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Introduction

Introduction

Tumor necrosis factor apha (TNF-a) is a naturaly occurring glycoprotein which displays an
intriguing variety of biological functions. On the one hand it is cytotoxic for tumor cells, and as such
has been used in the treatment of cancer since, with molecular cloning, it became available in sufficient
quantities. On the other hand TNF-a is a central mediator in the metabolic changes observed during the
systemic response to infection, be it bacterial, vira or protozoal. It is identica to ‘cachectin’, the
lipoprotein lipase inhibitor that was isolated by Cerami and coworkers from the serum of severely
wasted rabbits, infected with Trypanosoma brucei [1]. Administration of recombinant TNF-a (r-TNF-
a) to experimental animals induces a clinical picture that is virtualy identical to the septic shock
syndrome [2].

In view of these potent pro-inflammatory actions of TNF-a, it is hardly surprising that systemic
toxicity has been a notorious drawback of cancer treatment with r-TNF-a. Early clinical trials have
been disappointing due to both a lack of objective tumor response and serious systemic side effects.
Treatment related fatalities have been described. It was generdly felt that higher concentrations of r-
TNF-a were needed to achieve significant anti-tumor effect, but that toxicity would preclude the use of
such high dosages. A breakthrough in the clinical use of r-TNF-a occurred in 1992 when the first
report on isolated limb perfusion with high dose r-TNF-a was published [3]. With this technique, very
high concentrations of r-TNF-a were achieved locally, while systemic toxicity seemed to be
manageable. An impressive clinical response rate was obtained in patients with unresectable sarcomas
and melanomas of alimb [4,5].

When isolated limb perfuson with r-TNF-a was introduced at the University Hospitd in
Groningen, it became readily apparent that toxicity, though indeed manageable in a modern Intensive
Care Unit, was till considerable. During perfusion and in the immediate post-operative phase, most
patients developed a sepsis syndrome characterized by high fever, systemic vasodilation and low
bloodpressure. The studies presented in this thesis were conducted to explore the exact nature of this
toxic response and, if possible, to clarify its mechanism.

Chapter | summarizes what is known of the side effects of treatment with r-TNF-a in genera. It
aso offers some guidelines for the trestment of patients undergoing isolated limb perfusion with r-
TNF-a, and it suggests a number of experimental strategies that may prove useful in the future.
Chapter |1 definesthe clinical response asit is seen in post-perfusion patients and rel ates the severity of
symptoms to the amount of leakage of r-TNF-a from the perfusion circuit to the systemic circulation.
In chapter 111 the effects of leakage of r-TNF-a on systemic coagulation variables are studied, in
particular the added influence of pretreatment with interferon gamma (IFN-g). Chapter 1V is about the
impact of isolated limb perfusion with r-TNF-a on the human fibrinolytic system. In chapter V rena
effects of this type of treatment are studied in some detail. Finally, in chapter VI, the role of nitric
oxide as a possible mediator of TNF-a-induced systemic vasodilation is investigated.
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Chapter |

Summary

The purpose of this chapter is to familiarize intensive care staff with the concept of isolated limb
perfusion with recombinant human tumor necrosis factor alpha (r-TNF-a), a new modality in cancer
treatment, that has attracted considerable attention. The systemic toxicity of this type of treatment, and
of cancer therapy with r-TNF-a in generd, is reviewed. This review is based on Phase | and Phase |1
trials published in the English language, along with supportive documentation and data on 64 patients
treated with r-TNF-a in our own institution. Guidelines are offered for the successful management of
this type of patient.

Treatment with r-TNF-a results in a characterigtic clinical syndrome, which resembles the sepsis
syndrome. Hypotension and respiratory failure are the main features of this syndrome. Toxicity is
largely independent of the route of administration. Very high serum concentrations of TNF-a, if
shortlived, can be less toxic than sustained low serum concentrations. Treatment of patients who have
undergone isolated limb perfusion with high dose r-TNF-a is feasible and effective in a modern ICU
setting, even if high serum concentrations of TNF-a , due to leakage from the perfusion circuit, cannot
be avoided. Mogt patients can be discharged from the ICU within 24 hours.
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Introduction

Cancer treatment with bacteria or bacteria-induced serum factors is not new. Late in the previous
century, the surgeon William Coley reported considerable success in the treatment of advanced cancers
with injections of live bacteria or bacteria extracts, athough at the cost of serious morbidity [1-2].
Later, Shear and coworkers could show that endotoxin, a part of the cell wall of Gramnegative
bacteria, was indeed capable of inducing hemorrhagic necrosis in laboratory animals with transplanted
tumors [3]. Since endotoxin did not kill tumor cellsin vitro, the possibility of an intermediate cytotoxic
host factor released by the administration of endotoxin was suggested. In a series of elegant
experiments Carswell and coworkers were able to demonstrate the presence of such a substance in the
serum of BCG-infected mice treated with endotoxin [4]. When this serum was intravenoudy
administered to animals bearing a subcutaneous transplant of a murine sarcoma, visible necrosis of the
tumor was observed. Accordingly, the active substance was named tumor necrosis factor (TNF). In the
mid-eighties the DNA for human tumor necrosis factor was cloned and, with recombinant techniques,
large amounts of human TNF became available for research purposes [5-6]. Since TNF had shown in
vitro anti-tumor activity against a number of different cell lines, while showing no effect on human
fibroblasts, there was considerable interest to try this new drug in clinical trias in various types of
neoplastic disease. Between 1987 and 1991 a series of Phase | and Phase |1 trials was carried out [7-
43]. Unfortunately, none of them showed unequivoca clinical benefit. As toxicity turned out to be
pronounced and lethal complications of systemic treatment with TNF were reported, interest in this
new drug waned as quickly as it had been aroused. Recently a revival of TNF as antineoplastic drug
was introduced by Leeune and coworkers who combined high-dose human recombinant TNF-a (r-
TNF-a) with an alkylating drug in a system of isolated regional perfusion [44]. A response rate of 87%
was seen in patients with locally irresectable sarcoma of a limb [45]. Later, encouraging results with
this technique were aso described in patients with melanoma [46]. Toxicity was considered to be
acceptable, although all patients needed intensive care after the procedure [47-48]. This technique of
regional perfusion with r-TNF-a in combination with other antineoplastic drugs is rapidly gaining
acceptance as a valuable alternative in the treatment of several types of cancer. Post-perfusion patients
will find their way to the ICU in increasing numbers and intensivists should be thoroughly familiar
with the serious side-effects of treatment with r-TNF-a to be able to provide proper care.

TNF-a toxicity in vivo

TNF-a is generaly considered to be the key mediator in the mammalian response to bacterial infection.
It is mainly produced by stimulated macrophages and monocytes but many other cells have been
reported to be able to synthesize TNF-a. It is a strong pro-inflammatory agent that will affect the
function of amost any organ system, either directly or by inducing the formation of other cytokineslike
IL-1, or prostaglandins. TNF-a, which naturally occurs in a trimeric form, exerts its influence on cells
by binding to a specific receptor. Two types have been identified: the smaller 55 kilodalton TNF-R55
receptor, present on virtually all nucleated cells and the larger 75 kilodalton TNF-R75 receptor, mainly
present on lymphocytes. The extracellular portions of these receptors can become separated from the
cellmembrane by proteolysis, and can bind and inactivate TNF-a in the circulation. They are referred
to as soluble receptors. Their shedding from cellmembranes is upregulated by TNF-a itsalf. If injected
in small amounts, TNF-a is bound rapidly to tissue receptors and degraded in the cells. If administered
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in larger amounts it is broken down and partially cleared by the kidneys, and, to a lesser extent, by the
liver. The serum half-life of TNF-a is dose-dependent: at doses of 25 ng/m? a serum half-life of 13 min
has been described , increasing to 26 min at higher doses[9].

If administered intravenoudly to laboratory animals it causes a clinical picture very similar to septic
shock. Excessive vasodilation will cause hypotension, acidosis and oliguria with rena failure.
Increased capillary permesbility will result in edema which in the lung will interfere with gas exchange.
Activation of the clotting system may lead to a disseminated intravascular coagulopathy. Liver cell
necrosis may occur. Even small doses of TNF-a can cause death in susceptible animals. If
administered in smaller quantities to human volunteers it causes fever, headache, anorexia, myalgia,
hypotension, capillary leak syndrome, increased rates of lipolysis and skeletal muscle protein
degradation [49].

Toxicity of TNF-a in the treatment of cancer: general remarks

Although the exact mechanism, leading to tumor cell necrosis in vivo, is sill largely unknown, TNF-a
has been tried for dmost any kind of malignant disease. It has been administered subcutaneously,
intramuscularly and intravenoudly in many different dose regimens. It has also been used locally, for
instance in tumors of the bladder and in ovarian carcinoma. Intratumoral application of r-TNF-a has
been studied extensively and has even been tried in the treatment of brain tumors [23, 24, 40, 41].
Recently, combined treatment of r-TNF-a with akylating drugs in an isolated perfusion model has
received considerable attention [44, 45, 46]. This technique can only be applied with tumors of alimb.
After dissection and cannulation of femoral, popliteal or axillary vessels, a perfusion circuit is
established using a roller pump and a membrane oxygenator (Fig 1). The system is primed with red
blood cells, acolloid solution and heparin and kept at a temperature of 39° C.

Fig.1 Set-up of isolated limb perfusion
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After equilibration, up to 4 mg of r-TNF-a is infused into the perfusion circuit. r-TNF-a is usually
combined with an akylating agent such as melphalan to obtain maximal anti-tumor efficacy. Some of
these patients are pretreated with recombinant interferon gamma (r-1FN-g) to enhance the sensitivity of
the tumor to r-TNF-a. Human r-1FN-g increases the number of TNF-receptors on human tumor cells
[50, 51]. Additionaly, r-TNF-a and r-IFN-g show synergy in antitumor effects on human tumor cells
[52].

Subcutaneous and intramuscular routes of administration have been largely abandoned because of
unacceptable local side effects such as soreness and ulceration [12]. Instillation of the drug into body
cavities (intravesical, intraperitoneal ) does not usualy lead to detectable serum levels of TNF-a.
Although systemic side effects of this type of treatment are reported to be mild by some [25, 43],
others have observed severe systemic toxicity with fever, influenzalike symptoms and prolonged
malaise [21]. Intralesiona application of r-TNF-a will results in highly variable plasma levels of this
cytokine [27], but most reports show plasma concentrations comparable to what is observed after
intravenous dosing [23, 24, 27]. Again, systemic side effects may be severe, with intolerable rigors,
fatigue and tachycardia[40].

Thus, it appears from the literature that all routes of administration of r-TNF-a can cause serious
systemic side effects. Severe toxicity has been reported with low plasma concentrations of TNF-a [42],
while very high concentrations of this cytokine are relatively well tolerated if its presence in the
systemic circulation is short-lived. For example, toxicity in a study where r-TNF-a was infused over
24 hours, resulting in peak plasma concentrations of 8000 ng/L [33], was more severe than in a study
where a 30 min. infusion of the drug led to peak levels of 300.000 ng/L [36]. Systemic toxicity seems
to be determined mainly by the length of time that elevated concentrations of TNF-a can be found in
the circulation. This is in keeping with the observation by Pinsky and coworkers that persistence of
TNF-a and interleukin-6 concentrations, rather than peak concentrations of cytokines, predicts a poor
outcome in septic shock [53]. On the other hand, the promising results of isolated limb perfusion with
very high doses of r-TNF-a suggest that the effects of this drug on the tumor are dependent on high
levels of TNF-a, and that, with such high levels, an exposure time of 90 min is sufficient to destroy
virtually all malignant tissue. It follows that, generally speaking, short courses with high dose r-TNF-a
hold most promise for the future, from the point of efficacy as well as from the point of toxicity.

Regional perfusion techniques were originally developed to avoid systemic toxicity. Idedly the drug
would not spread beyond the limb that was being perfused. Indeed, perfusions with melphalan done
showed little systemic toxicity. However, it appeared that adding r-TNF-a to the perfusate invariably
induced a sepsis syndrome, probably due to leakage of r-TNF-a into the systemic circulation [44, 47,
48, 54, 55]. We were able to demonstrate plasma levels of TNF-a in these patients of up to 267000
ng/L at the end of perfusion [56]. For comparison, in meningococcal disease and/or septicemia all
patients with TNF-a levels over 100 ng/L died [57]. In other types of septic shock median TNF-a
levels of 120 ng/L have been reported [58]. TNF-a levels in perfused patients were very high initially
but fell rapidly: 12 hours postperfusion TNF-a levels had returned to baseline values [48].

It is still unclear whether the very high levels of systemic TNF-a, measured in perfusion patients,
represent free TNF-a or neutralized TNF-a, bound to soluble receptors. The latter possibility would
explain why clinical signs and symptoms in these patients are less severe than anticipated from the very
high serum TNF-a levels. Thom and coworkers have reported a moderate increase in the soluble 55 kd
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TNF receptor (TNF-R1) during perfusion with r-TNF-a, possibly representing an upregulation of
receptor shedding [54]. With melphalan done, the rise in serum TNF-R1 was less pronounced.
Interleukin 6 (IL-6) concentrations rise significantly during isolated limb perfusion with r-TNF-a and
may contribute to toxicity [54]. Interleukin 1 (IL-1), which can act synergystically with TNF-a, seems
to be less important in this setting. The role of anti-inflammatory cytokines like interleukin 4 (I1L-4) and
interleukin 10 (1L-10), which could mitigate the toxic effects of TNF-a, remains to be elucidated.
Toxicity of r-TNF-a treatment is variable and not aways dose-dependent. Hepatic and
cardiovascular toxicity have been generdly found to increase with increasing dose, but congtitutional
symptoms like fever, chills, rigors and prostration are probably not dose-related. The maximum
tolerated dose of r-TNF-a, administered intravenoudy over 30 min, is reported to be between 100 and
300 ng/m? [7-10, 12, 13, 14, 17, 29, 39)]. Signs of |ate toxicity are notoriously absent in all reports.

Specific signs and symptoms of toxicity in patients treated with r-TNF-a

Constitutional

As was dtated before, symptoms after treatment with r-TNF-a by any route are variable and
individually determined. However, virtualy al patients will experience congtitutional symptoms. This
influenza like syndrome is characterized by fever up to 40° C, chills, rigors, headache, back pain,
fatigue, prostration and malaise. These symptoms are probably not dose-related [13, 17, 19, 30-31]
and will disappear spontaneoudy even if treatment with r-TNF-a is continued without dose
adjustment.

Cardiovascular

Cardiovascular toxicity is usually dose-limiting. A fall in blood pressure is observed in many patients
[7-10, 12, 14-20, 22, 23, 27-28, 30-33, 37-38, 55], sometimes preceded by a short period of
hypertension [33]. Hypotension can be severe with systolic blood pressures < 60 mm Hg. Volume
resuscitation and inotropic support of the circulation are frequently necessary to maintain acceptable
tissue perfusion. Sinus tachycardia is common but other rhythm disturbances are rare [37]. In one
patient a transmural myocardial infarction soon after starting treatment with r-TNF-a has been
described [7]. Excessive production of nitric oxide, a potent vasodilator, by cytokine-inducible nitric
oxide synthase is believed by many to be the underlying mechanism. TNF-a can induce nitric oxide
synthase in vascular smooth muscle cells from rat aorta in vitro [59]. In mice the administration of
anti-TNF-a antibodies markedly reduces endotoxin-induced shock and nitric oxide synthesis in vivo
[6Q]. Kilbourn and coworkers have induced hypotension in dogs by administering recombinant human
TNF-a. N®-monomethyl-L-arginine, a competitive inhibitor of nitric oxide formation from L-arginine,
completely reversed this fall in blood pressure, which reappeared after the administration of excess L-
arginine. The authors conclude that excessive nitric oxide production mediates the hypotensive effect of
TNF-a [61]. Whether the same mechanism applies to humans remains to be seen. In a series of 8
patients treated with hyperthermic isolation perfusion with r-TNF-a we have measured nitric oxide
metabolites in plasma. All patients developed vasodilation and hypotension, secondary to a pronounced
leak of r-TNF-a from the perfusion system to the systemic circulation. However, we were unable to
demonstrate any elevation in plasma nitrite or nitrate [56]. Other mechanisms, not involving the nitric
oxide pathway, are therefore likely to play a role in the generation of hypotension and septic shock in
the setting of r-TNF-a perfusion. The existence of a nitric oxide independent pathway to explain
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cytokine-induced vasodilation in humans was aready suggested by Beadey and coworkers [62].
Alternatively, cyclooxygenase products like prostacyclin could also play arole [63].

Respiratory

Respiratory compromise is common after tresatment with r-TNF-a [2, 3, 7-10, 13, 18, 23, 30-33, 39,
64, 65] and may range from dight symptoms of tightness of the chest and tachypnea to severe
respiratory distress requiring mechanical ventilation. Administration of r-TNF-a has been shown to
affect pulmonary function parameters. it decreases vital capacity, capillary blood volume, diffusing
capacity of the alveolo-capillary membrane and transfer capacity for carbon monoxide [64]. It is
unclear whether these effects are dose-related [48, 64]. Significant reductions in these parameters are
observed 1 week after isolated limb perfusion with r-TNF-a and melphalan. Eight weeks after the
perfusion procedure, they have returned to pre-trestment values. Treatment with r-TNF-a aso
increases pulmonary permeability, which could explain the transient pulmonary infiltrates described in
the original publication by Eggimann [47, 66]. A relationship between the Lung Injury Score (Murray)
and TNF-a levels has been described [48].

Renal

Rend toxicity is surprisingly mild. In most series renal toxicity does not exceed moderate proteinuria
and minimal elevation of serum creatinine [7, 9, 13, 17, 20, 31-33, 37-38, 55]. Others have reported
more serious renal symptoms, such as a marked reduction in creatinine clearance, oliguria and elevated
tubular enzyme excretion [12, 14, 23, 27, 28, 30, 67]. Whether rena toxicity in this setting is a
conseguence of inadequate perfusion pressures or a direct toxic effect of r-TNF-a, remains to be
determined [23, 27, 67]. Even in patients who could be kept normotensive throughout the perfusion
procedure and during their postoperative stay in the ICU, a temporary decrease in proximal tubular
function was observed [67]. This may represent adirect toxic effect of TNF-a.

Hepatic

Many patients will develop a significant rise in either bilirubin or ASAT and ALAT or both [7-9, 14-
16, 18-20, 22, 23, 27, 28, 30, 32-35, 37-38, 55]. Liver cell damage can be dose-limiting [8-9, 18, 20,
32], but is usualy rapidly reversible on discontinuation of the drug. It does not cause clinicaly
significant disturbances of coagulation, due to deficient synthesis of clotting factors.

Digestive tract

Upper as well as lower digestive tract symptoms are common in this type of treatment. Nausea and
vomiting can be distressing [7, 23, 32, 33] and in some cases dose-limiting [35]. Watery diarrhea has
been observed in anumber of patients [15, 19, 23, 32, 33].

Blood
A dose-dependent decrease in platelets is common [20, 22, 23, 29-31, 55]. It can be very pronounced
(< 25.000/mm?) and dose-limiting [20, 22]. However, to our knowledge, petechiae and overt bleeding
have not been reported.

A decrease in hemoglobin has also been reported, but its cause remains unclear [29]. Hemodynamic
instability will often necessitate infusion of large quantities of fluids, which in turn will aggravate any
existing low hemoglobin level.
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Initially, granulocytes tend to decline in numbers in the peripheral blood, probably because of
sequestration. After the infusion of r-TNF-a has been discontinued, a significant increase in numbersis
observed [9-10, 15, 18, 22, 23, 28, 31, 39, 55]. Monocytes and lymphocytes also decrease
dramatically in number in the early phase but their recovery seemsto be less quick [9].

It has been shown by various authors that TNF-a has a procoagulant effect on the hemogtatic
mechanism in humans through expression of tissue factor and downregulation of thrombomodulin [68-
70]. Signs of activated coagulation have been confirmed in a few clinical series [35, 39, 55, 71], but
prolonged clotting parameters are rare [48, 55]. A normal clotting profile seems to be most common
[17, 22, 23, 31-33]. Fibrinolysis is inhibited by a large increase of plasma activator inhibitor type 1
(PAI-1) and a decrease of tissue plasminogen activator (t-PA) [72, 73]. Inhibition of fibrinolysis has
been shown in healthy subjects treated with r-TNF-a [72], in patients treated with intravenous r-TNF-
a [73], and in patients treated with isolated limb perfusion with r-TNF-a and melphalan [74].

Nervous system

Neurological sequelae of treatment with r-TNF-a have been mentioned by a number of authors.
Confusion and hallucinations can be severe but seem to be quickly reversible after discontinuation of
the drug [23, 31, 33, 37]. Transient aphasia and diplopia have aso been described [22, 30, 32, 33].
Three cases of blindness have been reported, one cortical [7], and two as a consequence of a retina
vein thrombosis [14]. Seizures have been reported in one series [31].

Miscellaneous
Wasting, considered to be due to prolonged administration of r-TNF-a has been described [25].

Authors who have studied the effect of r-TNF-a on lipid metabolism have reported a decrease in
high-density lipoproteins, aswell asincreasesin triglycerides and very-low-density lipoproteins [22].

In one series, bacteremia and sepsis were considered to be causally related to treatment with r-TNF-
a [31].

To our knowledge at least six patients have died as a consequence of treatment with r-TNF-a: one
after a cardiac arrest 90 minutes after receiving the first dose of r-TNF-a [8], two following septic
episodes during a 5-day continuous infusion [31], one from pulmonary embolism [39], one from
intracranial hemorrhage [39] and one from treatment-related pulmonary edema[39].

The most relevant side effects of hyperthermic isolated limb perfusion with r-TNF-a are
summarized in Table 1.

Clinically relevant side effects of HILP with r-TNF- a

hypotension
respiratory failure
liver cell necrosis
thrombocytopenia
fever

rigors

malaise

Table 1. Side effects.

Treatment
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Some symptoms of r-TNF-a toxicity can be prevented, others can be minimized by adequate treatment
(Table 2). There is ample evidence that non-steroidal anti-inflammatory drugs can dleviate
congtitutional symptoms, probably because they are partialy mediated by prostaglandins. Paracetamol
[34, 35], indomethacin [28-30], ibuprofen [10] and ketoprofen [16, 30] have been used successfully for
this indication. Routine administration of one or more of these drugs should be considered in all
patients treated with r-TNF-a. Pethidine (meperidine) is possibly effective against chills and rigor [17,
30, 34, 35, 40]. Steroids are of unproven efficacy [10].

Prevention and treatment of r-TNF-a toxicity

prevention invasive monitoring
volume loading
leakage monitoring
low perfusion flow rates
extensive washout

treatment invasive monitoring
volume resuscitation
dopamine
norepinephrine
positive pressure ventilation

Table 2. Prevention and treatment of toxicity

Adequate fluid resuscitation is mandatory to prevent r-TNF-a induced hypotension as much as
possible. Patients on chronic diuretic therapy are at specia risk for this complication. Volume loading
with 500-1000 ml of saline is recommended if invasive measurement of filling pressuresis not feasible.

In the case of isolated limb perfusion with r-TNF-a meticulous surgical technique can limit leakage
to the systemic circulation to a minimum. Low perfusate flow rates (up to 500 ml/min for a lower limb
and up to 300 ml/min for an upper limb) have been reported to reduce systemic leakage and attenuate
side effects, probably by reducing vascular pressures in the isolated limb [55]. A thorough washout
procedure at the end of perfusion with approximately 6-10 liters of washout fluid, may aso contribute
to areduction of leakage and systemic side effects [47].

L eakage during the procedure should be monitored continuously with a radioactive marker, viz. 1**-
albumin, as described previoudy [75]. In this way unacceptably large leaks can be discovered early
and corrected before extensive damage is done.

Management in theatre can be facilitated by inserting a Swan-Ganz catheter after induction of
anesthesa. Most patients will require extensive fluid administration to maintain adequate filling
pressures. Since the main circulatory problem is excessive vasodilation, the majority will also require
vasopressors. In our ingtitution all patients who have undergone isolated limb perfusion with r-TNF-a
are routinely admitted to the ICU. However, if the patient has been hemodynamically stable during
perfusion and leakage is minimal (£ 1%), the chances to develop severe toxicity are low [54] and
postoperative trestment in a 24-hour recovery facility can be considered.

Patients with a substantial leak should definitely be managed in the ICU. In our experience
hypotension and respiratory failure due to pulmonary edema are the only side-effects demanding
immediate attention. As was pointed out above, other side effects are common, but they are usualy
sdlflimiting, do not need treatment and will not delay the patients discharge from the ICU. Hypotension
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is treated with colloids and cristalloids to maintain filling pressures. A pulmonary artery wedge
pressure of 12 mm Hg should be adequate. If hypotension persists, and it usually will, dopamine or
norepinephrine is added to maintain perfusion pressures. Norepinephrine has the advantage of not
being a positive chronotrope, as opposed to dopamine, and is a more potent vasopressor. Since most
patients will be in sinustachycardia anyway this would favor the use of norepinephrine. In view of the
hemodynamic profile of most of these patients, with a high cardiac output and low systemic vascular
resistance, norepinephrine is probably the drug of choice. If blood pressure can be maintained renal
failure is quite rare. In our own series of 64 patients only one needed continuous veno-venous
hemofiltration because of rend failure. In this patient we were unsuccessful in our attempts to maintain
adequate blood pressures.

Care should be taken that infusion of fluids does not aggravate non-cardiogenic pulmonary edema,
which in a subclinical form is present in the mgjority of patients [48]. If this can be avoided most
patients can be extubated within 24 hours after the perfusion procedure. Of the 64 patients treated in
our ingtitution the median duration of post-operative ventilation was between 24 and 48 hours; only 2
patients needed mechanical ventilation for longer than 48 hours. As soon as the patient has become
hemodynamically stable, a diuretic can be useful to excrete the surplus of fluids that had to be
administered in the acute stages of the sepsis syndrome. This will usualy improve oxygenation by
reducing extravascular lung water. Once symptoms in the acute phase have resolved, the patients can
be safely sent to a general ward for further care; delayed toxicity is not a feature of treatment with r-
TNF-a.

It would appear that a sepsis syndrome, that occurs as side effect of amedical intervention, is easier
to treat than sepsis from an infectious source. In the treatment of naturally occurring septic shock,
many attempts to stop the relentless propagation of the cascade of inflammatory mediators with
blocking agents have been unsuccessful, smply because they could not be given early enough in the
process. Obvioudly, timing of interventions could be much more favorable in iatrogenically-induced
sepsis. The set-up of isolated limb perfusion with r-TNF-a would seem ideally suited for prophylactic
treatment with a monoclonal antibody against TNF-a. Continuous systemic infusion of such an
antibody during perfusion could theoretically neutralize all r-TNF-a that would leak from the perfusion
circuit to the general circulation. If production of IL-1 could be shown to substantialy increase the
toxicity of r-TNF-a, continuous systemic infusion of an IL-1 receptor antagonist could aso be of
benefit. In theory, such an approach could prevent virtually all side effects of perfusion with r-TNF-a.
However, before such treatment can be attempted, it is of crucia importance to make certain that the
anti-tumor effect of r-TNF-a isin no way abrogated by anti-TNF-a antibodies, delivered systemically.
A different approach is the development of mutant TNF's, with, ideally, anti-tumor activity similar to
native TNF but reduced toxicity [76].

Findly, if nitric oxide does play arole in TNF-a induced hypotension in this setting, prophylactic
treatment with competitive inhibitors of nitric oxide formation from L-arginine, like N®>-monomethyl-L -
argining, could block nitric oxide production and subsequently prevent excessive vasodilation. In
naturally occurring septic shock this approach has had limited success [77], but, again, it could be
more successful in a situation that permits early administration and timely discontinuation of the drug.

Concluding remarks
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TNF-a has a remarkable capacity to kill tumor cells in vitro, while largely sparing normal cells. Apart
from direct cytotoxic/cytostatic effects, multiple indirect processes induced by TNF-a as a "biological
response modifier”, are possibly involved in regresson of in vivo tumor. These include potent
immunomodulatory effects of TNF-a, in recruiting and activating immune cells, augmenting the
expression of cell surface molecules, and inducing the production of intermediate cytokines. These
characteristics make TNF potentially useful as an anti-cancer drug in vivo. Early clinica trials with
recombinant human TNF have been disappointing: at best a small clinical response has been obtained
a the cost of serious toxicity. Recently, encouraging results have been reported in patients with
irresectable extremity sarcomas and melanomas with a combination of high dose r-TNF-a, IFN-g and
an akylating drug, administered into a system of hyperthermic isolated regiona perfusion [45, 46].
Due to leakage of r-TNF-a from the perfusion system to the genera circulation, this type of treatment
is also complicated by considerable clinical toxicity, mainly hypotension and respiratory failure.
However, as we and others have shown, modern intensive care is able to cope with this, providing there
is sufficient knowledge of the clinical syndrome of TNF toxicity. Our experience with this technique so
far has led us to believe that even higher doses can be tolerated by the fully monitored, sedated and
ventilated patient. In our series, serum concentrations of TNF-a with isolated limb perfusion are higher
than the levels that have been documented with the intravenous administration of 300 ng/m? r-TNF-a,
the dose traditionally considered to be maximal. The majority of our patients recovered within 24 hours
and could leave the ICU on the day following perfusion. Accordingly we believe that there may be a
place for new trials with intravenously administered r-TNF-a in dosages exceeding what has been
considered the maximum tolerable dose for bolus iv. administration.
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Chapter 11

Summary

This chapter describes the post-operative course of 25 consecutive patients, who underwent
hyperthermic isolated limb perfusion with recombinant tumor necrosis factor a (r-TNF-a) and
melphaan, following pretreatment with recombinant interferon gamma (r-IFN-g), as treatment for
recurrent melanoma, primary nonresectable soft tissue tumors, planocellular carcinoma or metastatic
carcinoma. It is a retrospective, descriptive study, relating systemic TNF-a levels with indices of
disease severity.

All patients developed features of sepsis syndrome and required intensive care treatment. Most patients
recovered quickly with a median ICU stay of 2 days (range 1-25). Maximum systemic TNF-a levels
ranged from 2284 to 83000 ng/L (median 25409 ng/L) and returned to baseline values within 8 hours.
Degpite these high levels of TNF-a no patient died in the ICU, athough the patient with the highest
TNF-a level developed multiple organ failure and required continuous venovenous hemofiltration for
16 days.

Linear regression analysis showed a positive correlation between maximum TNF-a levels and systemic
vascular resistance (p<0.01), cardiac index (p<0.02), lung injury score (p<0.02), prothrombin time
(p<0.02) and activated partial thromboplastin time (p<0.05). It is concluded that hyperthermic isolated
limb perfusion with r-TNF-a leads to high systemic levels of TNF-a, probably due to leakage of r-
TNF-a from the perfusion circuit, mainly through collateral bloodflow. A sepsis like syndrome is seen
in al patients. Despite high levels of systemic TNF-a, this sepsis syndrome is short-lived and recovery
israpid and complete in most patients.
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Sepsis syndrome in isolated limb perfusion with TNF-a

Introduction

The cytokine TNF-a, originaly defined by its antitumor activity in vivo, is now recognized to play a
key role as a polypeptide mediator in the pathogenesis of septic shock [1-7]. TNF-a has been shown to
cause myocardial depression, vasodilation, and diffuse lung injury in anima studies [8-10]. Levels of
TNF-a in the serum of septic patients show a positive corration with the severity of illness and
mortality [11-14]. Cardiovascular, and fibrinolytic responses to the administration of endotoxin and
TNF-a have aso been described in volunteer studies, athough the severity of symptoms has limited
the dose used [15-18].

With hyperthermic isolated limb perfusion a very high dose of a cytostatic agent can be
administered localy in alimb while minimizing systemic toxicity. A combination of r-TNF-a, r-IFN-g
and melphalan was used in 25 patients with, mostly, primary nonresectable soft tissue tumors and
melanomas stage 111 A/AB of the limb, as an alternative to amputation. This triple combination with
hyperthermia was chosen because of the reported synergistic antitumor effect of r-TNF-a with r-IFN-
0, hyperthermia, and alkylating agents [19]. We have studied the clinical course of these patients and
its relationship to leakage of r-TNF-a to the systemic circulation during perfusion.

Subjects and methods

Subjects
Between January 1991 and June 1993, 25 patients received hyperthermic isolated limb perfusion at the
Division of Surgical Oncology of the Groningen University Hospital, after approva of the Medica
Ethics Committee and informed written consent had been obtained. Tumor histology is summarized in
Table 1.

TUMOR HISTOLOGY NUMBER OF PATIENTS
Malignant Melanoma 7

Liposarcoma

Malignant Fibrous Histiocytoma
Epithelioid Sarcoma
Leiomyosarcoma

Myxoid Chondrosarcoma
Malignant Schwannoma
Neurofibrosarcoma

Embryonal Rhabdomyosarcoma
Planocellular Carcinoma
Metastatic Renal Cell Carcinoma

PR RPRRPRRRNWWA-A

Table 1 Tumor histology.
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Four additional patients underwent hyperthermic isolated limb perfusion without pretreatment with r-
IFN-g and without the addition of r-TNF-a to the perfusate.

Anesthesia and intensive care

Anesthesia was induced with thiopental, after which the patients were paralyzed with vecuronium and
the trachea intubated. Anesthesia was maintained with midazolam, sufentanyl, nitrous oxide and
isoflurane. After induction arterial and pulmonary artery catheters were inserted. Blood pressure, ECG,
urine output, venous and pulmonary pressures, as well as pulmonary wedge pressures and blood gas
values were checked at standard intervals. All patients were admitted to the intensive care unit
following surgery. Patients received mechanical ventilation until hemodynamically stable. Fluid
resuscitation with crystaloid and colloid solutions was given to maintain pulmonary wedge pressures
above 11 mmHg and a dopamine infusion was added if systolic arterial bloodpressure fell to 90 mmHg
or decreased by > 30 mmHg from preoperative val ues despite adequate fluid replacement.

Isolated Limb Perfusion
For two days prior to the perfusion patients received 0.2 mg r-1IFN-g subcutaneously. The perfusion
technique employed at the Groningen University Hospital is based on the technique developed by
Creech and Krementz [20]. Briefly, after ligation of al collateral vessels and heparinization of the
patient with 3.3 mg heparin/kg bodyweight (Thromboliquine, Organon BV, Oss, The Netherlands) the
axillary, iliac, femora or popliteal vessels were dissected, cannulated and connected to the
extracorporea circuit. The perfused limb was wrapped in a therma blanket to reduce heat loss and
four thermistor probes were inserted subcutaneoudly and intramuscularly for continuous monitoring of
the temperature during perfusion. A tourniquet was applied to the proxima limb in an attempt to
minimize leakage of the perfusate into the systemic circulation through skin collaterals. Perfusion was
performed during 90 minutes under mild hyperthermic conditions (39-40°C). The perfusate consisted
of 350 ml 5% dextran 40 in glucose 5% (Isodex, Pharmacia AB, Uppsaa, Sweden), 500 ml blood (250
ml red blood cells, 250 ml plasma), 30 ml 8.4% NaHCO; and 0.5 ml 5000 IU/ml heparin
(Thromboliquine). The perfusate was oxygenated with a bubble oxygenator and driven by a roller
pump. At the start of perfusion r-TNF-a (Boehringer, Ingelheim, Germany, 4 mg for leg perfusions
and 3 mg for arm perfusions) and 0.2 mg r-IFN-g (Boehringer, Ingelheim, Germany) were injected as a
bolus into the arterial line of the perfusion circuit. Mel phalan (Burroughs Wellcome, London, England,
10 mg/L volume of an affected leg and 13 mg/L volume of an affected arm) was administered 30
minutes later. During perfusion potential leakage to the systemic circulation was monitored with 1" -
labeled abumin [23]. After 90 minutes of perfusion, the limb was flushed with 2 L dextran 40 in
glucose 5% (Isodex) and 500 ml blood (250 ml red blood cells, 250 ml plasma), catheters were
removed, the circulation restored and the heparin antagonized with protamine chloride. A latera
fasciotomy of the anterior compartment of the lower leg was performed in leg perfusions or a
fasciotomy of the forearm in arm perfusions to prevent a compartment syndrome.

Four additional patients underwent hyperthermic isolated limb perfusion with melphalan in exactly
the same way but without the addition of r-TNF-a to the perfusate and without pretreatment with r-
IFN-g
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Hemodynamic measurements

Hemodynamic variables were measured immediately after the patient had arrived in the intensive care
unit and then at hourly intervals. Measured variables included the heart rate, mean arterial pressure,
central venous pressure, mean pulmonary artery pressure, pulmonary capillary wedge pressure.
Cardiac output, cardiac index, systemic vascular resistance and pulmonary vascular resistance were
determined at two hourly intervals. Pressure transducers were set to zero at the level of the midaxillary
line. Cardiac output was measured in triplicate by the thermodilution method, with the use of a cardiac
output computer and cold saline.

Oxygen consumption, oxygen delivery, oxygen extraction ratio and alveolar arterial oxygen difference
were caculated according to standard formulas. Lung Injury Score as a measure of Adult Respiratory
Distress Syndrome was caculated from the chest roentgenogram, hypoxemia and positive end-
expiratory pressure scores as described by Murray et al [21]. The APACHE Il score was calculated
for each patient on the basis of the worst results in the first 24 hours after admission to the intensive
care unit. The Simplified Sepsis Score for each patient was calculated as described by Baumgartner et
a [22].

Assay for tumor necrosis factor

TNF-a levels were determined by specific immunoradiometric assay (Medgenix Diagnostics,
Soesterberg, the Netherlands). Samples were processed according to the guidelines of the
manufacturer. Blood samples (3 ml) from an indwelling radia artery cannula were collected in EDTA
vacutainer tubes, and kept on melting ice during transport to a centrifuge. Samples were centrifuged
for 10 min at 3000 rpm at 0°C and the separated plasma kept at -20°C until analysis. A baseline
sample was taken for TNF-a assay after the insertion of the arteria line, then at 5, 30, 60, and 89
minutes after the start of the perfusion. Samples from the extracorporea circuit were also taken at the
same sampling times. After restoration of circulation to the perfused limb, systemic samples were taken
a 1, 5 10, 30 and 60 minutes after removal of arteria clamps, hourly thereafter for at least eight
hours and finally the next morning.

Statistical analysis

Data were analyzed using SPSS for MS WINDOWS (release 5.0). Results are tabulated to show
preoperative values, mean values, standard error of the mean, and range. Correlations were sought
between variables and maximum TNF-a levels. A p-value < 0.05 was considered significant.

Results

Demographic Data

Eleven male and fourteen female patients were studied (mean age 49.2 years, range 18-74 yrs). Twenty
three perfusions of the lower limb were performed (iliac vessels cannulated in 15 patients, femora or
popliteal vessels cannulated in 8 patients). Two perfusions of the upper limb were performed.
Histology of the tumors is summarized in Table 1. All perfusions were performed without technical
complications. Leakage from the perfused limb circuit ranged from O to 8% (median 2%).
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Clinical Course
All patients developed clinical sepsis syndrome with fever, rise in cardiac output, fal in systemic
vascular resistance and the need for fluid resuscitation and inotropes. Maximum temperature,
APACHE Il scores, Simplified Sepsis Scores, Lung Injury scores, fluid balance, maximum dopamine
requirements in the first 24 hrs of Intensive Care Unit (ICU) stay, and length of ICU stay are
summarized in Table 2 and 3. One patient developed multiple organ failure and required continuous
venovenous hemofiltration for 16 days.

All 4 patients who received hyperthermic isolated limb perfusion with melphalan only (i.e. without
r-TNF-a) did well without invasive hemodynamic monitoring. They did not need large infusions of
fluid or continued treatment with dopamine and were not admitted to the ICU.

PARAMETER MEAN SEM RANGE
Length of stay (days) 3* 1-25
Maximum temperature ( °c) 40.0 0.12 39.0-41.8
APACHE Il Score 15.6 0.66 11-22
Simplified Sepsis Score 4.9 0.4 1-9

Fluid Balance 1ST 24HRS (L) +10.15 0.87 +2.43 - +18.93
Time to Extubation (days) 2* 0-21

SEM, standard error of the mean.
*nonparametric distributed variable, therefore mean value should be read as median and no standard error of
the mean is given.

Table 2 Clinical course data.

TNF-a levels

Systemic TNF-a levels were measured in 13 patients. Maximum TNF-a levels ranged from 2284 to
83000 ng/L (median 25409 ng/L). TNF-a levels peaked towards the end of the isolated limb perfusion
and immediately after reperfusion of the limb. Levels then rapidly declined over the next hours of
measurement (Figure 1).

TNF-a was detected in plasma up to 8 days after perfusion, but at very low levels. In the 4
patients who were treated with hyperthermic isolated limb perfusion without pretreatment with r-IFN-g
and without the addition of r-TNF-a to the perfusate, maximum postperfusion TNF-a levels ranged
form 1-53 ng/L (mean 42 ng/L, standard deviation 22 ng/L, standard error of the mean 11 ng/L).
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Fig. 1 Median systemic TNF-a levels (straight line and black squares) with SEM and median
TNF-a levels and SEM in the perfusion circuit (dotted line and open circles).

Hemodynamic Variables

A full set of values for cardiac output, cardiac index, systemic vascular resistance and pulmonary
vascular resistance was available for 22 patients. Cardiovascular variables on admission to the ICU
are summarized in Table 3.

PARAMETER BEFORE MAXIMUM SEM RANGE
Cardiac Index (L/min/m  ?) 3.06 6.3 0.4 3.6-9.9
SVR dyne.sec/lcm ° 1055 537 27 317-757
PVR dyne.sec/cm ° n.a. 79 6 21-133
DO, (ml/min) n.a. 759 49 420-1341
VO, (ml/min) n.a. 183 25 73-401
Extraction ratio n.a. 0.21 0.03 0.1-0.4
Max. Dopamine conc. (mg/kg/min) 0 51 0.6 0-10.2
AaGradient n.a. 20.6 2.0 10-59.3
Lung Injury Score 0 0.88 0.2 0-3
Thrombocytes (x10  °/L)(normal 150-400) 286 108 11 22-228
Fibrinogen (g/L)(normal 1.7-3.5) 4.3 2.2 0.3 0.9-5.2
PT (sec)(normal 11-16) 13.7 22.7 1.4 14.9-34.5
APTT (sec)(normal 26-36) 35.6 46.2 31 25.5-64.9
ATII (%)(normal 80-120) 85 47.6 5.0 27-77

SEM, standard error of the mean; SVR, systemic vascular resistance; PV R, pulmonary vascular resistance;
DO,, oxygen delivery; VO,, oxygen consumption; Max, maximum; AaGradient, alveolair arterial oxygen
difference; PT, prothrombin time; APTT, activated partial thromboplastin time; ATIII, antithrombin I11.

Table 3 Hemodynamic, respiratory and coagulation variables.

Linear regression analysis showed significant correlations between maximum TNF-a levels and
systemic vascular resistance (p < 0.02, r=0.70), cardiac index (p < 0.02, r=0.72), volume of fluid

31



Chapter 11

infused in the operating room (p < 0.02, r=0.69) and in the ICU (p<0.02, r=0.80) and maximum
infusion rate of dopamine (p < 0.02, r=0.69).

Respiratory System

Twenty patients remained intubated for less than 24 hrs, 3 for 24-48 hrs and 2 patients required
prolonged ventilatory support (14 and 21 days). Respiratory variables are summarized in Table 3.
There was a significant correlation between maximum TNF-a level and the Lung Injury Score (p <
0.02, r=0.64).

Renal Function

One patient developed multiple organ failure and required continuous venovenous hemaodialysis for 16
days. The remaining 24 patients showed no significant change in creatinine clearance from
preoperative vaues. The patient who developed multiple organ failure had the highest top level of
TNF-a recorded in this study: 83.000 ng/L.

Coagulation Parameters

Coagulation parameters are summarized in Table 3. Vaues for thrombocyte count were available for
24 patients, fibrinogen levels for 16 patients, prothrombin time and activated partial thromboplastin
times for 15 patients, and antithrombin 111 levels in 14 patients. There were significant correlations
between maximum TNF-a level and prothrombin time (p < 0.02, r=0.79) and activated partial
thromboplastin time (p < 0.05, r=0.72) but not with fibrinogen and antithrombin 111 levels.

Discussion

Isolated limb perfusion with r-TNF-a, melphaan and r-IFN-g produced a severe but short-lived
systemic reaction characterized by high fever, high cardiac output, low peripheral resistance, activated
clotting and an increased A-a gradient for oxygen. All patients required either fluid resuscitation or
dopamine infusion or both to maintain adequate bloodpressure. The clinica picture resembled septic
shock and adult respiratory distress syndrome, lasting for about 24 hours. Since, in 4 other patients,
perfusion with only melphalan (without r-TNF-a and r-IFN-g) did not trigger arise in systemic TNF-a
levels, and extremely high levels of TNF-a were measured in the systemic circulation of the patients
described here, both during and shortly after perfusion, leakage of r-TNF-a from the perfusion system
into the systemic circulation is likely to be the explanation for the sepsis-like state that was observed.
Washout of remnant r-TNF-a once the circulation was restored may have contributed to the high
systemic TNF-a levels. The observed leakage of 1™ |abeled albumin from the perfusion system, which
ranged between 0 and 8% (median 2%) supports the role of TNF-a leakage as the primary cause of the
postoperative events described earlier. The extent of leakage is similar to that reported in the literature
[23]. Moreover, it is known from animal experiments, that administration of r-TNF-a leads to tissue
injury and metabolic derangements similar to those seen in septic shock [24]. In theory, systemic TNF-
a levels in these patients may also have been raised by the systemic response to extracorporeal
circulation, hyperthermia, and the presence of indwelling plastic cannulae [25 -27]. Tissue damage
induced by the combined effects of heat, melphalan and r-TNF-a was also considerable in al cases and
thisin itself could have contributed to an increase in TNF-a levels and signs of systemic inflammatory
response. However, we fed that the TNF-a levels we measured were too high to be explained by
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endogenous production of this cytokine. Maximum systemic TNF-a levels (median 25409 ng/L, range
2284-83000) were several orders of magnitude higher than TNF-a levels previoudy reported in other
forms of shock. In a series of 79 patients with meningococca disease and/or septicemia all patients
with TNF-a levels over 100 ng/L died [28]. In septic shock median TNF-a levels of 120 ng/L have
been reported [11]. In our patients TNF-a levels were very high initiadly but fell rapidly: 12 hours
postperfusion TNF-a levels had returned to baseline values. In view of their high TNF-a levels
recovery in our patients was remarkably rapid: 80% could be transferred from the ICU the day
following perfusion. How can this discrepancy between TNF-a levels and clinical course be explained?

Theoretically the measured systemic TNF-a levels could represent an inactive form of the
polypeptide. Since the preparation was tested in a bioassay by the manufacturer it is unlikely that r-
TNF-a was administered to the patients in an inactive form. It has recently been shown that TNF-a
binds to two different types of receptors, one of them 55 kilodaton in size, the other 75 kilodalton. The
extracellular portions of these receptors, TNF-a binding protein type 1 and 2 respectively, can become
separated from the cellmembrane by proteolysis, and can bind and inactivate TNF-a in the circulation.
In theory, rapid and extensive binding of r-TNF-a to these soluble receptors could therefore explain the
relatively mild clinical course in our patient group. In our study only total TNF-a was measured.
Because of these limitations the question whether the high TNF-a levels represent unbound, active
TNF-a cannot be answered. Future studies should determine both unbound TNF-a and TNF-a soluble
receptor complexes. TNF-a in our series was not cleared fast; the mean haf-life of 80 minutesin our
patients is considerably longer than the 10 - 15 minutes reported in the literature. It has been suggested
that patients with cancer are chronically exposed to increased levels of endogenous TNF-a and so may
have increased tolerance to the effects of TNF-a [29]. The patients in this study received r-IFN-g
subcutaneoudly for 2 days preoperatively to sensitize them to the effects of TNF-a. In animas thisis
highly effective [30]. It is not unreasonable to assume that any downregulation of receptors in our
patients was probably negated by the effects of r-IFN-g pretreatment. Moreover, basdline values of
plasma TNF-a were several orders of magnitude lower than maximum TNF-a levels so any pre-
existing tolerance probably had insignificant effects on the subsequent clinical course. Pinsky and
coworkers have shown that the persistence of TNF-a and IL-6 levels rather than peak levels of
cytokines predicts a poor outcome in patients with septic shock [31]. Accordingly, it is possible that the
rapid decline in TNF-a levels and the lack of a repetitive stimulus for TNF-a release was the reason
that our patients recovered so quickly with no deathsin this series.

Finaly it should be borne in mind that much of the injury induced by TNF-a results from loca
production of the protein and its subsequent action at short range. Systemic levels of this cytokine only
weakly reflect what is going on at the local level. Low levels in the circulation do not exclude high
levels of TNF-a in the tissues and, inversely, high systemic levels do not necessarily reflect high
concentrations in the tissues of the patient.

Asfar as management of these patients in the ICU is concerned, hypotension was the key problem
and the presence of a Swan-Ganz catheter proved to be very valuable in its treatment. Colloids and
cristalloids were infused to a pulmonary wedge pressure of 12 mmHg. However, large infusions of
volume (mean of 10 L within the first 24 h) did not correct the hypotension in the majority of patients.
Accordingly 24 out of 25 patients were treated with intermediate dose dopamine infusions (mean 5
ng/kg/min). The patient with the highest TNF-a level aso needed norepinephrine to maintain adequate
bloodpressure but this could not prevent the development of rena failure. Dopamine could usualy be
stopped the day following admission to the ICU and the Swan-Ganz catheter was removed a few hours
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later. All patients but one retained good rena function. A large spontaneous diuresis followed the
resolve of the sepsis syndrome on day 2. Patients were ventilated in a pressure support mode as soon as
their ventilatory drive was restored following anesthesia. Signs of Adult Respiratory Distress
Syndrome were usually discrete and only two patients needed high levels of positive end-expiratory
pressure or inspiratory oxygen concentration to maintain adequate saturation. These two patients
required mechanical ventilation for almost three weeks. Successful extubation was performed in 21 out
of 25 patients within 24 hours. Clinically relevant coagulopathy was not observed in any patient.

There is little doubt that patients undergoing isolated limb perfusion with r-TNF-a will benefit from
postoperative carein an ICU. Data derived from a Swan-Ganz pulmonary artery catheter are helpful to
direct fluid administration and treatment with inotropes. Preferably a pulmonary artery catheter is
introduced before the perfusion is started.

In conclusion this study shows that isolated limb perfusion with r-TNF-a leads to very high
systemic TNF-a levels and transient serious signs of sepsis, pulmonary dysfunction and activated
clotting, probably due to leakage of r-TNF-a from the perfusate. Despite high systemic TNF-a levels
recovery in most cases is rapid and complete.
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Summary

Severd invedigators have reported that interferon gamma can adter tumor necrosis factor dpha induced
effects in vitro. We assessed in vivo effects of recombinant interferon gamma (r-IFN-g) on recombinant
tumor necrogis factor dpha (r-TNF-a) induced activation of systemic blood coagulation in a non-randomized
sudy in 20 consecutive cancer paients. Eight patients were treated with r-IFN-g prior to and during
hyperthermic isolated limb perfusion with r-TNF-a and mephalan (IFN-g group). They were compared with
twelve patients who did not additionaly receive r-IFN-g (non-1FN-g group).

Before start of perfuson, higher levels of TNF-a, prothrombin fragment 1 and 2 (Fuz)and thrombin-
antithrombin-complexes (TAT) were found in the IFN-g group. Fibrinogen and antithrombin 111 (ATIII)
levels tended to be lower in this group. High TNF-a levels, due to leskage during perfusion, were associated
with activation of coagulation in dl patients, that became obvious &fter the end of perfusion, when heparin
trestment had been antagonized. Activation, messured by incressed Fy., and TAT levels, was sgnificantly
gronger in the IFN-g group. Monocytic tissue factor (TF) remained low, possibly due to shedding of TF
positive vesicles and/or sequedtration of TF positive activated monocytes againg the vessd wall. In both
groups F.; and TAT leves declined 24 hours after the perfusion, whereas monocytic TF increased to levels
that were higher in the IFN-g group.

In concluson, our data confirm a strong activation of coagulation induced by r-TNF-a in cancer patients.
They suggest that r-IFN-g may lead to a dight activation of coagulation and augments TNF-a induced
procoagulant activity. These effects may be due to r-IFN-ginduced sustained monocytic TF activity.
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Introduction

Tumor necrods factor dpha (TNF-a), an inflammatory mediator, has been demongrated to play an
important role in several pathologica and experimental conditions [1-5]. It dso has been associated with
disturbances of the hemodatic baance, particularly changes of coagulation and fibrinolysis [6,7].
Adminigration of recombinant TNF-a (r-TNF-a) to both cancer patients [6] and hedthy volunteers [7]
resulted in activation of coagulation. Since the intrinsic pathway of coagulation was not activated [7], it
seams likely that TNF-a acts by activation of the extrinsgc route. Tissue factor (TF) is assumed to be the
main in vivo initiator of this pathway [8-10]. Under norma conditions TF is not found on cdlls in direct
contact with blood [11,12]. However, TF expresson can be induced in vitro by TNF-a both in monocytes
[13,14] and endothelid cdlls[15,16].

In vivo, severd cytokines are present concomitantly or consecutively so that they may contribute to
amplification or inhibition of their repective activities. It has been demondirated that one of these cytokines,
interferon gamma (IFN-g), augments macrophage procoagulant activity induced by TNF-a in vitro [17].
Reports on in vivo and in vitro induction of TF expresson by IFN-gitsdf are inconsistent [18-21]. Recent in
vitro findings suggest that adhesion of lymphocytes to IFN-g stimulated endothelium results in TNFa
production and subsequent induction of endotheiad TF [22]. In the present Sudy, we assessed the effects on
blood coagulation of recombinant IFN-g (r-IFN-g), administered to cancer patients in addition to r-TNF-a
and melphaan.

Materials and Methods

Patients
Twenty consecutive patients with ether advanced melanomas or nonresectable soft tissue tumors of alimb
were trested by hyperthermic isolated limb perfusion [23]. Two different thergpeutic regimes were gpplied
(Fig. 1).

Subcutaneous Perfusion circuit

10-13 mg/L Melphalan

0.2mgIFN-g 0.2mgIFN-g 3-4 mg TNF-a
v v .
/7
0 min 30 min 90 min
Day -2 Day -1 Day of perfusion time —>
Fig. 1 Treatment scheme. Eight patients received IFN-g TNF-a and melphalan (IFN-g group), 12

patients only TNF-a and melphalan (non IFN-ggroup).
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The firgt eight patients received a combination of r-IFN-g, r-TNF-a and mephadan (IFN-g group). The
remaining twelve patients received only r-TNF-a and melphaan (non-IFN-g group). Patients with abnormal
hepatic and/or rena function were excluded. The study protocol was gpproved by the medica ethical
committee of our hospitd.

Hyperthermic isolated limb perfusion

The perfusion technique employed is based on a technique developed by Creech and Krementz [24]. Briefly,
after ligation of dl collatera vessdls and heparinization of the patient with 3,3 mg heparin/kg body weight iv,
gther the axillary, iliac, femord or poplited vessds were dissected, cannulated and connected to an
extracorpored circuit. A tourniquet was applied to the proxima limb in an attempt to minimize leskage of
the perfusate into the systemic circulation. Perfuson was peformed during 90 minutes under mild
hyperthermic conditions (39-40°C). The perfusate consisted of 350 ml 5% dextran 40 in glucose 5%, 500 ml
blood products (250 ml red blood cells, 250 ml plasma), 30 ml 8.4% NaHCO; and 0.5 ml 5000 1U/ml
heparin (Thromboliquine®). At the start of the perfusion r-TNF-a (Boehringer Ingelheim, Ingelheim,
Germany; 4 mg for leg perfusons and 3 mg for arm perfusions) was injected as a bolus into the arterid line
of the perfusion circuit. Mephdan (Burroughs Welcome, London, England, 10 mg/L volume of an affected
leg and 13 mg/L volume of an affected am) was administered 30 minutes later. Treatment with r-IFN-g
conssted of a daily subcutaneous injection with 0.2 mg r-IFN-g on the two days preceding perfuson and a
bolus injection of 0.2 mg r-IFN-g into the perfusion circuit. After 90 minutes of perfuson, the limb was
flushed with 2 L dextran 40 in glucose 5% and 500 ml blood products (250 ml red blood cells, 250 ml
plasma), catheters were removed, the circulation restored and heparin antagonized with protamine chloride.
A laerd fasciotomy of the anterior compartment of the lower leg was performed in leg perfusions or a
fasciotomy of the forearm in arm perfusions to prevent a compartment syndrome.

Sample collection

Blood samples were collected from an indwelling radid artery cannula and anticoagulated with either EDTA
(TNF-a measurements) or 1/10th volume of 0.109 mol/L trisodium citrate, pH 6.0 (all other measurements).
Samples were taken before gart of the perfusion, 5 minutes after starting perfusion, 1 min before ending
perfuson, and 5 min, and 2 and 24 hours after restoration of the circulation. Collected blood samples were
kept on melting ice during transport to the laboratory. Plasmas were prepared by centrifugation at 2000 x g
and subsequently at 14,000 x g to remove residud platelets and stored at -80 °C until andysis. Mononuclear
cdl (MNC) suspensions were obtained by dendty-gradient centrifugation on Ficoll-Hypague.

Assays

TNF-a concentrations were measured using a specific immunoradiometric assay (Medgenix Diagnostics,
Soegterberg, The Netherlands). Prothrombin fragment 1+2 (Fy.) and thrombin-antithrombin 111 complex
(TAT) levels were measured using enzyme linked immunosorbent assays (ELISA) provided by Baxter,
Miami, Florida (USA) and Behringwerke, Marburg, (Germany), respectively. Norma vaues for F., ranged
(geometric mean + 2SD) from 0.08 to 0.51 nmol/L and for TAT from 1.0 to 41 mg/L. Leves of
antithrombin 111 (ATI11) and fibrinogen (Fg) were measured by standard |aboratory methods. Normal values
ranged from 74 to 113% and 1.7 to 3.5 g/L, respectively. Monocytic procoagulant activity was messured in
cdl lysates, prepared by resuspending the MNCsin assay buffer (10 mmol/L HEPES, 137 mmol/L NaCL, 4
mmol/L KCL, 11 mmol/L D-glucose, 5 mg/ml of ovabumin and 2.5 mmol/L CaCL,, pH 7.45) and
subsequent exposure to three freeze-thaw cycles (-80°C/37°C). TF activity was determined by a two-stage
amidolytic assay [25]. Since TF activity is exclusively generated by monocytes in this system, monocytes
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were not purified from the mixed mononuclear cell population before estimating monocytic procoagulant
activity and the data were expressed as TF activity/monocyte. The estimated numbers of monocytes were
caculated from its proportion in the MNC fraction of whole blood multiplied by the number of isolated
MNCs. Normal values for TF, estimated in a group of 12 hedthy individuas, comparable in age and sex
with the trestment groups, ranged from 0 to 227 fmol Xaimin/10° cdlls.

Statistical analysis.

TF, Fu, and TAT data were LOGe-transformed, because they were skewed. Differences between the
medians or means of both groups were analyzed using the program CIA (confidence interva andlysis) [26].
When the 95% or 99% confidence intervas for the mean levels a separate time points did not overlap the
norma range, the vaues were considered dgnificantly different from norma. When the 95% or 99%
confidence intervas for the difference between medians (TNF-a measurements) or means (al other
parameters) of both groups did not contain zero, the difference was consdered satigticdly sgnificant. The
course of monocytic TF activity was andyzed with the random coefficient modd.

Results
Before perfuson, the IFN-g group as compared with the non-1FN-g group showed a higher median leve of

TNF-a (25 vs 10 ng/L., p<0.01), and higher mean levels of Fu., (0.51 vs 0.23 nmol/L, p<0.01, Fig. 2) and
TAT (12.1vs 4.6 mg/L, p<0.01, Fig. 3).

F 1+ 2 levels (nmol/L)

ILP

time (hrs)
Fig. 2 Geometric means of F1., (hmol/L) in patients who were treated by hyperthermic isolated limb

perfusion (ILP) with TNF-a and melphalan, with (interrupted line) or without (solid line) IFN-g
*:p<0.01
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Fig. 3 Geometric means of TAT (mg/L) levels in patients who were treated by hyperthermic isolated

limb perfusion (ILP) with TNF-a and melphalan, with (interrupted line) or without (solid line)
IFN-g * : p<0.01. #: p<0.05.

Mean levels of TF (184 vs 145 fmol Xalmin/10%cells, Fig. 4), ATIII (63 vs 73%) and Fg (2.72 vs 3.31 g/L)
were not sgnificantly different in both groups.

TNF-a concentrations increased during perfusion (IFN-g group, 24180 ng/L and non-IFN-g group,
18159 ng/L), followed by a decline after perfusion. At 24 hours, TNF-a concentrations remained devated as
compared with basdine vaues (123 and 122 ng/L, respectively). There were no datisticaly significant
differences between the two groups.

Fi.2 and TAT leves did not change during perfusion (Fig. 2 and 3). They increased afterwards with
maximum levels measured two hours after perfusion. The differences present at basdine were maintained
over time. At 24 hours, F., levels approximated basdline values (IFN-g group, 0.54 nmol/L and non-IFN-g
group, 0.28 nmol/L; p<0.01), while TAT leves, athough declined, were gill devated (21.2 vs 13.1 mg/L,
p<0.05).

AT-Ill and Fg levds in both groups decreased dightly during perfuson. Fg levels returned to pre-
perfusion levels & 24 hours, while ATIII levels remained lowered. There were no datigticaly significant
differences between the two groups (data not shown).

Although the difference in monocytic procoagulant activity between the two treatment groups was not
datigticaly significant at the end of the perfusion, monocytic TF activity showed a different course in both
groups, as was demondirated by the random coefficient modd (Fig. 4).

42



Augmented procoagulant activity in isolated limb perfusion with TNF-aand interferon-g

#
600+
I'o
w
P 500
o O
& ° 400-
= e
2 '€ 3007
o X
5o 200+ o.. )
= E —— -
100+ T
o
t
0 T T T T T T 1 1 T
0 1 2 3 4 5 612 24
ILP time (hrs)
Fig. 4 Geometric means of monocytic TF activity (fmol Xa/min/10° cells) in patients who were treated

by hyperthermic isolated limb perfusion (ILP) with TNF-a and melphalan, with (interrupted
line) or without (solid line) IFN-g # : p<0.05 (comparison between the two groups), T : p<0.05
(compared with baseline in the IFN-ggroup).

A quadratic equation resembled the course in the IFN-g group (p=0.0019), while alinear equation was found
in the non-IFN-g group (p=0.02). A significant, more than two-fold decrease of monocytic TF activity was
found in the IFN-g group during perfuson, while the levels in the non-IFN-g group did not change
sgnificantly. Two hours after the end of perfusion, monocytic TF activity had returned to its gpproximate
pre-perfusion level in the IFN-g group, while TF leves in the non-IFN-g group had remained unchanged. At
24 hours, TF levelsin both groups showed a clear increase to levels that were higher in the IFN-g group than
in the non-IFN-g group (560 vs 380 fmol Xamin/10° cells, p<0.05).

Discussion

We dudied the effects of r-IFN-g trestment on r-TNF-a induced activation of coagulation in patients with a
malignancy of alimb. Twelve of these patients, who were treated by hyperthermic isolated limb perfusion
with r-TNF-a and melphdan, were compared with 8 patients, who additionally received r-IFN-g prior to and
during perfuson (Fig. 1).

Petients who had received r-IFN-g for two days showed higher levels of TNF-a, Fi., and TAT prior to
perfusion, as compared with controls. Levels of ATIII and fibrinogen tended to be lower. These differences
might be due to r-IFN-ginduced monocytic TF activity. In vitro studies have provided conflicting data on the
potency of IFN-g to induce TF [18-21]. Nevertheless, it has been demondrated that IFN-g increases
meacrophage TNF-a production [27] and more recently, Schmid et a. showed that adhesion of lymphocytes
to IFN-g stimulated cultured endothelium resulted in TNFa production with subsequent induction of
endothdid TF [22]. These observations are consistent with our findings, showing higher Fr., and TAT leves
thet coincided with an eevated endogenous TNF-a leve in the IFN-g group. IFN-g possibly acts indirectly
on the coagulation system by increasing TNF-a activity.
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Five minutes after gart of limb perfusion, sysemic TNF-a levels srongly increased in al patients.
Apparently, significant leskage of r-TNF-a occurred in spite of isolated limb perfusion. As expected,
consdering that TNF-a-induced monocytic TF expression peaks after Sx hours [18] and a high dose of
heparin was administered, there were no signs of activation of coagulation during perfusion. Accordingly,
Fu.2 and TAT levels did not change. A smultaneous decrease of ATIII and Fg was probably due to dilution
by massive fluid infusion, rather than consumption of these proteins secondary to activated coagulation.

Consgtently, systemic monocytic TF activity did not change markedly during perfusion in the non-IFN-g
group. However, agaidticaly sgnificant and more than two-fold decrease was observed in the IFN-g group.
Severa mechanisms could account for this gpparently paradoxical decrease in TF activity, including
neutralization by an inhibitor, shedding of TF containing membrane vesicles, or loss of peripherd circulating
TF pogitive monocytes. Increased neutralizing activity by inhibitors, like tissue factor pathway inhibitor or
ATIII, possibly potentiated by heparin [28,29], is unlikdly. This would have resulted in a reduction of TF
activity to the same extent in both groups. Moreover, IFN-g has not, to our knowledge, been reported to
dimulate expression of one of these inhibitors [30]. Shedding of TF-rich vesicles has been observed from the
aurface of tumor cdls [31], fibroblasts [32], and monocytes [33]. Accordingly, recent findings have
demongirated that TNF-a only causes shedding of L-sdectin [34] or leukocytic activation [35,36] in the
presence of secondary stimuli. Thus, loss of monocytic TF by shedding of TF-rich vesiclesinduced by TNF-
a in the presence of IFN-g, might be amore vaid explanation.

Alternatively, we speculate that migration of TF positive monocytes from the systemic circulation could
have contributed to the decrease in measured monocytic TF activity. The latter view is supported by reports
showing that IFN-g can promote upregulation of specific adhesion molecules for adhesion of monocytes to
endothdium [37,38]. In this study, we found, in line with previous findings [39], that MNC counts decreased
rapidly in al patients after start of the perfusion (data not shown), suggesting periphera consumption rather
than bone marrow suppression. Because we did not purify monocytes from the mixed MNC population
before estimating monocytic procoagulant activity, we can not provide direct evidence for loss of TF positive
monocytes from the systemic circulation.

After heparin had been antagonized at the end of perfusion, astrong increasein Fr., and TAT levelswas
observed in both trestment groups, in agreement with previous reports on activation of coagulation by TNF-
a adminigered to cancer patients and hedthy humans [6,7]. It should be noticed that actud Fy., and TAT
levels were higher if corrected for dilution. Moreover, our data suggest that the effects of r-TNF-a on
coagulation are potentiated by r-IFN-g, as F1., and TAT leves remained higher in the IFN-g group.

However, monocytic TF activity showed only a limited increase in the IFN-g group, while in the non-
IFN-g group the levels even remained unchanged, despite pronounced activation of coagulaion in both
trestment groups. Perhgps mechanisms like induction of endothelia TF or concentration of monocytes a
vessel wal dtes thus supporting TF-independent, factor Vilamediated activation of factor X [40] might
have been the cause of this apparent discrepancy. Alternatively, activation of coagulation might have been
dueto TF, expressed on shed vesicles and/or on the surface of adherent, activated monocytes. Monocytic TF
activity, as measured in the systemic circulation under our experimental conditions, probably depends on the
bal ance between induced expression of monocytic TF and loss of it through shedding of TF positive vesicles
and/or sequestration of TF poditive activated monocytes. Because we measured only a limited increase in
monocytic TF activity, despite pronounced activation of coagulation, we hypothesize that most of the
monocytic TF was shed and/or mogt of the TF podtive monocytes participated in vessel wall associated
coagulation.

Conggtent with the latter hypothesis, we found 24 hours after perfusion in both trestment groups low
Fu.2 and TAT leves concomitantly with increased monocytic TF, possibly resdua from maximal induction
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by TNF-a earlier after perfusion, considering that TNF-a-induced monocytic TF expression peaks after Six
hours [18]. The higher level of monocytic TF in the IFN-g group &t that time might be attributed to a late
effect of r-IFN-g as IFN-ginduced TF activity ismaximal at 24 hours[18].

Because of the non-randomized design of this sudy and the smal number of patients, the observed
differences between the two groups might be attributed to selection bias. However, consecutive patients were
enrolled and there were no differences in clinical basdine characteristics between the two groups. Another
more important limitation is the absence of measurements two days before perfusion, to assure comparability
of the groups with regard to the reported parameters prior to r-IFN-g treatment.

In conclusion, the results of this Sudy in cancer patients confirm previous reports on a strong activation
of coagulation induced by r-TNF-a adminigtration. Furthermore, our data suggest that r-IFN-gmay lead to a
dight activation of coagulation, due to increased endogenous production of TNF-a, and augments TNF-a
induced procoagulant activity by sustained induction of monocytic TF.
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Chapter 1V

Summary

This study was undertaken to determine the effects on systemic fibrinolysis of hyperthermic isolated
limb perfusion with recombinant tumor necrosis factor apha (r-TNF-a) and melphaan, with or
without pretreatment with recombinant interferon gamma (r-1IFN-g). Twenty patients were treated with
r-TNF-a and melphaan; four patients, treated with melphalan only, served as controls. Of the twenty
patients treated with both r-TNF-a and melphaan, eight received r-IFN-g for two days before the
perfusion and as a bolus into the perfusion circuit. A significant leak of r-TNF-a from the perfusion
circuit to the systemic circulation was observed in al r-TNF-a treated patients (mean maximum TNF-
a 87227 ng/liter versus 31 ng/liter in controls, p<0.002). In these patients, but not in controls, there
was an almost instantaneous rise in systemic tissue plasminogen activator (t-PA) activity (from 0.26
IU/ml to 5.28 1U/ml in 90 min), causing activation of fibrinolysis. After a delay of 90 minutes,
plasminogen activator inhibitor-1 (PAI-1) antigen rose to high levels in the r-TNF-a treated group
(mean maximum PAI-1 1652 ng/ml versus 211 ng/ml in controls, p<0.02), associated with a sharp
decrease of tPA-activity and a Sower decrease of plasminogen-antiplasminogen complexes (from 5.28
IU/ml to 0.02 1U/ml in 2 h, and from 1573 ng/L to 347 ny/L in 22 h respectively). No additional effect
of IFN-g pretreatment on fibrinolysis could be demonstrated. These results suggest that in isolated limb
perfusion with r-TNF-a and melphalan an initia activation of systemic fibrinolysis, induced by
leskage of r-TNF-a from the perfusion circuit, is set off by a subsequent inhibition of the fibrinolytic
system by PAI-1. This large increase in PAI-1 could place the patient at risk for deposition of
microthrombi in the systemic circulation.
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Effects of isolated limb perfusion with TNF-a on sytemic fibrinolysis

Introduction

Isolated limb perfusion with cytotoxic drugs is used in patients with nonresectable soft tissue tumors
and locally advanced melanomas of a limb, as an dternative to amputation [1,2]. It alows the
administration of high doses of cytostatic agents locally while minimizing systemic toxicity.
Traditionally an akylating agent like melphalan has been added to a mildly hyperthermic perfusate.
Recently melphalan has been combined with recombinant tumor necrosis factor alpha (r-TNF-a) in an
attempt to maximize the anti-tumor effect of the perfusion [3-5]. Some of these patients have been pre-
treated with recombinant interferon gamma (r-IFN-g) to enhance the sensitivity of the tumor to r-TNF-
a [3-5]. Human r-IFN-g increases the number of TNF-receptors on human tumor cells [6, 7].
Additionally, r-TNF-a and r-IFN-g show synergy in antitumor effects on human tumor cells and on
human melanoma xenografts in nude mice [8-10].

It has been recognized by us, as well as by others, that isolated limb perfusion with r-TNF-a
induces a sepsis like state in all patients, characterized by fever, tachycardia and a low blood pressure
due to systemic vasodilation [11, 12]. Vigorous fluid resuscitation and vasopressor therapy are usually
required to maintain adequate tissue perfusion. The sepsis response can be quite severe but is
remarkably short-lived: most patients can be discharged from the intensive care unit on the day after
perfusion. The occurrence of this syndrome is explained by leakage of r-TNF-a from the perfused limb
into the systemic circulation; very high levels of TNF-a have been documented in peripheral blood of
these patients during and directly after perfusion. Leakage has been confirmed by adding radiolabeled
albumin to the perfusate, which can be traced to the systemic circulation during the procedure [13].
Lower perfusate flow rates have been reported to reduce systemic leakage and attenuate side effects,
probably by reducing vascular pressures in the isolated limb [14]. A thorough washout procedure at
the end of perfusion may also contribute to a reduction of leakage and systemic side effects [12].

In vitro and in vivo experiments have shown the effects of TNF-a on blood coagulation and
fibrinolysis to be profound, although the mechanism is ill incompletely understood [15]. Because
patients treated with isolated limb perfusion with r-TNF-a show high systemic TNF-a levels, it was
hypothesized that blood coagulation and fibrinolysis in these patients may be profoundly disturbed,
especialy during and directly after perfusion. In theory, either a bleeding diathess or, conversely, a
prothrombotic state could well occur as a consequence of the treatment and expose the patient to an
additional risk.

The aim of this study was to investigate the effects of isolated limb perfusion with r-TNF-a and
melphalan on systemic fibrinolysis. Because part of the study population was additionally treated with
r-1FN-g before and during perfusion the added effects of r-IFN-g on fibrinolysis were also studied.
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Patients and Methods

Outline of Experiments.

Patients treated with r-TNF-a (with or without additional trestment with r-IFN-g) were compared with
control patients who received melphalan only. Subsequently, patients additiondly treated with r-IFN-g
were compared with patients who had no such additional treatment, in order to evaluate the effects of r-
IFN-gin addition to r-TNF-a.

Blood samples (before, during and after perfusion) were taken at regular intervals to determine TNF-a
levels and parameters of fibrinolysis. Activation of the fibrinolytic system was monitored by measuring
t-PA antigen and activity. Inhibition of the fibrinolytic system was measured by determining levels of
PAI-1. The balance between activation and inhibition was assessed by determining FbDP (fibrin
degradation products) and PAP (plasminogen - anti-plasminogen complexes).

Subjects.

Between April 1993 and June 1994, 24 patients received hyperthermic isolated limb perfusion at the
division of surgical oncology of the Groningen University Hospital after approval of the medical ethical
committee and informed consent had been abtained. Of these 24 patients, 12 received melphalan and r-
TNF-a without additiona treatment with r-IFN-g, 8 received melphalan and r-TNF-a with additional
r-1FN-g treatment and the remaining 4 were treated with melphalan only.

Anesthesia and Intensive Care.

Anesthesia was induced with thiopental, after which the patients were paralyzed with vecuronium and
the trachea was intubated. Anesthesia was maintained with midazolam, sufentanyl, nitrous oxide and
isoflurane. All patients were monitored invasively and admitted to the intensive care unit after surgery.

Isolated Limb Perfusion.

The perfusion technique used at the Groningen University Hospital is based on the technique devel oped
by Creech and Krementz [16]. Briefly, after ligation of dl collateral vessels and heparinization of the
patient with 3.3 mg heparin/kg (Thromboliquine®, Organon BV, Oss, the Netherlands) the axillary,
iliac, femoral or popliteal vessals were dissected, cannulated and connected to the extracorporesl
circuit. The perfused limb was wrapped in a thermal blanket to reduce hesat loss and four thermistor
probes were inserted subcutaneoudly and intramuscularly for continuous monitoring of the temperature
during perfusion. A tourniquet was applied to the proximal limb in an attempt to minimize leakage of
the perfusate into the systemic circulation through skin collaterals. Perfusion was performed for 90
minutes under mildly hyperthermic conditions (39-40 °C). The perfusate consisted of 350 ml 5%
dextran 40 in glucose 5% (Isodex®, Pharmacia AB, Uppsala, Sweden), 500 ml blood (250 ml red blood
cells, 250 ml plasma), 30 ml 8.4% NaHCO; and 0.5 ml 5000 IU/ml heparin (Thromboliquine®). The
perfusate was oxygenated with a bubble oxygenator and driven by a roller pump. At the start of
perfusion r-TNF-a (Boehringer Ingelheim, Germany, 4 mg for leg perfusions and 3 mg for arm
perfusions) was injected as a bolus into the arterid line of the perfusion circuit. Melphaan (Burroughs
Wellcome, London, England, 10 mg/L volume of an affected leg and 13 mg/L volume of an affected
arm) was administered 30 minutes later. Pretreatment with r-IFN-g consisted of a daily subcutaneous
injection with 0.2 mg r-IFN-g (Boehringer, Germany) on the two days preceding the perfusion and a
bolus injection of 0.2 mg r-IFN-g into the perfusion circuit. During perfusion potential leakage to the
systemic circulation was monitored with 1™** -labeled albumin [6]. After 90 minutes of perfusion, the
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limb was flushed with 2 L dextran 40 in glucose 5% (Isodex®) and 500 ml blood (250 ml red blood
cells, 250 ml plasma), catheters were removed, the circulation was restored and the heparin was
antagonized with protamine chloride. A lateral fasciotomy of the anterior compartment of the lower leg
(in leg perfusions) or a fasciotomy of the forearm (in arm perfusions) was performed to prevent a
compartment syndrome.

Blood samples.

Blood samples were drawn from an indwelling radial artery line before cannulation (t=0), 5 min after
starting perfusion (t=1), 1 min before ending perfusion (t=2), 5 min after normal circulation was
restored (t=3), 2 hours thereafter (t=4) and finally after 24 hours (t=5). Samples were collected in
either EDTA Stabylite Vacutainer” tubes or in citrate-containing tubes, and kept on melting ice during
transport to the laboratory. Samples were centrifuged for 10 min at 3000 g at 0°C. Plasma was stored
at -80°C until analysis.

Immunochemical Analyses.

TNF-a levels were determined by specific immunoradiometric assay (Medgenix Diagnostics,
Soesterberg, the Netherlands). Samples were processed according to the guidelines of the
manufacturer. FODP were measured with an ELISA (Fibrinostika FbDP, Organon Teknika, Turnhout,
Belgium) and PAP with an ELISA (EIA APP micro, Behringwerke AG, Marburg, Germany). t-PA
antigen was measured with an ELISA (Asserachrom tPA, Stago, Boehringer, Mannheim, Germany). t-
PA activity was determined in a bioassay (Chromolize-t-PA, Biopool, Umed, Sweden). PAI-1 antigen
was measured with an ELISA (Innotest-PAI-1, Innogenetics, Antwerp, Belgium).

Normal values for FbDP and PAP ranged from 90 - 500 ng/ml and from 80 - 470 nu/L respectively.
Normal ranges, as indicated by the manufacturer, for t-PA antigen, t-PA activity and PAI-1 antigen
ranged from O - 5 ng/ml, from 0.0 - 1.0 1U/ml and from O - 40 ng/ml respectively.

Statistical Analysis.

Data were analyzed using SPSS for MS WINDOWS (release 5.0). The overall effect of perfusion with
TNF-a on each separate parameter of fibrinolysis was assessed by comparing differences from
baseline values (D FbDP, D PAP, D t-PA, D PAI-1) between TNF-a treated patients and controls,
using a Kolmogorov-Smirnov test for nonparametricaly distributed values. Differences in each
separate parameter at different time points between TNF-a treated patients and controls were assessed
with a Mann Whitney U rank sum test for nonparametrically distributed values. A p-value <0.05 was
considered significant.
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Results

All patients who received r-TNF-a showed an increase in systemic TNF-a-levels (Figure 1).
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Fig. 1. Mean systemic TNF-a-levels in r-TNF-a treated patients (closed circles) and in controls (open
circles) over time. Hyperthermic isolated limb perfusion is indicated by the black box.
Statistically significant differences are marked with an asterisk (*). Error bars represent
standard deviation.

Systemic levels of TNF-a varied over awide range, but mean values were significantly higher in ther-
TNF-a-treated group (mean maximum TNF-a-levels 87227 ng/L versus 31 ng/L in controls,
p<0.002). Peak levels were reached just before the end of perfusion or 5 min after recirculation.
Overal levels of mean t-PA activity were higher in the r-TNF-a group (p < 0.02 Figure 2).

124

t-PA activity (IU/ml)

Fig. 2 Mean t-PA activity in r-TNF-a treated patients (closed circles) and in controls (open circles)
over time. Hyperthermic isolated limb perfusion is indicated by the black box. Statistically
significant differences are marked with an asterisk (*). Error bars represent standard
deviation.

Mean levels ranged from O to 6 1U/ml. t-PA activity in the r-TNF-a-treated group pesked during
perfusion; 2 hours later no t-PA activity could be demonstrated.
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t-PA antigen levels were aso higher in r-TNF-a-treated patients than in controls (p < 0.01) and
remained elevated for 2 hours after perfusion (Figure 3).
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Fig. 3 Mean t-PA antigen levels in r-TNF-a treated patients (closed circles) and in controls (open

cir

cles) over time. Hyperthermic isolated limb perfusion is indicated by the black box.

Statistically significant differences are marked with an asterisk (*). Error bars represent
standard deviation.

Individual time point differences were significant at t=3 (5 min after normal circulation was restored, p
< 0.01) and at t=4 (2 hours after ending the perfusion, p < 0.03).

After activation of the fibrinolytic system in the r-TNF-a-perfused group, a sharp rise in PAI-1 antigen
was observed (Figure 4).
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Fig. 4 Mean PAI-1 levels in r-TNF-a treated patients (closed circles) and in controls (open circles)
over time. Hyperthermic isolated limb perfusion is indicated by the black box. Statistically

S

ignificant differences are marked with an asterisk (*). Error bars represent standard

deviation.

Mean levels ranged between 50 and 1652 ng/ml. Overall levels were higher in the r-TNF-a-treated
group (p < 0.005). The peak level was observed 2 hours after the end of perfusion. For individual time
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points differences were significant at t=3 (5 min after normal circulation was restored, p< 0.05) and at
t=4 (2 hours after ending the perfusion, p < 0.02).

There were definite signs of activation of the fibrinolytic system in the group perfused with r-TNF-a.

3000+

2500+

N

o

o

o
|

1500+

1000+ * % * e
500+ J \

perfusion

PAP levels (hg/L)

time (hrs)

Fig. 5 Mean PAP-levels in r-TNF-a treated patients (closed circles) and in controls (open circles) over
time. Hyperthermic isolated limb perfusion is indicated by the black box. Statistically significant
differences are marked with an asterisk (*). Error bars represent standard deviation.

Mean PAP levels ranged from 200 to 1500 mg/l. Overall, PAP levels were higher in the r-TNF-a-
perfused group (p < 0.03, Figure 5).

For individual time points differences were significant at t=2 (end of perfusion, p < 0,01), t=3 (5 min
after normal circulation was restored, p < 0.005) and t=4 (2 hours after ending the perfusion, p<0.05).
PAP levels returned to baseline at 24.hours.
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Fig. 6 Mean FbDP levels in r-TNF-a treated patients (closed circles) and in controls (open circles) over
time. Hyperthermic isolated limb perfusion is indicated by the black box. Statistically significant
differences are marked with an asterisk (*). Error bars represent standard deviation.

FbDP levels in r-TNF-a-treated patients and in controls showed a similar course (Figure 6). Median
levels ranged from 250 ng/ml to 3000 ng/ml. Overdl levels were higher in the r-TNF-a-treated group
(p < 0.03). Differences for individual time points were significant at t=3 (5 min after normal
circulation was restored, p < 0.05). Due to large differences in FbDP levels between individual patients
in the r-TNF-a-treated group, no significant changes in mean FbDP level within this group could be
demonstrated once normal circulation was restored.
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Fig. 7 Correlation between maximum systemic TNF-a levels (log scale) and maximum systemic PAI-1
levels (2 hours post-perfusion) in r-TNF-a treated patients (closed circles) and controls (open
circles).

Figure 7 shows the relationship between maximum TNF-a-levels, measured from arterial blood, and

PAI-1 antigen levels at t=4 (2 hours post-perfusion), which were invariable the highest PAI-1 levels
recorded in the study. There was aweak but statistically significant relationship (p < 0.05, r=0,4).
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Individual data on maximum systemic TNF-a-levels, FbDP at t=3 and t-PA antigen, PAP and PAI-1
antigen at t=4 are shown in Table 1.

TNF- a FbDP tPA antigen PAP PAI

Patient nr ng/L ng/mL ng/mL my/mL ng/ml
(normal: 0-15) (normal: 90-500) (normal: 0-5) (normal: 80-470) (normal: 0-40)

1 4,328 537 149 537 995
2 135,242 3,298 46 1,806 4,870
3 5,325 2,997 83 1,812 1,489
4 9,400 1,945 53 1,750 2,107
5 283,500 465 35 881 2,264
6 82,000 3,494 100 2,426 3,707
7 29,000 1,935 60 1,978 2,198
8 51,100 2,649 89 3,906 1,665
9 6,096 522 75 471 635
10 546,000 796 38 946 1,793
11 157,000 9,978 79 2,486 1,917
12 22,300 511 52 466 1,239
13 1,393 428 37 176 88
14 3,850 682 66 948 1,703
15 10,878 295 55 202 371
16 134,000 1,059 50 1,388 626
17 3,347 467 44 253 236
18 8,039 484 63 1,039 2,155
19 4,491 678 66 580 391
20 267,000 3,712 38 1,867 2,604
Control 1 30 522 34 301 443
Control 2 51 198 15 293 17
Control 3 3 335 32 208 250
Control 4 44 999 24 371 103

Table 1 Individual values of maximum systemic TNF-a, FbDP (t=3), t-PA antigen (t=4), PAP (t=4) and
PAI-1 antigen (t=4) in patients and in controls.

Finaly, patients additionally treated with r-IFN-g had levels of TNF-a, t-PA activity and antigen, PAP
and PAI-1 antigen that did not differ significantly from values recorded in patients who received r-
TNF-a without additional treatment with r-IFN-g.

Discussion

TNF-a, origindly defined by its anti tumor activity in vivo, is now recognized to play akey role as a
polypeptide mediator in the pathogenesis of septic shock [17-23]. It has also been reported to
profoundly influence the dynamic balance between procoagulant and fibrinolytic factors in the blood.

In the study presented here we have measured parameters of fibrinolysis in patients undergoing
isolated limb perfusion with r-TNF-a. Perfusion with r-TNF-a, in combination with r-IFN-g and
mel phalan, has recently been shown to yield high remission rates in patients with irresectable extremity
soft tissue sarcomas and in patients with melanoma in-transit metastases. In a multicenter study of 55
patients with irresectable soft tissue sarcoma, a major tumor response was seen in 87% of the patients,
rendering the tumor resectable in most cases [4]. Fraker and coworkers have recently reported a series
of 38 patients with extremity melanoma with a complete response rate of 76% and an overall objective
response rate of 92% [5]. Unfortunately, this type of treatment is not without systemic effects: due to
leakage from the perfusion circuit a high, but short-lived peak in systemic TNF-a is observed during
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and immediately after perfusion [11, 12]. We have found evidence of an initia enhancement of
fibrinolytic activity as documented by a modest increase of PAP-levels and FbDP with a peak towards
the end of perfusion and immediately following recirculation. The five-fold increase in t-PA activity,
preceding the increase in PAP and FbDP, was of the same order of magnitude as has been described in
prior studies [24, 25]. The most striking finding of our study was a sharp rise in PAI-1 antigen, that
followed the increase in t-PA antigen. Its peak was reached at 2 hours after perfusion. At that time
levels of t-PA activity fell dramaticaly, while t-PA antigen could be detected for many hours. The
highest PAI-1 antigen levels were found in patients with the highest maximum systemic TNF-a levels.
PAI-1 antigen levels in our perfusion model were 10 to 20 times higher than levels described in earlier
studies with a different design [24, 25].

These data show that isolated limb perfusion with r-TNF-a results in high levels of TNF-a in
systemic blood during and immediately after perfusion, which cause initial activation of fibrinolysis
due to increase of t-PA antigen and activity. Subsequently, fibrinolysis is inhibited by a more
pronounced increase in PAI-1 antigen with a simultaneous fal in t-PA activity, probably due to
binding of t-PA to PAI-1. The increase in PAI-1 antigen is proportional to the maximum level of TNF-
a, measured in the systemic arteria circulation of the patient. A similar two-stage response has been
described in experimental and clinical sepsis, where TNF-a is also of pivotal importance [26-30]. The
overal inhibitory effect on fibrinolysisin the septic patient is hypothesized to contribute to end-organ
damage by disseminated intravascular coagulation, which is a frequent and severe complication of
sepsis [15, 30, 31]. Although t-PA activity was not detectable at 2 hours after the start of perfusion,
PAP levels were Hill elevated at that time, suggestive of ongoing formation of plasmin. This could be
due either to a delayed clearance of PAP or to release from the tumor which was visibly necrotic at this
stage. Pretreatment with r-IFN-g did not influence any of the measured parameters of fibrinolysisin a
statistically significant way.

The precise mechanism of the early increase in fibrinolysis remains unclarified by this study. A
direct effect of TNF-a on endothelia cells to produce t-PA has been proposed, athough in vitro effects
are variable and dose dependent [25]. Alternatively, van Hinsbergh and coworkers have suggested that
thrombin, generated by activation of the coagulation cascade, rather than TNF-a, is the actual trigger
for the increased level of t-PA during treatment with r-TNF-a [32]. Our experiments have shown an
increase in t-PA during the perfusion phase of the study, when the patients were adequately
heparinized. This effectively rules out the presence of relevant amounts of circulating thrombin.
Although it cannot be excluded that TNF-a induces generation of thrombin bound to endothelial cells,
adirect effect of TNF-a on vascular endothelial cells would seem a more probable explanation. This
conclusion is supported by experiments in chimpanzees, where the effects of TNF-a on fibrinolysis
were not influenced by the administration of a monoclona antibody against tissue factor, suggesting
that the triggering of the fibrinolytic response was not dependent on the generation of thrombin, but a
direct effect of TNF-a [33].

The large increase in PAI-1 antigen levels is probably also due to a direct effect of TNF-a on
vascular endothelium. Increased production of PAI-1 antigen following incubation with TNF-a has
been shown in human umbilical vein endothdia cells, in human umbilical artery endothelial cells and
in human foreskin vascular endothelial cells [34, 35]. Rats treated intraperitoneally with human r-TNF-
a showed a dose-dependent increase in PAI-1 activity [35, 36].

Silverman et a. have reported on cancer patients treated in various regimens with intravenoudy
administered r-TNF-a, who reacted with a significant rise in t-PA activity, followed by a
corresponding increase in PAI-1 activity [24]. After a 2 hour infusion with r-TNF-a all fibrinolytic
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parameters returned to pretreatment values within 24 hours. Van Hinsbergh et a. have measured
several indexes of fibrinolysis at 3 and 24 hours after a 24 hour continuous infusion of r-TNF-a in
cancer patients. Fibrin- and fibrinogen degradation products as well as PAP complexes were increased
after 24 hours [32]. Baars et a. could show that injection of interleukin-2 in cancer patients induced
changes in fibrinolysis similar to those induced by r-TNF-a [37]. Van der Poll et al [25] described a
series of six healthy human volunteers, treated with a single intravenous injection of 50 ny/m? r-TNF-
a. A sharp risein t-PA activity was observed reaching its maximum at 1 hour. Plasma levels of PAI-1
antigen did not change in the first hour following r-TNF-a administration, but peaked sharply
thereafter, with a maximum PAI-1 level attained at 3 hours. D-dimer levels were aso increased,
reaching a summit after 1 hour and PAP-levels increased transiently with a peak at 45 min. The
authors concluded that injection of r-TNF-a induces a rapid activation and a subsequent inhibition of
the fibrinolytic system in human volunteers [25].

In the study presented here the effects of TNF-a on fibrinolysis were andyzed in an entirely
different model. It also differs from earlier studies by Silverman [24] and van Hinsbergh [32] in that its
design includes a control group treated in exactly the same way but without the use of r-TNF-a.
Although TNF-a levels were not reported in the study of van der Poll on fibrinolysis [25], their study
on coagulation [38], performed in the same small group of healthy volunteers, yielded mean peak TNF-
a levels of 4261 + 785 pg/ml. Peak TNF-a levels recorded in our patients were twice as high (mean
maximum TNF-a 87227 ng/L. Moreover, high TNF-a levels persisted for much longer in our study.

Our study has severa limitations. The control group of patients treated with perfusion with
melphalan but without r-TNF-a was small and patients were not randomly assigned to either treatment
arm. Due to its dramatic effects on tumor regression, perfusions without r-TNF-a came to be
considered ethically unjustified. Obvioudy, this made any form of randomization impossible. Another
source of variation is the variable extent to which leakage of r-TNF-a from the perfusion circuit to the
systemic circulation occurred. Thisis reflected in widely varying levels of pesk systemic TNF-a (range
1393 to 546000 ng/L). Such variation is inherent in the perfusion / leakage model used in these
experiments. The response of parameters of fibrinolysis however was remarkably uniform in all
patients.

It may well be that, in the treatment of cancer with r-TNF-a, the effects of this cytokine on
coagulation and fibrinolysis are important for its antitumor potential. Tumor vasculature seems to be
disproportionally sensitive to TNF-a, and vascular destruction precedes regression of the tumor in
many cases [39]. However, as our experiments have shown, even with the technique of isolated limb
perfusion an inhibition of the systemic fibrinolytic system, by alarge increase of PAI-1 and decrease of
t-PA activity, cannot be prevented, which might prove to be detrimental. Asin sepsis, it may place the
patient a danger of extensive deposition of thrombi in the systemic microvasculature and subsequent
damage to multiple organ systems, especialy if activation of the coagulation system occurs at the same
time.

References

1. Hoekstra HJ, Schraffordt Koops H, Molenaar WM, Oldhoff J. Results of isolated regiona perfusion in
the treatment of malignant soft tissue tumors of the extremities. Cancer, 60: 1703-1707, 1987.

2. Leeune FL, Liénard D, El Douaihy M. Results of 206 isolated limb perfusions for malignant
melanoma. Eur J Surg Oncol, 15: 510-519, 1989.

60



Effects of isolated limb perfusion with TNF-a on sytemic fibrinolysis

10.

11

12.

13.

14.

15.

16.
17.

18.

19.

20.

21

Lienard D, Ewalenko P, Delmotte JJ, Renard N, Lejeune F. High-dose recombinant tumor necrosis
factor alpha in combination with interferon gamma and melphalan in isolation perfusion of the limbs
for melanoma and sarcoma. J Clin Oncol, 10: 52-60, 1992.

Eggermont AMM, Schraffordt Koops H, LiCnard D, Kroon BBR, van Geel AN, Hoekstra HJ, Lejeune
FJ. Isolated limb perfusion with high dose tumor necrosis factor- a in combination with interferon- g
and melphalan for irresectable extremity soft tissue sarcomas. a multicenter trial. J Clin Oncol, 1996;
14: 2653-2665.

Fraker DL, Alexander HR, Andrich M, Rosenberg SA. Treatment of patients with melanoma of the
extremity using hyperthermic isolated limb perfusion with melphalan, tumor necrosis factor, and
interferon gamma: results of a tumor necrosis factor dose-escalation study. J Clin Oncol, 14: 479-489,
1996.

Aggarwal BB, Eessalu TE, Hass PE. Characterization of receptors for human tumor necrosis factor and
their regulation by gamma-interferon. Nature, 318: 665-667, 1985.

Ruggiero V, Tavernier J, Fiers W, Baglioni C. Induction of the synthesis of tumor necrosis factor
receptors by interferon-gamma. J Immunol, 136: 2445- 2450, 1986.

Fiers W, Brouckaert P, Guisez Y. Recombinant interferon gamma and its synergism with tumor
necrosis factor in the human and mouse systems. In: H. Schellekens, W.E. Stewart (eds): The biology of
the interferon system, pp 241-248. Amsterdam, Elsevier Science, 1986.

Sohmura Y. Antitumor effect of recombinant human tumor necrosis factor alpha and its augmentation
in vitro and in vivo. In: B Bonavida, GE Gifford, H Kirchner, LJ Old (eds): Tumor necrosis
factor/cachectin and related cytokines, pp 189-195. Basel, Karger, 1988.

Soehnlen B, Liu R, Salmon S. Recombinant TNF exhibits antitumor activity against clonogenic human
tumor cells and synergism with gamma interferon. Proc Am Ass Cancer Res, 26: 303, 1985.

Zwaveling JH, Maring JK, Clarke FL, van Ginkel RJ, Limburg PC, Hoekstra HJ, Schraffordt Koops H,
Girbes ARJ. High plasma tumor necrosis factor (TNF)-a concentrations and a sepsis-like syndrome in
patients undergoing hyperthermic isolated limb perfusion with recombinant TNF-a , interferon-g and
melphalan. Crit Care Med, 24: 765-770, 1996.

Eggimann P, Chioléro R, Chassot PG, Liénard D, Gerain J, Lejeune F. Systemic and hemodynamic
effects of recombinant tumor necrosis factor alphain isolation perfusion of the limbs. Chest, 107: 1074-
1082, 1995.

Hoekstra HJ, Naujocks T, Schraffordt Koops H, Beekhuis H, van Groningen a Stuling R, ter Veen H,
Oldhoff J. Continuous leakage monitoring during hyperthermic isolated regional perfusion of the lower
limb: techniques and results. Reg Cancer Treat, 4: 301-304, 1992.

Sorkin P, Abu-Abid S, Lev D, Gutman M, Aderka D, Halpern P, Setton A, Kudlik N, Bar-On J, Rudich
V, Médller |, Klausner IM. Systemic leakage and side effects of tumor necrosis factor a administered via
isolated limb perfusion can be manipulated by flow rate adjustment. Arch Surg, 130: 1079-1084, 1995.
Thijs LG, de Boer JP, de Groot MCM, Hack CE. Coagulation disorders in septic shock. Int Care Med,
19: S8-S15, 1993.

Creech O, Krementz ET. Cancer chemotherapy by perfusion. Adv Cancer Res, 6: 111-147, 1968.

Rock CS, Lowry SF. Current research review. Tumor necrosis factor alpha. J Surg Res, 51: 434-445,
1991.

Dofferhof ASM, Vellenga E, Limburg PC, van Zanten A., Mulder POM, Weits J. Tumour necrosis
factor (cachexin) and other cytokines in septic shock: areview of the literature. Neth J Med, 39: 45-62,
1991.

Schutze S, Machleidt T, Kronke M. Mechanisms of tumor necrosis factor action. Sem Oncol, 2: 16-24,
1992.

Beutler B, Cerami A.. Cachectin: more than a tumor necrosis factor. N Engl J Med, 316: 379-385,
1987.

Hesse DG, Tracey KJ, Fong Y, Manogue KR, Paladino MA, Cerami A, Shires GT. Cytokine
appearance in human endotoxemia and primate bacteremia. Surg Gyn Obstet, 166: 147-153, 1988.

61



Chapter 1V

22.  Cannon JG, Tompkins RG, Gelfand JA, Michie HR, Stanford GG, van der Meer WM, Endres S,
Lonneman G, Corsetti J, Chernow B, Wilmore DW, Wolff SM, Burke JF, Dinarello CA. Circulating
interleukin-1 and tumor necrosis factor in septic shock and experimental endotoxin fever. J Infect Dis,
161: 79-84, 1990..

23.  Glauser MP, Zanetti G, Baumgartner JD, Cohen J. Septic shock: pathogenesis. Lancet; 338: 732-735,
1991.

24.  Silverman P, Goldsmith GH, Spitzer TR, Rehmus EH, Berger NA. Effect of tumor necrosis factor on
the human fibrinolytic system. J Clin Oncol, 469: 468-475, 1990.

25. vander Pall T, Levi M, Blller HR, van Deventer SJH, de Boer JP, Hack CE, ten Cate JW. Fibrinolytic
response to tumor necrosis factor in healthy subjects. J Exp Med; 174: 729-732, 1991.

26.  Philippe J, Offner F, Declerk PJ, Lerouw-Roels G, Vogelaers D, Bagle G, Collen D. Fibrinolysis and
coagulation in patients with infectious disease and sepsis. Thromb Haemost, 65 (3): 291-295, 1991.

27. Bone RC. Modulators of coagulation. A critical appraisal of their role in sepsis. Arch Int Med, 152 (7):
1381-1389, 1992.

28. Lorente JA, Garcia-Frade LJ, Landin L, de Pablo R, Torrado C, Renes E, Garcia-Avello A. Time course
of hemostatic abnormalitiesin sepsis and it relation to outcome. Chest; 103 (5): 1536-1542, 1993.

29. Levi M, ten Cate H, van der Poll T, van Deventer SJ. Pathogenesis of disseminated intravascular
coagulation in sepsis. JAMA, 270 (8): 975-979, 1993.

30. Roman J, Veasco F, Fernandez F, Fernandez M, Villalba R, Rubio V, Vicente A, Torres A.
Coagulation, fibrinolytic and kallikrein systems in neonates with uncomplicated sepsis and septic
shock. Haemostasis, 23 (3): 142-148, 1993.

31. Fourrier F, Chopin C, Goudemand J, Hendrycx S, Caron C, Rime A, Marey A, Lestavel P. Septic
shock, multiple organ failure, and disseminated intravascular coagulation. Compared patterns of
antithrombin I11, protein C, and protein S deficiencies. Chest, 101 (3): 816-823, 1992.

32.  van Hinsbergh VWM, Bauer KA, Kooistra T, Kluft C, Dooijewaard G., Sherman ML, Nieuwenhuizen
W. Progress of fibrinolysis during tumor necrosis factor infusions in humans. Concomitant increase in
tissue-type plasminogen activator, plasminogen activator inhibitor type-1 and fibrin(ogen) degradation
products. Blood, 76: 2284-2289, 1990.

33. Levi M, ten Cate H, Bauer KA, van der Poll T, Edgington TS, Biller HR, van Deventer SJH, Hack CE,
ten Cate JW, Rosenberg RD. Inhibition of endotoxin-induced activation of coagulation and fibrinolysis
by pentoxifylline or by a monoclonal anti-tissue factor antibody in chimpanzees. J Clin Invest, 93: 114-
120, 1994.

34. Schleef RR, Bevilacqua MP, Sawdey M, Gimbrone MA, Loskutoff DJ. Cytokine activation of vascular
endothelium: effects on tissue-type plasminogen activator and type | plasminogen activator inhibitor. J
Biol Chem, 263: 5797-5803, 1988.

35. van Hinsbergh VWM, Kooistra T, van den Berg EA, Princen HMG, Fiers W, Emeis JJ. Tumor necrosis
factor increases the production of plasminogen activator inhibitor in human endothelial cells in vitro
andinratsinvivo. Blood, 72: 1467-1473, 1988.

36. Emeis JJ, Hoekzema R, de Vos AF. Inhibiting interleukin-1 and tumor necrosis factor-a does not
reduce induction of plasminogen activator inhibitor type-1 by endotoxin in rats in vivo. Blood, 85: 115-
120, 1995.

37. Baars W, de Boer JP, Wagstaff J, Roem D, Eerenberg-Belmer AJM, Nauta J, Pinedo HM, Hack CE.
Interleukin-2 induces activation of coagulation and fibrinolysis; resemblance to the changes seen during
experimental endotoxaemia. Br J Haematol, 82: 295-301, 1992.

38. vander Poll T, Buller HR, ten Cate H, Wortel CH, Bauer KA, van Deventer SJH, Hack CE, Sauerwein
HP, Rosenberg RD, ten Cate JW. Activation of coagulation after administration of tumor necrosis factor
to normal subjects. N Engl J Med, 322: 1622-1627, 1990.

39. Old LJ. Generd discussion Il. In: LJ Old (ed): Ciba Foundation Symposium 131, Tumor Necrosis Factor
and Related Cytokines, pp 185-191. New York, NY, Wiley & Sons, 1987.

62









Chapter V

Renal function in cancer patients treated with hyperthermic isolated limb
perfusion with recombinant tumor necrosis factor alpha and melphalan

In press as:
Renal function in cancer patients treated with hyperthermic isolated limb perfusion with

recombinant tumor necrosis factor alpha and melphalan

Nephron
Jan H. Zwaveling', Harald J. Hoekstra?, John K. Maring', Robert J. v. Ginkel*, Heimen Schraffordt

Koops', Andries J. Smit®, Armand R.J. Girbes'

"Division of Intensive Care, Department of Surgery, University Hospital Groningen, Groningen
* Division of Surgical Oncology, Department of Surgery, University Hospital Groningen, Groningen
$ Department of Internal Medicine, University Hospital Groningen



Chapter V

Summary

Hyperthermic isolated limb perfusion (HILP) with recombinant TNF-a (r-TNF-a) and melphalan has
been shown to result in a sepsis like syndrome due to leakage of r-TNF-a from the perfusion system to
the systemic circulation. We have studied rena function parameters in 11 cancer patients, who
underwent 12 perfusions. Three patients, perfused with melphalan only, served as controls. All patients
treated with r-TNF-a developed a sepsis syndrome and needed volume replacement and inotropes to
remain normotensive; controls had an uneventful postoperative course. Creatinine clearance decreased
transiently on the day of perfusion in both groups (mean preperfusion clearance 118 ml/min, mean
postperfusion clearance 68 mi/min, p<0.02, n=15). Follow-up measurements of rena plasma flow and
glomerular filtration rate in 9 r-TNF-a treated patients did not suggest permanent damage. One patient
became hypotensive and developed transient multiple organ dysfunction with rena failure needing
hemofiltration. In r-TNF-a treated patients, but not in controls, a transient increase in clearance of b,
microglobulin (49 vs. 8171 ml/min, p<0.001) and urinary excretion of phosphate (12 vs. 48 mmol/L,
p<0.05) was seen, compatible with proximal tubular dysfunction. These data suggest that HILP with
melphalan decreases glomerular function, whether or not r-TNF-a is added to the perfusion circuit.
Extenson of the treatment regimen with r-TNF-a may result in additional proximal tubular
dysfunction. If hypotension can be avoided this deterioration in rena function seems to be transient,
with full recovery within weeks.
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Rend function in isolated limb perfusion with TNF-a

Introduction

Impairment of rena function is a frequent complication of septic shock, with a magjor impact on
outcome. Its occurrence is at least partly explained by a decrease in rena blood flow secondary to a
drop in arterial blood pressure. Additionaly, cytokines like tumor necrosis factor apha (TNF-a),
which are released systemicaly and locally during bacterial sepsis, may directly compromise rena
function.

Recently, hyperthermic isolated limb perfusion with melphalan and human recombinant TNF-a (r-
TNF-a) has been studied in patients with locally advanced soft tissue tumors and advanced melanomas
of a limb, as an dternative to amputation. The technique of isolated limb perfusion dlows the
administration of high doses of these agents locally while minimizing systemic toxicity. However, it has
been recognized by us as well as by others that isolated limb perfusion with r-TNF-a induces a sepsis
like state in al patients, characterized by fever, tachycardia and a low blood pressure due to systemic
vasodilation [1,2]. The occurrence of this syndrome is explained by leakage of r- TNF-a from the
perfused limb into the systemic circulation; very high levels of TNF-a have been documented in
periphera blood of these patients during and directly following perfusion. Leakage has been confirmed
by adding radiolabeled albumin to the perfusate; radioactivity can be traced to the systemic circulation
during perfusion treatment [3].

In view of the similarity of this clinical syndrome to bacteria sepsis and the unexpectedly high
systemic levels of TNF-a, a detrimental effect on kidney function could be anticipated. This study was
undertaken to assess the impact of isolated limb perfusion with r-TNF-a and melphalan on creatinine
clearance, rend plasma flow (ERPF) and glomerula