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Abstract

Hyperthermic isolated limb perfusion (HILP) with tumor necrosis factor alpha (TNF),

interferon gamma (IFN) and melphalan is a highly effective limbsaving treatment in

patients with irresectable soft tissue sarcoma or satellitosis and in-transit metastases

of melanoma. A 57-yr old woman presented with the second recurrence of a high

grade malignant fibrous histiocytoma of the right foot following previous local

resection plus curative adjuvant radiotherapy. The first recurrence of the lesion was

treated by HILP with cisplatin; the second recurrence was treated by HILP with

TNF, IFN and melphalan. The tumor and the area that had been irradiated showed a

bluish color a few hours after tumor necrosis factor perfusion. Nine days after TNF

perfusion a lower leg amputation had to be performed because of severe necrosis of

the foot.

Introduction

Recently Lienard and colleagues described the magnificent effect of hyperthermic

isolated limb perfusion (HILP) with recombinant tumor necrosis factor alfa (TNF),

recombinant interferon gamma (IFN) and melphalan in 23 patients with locally

advanced melanomas and soft tissue sarcomas of the extremities.1 The effect on the

tumors was striking: 19 (83%) complete responses and four (17%) partial responses

after a single perfusion with the triple-drug regimen. Local toxicity in the perfused

limb was minimal, 88% grade II and 12% grade III classified according to

Wieberdink.2 These figures are comparable with local tissue toxicity in patients treated

with melphalan as the single perfusion agent. The preliminary results of this study

suggested that high-dose TNF can be administrated safely by regional perfusion.

HILP of the limb with this triple drug regimen was started in 1991 at Groningen

University Hospital in the Netherlands, one of several institutions participating in a

multicenter study. The effect of this new combined modality therapy of isolated limb

perfusion and delayed surgery in a patient with a previous history of irradiation of

the foot is described.

Case report

In 1988 a 57-yr old woman presented with a 5 x 6 cm high grade malignant fibrous

histiocytoma on the lateral side of the right foot without distant metastases. She

refused a curative amputation of the lower leg. Therefore a marginal resection was

performed, followed by 60 Gy external beam radiotherapy, 40 Gy (2 Gy per day) on

the whole foot, and a 20 Gy boost on the tumor (Fig. 1). Two years after initial

treatment the tumor recurred locally without evidence of distant metastases. Again

she refused a lower leg amputation. In an attempted to render the tumor resectable,
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HILP through the popliteal vessels with 100 mg cisplatin (30mg cisplatin per liter

limb volume) was performed. Histologic biopsy specimens of the tumor obtained 1

and 2 weeks after cisplatin perfusion showed no viable tumor cells, and a complete

remission was observed clinically.

In January 1991 the second local recurrence without distant metastases was observed,

again with persistent refusal by the patient for a curative amputation. During six

months the patient withdrew from follow-up but presented in June 1991 with a local

ulcerating tumor measuring 10 x 12 cm, still without metastatic disease (Fig. 2).

Because of the patients persistent refusal to undergo an amputation, a HILP with

TNF, IFN and melphalan was suggested and informed consent was obtained. One

and 2 days before HILP, a dose of 0,2 mg of IFN (Boehringer Ingelheim, Ingelheim,

Germany) was administered subcutaneously. A 90-minute mild hyperthermic (39°C

to 40°C), popliteal perfusion was performed with 0,2 mg of IFN, 4 mg of TNF

Fig. 1 Clinical appearance of the

patients right foot demonstrating the

radiation field and dosages of the ini-

tial treatment

Fig. 2 Clinical appearance of the

patients right foot demonstrating

the second recurrence
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(Boehringer Ingelheim), and 45 mg of melphalan (10 mg/L of limb volume)(Burroughs

Welcome, London, England). Leakage to the systemic circulation measured with
131I labeled albumin as a tracer was 2.8 %.3 ECG, urine output, blood pressure,

venous and pulmonary pressures were recorded during and after perfusion until the

second postoperative day. A continuous infusion of dopamine at 2.8 mg/kg/min for

18 hours was given. Postoperatively the patient experienced fever and chills but no

hematological, hepatic or renal toxicity was observed.

A few hours after TNF perfusion, the entire right foot appeared bluish up to a definite

line at the ankle; the rest of the leg had a normal circulation. Two days after perfusion,

the tumor was black and necrotic in concordance with the 60-Gy total dose

Fig. 3 The right foot and ankle re-

gion 2 days after hyperthermic iso-

lated limb perfusion with TNF, IFN

and melphalan. The tumor is black

necrotic and the rest of the foot is

blue, sharply delineated at the edge

of the radiation field.

Fig 4 Left, A necrotic tumor tissue specimen after tumor necrosis factor perfusion (hema-

toxylin-eosin, x64) Right, The border area between nonirradiated normal skin (right) and

irradiated skin (left). The irradiated site demonstrates infiltration of both the dermis and the

epidermis with granulocytes and marked stasis with thrombosis of the microcirculation. In

the nonirradiated area, normal vascular structures are seen (hematoxylin-eosin, x64).
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radiotherapy field, while the rest of the foot (40-Gy field) was blue and showed

some dry shrinkage of the skin (Fig. 3). Because of the severe necrosis, amputation

of the right foot below the knee had to be performed 9 days after TNF perfusion.

Histological findings were consistent with complete necrosis of the tumor (Fig. 4,

left). The amputation wound healed without complications, and the patient is alive

without evidence of disease 3 years after TNF perfusion and subsequent amputation.

Discussion

In 1975, Carswell et al. showed that tumor-necrotizing activity in the sera of animals

given injections of endotoxin was due to a host factor named tumor necrosis factor

(TNF).4 The mechanisms of the anti tumor activity of TNF however, are still not

elucidated and basis of further research. The results of intralesional or intravenous

administration of recombinant human TNF in mice with solid Meth A sarcoma of the

skin were recently described by van de Wiel and Bloksma.5 Treatment with TNF

caused red discoloration and necrosis of the central portion of the tumor within 24

hours. However, incubation of Meth A cells in the presence of TNF in vitro did not

affect their capacity to incorporate tritiated thymidine, indicating resistance of the

Meth A cells to TNF in vitro and supporting the thought that other mechanisms are

responsible for the observed discoloration and necrosis of the tumor in vivo.

Microscopic investigations of the tumors showed hyperemia, congestion, endothelial

damage and hemorrhage in the central part of the tumor, while just outside the tumor

edema and an infiltrate of polymorphonuclear cells was seen. Locally injected normal

skins with TNF showed moderate vascular effects without necrosis. This and other

investigations demonstrated that the vascular endothelial cells in particular are the

main target cells of this TNF induced antitumor effect.6,7 When incubated with TNF,

cultured endothelial monolayers show two phenomena. Stolpen et al. demonstrated

that TNF causes morphological changes of the endothelial cells, they become

elongated, overlap, rearrange their actin filaments and lose their stainable fibronectin

matrix.8 Suppression of anticoagulant mechanisms and the production of the

procoagulant cofactor tissue factor, is the second phenomenon9. These TNF-induced

changes are more prominent in areas with growing and/or migrating endothelial cells,

a situation that occurs within the tumor bed and explaining why the tumor vasculature

is more susceptible for TNF compared with normal vessels.10 A higher expression of

TNF receptors on the endothelial cell surface of dividing and growing endothelial

cells seem to be the cause of this high sensitivity for TNF.10,11 In summary; TNF

exposure emerges an altered endothelial cell phenotype, anticoagulant mechanisms

are suppressed and tissue factor is produced, leading to fibrin accumulation at the

endothelial cell surface 12 and thrombus formation in the tumor vessel, causing
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circulatory stasis and ischemia inside the tumor followed by necrosis of the tumor.

Besides this early vascular phenomenon, a latter in time occurring immune effect

with polymorphonuclear cell binding to the activated endothelium,7,13,14 and a direct

cytotoxic effect of TNF demonstrated in vitro against a variety of cell lines 15,16 are

two other mechanisms that could contribute in the anti-tumor effect of TNF.

In our case, not only the vascularization of the tumor was affected by TNF exposure

but also the microvascularization of the area that had been irradiated 3 years earlier.

Microscopical examination of the border area between irradiated and nonirradiated

areas revealed infiltration of both dermis and the epidermis with granulocytes, and

marked stasis with trombosis of the micro circulation of the irradiated area, causing

necrosis. These phenomena were absent from the perfused nonirradiated area (Fig.

4,right).

Late effects of normal tissues after radiotherapy are well known. Hopewell

demonstrated that arteries of the hamsters cheek pouch showed localized constrictions

after irradiation.17 These constrictions were caused by clones of dividing endothelial

cells and might be the predominant factor influencing the degeneration of the capillary

bed after radiotherapy.18 Evidence of this occlusive effect of vessels by proliferating

endothelial cells after radiation have also been reported by other investigators.19 Since

dividing and migrating endothelial cells are more sensitive to TNF than quiescent

endothelial cells, it is likely that not only the dividing and migrating endothelial cells

of the tumor bed but also the endothelial cells in the irradiated area of the foot in this

patient were activated by TNF, causing stasis and thrombosis of the microcirculation

in both areas. Recently Milas and coworkers also demonstrated a synergistic effect

between radiotherapy and TNF.20,21

One and a half year before TNF perfusion, this patient received HILP with cisplatin.

No literature is available describing the acute or long term effect of cisplatin on the

endothelial cells, however treatment with antineoplastic agents is associated with

vascular toxicity.22 With regard to cisplatin Vogelzang et al. described the relation

between hypomagnesemia and an increased risk of Raynaud´s phenomenon after

cisplatin, vinblastine and bleomycin treatment.23 Jackson et al. described a thrombotic

microangiopathic syndrome characterized by renal insufficiency, microangiopathic

hemolytic anemia and thrombocytopenia in patients treated with an identical

regimen.24 Histological examination of renal biopsy specimens showed marked

luminal narrowing of small arteries as a result of thrombus formation and subintimal

thickening. Whether cisplatin is the sole agent responsible for this vascular effect

remains unclear especially since it is known that bleomycin in this combination

chemotherapy has a prominent effect on endothelial cells.25 Analysis of cisplatin

perfusions data, performed at our clinic showed severe neurotoxicity, yet no signs of
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vascular disturbances were found (i.e. Raynaud´s phenomenon).26 A synergistic effect

between cisplatin and radiotherapy is known when cisplatin is administered shortly

before or after radiotherapy,27 in this patient the interval between radiotherapy and

cisplatin perfusion lasted to long to make synergism likely.

Other radiation-related or radiation-independent factors may also be contributory,

i.e., the radiation dosage, time interval between radiation and TNF perfusion, and

the irradiated anatomical site. To distinguish the contribution of each of these different

factors experimental investigations should be performed. Awaiting the results of such

experiments, we would like to alert surgeons and radiation oncologists to the possible

complications that may occur after TNF perfusion, when the perfused limb has already

been irradiated.
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