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Abstract Recombinant tumor necrosis factor-alpha (rTNFa) has potent antitumor activity in experimental studies
on human tumor xenografts. However, in humans, the administration of rTNFa is hampered by severe systemic
side-effects. The maximum tolerated dose ranges from 350 to 500 mg/m?, which is at least 10-fold less than the efficient
dose in animals. Isolation perfusion of the limbs (ILP) allows the delivery of high dose rTNFa in a closed system with
acceptable side-effects. A protocol with a triple-drug regimen was based on the reported synergism of rTNFa with
chemotherapy, with interferon-y, and with hyperthermia. In melanoma-in-transit metastases (stage IlIA or AB) we
obtained a 91% complete response, compared with 52% after ILP with melphalan alone. Release of nanograms levels of
TNFea in the systemic circulation was evident but control of this leakage and appropriate intensive care resulted in
acceptable toxicity. Angiographic, immunohistological, and immunological studies suggest that the efficacy of this
protocol is due to a dual targeting: rTNFa activates and electively lyses the tumor endothelial cells while melphalan is
mainly cytotoxic to the tumor cells. ILP with rTNFa appears to be a useful model for studying the biochemotherapy of

cancerinman.  © 1994 Wiley-Liss, Inc.
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INTRODUCTION

Tumor necrosis factor-a (TNFa) was the first
cytokine able to produce very fast and effective
necrosis of tumors [Carswell et al., 1975; Beu-
tler and Cerami, 1986], in an even more efficient
way than chemotherapy itself. Therefore, ef-
forts were made to clone the gene. In 1983
[Aggarwal et al., 1985] the human TNFa gene
was cloned and expressed in Escherichia coli.
Walter Fiers [Fransen et al., 1985] and Pennica
[Pennica et al., 1985], in the same year, cloned
the gene of murine TNF« [Fransen et al., 1985].
It is commonly accepted that human TNF«
structure is a nonglycosylated trimer of 157 amino
acids with several cysteine bonds. The trimer has
three receptor binding sites apparently situated
between each part of the trimer [Aggarwal et al.,
1985b].

The recombinant TNFa (rTNFa) was made
available for clinical trials. Unfortunately, it
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was found at that time that the fatal outcome of
septic shock in humans was due to TNFa. It is
not surprising, therefore, that phase I and II
studies in humans were hampered by high levels
of toxicity and seldom showed antitumor effects
[Spriggs et al., 1988; Creaven et al., 1987; Blick
etal., 1987; Kimura et al., 1987, Chapman et al.,
1987; Feinberg et al., 1988; Sherman et al.,
1988; Robertson et al., 1989].

In 1988, we had developed the practice of
isolation perfusion of the limbs (ILP), a method
that allows us to isolate the diseased limb, con-
nect it to a heart-lung machine and administer a
high dose of chemotherapy. In fact, ILP with
melphalan was the best treatment for melanoma-
in-transit-metastases, with a 50% complete re-
mission rate, compared with a rate of less than
1% when the same drug was administered sys-
temically. We were then prepared to try the
highly toxic TNFa molecule in ILP. We designed
a protocol with an effective dose of rTNFa that is 10
times the maximum tolerated dose (MTD) in hu-
mans, and is equivalent to the effective dose in
animals [Old, 1985, 19901, for melanoma and sar-
coma.
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RECOMBINANT TNFa AS AN EFFECTIVE
ANTITUMOR AGENT IN THE HUMAN WHEN
ADMINISTERED BY ILP FOR IN TRANSIT
MELANOMA METASTASES

The efficient dose of rTNFa in mice, either in
syngeneic tumors or in nude mice carrying hu-
man tumor xenografts, is around 50 mg/kg [Old,
1990]. The MTD in humans is 350 mg/m?, or 5
mg/kg. This 10 times lower dose in humans
produced only partial responses, sometimes ac-
companied by severe side-effects. We decided to
administer a dose equal to the one efficient in
animals by ILP.

In oncology, there are three types of tumors
that can be located on the limbs but are irresect-
able, either because of multiplicity or large vol-
ume and tissue invasion: melanomas, soft-tissue
sarcomas, and carcinomas. The ILP with chemo-
therapy only, was shown to produce 50% com-
plete remissions in stage IIIA or IIIAB mela-
noma [Schraffordt Koops et al., 1990, 1994]. In
contrast, for sarcoma the results were no higher
than after systemic treatment.

The first three cases were treated with rTNFa
only, at total doses of 2, 3, and 4 mg in the
perfusate. This pilot study was intended to indi-
cate the pharmacokinetics in the perfusate and
to verify whether the side-effects observed in the
systemic setting could be abrogated. The isola-
tion perfusion system consists of a circuit made
of a heart-lung machine which provides for the
circulation of a total of around 2 liters of perfus-
ate, under hyperthermic conditions. The perfus-
ate is heated and oxygenated by a membrane
oxygenator; cutaneous tissues of the perfused
limb are given extra heat from a heating blan-
ket, with the aim of reaching hyperthermia with-
out any gradient. The pharmacokinetics of
r'TNFa showed a plateau for the whole 90 min-
utes, when there was no significant leakage into
the systemic circulation.

The plateau levels found both by immunoas-
say [Liénard et al., 1992b] and by bioassay [Gérain
et al., 1992] were around 2 mg/ml, which is the
optimal concentration observed to be efficient in
experimental models, both in vivo and in vitro.

This feasibility study showed that ILP allows
the application of rTNFa in conditions where
saturation of the receptors can be expected, be-
cause of the high dose. Moreover, these condi-
tions mimic the in vitro systems. That is not the
case with chemotherapies, which usually show a
bimodal disappearance curve, the first phase

representing distribution within the vascular
bed, and the second, extraction from the tissue
together with hydrolysis.

SYSTEMIC TOXICITY DURING AND AFTER ILP
WITH RTNFa

It is well established that systemic toxicity
from isolation perfusion with any drug is the
result of leakage. The latter is monitored by the
use of radioactive human serum albumin in-
jected into the perfusate. One of the standard
methods is to take blood samples from the sys-
temic circulation at 5, 30, 60, and 90 minutes,
and to calculate the leakage from the theoretical
plasma volume of the patient. A more accurate
determination of the leakage is obtained by con-
tinuous monitoring using a gamma detector
placed above the heart [Schraffordt Koops et al.,
1994]. It was claimed by Hoekstra et al. [1992]
that excessive changes in a patient’s blood pres-
sure or heart rate during perfusion have a great
influence on the percentage of leakage. Pump
flow is critical in that respect. In Lausanne,
increasing perfusion flow from 500 to 1,000
ml/min was accompanied by a dramatic increase
in side-effects [Eggiman et al., in press]. Our
collaborative experience is that both keeping the
flow to 40-45 ml/liter of perfused limb and
injecting r'TNFa when radioactivity over the
heart (see above) reaches a plateau provide the
safest perfusion conditions with minimal sys-
temic toxicity.

HEMODYNAMIC MANIFESTATIONS OF RTNF«x
AFTER LEAKAGE AND/OR RELEASE INTO THE
SYSTEMIC CIRCULATION

The maximum side-effect of rTNF« that can
be encountered with ILP were demonstrated at
the time when workers at Lausanne were using
a high pump-flow. There were 19 patients, 13
males and 6 females, with an average age of 58
years (range 38-79 years). The perfusions were
of the lower-limb in 15 cases and of the upper
limb in 4 cases. Nine patients experienced a pure
distributive shock and eight a mixed distributive
and cardiogenic shock due to preoperative car-
diac pathology, but rTNF perfusion was not
contraindicated.

In the two groups of patients, the maximum
TNFa concentrations in the peripheral blood
were very similar, 113 and 119 ng/ml, respec-
tively. The duration of the high TNFa concentra-
tion in the peripheral blood was 60 minutes in
the group with distributive shock compared with
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120 minutes in the group with mixed shock. In
the first group, norepinephrine had to be given
for an average of 4 hours (1-11 hours) but no
dobutamine was given. In contrast, norepineph-
rine was given for an average of 6.3 hours (2-10
hours) and dobutamine for an average of 9 hours
(1-16 hours) in the second group. These hemo-
dynamic acute effects all evolved into a hyperdy-
namic state. A complete recovery was obtained
on day 3 (days 2-5) with no toxic death and no
sequellae [Eggiman et al., in press].

This contrasts with the side-effects reported
in the literature after systemic application of
r'TNFa. We should point out that in most of the
phase I and II studies in the literature, there
was no report of a systematic protocol for avoid-
ing the side-effects. The fact that our patients
were under general anesthesia, were carefully
monitored, and were managed by an intensive
care specialist, is a strong argument for a mul-
tidisciplinary approach to such treatments.

rTNFa PHARMACOKINETICS AND
SIDE EFFECTS

The pharmacokinetics of TNFa release show
that the patients who did not experience signifi-
cant side-effects during and after the perfusion
did not demonstrate more than 1% leakage.
However, no correlations were found between
the maximum TNF« concentration in the periph-
eral blood of an individual and the side-effects,
indicating that patients vary in their sensitivity
to TNFa. Moreover, the more than 100 ng TNFa
levels found in our patients [Gérain et al., 1992]
contrast with the current literature on septic
shock, which indicates that people dying of mul-
tiorgan failure show less than pg levels of TNFa.
The difference between septic shock and isola-
tion perfusion for regional cancer is that in the
first case the patients are infected and have
significant levels of endotoxin, which has been
shown to be synergistic with TNF« for toxicity.
Another hypothesis to explain why our patients
tolerated high plasma concentration of TNF« is
that it was shown that there is a very early and
efficient production of soluble p75 and p55 recep-
tors in the peripheral blood [Gérain et al., 1994],
presumably due to perioperative and even low
leakage of TNFa into the systemice circulation.

When we analyzed the pharmacokinetics of
TNFa in relation to leakage, it was obvious that
even in the absence of detectable leakage, and
after intense wash-out (2 to 3 liters) of the
intravascular TNFq, there was always a release

of TNFa into the systemic circulation. The data
can only be explained by the fact that TNFa is
extravasated and slowly released from the per-
fused tissues after restoration of the physiologi-
cal circulation.

Therefore, the release of TNFa after perfu-
sion is unavoidable. It seems to be well toler-
ated, although some patients experienced side-
effects but they were essentially hemodynamic
effects that are easily corrected in the intensive
care unit by administration of large amounts of
fluids and, if necessary, of dopamine and norepi-
nephrine. Our observations indicate that the
acute response to TNFa observed in ILP is differ-
ent from the one reported in the literature in
septic shock. In the latter, TNFa and endotoxin
have synergistic effects, and measurements of
TNFa are unreliable because of irregular endog-
enous production. This contrasts with ILP where
only one bolus injection of rTNFa is given at a
preset time to patients normally devoid of circu-
lating endotoxin. In fact, one patient died of
genuine septic shock 3 weeks after perfusion
with r'T'NFa because his tumor was heavily in-
fected and the treatment resulted in a mobiliza-
tion of bacteria. Since then, we have considered
that an infected tumor is a contraindication to
isolation perfusion with TNFa.

The side-effects that we encountered with
rTNFa ILP are better named systemic inflamma-
tory response syndrome (SIRS), since rTNFa is
acting alone and produces clear-cut, predomi-
nantly hemodynamic side-effects that are char-
acteristic of an acute reaction to a single applica-
tion [Bone et al., 1992].

Lung infiltration was claimed to be due to
activation of granulocytes and animal data indi-
cate that mice can be protected from lethal
rTNFa doses by blocking cyclooxygenase using
indomethacin [Takahashi et al., 1993]. We
treated about 20 of our patients with an indo-
methacin schedule, using 50 mg during and for
4 hours after perfusion, followed by an addi-
tional 200 mg for a further 20 hours. Although
we did see a reduction of chills and fever in the
postoperative period, there was no change in the
other side-effects. Recently, Sigurdsson et al.
[1993] showed that he could counteract the he-
modynamic side-effects of TNFa in sheep by
using ketoprofen, a cyclo- and lipooxygenase
inhibitor.

The conclusion of this study is that rTNFa
can safely be administered by ILP but that this
procedure does not abrogate the subsequent re-
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lease of TNFa into the systemic circulation,
indicating that the prophylaxis of systemic side-
effects is important.

rTNFa, COMBINED WITH INTERFERON-y AND
MELPHALAN: RATIONALE FOR ITS USE IN
ISOLATION PERFUSION FOR MELANOMA

If we consider the various publications on
experimental models using either syngeneic tu-
mors or human tumor xenografts, it appears
that rTNF« alone is rarely able to induce tumor
regression of long duration and with no re-
growth.

In experimental conditions in vivo, it has been
shown that the combination of rTNFa and re-
combinant interferon-vy (rIFNv) is highly syner-
gistic [Balkwill et al., 1986; Fiers et al., 1986;
Sohmura, 1988; Soehnlen et al., 1985]. At a
r'TNFa dose that induced minimal tumor growth
retardation, the addition of a small amount of
rIFNvy could completely inhibit tumor growth.
Moreover, IFN+vy was shown to upregulate TNF«
receptors [Fiers et al., 1986; Aggarwal et al,,
1985a; Ruggiero et al., 1986].

TNFa treatment can also be synergistically
combined with chemotherapy. Synergism was
found on various human tumor xenografts us-
ing different sorts of chemotherapy, including
alkylating agents, such as platinum and cyclo-
phosphamide [Haranaka et al., 1987; Mutch et
al., 1989; Regenass et al., 1987]. The results
were similar to the synergy obtained with rIFN~.

In our protocol, we decided to combine rTNFa
with rIFNy and with melphalan (Fig. 1), since
no additional toxicity has been reported with
combined rIFNy and chemotherapy. However,

synergistic toxicity has been reported for rTNF«
and rIFNy. We decided to use the gold standard,
melphalan, a bifunctional alkylating agent, since
it has been shown to produce a 50% complete
response as a single agent, at high concentra-
tions, in ILP for in-transit metastases of mela-
noma [Schraffordt Koops et al., 1990, 1994].

We chose to perform the isolation perfusion
under mildly hyperthermic conditions since hy-
perthermia has been shown to potentiate the
activity of both rTNFa and melphalan {Watan-
abe et al., 1988; Honess et al., 1984].

PILOT PROTOCOL OF RTNFe, RIFNy, AND
MELPHALAN ILP FOR MELANOMA IN TRANSIT
METASTASES

Recombinant human TNF« (a gift from Boe-
hringer Ingelheim, Germany) was obtained as a
lyophilized powder in aliquots of 0.2 mg, which
were reconstituted using sterile water provided
by the company. Recombinant IFN~ (a gift from
Boehringer Ingelheim, Germany) was obtained,
for the initial studies, in vials containing a solu-
tion of 0.2 mg rIFNvy in 1 ml of saline. More
recently, it was obtained in 1 m] vials containing
0.1 mg rIFNy. Melphalan was purchased from
Burroughs Wellcome (UK), as a sterile powder
in 100 mg lots, which have to be solubilized with
an acidic alcoholic solution, followed by dilution
in a buffer provided by the company. More re-
cently, 50 mg ampoules of lyophilized powder,
which could be directly solubilized in the buffer
solution, were supplied.

The patients, who had given informed con-
sent, received rIFNvy by subcutaneous injection
of 0.2 mg in the evening, of days 1 and 2,

rINFy 0,2 mg SC DOPAMINE*
A I L1y I |
| [ I TNF | I
-2 -1 ILP +1 +2 days
- rINFy 0,2 mg .
ILP - ITNFa 3-4mg : 30 min } PN
- melphalan 10-13-mg/l
- washout 2-31
* dopamine 2 ug/kg/ min } s52/57 P

Fig. 1. Protoco! (melanoma pilot study).
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preceded by the administration of 500 mg of
acetaminophen. The volume of the limb to be
perfused was measured according to Wieberdink
by water displacement [Wieberdink et al., 1982].

ILP was performed under general anesthesia.
Before the procedure, an arterial and a pulmo-
nary (Swan-Ganz®) catheter were installed by
the anesthesiologist. Typically, dopamine infu-
sion with 3 pg/kg/minute was started just be-
fore the administration of rTNFa. The operat-
ing procedure has been described elsewhere
[Schraffordt Koops et al., 1990, 1994; Lejeune et
al., 1987].

RESULTS OF ILP WITH RTNFa, RIFNy, AND
MELPHALAN IN MELANOMA IN TRANSIT
METASTASES

This pilot study started in 1989 and was com-
pleted at the end of 1993. The objective was to
improve upon the 50% response rate predicted
for ILP with melphalan alone, and to evaluate
the duration of the response. The first report
[Liénard, 1992b] was followed by several full
reports of interim analysis [Liénard, 1992a,
1993, in press; Lejeune et al., 1992]. In this
updated analysis, the responses of 53 patients
are evaluated. In order to compare the results of
this pilot study with the standard melphalan
ILP, a database was built up of 103 patients, with
the same stage I1I regionally recurrent melanomas,
who were treated between 1980 and 1988 by the
same four teams [Klaase, 1993] (Schmitz et al., in
preparation).

Table I shows that melphalan ILP alone pro-
duced the predicted 52% complete response com-
pared with the 91% with the combined rTNFa,
rINFvy, and melphalan treatment. When sub-
groups are analyzed, the difference remains
highly significant. When the cases presenting
only with in-transit-metastases without lymph-
node involvement (stage I1II A) are considered,
the complete remission rate is 62% with mepha-
lan alone, compared with 100% for the combina-
tion treatment. However, when the patients with
both in-transit and lymph-node metastases are
analyzed (stage I1I AB), the difference remains
highly significant, that is, 41% compared with
87%. The difference between the treatments
remained highly significant (P < 0.001) when
the bivariate logistic model was used for analy-
sis after adjusting for sex, age, stage, site, num-
ber of lesions, and time since primary (Schmitz
et al., in preparation).

In systemic chemotherapy of cancer, when
combination therapy is used to increase the

response rate, it can be found that the response
duration diminishes. To address that question,
the durations of complete response for melpha-
lan ILP and for the combined rTNFq, rINFy,
and melphalan treatments were compared. The
median duration has not yet been reached, but
the means are 3.9 years and 3.6 years, respec-
tively, a difference that is not significant (lo-
grank test: P = 0.35). These results confirm that
the quality of this never previously reached high
complete remission rate, obtained with the triple
combination, is equal to that of the 50% com-
plete remission obtained with melphalan alone
ILP. With a median follow-up time of 26 months,
there were only 12 (23%) regional recurrences,
15 (29%) distant metastases, and 9 cases (17%)
of both regional and distant recurrence. The
overall median survival time has been 28
months.

These results show that ILP with high-dose
r'TNFa, rIFNvy, and melphalan is a highly effi-
cient therapy of in-transit-melanoma metasta-
ses. However, it has its limitations. First of all, it
is a regional therapy which can influence patient
survival only when the patient is devoid of dis-
tant micrometastases at the time of ILP. This is
well illustrated by the fact that the survival rate
does not seem to be higher than that expected in
regionally advanced melanoma [Liénard, 1994].
A reliable comparison of survivals is difficult to
obtain because more than half of our patients
had been previously treated, sometimes several
times, with surgery and chemotherapy, and had
a heavy tumor bulk. Because of the technical
difficulty of the procedure, most of the patients
could only benefit from one treatment course,
while it is well established that a single proce-
dure is rarely definitive in the treatment of
cancer. However, the high limb-sparing rate
(87%) and the very good survival of patients
experiencing complete response [Liénard, 1994]
indicate that this treatment has an overall value

TABLE 1. Complete Response in Malignant
Melanoma With in Transit Metastases *

ILP with ILP with TNFa +
melphalan melphalan +
Stage alone (%) P IFNvy (%)
All 54/103 (52) <0.001 48/53 (91)
IMMA+1IIIB 48/89(54) <0.001 46/48 (96)
1ITA 34/55(62) <0.001 33/33 (100)
11 AB 13/34(41) <0.003 13/15(87)

*Pilot study results adapted from Schmitz et al., in prepara-
tion.
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in the armentarium against malignant mela-
noma.

IS IFNy SYNERGISTIC WITH RTNF« IN ILP?

The rationale for the triple regimen was based
on experimental data, including human tumor
xenografts (see above). However, neither the
effect of IFNy on TNFa receptors nor its antitu-
mor effect has been proven in humans. In con-
trast, IFN~y was found to be synergistic for toxic-
ity with TNFa [Abbruzzese et al., 1989; Demetri,
1989]. Moreover, since IFN«y upregulates TNF«
receptors (see above), it is possible that it might
also increase soluble receptors, resulting in the
inhibition of TNFa« efficacy. Since the triple-
drug regimen contains two experimental drugs,
it does not allow us to reach definitive conclu-
sions about the impact of TNF« alone, in combi-
nation with chemotherapy. Therefore, we de-
signed a randomized phase II trial, to establish
whether withdrawal of IFN~vy diminishes the com-
plete remission rate and response duration ob-
served with the triple-drug regimen. This trial
was started in spring of 1992, but it is too early
to reach conclusions about the response rate.
However, we can already rule out toxicity prob-
lems, since no difference between the two arms
has yet been seen. Patients receiving rIFNvy did
not express more circulating TNFa receptors
(Gérain J, in preparation). There has been no
sign of tumor enhancement with IFNy.

MECHANISMS INVOLVED IN TUMOR
NECROSIS AFTER ILP WITH RTNFa AND
MELPHALAN

Experimental models have indicated that only
tumors with organized microvascularization can
be intensively necrotized by rTNFq, as is the
case for tumors implanted in the subcutaneous
tissues, as observed by Old [1987]. This condi-
tion is fulfilled in melanoma-in-transit metasta-
ses that are located either in the subcutaneous
tissue or in the dermis, and invade the epider-
mis. The 90% complete response rate obtained
in this tumor condition is higher than the 40 or
50% seen in soft-tissue sarcomas that are more
deeply located. However, we observed dramatic
necrosis of soft-tissue sarcomas that were invad-
ing subcutaneous or cutaneous tissues.

Soft-tissue sarcomas are appropriate tumors
for studying tumor vascularization. Angiogra-
phies performed before rTNFa ILP and 1 week
to 10 days later have shown, as was predicted
from animal models, an extensive and fast de-
struction of the hypervascularization associated

with the tumor, leaving intact the normal small
vessels in the limb, including the small vessels
surrounding the tumors. Using histology and
immunohistochemistry, we were able to demon-
strate that the first target of rTNFa is the
tumor endothelial cells [Lejeune et al., 1993;
Renard et al., 1994a,b]. rIFNv is able to upregu-
late adhesion molecules, but they are further
increased a few hours after rTNFaq, especially
ELAM-1 (Endothelial Leucocytes Adhesion Mol-
ecule-1 or E-selectin) and VCAM-1 (Vascular
Cell Adhesion Molecule-1). Moreover, signs of
endothelial cell activation appear only in the
tumor endothelial cells. They become swollen
and are eventually lysed at a time when the
tumor cells appear histologically normal, as do
the normal tissue endothelial cells. Tumor endo-
thelial cell destruction is preceded by polymor-
phonuclear cell sequestration and activation
within the tumor vessels, and this is followed by
an intense infiltration of the tumor [Ashkenazi
et al., 1991]. Platelet aggregation on the tumor
endothelium associated with an increase of Von
Willebrand factor was also an immunohistologi-
cal finding [Renard et al., 1994b].

The angiographic, histological, and immuno-
logical observations allow us to conclude that
the double or triple combination protocols work
through a dual-targeting system (Fig. 2). The
first target is represented by the tumor vessels.
rTNFq, with or without rIFN+, activates and
uses the tumor endothelial cells. The second
target is the tumor cells themselves, which are,
at a later stage, subjected to melphalan.

ILP WITH rTNFo: A MODEL FOR
BIOCHEMOTHERAPY OF CANCER IN MAN

From our experience with rTNFa ILP, there
is evidence for biological and immunological sys-
temic effect of rTNFa. TNF« was detected at ng
levels in the blood for up to 6 hours after ILP. It
was leaked from the ILP and/or released from
the perfused tissues after the treatment. Induc-
tion of IL-6, as measured in the peripheral blood,
indicates that the cytokine cascade is triggered
systemically [Gérain et al., 1994]. The 100-fold
increase in plasma elastase as a result of the
granulocyte activation and degranulation sug-
gests that an important part of the granulocyte
systemic pool is activated and degranulated, re-
sulting in an intense but short leucopenia fol-
lowed, after 24 hours, by a burst of immature
polymorphs [Eggiman et al., in press; Van der
Auwera et al., 1990].
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Fig. 2. Mechanisms involved in tumor necrosis by TNFa and chemotherapy.

Granulopenia and thrombopenia seem also to
result from the upregulation of adhesion mol-
ecules and the sequestration of those cells in the
perfused area, as shown by the immunohistologi-
cal studies. As a result, there is an increase of
acute-phase proteins [Swaak et al., 1993]. Over-
all, the perfused tumors appear to be the elective
site of acute inflammatory reaction.

The fact that our patients had a long-lasting
complete response prompted us to study some
immunological parameters. Preliminary results
on the systemic lymphocyte phenotyping indi-
cate that eight out of ten patients showed a
sustained increase of HLADR-positive T-lympho-
cytes and of CD38, which is a sign of T-lympho-
cyte activation [Blum et al., 1994]. It remains to
be seen whether this T-lymphocyte activation
correspond to the induction of specific cytotoxic
T-lymphocytes.

Despite the fact that ILP is aimed at obtaining
an essentially regional response, our experience
indicates that it is accompanied and followed by
strong systemic effects. Therefore, we propose
that ILP with high-dose rTNFa« is a useful model
for studying cancer biochemotherapy in man,
since it provides a means

1. of following the physiopathological changes
in an area, and in the whole body, after a single
bolus of rTNFq;

2. of controlling the systemic inflammatory
response syndrome manifestations when pre-

sent, since there was no toxic death and no
sequellae;

3. of identifying endothelial-cell alterations
in the tumors by histological methods and by
angiography;

4. of determining the cytokines level and
TNFa receptors in the perfusate, and in the
systemic circulation;

5. of evaluating lymphocyte activation and
cytotoxicity; and

6. of evaluating the inflammatory param-
eters.

ARE THERE ANY PROSPECTS FOR THE USE OF
rTNFa IN MEDICAL ONCOLOGY?

The experience with rTNFa ILP has been
very rewarding, not only because of its perfor-
mance as a highly effective therapy for in-transit
melanoma metastases, irresectable sarcomas and
carcinomas, but also as a model for biochemo-
therapy. Indeed, the concept of associating cyto-
kines to chemotherapy has been tried in other
settings, including systemic treatment, using,
for example, interleukin-2 and chemotherapy,
or rIFNa and chemotherapy.

Since we have demonstrated that the effect of
the combination of rTNFa and chemotherapy is
based on dual targeting, that is, on the tumor
microvascularization on one hand, and on the
tumor cells themselves on the other hand, and
that a better understanding of the side-effects
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and an improvement in the prevention of side-
effects has been achieved, we can tentatively
suggest that there is a future for the combina-
tion of r'TNFa and chemotherapy in a systemic
setting. Two recent findings may help in achiev-
ing that purpose. First, the fact that our pa-
tients with nanogram levels of TNFa tolerated it
well and had circulating soluble receptors
[Gérain 1994] indicate that the latter may be
extremely useful for buffering TNF« in the sys-
temic blood. In fact, a construct made of Fc
fragments of human immunoglobulins with two
TNF receptors was shown to provide a 20-fold
protection of animals receiving rTNFa, com-
pared with TNF antibodies [Lesslauer et al.,
1991; Ashenazi et al., 1991]. What is unknown is
the potential neutralization of the antitumor
effect of rTNFq, when such constructs are used,
but it will be worthwhile to design pilot studies,
based on the protection achieved in patients
with septicemia. Another approach, which has
been successful in an experimental model, is the
use of mutant TNFa where one or two amino-
acids were changed in the area of receptor bind-
ing, rendering the mutant TNF« less toxic. This
approach is based on the observation made by
Fiers’ group [Brouckaert, 1992b] that human
TNFa is much less toxic in mice than is mouse
TNFq, and that human TNFa does not bind to
the mouse p75 receptors. Therefore, the com-
puter-assisted design of the new mutants was
aimed at removing the p75 receptor binding
sites from the new molecules. The achievement
of this aim has been reported by the groups of
Fiers and Leslauer [Van Ostade et al., 1993],
who showed that mutants with 100-fold less p75
activity could bind to p55 and were still able to
destroy human tumor xenografts. Before em-
barking on human studies, results from experi-
mental animal toxicities are awaited.

Our experience has been that the systemic
side-effects of TNFa can only be counteracted by
appropriate intensive care management. New
drugs, such as lipo- and cyclooxygenase inhibi-
tors [Sigurdsson et al., 19931, NO synthetase
inhibitors, or platelet aggregation inhibitors, will
be tried; but it will be important to verify that
these inhibitors do not interfere with the antitu-
mor effects of TNFa.

Further research is needed to understand and
predict individual susceptibility to TNFa toxic-
ity [Brouckaert et al., 1992a].
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