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Short Communication

Tumour necrosis factor alpha increases melphalan
concentration in tumour tissue after isolated limb
perfusion
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Summary Several possible mechanisms for the synergistic anti-tumour effects between tumour necrosis factor alpha (TNF-a) and melphalan
after isolated limb perfusion (ILP) have been presented. We found a significant sixfold increase in melphalan tumour tissue concentration after
ILP when TNF-a was added to the perfusate, which provides a straightforward explanation for the observed synergism between melphalan
and TNF-a in ILP. © 2000 Cancer Research Campaign
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With isolated limb perfusions (ILP) high drug concentrations canTNF-a was provided by Boehringer (Ingelheim, Germany), with
be achieved in the vasculature of a limb with no or negligiblespecific activity of 5.8x 10° U mg? and endotoxin levels < 1.25
leakage into the systemic circulation. With the addition of highendotoxin units (EU) per mg protein and stored atE€8®@uring
dose tumour necrosis factor alpha (TfFto melphalan high perfusion 4Qug melphalan with or without 50g TNF-a was
response rates were demonstrated in patients with melanoma amskd.
irresectable soft tissue sarcomas (Liénard et al, 1992; Eggermont
et al, 1996, 1996). Similarly, in rat sarcoma models synergy has
been demonstrated between melphalan and dNManusama
et al, 1996; de Wilt et al, 1999). Male inbred BN rats, weighing 250-300 g, obtained from Harlan-
The exact mechanisms for synergistic anti-tumour effectsCPB (Austerlitz, The Netherlands) were used. The perfusion tech-
between melphalan and TNE-however, are not clear. Several nique was performed as described previously (Manusama et al,
possible mechanisms have been suggested such as selecti@96). Briefly, small tumour fragments of the non-immunogenic
destruction of tumour vasculature, which is accompanied byN-175 soft-tissue sarcoma were implanted in the right hind limb.
thrombus formation and haemorrhagic necrosis of the tumoulP was performed at a tumour diameter of 13 t8mm at least
(Shimomura et al, 1988; Renard et al, 1995). This process i days after implantation. Animals received 50 IU of heparin and
accompanied by an inflammatory response that seems to hiee hind limb was kept at a constant temperature of 3&-3Fhe
leucocyte-dependent (Yi and Ulich, 1992; Renard et al, 1994femoral artery and vein were cannulated and collaterals were
Manusama et al, 1998). Moreover, THFncreases the perme- occluded by a groin tourniquet. An oxygenation reservoir was
ability of tumour vasculature (Folli et al, 1993; Umeno et al, 1994)included into the circuit, and melphalan and T&lRere added as
and has been reported to lower interstitial pressure in the tumoboluses herein. A roller pump recirculated the perfusate at a flow
(Kristensen et al, 1996), which could both increase leakage ofte of 2.4 ml mint for 30 min. A washout with 5 ml oxygenated
melphalan in tumour tissue and explain the observed synergy. Haemaccel was performed at the end of the perfusion. The
To demonstrate this hypothesis we analysed melphalan concecemmittee on Animal Research of the Erasmus University
trations in tumour and limb tissue after melphalan isolated limRotterdam, The Netherlands, approved the experimental protocol.
perfusions with and without the addition of TF- Tumour growth after perfusion was daily recorded by calliper
measurement. Tumour volume was calculated as Bj(Avhere
A is the minimal tumour diameter and B the diameter perpendic-
ular to A. Tumour volumes were compared 5 days after perfusion.

Animal tumour model and perfusion setting

MATERIALS AND METHODS
Chemicals

Melphalan (Alkeran, Wellcome, Beckenham, UK) was diluted inAssessment of melphalan concentrations in tissue

0 . . . .
0.9% sodium chloride and stored at *20Recombinant human Immediately after ILP the perfused tumour and hind limb tissues

) were excised, homogenized in 2 ml acetonitrile (PRO 200 homo-
Received 23 February 1999 genizer, Pro Scientific, CT, USA), centrifuged at 25@0hd stored
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at —-80C. Melphalan was measured by gas chromatography-mass
Accepted 21 June 1999 X i

spectrometry (GC-MS), as described previously (De Boeck et al,
Correspondence to: AMM Eggermont 1997). P-[Bis(2-chloroethyl)amino]-phenylacetic acid methyl
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Figure 1 Mean tumour volumes (+ s.e.m.) of BN-175 sarcoma before (0') and 5 days after (m) ILP
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Figure 2 Melphalan concentration (+ s.e.m.) in skin/muscle tissue (O0) and tumour tissue (m) immediately excised after ILP with melphalan with or
without TNF-a

ester was used as an internal standard. Samples were extracigisuLTS

over trifunctional C18 silica columns. After elution with methanol

and evaporation, the compounds were derivatized with triﬂuoroTurnour response after ILP
acetic anhydride and diazomethane in ether. The stable derivativi4an tumour volumes were compared to demonstrate the efficacy
were separated on a methyl phenyl siloxane GC capillary colum@f ILP with TNFa and melphalan. Four groups of rats were
and measured selectively by single ion monitoring GC-MS in théerfused with shamn(= 10), TNFe alone ( = 10) melphalan
positive EI mode. alone ( = 10) and the combination of TNF-and melphalan

(n = 10). A synergistic anti-tumour response was observed with
the combination of melphalan and TNFas demonstrated before
(Manusama et al, 1996; de Wilt et al, 1999) (Figure 1). A signifi-
Mann-WhitneyU-test was used to compare tumour volumes incant decrease in mean tumour volume after perfusions with the
different animal groups and to compare melphalan concentrationombination of melphalan and TNFwas observedR < 0.001),

in different groups. whereas in all other perfusions tumour volume increased.

Statistical analysis

© 2000 Cancer Research Campaign British Journal of Cancer (2000) 82(5), 1000-1003
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Tissue concentrations of melphalan not only important for further TNB-based limb perfusions using

. . . .melphalan or other cytostatic agents, but also for other perfusions
Figure 2 demonstrates a sixfold increased melphalan concentration P y g P

- ; . . L 'isettings such as isolated liver (Borel Rinkes et al, 1997; Alexander
was found in tumour tissue after perfusion with the combination oLy al 1998), lung (Pogbreniak et al, 1994) or kidney perfusions
TNF-a and melphalann(= 6) in comparison with perfusions with ' ' g 9 ' yp

melphalan alonen(= 6) (P = 0.01). TNFe had no effect on skin (van der Veen et al, 1999).
and muscle tissue since melphalan concentrations after ILP were
comparable with or without the addition of TN#-- ACKNOWLEDGEMENTS

This work was financed in part by a grant from the Dutch Cancer

DISCUSSION Society. quhringer Ingelheim GmbH is acknowledged for gener-
ously providing TNFa.

In the present study we demonstrate an increased accumulation

of melphalan in tumour tissue after ILP with the combination

of melphalan and TNE- as compared to melphalan alone. The

increased melphalan accumulation could not be demonstrated ifbyander HR, Brown CK, Bartlett DL, Libutti SK, Figg WD, Raje S and Turner E

skin and muscle tissue, suggesting that TRas no effect on (1998) Augmented capillary leak during isolated hepatic perfusion (IHP)

normal tissue. The increased melphalan concentration in tumour occurs via tumor necrosis factor-independent mechan@insCancer Red:

tissue correlates very well with the observed tumour response. 2357-2362

The observed responses in this rat soft-tissue sarcoma model .'EreeBOECK G, van Cauwenberghe K, Eggermont AMM, van Oosterom AT and de
v p : ! ISsu Bruijn EA (1997) Determination of melphalan and hydrolysis products in body
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