Clinical and demographic characteristics of the patients 
were obtained from the electronic hospital records. Vari-
ables included were age, gender, BMI, tumor characteris-
tics, and associated comorbidities, surgery including Mel-
phalan and TNF alpha doses, vascular approach, surgical 
complications and radiological and pathological responses. 
Additional analysis included recurrence-free survival 
and overall survival. The following prognostic factors on 
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survival and recurrence of disease were evaluated: age (< 65 
or > 65 years), sex (male or female), BMI (< or > 30), site 
of tumor (upper or lower extremity), size of tumor (< or 
> 10 cm), grade (low, intermediate or high) and histological 
response (CR, PR or NR).

Statistical analysis

The cutoff date for survival analyses was July 31, 2017. Data 
were expressed as mean ± standard error of the mean (SEM). 
A p value lower than 0.05 was considered significant. Cate-
gorical variables were compared within groups using the Chi 
square or Fisher’s exact test, when appropriate. The survival 
analysis was performed using the Kaplan–Meier method and 
results were compared using the log rank test. Overall sur-
vival (OS) was calculated from the date of diagnosis to the 
date of death or of the last follow-up. Disease-free survival 
(DFS) was computed from the date of the primary tumor 
resection to the date of local or distant recurrence. All statis-
tical analyses were performed using the IBM SPSS Statistics 
software, version 20.0.

Results

Patient and tumor characteristics

Forty-one patients (pts) were identified with a median age 
of 51 years [21–76]. There were 22 female patients (54%) 
and 19 male patients (46%). Median body mass index was 
24 [18–43]. Seven pts had smoking history (17%), five had 
hypertension and five had dyslipidemia (12%). The lower 
limbs were more commonly affected [28 pts (68%)] than the 
upper limbs [13 pts (32%)]. The legs and forearms were the 
most common site of tumor in lower (46%) and upper limbs 
(46%), respectively. Median radiological size of the tumor at 
diagnosis was 7 cm (range 1–20). The most common reason 
for unresectability was contact with bone in 21 pts (51%) 
followed by neurovascular involvement in 15 pts (37%) and 
multifocal tumors in 5 pts (12%). Adipocytic and tumors of 
uncertain differentiation were the most common histologic 
subtypes (27% and 22%, respectively). Eleven tumors had 
FNCLCC grade 3 (27%), 16 had grade 2 (39%) while 13 had 
grade 1 (34%). Details concerning the pathological subtypes 
are presented in Table 1.

ILP procedure

The most commonly used vascular approach was femo-
ral (61%). No perioperative complications were recorded 
and no procedure was aborted for technical reason. Severe 
immediate postoperative complications occurred in only 
one patient (a 61-year-old patient presented during recovery 

2 days post-ILP a severe cardiac thrombosis which led to 
cardiac arrest and subsequently to the patient’s death). Acute 
regional toxicity after the ILP procedure was detected in 37 
pts (90%): 35 pts had grade II toxicity (85%) while 2 pts had 
grade III toxicity (5%). No pts had grade IV–V toxicity. No 
postoperative amputation was required. The median duration 
of hospitalization was 9 days (6–24 days).

Radiological and histological responses to ILP

The objective response rate (ORR) based on the RECIST 
criteria was 22% [2 CR (5%) and 7 PR (17%)]. Twenty-eight 

Table 1  Patient demographics and tumor characteristics

BMI body mass index, FNCLCC Fédération Nationale des Centres de 
Lutte Contre le Cancer, MPNST Malignant peripheral nerve sheath 
tumor, N/A Not available

Variable

Number of patients 41 (100%)
Age (median, years) [range] 51 [21–76]
Sex
 Male 19 (46%)
 Female 22 (54%)

BMI (median) [range] 24 (18.3–42.9)
Tumor site
 Upper limb 28 (68%)
 Lower limb 13 (32%)

Comorbidities
 Smoking 7 (17%)
 HTA 5 (12%)
 Dyslipedemia 5 (12%)

Tumor size (median, cm) [range] 7 (2–20)
Histologic subtype
 Myxoid liposarcoma 8 (19.5%)
 Undifferentiated sarcomas 8 (19.5%)
 Synovial sarcoma 6 (14.6%)
 Angiosarcoma 5 (12.3%)
 Leiomyosarcoma 3 (7.4%)
 Epitheliod sarcoma 2 (4.9%)
 Dedifferenciated liposarcoma 3 (7.4%)
 Ewing sarcoma 1 (2.4%)
 Fibromyxoid sarcoma 1 (2.4%)
 MPNST 1 (2.4%)
 Myoepithelioma 1 (2.4%)
 Myxofibrosarcoma 1 (2.4%)
 Solitary fibrous tumor 1 (2.4%)

FNCLCCC grade
 Low 13 (31.6%)
 Intermediate 16 (39%)
 High 11 (27%)
 N/A 1 (2.4%)
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pts had stable disease (68%) while four pts had confirmed 
disease progression (PD) (10%). Moreover, 35 pts (85%) had 
modification in the tumor consistency in favor of necrotic 
changes in at least 20% of the tumor (20–100). In the 32 pts 
who had surgery (78%), pathological analysis concluded in 2 
CR (6%) and 17 PR (53%) while 13 pts were refractory with 
less than 50% of tumor necrosis (41%) (Table 2).

Early outcome after ILP

Thirty-two pts had conservative surgery after ILP (78%). 
Twenty-seven pts had postoperative RT. Nine pts did not 
undergo surgery: four were managed with exclusive RT, two 
had PD [systemic treatment (n = 1) and early amputation 
(n = 1)] and two had CR (without need for further treatment).

Survival data and prognostic factors

After a median follow-up of 6.3 years, 18 pts from the non-
progressive patients had relapse of their disease (47%). Eight 
pts had local relapse (22%) while 15 pts had distant metas-
tases (41%) (five pts had both local and distant relapses). 
The lungs were the most common site of distant recurrence 
in almost two-third of the patients (n = 10). One pt had an 
amputation due to local relapsing disease after a delay of 
42 months. The median recurrence-free survival (RFS) 
(both local and metastatic) was 6.7 years (Fig. 1a). The 
1-year, 5-year and 10-year RFS rates were 75%, 50% and 
45%, respectively. The median local RFS was not reached 
(Fig. 1c) and the 1-year, 5-year and 10-year LRFS rates were 
87%, 73% and 73%. On the other hand, median metastatic 
RFS was also not reached (Fig. 1b) with the 1-year, 5-year 
and 10-year RFS rates being 80%, 58% and 52%. No prog-
nostic factors were found to be significantly associated with 
local or metastatic RFS. Furthermore, median OS was not 
reached (Fig. 1d). The 1-year, 5-year and 10-year OS rates 

were 90%, 63% and 55%. Only Lower BMI showed a trend 
toward better survival rates (p value 0.064) (Table 3).

Discussion

The present retrospective study confirms the efficacy and 
safety of upfront ILP as a limb-sparing strategy in untreated 
patients with borderline or unresectable LA STS of the 
extremities. This approach resulted after a median follow-
up of 43.5 months in 95% of limb salvage.

Aim of neoadjuvant treatments in limb STS

The theoretical purposes of neoadjuvant treatment in limb 
STS are to improve OS, decrease risk of distant metasta-
ses, facilitate surgery and decrease morbidity. The role of 
chemotherapy (CT) and radiotherapy in non-metastatic STS 
is still to be determined due to the confounding and lim-
ited improvements in both DFS and OS. The neoadjuvant 
approach was evaluated in multiple randomized phase III 
trials with inconclusive results [3, 14]. A recent Italian study 
demonstrated with three cycles of preoperative adriamycin 
and ifosfamide in high-risk STS patients a 5-year OS and 
RFS of 70% and 60% while an ORR of 24.1% was achieved 
[4]. Furthermore, adriamycin and ifosfamide were compared 
to histotype-tailored protocols in specific STS subtypes [3]. 
Surprisingly, after 12.3 months of follow-up, the projected 
DFS at 46 months was superior in standard chemotherapy 
(62% versus 38%) (p = 0.004, HR = 2) as well as OS (89% 
versus 64%) (p = 0.033, HR = 2.687) and metastases-free 
survival (74% versus 45%) (p = 0.011, HR = 2.147). ILP was 
listed along with CT and/or RT, in the preoperative setting 
for patients at risk of mutilating surgery [3]. Our results with 
exclusive preoperative ILP showed a 5-year DRFS and OS of 
58% and 63% which are comparable to the efficacy outcomes 
reported in the pivotal trials. Also, the ORR in ILP (21.6%), 
an essential outcome in the preoperative setting, was within 
the range of responses induced by CT (16–24, 1%) [3, 4]. 
The role of radiotherapy alone in the neoadjuvant setting is 
debated. In fact, no difference in disease local control was 
confirmed between pre- and postoperative RT (5-year local 
control of 93% versus 92%) despite significant differences in 
acute and late complications [14, 15]. A slight improvement 
in OS for patients receiving preoperative RT was demon-
strated (p = 0.0481).

Risk, response and survival after ILP

Earlier studies have reported the efficacy of ILP as an induc-
tion modality for limb salvage in STS [7, 16–19]. However, 
the oncological outcomes were rarely available and all 
patients were pooled with primary, metastatic and recurrent 

Table 2  Response to ILP

CR complete response, PR partial response, SD stable disease, PD 
progressive disease, N/A not available, N number of patients

Radiological response (N) CR 2 (4.8%)
PR 7 (17.1%)
SD 27 (65.9%)
PD 4 (9.8%)
NA 1 (2.4%)
Total 41 (100%)

Pathological response (N) CR (100%) 2 (6.3%)
PR (> 50%) 17 (53.1%)
NR (< 50%) 13 (40.6%)
Total 32 (100%)

Follow-up (months, median)[range] 43.5 [3.6–128.2]
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tumors, either previously treated or not [20]. Jakob et al. 
reported their experience in 90 pts with unresectable STS of 
the extremities with a 2- and 5-year RFS reaching, respec-
tively, 86% and 78% while the distant RFS were 63% and 
53%, respectively. The 2- and 5-year specific OS were 89% 

and 69%. Noteworthy, 22% of the patients had undergone 
surgery outside of their centers prior to ILP [21]. Another 
series reported an ORR of 71% (18% CR) and limb salvage 
rate was 81% in 208 pts with LA STS among which 42% 
had recurrent tumors and 28% have been previously treated. 
Noteworthy, 31% of the tumors were smaller than 5 cm, 15% 
of the patients were grade 1 tumors and 14% already had 
distant metastases at the time of ILP. RFS at 1 and 5 years 
were 83% and 61% while OS at 5 and 10 years were 42 and 
33% [22, 23]. A large systematic review on the role of ILP 
in STS concluded to an ORR of 73% (20–91%) and a CR 
rate of 26% [24].

Local recurrence rates usually range between 11 and 45% 
in different studies [17–19, 25–28]. Some of the authors attrib-
uted this difference to the fact that a high number of patients 
have recurrent disease which is known to be an adverse 

Fig. 1  Survival curves: a recurrence-free survival; b metastases-free survival; c local relapse-free survival; d overall survival

Table 3  Oncological outcomes

RFS recurrence-free survival, LRFS local relapse-free survival, MFS 
metastatic relapse-free survival, OS overall survival

Median (years) 1-year (%) 5-year (%) 10-year (%)

RFS 6.7 75 50 45
LRFS NR 87 73 73
MFS NR 80 58 52
OS NR 90 63 55
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prognostic factor for local recurrence [22, 23]. Clearly, a large 
discrepancy exists between these studies and despite an opti-
mal local control of the tumor, an additional strategy should 
be developed to control the systemic spread of the disease. 
Moreover, ILP has a tolerable toxicity profile with grade 4–5 
toxicities reported between 2.9 and 4% and up to 9% of the 
patients needed to perform amputation of the limb post-ILP 
[21–23]. Our data showed only a 4.9% grade 3 toxicity without 
any grade 4–5 side effects demonstrating a limited toxicity 
when performed by specialized personnel in expert sarcoma 
centers.

ILP emerges as a potential contender in the preoperative 
setting of advanced STS tumors with safety concerns being 
avoided by preemptive measures of close and watchful sur-
veillance. It should be proposed in the neoadjuvant setting, 
in patients with a high burden and advanced disease, mainly 
in G2–3, > 5 cm tumors due to the fact that local and distant 
controls were largely comparable to other treatment modali-
ties. There is an unmet need to improve the oncological out-
comes in large prospective trials even though the paucity and 
cost of ILP trials would constitute a heavy financial burden. 
Furthermore, this technique is not widely available with lack 
of experts. However, several points should be addressed while 
designing such trials: (1) Better selection of the heterogene-
ous STS tumors. (2) Better determination of the study objec-
tives which could lead to confounding and incomparable data 
such as limb salvage or functional amputation. (3) Designing 
trials with combination of therapeutic modalities that could 
target both the local and distant diseases. For instance, it was 
demonstrated that receiving ILP with TNFa does not preclude 
the ability to receive high-dose chemotherapy if needed [29]. 
(4) Adaptation of a valid score to adequately select high-risk 
patients in the preoperative setting similar to the nomogram 
developed by the MSKCC [30].

One of the strengths of this article is the selection of treat-
ment-naïve LA STS patients who were borderline or unre-
sectable at diagnosis which could have, in contrast to other 
articles, allowed a better evaluation of ILP in the neoadju-
vant setting. In this paper, we opted not to include metastatic 
patients or recurrent tumors to adequately evaluate the long-
term outcomes of ILP in the neoadjuvant setting, not only its 
role in the limb-sparing strategy. However, this article has few 
limitations. First, the small number of patients could not be 
sufficient to draw conclusions. Second, the retrospective nature 
could also have affected the data, notably regarding toxicity 
and would not permit an optimal evaluation of the functional 
outcomes as well as the impact on daily living.

Conclusion

ILP is a seducing option in borderline or unresectable LA 
STS of the extremities, filling an unmet need in this com-
plex situation as a limb-sparing strategy. Considering the 
safety and toxicity profiles of the ILP, efforts should be 
made to compare the procedure to systemic chemotherapy 
and/or radiotherapy.
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