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INTRODUCTION TO THE THESIS

The major impact of recent clinical research with interleukin-2 (IL2} has been
the demonstration that a sirctly immunological manipulation can mediate the
regression of established cancer in humans through the activation of cytotoxic
lymphocytes and the release of secondary cytokines.

Since 1985 a variety of clinical studies have been carried out in mstastatic
cancer patients with the use of interleukins, interferons, and lymphokine activated
killer cells. These studies have either employed a single agent approach or
combined modality treatment also including hormonal and chemotherapy.

Although the majority of human cancers are systemic diseases by nature,
some tumer types are predilected to reside in one organ site or cavity. For
example, metastatic colon cancer is often confined fo the liver for prolonged
pericds of time. Ovarian cancer is usually restricted {0 the abdominal cavity,
whereas mesothelioma mostly does not extend the pleural cavity until death.

It is for these reasons that the clinical investigations described in this thesis
are based on a systemic approach on the one hand and on a locoregional
approach on the other hand in selected tumor types. The study treatments
comprised single agent IL2 and combinations of IL2 and interferon (IFN)-a with or
without chemotherapy.

Regarding the systemic administration of {L2 based immunotherapy, we have
chosen for a constant infusion schedule rather than intermittent bolus intravenous
administration, based on available data in the literature of treatment equivalence
and less toxicity accompanied with the continuous infusion method.

For the locoregional treatment of liver metastases we have used a
continuous arterial infusion method, it appeared that intra-arterial as well as
peripheral intravenous administration of IL2 resulted in endothelial damage leading
to thrombophlebitis and thromboembolic complications, These untowards side
effects have led us fo use central venous catheters (CVCs) for the administration
of iL.2 in the treatment of systemic disease. In principle, this approach will reduce
the risk of thromboembolic complications, but create a new problem, namely the
accurrence of catheter related infections. Consequently, we have investigated the
safety of funneled CVCs.
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Chapter 1

INTRODUCTION

Renal cell cancer (RCC) is a disease afflicting approximately 27,000
individuals per year in the United States {1). It is the 10" most common cancer,
constitutes 3% of alf adult malignancies, affects men more than women, and
occurs at a median age of 64 years. One third of the patients presents with distant
metastases while 30-40% of the others will eventually develop these {2). The
median survival of metastatic disease is 7 months and only 1-2% of patients
survive 5 years or more (3). Surgery is the standard treatment for localized
disease; however, its role in the presence of distant metastases is limited to
palliation of symptoms or resection of solitary metastases in highly selected
patlents. The role of radiotherapy is limited fo palliation of symptoms, while
hormonal treatment and chemotherapy are ineffective (4), the latter possibly partly
because of the high expression of the multidrug resistance {MDR1) gene in human
RCC (5).

in search for better treaiment immunotherapy has also been siudied
extensively. The basis for this approach originated from observations that
metastases though infrequenily (6), may regress following nephrectomy as a
consequence of an immune response. Early attempls to induce an immune
response involved application of crude tumor cell preparations, bacillus Caimette-
Guérin, or Corynebacterium parvum. Such non-specific immunotherapy was
proven ineffective (7). Efforts were subsequently direcled towards activation of the
patients’ immune system by biologic response modifiers (BRMs) or the adoptive
transfer of activated immune cells. The interest in immunotherapy revived with the
potentials of genetic engineering, mass cell culturing, the improved techniques in
protein and nucleic acid sequencing, and hybridoma technology (8) through which
highly purified molecules such as interferons, interleukins, tumor-necrosis factor
and monoclonal antibodies directed against tumor-associated antigens became
available. In renal cell cancer the most significant {reatment results are obtained
with interferons and interleukin-2. This review focuses on the use of these
cytokines.

IMMUNOMODULATION WITH INTERFERON

Interferons were initially identified as antiviral agents (9), but in addition these
molecules are potent regulators of cell gene expression, cell structure and cell
function, and they exhibit direct antiproliferative activity. Three major classes of
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Chapter 1

interferons have been characterized: Interferon-alpha (IFN-a) produced by
leukocytes, interferon-beta (IFN-8) produced by fibroblasts, lymphoblastoid cells,
macrophages and epithelial cells, and interferon-gamma (IFN-y) produced by
aclivated lymphocytes. Interferons have antitumor properties, either mediated
through a direct cylotoxic effect on tumor cells, augmentation of the
immunogenicity of tumors by upregulation of major histocompatibility complex
(MHC) and tumor-associated antigens, andfor activation of macrophages, T-
lymphocytes, and natural killer (NK) cells.

Initially, human leukocyte derived IFN-a was used {10-12), vielding response
rates not exceeding 15% in patients with renal cell cancer. The development of
recombinant DNA tfechniques made it possible fo develop highly purified
preparations with considerable biologic activity. Studies using IFNa-2a have shown
response rates of approximately 15% (a fotal of 420 patients; 95% confidence
interval (Cl) of 12-19%) (13-21), With IFNa-2b similar response rates have been
reported (239 patients; 85% Cl of 12-22%) (17, 22-25). The experience with IFN-8
in renal cell cancer is very limited (response rate of 7% in only 28 patients)
{26,27). IFN-y vielded a 10% response rate (255 patients;95% Cl of 6-14%)
{23,28-36). In most series, patients with a good performance status, low tumor
burden or mainly lung metastases were more likely to respond to [FN. The {ime to
response varied from 1-3 months, the median duration of response was 6 months.
Survival data vary from 7-18" months and are likely to be influenced by patient
selection (15,37}.

In a meta-analysis of 1600 RCC patients, treatment with IFN resulted in a
response rate of 15% including 2% complete responses (38). Approximately 3% of
responding patients survived for prolonged periods without additional therapy.
Selection bias and small sample size may account for much of the variability in
reported response rates.

Although the optimat dose and schedule of IFN-a has yet to be determined,
in 2 small randomized trials the highest therapeutic index was achieved with a
total daily dose of 5-10 MU {12,13,39). The route of administration (s.c. or i.v.)
does not seem {o be a major factor in determining response.

Side effects of interferon therapy are proportional to dose, more pronounced
in elderly patients and fully reversible (40). Acute effects involve an influenza-iike
syndrome, characterized by fever, chills, tachycardia, malaise, myalgia, headache,
dizziness, but dissipate after 1 week of continued therapy. Chronic effects involve
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primarily fatigue, weakness, and anorexia, which have been dose-limiting in the
majority of trials. Other common and usually mild side effects include decreased
ability to concentrate, nausea, emesis, diarrhea, elevation of liver enzymes,
proteinuria, alopecia, anemia, leukopenia, and thrombocytopenia (40). Moderate to
severe changes in behavior are possibly due 1o direct effects of IFN on the brain
(41,42). Toxicity can be reduced by using induction treatment with relatively high
dose over a short period of time followed by maintenance therapy with a lower
dose {15). Patients can be freated symptomatically with acetaminophen and
benzodiazepines. The development of neutralizing anti-interferon antibodies in
patients during therapy with IFN has been described. The observed frequency
showed a wide range, varying from 5 to 44% (13,22,43,44). The clinical relevance
of these antibodies remains coniroversial and further investigations are necessary
to determine the effect of their formation on antitumor response.

It has been suggested that ireatment resulis with IFN-o# may be improved by
the addition of cytotoxic drugs, in particular vinblastine, which is considered to
have some activily in RCC (46). However, while response rates in relatively small
non randomized studies range from 0-45%, a randomized study (47} could not
show any benefit of adding vinblastine to }FN-a.

In conclusion, single agent therapy with interferon in metastatic renal cell
cancer manifests modest clinical antitumor activity. it is not clear whether any one
IFN preparation or dosage scheme is superior, nor is there definitive evidence for
the superior efficacy of interferon combinations or interferon in conjunction with
chemotherapy.

THE INTERLEUKINS

The interleukins are mediators secreted by a variety of cell types that can
activate and regulate growth andfor differentiation of immune cells. Through
recombinant DNA technology the list of known, well-characterized, muitifunctional
interleukins has extended steadily. To date, 156 interleukins have been identified
and cloned (Table 1). The availability of purified, recombinant interleukins has
enabled exlensive in vifro and in vivo studies, to characterize their biologic effects
and mechanisms of action. This has considerably enhanced our understanding of
how these multifunctional cytokines regulate immune-, hematopoietic- and
inflammatory processes, through binding to unigue cell surface receptors. In most
instances the action of one particular cytokine can cause a cascade of events in
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Table 1. The interleukines

Interlaukin(s) | Source Biologic effects Ref,
[£1 Monog:ytes.’macrophages: Costimulates B-cell proliferation; induces 48-50
dendritic cqlls; B, T, and NK | maluration of pre-B-cells; induces L2
cells; keratinocytes; production, increases IL2 receptor number and
fibroblasts; endothelial cells; |binding on T-cells, augments T-cell-derived
epithelial cells; glial cells; lymphokine-activated killer (T-LAK) activity;
neuronal celis activates macrophages; induces acute phase
responses
IL2 T-ceils Costimulates T-cells; activates cylotoxic 51-54
responses and chemotaxis of T-cells; co-factor
for growth and differentiation of B-cells;
generates NK-derived LAK cells
IL3 T-cells; thymic epithelium; Stimutates early progenitor cell growth; 55-59
myelomonocytic cells; synergizes with Steel factor for early
keratinocytes; neuronal cells | multipotential progenitor cell expansion; B-cell
differentiation; augments LAK-aclivity in the
presence of IL2
L4 T-cells; mast cells; 8-cell growth factor; induces MHC class 1| 57,
macrophages; bone marrow | antigens on monocytes and B-cells; activation of | 60-63
stroma IL2 stimulated LAK cells; synergizes with {L12 in
NK cell proliferation
L5 T-cells; mast cells induces IL.2 receplor on T-cells, B-cells and NK- { 57, 61,
cells; B-cell growth factor 1l; increases lgA and |64, 65
lgM secretion; co-facior for induction of CTL
differentiation; induces proliferation and
differentiation of eosinophils
IL& T-cells; menocytes; B-cell differentiation factor; co-stimulator of T- 66-70
fibroblasts; endothelial cells; |cells; induces IL2 production; megakaryocyle
tumor cells differentiation factor; induction of acute phase
proteins; activates NK-cells
L7 Bone marrow stromat celis Supports the growth of B-cell precursors; 63,
induces cytokine secretion and tumoricidal 71-73
activity by monocytes; maintains viability and
responsiveness fo [L2 of NK precusors
L8 Monocyles Chemealttractant for neutrophils 74
ILg T-helper cells Stimutates proliferation of mitogen activated T- | 75-77
cells; potentiates L4 induced IgE synthesis by
B-cells; supports erythrold celony formation
IL10 T-cells; B-cells; macrophages | Cylokine synthesis inhibitory faclor for T-helper | 78-80
cells; costimulates with [L2 and L4 the
proliferation of aclivated T-cells; augments CTL
aclivity
111 Bone marrow stroma Stimulates T-cell-dependent development of ig- | 81-83
producing B-cells; stimulates hematopoiesis
IL12 B-cells; monocytes Induces the production of IFN gamma by 84-87
human T-helper type 1 cells; synergizes with
IL2 in induction and proliferation of CTL;
induces MNK-cell Iytic activity and proliferation;
enhances IL3 dependent hematopoiesis in the
presence of IL11 and Steel factor
ILt3 T-cells Induces proliferation and differentiation of B- 88-90
cells; Induces IgE synthesis; regulates
inflammatory cytokine production and nitric
oxide production by monocytes
IL14 T-cells Induces B-cell proliferation 91
115 T-cells Stimulates T-cell proliferation; induces LAK- 92, 93
cells; interacts with the beta chain of the L2
receptor
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which complex interactions between a number of distinct secondarily secreted
cytokines and effector cells occur. The interleuking, their sources and biologic
effects are depicted in Table 1.

Some of the interleukins may have a direct or indirect inhibitory effect on
fumor growth (&.g. by activation of T-lymphocytes or macrophages) and thus may
be useful for cancer therapy. Immunotherapy of RCC is predominated by
interleukin-2 (IL2) so we focus on this cytokine in the framework of this review.

Immunomodulation with IL2

fL2, first described in 1976, is a glycoprotein lymphokine mainly produced by
T lymphocytes of the helper subset (51-53). IL2 induces proliferation of antigen
stimulated T-cells and, at high concentration, non-spacific lymphokine-activated
killer {LAK)} cells. When appropriately activated, the expansion of T-cells in the
presence of IL2 ¢an be maintained in culture systems for many weeks or months.
[LZ is also the predominant cytokine activating NK cells to fully function and 1L2-
activated NK cells lyse fresh syngeneic NK-resistant murine and human tumor
cells (94,95).

L2 was also used to grow lymphocytes directly from the peripheral blood or
spleen, Proliferating lymphocytes could be identified by their ability to lyse fresh
tumor cells but not fresh normal cells, the socalled LAK phenomenon, These LAK
cells were initially distinguished from NK cells since they could be derived from
sites where NK activity was not usually found such as thoracic duct fluid, whereas
LAK could also kill fresh tumors which were resistant to NK lysis (96-98). it is now
clear that the majority of cells with LAK activily are large granular lymphocytes
(LGLs) that do not bear B-cell and T-cell receptors or have functional
rearrangements of the T-cell receptor genes. Such cells are capable of mediating
NK activity, LAK activity, antibody-dependent cellular cytotoxicity, and are capable
of secreting a variety of cytokines (99-101).

IL2 mediates its effects via specific cell surface receptors. Constitutive
expression of the IL2 receptor (IL2R) beta chain is observed on macrophages.
Antibodies blocking IL2 interaction with this chain prevent IL2 induced cytolytic
maturation of macrophages but not the Iytic aclivity induced by interferon-y.
Stimulation of macrophages with 1L2 causes them fo release large quantities of
TGFg (102,103) an important physiological, antagonistic regulator of tumor
necrosis factor (TNF) synthesis and action. Multiple other cell types have been
reported to express the beta chain of the IL2 receptor. Much of the effect of IL2 on
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other celf types is mediated by the production of other cytokines, subseguent to
ILZ/IL2R interaction.

IL2 treatment induces alteration in circulating neutrophil Fe-receptor expressi-
on as well as reduction in chemotactic activity {(104,105), which leads to a marked
increase of the risk of catheter-related infections in IL2 freated patients, which
requires prophylactic use of antibiotics andfor tunneled catheters {106,107). In
addition, probably partly due to the induction of ILb, IL2 adminisfration causes an
increase in circulating eosinophils {108), which are capable of cytolysis of NK
susceptible targets.

High dose bolus infravenous IL2

The initial experience with IL2 in humans was obtained with a regimen of
intravenous bolus therapy given every 8 hours, which was developed by
Rosenberg et al. (109). Limited phase | studies demonstrated that the maximum
tolerated dose {MTD) of this schedule of IL2 was 600,000-720,000 |U/kg, given for
14-20 doses {110). This regimen of high-dose bolus IL2 has yielded an overall
response rate in metastatic RCC of 20%, comprising 7% CRs and 13% PRs (110).
A summary of the literature on the treatment of RCC with high-dose bolus iL.2
alone is shown in Table 2. The overall response rate in these studies was 15%
(110-114),

Table 2. High-dose bolus intravenous IL2 alone in metastatic RCC

iL-2 dose |U/kg x Number of pa- Response Rate Referen-
10" {schedule) tients No. (%) ces
600 (q 8 hrs) 16 0{0) 110
600 (q 8 hrs) 37 3(8) 111
600 (g 8 hrs) 71 12 (17) 112
720 (q 8 hrs) 149 30 (20) 113

600-720 (g 8 hrs) 255 16 {14) 114

Total 528 81 (15)

High-dose bolus L2 is associated with considerable toxicity and frequently
requires intensive care management. The most striking side effects are a capillary
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leak syndrome and decreased peripheral vascular resistance, leading to interstitial
and peripheral edema, hypotension and oliguria. In addition, L2 can cause flu-like
symptoms as described in the chapter on IFNs. Hence, dose reductions and
freatment interruptions are necessary in 40-50% of patients. Based on growing
experience, it has been suggested to reserve high-dese bolus IL2 for patients in
good condition, with normal cardiac, pulmenary, renal and hepatic function.
Although concern has been expressed that dose reduction may decrease the
efficacy of IL2, there is no evidence to suggest that the response rates are indeed
reduced. Yang et al. (115) performed a randomized trial comparing a high-dose
bolus IL2 regimen (720,000 [Utkg iv. every 8 hours), with a low-dose bolus
schedule (72,000 IU/kg I.v. every 8 hours). The high-dose arm was associated
with significantly more toxicity. The respective response rates were 15% for the
low-dose regimen and 20% for the high-dose regimen. There was no difference in
survival.

Overall, IL2 induces objective responses in 15-20% of patients with
metastatic renal cell cancer. Although these response rates are not different from
the results obtained with |FNs, approximately 1/3 of responders achieve a
complete response, and moreover responses to IL2 appear fo last longer. Some of
the patients in the early studies are now disease-free for more than 7 years, and
thus it is conceivable that they have been cured.

High-dose continuous infravenous IL2 infusion (c.i.v.)

in an effort to reduce the toxicity related to high-dose bolus IL2, continuous
infravenous {c¢.i.v.) infusion has been studied. Some of these studies have
suggested that c.iv. IL2 produces greater immunostimulatory effects such as
greater rebound lymphogcytosis, LAK-cell yield, and /n vivo immunostimulation
{116, 117).

West et al. reported that the antitumor effects of c.iv. IL2 were similar to
those obtained with high-dose bolus IL2 (118). Toxicity appeared to be somewhat
less with c.i.v. than with high-dose bolus IL2, With c.iv. IL2 response rates of
approximately 15-20% are achieved. The resulis of the most important trials are
summarized in Table 3.

The overall response rates and lypes of side effects are similar for high-dose
bolus L2 and high-dose c.iv. IL2. The only randomized trial comparing bolus IL2
fo c.i.v. IL2 was conducted by Weiss ot al. (124). Forty-eight patients received L2
by c.iv. at a dose of 18-22.5 MiU/m?/day, and 46 patients received 600,000 1U/kg
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(= 24 MIU/m?) of IL2 every 8 hours by iv. bolus, i.e. a 3-fold difference in total
dose per course in favor of bolus administration. Infections were more frequent

Table 3. High-dose c.i.v. IL2

ILZ dosefday | Median LAK cells | Number of Response References
(IU/m? x 10) given (x 107"} patients | Rate No.(%)
18 1 51 14 (27) 119
18 9 47 4 (9) 120
18-24 15 25 4 (16) 121
18 7 21 2 (10) 122
2-6 18 42 14 (33) 123
18-23 14 48 7 (15) 124
18 9 46 7 {15) 125
Total 280 52 (19)

in patients on c.i.v. IL2, while thrombocytopenia was more frequent in patients on
bolus IL2, Response rates (15 and 20% respectively) were not significantly
different. Another conclusion from these studies was that the cumulative MTD of
IL2 is less for c.i.v. administration than for bolus administration.

Subcutaneous IL-2 administration

After subcutaneous (s.c.) administration, many biclogical response modifiers
yield sustained blood levels for up to 24 hours. Therefore, some investigators
explored the s.c. route of administration in order to simplify IL2 therapy and to
reduce side effects (Table 4). This treatment can be given on an outpatient basis,
Buter et al. (126) administered IL2 s.c. once daily for 5 days a week for 6 weeks.
The resulting 20% response rate could not be confirmed by others using
comparable doses and regimens {127,128). Several studies have combined iL2
s.c. with IFNa. The reported response rates varied from 12%-26% (127,128,130).
Clearly, the toxicity of s.c. IL2 is modest in comparison with the intravenous route
and mostly consist of focal inflammation at the injection site and flu-like symptoms.

in summary, low-dose s.c. IL2 regimens have modest antitumor activity and
may be an option with greater safety indicated for patients with concomitant
disease such as cardiovascular abnormalities. However antitumor effects are
difficult to interpret, because most reported studies are small phase -l trials.
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Table 4. Subcutaneous IL2

IL2 dose iFN-a dose Number Overall Reference
Uim?*x10®% | Uim?x 10° s, of response
{schedule) (schedule) patients (%)
9-18 - 48 9 (20) 126
(5d/w, 4-Bw)
6-30 - 14 0 (0) 128
(6 d)
1.8-9 - 14 1E(0)} 127
(g12h 5diw x
6)
12 9 42 5(12) 129
{4d)15, 4w) (2diw)
1.5-.7.5 25-12.5 16 4 (25) 130
(5diw) (3dfw)
5-20 6 51 14 (27) 127
(3d/w x 8) {1-3d/w x 6)
5-20 6-9 35 17 (49) 127
(3d/w x 6) {1-3 diw x 8)
plus 5FU 750
mg/m?
bolus i.v., 1x/5-8
218 49 (22)

COMBINATION THERAPY

The rationale for using combinations of different cytokines is the observation
that some of these agents such as IL2 and IFN-a have shown synergistic
antitumor activity against a variety of tumors in preclinicat studies (131-132). In
many weakly or non-immunogenic tumors, the combination of IL2 and IFN-a has
shown substantial antitumor aclivity in settings where either agent aione is
ineffective. Despite the enhancing effect of interferons on class | MHG expression,
the ability of IFN to enhance the activity of ILZ appears more dependent on NK
cells, since the synergy between the two cytokines is decreased in NK-deficlent
beige mice and in mice depleted of NK cells (132). Synergy beiween iL2 and
interferon in murine models is not restricted to antitumor aclivity, but pertains to
toxicity as well {135,136).

Many clinical trials have been performed to evaluate combinations of 1L2 and
IFN-a. Rosenberg et al. used a high-dose regimen of bolus intravenous IL2 given
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every 8 hours for 5 days, week 1 and 3, at doses ranging from 3-13.5 MIU/m?,
combined with [FN-e¢ 3 MU/m?* intravenously. At the highest dose levels of this
study response rates of 38% for RCC were observed (137). However this high-
dose schedule of the 2 cytokines appeared to resulf in increased cardiac-,
neuropsychiatric-, and hepatic toxicity (143,155). Therefore, subsequent trials
alternpted o decrease toxicity by administering lower dosages. Numerous doses
and schedules of IL2 and IFN-a have been tested. Intermediate to high dose
schedules yielded response rates of approximately 16% (112,138-142144-
148,155). A summary of these frials is given in Table 5.

Table 5. Combinations of IL2 and IFN-o«

# patients | # studies | overall response (%) references

High dose i.v. 221 5 35 (16) 112, 138-
L2 140,155
Intermediate 183 7 32 (17) 141,142,144-
i.v. dose iL2 148
Low dose s.c. 378 7 89 (23) 129, 149-154
L2

Low dose: < 20 MIU/day

Intermediate dose: 20-32 MiU/day

High dose: 32-150 MIU/day

Several small studies have focused on ouipatient low-dose regimens
(129,149-154). Although these regimens produce less acute foxicity and are
therefore easier fo administer than high-dose IL2 regimens, most patients
developed chronic fatigue and a decrease in performance status requiring
modification or cessation of therapy.

The Surgery Branch of the National Cancer Institute - USA has reported the
long-term follow-up evaluation of their initial phase I/ll study (137} and concluded
that the combined use of {L2 and IFN-g was not indicated based on a lack of
survival benefit and increased toxicity {155). These findings are in agreement with
thase of a randomized study comparing IL2 + IFN-a versus L2 alone (112). In this
trial L2 alone resulted in a response rate of 17%, while the combination yielded a
response rate of 11%. The median survival in the 2 treatment arms was 15,5
months and 16 months, respectively.

Presently, an interesting area of research involves the application of chemo-
immunotherapy. Several investigators have added 5-flucrouracii {5-FU)} to the
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combination of IL2 and IFNa and reported response rates varying from 24-49%
(127,156,157). Whether the addition of 5-FU to IL2/IFN-a represents a benefit will
have to be addressed in randomized studies.

The combination of IL2 and IFN-y has also been used in the treatment of
RCC. Although IFN-y was not able to increase L2 receptor expression, it did
increase serum B-2-microglobulin levels (159), IL2 receptors on T-cells, HLA-DR
expression on NK cells, and Fc receptors on macrophages {160). Increases of
LAK and NK activity correlated with absence of disease progression (160). IFN-y
appeared not to worsen IL2 toxicity, but early clincal studies have shown poor
treatment results, so that the combination of IL2 and IFN-y has not been
elaborated (159,163).

Studies on the combination of IL2 with IL4, intended to synergize the
activation and proliferation of MHC-restricted cytotoxic T-lymphocytes, failed to
demonstrate enhancement of immune stimutation or antitumar effect (164-167).

In tumor bearing animals interesting though unexplained synergistic
antitumor effects have been demonstrated with the combination of TNFea and 1.2
with a clear dose and schedule dependency (168-170). Optimal resuits have been
cbtained when TNFa was used at its MTD prior to IL2 administration (169).
Clinical trials have shown that administration of TNF-a prior to IL2 did not appear
to increase the toxicity of IL2, while administration of IL2 prior to or concurrent with
TNF-a appeared to worsen the side effects typical of high-dose IL2 (171-174).
Although responses were seen, there was no evidence to suggest Improved
efficacy in comparison fo IL2 alone.

In summary combination cytokine therapy failed to improve the clinical
efficacy of IL.2 alone despite promising preclinical data.

ADOPTIVE CELLULAR IMMUNOTHERAPY

Adoptive cellular immunotherapy (ACIT) of cancer is a form of passive
immunization in which immune cells with antitumor properties are transferred to
the tumor-bearing host. These cells may mediate their cytolytic effects either via
direct contact with and killing of their targets, or indirectly by producing substances
with tumoricidal or immunomodulatory properties. In ACIT autologous immune
cells that have been activated and expanded ex vivo are reinfused in the tumor-
bearing host, often in combination with H.2 or other therapeutic agenis. The
effector cells employed for ACIT can be divided in specific (MHC-restricted) or
non-specific (MHC-unrestricted) immune cells. Lymphokine-activated killer (LAK)
cells are non-specific, while another population of cytotoxic lymphocytes, tumor-
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infiltrating lymphocytes (TIL) recognize fumor-associated antigens (TAA) in a
specific MHC-restricted manner.

ACIT with LAK

The cultivation of peripheral blood lymphocytes {(PBL) in media containing IL2
{usually at concentrations of 6000 [U/ml) results in the generation of LAK cells.
LAK is best considered as a functional state of immune cells which may be
generated from both NK cell and T lymphocyte populations (175).

After it was demonstrated that large numbers of in vitro activated cells could
safely be Infused in humans, various clinical studies of IL2 and LAK with or without
IFNa have been performed. These trials used a variety of regimens. The response
rates ranged from 9-34% {mean 22%)} (120,123-125,177-181). These studies are
summarized in Table 6.

Table 6. Phase |l studies of IL2 and LAK

IL2 dose Median LAK Number Response References
U x 10% cells given of rate
(schedule) (x 107%/course | patients No. (%)
0.6/kg (g 8w) 10 49 156 (32) 177
18/m%d 9 47 4 (9) 120
18/m?/d 7 46 7 (15) 125
18/m?/d 6.5 102 17 (18) 178
18-23/m*/d 14 48 7 (15) 124
16/m?d 5.6 23 6 (26) 179
2-6/m?/d 18 42 14 (33) 123
8-16/m*/d 11 40 8 (20) 180
+ [FN-g 12 MU/m®
3Ixfw
18/m’fd 9.6 68 23 (34) 181
+ IFN-a 5 MU/m%/d
Total 465 101 {22)
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in general, the addition of LAK cell infusion to high-dose iL2 therapy has not
been shown to be superior over single agent high-dose IL2. Three randomized
trials have been carried out to determine whether the addition of LAK offers a
therapeutic benefit, but none showed a higher response rate or longer survival
{111,177,182). The reasons for this may be various. LAK cells were shown not to
localize selectively in tumors (183,187). In addition, the therapeutic effect of LAK is
probably related to the cytotoxic effects of tumor specific T-lymfocytes at the site
of the tumor (184-188). Immunophenotypic analysis of cellular infiltrates of
regressing melanoma lesions revealed the presence of CD3" but not CD3" CD16"
infiltrating cells, suggesting that T-lymphocytes rather than NK cells were
responsible for the antitumor effect (185,186). Taken fogether, these findings
indicate that direct {IL2 mediated) or Indirect (through release of secondary
cytokines) activation of tumor-specific T-cells form the basis of adoptive cellular
immunotherapy of cancer.

ACIT with TIL

Another population of cytolytic lymphocytes, that can be used as effector
cells in combination with .2, are tumor-infiltrating lymphocytes (TIL}. These
immune cells possess potent antitumor activity and are derived from lymphocytes
which have infiltrated tumor lesions. In confrast to LAK, murine and human TIL
demonstrate cytolytic specificity only against the tumor from which they are
derived or against closely related tumors (189,190}, In murine systems TilLs are
50-100 times more potent than LAK in their cytolytic capacity (189). Murine Tils
are predominantly CD3" CD4" CD8', while human TiLs are phenotypically more
heterogenous, which may reflect the difficulties encountered in obtaining true TIL
from human tumors, which by definition also contain PBC. This heterogeneity may
be the reason that in vitro cytotoxicity of TIL is not a good predictor for their ability
to cause tumor regression in vivo (191). An exception to this rule are TlLs derived
from melanomas, which manifest MHC-restricted interactions with tumor targets in
at least 50% samples. TILs with specific lytic activity for auiclogous tumor but not
for normal autologous lissues or for allogeneic tumor can be derived from
approximately one-third of all patients with melanoma (191,192). For this reason,
clinical trials of TlLs in humans have concentrated on melanoma and response
rates of 20-30% have been reported (125,193-195). In RCC the experience with
TIL is very limited and antitumor responses are rare (193,195-197). The same
holds true for small studies with TiLs and iL2 in combination with [L4 or IFNa
(198-200).
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FUTURE PERSPECTIVES

From the above reviewed literature it becomes clear that no standard
immunotherapy of RCC can be recommended, since the cyiokines and effector
cells mentioned do not offer clearcut benefit for larger groups of patients.
However, it is for the first time in the long history of immunotherapy that treatment
strategies can be rationally designed on the basis of our increased knowledge of
the function of the immune system and its interaction with tumor farget cells,
whereas at the same time these sirategies can be materialized with the help of
recently developed methods of molecular engineering.

What is clearly needed in the clinical arena is the development of efficient
effector cells which are tumor selective. Although T-lymphocytes are equipped with
T-cell receptors which can recognize and bind TAA, this Is clinically fulile since
tumor cells often do not express their TAA adequately in assoclation with MHC
motecules, which makes recognition by the T-cell receptor impossible. The CD3
antigen is an activation molecule physically associated with the T-cell receptor.
Binding of the CD3 antigen to TAA leads fo activation of the T-celi, followed by
lymphokine production and cytolytic activity (211). This approach of targeting
immune cells to tumor cells has been elaborated in preclinical and clinical studies.

ACIT with T-lymphocytes retargeted with bispecific monoclonal antibodies

Bispecific monoclonal antibodies {bs-MAb} are hybrid antibodies constructed
from two parent MAbs: one specific for the immune effector cell and the other
specific for a TAA on the target cell. Bs-MAb-mediated cross-linking of the effector
T cell to the tumor target cell results in activation of the lymphocyte leading to
lysis of the tumor cell (201-205,211). Bs-MAbs are usually constructed by somatic
hybridization of 2 mouse hybridomas. Several bs-MAbs have been developed with
specificity against RCC, ovarian cancer and breast cancer {211-116).

One of the first clinical irfals testing this concept was in ovarian cancer with a
bs-MAD against the overexpressed folate-binding protein on the tumor cells and
against the activation antigen CD3 (206-208). A clinical phase IHl study was
carried out in ovarian cancer patients with recurrent disease confined to the
peritoneal cavity. Patients were freated with daily intraperitoneal infusions of
aufologous in vitro expanded T-lymphocytes retargeted with the bs-MAD. Infusions
were given with low-dose |L2. The overall intraperitoneal response rate was 27%
{209). The development of neutralizing human anti-mouse antibody (HAMA) was
observed in all patients after approximaltely 2-3 weeks from the start of {reatment
(210}
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The use of mouse monoclonal antibodies has several disadvantages such as
a short serum half-life, limited potential fo trigger human effector cell functions and
HAMA response (217-219). These problems have led to the construction of
"humanized" antibodies, which have been shown to be less immunogenic than
their murine counter parts (220-223).

However, despite this improvement in antibody technology, the use of bs-
MAbs can still be hampered by the inaccessibility of solid tumor to antibody
penetration. In addition, bs-MAb redirected T-cells retain the antibody for limited
periods of 48-89 hours due to dissociation from the T-cell surface. it has also been
demonstrated that bs-MAb redirected T-cells lose their signal transducing and Iytic
capacity following target cell recognition (209,224), To circumvent the limitations
associated with bs-MAb, a new approach has besn adopted in which T-cells are
"gene-grafted” with a permanent antibody dictated specificity.

Gene modified chimeric T-cell receptor

By the construction of a chimeric immunoglobulin T-cell receptor complex (Ig-
TCR), fumor selectivity of T lymphocytes may be obtained. To be effective such T
lymphocytes would require stable expressicn of the engineered ig-TCR receptor at
the lymphocyte surface and its functional association with the CD3 signal-
transducing element. This has been achieved by the introduction and expression
of chimeric Ig/TCR genes, in which the variable (V) gene segments of the TCRe
and TCR# chains are replaced by the variable gene segments of the heavy and
light chain of an Ig with known specificity (225-230). Retroviral gene transfer is
employed 1o transduce the chimeric receptor into acfivated T lymphocytes. The
transduced T lymphocytes stably express the receptor for >4 months of in vitro
culture (230). Stimulation of the chimeric recepior results in T cell activation,
cytokine production and lysis of target celis (228-230).

In contrast to BsMAbs redirected lymphocytes, lymphocytes transduced with
chimeric ig-TCR genes show recycling of the cytolytic process (230). An essential
feature of Ig-TCR targeied lymphocytes is their ability to recognize tumor-
associated antigens in a MHC-unrestricted manner.

Cytokine gene modified tumor cells

Cytokines provide costimulatory signals important for T lymphocyte
activation. Because most cytokines have a short serum half-life, locat delivery may
be attractive and in addition potentially less toxic. One locoregional approach is to
introduce genes encoding for cylokines into tumor celis sothat the cytokine is
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continuously secreted by the tumor cell, resulting in effective cytokine
concentrations in the vicinity of tumor cells and tumor antigens, but not elsewhere
in the body. Many cytokine genes have been introduced into tumor cells with
varying effects on both tumcrigenicity and immunogenicity. This new tumor
vaccine approach has been best developed in murine models (231-235). Pilot
studies of cytokine transfer by vaccination with engineered tumor cells in patients
have started {236,237). However, adequate TAA expression and recognition
remains a problem (238).

Cytokine gene modified effector cells

Although it has been relatively easy {o express cytokine genes in tumors
cells, this is not the case in lymphocytes, where it is difficuit to achieve constant
high levels of cytokine production, which is probably due to regulatory
mechanisms (239). Moreaver, farge numbers of T cells are required for adoptive
therapy, and consequently, a high transduction efficiency is needed to enable the
growth of adequate numbers of gene modified cells. Recently, gene therapy of
RCC has focused on TNF gene transfer into TIL (240).

There are other possibilities for the introduction of cytokine genes into TIL.
For example, TIL fransduced with the gene for the IL2 receptor may increase their
sensitivity to [L2. The introduction of IFN-& or IFN-y genes into TIL could cause
direct antiproliferative effects and upregulation of MHC antigens, increasing the
immunogenicity of the fumor. However, it should be remembered that the
existence of true TIL in RCC is still controversial.

Tumor vaccines

Active specific immunotherapy with vaccines constructed of TAA is
conceptually an attractive approach fo treatment and possibly to prevention of
cancer. The rationale is that such vaccines may be able to stimulate the immune
system more vigorously and activate silent precursor lymphocyies with tumor
specificity. However, in most types of human cancer, there is little evidence that
primary or metastatic tumors induce Immunily in patients. Qccasionally, melanoma
patients were found to have demonstrable tumar specific antibodies and cytotoxic
T lymphocytes (241-243). The problem with human tumors appears to be poor
immunogenicity of relevant antigens which permits tumor cells to escape the
immune attack and active inhibition of the host immune response by the tumor
cells (244). Thus far, a number of antigens have been identified as targets for
recognition by cyltotoxic lymphocytes, mostly in melanoma, but also in other
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tumors types (245-251). Vaccination studies with immunogenic peptides in humans
have recently started (252,253).

it can-be concluded that the past 15 years have witnessed revolutionary
developments in tumorimmunology and experimental immunotherapy. Firstly, our
understanding of the communication network between immune cells has
significantly increased. Secondly, the availability of recombinant DNA techniques
has enabled the isofation and production of a whole series of interleukins which
can be studied in preclinical and clinical models. Finally, new and refined methods
of tumor specific targeted immunotherapy are on the brink of clinical application.

REFERENCES

1. Boring CC, Squires T3, Tong T, et al. Cancer Statistics, 1924. CA 1994; 44: 7-26.

2. Stenzl A and de Kernion JB. Pathology, biology, and clinical staging of renal cell
carcinoma. Semin Oncol 1989; 16 (supp! 1): 3-11.

3. de Kernion JB, Rarmmming KP, Smith RB. The natural history of metastafic rena! cell
carcinoma: a computer analysis. J Urol 1978; 120: 148.

4, Yagoda A. New cytotoxic singfe-agent therapy for renal cell carcinoma. In: Johnson
DE, Logothesis C, von Eschenbach AC, eds. Systemic therapy for genitourinary
cancers. Chicago: Year Book Medical Publishers, 1989; 112,

5. Klein EA. The multidrug resistance gene in renal cell carcinoma. Sernin Urol 1989, 7:
207.

6. Montie JE, Stewarl BH, Siraffon RA, et al. The role of adjunctive nephrectomy in
patients with metastatic renal cell carcinoma. J Urol 1977; 117: 272-5.

7. Mastrangelo MJ, Berd D, and Maguire HC Jr. Current condilion and prognosis of
tumor immunotherapy: a second opinion. Cancer Treat Rep 1984; 68: 207-19.

8. Kohler G and Milstein C. Conlinuous cultures of fused cells secreting aniibody of
predefined specificity. Nature (Lond.), 1975; 256; 495-7,

9. Isaacs A and Lindenman J. Virus interference. 1. The interferons. Proc R Soc Lond
B Biol Sci 1957; 147: 258-67.

10, Quesada JR, Swanson DA, Gulterman JW. Phase |l siudy of interferon alpha in
metastatic renal cell carcinoma: a progress repert. J Clin Oncol 1985; 3: 1086-92.

11. De Kernion JB, Sarna G, Figlin R, et al. The treatment of renal cell carcinoma with
human leucocyte alpha-interferon. J Urol 1983; 130: 1063-6.

12. Kirkwood JM, Harris JE, Vera R, et al. A randomized study of low and high doses of
leukocyte-a-interferon in metastatic renal cell carcinoma. The American Cancer
Sociely collaborative trial. Cancer Res 1985; 45; 863-71,

13. Quesada JR, Rios A, Swanson D, et al. Anlitumor activity of recombinant-derived
interferon alpha In metastatic renal cell carcinoma. J Clin Oncol 1985; 3: 1522-8,

14, Krown SE. Therapeutic options in renal cell carcinoma. Semin Oncol 1985; 12: 13-7.

15. Buzaid AC, Robertone A, Kisala C, ef al. Phase Il study of interferon alpha-2a,
recombinant (Roferon-A) in metastatic renal cell carcinoma, J Clin Oncol 1987, 5:
1083-90.

29



Chapter 1

186.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

30

Figlin RA, de Kernion JB, Muhamei E, et al. Recombinant interferon alpha-2a in
metastatic renal cell carcinoma: assessment of antitumor activity and anti-interferon
antibody formation. J Glin Oncol 1988; 8: 1604-10.

Umeada T, Niijima N. Phase Il study of alpha interferon on renal cell carcinoma;
Summary of three collaborative trials. Cancer 1986; 58: 1231-5.

Schnall 8, Davis C, Kirkwood J. Trealment of metastalic renal cell carcinoma (RCC)
with intramuscular {IM) recombinant alpha-2a-IFN (Hoffman-La Roche). Proc Am
Soc Clin Oncol 18886; 5: 227,

Fossa 3D. Is interferon with or without vinblastine the "treatment of choice” in
metaslatic renal cell carcinoma? The Norwegian Radium Hospital's experience 1983-
1986. Germ Surg Oncol 1988; 4. 178-83.

Marshall ME, Simpson W, Butler K, et al. Treatment of renal cell carcinoma with
daily low-dose alpha-interferon. J Biol Response Mod 1989; 8: 453-61.

Minasian LM, Molzer RJ, Gluek L, et al. Interferon alpha-2a in advanced renal cell
carcinoma: freatment results and survival in 159 patients with long-term follow-up. J
Clin Oncol 1993; 11: 1368-75.

Muss HB, Costanzl JJ, Leavilt R, et al. Recombinant alpa interferon in renal cell
carcinoma: a randomized trial of two routes of administration. J Clin Oncol 1987; 5.
286-91.

Foon K, Doroshow J, Bonnem E, et al. A prospective randomized trial of alpha 2B-
interferonfgamma-interferon or the combination in advanced metasiatic renal cell
carcinoma. J Biol Response Mod 1988; 7: 540-5.

Levens W, Rilbben H, Ingenhag W. Long-term interferon treatment in metastatic
renal cell carcinoma. Eur Urol 1989; 16: 378-81.

Bono AV, Reali L, Benvenuti C, et al. Recombinant alpha interferon in metastatic
renal cell carcinoma. A cooperative phase Il sdtudy. Urclogy 1991; 38 {1): 60-3.
Rinehart JJ, Young D, Laforge J, et al. Phase I/l tral of interferon-beta-serine in
patients with renal cell carcinoma: immunological and biological effects. Cancer Res
1987; 47: 2481-5.

Nelson KA, Wallenberg JC, Todd MB. High-dose infravenous therapy with Beta-
intederon in patients with renal cell cancer. Proc Am Assoc Cancer Res 1989; 30:
260,

Machida T, Koiso K, Tahaku F, et al. Phase H study of recombinant human
interferon gamma ($-6810) in renal cell carcinoma. Urological Cooperative Study
Group of Recombinant Human interferon Gamma (S-6810), Gan to Kagaku Rycho
1987; 14: 440-5.

Quesada JR, Kurzrock R, Sherwin SA, et al. Phase |l studies of recombinant human
interferon gamma In metastatic renal cell carcinoma. J Biol Response Mod 1987; 6:
20-7.

Rinehart JJ, Young D, Laforge J, et al. Phase Il tral of recombinant garmma
interferon in patients with renal cell carcinoma: immunologic and biologic effects. J
Biol Response Mod 1987; 6: 302-12.

Garnick MB, Reich SD, Maxwell B, et al. Phase Il study of recombinant interferon
gamma in advanced renal cell carcinoma. J Urot 1988; 139: 251-5.

Kuebler J, Brown T, Goodman P, et al. Continuous infusions recombinant gamma
interferon (CIM-GIFN) for metastatic renal cell carcinoma {RCC). Proc Am Soc Clin
Oncel 1989; 8: 140,



Chapter 1

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43,

44,

45,

46,

47,

48.
49,
50,
51.
52.

53.

Aulitzky W, Gasil G, Aulitzky WE, et al. Successful freatment of metastatic renal cell
carcinoma wilth a biologlcally active dose of recombinant interferon-gamma. J Clin
Oncol 1989; 7: 1877-84.

Grups JW, Frohmiller HG. Cyclic inferfsron gamma {reatment of patients .with
metastatic renal carcinoma. Br J Urol 1989; 64: 218-20.

Bruntsch U, de Mulder PHM, ten Bokkel Huinink WW, et al. Phase Il study of
recombinant human interferon-gamma in melastatic renal cell carcinoma. J Biol
Resp Mod 1990; 9: 335-8.

Marumo K, Murai M, Deguchi N, et al. immunologic effects of recombinant
interferon-gamma in patients with renal cell carcinoma. Keio Journal of Medicine
1990; 39; 97-101.

Trump DL, Elson PJ, Borden EC, et al. High-dose lymphoblastoid interferon in
advanced renal cell carcinoma: an Eastern Cooperative Oncology Group Study.
Cancer Treat Rep 1987, 71: 165-9. '

Savage PD, Muss HB. Renal cell cancer. In: DeVita VT, Hellman S, Rosenberg SA,
eds. Biologic Therapy of Cancer. Philadelphia; JB Lippincolt, 1995: 373-87.

Muss HB. The role of biclogical response modifiers in metastatic renal cell
carcinoma. Semin Oncotl 1988; 156: 30-4.

Quesada JR, Talpaz M, Rios A, et al. Clinical toxicity of interferon in cancer patients:
A review. J Clin Oncol 1986; 4; 234-43.

Adams F, Quesada J, Guiterman J. Neuropsychialric manifestations of human
leukocyte interferon therapy in patienis with cancer. JAMA 1984, 252: 938-41.
Renaull P, Hoofnagle J, Park Y. Psychiatric complications of long-term interferon alfa
therapy. Arch int Med 1987, 147: 1577-80.

ltri LM, Campion M, DEnnin RA, et al. incidence and clinical significance of
neutralizing anfibodies in patients receiving recombinant interferon alpha-2a
inframuscular injection. Cancer 1987; 59: 668-74.

Spiegel RJ. Clinical overview of alpha interferon: Studies and future directions.
Cancer 1987; 59: 626-31.

Figlin RA, ltri LM. Anti-interferon antibodies: a perspective. Semin Hematol 1988; 25:
9-15.

de Kernion JB. Treatment of advanced renal cell carcinoma: Traditional methods
and innovalive approaches. J Urol 1983; 130: 2-7.

Neidhart JA, Anderson SA, Harris JE, et al. Vinblastine fails to improve response of
renal cell cancer to interferon-alfa-n1: High response rate in patients with pulmonary
metastases. J Clin Oncol 1991; 9; 832-7.

Lomedico PT, Gubler U, Hellmann P, et al. Cloning and expression of murine
interleukin-1 c¢DNA in Escherichia coli. Nature 1984; 312: 458-62.

Dinarello CA. Biology of interleukin-1. FASEB J 1988; 2: 108-15.

Dinareilo CA. Interleukin-1 and interleukin-1 antagonism. Blood 1991; 77: 1627-52.
Morgan DA, Rusceili FW, Gallo RC. Selective in vilro growth of T-lymphocytes from
normal bone marrows. Science 1976; 193: 1007-8.

Tanaguchi T, Matsul H, Fujita 7, et al. Structure and expression of a cloned ¢cDNA
for human interieukin-2. Nature 1983; 302: 305-9.

Rosenberg SA, Grimm EA, McGrogan M, et al. Biological aclivity of recombinant
interleukin-2 produced in E. coli. Science 1984; 223; 1412.5.

3



Chapter 1

54.

55.

56.

57,

58.

59.

60,

61.

62,

63.

64.

65.

66.

67.

68.

B9.

70.

71.

72.

32

Lotze MT. Biologic therapy with interleukin-2: Preclinical studies in De Vita VT Jr,
Hellmann S. Rosenberg SA (eds.). Biologic therapy of cancer. Phitadelphia, JB
Lippincott, 1995, pp 207-33.

Ihle JN. Biochemical and biological properties of interleukin-3: A lymphokine media-
ting the differentiation of a lineage of cells that includes prothymocytes and mastlike
cells. Contemp Top Mol immunol 1985; 10: 93-119.

lhte JN, Keller J. Interleukin-3 regulation of hematopoietic stem cell differentiation.
Prog Clin Biol Res 1985; 184: 85-94.

QO'Garra A, Uruland S, De France T, ef al. "B cell factors" are pleiotropic. Immunol
Today 1990; 9; 45-54.

Okuno K, Ohnishi H, Shilayama Y, et al. Augmentation of human lymphokine-
activated killer cell aclivity in splenic lymphocytes by the combination of low dose
interleukin 3 plus interleukin 2. Mol Biother 1992; 4: 83-6.

Saikawa Y, Hasui M, Miura M, et al. Interleukin 3 enhanced interleukin 2-dependent
maturation of NK progenitor cells in bone marrow from mice with severe combined
immunodeficiency. Cell Immunol 1989; 124 38-49,

Paul WE. Interleukin 4/B cell stimulatory factor 1: One lymphokine, many functions.
FASEB J 1987; 1. 456-61.

Yokota T, Arai N, De Vries J, et al, Molecular biology of interleukin 4 and interleukin
5 genes and biclogy of their products that stimulate B cells, T cells and hemopoetic
cells. Immunol Rev 1888; 102: 137-87.

Muté JJ, Smith CA, Rosenberg SA. inteldeukin 4 (B cell stimulatory facior 1) can
mediate the induction of lymphokine-activated killer cell activity directed against fresh
tumor cells. J Exp Med 1987; 166: 792-8,

‘Naume B, Galely MK, Desai BB, et al. Synergistic effects of interleukin 4 and

interleukin 12 on NK cell proliferation. Cytokine 1993; 5: 38-46,

Sanderson CJ. Pharmacological implications of interleukin-5 in control of eosinophili-
a. Advances in Pharm 1992; 23: 163-77.

Kawano M, Matsushima K, Masuda A, et al. A major 50-kDa human B-celi growth
factor-1l induces both Tac aniigen expression and proliferation by several types of
lymphocytes. Cell immunol 1988; 111: 273-86.

Van Snick J. Interleukin-6: An overview. Ann Rev Immunol 1990; 8: 253-80,
Kishimoto T, Akira S, Taga T. Interleukin-6 and its receptor: a paradigm for cytokine.
Science 1992; 268: 593-7.

Chiu C-P, Moulds C, Coffman RL, et al. Muiliple biclogical activities are expressed
by a mouse interleukin-6 cDNA clone isolated from bone marrow stromal cells. Proc
Natl Acad Sci USA 1988; 85; 7099-103.

Wong GG, Clark S.c.. Multiple actions of interleukin-6 wilhin a cylokine network.
Immunol Today 1988; 9: 137-41,

Gallagher G, Stimson WH, Findiay J, et al. interleukin-6 enhances the induction of
human lymphokine-activated killer cells, Cancer Immuno! Immunother 1990; 31:
48-2.

Appasamy PM. Interleukin-7: biology and potential clinical applications. Cancer
Invest 1993; 11: 487-99,

Alderson MR, Tough TW, Ziegler SF, et al. Interleukin-7 induces cytokine secretion
and tumoricidal activity by human peripheral blood monocytes. J Exp Med 1991,
173: 923-30.



Chapter 1

73.

74,

75,

76.

77

78,

79,

80.

81.

82.

83.

84,

85.

86,

87.

88.

89.

90.

Naume B, Espevik T. Effects of li.-7 and IL-2 on highly enriched CD56+ natural killer
cells. A comparalive study. J Immunol 1991; 147: 2208-14,

Mukaida N, Harada A, Yasumoto K, et al. Properties of pro-inflammatory cell type-
specific leukocyte chemotactic cytokines, interfeukin-8 (IL-8) and monocyte chemo-
tactic and activating factor (MCAF). Microbiol Immunol 1992; 36: 773-89.

Houssiau FA, Renauld JC, Stevens M, et al. Human T cell lines and clones respond
to 1L-9. J Immunol 1993; 150(7): 2634-40.

Yang YC. Human interleukin-9: a new cytokine in hematopoiesis. Leukemia and
lymphoma 1992; 8: 441-7,

Birner A, Hultner £, Mergenthaler HG, et al. Recombinant interleukin 9 enhances the
erythroprotein-dependent colony formation of human BFU-E. Exp Hematol 1992;
20(5): 541-45. .

Mosmann TR, Moore KW. The role of IL-10 in cross-regulation of TH1 and TH2
responses. Immunol Today 1991; 12: A49-59.

Chen WF, Zlotnik A. IL.-10: A novel cytotoxic T cell differentiation factor. J Immunol
1991; 147 528-34.

Tripp C3, Wolf SF, Unanue ER. Interleukin 12 and tumor necrosis factor alpha are
costimulators of interferon gamma produclion by natural killer cells in severe combi-
ned immunodeficiency mice with listeriosts and interleukin 10 is a physiclogic
antagonist. Proc Natl Acad Sci USA 1993; 90: 3725-9.

Paul SR, Bennett F, Calvetti JA, et al. Molecular cloning of a cDNA encoding

" interleukin-11, a stromal cell-derived lymphopolelic and hematopoietic cytokine. Proc

Natl Acad Sci USA 1990; 87: 7512-6.

Lemoli RM, Fogli M, Fortuna A, et al. Interleukin-11 stimulates the proliferation of
human hematopoietic CD34+ and CD34+ CD33-DR-cells and synergizes with stem
cell factor, interleukin 3, and granulocyte-macrophage colony stimulating faclar. Exp
Hematol 1993; 21(13). 1668-72.

Teramura M, Kobayashi 8, Hoshino S, et al. Intereukin-11 enhances human
megakaryocytopoiesis in vitro. Blood 1992; 79(2): 327-31.

Wolf SF, Temple PA, Kohayashi M, et al. Cloning of cDNA for natural killer cell
stimulatory factor, a heterodimeric cylfokine with multiple brologtc effects on T and
natural Killer cells. J Immunol 1991; 146; 3074-81.

Mehrota PT, Wu D, Crim JA, et al. Effects of IL-12 on the generation of cytotoxic
activity in human CD8+ T lymphocytes. J. Immunol 1993; 151: 2444-52.

Perussia B, Chan SH, D'Andrea. Natural killer (NK} cell stimulatory factor or 1L-12
has differential effects on the proliferation of TCR-alpha beta”, TCR-gamma delta’ T
lymphocytes, and NK cells. J Immunol 1992; 149: 3495-502,

Ploemaker RE, van Scest PL, Boudewijn A, et al. Interleukin-12 enhances interleu-
kin-3 dependent multilineage hematopoietic colony formation stimulated by interfeu-
kin-11 or Steel factor. Leukemia 1993; 7(9); 1381-8.

McKenze ANJ, Culpepper JA, de Waal-Malefeyt R, et al. Interleukin-13, a T-cell-
derived cytokine thal regulates human monocyte and B cell funclion. Proc Nat! Acad
Sci USA 1993; 90: 3735-9,

Defrance T, Carayon P, Billian G, et al. Interleukin-13 is a B cell stlmulatmg factor. J
Exp Med 1994; 179(1). 135-43.

Doherty TM, Kastelein R, Menon S, et al. Modulation of murine macrophage function
by IL-13. J Immunol 1993; 151(12): 7151-60.

33



Chapfer 1

91.

92,

93.

94,

95.

96.

97.

98.

99,

100.

101,

102,

103,

104.

105.

106.

107,

34

Ambrus JL Jr, Pippin J, Joseph A et al. Identification of a cDNA for a human high-
molecular-weight B-cell growth factor. Proc Natl Acad Sci USA 1993; 90(13). 6330-4.
Burton JD, Barnford RN, Peters C, et al. A lymphokine, provisionally designated
interleukin T and produced by a human adult T-cell leukemia line, stimulates T-cell
proliferation and the induction of lymphokine-activated killer cefls. Proc Natl Acad Sci
USA 1994; 91: 4935-9,

Grabstein KH, Eisenman J, Shanebeck K, et al. Cloning of a T cell growth factor that
interacts with the beta chain of the interleukin-2 receptor. Science 1994; 264: 965-8.
Lotze MT, Grimm EA, Mazumder A, et al. Lysls of fresh and cultured autologous
tumor by human lymphocytes cultured in T-cell growth factor. Cancer Res 1981, 41:
4420-5.

Rosenstein M, Yron, Kaufmann Y, Rosenberg SA, et al. Lymphokine activated killer
cells: lysis of fresh syngeneic NK-resistani murine tumor cells by lymphocytes
cultured in interleukin-2. Cancer Res 1984, 44; 1946-53.

Grimm EA, Mazumder A, Zhang HZ, et al. Lymphokine-activated killer cell phenome-
non. Lysis of natural killer-resistant fresh solid tumor cells by interleukin-2-activated
aufologous human peripherat blood lymphocytes. J Exp Med 1982, 155: 1823-41.
Grimm EA, Ramsey KM, Mazumder A, et al. Lymphokine activated killer cell pheno-
menon: Hl. Precursor phenolype is serologically distinct from peripheral T lymphocy-
tes memory cytotoxic thymus-derived lymphocytes, and natural killer cells. J Exp
Med 1983; 157: 884-7.

Grimm EA, Roth JA, Robb RJ, et al. Lymphokine activated killer cell phenomenon:
lll. Evidence that 1L.-2 is sufficlent for direct activation of peripheral blood lymphocy-
tes into lymphokine-activated killer cells. J Exp Med 1983; 158: 1356-61.

Lanier LL, Philips JH, Hackett J, et al. Naiural killer cells; definition of a cell type
rather than a function. J Immunol 1986; 137: 2735-9.

Reynolds CW, Ortaldo JR. Natural killer activity: the definition of a function rather
than a cell type. Immunol Today 1987; 8: 172-4.

Yang JC, Mulé JJ, Rosenberg SA. Murine lymphokine-activated killer (LAK) cells:
Phenolypic characterization of the percursor and effector cells. J Immuno! 1986;
137: 715-22,

Espinoza-Delgado , Ortaldo JR, Winkler-Pickelt R, et al. Expression and role of p75
Interteukin 2 receptor on human monocytes. J Exp Med 1990; 171: 1821-6.
Mailkovsky M, Loveland B, North M, et al. Recombinant interleukin-2 directly aug-
ments the cytotoxicity of human monocyles. Nature 1987, 325; 262-5.

Klempner MS, Noring R, Mier JW, et al. An acquired chemotactic defect in neutrop-
hils from patients receiving interleukin-2 immunotherapy. N Engt J Med 1990; 322:
959-65.

Jablons D, Bolton €, Meitins S, et al. IL-2 based immunotherapy alters circulating
neutrophil Fc receptor expression and chemotaxis. J immunol 1990; 144: 3630-6.
Bock SN, Lee RE, Fisher B, et al. A prospective randomized trial evaluating prophy-
lactic antibiotics to prevent catheter-related sepsis in patients freated with immuno-
therapy. J Clin Oncol 1990; 8: 161-9.

Goey SH, Verweij J, Eggermont AMM, et al. Tunneled central venous catheters yield
a low incidence of cathefer related septicaemia in Inferleukin-2 treated patients.
Submitted.



Chapter 1

108,

109

110.

111.

112,

113

114.

115.

1186.

117.

118.

119.

120.

121.

122.

123.

Rivoltini L, Viggiano V, Spinazze S, et al. In vitro anti-dumor activity of eosinophils
from cancer patients frealed with subcutaneous administration of inlerleukin-2. Role
of interleukin 5. Int J Cancer 1993; 54: 8-15.

Rosenberg SA, Lotze MT, Yang JC, et al. Experience with the use of hlgh -dose
interleukin-2 in the trealment of 652 cancer patients. Ann Surg 1989; 210: 474-485.
Abrams JS, Rayner AA, Wiernik PH, et al. High dose recombinant interleukin-2
alone; a regimen with limited activily in the treatment of advanced renal cell carcino-
ma. J Natl Cancer Inst 1980; 82: 1202-6.

McCabe M3, Stablein D, Hawkins MJ. The modified Group C experience-phase |l
randomized lrials of IL-2 vs {L-2/LAK in advanced renal cell carcinoma and advan-
cad melanoma. Proc Am Soc Clin Oncol 1981; 10: 213.

Atkins M, Sparano J, Fisher R, et al. Randomized phase [l trial of high dose interleu-
kin-2 either alone or in combination with interferon alpha-2b in advanced renal cell
carcinoma. J Clin Oncol 1983; 11: 661-70.

Rosenberg SA, Yang JC, Topalian SL, et al. The treatment of 283 consecutive
patients with metastatic melanoma or renal celi cancer using high-dose bolus
interleukin-2, JAMA 1994, 2H: 907-13.

Fyfe G, Fisher Rl, Rosenberg SA, et al. Results of treatment of 255 patients with
metastatic renal cell carcinoma who received high dose Proleukin recombinant
interleukin-2 therapy. J Clin Oncol 1995; 13: 688-96.

Yang JC, Topalian SL, Parkinson DR, et al. Randomized comparison of high-dose
and low-dose inftravenous interleukin-2 for the therapy of metastatic renal cell
carcinoma - An inferim report. J Clin Oncol 1994; 12: 1572-6.

Thompson JA, Lee DJ, Lindgren CG, et al. Influence of schedule of interleukin 2
administration on therapy with interfleukin 2 and lymphokine activated killer cells.
Cancer Res 19889; 49: 235-40.

Clark JW, Smith H JW, Steis RG, et al. Interleukin 2 and lymphokine activated killer
cell therapy: Analysis of a bolus interleukin 2 and a continuous infusion interleukin 2
regimen. Cancer Res 1990; 50: 7343-50.

West WH, Tauer KW, Yannelli JR, et al. Constant infusion recombinant interfeukin-2
in adoptive immunotherapy of advanced cancer. N Engl J Med 1987; 316: 898-905.
MNegrier S, Philip T, Stoter G, et al. Interleukin-2 with or without lymphokine activated
killer cells in metastatic renal cell cancer; a report of the European muiticentre study.
J Clin Oncol 1989; 25: 21-8.

Parkinson DR, Fisher RI, Rayner AA, et al. Therapy of renal cell carcinoma with
interleukin-2 and lymphokine-activated killer cells. Phase Il experience with a hybrid
bolus and continuous infusion interleukin-2 regimen. J Clin Oncol 1990; 8: 1630-6.
Gaynor ER, Weiss GR, Margolin KA, et al. Phase | study of high-dose continuous-
infusion recombinant interleukin-2 and autologous lymphokine-activated killer cells in
patients with metastatic or unresectable malignant melancma and renal cell carcino-
ma. J Nafl Cancer Inst 1990; 82: 1397-402.

Bajorin DF, Sell KW, Richards JM, et al. A randomized frial of interlsukin-2 plus
flymphokine activated killer cells versus interleukin-2 alone in renal cell carcinoma.
Proc Am Assoc Cancer Res 1990; 81: 1106 {Abstract).

Thompson JA, Shulman KL, Benyunes C, et al. Prolonged continuous intravenous
infusion interleukin-2 and lymphokine-activated killer-cell therapy for metastatic renal
cell carcinoma, J Clin Oncol 1992; 10: 960-8.

35



Chapter 1

124.

125.

1286.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

36

Weiss GR, Margolin KA, Aronson FR, et al. A randomized phase |l triaf of continu-
ous infusion interleukin-2 or bolus infection interleukin-2 plus lymphokine-activated
kilter cells for advanced renal cell carcinoma. J Clin Oncol 1992; 10: 275-81.

Diflman RO, Church C, Oldham RK, et al. Inpatient continuous-infusion interleukin-2
in 788 patients with cancer. Cancer 1993; 71: 2358-70.

Buter J, Sleiffer DT, van der Graaf WTA, et al. A progress report on the outpatient
freatment of patients with advanced renal cell carcinoma using subcutaneous
recombinant interleukin-2, Semin Oncol 1993; 20: 16-21 (suppl).

Alzpodien J, Kirchner H, Hanninen EL, et al. European studies of interleukin-2 in
metastatic renal cell carcinoma. Semin Oncol 1993; 20: 22-6 {suppl).

Whitehead RP, Ward D, Hemingway L, et al. Subcutaneous recombinant interteukin-
2 in a dose escalating regimen in patients with metastatic renal cell adenocarcinoma.
Cancer Res 1990; 50: 6708-15.

Vogelzang NJ, Liplon A, Figlin RA, Subcutaneous interleukin-2 plus interferon alfa-
2a in metastatic renal cancer: an outpatient multicenter trial. J Clin Oncol 1983; 11:
1809-16.

Ratain MJ, Priest ER, Janisch L, et al. A phase | study of subcutaneous recombinant
interleukin-2 and interferon affa-2a. Cancer 1993; 71: 2371-6.

Camercn RB, Mcintosh JK, Rosenberg SA. Synergistic antitumor effects of combina-
tion immunctherapy with recombinant interleukin-2 and a recombinant hybrid aipha-
interferan in the treatment of established murine hepatic metastases. Cancer Res
1988; 48: 5810-7.

ligo M, Sakurai M, Tamura T, et al. In vivo antitumor activity of multiple injections of
recombinant interteukin 2, alone and in combination with three different types of
recombinant interferon, on various syngeneic murine tumors. Cancer Res 1988; 48:
260-4,

Mcintosh JK, Mule JJ, Krosnick JA, et ai. Combination cytokine immunotherapy with
tumor necrosis factor a, interleukin 2, and g-interferon and its synergistic antitumor
effects in mice. Cancer Res 1989; 49: 1408-14.

Brunda MJ, Bellantoni D, Sulich V. In vivo anti-tumor aclivity of combinations of
interferon alpha and interleukin-2 in a murine model. Correlation of efficacy with the
Inductions of cylotoxic cells resembling natural killer cells. int J Cancer 1987; 40:
365-71.

Puri RK, Rosenberg SA. Combined effects of interferon-e and interleukin 2 on the
induction of a vascular leak syndrome in mice. Cancer Immunol Immunother 1989,
28: 267-74.

Kim B, Warnaka P. Enhanced survival of IFN-a augmented IL-2 therapy of pulmona-
ry metfastases: efficacy comparable to interleukin-2 and lymphokine activated Kkiller
cells. J Surg Res 1991; 50: 40-6.

Rosenberg SA, Lotze MT, Yang JC, et al. Combination therapy with interleukin-2
and alpha interferon for the treatment of patients with advanced cancer. J Clin Oncol
1989; 7: 1863-74.

Sznol M, Mier JW, Sparano J, et al. A phase | study of high-dose interleukin-2 in
combination with interferon-alpha-2b. J Blol Resp Mod 1990; 9: 529-37.

Budd GT, Murthy S, Finke J, et al. Phase 1 trial of high-dose bolus interleukin-2 and
interferon alfa-2a in patient with metastatic malignancy. J Clin Oncol 1992; 10:
804-9.



Chapter 1

140.

1441.

142,

143,

144,

145.

146.

147,

148.

149,

150.

151.

152.

153.

154,

155.

Oldham RK, Blumenschein G, Schwartzbert L, et al. Combination biotherapy ufilizing
interleukin-2 and alpha interferon in patients with advanced cancer. a National
Biotherapy Study Group frial. Mol Biother 1992; 4. 4-9.

lison DH, Motzer RJ, Kradin RL, et al. A phase H irial of interleukin-2 and interferon
alfa-2a in patients with advanced renal cell carcinoma. J Clin Oncol 1992; 10:
1124-30.

Fossa 8D, Aune H, Baggerud E, et al. Continuous infravenous interleukin-2 infusion
and subcutaneous interferon-¢ in metastatic renal cell carcinoma. Eur J Cancer
1993; 20A: 1313-5.

Kruit WJH, Punt CJA, Goey SH, et al. Cardiotoxicity as a dose-limiting factor in a
schedule of high dose bolus therapy with interleukin-2 and alpha-interferon. Cancer
1994; 74: 1850-6.

Lindemann A, Monson JRT, Stahel RA, et al. Low intensily combination treatment
with r-interleukin-2 (th-iL-2) and rinterferon alfa-2a (rh-IFN-g-2a) in renal cell
carcinoma. A multicenter phase 1l {rial. Proc Am Soc Clin Oncol 1990; 9: 150,
Bartsch. HH, Adler M, Ringert RH, et al. Sequential therapy of recombinant interfe-
ron-alpha (IFN-A) and recombinant interleukin 2 (IL-2} in patients with advanced
renai cell cancer (RCC}. Proc Am Soc Clin Oncol 1990; 8: 143.

Mittelman A, Puccio C, Ahmed T, st al. A phase |l trial of interleukin-2 by continuous
infusion and interferon by intra-muscular injection in paiients with renal cell carcino-
ma. Cancer 1991; 68: 1699-702.

Sznol M, Clark JW, Smith JW, st al. Pilot study of interleukin-2 and lymphokine
activated killer cells combined with immunomodulatory doses of chemotherapy and
sequenced with interferon alfa-2a in patients with metastatic melanoma and renal
cell carcinoma. J Natl Cancer inst 1992; 84: 829-37.

Bergmann L, Fenckel K, Weidmann, et al, Dajly alternating administration of high
dose afpha-2b-interferon and Interteukin-2 bolus infusion in metastatic renal cell
cancer; a phase |l study. Cancer 1993; 72: 1733-42,

Figlin RA, Belldegrun A, Moldawer N, et al. Concomitant administration of recombi-
nant human interleukin-2 and recombinant interferon alfa-2a; an active outpatient
regimen in metastatic renal cell carcinoma. J Clin Oncol 1992; 10: 414-21.

Lipton A, Harvey H, Givant E, et al. Interleukin-2 and interferon o-2a outpatient
therapy for metastatic renal cell carcinoma. J Immunother 1993; 13: 122-6.
Atzpodien J, Poliwoda H, and Kirchner H. Alpha-interferon and interleukin-2 in renal
cell carcinoma: studies in nonhospitalized patients. Semin Oncol 1991; 18: 108-12,
Atzpodien J, Hanninen EL, Kirchner H, st al. Multi-institutional home-therapy trial of
recombinant human interleukin-2 and interferon alfa-2 in progressive metastatic
renal cell carcinoma. J Clin Oncol 1995; 13; 497-501.

Butcher JP, Fisher RI, Weiss G, et al. An outpatient (OPT) regimen of subcutaneous
(s.c.) interleukin-2 (IL2) plus alpha-interferon (IFN) in metastatic renal cell cancer
(RCC). Proc Am Soc Clin Oncal 1993; 12: 248,

Facendola G, Labianca R, Pizzocaro G, et al. Recombinant subcutaneous human
interieukin-2 {riL2) and «&2b interferon (IFN) in the trealment of advanced renal cell
cancer (ARCC): a phase Il study. Proc Am Soc Clin Oncol 1993; 12: 244,

Marincola FM, White DE, Wise AP and Rosenberg SA. Combination therapy with
interferon alfa-2a and interleukin-2 for the ireatment of metastatic cancer. J Clin
Cncol 1895; 13: 1110-22,

37



Chapter 1

156.

157.

168.

159,

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

38

Hanninen EL, Kirchner H and Atzpodien J. Interleukin-2 based home therapy of
metastatic renal cell carcinoma: Risks and benefits in 215 consecutive single
institution patients. J Urol 19986; 155: 19-25.

Joffe JK, Banks RE, Forbes MA, et al. A phase H study of interferon-a, interleukin-2
and 5-fluorouracil in advanced renal carcinoma: clinical data and laboratory evidence
of protease activation. Br J Urol 1996; 77: 638-49,

Schiller JH, Hank J, Storer B, et al. A direct comparison of immunological and
clinical effects of interleukin 2 with and without interferon-¢ in humans. Cancer Res
1993; 53; 1286-92,

Baars JW, Wagstaff J, Boven E, et al. Phase | study on the sequential adminisfration
of recombinant human interferon-y and recombinant human inferleukin-2 in patients
with metastatic solid tumors. J Nail Cancer Inst 1991; 19: 1408-10.

Hu E, Watkins K, Groshen 8, et al. Phase | study of combination recombinant
interleukin-2 and interferon gamma in patients with advanced malignancies. Mol
biother 1990; 2: 96.

Farace F, Mathiot C, Brandley, et al. Phase I trial with recombinant interleukin-2:
Immune activation by rIL-2 alone or following pretreatment with recombinant gamma
interferon. Clin Exp Immunol 1990; 82: 194-9,

Redman BG, Flaherty L, Chou TH, et al. A phase | trial of recombinant interleukin-2
combined with recombinant interferon-gamma in patients with cancer. J Clin Oncol
1990; 8: 1269-72.

Weiner LM, Padavic-Shaller K, Kitson J, et al. Phase | evaiuation of combinant
therapy with inferfeukin-2 and gamma-interferon. Cancer Res 1991; 51: 3910-8.
Lotze M. The freatment of patients with melanoma using interleukin-2, interleukin-4
and tumor infilirating lymphocytes. Human Gene Therapy 1992; 3: 167,

Olencki T, Finke J, Tubbs R, et al. Immunomodulatory effects of inferfeukin-2 and
interfeukin-4 in patients with malignancy. J Immunother 1996; 19: 69-80.

Sosman JA, Fisher 3G, Kefer C, et al. A phase | frial of continuous infusion interleu-
kin-4 (IL-4) alone and following Interleukin-2 (IL-2) in cancer patients. Ann Oncol
1984, 5. 447-52.

Whitehead R, Friedman K, Clark D. A phase | trial of subcutaneous interleukin-2 and
interleukin-4. Proc Am Assoc Cancer Res 1992; 33; 1381.

Mclntosh JK, Mule JJ, Krosnick JA, et al. Combination cytokine immunotherapy with
tumor necrosis factor a, interleukin 2, and a-interferon and its synergistic antitumor
effects in mice. Cancer Res 1989; 49: 1408-14.

Zimmerman RJ, Ganny S, Chan A, et al. Sequence dependence of adminstralion of
human recombinant tumor necrosis factor and interleukin-2 in murine tumor therapy.
J Natl Cancer Inst 1989; 81: 277-81.

Yang SC, Fry EA, Grimm EA, et al. Successful combination aclivity with anti-CD3,
interleukin 2, and tumor necrosis factor a. Arch Surg 1990; 125: 220.

Rosenberg SA, Lotze MT, Yang JC, et al. Experience with the use of high dose
interleukin-2 in the treatment of 652 cancer patients. Ann Surg 1989; 210: 474-484.
Schwartzberg L, West W, Birch R, et al. A phase Il study of recombinant tumor
necrosis factor (fTNF) and recombinant interleukin-2 {rliL.-2) in advanced malignancy.
Proc Am Soc Clin Oncol 1990; 9: 198.



Chapter 1

173.

174.

175.

178.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

Woodson ME, Taylor CW, King DK, ef al. A phase | study of the sequential administ-
ration of recombinant tumor nerosis factor (fTNF} and recombinant interleukin-2 (riL-
2) in patienis with advanced malignancy. Proc Am Soc Clin Oncol 1990; 9: 192,
Negrier MS, Pourreau CN, Palmer PA, et al. Phase | trial of recombinant interteukin-
2 followed by recombinant tumor nerosis factor in patients with metastatic cancer. J
immunother 1992; 11: 93-102.

Phillips JH, Lanier LL. Dissection of the lymphokine-aciivated killer phenomenon. J
Exp Med 1986, 164: 814-25.

Rosenberg SA, Lotze MT, Muul LM, et al. Observations on the systemic administrati-
on of autologous lymphokine-activated killer cells and recombinant interleukin-2 fo
patients with metastatic cancer. N Engl J Med 1985; 313: 1485-92.

Rosenberg SA, Lotze MT, Yang YC, et al. Prospective randomized trial of high-dose
interleukin-2 alone or in conjunction with lymphokine-activated killer cells for the
treatment of patients with advanced cancer. J Natt Cancer Inst 1993; 85; 622-32.
Paimer PA, Vinke J, Evers P, et al. Continuous infusion of recombinant interleukin-2
with or without autologous lymphokine activated killer cells for the treatment of
advanced renal cell carcinoma. Eur J Cancer 1992; 28: 1038-44,

Foon KA, Walther PJ, Bemnstein ZP, et al. Renal cell carcinoma treated with continu-
ous infusion interleukin-2 with ex vivo-activated killer cells. J Immunother 1992; 11:
184-90,

Sznel M, Clark JW, Smith JW, et al. Pilot study of interleukin-2 and lymphokine-
activated Killer cells combined with immunomodulatory doses of chemotherapy and
sequenced with interferon alfa-2a in patfents with metastatic melanoma and renal

‘cell carcinoma. J Natl Cancer Inst 1992; 84: 929-37.

Kruit WHJ, Goey SH, Lamers CHJ, et al. High-dose regimen of interleukin-2 (IL-2)
and alpha-interferon (elFN) in combination with lymphokine-activated killer cells
(LAK} in patients with metastatic renal cell cancer. Submitted.

Murray Law T, Motzer RJ, Mazumdar M, et al. Phase NI randomized trial of
interleukin-2 with or without lymphokine-activated killer cells in the treatment of
patients with advanced renal cell carcinoma. Cancer 1995; 76; 824-832.

Lotze MT, Line BR, Mathisen DJ, and Rosenberg SA. The in vivo distribution of
autologous human and murine lymphoid cells grown in T cell growth factor (TCGF):
implications for the adoplive immunotherapy of tumors, J Immunol 1980; 125:
1487-93.

Eberlein TJ, Rosenstein M, Rosenberg SA. Regression of a disseminated syngeneic
solid tumor by systemic transfer of lymphoid cells expanded in interleukin 2, J Exp
Med 1982; 156: 385-97,

Cohen PJ, Lotze MT, Roberts JR, et al. The immunopathology of sequential tumoar
biopsies in patients treated with interleukin-2. Correlation of response with T-cell
infiliration and HLA-DR expression, Am J Pathol 1987; 129: 208-16.

Rubin JT, Elwood L, Rosenberg SA, et al. Immunohistochemical correlates of
response to recombinant interleukin-2 based immunotherapy. Cancer Res 1989; 49:
7086-92.

Mukherji B, Arnbjarnarson O, Spitznagle LA, et al. Biodistribution of In-111 labeled
tumor sensitized autologous lymphocytes in cancer patients. In: Truitt RL, Gale RP,
Bortin MM (eds). Cellular immunotherapy of cancer. Alan R. Liss, New York, 1987; p
3285.

39



Chapter 1

188,

189.

190.

191,

192,

193.

194,

195.

196.

197.

198.

199.

200.

201.

202.

203.

204,

40

Hornung RL, Back TC, Zaharko DS, et al. Augmentalion of natural killer activity,
induction of [FN and development of tumor immunity during the successful ireatment
of established murine renal cell cancer using flavone acelic acid and IL-2, J Immunol
1988, 141: 3671-9.

Spiess PJ, Yang JC, and Rosenberg SA. In vivo antitumor activity of tumor infiltra-
ting lymphocytes expanded in recombinant interleukin-2, J Natl Cancer Inst 1987;
79: 1067-75.

Barth RJ, Bock SN, Mulé JJ, et al. Unigue murne tumor associated anligens
identified by turnor infiltrating lymphocytes. J Immunof 1990; 144: 1531-7,

Topalian SL, Solomon D, and Rosenberg SA. Tumor-specific cylolysts by lymphocy-
tes infiltrating human melanomas. J Immunol 1989; 142: 3714-25.

Topalian SL, Rosenberg SA. Tumor infiltraling lymphocyles (TIL): evidence for
specific immune reactions against growing cancers in mouse and man, in De Vita V,
Hellman 8, Rosenberg SA (eds): Important advances in oncology. 1990. Philadelphi-
a, JB Lipincoit, 1990, pp. 19-41.

Kradin RL, Kurnick JT, Lazarus DS, et al. Tumor-infiltrating lymphocyles and
interteukin-2 in treatment of advanced cancer. Lancet 1989; 1: 577-580.

Rosenberg SA, Yannelli JR, Yang JC, et al. Treatment of patients with metastatic
melanoma with autologous tumor-infiltrating lymphocytes and interieukin-2. J Natl
Cancer Inst 1994; 86: 1159-1166.

Goedegebuure PS, Douville LM, Li H, et al. Adoptive immunotherapy with fumor-
infiltrating lymphocytes and interleukin-2 in patients with metastatic malignant
melanoma and renal cell carcinoma: a pilot study. J Clin Oncol 1995; 13: 1938-1949,
Fighin RA, Tso C, Pierce W, et al. The immunologic basis of adoptive cellular
immunotherapy with tumor infiltrating fymphocytes (TIL) in the treatment of metasta-
fic renal cell carcinoma. Proc Am Soc Clin Oncol 1994; 13: 299 (abstr 975).
Bukowski RM, Sharfman W, Murthy S, et al, Clinical results and characterization of
tumor-inflitrating  lymphocytes with or without recombinant interleukin-2 in human
metastatic renal cell carcinoma. Cancer Res 1991; 51: 4199-205,

Olencki T, Finke J, Lorenzi V, et al. Adoptive immunotherapy for renal cell cancer
tumor infiltrating lymphocytes cultured in vitro with rlL-2, rlL-4, and autologous
tumor: a phase |l trial. Proc Am Soc Clin Oncol 1984; 13: 244, (abstr 726).
Belldegrun A, Plerce W, Kaboo R, et al. Interferon-alpha primed tumor-infiltrating
lymphocytes combined with interleukin-2 and interfercn-alpha as a therapy for

‘meiastatic renal cell carcinoma. J Urol 1993; 150: 1384-1390.

Hanson JP, Treisman J, LeFever A, et al. Trealment of metastatic renal cell
carcinoma with combination immunotherapy. Proc Am Soc Clin Oncol 1996; 15: 264
(abstr 695).

Staertz UD, Kanagawa O, Bevan MJ. Hybrid antibodies can target sites for attack by

‘T cells. Nature 1985; 314: 628-631.

Perez P, Hofmann RW, Shaw S, Bluestone JA, Segal DM. Specific targeting of
cytotoxicity T-cells by anti-T3 linked fo anti-target cell antibody. Nature 1986; 316:
354-356.

Lanzavecchia A, Scheidegger D. The use of hybrid hybridomas to target human
cytotoxic T lymphocytes. Eur J immunol 1987; 17: 105-111.

Fanger MW, Marganelli PM, Guyre PM. Use of bispecific antibodies in the therapy of
tumors. Cancer Treat Res 1993; 68: 181-194,



Chapter 1

205.

206.

207.

208.

2009.

210.

211,

213,

214,

215,

216.

217,

218.

219,

Titus JA, Garrido MA, Hecht TT, Winkler DF, Wunderlich JR, Segal DM. Human T-
cells targeted with anti-T3 croos-linked to antitumor antibody prevent tumor growth in
nude mice. immunol 1987; 138; 4018-4022,

Mezzanzanica G, Canevari 8, Ménard S, et al. Human ovarian carcinoma lysis by
cytotoxic T cells targeted by bispecific monoclonal antibodies: Analysis of the
antibody components. Int J Cancer 1988; 441 609-15.

Miotti S, Canevari S, Ménard S, et al. Characterization of human ovarian carcinoma-
associated antigens defined by novel monoclonal antibodies with tumor-restricted
specificity. Int J Cancer 1867; 39: 297-303.

Coney LR, Tomasetti A, Carayannopoulos L, et al. Cloning of a tumor-associated
antigen: MOV18 and MOV19 antibodies recognize a folate-binding protein. Cancer
Res 1981; 51: 6125-32.

Canevari S, Stoter G, Arienti F, et al. Regression of advanced ovarian carcinoma by
intraperitoneal treatment with autologous T lymphocytes retargeted by a bispecific
monoclonal antibedy. J Natl Cancer Inst 1995; 87: 1463-8.

Lamers CHJ, Gratama JW, Warnaar SO, ef al. Inhibition of bispecific monoclonal
antibody targeted cyiolysis by human anti-mouse antibodies in ovarian cancer
patients treated with bsAb-targeted activated T-lymphocytes. Int J Cancer 1895, 60:
450-7.

Van Dijk J, Warnaar SO, Van Eendenburg JDN, et al. Induction of tumor-cel! lysis by
bi-specific monoclonat antibodies recognizing renal-cell carcinoma and CD3 antigen.

_int J Cancer 1989; 43: 344-9.
212..
.FHM. Pharmacokinetics, biodistribution and biological effects of intravenously

Tibben JG, Boerman QOC, Massuger LFAG, Schijff CPT, Claessens RAMJ, Corstens

administered bispecific monoclonal antibody OC/TR F{ab’), in ovarian carcinoma
patients. Int J Cancer 1996; 66: 477-483.

Kroesen BJ, Buter J, Skeijffer DTh, et al. Phase | study of intravenously applied
bispecific antibody in renal cell cancer patienis receiving subcutaneous interfeukin-2.
Br J Cancer 1994; 70: 652-661.

Valone FH, Kaufman PA, Guyre PM, et al. Phase la/lb trial of bispecific anfibody
MDX-210 in patients with advanced breast or ovarian cancer that overexpresses the
proto-oncogene HER-2/neu. J Clin Oncol 1995; 13: 2281-2292.

Valerius Th, Repp R, Wieland G, et al. Bispecific antibody MDX210 (FcyRI x HER-
2/NEU) in combination with G-CSF: results of a phase | tral in patients with
metastatic breast cancer. Proc Am Soc Clin Oncol 1996; 15: 108,

Weber JS, Spears L, Deo Y, Link JL. Phase | study of a HER2/NEU bispecilic
antibody with G-CSF in patients with metatstatic breast cancer. Proc Am Soc Clin
Oncol 1996; 15: 354.

Schroff RW, Foo KH, Beatty SM, et al. Human anti-murine immunoglobulin respon-
ses in patients receiving monoclonal antibody therapy. Cancer Res 1985; 45; 879.
Shawler DL, Bartholomew RM, Smith LM, et al. Human immune response fo multiple
injections of murine monoclonal IgG. J Immunol 1985; 135: 1530.

Courtenay-Luck NS, Epenetos AA, Moore R, et al. Development of primary and
secondary immune responses to mouse monoclonal antibodies use in the diagnosis
and therapy of malignant neoplasma. Cancer Res 1986; 46: 6489,

41



Chapter 1

220.

221.

222,

223.

224

225.

228.

227.

228.

229,

230.

231.

232.

233.

234,

235.

236,

42

Morrison S, Johnson MJ, Herzenberg LA, et al. Chimeric human antibody molecu-
les: mouse antigen-binding domains with human constant region domains. Proc Natl
Adad Sci USA 1984; 81: 6851,

Boulianne Gl, Hozumi N, and Shulman M. Production of functional chimeric mou-
se/human antibody. Nature 1984; 312: 643.

Liu AY, Robinson RR, Hellstrom KE, et al. Chimeric mouse-human gG1 anfibody
that can mediate lysis of cancer cells. Proc Natl Acad Sci USA 1987, 84: 3439,
Lobuglic AF, Wheeler RH, Tracy J, et al. Mousefhuman chimeric monoclonal
anttbody in man; kinetics and immune response. Proc Nall Acad Sci USA 1989; 86:
4220.

Blank-Voorthuis CJAC, Braakman E, Ronteltap CPM, et al. Clustered CD3/TCR
complexes do not transduce aclivation signals after bispecific monoclonal antibody-
friggered lysis by cytotoxic T iymphocytes via CD3. J Immunol 1993; 151; 2804,
Gross G, Waks T, Eshhar Z, Expression of immunoglobulin-T-cell receptor chimeric
molecules as functional receptors with antibody-type specificity. Proc Natl Acad Sci
1989; 86: 10024-10028.

Becker MLB, Near R, Mudgett-Hunter M, et al. Expression of a hybrid immunogio-
bulin-T cell receptor profein in transgenic mice. Cell 1989; 58: 911-921.

Goverman J, Gomez SM, Segesman KD, Hunkapiller T, Laug WE, Hood L. Chimeric
immunaglobulin-T-cell receptor complex formation and activation. Cell 1990; 60; 929-
939,

Stancovski I, Schindler DG, Waks T, Yarden Y, Sela M, Eshhar Z. Targefing of T
lymphocytes to Neu/HER2-expressing cells using chimeric single chain Fv receptors.
J Immunol 1993; 151; 6577-6582.

Eshar Z, Waks T, Gross G, and Schindler DG, Specific activation and targeting of
cytotoxic lymphocyles through chimeric single chains consisting of antibody-binding
domains and the subunils of the immunoglobin and T-cell receptors. Proc Natl Acad
Sci USA 1993; 90: 720.

Weytens MEM, Willemsen RA, Valerio D, et al. Single chain Igfy gene-redirected
human T lymphocytes produce cytokines, specifically lyse tumor cells, and recycle
Iytic capacity. J immunol 1996; 157: 836-43.

Fearon ER, Pardoll DM, itaya T, et al. interleukin-2 production by tumor cells
bypasses T helper function in the generation of an antitumor response. Cell 1990;
60: 397-403.

Golumbek PT, Lazenby AJ, Levitsky HI, et al. Treatment of established renal cancer
by tumor cells engineered to secrete interleukin-4. Science 1991, 254: 713-6.
Gansbacher B, Zier K, Daniels B, et al. inlerleukin-2 gene transfer into tumor cells
abrogates tumorigenicily and induces protective immunily. J &xp Med 1990; 172:
1217-24.

Asher AL, Mule JJ, Kasid A, et al. Murine tumor cells transduced with the gene for
tumor necrosis factor-alpha. J Immunol 1991; 146: 3227-34,

Dranoff G, Jaffee EM, Lazenby A, el al. Vaccination with irradiated tumor cells
engineerd o secrete murine GM-CSF stimulates potent, specific and long fasting
anti-tumor immunity, Proc Natl Acad Sci USA 1993; 90: 3539-43,

Osanto 3, Brouwenstyn N, Vaessen N, Figdor CG, Melief CJ, Schrier PL Immuni-
zation with interleukin-2 transfected melanoma celis. A phase I-il study in patients
with metastatic melanoma. Hum Gene Ther 1993; 4: 323-330.



Chapter 1

237.

238.

2309,

240,

241.

242.

243,

244,

245,

248,

247.

248,

249,

250.

251.

252,

253,

Mertelsman R, Lindemann A, Boehm T, et al. Pilot study for the evaluation of T cell-
mediated tumor immunoiherapy by cytokine gene transfer in patients with malignant
tumors. J Mol Med 1995; 73; 205-206.

Jaffee EM and Pardall DM. Gene therapy: lts potential applications in the treatment
of renal cell carcinoma. Semin Oncol 1995; 22: 81-91.

Rosenberg SA. Immunotherapy and gene therapy of cancer. Cancer Res 1991; 51:
5074-9.

Rosenberg SA. Karnosfky Memorial Leclure; the immunotherapy and gene therapy
of cancer. J Clin Oncol 1992; 10: 180.

Oid LJ. Cancer Immunology: The search for specificily - GHA Clowes Memorial
Lecture. Cancer Res 1981, 41: 361-75.

Livingston PO, Shiku M, Bean MA, et al. Cell-mediated cytotoxicity for cultured
autologous melanoma cells. Int J Cancer 1979; 24: 34-44.

Hérin M, Lemoine G, Weynants P, et al. Production of stable cytolylic T-cell clones
directed against autologous human melanoma. Int J Cancer 1987; 39: 390-6.
Livingston PO. Immunization with synthetic or highly purified tumor antigens, in De
Vita VT, Hellman S, and Rosenberg SA (eds): Biolegic Therapy of Cancer, 2nd
edition, Philadelphia, JB Lippincott Company, 1995; pp 680-9,

Boon T. Tumor antigens recognized by cyfolytic T lymphocytes: present perspectives
for specific immunotherapy. Int J Cancer 1993;54;177-180,

Brichard V, van Pel A, Wolfel T, et al. The tyrosinase gene codes for an antigen
recognized by autologous cytolytic T lymphocytes on HLA-A2 melanomas. J Exp
Med 1993;178:489-495.

Bakker AB, Schreurs MWJ, de Boer AJ, et al. Melanocyte lineage-specific antigen is
recognized by melanoma-derived tumor-infiltrafing lymphocytes. J Exp Med
1994;179:1005-1009.

Kawakami Y, Eliyahu S, Delgado CH, et al. Cloning of the gene coding for a shared
human melanoma antigen recognized by aulologous T cells infilirating into tumor.
Proc Nat Acad Sci 1994;91:3525-3529.

Fisk B, Blevins TL, Wharton JT, loannides CG. Identification of an immunodominant
peptide of HER-2/neu proto-oncogene recognized by ovarian tumor specific CTL
lines. J Exp Med 1995;181:2709-2717.

Peoples GE, Goedegebuure PS, Smith R, Linehan DC, Yoshino |, Eberlein TdJ.
Breast and ovarian cancer-specific cytotoxic lymphocytes recognize the same
HERZ/neu-derived peptide. Proc Natl Acad Sci USA 1995;92:432-436.

van Elsas A, Nijman HW, van der Minne, et al. Induction and characterization of
cylotoxic T lymphocytes recognizing a mulated peptide presented by HLA-A*0201.
Int J Cancer 1995;61:389-396.

Jaeger E, Bernhard H, Romero P, et al. Generation of cylotoxic T-cell responses
with synthetic melanoma-associated peptides in vivo: implications for tumor vaccines
with melanoma-associated antigens. Int J Cancer 1996;66:162-169.

Storkus WJ, Kirkwood JM, Mayordomo JI, et al. Melanoma peptide vaccine: a
randomized phase | evaluation of MART |, gp 100,and tyrosinase peplide vaccines
in patients with malignant mefanoma. Proc Am Soc Clin Oncol 1996; 15:556.

43






Chapter 2

INTRAPLEURAL ADMINISTRATION OF INTERLEUKIN-2 IN PLEURAL
MESOTHELIOMA; A PHASE I-Il STUDY

S.H. Goey', AM.M. Eggermont 2, C.J.A. Punt’, R. Slingerland®, J.W. Gratama*,
R. Qosterom®, R. Oskam®, R.L.H. Bolhuis® and G, Stoter'

Department of Medical Oncology',
Department of Surgical Oncology?,
Department of Pulmonology®,
Department of Clinical and Tumorimmunology®,
Department of Clinical Chemistry®,
Rotterdam Cancer Institute, (Daniet den Hoed Kliniek) and University Hospitat,
P.0O. Box 5201, 3008 AE Rotterdam, The Netherlands;

Department of Medical Oncology,
University Hospital Nijmegen’, P.O. Box 9101, 6500 Nijmegen, The Netherlands;

Chiron B.V.%, P.O. Box 23023, 1100 DM Amsterdam, The Netherlands

(British Journal of Cancer, 72; 1283-1288, 1985)






Chapter 2

SUMMARY

Twenty-three patients with pleural mesothelioma stage [-HA were entered in a
study of continuous daily intrapleural infusion of interleukin-2 (IL2) for 14 days,
repeated every 4 weeks. IL2 was administered according to a groupwise dose
escalation schedule (Group A: 3 x 10*, B: 3 x 105 C: 3 x 10°%, D: 6 x 10°%, E: 18 x
10°, and F: 36 x 10° IU/day). Each group consisted of at least 3 patients.

Intrapleural administration of IL2 was assoclated with acceptable toxicity. All
patients were treated on an outpatient basis except for the pattents at dose levels
E and F. Dose limiting toxicity was observed at level F: 36 x 10° [U daily and
consisted of catheter infection, fever, and flu-like symptoms.

Intrapleural IL2 levels were high (> 20,000 IU/mi) at levels E and F, while
serum levels in most patients were not or barely detectable {<3 - 30 IU/ml).
Intrapleural IL2 levels were up to 6000 fold higher than systemic levels.
Intrapleural tumour necrosis factor-alpha (TNFa) levels varied greatly and did not
correlate with IL2 dosage. Intrapleural mononuclear cells (MNC) displayed IL2-
induced lymphokine-activated killer (LAK) activity in all patients.

Two patients were not evaluable for response due to catheter-refated problems
which precluded the delivery of IL2. Parlial response (PR} occurred in 4 of 21
evaluable patients (19%; 95% confidence interval 5 - 42%}) with 2 median time to
progression of 12 months (range 5 - 37). Stable disease (SD) occurred in 7
patients with a median time to progression of § months {range 2 - 7). There were
no complete responses {CRs). The median overall survival was 15.6 months
(range 3.0 - 43}. No relatiocnship between the dose of {L2 and response rate was
observed,

We conclude that IL2 given infrapleurally is accompanied with acceptable
toxicity and has antitumour activity against mesathelioma. In view of the refractory
nature of the disease IL2 may be a treatment option for mescthelioma. A formal
phase li study is warranted. Based on the observed toxicity, the lack of dose
response relationship, and the immuno-modulatory sffects seen at relative low
dose IL2, the recommended dose for a phase It study is 3 x 10° IU/day using the
present treatment schedule,

47



Chapter 2

INTRODUCTION

Untreated patients with pleural mesothslioma have a median survival of 8
months and may survive just as long as treated patients (Hillerdal, 1983; Law, et
al. 1984). Current freatment methods do not appear to improve survival (Alberts,
et al. 1988). Therefore, new treatment modalities should be investigated.

In intraperitoneal tumour models it has been demonstrated that intracavitary
administration of interfeukin-2 (IL2) can induce very high numbers of lymphokine
activated killer cells (LAK) in the peritoneal exudate (Eggermont, et al. 1988 &
1988). Consequently, intrapleural administration of 1L2 for the treatment of pleural
mesothelioma appears to be a reasonable therapeutic approach, particularly since
mesothelioma tends to be confined to the pleural cavity for the most part of the
course of the disease, Yasumoio et al (Yasumote, et al. 1987) reporied the
complete clearance of malignant cells after intrapieural instillations of IL2 in
patients with pleurisy due to lung cancer. Astoul et al. (Astoul, 1993) reported
objective responses in mesothelioma patients treated with continuous intrapleural
IL2 instillation.

Based on these observations, we performed a phase |-l study with intrapleural
ILZ in patients with pleural mesothelioma stage IHIA, classified according to the
Butchart staging system (Butchart, et al. 1976).

PATIENTS AND METHODS

Patients

Staging and diagnosis of mesothelioma was based on computed tomographic
(CT) scan of the chest, thoracoscopic findings, and histologic examination of
biapsy samples.

All bilopsies were reviewed by our institution’s pathologist. The staining
techniques used included haematoxylin and eosin, special stains for reticulin and
mucins (such as mucicarmine, periodic acid-Schiff after diastase, and the alcian
blue stain with and without prior digestion with hyaluronidase), and the immuno-
histochemistry stain for CEA, keratin, CAM-5.2, and an epithelial membrane
antigen MOC-31.

According to Butcharts’ staging system (Butchart, et al. 1976} stage | is defined
as tumour confined within the capsule of the parietal pleura, i.e. involving only
ipsilateral pleura, lung , diaphragm, and external surface of the pericardium within
the pleural reflection. Stage A is defined as mesothelioma invading chest wall or
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mediastinal tissues with or without lymph node involvement ipsitaterally inside the
chest.

Eligibility criteria required histologically confirmed pleural mesothelioma stage [-
HA, sufficient pleural effusion to insert an intrapleural catheter, no signs of
loculation on the CT scan, no prior chemo-, radio-, or immunotherapy, age < 76
years, Karnofsky performance status = 80, no cardiovascular disease, a while
blood cell count = 4000/ml, a platelet count = 100,000/ml, haematocrit = 30%,
serum bilirubin and creatinine fevels within the institution’s normal range, no active
infection, no use of corticosteroids, and obtained informed consent.

Treatment

One to two weeks prior to the first administration of IL2 a port-a-cath system
was surgically inserted under general anaesthesia. The correct intrapleural
position of the catheter was examined radiographically and a Technetium 99m
colloid scan was made to evaluate the distribution of pleural fluid throughout the
pleural cavity.

Recombinant human interleukin-2 (IL2) (Chiron B.V., Amsterdam, The
Netherlands) was administered as a continuous intrapteural infusion at a dose
according to a groupwise dose escalation schedule (Group A: 3 x 10%, B: 3 x 10°,
C: 3 x 10° D: 6 x 10°, E: 18 x 10°%, and F: 36 x 10° IU/day) for 14 days, repeated
every 4 weeks. After 2 cycles, response io treatment was evaluated. Each group
consisted of at least 3 patients. Patients with stable disease or response could
receive up to a maximum of 6 cycles. No intrapatient dose escalation was
performed.

All patlents were seen weekly at the outpatient clinic. Masks and sterile gloves
were used for all dressing changes, and dressings were changed only by trained
nursing personnel.

Response and toxicity

Response was evaluated after every 2 treatment cycles using CT-scan of the
chest. Tumour response and toxicity were assessed according to the criteria of the
World Health Organization (WHO) (WHO handbook, 1979). In case of measurable
disease, complete response (CR) was defined as the disappearance of all known
disease for at least 4 weeks; partial response (PR) as a decrease > 50% in
tumour size for at least 4 weeks; stable disease (SD) as a decrease of < 50% in
tumour size. Progressive disease {PD) was defined as an increase > 25% in the
diameter of any lesion or the appearance of a new lesion.
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In case of unmeasurable but evaluable dissase a CR was defined as the
complete disappearance of all known disease for at least 4 weeks; a PR as an
esltimated decrease in tumour size of > 50% for at least 4 weeks; SD as an
estimated decrease of less than 50%, and lesions with estimated increase of less
than 25%. PD was defined as the appearance of any new lesion not previously
identified or estimated increase of 25% or more in existent lesions.

Pleural effusion was not considered an adequate parameter of response or
progression by itself. it would not detract from a PR or SD, However, if remaining
present, it would reduce a CR to a PR.

Time {0 progression and survival were calculated from the start of treatment to
the date of progressive disease or death, respectively, according to the Kaplan
and Meier method (Kaplan, 1958).

Toxicity was recorded and analysed using the WHO grading system. For
toxicities not included in the WHO guidelines, a grading system was used ranging
from mild (grade 1) to life-threatening {grade 4).

Immunomonitoring

All samples were taken at the same time of the day (preferably in the morning)
since a circadian rhythm has been described for a number of functions.
Mononuclear cells (MNC), serum samples and pleural fluid (if present) were
collected weekly during each course and cryopreserved until tested.

Immunophenotyping

MNC were isolated from heparinized pleural and peripheral blood samples by
density centrifugation (Ficoll-isopaque). MNC were washed, resuspended at a
concentration of 1 x 10%ml in phosphate buffered saline (PBS) + 1% bovine serum
albumin (BSA) and stained with fluorescein isothiocyanate (FITC) or phycoerythrin
{PE) conjugated monoclonal antibodies (mAbs).

The following mAbs were used: anti-Leud/FITC (CD3}); anti-Leu3a/FITC (CD4);
anti-LeuZafPE {CD8); anti-Leu 11¢/PE (CD16); anti-Leut2/FITC (CD19) and anti-
Leui19/PE (CD56). All mAbs were purchased from Becton and Dickinson
immunocytometry Systems (BDIS, San Jose, CA, USA)}.

After incubation with the mAb for 30 minutes at 0°C, MNC were fixed in PBS
containing 1% paraformaldehyde, stored at 4°C and flow cytometry was performed
within 24 h using a FACScan (BDiS).
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Cyfotoxicity assays

Cytotoxic activity of MNC was determined in a standard 3-h %'Cr release assay.
Briefly, lymphocytes were seeded in triplicate in 96-well, round-bottomed microtiter
plates, Target celis labelled with *'Cr were added and at the end of the incubation
period (37°C and 5% CO,), supernatants were collected, and °'Cr release was
measured. Target cells were the NK-sensitive K562 chronic myelogenous
leukemia cell line and the NK-resistant, LAK sensitive Daudi Burkitt lymphoma cell
line.

Determination of cytokine levels

in the patients where pleural fluid could easily be obtained, this was done prior
to and during treatment with IL2, At the same time blood samples were taken in
order to compare intrapleural IL2 and tumour necrosis factor-alpha (TNFa) ievels
with simultaneous blood L2 and TNFa levels.

IL2 was measured with a double antibody radio-immunoassay using a
polyclenal antiserum {(IRE-Medgenix, Fleurus, Belgium). The detection limit is
about 0.5 U/ml (3.0 IU/ml). The interassay coefficient of variation at a level of 10°
U/mt is 6.8%. One unit in this assay corresponds with 6 iU,

TNFa was measured with a coated tube immuno-radiometric assay (IRE-
Medgenix, Fleurus, Belgium}. The detection limit is 5 ng/l and the interassay
coefficient of variation at a level of 131 ng/l is 7.2%.

RESULTS

Toxicity profile and tumour response

Twenty-three male patients with epithelial type malignant pleural mesothelioma
stage i or llA, without prior treatment, were eligible for the study. Most of them
were shipyard workers with a history of asbestos exposure. Their median age was
57 (range 47-71) and their median Karnofsky performance stalus 100 (range 90-
100}.

Twenty-cne patients were evaluable for toxicity and tumour response (Tables |
and 1l). Two patients were inevaluable for toxicity and response due to catheter-
related problems which prevented the delivery of any IL2. At least one treatment
cycle of 14 days was received by 5 patients at 3 x 10* [U/day, 2 patients at 3 x 10°
IUfday, 3 patients at 3 x 10° IU/day, 3 patients at 6 x 10° {U/day, 3 patients at 18 x
10° |U/day, and 1 patient at 36 x 10° |U/day. Five patients were started at the
highest dose level but only one patient was able to receive one cycle, The other 4
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patients were unabie {o complete one treatment cycle because of catheter-related
infections which required catheter removal before the completion of the first cycle.
After 5 patient entrles at this dose level the study was stopped. Hence, this dose
was not tolerated by 4 of the 5 patients (Table I).

In general, IL2-mediated toxicity was mild to moderate, except at the highest
dose level. At this level, in addition to the catheter-related infections, fever and flu-
like symptoms were dose limiting. The systemic side effects such as fever and
skin toxicity corresponded with serum IL2 levels, which reached 38 {U/ml in group
F. All patients received their treatment in an outpatient setting except for the last 5
patients who were treated at level F: 36 x 10° 1U/day. No serious systemic adverse
effects such as hypotension, cardiovascular disturbances, pulmonary cedema,
liver and renal dysfunction were observed, with the exception of one patient in
group F, in whom grade 3 nephrotoxicity was noted. Mild leucocytosis (10,000-
12,000 celis/ml) and eosinophilia (2000-3500 cells/ml) in the peripheral blood were
seen in most patients at alt dose levels.

Treatment-related complications were infection of the port-a-cath systems in 7
patients, 4 of whom were treated at the highest dose level in group F.

Clinical signs of empyema were noted in 5 of the 7 patients with a port-a cath
infection. These 5 required removal of the port-a-cath system in combination with
drainage by thoracotomy. As can be seen in Table | a variety of micro-organisms
were cultured from pleural samples and removed port-a-cath systems of these
patients which suggests a secondary bacterial infection in necrofic tissue.

Patients received from less than one up to 6 complete treatment cycles. There
were no complete responses. Partial response occurred in 4 of 21 evaluable
patients (19%; 95% confidence interval 5 - 42%) with a median time to
progression of 12 months (range 5 - 37). Stable disease occurred in 7 patients,
the median time to progression was 5 months (range 2 - 7). Six patienis had
progressive disease. The median overall survival was 15.6 months {range 3.0 -
43). Responses occcurred at different dose levels, therefore no dose-response
relationship can be established (Table Il). Figure 1 shows a representative
example of a tumour response.

Three of the 4 PRs with a longlasting response underwent thoracotomy. in
patients 10 and 8, an infected pori-a-cath with concomitant empyema was noted
after 1 and 4 cycles, respectively (Table il).
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Table I. Toxicity in relation to intrapleural IL2 in 21 evaluable patients (WHO

grade = 2)
Dose level 3ax10 3x10° 3x10° | exio® 18x%10° 36x10°
(iU}
Group A B C D E F
Patients 5 2 3 3 3 5
# cycles 14 8 11 10 7 4
Fever > - 1* 1 1 2 5
38°C
Fiu like - 1i k; - - 4
Myalgia - i - 1 - 2
Arhralgia - 1 - 1 - -
Piarrhea 1 - - - - 1
Non- 1 1 2 1 1 1
productive
caugh
Dyspnea 1 - 1 2 2
Arrhythmia - - - 1 - .
Anorexia - - - 1 1 1
Skin - - - - - 3
Creatinine - - . - - 1
efevaiion
Leucocytosis 1 1 1 3 3 3
(>10,000
celis/mi)
Eosinophilia - 1 2 2 1 1
{>2,000
cells/mi
Infection - 1 1 - 1 4
Bacterial - 1 1 - 1 4
culture s.aureus | s.aureus streptococcus | s.epidermidis
(3)
eubacterium
(1)
Thoracotomy - 1 2 - 1 1
due io
ermpyema

* number of patients per dose level experiencing toxicity
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Table I Clinical data and response to therapy in 21 evaluable patients with
pleural mesothelioma treated with intrapleural IL2

Pat. nr. | IL2 (U/d} | Age | # Cycles | Response | Progression Overall
Free Survival | Survival
{months) {months)

1 3x10* 51 4 PR 5 15
2 3x10* 47 1 SD 4 8

3 3x10* 50 0 NE® - 7.5
4 3x10° 63 5 sD 5 9

5 3x10* 71 2 PD 1 5

6 3x10* 57 2 PD 1 19
7 ax10° 49 0 NE® - 10
8 3x10° 54 8 PR 17 23
9 3x10° 52 2 PD 1 10
10 ax10° 59 1 PR 12 31

11 3x10° 82 4 sD 3 6

12 3x10° 51 6 PR 37 43
13 3x10° 63 6 sSD 556 28
14 3x10° 64 2 PD 1 16
15 3x10° 62 2 PD 1 17
16 18x10° 69 2 sb 7 10
17 18x10° 62 3 SD 2 18
18 18x10° 59 2 PD 2 3

19 36x10° 48 2X V% SD 6 10
20 36x10° 49 Y% SD - g

21 36x10° 55 1 sD 5 26
22 36x10° 54 % sD > 16
23 36x10° 59 3/4 SD - 26+

* Pts 20 - 22 - 23 received additional cisplatin and etoposide, thus appropriate
PFS cannot be determined.

° Pts 3 and 7 did not receive IL2 intrapleurally due to catheter related problems
and were thus inevaluable.

In both these patlents massive tumour necrosis was found. Bacterial cultures
revealed S.aureus in both cases. In patient 8, whose near-complete response
lasted 17 months, a fenestration of the thoracic wall had to be performed in order
to prevent recurrent empyema. In a second stage, the pleural cavity, which was
macroscopically still free of tumour, was closed by a pedicled omentoplasty. The
patient did very well for 17 months, untii mesothelioma developed in the
contralateral pleural cavily. In patient 12, a fistula developed after 5 cycles and
required ribresection. Thoracotomy showed a completely necrotized pleural
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mesothelioma. Bacterial cultures were negative, One of the muitiple pleural
biopsies contained mesothelioma cells. Two patients with SD, patients 19 and 16,
showed clinical signs of empyema after 1 and 2 cycles, respectively. A
thoracotomy was performed and extensive necrosis was found in the remaining
tumour. Bacterial culture revealed streptococcus in one and was negative in the
other patient. In these 3 patients (12, 16 and 19) CT-scans showed no tumour
regression whereas histologic examination revealed extensive tumour necrosis.
These findings underscore the difficulties in the clinical evaluation of response in
mesocthelioma.

Immunormoniforing

After intrapleural administration of IL2 a mild increase of CD3'56%, CD3'56",
and CD3 16" lymphocytes was observed in pleural effusion as well as in peripheral
blood. All other T-lymphocyte subsets remained at normal levels.

At dose levels A through D cytotoxicity assays showed a significant induction
of LAK activity by pleural effusion derived MNC but not by peripheral blocd MNC.
At dose levels E and F, LAK activity was induced in MNC from hoth sites. Of note,
no differences in LAK activity were seen between responders and nonresponders.

Determination of cytokine levels

intrapleural as well as serum IL2 levels were determined. Intrapleural levels
were very high and correlated with the administered dose of IL2. intrapleural levels
varied from 6 - 110 IU/mi in group A to as high as 66,000 - 192,000 IU/ml in group
F. Serum IL2 levels became measurable only in groups E and F, and varied in the
8 patients treated at those levels from < 3 {U/ml to 30 IU/ml. Intrapleural L2 fevels
were up to 6000 times higher than serum levels.

Intrapleural TNFa levels varied from 50 - 125 pg/ml in group A to 235 - 405
pag/ml in group F. However, no clear relationship between TNFa and L2 levels
was observed as TNFe levels in groups B-E varied from 292 - 1141 pg/ml.
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Figure 1.

Partial response of pleural mesothelioma (evaluable disease) and a mediastinal
lymph node (measurable disease) metastasis in the left hemithorax. Top:
pretreatment CT-scan, Bottom: after 2 cycles of I1.2,
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DISCUSSION

in this phase [l study on the toxicily and efficacy of intrapleural
administration of IL2 in patients with pleural mesothelioma we observed antitumour
activity with acceptable toxicity. The response rate of 19% in 21 patients is of
interest as mesothelioma is known fo be refractory to treatment.

The basis of this study was the observation of a dose-response relationship in
experimental tumour models {Rosenberg, st al. 1987 & 1988, Ettinghausen 1986;
Eggermont, et al. 1988). Systemic high dose IL2 therapy is associated with severe
toxicity, which may prohibit the possibility fo apply doses with optimal antitumour
effects (Herberman, 1989}, Intrapleural administration of iL2 is therefore a logical
approach as it can be expected that very high local levels of IL2 can be delivered
without severe systemic adverse effects. We have demonstrated that high
infrapleural levels L2 are associaied with mild to moderate toxicity, except in
those patients treated at the highest dose level F with 36 x 10° {U/day. All patients
in groups A to E were treated on an outpatient basis.

intrapleural administration of various biological response modifiers may have
significant antitumour effects against intrapleural malignant disease. Uchida et al.
(Uchida, et al. 1984) reporied that intrapleural instillation with the bioclogic
response modifier OK-432 significantly increased autologous tumour killing by
tumour associated large granular lymphocytes. The intrapleural instillation of
natural befa-interferon was reported to be effective against malignant pleural
effusions by Rosso et al. (Rosso, et al. 1988). Recently, Markowitz et al.
(Markowitz, et al. 1992), reported on the efficacy of intracavitary administration of
iFN-a. Boutin st al. (Boutin, et al. 1991) reported 4 CRs and 2 PRs after weekly
intrapleural administration of gamma-interferon in 22 patients with mesothelioma,
also underscoring the therapeutic potential of locoregional cytokine therapy.

Antitumour effects after intrapleural adminisiration of TNFe have been
reported by Karck et al (Karck, et al. 1990). Intrapleural administration up to 200
microgram/m® weekly in 7 patients with malignant pleural effusion led to complete
disappearance of tumour in 3 patients without side effects. The same group
reported that in patients with ovarian cancer and recurrent ascites intraperitoneal
administration of TNFa resulted in the disappearance of ascites in 7 of 9 patients.

Yasumoto et al. {Yasumoto, et al. 1987), demonstrated that fow intrapteural
doses of IL2 were sufficient to induce lymphokine-activated kilfler activity in the
pleural exudate and to reduce malignant pleural effusions. Manning et al.
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(Manning, et al. 1989) have shown that these activated lymphocytes were able to
kill NK cell-resistant human mesothelioma cells.

Astoul et al (Astoul, et al. 1993) reported a relatively high response rate (7/15
patients) in mesothelioma patients who were treated with intrapleural IL2 in a dose
escalation study. The preponderance of responses was observed in stage |
disease.

We made similar observations in our study. Significant LAK-activity was
displayed by MNC collected from the pleural effusions after intrapleural
administration of {L2. No LAK-aclivity was displayed by the peripherai MNC,
except at the highest 2 dose levels in groups E and F. However, LAK activity and
respanse did not correspond with IL2 dose level, intrapleural L2 level or
intrapleural TNF¢ level.

immunophenotyping of intrapleural and peripheral MNC showed some
changes after intrapleural administration of IL2. In this study, the dose of Il.2 did
not correlate with response, and none of the parameters investigated by
immunophenotyping, cytotoxicity assays and determination of cytokine levels
corresponded with the outcome of treatment.

Dosages of IL2 In this study were tolerable up to and including level E: 18 x
10° 1U/day. However, at level F: 36 x 10° lU/day, catheter-related infection was the
most pronounced and dose-limiting side effect. Others have reported neuirophil
dysfunction during L2 administration including decreased chemotaxis and Fc
receptor expression (Kiempner, et al. 1990; Jablons, et al. 1990; Murphy, et al.
1988). High dose IL2 increased the risk of bacteremia significantly, which led o a
reduction of catheter indwelling time (Richards, et al. 1991). These facts may
explain the high Incidence of catheter-related infections in our patients, particularly
in group F, and after repeated administration of IL2 at the lower doses.

it remains uncertain if and to what extent these infections have played a role
in the induction of an antitumour response, as 3 of the 4 responders developed an
empyema, but 2 of the b patients with an empyema had no response. In addition,
L2 by itself induced high intrapleural levels of TNFa in the majority of the patients
treated.

We conclude that intrapleural administration of cytokines should be explored
further as a new mode of treatment for pleural mesothelioma. IL2 given
intrapleurally appears to have antitumour activity against mesothelioma. We are
aware of the difficulty recommending a daily dose of L2 because of the small
numbers of patients in each group and the frequent occurence of empyema, but
given the facts that a) no correlation was found by us and by others between IL2
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dose and antitumour response, b} low intrapleural IL2 doses are sufficient to
induce LAK-activily by MNC which can kill NK cell-resistant human mesothelioma
cells, and ¢} mild toxicity was seen below 6 x 10° IU of IL2, we suggest a daily
dose of 3 x 10° IU of IL2 for a phase Il study.

REFERENCES

ALBERTS, A8, FALKSON, G., GOEDHALS, L., VOROBIOF, D.A. & VAN DER MERWE
C.A. (1988). Malignant pleural mesothefioma: a disease unaffected by current
therapeutic maneuvers. J. Clin. Oncol., 6, 527-535.

ASTOUL, P., VIALLAT, J.R,, LAURENT, J.C., BRANDELY, M. & BOUTIN, C. (1993).
intrapleural recombinant IL-2 in passive immunotherapy for malignant pleural effusion.
Chest, 103, 209-213.

BOUTIN, C., VIALLAT, J.R., VAN ZANDWHK, N., DOUILLARD, J.T., PAILLARD, J.C.,
GUERIN, J.C., MIGNOT, P., MIGUERES, J., VARLET, F., JEHAN, A., DELEPOULLE,
E. & BRANDELY, M. (1991). Activity of Intrapleural gamma-interferon in malignant
mesothelioma. Cancer, 67, 2033-2037.

BUTCHART, E.G., ASHCROFT, T., BARNSLEY, W.C. & HOLDEN, M.P. (1876).
Pleuropneumectomy in the management of diffuse malignant mesothelioma of the
pleura. Thorax, 31, 156-24.

EGGERMONT, A.M.M. (1989). Intracavitary immunotherapy: past, present and fuftire
freaiment strategies. Reg. Cancer Treatment, 2, 37-48.

EGGERMONT, AM.M & SUGARBAKER, P.H. {1988). Efficacy of chemoimmunoctherapy
with cyclophosphamide, interleukin-2 and lymphokine activated killer cells in an
intraperitoneal murine tumour model, Br. J. Cancer, 58, 410-414,

EGGERMONT, A.M.M, SUGARBAKER, P.H., MARQUET, R.L. & JEEKEL, J. {1988). In
vivo generation of fymphokine activated kilier (LAK) activily by ABPP and Interleukin-2
and their antitumour effects against immuncgenic and nonimmuncgenic tumours in
murine fumour models. Cancer immunol, Immunother., 26, 24-30.

ETTINGHAUSEN, S.E. & ROSENBERG, S.A. {1986). Immunotherapy of murine
sarcomas using lymphokine activated killer cells: optimization of the schedule and
route of administration of recombinant interleukin-2. Cancer Res., 46, 2784-2792.

HERBERMAN R.B. {1989). Inlerleukin-2 therapy of human cancer: potential benefits
versus toxicity. (Editorial) J. Clin. Oncol., 7, 1-4,

HILLERDAL, G. (1983). Malignant mesothelioma: review of 4710 published cases. Br. J.
Dis. Chest, 77, 321-343.

JABLONS, D., BOLTON, E., MERTINS, S., RUBIN, M., PIZZO, P., ROSENBERG, S.A., et
al. (1990). IL-2 based immunotherapy allers circulating neutrophil Fc receptor
expression and chemotaxis. J. fmmunol., 144, 3630-3636.

KAPLAN, E.L., MEIER, P. (1958). Non-paramelric estimations from incomplete
chservations. J. Am. Sfaf. Assoc., 53, 475-481.

KARCK, U, MEERPOHL, H.G., PFLEIDERER, A, & BRECKWOLDT, M. (1990), TNF
therapy of ascites and pleural effusions due to gynaecological carcinomas. J Cancer
Res. Clin. Oncol., 116, 328 (absiract).

KLEMPNER, M.S., NORING, R., MIER, JW. & ATKINS, M.B. (1980). An acquired
chemotactic defect in neutrophils from patients receiving interleukin-2 immunotherapy.
N. Eng. J. Med., 322, 959.

59



Chapter 2

LAW, M.R., GREGOR, A. & HODSON, M.E., BLOOM, G. & TURNER-WARWICK, M.
{1984). Malignant mesothelioma of the pleura: a siudy of 52 treated and 64 unireated
patients. Thorax, 39, 255-259.

MANNING, LS., BOWMAN, R.V., DARBY, S.B. & ROBINSON, B.W.S. (1989). Lysis of
human malignant mesothelioma cells by natural killer (NK) and lymphokine-activated
killer (LAK) cells. Am. Rev. Respir. Dis., 139, 1369-1374.

MARKOWITZ, A., THIELVOLDT, D., YEOMANS, A, LEVIN, B, HUNTER, C. &
GUTTERMAN, J. {1992). Beneficial effects of intracavitary interferon-a2b (IFN). a
phase { study of patients with ascites or pleural effusion. Proc. Am. Assoc. Clin.
Oncol.,, 11, 258 (abstract),

MURPHY, P.M., LANE, H.C., GALLIN, J.I. & FAUCI, A.8. (1988). Marked disparity in
incldence of bacterial infections in patients with acquired immuno deficiency syndrome
receiving interleukin-2 or interferon-gamma. Ann. intern. Med., 108, 36-41.

RICHARDS, J.M., GILEWSKI, T.A. & VOGELZANG, N.J. (1991). Association of
interleukin-2 therapy with staphylococcat bacteremia. Cancer, 67, 1570-1575.

ROSENBERG S.A. (1987). The development of new immunotherapies for the treatment
of cancer using interleukin-2. Ann. Surg., 208, 121-135.

ROSENBERG, S.A., LOTZE, M.T., YANG, J.C., AEBERSOLD, P.M., LINEHAN, W.M.,
SEIPP, C.A. & WHITE, D.E. {1989). Experience with the use of high-dose interieukin-
2 in the freatment of 652 cancer patients. Ann. Surg., 210, 474-485,

ROSS0, R., RINALDI], R., SALVATI, F., DE PALMA, M., CINQUEGRANA, A., NICOLC,
G., ARDIZZONI, A., FUSCO, U. CAPACCIO, A & CENTOFANI, R. {1988).
Intrapleural nalural bela-interferon in the treatment of malignant pleural effusions.
Oncology, 45, 253-258. ]

UCHIDA, M., MISCHKE, M. & HOSHINC T. {1984). Intrapleural administration of OK-432
in cancer patients: augmentation of autologous tumours killing activity of tumours-
associated large granular lymphocytes. Cancer Immunol. Immunother., 18,

5-12.

WORLD HEALTH ORGANISATION (1979). WHO handbook for Reporfing Results of
Cancer Treatment: Geneva.

YASUMOTO, K., MIYAZAKI, K., NAGASHIMA, A, ISHIDA, T., KUDA, T., YANO, T,
SUGIMACHI, K. & NOMOTOQ, K. (1887). Induction of lymphokine-activated killer cells
by intrapleural instillations of recombinant interleukin-2 in patients with malignant
pleurisy due to lung cancer. Cancer Res., 47, 2184-2187.

60



Chapter 3

PROLONGED CONTINUQUS HEPATIC ARTERY INFUSION WITH
INTERLEUKIN-2 IN UNRESECTABLE LIVER METASTASES OF
COLORECTAL CANCER: A PHASE |A-B STUDY

S.H. Goey', A.M.M. Eggermont?, R. Oskam®, Th. Wiggers?, R.L.H. Bolhuis*
and G. Stoter

Departments of Medical Oncology’,
Surgical Oncology? and Immunology?,
Rotterdam Cancer Institute {Daniel den Hoed Kliniek} and University Hospital,
P.0O. Box 5201, 3008 AE Rotterdam, the Netherlands;

Chiron BV, P.O. Box 23023, 1100 DM, Amsterdam, the Netherlands®

{Published as a Short Report in
the Annals of Oncology, 7: 317-319, 1996)






Chapler 3

SUMMARY

Background: A clinical study to investigate the effects of prolonged continuous
infusion of interleukin-2 {IL-2) via the hepatic artery in patients with unresectable
liver metastases of colorectal cancer was performed.

Patients and methods: Of fourteen selected patients 9 received interleukin-2.
Five patients had fo be excluded due to anomalous arterial anatomy. IL-2 was
administered by continuous arterial infusion in 2 cycles of 12 days at 3 week
intervals. Intrapatient dose escalation was applied. A minimum of 3 evaluable
courses were applied. Doses ranged from 1.5 - 12 x 10° [U/m*/day.

Results: In the patients recelving the lowest 2 dose levels of IL-2 very litlle
toxicity was seen. At the dose of 6 x 10° [U/m?*/day however considerable hepatic
toxicity but relatively littie systemic toxicity was observed. The maximal tolerated
dose (MTD) of IL-2 was 6-12 x 10° [U/m2/day. Thrombosis of the hepatic artery
was observed in 2 of 5 patients treated at the lower IL-2 dose levels and in 3 of 4
patients at the highest IL-2 dose levels. These thremboemhclic complications are
possibly due to endothslial damage by the prolonged infusion of high doses of H.-
2. The rate of this complication was s¢ high that the study was stopped after 9
patients. Eight patients had progressive disease, one patient had stable disease
for a period of 68 months.

Conclusions: This study demonstrates that small caliber arteries like the
gastroduodenal artery are not suitable for prolonged infusion of IL-2, We do not
recommend this approach for the regional treatment of liver metastases with IL-2.
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INTRODUCTION

The liver is a major site of metastatic spread of primary colorectal cancer; in as
many as 30% of the patients it is also the sole site of initial tumor recurrence [1].
In the majority {756%) of these patients the metastases are not resectable and
most patients can be considered candidates for locoregional therapies as the
effect of systemic chemotherapy results in relatively low response rates with
minimal effect on survival {2]. Unfortunately, aftthough Improved response rates
with hepatic arterial infusion chemotherapy have been reported, convincing
evidence of improved survival with these techniques is also lacking [3, 4, 5]
Therefore the search for new drugs and new treatment modalities is warranted.
Many clinical studies on the effects of the systemic administration of the cytokine
interleukin-2 {Il.-2) have been performed, but relatively few studies on regional
administration of IL-2 have been published. The most favorable results of IL-2
based immunotherapy have been achieved in pafients with renal cell cancer,
mefanoma and Non-Hodgkin’s Lymphoma. Resuits obfained in other malignancies
have been disappointing, but incidental fong lasting remissions in patients with
colorectal cancer have been observed [6]. Although no clear dose-response
relationship has been observed in humans, this has been clearly demonstrated in
experimental tumor models [7, 8, 9).

High dose -2 therapy is associated with severe systemic toxicity, characterized
by the malfunction of vital organs [6]. This does prohibit the systemic application of
doses with optimal antitumor effects {10, 11]. Since hepatic metastases derive
their blood supply almost totally from the hepatic artery [12, 13], higher local IL-2
levels can be achieved by intraarterial administration. High local levels of IL-2
may lead to increased numbers of activated liver associated large granular
lymphocytes (LGL} and increased numbers of LGL in the liver as has been shown
in rats by Bouwens and coworkers [14]. Moreover high local IL-2 levels may lead
to optimal activation of tumor infiltrating lymphocytes (TIL), which are known to be
abundantly present in colorectal hepatic metastases {15]. The regional advantage
of achieving high levels of cytokines with minimal systemic toxicity has been
observed in other regional settings such as after intracavitary administration [16].
Therefore we performed a phase IA-B study in patients with unresectable liver
metastases of colorectal cancer in order to determine the maximal dose of IL-2
that can be administered via the hepatic artery for a prolonged period of time.
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PATIENTS AND METHODS

Eligibility criteria

Patients were required to. have histologically confirmed unresectable measurable
hepatic metastases of colorectal cancer not exceeding 50% of liver volume.
Patients were required to have no signs of extrahepatic disease on CT scans of
the brain, thorax and abdomen. Other inclusion criteria were: age < 70 years, no
prior chemotherapy or radiotherapy during the 4 weeks prior to the administration
of IL-2, no prior immunotherapy, a Karnofsky performance status > 80, no prior
malignancies or concurrent second primary malignancies, no significant cardio-
vascular, renal, pulmonary or central nervous system disease, no active infections,
a white blood cell count > 4,000/ml, platelets > 100,000/mt, hematocrit > 30%,
partial thromboplastin time, prothrombin time, ¢reatinine and bilirubin serum levels
within the institution’s normal range. Patients wilh a positive test for anti-human
immune deficiency viral (anti-HIV) antibodies or hepatitis-B-surface antigen
(HBsAg), and requirements for corticosteroids administration were excluded.
informed consent was cbtained from all patients prior to study entry.

Study design

A preoperative hepatic arteriogram that included celiac and mesenteric angiograp-
hy was done before catheter placement to define the arterial blood supply of the
tiver, Patients were excluded if there was evidence of anomalous hepatic arterial
anatomy. At faparotomy the catheter was placed into the gastroduodenal artery
and positioned at the junction with the common hepatic artery. Ligation of the
distal gastroduodenal artery, right gastric artery, and any other branches supplying
the stomach and duodenum arising from the common hepatic distal to the
gasitroduodenal take-off was performed. A cholecystectomy was performed. A
Port-a-Cath® (PAC) was implanted in a subcutaneous pocket overlying the lower
part of the sternum or the right chest wall. After canulation the patency of the
catheter was checked. The catheter was flushed twice daily with 5000 (U heparin
until IL-2 administration.

The administration of recombinant human IL-2 (Proleukin® Chiron BV, Amsterdam,
NL} was instifufed 2 weeks after the PAC placement. Therapy consisted of the
continuous hepatic artery infusion (HAI) of IL-2 in 2 cycles of 12 days at 3 week
intervals according to a dose-escalation scheme. This intrapatient dose escalation
scheme was chosen since IL-2 has a relative short half Hife (t 1/2 o = 7 minutes
and t 1/2 # = 30-60 minutes) so that by the time the second cycle was given most
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if not all the side effects from the first cycle might have already disappeared. This
procedure would require fewer patients than a more conventional phase | study
design.

Dose escalation scheme and dose adjustment

According fo the intrapatient dose escalation scheme the dose administered during
the second cycle was twice the dose of the first cycle as is illustrated in Table 1.
Three eligible patients were to be entered per scheme. in the first cycle, the
patients received IL-2 for 12 days, followed by a rest period of 3 weeks. if toxicity
was acceptable in the first cycle and the patients had recovered, he/she was then
to receive a second cycle, identical to the first but at a higher dose. If no dose
limiting toxicity occured in 2/3 patients then the next 3 patients were to be entered
in the next scheme. If 2/3 patients experienced dose limiting toxicity during the first
cycle of a scheme, the next 3 patients were to be treated with the dosage used in
the second cycle of the previous scheme. This dose was then to be considered
the maximal tolerated dose {MTD). If in 2/3 patients unacceptable toxicity occured
during the second cycle of a scheme, then the next 3 patienis were to be freated
with the dosage used in the first cycle of this scheme, with no dose escalation for
the second cycle. This dose was then to be considered the MTD. Patients with
stable disease (SD) or betier after 2 cycles should receive 1-2 additional cycles
after a 4 weeks rest period. The dose of this cycle should be the highest dose
previously given fo the patient, not exceeding the MTD.

Table 1. Dose escalation scheme

{L.-2 dosage (10° IU/m?/day x 12)
Scheme | cycle 1 1.5
cycle 2 3
Scheme il cycle 1 6
cycle 2 12
Scheme I cycle 1 18
cycle 2 24
Scheme IV cycle 1 30
cycle 2 36
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Follow-up studies and toxicity- and response assessment

During -2 infusions, dally: vital signs, weight {g 12 hrs), hematology (including
differential and platelets), electrocardiogram (ECG) (if indicated), chest-X-ray (if
indicated), survey for infection (if indicated), once every two days the following
parameters were analysed, total serum bilirubin, serum creatiriine, LDH, alkaline
phosphatase, ASAT, ALAT, gamma-GT.

Woeekly during rest periods: weight, hematology (including differential and piate-
lets), total serum bilirubin, serum creatinine, LOH, alkaline phosphatase, ASAT,
ALAT, gamma-GT, CEA.

Within 4 weeks after treatment completion: relevant scans for tumor assessment,
CEA.

Toxicity was recorded using the WHO grading system [17]. For toxicities not
included in the WHO guidelines, a grading system was used ranging from mild
(grade 1) to life-threatening (grade 1V). Tumor response was classified using
standard WHO criteria [17]. Duration of response and survival were calculated
from the day of treatment initiation. ’

RESULTS

Fourteen patients entered the study, but five had to be excluded after arteriograp-
hy because of an anomalous arerial anatomy. The characteristics of the 9
remaining eligible patients are shown in table 2. All patients had liver metastases
in both lobes. No complications ocecurred in the 2 week period between the PAC
placement and the start of IL-2 {reatment.

Table 2. Patients’ characteristics

Sex males 6
females 3

Age median 51 years
range 38-64

Karnofsky median 100
range 90-100

Prior therapy  surgery all
systemic therapy 1
radiotherapy 1

" 5FU intravenously + FUDR intra-arterially
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The distribution of patients per dose level and the reasons for treatment disconti-
nuation are shown in table 3.

Table 3. Patients per dose level and reasons of treatment discontinuation

IL-2 dose patient | treatment | discontinuation reasons
no. duration
(days)

8 thrombosis + PAC dislocation
12
12
12
12

1.5 x 10° IU/m’/day x 12

12
2 thrombosis
12
12

3 x 10° lU/m¥day x 12

12
12
12
7 thrombosis

6 x 10° IU/m?/day x 12

o ~N > oA WwN g R W N -

12 x 10° WimPfday x 12 12

&

thrombosis + dislocation PAC
8 8 dislocation PAC + upper Gl
bleeding

=~
(]

g

Patient no. 1 received 6 days of IL-2 after which a dehiscence of the laparotomy
wound was noted. An angiogram revealed thrombosis of the hepatic artery and
disfocation of the catheter tip into the peritoneal cavity. Patient no. 3 received the
first cycle of IL-2 without any problems. On the third day of the second cycle the
catheter appeared obstructed and blood could not be withdrawn from the PAC. An
angiogram revealed thrombosis of the hepatic arfery. In an effort to restore the
patency of the catheter a laparotomy was performed. Due to massive adhesion
around the hepatic artery no further attempt could be made to isolate the artery.
Patient no. 8 received 2 cycles without experiencing severe ioxicities. However, at
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the end of the second cycle the PAC appeared occluded due to thrombosis of the
hepatic artery as seen on angiography. In patient no. 7 thrombosis of the hepatic
artery and dislocation of the catheter tip was noted on angiogram after the first
cycle. Patient no. 8 experienced an upper gastro-intestinal (Gl)-bleeding during the
second cycle. At gastroduodenoscopy the source of the bleeding appeared to be
in the duodenum. Angiography revealed that the catheter tip was dislocated
outside the gastroduodenal artery, with an aneurysm of the gastroduodenat artery
adjacent to the duodenal wall, resulting in the upper Gl-bieeding. Embolization of
the hepatic artery was succesfully performed. Patient no. 9 had problems with the
delivery of IL-2 on the ninth day of the first cycle which was found to be related to
thrombosis of the hepatic artery, dislocation of the catheter and intimal dissection
of the gastroduodenal artery, as reveaied by angiography. No attempt was made
to restore the catheter because of coinciding progressive disease (PD). IL-2
related toxicity is summarized in Table 4. At the dose levels 1.5 and 3.0 x 10°
iU/day only few and moderate side effects were noted. None of the patients
developed fever, flu-like symptoms, gastrointestinal symptoms, pulmonary, renal or
hepatic foxicity. Apart from a mild rise in serum levels of alkaline phosphatase and
gamma-GT no signs of hepatic toxicily were noted. Hematologic toxicity only
consisted of a mild leukocytosis and eosinophilia. At the dose levels of 6 x 10°
IU/day severe but reversible renal and hepatic toxicity was observed. Four patients
started at this dose level. Two of them (patients no. 7 and 9) developed a
thrombosis of the hepatic artery during the first cycle. Patient 9 also developed
grade lil hepatic toxicity, another reason fo stop the administration. Bilirubin levels
returned to normal rapidly. Patient no. 7 developed grade Ill hepatic and renal
toxicity at the end of the first cycle. During the treatment free period a thrombosis
of the hepatic artery was noted with dislocation of the PAC, Patient no. 6 also
received the dose of 12 x 10° {U/day with only moderate side effects. She
experienced high fevers, fatigue and some mild nausea and vomiting, and at the
end of the second cycle she developed a thrombosis of the hepatic artery. As
mentioned previously, patient no. 8 developed an upper Gl-bleeding during the
second cycle. None of the patients developed severe cardiovascular, puimonary,
renal, or CNS toxicity. Dose limiting toxicity in 2 patienis was hepatic toxicity
probably related to IL-2 induced cholestasis. Apart from the rise in serum bilirubin
levels, a 2 to 4 fold increase in alkaline phosphatase, SGOT, SGPT and gamma-
GT levels was noted. One patient had stable disease for a period of 6 months, the
other 8 patients progressed.
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Table 4. Toxicity in relation to Dose Level

IL-2 dose levels/m*/day
TOXICITY 15x10°1U | 3x10°I1U | 6x10°1U | 12 x 10° JU
5 pis 4 pts 4 pts 2 pts

Mild toxicity
Flu-like symptoms - - 4 1
Fever > 39°C - - 3 1
Chills - - 3 1
Nausea/vomiting - - 3 1
Moderate toxicity
Skin rash - - 3 1
Arthritis/-algia - - 1 -
Fatigue 1 1 2 1
Leukocytes

10-15,000/ml 4 3 - -

15-20,000/ml - - 4 1
Eosinophilia > 10% 2 2 3 1
Hepatic enzymes = 50% 2 2 4 1
Severe Toxicity
Creatinin > 3.0 mg/dL - - 1 -
Bilirubinemia = 4 mg/dL - - 2 -

DISCUSSION

The results of this siudy indicate that the dose limiting toxicity of prolonged
administration of {L-2 via the hepatic artery is hepatic toxicily and that relatively
litle systemic toxicily is observed at the maximum tolerated dose (MTD) of
between 6 and 12 x 10° [U/m2/day. This MTD corresponds with the results
reported by Mavligit and coworkers [18] using a 5-day continucus infusion of IL-2
via the hepatic artery (ie. 9 x 10° |U/m?/day) and is about 50% of the MTD obser-
ved with 5-day continuous intravenous infusion of iL-2 [19].

The period of 12 days continuous infusion of IL-2 in our study is however signifi-
cantly longer than the 5-day treatment cycles in the other studies. it may well be
that this prolonged infusion period was related to the very high rate of thrombotic
catheter refated complications observed in this study. Using an identical surgical
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technique in a previous chemotherapy hepatic artery infusion protocol also not
applying routine heparinization during drug infusion, we ohserved a complication
rate of less than 7 % as opposed fo a 67% thrombosis rate of the hepatic or
gastroduodenal artery in the present study.

Interleukin-2 causes substantial endothelial damage in the form of endothelial
swelling and the appearance of pores between endothelial cells [20]. I also
activates the coaguiation and fibrinolytic systems in vivo, and these changes
resemble the perturbations observed after tumor necrosis factor-a (TNFa)
administration [21]. Moreover through the induction of TNFe and IL-1 focal
thrombosis may be induced in a Schwartzman type reaction [20, 22, 23], believed
to be a possible cause for transient focal neurclogical deficits that may complicate
IL-2 therapy [24]. The presence of a corpus alienum in the hepatic artery may
cause turbulence in the blood stream facilitating the aggregation of blood platelets,
The addition of heparin during IL-2 administration was avoided since heparin is
diluted in solvents which caused precipitation of Proleukin®. Moreover, Proleukin®
should not be mixed with other drugs. Of note, thrombosis of the hepatic artery
was also described by others during hepatic arterial infusion of floxuridine (FUDR)
in patients with liver metastases from colorectal cancer [5, 25]. Apparently a small
caliber artery such as the gastroduocdenal artery is not suited for profonged IL-2
infusions. Tumor responses were not observed in this study. This disappointing
resuit is in accordance with the scarce literature on this approach, Mavligit and
coworkers reported on 14 patients with 5-day continuous [L-2 infusions via the
hepatic artery and 14 patients with infusions via the splenic artery. They cbserved
one partial remission in each arm of the study [18]. Klasa [26] reported only 2
minor responses in 20 patients treated by 5-day splenic artery infusions with IL-2.
Espectally in Japan studies have been performed on the locoregional application
of LAK cells, Okuno and coworkers [27] infused only LAK cells via the hepatic
artery in a patient with unresectable hepatoma without achieving a CT-
documented response. However the patient had a transient significant decrease in
alpha-foetoprotein levels and in ascites after therapy. Recently, Matsuhashi et al.
[28] reported PRs in 2 out of 5 patients with hepatocellular carcinoma, treated by
both LAK cell and IL-2 infusions via the hepatic arfery. No responses were
observed in ten patients with hepatoceliular carcinoma after the injections of LAK
cells via the hepatic artery in combination with the systemic adminstration of IL-2
[29]. Direct injections of -2 into the tumor in 5 patients with hepatocellufar
carcinoma resulted in partial remissions in 2 patients in one report [30], but no

71



Chapter 3

responses were observed in another study where both LAK cells and IL-2 were
injected into the tumors of patients suffering from hepatocellular carcinoma [31].
Although these clinical studies demonstrate that incidental antitumor responses
can be ohserved after the locoregional administration of IL-2 with or without LAK
cells the overall results are disappointing.

With respect to hepatic artery infusion of IL-2 we must also take into account that
a significant percentage of patients (in our study 5 out of 14) are not suited for
hepatic artery infusion therapy because of anatomical variations.

We cannot recommend this approach in {reating hepatic metastatic disease.
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SUMMARY

Treatment using & combination of 5-Fluorouracil {5-FU), interferon-alpha (IFNa-
2a), and interfeukin-2 (iL-2) has been shown to mediate disease regression in
selected patients with advanced colorectal cancer. This phase Il study was
designed to evaluate the anti-tumour activity and toxicity of the combination of IL-
2, IFNa-2a and 5-FU in patients with advanced colorectal cancer. Forty-four
patients with metastalic colorectal cancer were treated, predominantly at an
outpatient basis, with subcutaneous IFNa-2a and IL-2 three times per week
followed by once a week bolus infravenous 5-FU injections. There were 6 (14%)
partial responses among the 43 evaluable patients (95% confidence interval [Cl] =
5%-28%). Twenty-four patients had stable disease (56%) and 13 patlents (30%)
showed progressive disease. The median time to progressive disease in 43
patients was 19 weeks (range 2-72 weeks), and in responders 34 weeks (range
24-30 weeks). The median overall suivival was 47 weeks {range 2-85 weeks) and
in responders 60 weeks {range 35-71 weeks). Treaiment related foxic effects
included fatigue, nausea and vomiting. Granulocylopenia was the main reason for
the dose reductions or {reatment interruptions in 32 out of 44 palients. One palient
died of toxicity due to renal failure. Serial assessments of immunophenolyping and
cytolytic activities of peripheral blood lymphocytes did not show changes in the
numbers of circulating natural killer (NK) cells or in the levels of NK and
lymphokine-activated killer (LAK) cylolytic activities. This regimen of -2 and
IFNa-2a with 5-FU has only modest antitumour activity in advanced colorectal
cancer.
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INTRODUCTION

The treatment of advanced and metastatic colorectal cancer remains unsatisfac-
tory despite the availability of many cytotoxic agents. Since 1957 5-fluorouracit {5-
FU} has been the mainstay of therapy for disseminated colorectal cancer
{Heidelberg, 1957).

Biochemicai modulation of the effect of 5-FU with methotrexate or with leucovorin
has marginally improved survival (Moertel, 1994). Another approach appeared to
be the combination of 5-FU with interferon-alpha {[FNa-2a), {Wadler ef al., 1989;
Pazdur et al., 1990; Kemeny et al,, 1990). A potenttal way to further improve the
reported results was suggested by Onodera et al. (Onodera ef al,, 1990). They
studied the effects of 5-FU + leucovorin on the interleukin-2 (iL-2) related
lymphocyte immune response. Rather than being immunosuppressive, the use of
5-FU + |eucovorin appeared to augment natural killer (NK)- and lymphokine
activated killer {LAK) activity. Promising clinical results were recently reported by
Yang et al. {Yang ef al., 1993) applying a combination of 5-FU, leucovorin and IL-
2, and by Afzpodien et al. (Atzpodien ef al,, 1984) using a combination of 5-FU,
IL-2 and iFNe-2a in metastatic colorectal cancer. These studies provided the basis
for the design of the here reported study with a schedule of I1L-2, IFNg-2a and 5-
FU in patients with advanced colorectal cancer. We used the combination of IFNa-
2a and IL-2 upfront based on preclinical and clinical data suggesting synergistic
antitumour activity of this scheduie {Cameron ef af., 1988; Rosenberg et al., 1989).
{FNa can upregulate major histocompatibility antigens class | (MHC-1} expression
on tumour cells (Weber and Rosenberg, 1988) which are usually downregulated
when the tumour becomes more invasive {Feldman and Eisenbach, 1991; Smith ef
al., 1988). It augments LAK-activity (Chikhala et af, 1990), and it has direct
antiproliferative and cytoloxic properties against tumour cells (Gresser, 1988).
These properties may alter the malignant phenotype of fumour cells so that they
become more susceptible to the cytolytic activity of immune cells.

MATERIALS AND METHODS

Fatient elfigibility

Patlents were required to have histologically confirmed metastatic or locally
advanced measurable adenocarcinoma of the colon or rectum, not previously
treated with systemic therapy. Patients were required to be < 75 years of age, to
have a neutrophil count of = 1.5 x 10% and a platelet count of = 100 x 10,
serum bilirubin < 1.25 x upper fimit of normal unless due to metastatic liver
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disease, serum creatinine < 1.25 x upper limit of normal, life expectancy = 3
months, normal cardiopulmonary function as assessed by non-invasive clinical
examination and a Karnofsky score = 70. Patients with evidence of symptomatic
CNS metastases, positive for anti-HIV antibodies or HBsAg, or requiring
glucocorticoid administration were excluded. Written informed consent was
obtained from all patients prior to entry into this study.

Pretreatment evaluation

Pre-study screening included clinical assessment, haematology tests including
white blood cell count and differential, platelet count and haemoglobin,
biochemistry including bilirubin, alkaline phosphatase, ALAT, ASAT, electrolytes,
creatinine, special laboratory tests including prothrombin, partial thromboplastin
fime, thyroxine, thyrotropin, thyroglobulin, anti-thyroid microsomal antibodies, HiV-
antibody and HBs-antigens, chest X-ray, ECG and computer tomography (CT) of
the chest and abdomen. Serum samples of anti-IL-2 and anti-IFNe-2a antibodies
were taken before treatment and were repeated before each cycle. Antibody
analysis was performed by enzyme immunoassay (EIA) In screening for binding
antibodies and by a biological assay for the detection of neutralizing antibodies.

Treatment

The treatment regimen is shown in Table 1. The first 6-weeks cycle consisted of
IFNa-2a (Roferon®-A, Hoffmann La Roche Lid,, Basel, CH) 9 MIU subcutaneously
{sc) 3 times a week (tiw) for 6 weeks except for day 1 in week 2; iL-2 {Proleukin®,
Chiron BV, Amsterdam, NL} 9 MIU sc tiw, weeks 2 {o 5, preceded by loading
doses of 9 MIU sc 3 times a day on days 1 and 2 in week 2; and 5-FU at a dose
of 750 mg/m’/day as a continuous intravenous (iv) infusion on days 15 to 20
followed by iv bolus injections of 750 mg/m® on day 29 and 36. Thereafter, a
maximum of five 4-weekly cycles were administered, consisting of IFNa-2a 9 MIU
sc tiw for 4 weeks; IL-2 9 MIU sc tiw for 3 weeks; and 5-FU 750 mg/m? iv bolus
weekly for 4 weeks.
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Table 1 Immunotherapy in advanced coforectal cancer: Treaiment scheme

Drug Dose Schedule

{FNa- 9 million U sc Cycle 1: 3 times per wk, wk 1 and 3 through 6
2b 2 times per wk, wk 2
Cycles 2-6:

3 times per wk, wk 1 through 4

iL2 9 million U sc Cycle 1: thrice daily, d 142 and once daily,
d3inwk2;
3 times per wk, wk 3 through 5
Cycles 2-6:
3 times per wk, wk 1 through 3

5-FU 750 mg/m%day Cycle 1: CIVd 1-5, wk 3
IV bolus once weekly, wk 5+8
Cycles 2-6:
IV bolus once weekly, wk 1 through 4

Evaluation of foxicity, dose modifications and concomitant medication

Toxicity was graded according to the WHO criteria (WHO Handbook, 1979) and
assessed weekly,

No dose modifications were required in case of grade | toxicity. In case of grade Il
toxicity, the dose of 5-FU had to be reduced to 500 mg/m?; IFNa-2a to 4.5 MIU
and [L-2 to 4.5 MIU. If recovery occurred within 1 week, the 3 drugs were given at
full dose. If the toxicity recurred, the decreased dose was re-introduced. In case of
grade |l toxicity, all 3 drugs were discontinued. If recovery to grade O occurred
within 28 days of treatment discontinuation, 5-FU was resumed at 500 mg/m?,
IFNa-2a at 4.5 MIU and IL-2 at 4.5 MIU. In. case no full recovery occurred within
28 days or the occurrence of any grade IV toxicity, the patient went off study:.
Patients could be given paracetamol 500 mg 6 times daily to reduce flu-like symp-
toms; codeine phosphate 30-60 mg 4 times daily for diarrhoea; sucralfate mouth-
wash for stomatitis and metoclopramide or a S5HT3 antagonist for nausea and/or
vomiting. Patients were substituted with levothyroxine in case of hypothyroidism.
Other concomitant antitumour therapies or systemic steroids were not allowed.
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Definition of response and statistical analysis

Tumour assessment was perfermed according to WHO criteria (WHO Handbook,
1979). Evaluation of response was performed after the 2nd, 4th and 6th cycle.
Further therapy was withheld in case of progressive disease (PD) at any time. In
case of no response in the first 10 patients treated for at least 10 weeks, the frial
was to be terminated. Otherwise the sample size was to be large enough to
confirm or exclude a 40% response rate by 95% confidence intervals using
Pearson-Clopper range limits.

Overall survival and time to disease progression were calculated from the start of
treatment until the date of death or progression. The Kaplan-Meler method was
used to calcuiate the probability of survival or time to progression.

immunological monitoring

Absolute numbers of lymphocyte subsets and cyfolytic activities of peripheral
biood mononuclear cells (PBMC) were assessed immediately prior to and at the
end of the 1%, 2™ and 3" week of the first cycle, immediately prior to the 2", 3"
and 4" cycle (i.e., weeks 6, 10 and 14) and at the end of the 4" cycle (i.e., week
18). The PBMC were isolated by Ficoll-lsopague density centrifugation of 30 ml
heparinized venous bhlood samples. An aliquot was processed immediately for
immunaphenotyping and the remainder was cryopreserved in liquid N, to allow the
cytotoxicity assays on all samples from a single patient to be tested on the same
occasion to exclude the effects of interassay variability. The lymphocyte subsets
defined by CD3 and CD56, CD4 and CD8, CD16 and CD19 monocional antibodies
were assessed by muliicolor immuno-flucrescence and flow cytometry as
described elsewhere (Gratama et al, 1996). Cytolytic activities were determined
by a standard 3-hour *'Cr-release assay as described previously (Gratama et al.,
1893). The K562 erythromyeloid leukemia cell line and the Daudi Burkitt's lympho-
ma cell line were used as sources of target cells for the assessment of NK and
LAK activities, respectively.
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RESULTS

Patients

Fifty-one patients were entered in this study between January 1991 and
September 1992. Six patients were considered ineligible because they did not fulfil
the inclusion criteria. One patient withdrew consent, and another patient was not
evaluable for response because nc post-treatment tumour assessment was
available. Thus, 43 patients were evaluable for response and 44 for toxicity.

The patient characteristics are shown in Table 2.

Table 2 Patients’ characteristics

Sex males 25
females 19

Age median 59
range 31-71

Karnofsky 28
90-100 12
80 4
70

Sites of disease 35

liver thl

lung + pleura 6
lymphnodes 4
peritoneum 4
skin 13
other

Evaluation of toxicity

A total of 159 treatment cycles were given with a median of 4 per patient. One
patient died due to treatment related renal failure. There were no other cases of
drug-related renal toxicity neither were there other grade IV toxicities. Table 3
summarizes the percentage of patients experiencing WHO grade II-IV toxicities.
The most frequently occurring grade Ili adverse events were fatigue, nausea and
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vomiting. Thirty-two patients required one or more temporary dose reductions or
treatment interruptions, which was mosily due to granulocytopenia.

The mean total dose per cycle of the trial medication in relation to the planned
dose Is shown on Table 4. it appears that the percent dosage actually given
decreases with the number of cycles.

Table 3 Side effects observed in 44 patients (159 courses, analyzed according to
the highest foxicity-grade per patient)

Adverse events* No. of WHOQ Grade (%)
patients i i v
Fever 34 63 7 -
Fatigue 34 46 12 -
Nausea-vomiting 32 49 23 -
Stomatitis 19 28 7 -
Diarrhoea 24 28 2 -
Cutaneous 14 14 - -
Local inflammation at injection site 10 21 - -
Hypotension g 9 - -
Granulopenia 16 23 10 -
Renal 1 - - 2
Table 4 Mean total dose per cycle
Cycle IL2 (MiU) IFNa {MIU) 5-FU {mg)
received (%planned) | received (%planned) | received (%planned)
1 134 (93%) 128 (84%) 9151 {96%)
2-6 55 (68%) 73 (68%) 4002 (73%)

Immunological monitoring

Lymphocyte subset enumerations and assays of cytolytic functions were
performed in 24 of the 43 evaluable patients (Figure 1). Prior to therapy, the
median values of the absolute numbers of NK lymphocytes (CD56%,3"; panel A)
and cytotoxic/suppressor T lymphocytes (CD8"; panel D) were at the upper limit of
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the normal range and the absolute number of lymphocytes (CD3"; panel B} were
within the normal range, whilst that of the helperfinducer T lymphocytes (CD4%;
panel C) was slightly below the normal range. These lymphocyte subset counts
remained essentially unchanged throughout the period of treatment and shortly
thereafter. Prior to therapy, the median NK activity of peripheral blood lymphocytes
was Increased (panel E), whilst LAK activity was absent in most donors (panetl F).
The median values of both aclivities increased slightly during the first therapeutic
cycle to persist at those levels thereafter, i.e., increased relative to the normal
range for NK activity and within the normat range for LAK activity.

Antibody formation against IL-2 and IFNa-2a

Serial serum samples of 29 patienis were available. Thirteen (45%)} developed
antibodies against I[FNa-2a, 6 (21%) against 1L2. Three (10%) had antibodies
against both IL2 and IFNa. Two of these 3 patients achieved a PR despite the
presence of neutralizing antibodies. Two patients (7%) had anti-IFNa-2a antibodies
at baseline; none had anti-IL-2 antibodies at baseline. The development of
antibodies did not appear to be related to specific side effects or severity of side
effects.

Response o treatment

Six of the 43 patients evaluable for response achieved a partial response. Thus,
the overall response rate was 14% (95% confidence interval 5-28%). Twenty-four
patients (66%) had stable disease and 13 (30%) showed progressive disease. The
median time fo progressive disease in 43 patients was 19 weeks (range 2-72), and
in responding patients 34 weeks (range 24-36). The median overall survival was
47 weeks {range 2-85}, and in responding patients 60 weeks {range 35-71),
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Figure 1 Median absolute numbers and ranges of CD3.,56" NK lymphocytes (panel A},
CD3' T lymphocyles (panel B}, CD4" helperfinducer lymphocytes {panef C} and CD8" sup-
pressorfinducer lymphocytes (panel D}, and NK {(panel E) and LAK (panel F} cytolytic
aclivities of peripheral blood mononuclear cells in 24 patients. Logarithmic scales have
been used for the vertical axes in order to compress the figure. Closed circles and vertical
bars represent median values and confidence limits as defined by the 5th and 95th
percentiles, respectively, The shaded areas represent the normal range as defined by the
5th and 95th percentiles of 72 {panels A to D) and 29 (paneils E and F) apparently healthy
control persons, Cytolylic aclivities were expressed as the weighed mean of specific lysis
of 4 effeclor 1o target (E:T) ratios (i.e., ranging between 50 and 6.3), calculated for E:T

ratio = 17.7 {Gratama et al., 1993).
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DISCUSSION

Preclinical studies have previously shown a synergisiic interaction between 5-FU
and IFNa (Miyoshi ef al.,, 1983; Elias and Crisman, 1988), which formed the basis
fo investigate this combination in patients with advanced cancer. Initial clinical
studies (Wadler ef af.,, 1989; Pazdur ef al., 1990; Kemeny et al., 1990; William ef
al., 1993) had suggested higher response rates than usually achieved with 5-FU
alone.

Other preclinical data suggested synergy between IL-2 and IFNa (Cameron ef af.,
1988), which appeared to be confirmed in clinical studies in melanoma and renal
cancer (Rosenberg ef al., 1989; Marincola ef af., 1995). The logical next step was
to study the combination of the 3 drugs. However, we observed a meager 14%
partial response rate with a median response duration of 34 weeks. Although 78%
of the patients completed at least 2 full courses, 32 of them (63%) required
treatment interruptions or dose reductions. The most common reason for this was
granulocytopenia. The majority of these dose modifications occurred during the
first 2 courses. So, one could argue that the low response rate might be
attributable fo the moderate dose intensity achieved. Another possible reason
could be the fact that 5-FU in this study was administered after IL-2 and IFNa-2a,
thereby not taking full advantage of the possible eradication of T-suppressor cells
with chemotherapy hefore immunotherapy (Berendt and North, 1980). It was also
found that 6&6-FU cytotoxicity was enhanced by concomitant or subsequent
exposition {o IFNe, while the reverse sequence, IFNe followed by 5-FU, abrogated
the cytotoxic effect of 5-FU suggesting that pretreatment with IFNa could protect
tumotir cells {(Wadler ef al, 1988). Prolonged administration of {FNea (i.e., three
times a week) can induce a persistent block of tumour cells in G;-G,, thus
reducing the S-phase fraction and therefore diminish the anticancer activity of 5-
FU (Cascinu et al., 1993). To date, we have deliberately chosen a regimen using a
loading dose of IL-2 and IFNa-2a preceding 5-FU, in order to enable upregulation
of MHC-! molecules on tumour cells (Weber and Rosenberg, 1988), to augment
LAK-activity (Chikhala ef al, 1990), and to exploit the antiproliferative and
cytotoxic properties of IFNa (Gresser, 1989). However, we did not observe any
changes in the tested immune paramsters throughout the study. Occasionally, the
lack of anti-tumour response has been associated with the development of
neutralizing antibodies to IL-2 and IFNa used. However, in this study 2 of the 3
patients who developed neutralizing antibodies against IL-2 and [IFNea-2a,
nevertheless achieved a partial response,
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As previously stated, at the time this study was designed, interferon-alpha seemed
to be an effective biomodulating agent for increasing 5-FU activity in the treatment
of advanced colorectal cancer. However, recently published randomized studies
were not abie {o confirm this.

Hill et al. (Hill ef al., 1995a) randomized 155 patients to receive either protracted
continuous intravenous infusions {civ) of 5-FU at a dose of 300 mg/m’/day for 10
weeks in combination with I[FNa-2b 5 MIU sc tiw, or the civ 5-FU only. In the 5-
FU/IFNa-2b-group there were significantly more episodes of mucositis (p=0.008),
leucocytopenia (p=0.001), granulocytopenia (p=0.004), and alopecia {p=0.0002).
The overall response rate in the 5-FU/IFNa-2b-group was 22% and in the 5-FU-
group it was 33% (p=0.12). With a follow-up time of 861 days, the median survival
in the 5-FU/IFNa-2b-group was 161 days, and in the 5-FU-group it was 193 days.
The differences did not reach statistical significance. Premature withdrawals due to
toxicity in both groups of patients were equal and cannot explain the lack of IFNa-
2b benefit.

The same group (Hill ef al, 1995b) performed another randomized controlled
phase 1l study in advanced colorectal cancer patients using a different dose and
scheduling of 5-FU and IFNa-2b. At the starl of treatment, 106 patients received a
contiuous infusion of 5-FU at a dose of 750 mg/m%d for 5 consecutive days. Fifty-
two patients were randomized to receive [FNa-2b at a dose of 10 MU sc tiw 2 to 4
hours after initiating 5-FU. During the second week, these patients continued on
IFN-a-2b and had the first dose of bolus 1V 5-FU 750 mg/m?/d at the beginning of
week 2, Fifty-four patients were randomized to receive 5-FU alone, and this was
given at the beginning of week 2. Treatment was continued untll progression of
disease or unacceptable toxicity for up to 12 months. In the 5-FU/IFNa-2b-group
there was significantly more leucopenia (p = 0.013), Iymphopenia {p = 0.01),
depression {p = 0.014), and withdrawal due to adverse events (p = 0.003). There
were 4 toxic deaths, all of which occurred in patients who received IFNa-2b. The
overall response rate was 19% {all PRs) in the group that received 5-FU + [FNa-
2b, and 30% in the 5-FU-alone group (3 CRs and 13 PRs) {p = 0.21). Neither
progression-free survival nor overall median survival showed any significant
differences in the two groups.

Likewise, in a randomized phase Il study performed by the Corfu-A Study Group
{Corfu-A-Study Group, 1995), the biochemical modulation of 5-FU by either IFNa-
2a or leucovorin was studied. In 247 patients 5-FU was given at a dose of 370
mg/m?/day i.v. bolus for 5 days in combination with feucovorin (LV) 200 mg/m*/day
i.v. for 5 days, repeated every 4 weeks. The other group consisted of 245 patients,

87



Chapler 4

who received 5-FU 750 mg/m?/day civ for 5 days, followed after a 9-day interval by
a weekly bolus i.v. injection at the same dose in combination with IFNa-2a 9 MIU
s.c. tiw throughout the treatment period. In the 5-FU/LV-group there were more
gastrointestinal foxicities while the 5-FU/IFNa-2a-group the regimen was more
myelosuppressive (p=0.0001). The overall response rate in the 5-FU/LV-group was
18% and in the 5-FU/IFNa-2a-group it was 21% (p=0.57). After a follow period of
20 months, the median survival time for the 5-FU/LV-group was 11.3 months
versus 11 months for the 5-FU-IFNa-2a-group (p=0.98). These results suggested
that biochemical modulation of 5-FU by either leucovorin or [FNe-2a vield
comparable response and survival data. The addition of IFNa-2a to high dose 5-
FU plus leucovorin was studied by Kéhne et al (KShne ef af, 1985) in a 3-arm
randomized study. Chemotherapy-naive patients were randomized to receive 5-FU
2600 mg/m? i.v. as a 24-hour infusion, combined with either leucovorin 500 mg/m?
as a 2-hour infusion {arm A), or IFNa-2b 3 MIU sc tiw {arm B}, or the combination
of leucovorin plus IFNa-2b as in arms A and B {arm C). Treatment was repeated
weekly for 6 weeks followed by a 2-week rest period until fumour progression.
Because of the occurrence of 2 toxic deaths (septicaemia due to mucositis and
diarrhoea) among the first 17 patients treated in arm G, the 5-FU dose was
reduced to 2000 mg/m? for all palients in arm C. Despite this dose -reduction
another patient died of severe diarrhoea, An interim analysis was then performed
after the first 93 of 149 randomized patients. Among patients treated in arm A, and
in arm C, objective tumour responses occurred in 39% (95% confidence Interval,
21-56%)} and in 38% {95% confidence interval; 20-56%, respectivaly). This interim
analysis showed that the rates of objective responses observed in treatment arm A
and C were equivalent. Due fo the increased toxicity observed in arm C this treat-
ment arm was closed. No report on the response rate in treatment arm B was
given bhecause randomization between arm A and arm B was continuing. The
authors concluded that the addition of IFNa-2b to 5-FU plus teucovorin did not
increase efficacy and was associated with fife threatening toxicity.

Heys et al (Heys ef al.,, 1995) performed a randomized controlled phase Ilf study
comparing the efficacy of 5-FU plus leucovorin (8-FULY) with 5-FU plus
leucovorin plus 1L-2 (5-FU/LV/IL2} in patients with unresectable or metastatic
colorectal cancer. In the 5-FU/LV group, 68 patients received 5-FU 600 mg/m? day
bolus i.v. once a week for 8 weeks in combination with leucovorin 25 mg/m?/day
bolus i.v. to be repeated after 2 weeks rest. In the 5-FU/LV/IL2 group, 65 patients
received IL-2 18 MIU/m®/day civ from day 1-5, followed by 5-FU 600 mg/m%day
bolus i.v. in combination with leucovorin 25 mg/m?/day bolus i.v. on days 7, 14 and
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21. This treatment regimen was repeated on day 28. The objective response rates
were not significantly different in both arms, 16% for 5-FULV and 17% for 5-
FU/LV/ILZ. With a follow-up duration of 30 months, there was no difference in the
median survival, being 11.7 months and 11.4 months (p=0.11), respectively.
Finally, in a small phase |i study in 18 patients Ridolfi ef al. (Ridolfi ef al., 1994)
only achieved a 5% response rate using 5-FU, leucovorin, IL-2 and interferon-a, in
advanced, pretreated colorectal cancer.

Despite different scheduling of IFNa and IL-2 in combination with different doses
of 5-FU +/- leucovarin, all of these studies show that the addition of IFNa and IL-2
failed to improve clinical benefit over 5-FU alone. Apparently observations from
laboratory studies cannot be translated clinically.

We conclude that our schedule of IL-2 and IFNg-2a combined with 5-FU has only
modest antitumour activily, which does not appear to be better than what can be
expected of 5-FU alone. This is confirmed by randomized studies which faited to
confirm the ability of IFNea andfor IL-2 to augment the efficacy of 5-FU. In our
opinion, further clinical Investigation of IFNea and IL-2 in combination with 5-FU in
advanced colorectal cancer is not justified.
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SUMMARY

Fifty-seven patients with metastatic melanoma were {reated with interleukin-2
(IL2) 7.8 MIU/m?/d as a continuous infusion for 4 days combined with interferon-«
(IFNa) 6 MIU/m?/d, subcutaneously day 1+4. The cycle was repeated every 2
weeks for a maximum number of 13 cycles. Of the 51 evaluable patients one (2%)
achieved a complete and 7 (14%) a partial response, total response rate 16% (Cl
7-29%). Median time to progression and median survival were 2.5 and 11.3
months, respectively. This regimen of IL2 and |IFNe appeared to be only
moderately active.
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INTRODUCTION

immunotherapy with recombinant interieukin-2 (I1L2) has been reported to
yield a 5-27% response rate in metastatic melanoma (Rosenberg et al., 1989a;
Parkinson et al., 1990; Whitehead et al., 1991; Rosenberg et al., 1993; Sparano et
al., 1993). Interfercn-aipha (IFNa) alone in this group of patients has shown
response rates of 12-22% (Robinson et al., 1986; Kirkwood, 1991).

Based on the synergistic activity of [L2 and iFNe in preclinical experiments
{Brunda et al., 1987; Cameron et al., 1988; ligo et al.,, 1988) and on the encoura-
ging restilts of early clinical trials with this combinalion (Budd et al., 1989; Lee et
al., 1989; Rosenberg et al., 1989b), we decided to perform a phase i study. Here,
we report the final analysis after a median follow-up period of 16.5 months (range
1.1-47+ months).

MATERIAL AND METHODS
Patients

Fifty-seven patients with metastatic melanoma were entered in the study.
Eligibility criteria included; age 18-70 years, Karnofsky performance status 60-100,
no metastases in the central nervous system, no significant cardiovascular history,
normal pulmonary function, serum bilirubin and creatinine within normal range,
normal bone marrow function (HCT > 30%, WBC > 4000/ml, platelets >
100,000/ml), normal coagulation parameters, normal serum calcium and negative
tests for HIV antibody and hepatitis-B antigen.

Previous treatment with IL2 or IFN& was not allowed. Prior radiotherapy or
chemotherapy had to be completed at least 4 weeks before entry into the study.
Corticosteroids were prohibited.

The protocol was reviewed and approved by the institutional review board
and the ethical committee of each participating centre.

Six patients were ineligible; 3 had unmeasurable disease, 2 had brain
metastases, 1 was pretreated with interferon-28. Fifly-one palients were evaluable
for response and toxicity. The patient characteristics are shown in Table I. The
median time from initial diagnosis to immunotherapy was 24 months (range 1 to
142 months).

Treatment
Patients were treated with IL2 at a dose of 7.8 MIU/m%*d by continuous
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Table |. Patient characteristics

Number of patients 51
Age
median 49
range 21-72
Sex
male 29 (57%)
female 22 {43%)
Performance status {(Karnofsky)
median a0
range 70-100
Prior therapy
none 25 {49%)
chemotherapy 19 (37%)
radiotherapy 5 (10%)
hormene therapy 22 {4%)
Distribution of metastatic sites
lung 20 {39%)
lymph nodes 29 {57%)
skin 16 (31%])
liver 17 (33%)
bone 10 {20%)
Number of metastatic sites
1 15 (29%)
2 14 (27%)
3 10 (20%)
4 9 {18%)
5 2 (4%)
6 1 {2%)

infusion on days 1-4 and with IFNa-2a 6 MIU/m%d by subcutaneous injection on
day 1 and 4 of each treatment cycle. IL2 (Teceleukin) and IFNea (Roferon-A) were
supplied by Hoffmann-La Roche Ltd, Basle, Switzerland. Cycles were repeated

every 2 weeks.

Evaluation of response was performed after 4 cycles and every 2 months
thereafter. Patients with response and no change received 9 additional treatment

cycles. Further continuation of treatment beyond half a year was allowed.
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Monitoring

~ Toxicity was recorded ‘and analysed using the WHO grading system (WHO
handbook, 1979). Side effects not described in the WH(_) guidelines were graded
from mild {grade 1) to life-threatening (grade 4). '

. Response was evaluated according to the WHO gu:deimes (WHO handbook,
1879). A complete response (CR) was defined as the disappearance of all known
disease for at least 4 weeks. A partial response (PR) was defined as a reduction
in the sum of the products of the largest perpendicular,diaingters of the tumor
lesions by at least 50% for more than 4. weeks. Stable disease (SD) denoted less
than 50% ftumor reduction and less than 25% tumor progress:on Progressrve
disease (PD) was defined as the appearance of a new lésion or an increase in
size of more than 25% in any lesion. ‘

RESULTS
Response

Of the 51 eligible patienis, 24 (47%) received 2-4 freatment cycles 12 {24%)
5-8 cycles, 13 {26%) 9-13 cycles, one patient 15 and one patient 16 cycles. Four
patients were taken off study early; one due to-intercurrent illness and 3 due to
grade 4 toxicity.

" The overall response rate was 16% (95% confidence interval:7-29%),
including 1 CR (2%) and 7 PRs (14%). Twenty patients (38%) had stable disease.
In 23 (45%) patients progressive disease was documented. Three of the respon-
ders were male and 5 were female. Responses were seen‘in skin lesions (36%),
lymph nodes (27%), lung (18%) and liver {18%). Of note bone metastases did not
respond. All responses occurred in the first 3 months of treatment.

- The median duration of response was 8.2 months {range 4.5-39+ months). -
For all 51 patients the medlan time to progression was 2.5 months (range 0.5-38+
months). Time to progression for responding patients was 8.2 months (range 4.5-
39+ months), for the patients with stable disease 3.8 months {range 1.7-9.4
. months) and for progressive disease patients 1.2 months (range 0,5-2.0 months).
The median survival of all patients was 11.3 months [Figure 1], and of the respon- 7
ding patients 20.2 months. ' ' '
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Figure 1. Survival curve (median survival 11.3 months).

Toxicity

An overview of the observed toxicity is presented in Table H. Frequently
oceurring side effects were fever, skin rash, nausea, vomiting, diarrhea and
malaise. Twao-third of palients had tachycardia and hypotension, mostiy of mild to
maoderate grade. Life-threatening hypotension requiring vasopressors occurred in 3
“patients, who were taken off study (see above). One patient developed ventricular
extrasystoles "and another paltient atrial fibrillation. - In a minority of patients
neurological abnormalities and mental disturbances were seen. Neurotoxicity
included aphasia, peripheral neuropathy, somnolence, confusion and agitation.

Two patients required dose reductions because of adverse events and in 8
patients short interruption of treatment was needed. No toxic death occurred and
all toxicities resolved after cessation of immunotherapy. Chronic cumulative fatigue
ccourred after about 3 months of freatment. Consequently only 2 patients did
receive more than 13 cycles. :
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The most frequent manifestation of haematologic foxicity was anemia {71%).
Thrombocytopenia was seen in 18% of the patlents. Moderate and reversible
increases in serum creatinine and bilirubin occurred in a minority of patients,

Table Il. Adverse events

Adverse evenis Number of WHO grading
patients (%) 1 o 3 4
Fever 51 {100) 0 21 30 0
Skin rash/erythema 36 (71) 13 19 4 0
Nausea/vomiting 48 (94) 7 28 13 0
Diarrhea 38 (75) 10 20 8 0
1 Malaise 29 (57) 4 15 10 0
Weight gain 15 (30) 13 2 0 0
Hypotension 39 (76) 7 18 11 3
Tachycardia 36 (71) 13 20 3 0
BDyspnea 10 (20) 4 4 2 0
Mental disturbances 8 {16) 5 3 0 0
Creatinine 19 (37) 16 3 0 0
Alkaline phosphatase 30 (59) 12 16 3 0
Bilirubin g (18) 7 2 0 0
Anemia 36 (71) 17 14 5 0
Thrombocytopenia 9 (18) 7 2 o 0

DISCUSSION

In this study the combined use IL2 and IFNa in the treatment of metastatic
melanoma resulted in a 16% response rate, including 2% complete responses.
These resulis are disappeinting and not better than can be expected of conventio-
nal chemotherapy or immunotherapy with IL2 alone. )

Response rafes of 21-44% have been reported in some studies using the
combination of both cytokines (Lee et al., 1989; Rosenberg et al., 1989b; Budd et
al., 1992). Howsver, low response rates of 10% or less were cbserved by others
(Oidham et al., 1992; Dillman et al., 1993; Sparano et al., 1993;). The median
response duration in these trials varied between 2 and 11 months, and the median
survival was approximately 10 months (Lee et al., 1989; Rosenberg et ai., 1989b;
Oldham et al.,, 1992; Dillman et al., 1993; Sparano et al,, 1993). We achieved
comparable results. ’

100



Chapter 5

We failed to confirm the ability of IFNa to augment the effect of IL2, This may
have been due fo suboptimal dose and schedule. Our patients received moderate
doges of IL2. In animal studies the efficacy of IL2 is dose dependent without
reaching a plateau below the maximum tolerated dose (Mule et al., 1984).
However, trials using high-dose IL2 (18 MIU/m?day)} by continuous infusion in
patients with metastatic melanoma reported inferior response rates (Oldham et al.,
1992; Dillman et al.,, 1883). An NCI| Surgery Branch Study, administering high-
dose boius L2 (>30 MIU/m%*day) and IFNa found the highest response rates
(Rosenberg et al., 1989b). On the other hand, the Extramural IL2 Working Group,
using identical dose, schedule and patient selection criteria did not observe any
evidence of enhanced response with the IL2/IFNa combination {Sparano et al,,
1993). Summarizing, a dose-response effect for IL2 in the treatment of metastatic
melanoma is not clear.

The side effects, we observed, were of comparable incidence and severity as
reported earlier (Lee et al., 1989; Rosenberg et al., 1989b; Budd et al,, 1992;
Oldham et al., 1992; Sparano et al., 1993). Toxicity was managable and patients
tolerated the therapeutic regimen relatively well. However, cumulative fatigue
made it impossible to give patients more than 13 cycles of therapy.

In conclusion the combined therapy with IL2 and IFNa in the described
regimen has only moderate activity in the treatment of patients with matastatic
melanoma. Further clinical trials have to be designed to improve therapeutic
results.
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SUMMARY

We conducted a retrospective study on the incidence of catheter related
complications and catheter indwelling time (CIT) during treatment with continuous
interleukin-2 (IL2) infusion in patients with metastatic renal cell cancer (RCC), who
were equipped with tunneled central venous catheters (CVC).

Seventy-iwo patients were treated with IL2 based immunotherapy. Two induction
treatment oycles of 35 days each were used. Treatment consisted of IL2 as a
continuous infravenous infusion {c.i.v.) with lymphokine activated killer cells {LAK)
and interferon-aipha (alFN) inframuscutarly (t.m.). A tunneled CVC was inserted at
the start of treatment and was kept in place for the duration of the therapy or until
the ocourrence of complications.

Thirty (42%) of 72 CVCs funclioned uneventfully for a median CiT of 64 days. In
another 12 clinically uncomplicated cases (16%) catheter tips were positive in
routine culture after a median CIT of 33 days. In 18 patients {25%), CVC related
infections were noted, including 8 (11%) local tunnel infections and 10 (14%)
septic episcdes. These complications occurred at a median CIT of 28 and 20
days, respectively, in 15 (83%) of these 18 catheter infections, S.aureus was
isolated, whereas in the remaining 3 (17%) S.epidermidis was found.

Subclavian veln thrombosis was noted in 12 {(17%) CVCs at a median CiT of 31
days; 5 (36%) of these were diagnosed in the first 14 patients. This prompted us
to administer prophylactic heparin 15,000 U c.i.v. daily during L2 treatment.
Thereafter the incidence of thrombosis dropped to 7 (12%) in the subsequent 58
inserted CVCs (p = 0.03).

in conclusion, in contrast to previous reports on the high incidence of CVC related
septicaemia and thrombosis, we observed a relatively low incidence of these
compilications, which we ascribe to the use of tunneled catheters and prophylactic
heparin.
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INTRODUCTION

[nterleukin-2 (IL2) is approved for the treatment of metastatic renal cancer. The
drug has various side effects, which are well characterized (1-3). Because of the
protracted administration of IL2 and the drug-induced tendency to clotting of
peripheral veins at the site of infusion, indwelling central venous catheters are
required. The frequency of CVC related hacterial infections has been reported fo
vary between 10-38% in studies using high dose IL.2-regimens (4-6}. In all of these
studies non-tunneled CVCs were used. High dose IL2 appeared to double the
relative risk of bacteraemia as compared to low dose IL.2 regimens, leading o a
related reduction of catheter indwelling time (CIT) by 40% (4). Skin colonfzation
with S. aureus and IL2 induced desquamation of the skin increased the relative
risk of 8. aureus hacteraemia up to 14.5 fold (5). In addition, neutrophil
dysfunction during IL2 freatment may also contribute to the risk of bacteraemia (7-
9). In our IL2 study protocols, we have used tunneled CVCs to obtain continuous
vascular access for a prolonged period of time. We selected a tunnejed CVC
procedure because of our previous experlence showing a long CIT in immunocom-
promised patients {(10). The study reported here presents a retrospective analysis
of the usefulness of these CVCs as related to catheter infection, catheter related
sepsis, catheter thrombosis, and CIT in IL2 {reated patients.

PATIENTS AND METHODS

Eligibitity

Patients with metastatic renal cell carcinoma (RCC) were treated in the framework
of a phase I study of IL2 based adoptive cellular immunotherapy. Inclusion criteria
included: measurable or evaluable metastatic RCC, age < 70 years, Karnofsky
performance status = 80, no evidence of brain metastases and normal organ
functions. Patients with relevant clinical metabolic or endocrine disorders, systemic
infections, positive HIV or HBsAg serology and patients requiring systemic
corticosteroids were excluded. All patients gave informed consent according fo
institutional rules.

Treatment

IL2 was given as a continuous intravenous infusion (c.iv.) at a dose of 18
MiU/m’/day on days 1-5. Lymphapheresis was performed on days 7-9 and
tymphokine activated killer (LAK) cells were reinfused in 60 minutes on days 12-15
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together with IL2 18 MiU/m%day civ. and interferon-alpha (alFN) 5 MU/mzlday
intramuscularly (i.m.) on days 12-16. This cycle was repeated on day 36. After
these two induction cycles, tumor evaluation was performed. Patients with
objective response or stable disease continued o receive 4 monthly maintenance
cycles with IL2 18 MIU/m%/day c.iv. and alFN 5 MU/m?%day L.m. on days 1-5. After
17 patients alFN was also administered on days 1-5 of each induction cycle at a
dose of 5 MU/m¥day i.m.

Ex vivo activation of lymphocytes with IL2

We have previously reported the details of this procedure (11}. Briefly, all lymph-
apheresis procedures were performed using a Travenol CS-3000 Blood Cell
Separator (Travenol, Deerfield, IL). Buffy coats were placed into culture using a
semi-closed bag system: Travenol-Fenwall PL 732 bags, containing 1500 ml
activation medium with 3 x 10° cells/6000 U IL2/ml. Bags were loaded with cells
and medium using a Travenol-Fenwall model SAV EX 2 Fluid Fill/Weight Unit. The
activation medium consisted of RPMI-1640 78%, AIM-V 20% and autologous
human plasma 2%. L-glutamine-2mM, streptomycin 50 pg/mi, and gentamycin 40
pug/ml were added to the medium. After incubation for 5 days in a 5%
carbondioxide (CO,), humidified, 37°C incubator, cells were harvested on a
Fenwall Cell Harvester. The harvested cells were washed with saline 0.9% and
resuspended in human serum albumin 5% supplemented with 6000 U IL2/mi to a
volume of 500 mi

Surveillance for bacterial contamination of harvested cells involved culturing of
samples from the culture bags in TCS medium (Gibco Ltd., Buckingham, U.K.):

a) immediately after iymphopheresis,

b) 24 hours prior to cell harvest, and

¢} 1 hour hefore reinfusing LAK cells into the patient.

Catheters

Catheters used were double lumen Hemed CVACs 5200 (11 Fr) (Gish Biomedical
Inc., Santa Ana, California, USA) and doubie lumen Groshong CVCs (9.5 Fr)
(Cath-tech, Salt Lake City, Utah, USA). Both catheters were equipped with a
Dacron cuff. All catheters were inserted under sterile conditions in the operating
room by closed method under local anaesthesia by staff surgeons. The subclavian
vein was the preferred site of insertion and all cathsters were tunneted, placing the
Dacron Cuff at the end of a 15-20 cm subcutaneous tunnel (2 cm from skin entry).
After the procedure, a chest X-ray was performed to confirm the proper position of
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the CVC and to rule out the existence of a pneumothorax. Mask and sterile gloves
were used for all dressing changes, and dressings were changed daily by trained
nursing personnel. The skin around the catheter was cleansed first with
chlorohexidine 0.5% in alcohol 70%. Fixomuil (Beiersdorf, Hamburg, FRG) was
placed over sterile gauze on all dressings to cover the insertion site. In between
freatment courses dressings were changed once a week and catheter lumina were
flushed with 2 ml of a 0.89% saline solution containing 150 U/ml of heparin. If an
infection was suspected or at the end of treatment, catheters were removed in a
sterile fashion after cleansing the skin surrounding the entry site. The distal 2 cm
of the catheter was submitted for culture using a semiguantative culture method as
described by Maki et al. (12). If an infection was suspected, peripheral blood
samples were drawn via peripheral venous puncture and cullured in TCS medium
(Gibco Lid., Buckingham, UK). Skin cultures were taken using a premoistened
Stuart Culturette (Transwahb, MW&E Co. Lid., Potley, Corsham, Wiltshire, UK). All
culture samples were incubated both aerobically and anasrobically at 37°C for 72
hours.

Definitions

Catheter related septicaemia was defined as the growth of the same micro-
organisms from the catheter tip and the peripheral blood without evidence of other
sources of infection, A tunnel infection was defined as tenderness and redness of
the subcutaneous tunnel with or without evacuation of pus. A positive culture was
defined as growth of 15 or more bacterial colonies per plate.

All catheters showing evidence of a tunnel infection were promptly removed, no
attempts were made to save the catheter by antibiotic treatment. Catheter related
thrombosis was defined as venous occlusion on angiogram.

Statistical methods

To compare variables between two groups the Fisher exact test or the chi-square
test was used where appropriate. A p-value =< 0.05 was considered statistically
significant.

RESULTS

Seventy-two patients were analyzed for the usefulness of their initial CVC. Median
age of the study population was 54 years. Male : female ratio was 2 : 1. Median
performance status was Karnofsky 100 (range 80-100}. Sixty percent of the
patients had = 2 metaslatic organ sites.
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In 30 patients (42%) the CVCs functioned uneventfully for a median CIT of 64
days. In other words, these patients received 2 induction treatment cycles using
one CVC. Twelve CVCs (16%), which were removed routinely because of treat-
ment cessation (median CIT: 33 days), turned out to have positive tips in routine
culture. There were 18 (25%) infecfious episodes: 8 (11%) tunnel infections and
10 (14%) septicaemias.

Table 1. CVC and non-CVC related infections

CVC-related CVC-unrelated
S.aureus tunnel infections 7 (10%)*
S, aureus sepsis 8 (11%) 2 {infected LAK cuiture) {3%)
8. epidermidis tunnel infection T{1%)
S. epidermidis sepsis 2 {3%)
E.coli sepsis 1 {urinary tract infection) {1%)
Routine CVC-tip culture:
- 8. aureus 4 { 5%}
- S, epidermidis 8 {11%)

* Percentages related to all 72 patients

All catheter related infections were caused by staphylococci. S. aureus was the
isclated micro-organism in 15 (83%) of 18 catheter infections (see table). In 2
additional patients S. aureus septicaemia was due to contaminated LAK cells, the
culture results of which became positive on the third day after the start of LAK cell
reinfusion. S. epidermidis was isolated in 3 {17%) of 18 catheter infections.

In 12 cases of routine removal of clinically uncomplicated CVCs after
discontinuation of treatment, routine culture was found to be positive with 4
cultures showing S. aureus (5%} and 8 cultures showing S. epidermidis {11%).
Thrombosis of the subclavian vein occurred in 12 (17%) of the 72 CVCs; 5 (36%)
of these occurred in the first 14 inserted CVCs. Due to this high incidence all
subsequent patients received prophylactic heparin at a dose of 15,000 |U ¢.iv. per
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24h during L2 treatment. With this regimen only 7 {12%) thrombotic evenis were
cbserved in the subsequent 58 CVCs {p = 0.03).

DISCUSSION

Prolonged central venous access is frequently necessary In cancer patients
treated with continuous L2 therapy because of the thrombophlebitis inducing
potential of 1L.2. In addition, the i.v. administration of IL2 is often associated with
hemodynamic changes that require volume replacement and i.v. medication, which
are usually given via a second lumen of the CVC,

tn view of our previous experience with CVCs in lmmunocompromised patlents
(10), we have chosen the tunneling procedure for CVC placement in our IL2
treated patients, since this insertion technique was found to be safe and rapid and
resulted in a long CIT. In an attempt to further reduce the hazard of CVC related
sepsis, we used a CVC equipped with a Dacron cuff. Both the Bacron cuff and the
tunnel are intended o act as a barrier against invading micro-organisms. Of all
CVCs inserted Initially, 42% (30/72} functioned uneventfully for a median CIT of 64
days. in addition, 16% {12/72) were removed routinely at the end of treatment and
had thus served their purpose, although routine bacteriatl culture of the catheter tip
turned out to be positive. Overall, these results indicate that in 58% of patients
only one operation for catheter insertion was sufficient, avoiding the risk of
pheumothorax related to multiple blind CVC insertions.

The frequency of staphylococcal bacteraemias has been reported to range from
10-38% in pafients receiving {L2 (4-6,9). IL2 related side effects such as fransient
impairment of neutrophil function (7-9), dose dependent incidence of staphylococ-
cal bacteraemia (4), colonization with S. aursus and skin desquamation (5), are
well documented risk factors for the development of catheter infection and sepsis.
Richards et al (4} reporled a septicaemia incidence of 18% after a mean CIT of 20
days, associated with low dose (9 MIU/m?/d) IL2 treatment. In case of high-dose
bolus 1L2 (1.8 MiU/kg/d ~ 72 MIU/m?/d) the incidence of septicaemia rose to 38%
and the mean CIT decreased to 12 days. An uncuffed non-tunneled double lumen
CVC was used in thelr patlents. Our patients received intermediate doses (18
MIU/m%d c.iv.) of IL2. This dose as a continuous infusion has been shown to be
equitoxic to bolus administration of 72 MIU/m?d of iL2 (13). Hence, the relatively
low incidence of septicaemia of 14% taken together with a long overall median CIT
of 43 days in our series compare favourably. In a prospective randomized study
comparing prophylaclic oxacillin i.v. with placebo in high dose bolus IL2 {1.8
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MIU/kg/d) treated patients, Bock et al {6) demonstrated that in the oxaclllin arm no
catheter related septicaemia was seen white in the placebo arm 10% of the
patients experienced septicaemia (p=0.05). Moreover, catheter colonization was
reduced significantly in the oxacilin arm {10%)} versus placebo arm (44%,
p=0.0001). To date, in their study CIT was deliberately kept short at + 4 days and
therefore their results cannot easily be compared with ours. Moreover, Viasveld et
al (14) found 34 (63%) catheter related infections out of a total of 54 CVCs which
were inserted in cancer patients treated in a phase -l study with low dose L2
(0.18-9 MIU/m?/d) c.iv. via an implantable Port-a-Cath®. In order to prevent
infection, subsequent patients received prophylaxis with oxacillin (4 x 1 g iv. for
24 hours) starting one hour before CVC insertions followed by oral pefloxacin (1 x
400 mg daily), given during the entire period of IL2 treatment. These investigators
could not demonstrate a reduction in the risk of infection by prophylactic anti-
biotics. In contrast, we have found a 14% rate of septicaemia after a median CiT
of 20 days, despite the fact that we used a much more intensive regimen of
cytokines without antibiotic prophylaxis, since we wanted to avoid the development
of bacterial resistance and superinfection related to fong-term antibiotic treatment.
The relalively high rate of catheter related thrombosis observed in the first 14
patients (36%) might well be attributable to the production of secondary cytokines
such as tumor necrosis factor-alpha (TNFa} during L2 administration (15). Baars,
et al (16) reported that IL2 acfivates the coagulation and fibrinolytic systems in
vivo, which changes resemble the perturbations observed after TNFa administra-
tion. By the institution of prophylactic heparin during iL2 administration the
frequency of CVC related thrombosis decreased significantly to 12% in the
subsequent 58 patients (p = 0.03).

In conclusion, 58% of our patients required only one CVC for the duration of their
treatment. The infection rate refated to the technique of CVC insertion that we
used, is relatively low in view of the high doses of IL2 used and the avoidance of
prophylactic antibiotics. This compares favourably to previously reported experi-
ence. Therefore, we recommend the use of this technigue in long-term .2 treat-
ment schedules. Low dose heparine should be given prophylactically to avoid
thrombotic complications.
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CONCLUSIES EN PERSPECTIEVEN

De iaatste 20 jaar is er een opleving in de belangstelling voor immunotherapie,
mede door de recombinant DNA-fechnieken, de hybridoma fechnologie en de
opkomst van de genetische modificatietechnieken. Dit hesft geresulteerd in het ter
beschikking komen van voldoende hoeveelheden gezuiverde moleculen voor
onderzoek en theraple bij de mens door middel van cytokinen, hematopoietische
groeifactoren en monoklonale antilichamen gericht tegen tumor-geassocieerde
antigenen. Ook de nieuwe mogelilkheden om autologe lymfocyten ex vivo te
bewerken tot geactiveerde immuuncellen heeft een stimulans gegeven aan de
adoptieve immunotherapie. Dit proefschrift beschrijff diverse toedieningsvormen
van immunotherapie met interleukine-2 (IL2) en combinaties van IL2 en IFN-¢ met
of zonder chemotherapie bij de behandeling van solide tumoren.

Hoofdstuk 1 geeft een uitgebreid overzicht van de reeds toegepaste vormen van
adoptieve immunotherapie met cytokinen en geactiveerde lymfocyten bij de
behandeling van gemetastaseerde nierkanker. De resultaten en beperkingen van
deze vorm van immunotherapie worden bediscussiserd. Tenslotte worden
potentieel nieuwe en meer verfiinde methoden van lumorspecificke
immunotherapie aangegeven.

Hoofdstuk 2 beschrijft een fase I-1l dosis-escalatie studie waarhij IL2 interpleuraal
werd toegediend bij mesothelioom. IL2 werd op 14 opeenvolgende dagen
toegediend. Dit schema werd elke 4 weken herhaald. Pariiéle responsen (PR)
werden bij 4 van de 21 evalueerbare patiénten waargenomen (19%). IL2 spiegels
In het pleuravocht bleken 8000 maal hoger dan serumspiegels. Tumor necrose
factor aifa (TNF-a)-spiegels in het pleuravocht, waren zeer variabel en niet
gecorreleerd aan IL2 doseringen. Mononucleaire cellen in het pleuravocht
verfoonden bij alle patiénten lymfokine geactiveerde killer (LAK) activiteit. Dosis
limiterende bijwerkingen werden gezien bij een dosis van 36 MIU IL2 per dag en
bestonden uit catheter infocties, koorts en griepachtige verschijnselen. Er werd
geen relatie gevonden tussen dosis en respons. Op grond van de waargenomen
bijwerkingen, de afwezigheid van een dosis-respons relatie en het reeds bij lage
doseringen optredende immunomodulerend effect, werd de aanbevolen IL2 dosis
voor een fase li studie vasigesteld op 3 MIU per dag.

117



Conclisies en perspectiaven

in Hoofdstuk 3 worden de resultaten beschreven van een fase I-l| dosis-escalatie
studie, waarbij continue 1.2 infusie via de arteria hepatica werd gegeven bij
patignten met een gemetastaseerd coloncarcinoom met niet-resectabele
levermetastasen. Bij ongeveer 30% van deze patiénten blijkt de lever de enige
lokalisatie te zijn. De huidige behandelingen met systemische of intra-arteriéle
chemotherapie hebben niet geresulteerd in een betere overleving. Derhalve ligt
het voor de hand om locoregionale immunotherapie van de lever te bestuderen. In
onze studie werd via een laparotomie een catheter Ingebracht in de arteria
gastroduodenalis en aangesloten op een Port-a-Cath systeem. Twee weken later
werd gestart met de intra-arteriéle toediening van L2 gedurende 12 dagen, elke 3
weken. Een intrapatignt dosis escalatie schema werd toegepast met IL2 doserin-
gen varigrend van 1.5-12 MiU/m? per dag. Bij doses van 6-12 MIU/m® per dag
werd aanzienlijke hepatotoxiciteit waargenomen. Trombose van de arteria hepatica
werd waargenomen bij 2 van de 5 patignten bij de lage dosis IL2 en bij 3 van de 4
patignten met de hoogste dosis IL2. Door deze complicaties werd de studie
vroegtiidig gestopt. Geconcludeerd werd dat, als gevolg van de IL2-geinduceerde
endotheelschade, kleine arterién zoals de arteria gastroduodenalls, niet geschikt
zijn voor langdurige IL2 infusie.

Hoofdstuk 4 beschrijft het antitumor effect en de bijwerkingen bij 44 patiénten met
een gemetastaseerd colon carcinoom. De patiénten werden behandeld met IL2,
IFN-a en 5-FU. Tot op heden Is 5-fluorouracil (5-FU) het enige actieve
cytostaticum bij deze ziekte. Synergisme tussen 5-FU en IFN-g enerzijds en
tussen IL2 en IFN-a¢ anderzijds werd aangetoond In preklinische studies en
aanvankelijk bevestigd in klinische studies bij gemetastaseerd coloncarcinoom,
melancom en niercelkanker. Derhalve werd de combinatie van deze 3 middelen
hier bestudeerd. De behandeling werd voornamelijk poliklinisch gegeven waarbij 3
maal per week subcutaan IL2 en iFN-a, en senmaal per week 5FU intravenesus
werden toegediend. Er werden 6 {14%) partiéle responsen gezien bij 43 evalueer-
bare patiénten. De mediane overleving was 47 weken (2-85 weken). De
bijwerkingen bestonden uit moeheid, misselijkheid en braken. Granulopenie was
de belangrijkste reden om dosis-uitstel en -reductie toe te passen. Seriéle
bepalingen van fenotypen en cytalytische activiteit van perifere lymfocyten voor en
tijdens de therapie foonden geen veranderingen in aantal "natural-killer" ceilen en
de mate van LAK-activiteit. Concluderend heeft de combinatie van iLZ en IFN-a
met 5-FU slechts een matige antitumor activiteit.
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Hoofdstuk 5 beschrijft de behandelingsresultaten met IL2 en IFNa bij 57
gemetastaseerde melanoom patiénten. De behandeling met L2 alleen resuiteert in
een responspercentage varigrend van 5-27% terwijl met IFN-a@ een
reponspercentage wordt bereikt van 12-22%. Op grond van synergistische
activiteit tussen L2 en IFN-a¢, zoals aangefoond in dierexperimenten, en de
veelbelovende resultaten in vroege klinische studies, hebben we een fase |l studie
gedaan met de combinatie van deze twee middelen, Het behandelschema bestond -
uit 7,8 MIU 1L2/m’ per dag toegediend gedurende 4 dagen als continue
intraveneuze infusie in combinatie met 6 MU IFN-a/m” per dag subcutaan op dag
1 en 4. De kuur werd om de 2 weken herhaald tot een maximum van 13 kuren.
Van de 51 evalueerbare patignten bereikie 1 (2%) patiént een complete respons
en 7 (14%) een partiéle respons. De mediane responsduur was 8 maanden en de
mediane overleving bedroeg 11 maanden. Cumulatieve chronische moeheid trad
op na 3 maanden therapie waardoor slechts 2 patiénten meer dan 13 kuren
hebben gekregen. Geconcludeerd kan worden dat deze combinatietherapie slechts
een matige antitumor activiteit heeft.

Hoofdstuk 6 beschrijft de resultaten van een retrospectieve studie naar de
frequentie van catheter complicaties en catheterisatieduur tijdens de behandeling
met IL2 bi} patiénten met gemetastaseerde nierkanker. Hierbll werd IL2 per
continu infuus via een getunnelde centraal veneuze catheter (CVC) toegediend.
O de kans op infectie zo kiein mogelijk te houden, werden de CVC's getunneld.
Na het invoeren van deze methode en het geven van heparine profylaxe
gedurende de behandeling werd een relatief lage frequentie van infectie en
catheter gerelateerde trombose waargenomen.

Perspectieven

Op grond van de tot op heden gerapporteerde behandelingsresuitaten, is het
duidelijk dat adoptieve immunotherapie met L2 niet als standaard therapie
beschouwd kan worden bij de behandeling van solide tumoren. Een nieuwe
ontwikkeling betreft het maken van tumorspecifieke effector celfen. Alhoewel T-
lymfocyten voorzien zijn van T-cel receptoren (TCR) die tumor geassocieerde
antigenen (TAA) kunnen herkennen en binden, heetft dit vooralsnog geen klinische
betekenis omdat tumorcellen vaak hun TAA niet adegquaat presenteren in de
groeve van een MHC-molecule, waardoor herkenning door de TCR onmogelijk is.
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Het CD3 antigen is een activatiemolecule geassocieerd met de TCR. Binding van
een TAA aan het CD3 molecuul leidt tot activatie van de T-cel, gevolgd door
lymfokineproduktle. T-lymfocyten kunnen op hun doel worden gericht en
geactiveerd door gebruik te maken van bispecifieke monoklonale antilichamen (bs-
Mab). Dit zijn hybride antilichamen verkregen door fusie van twee afzonderlijke
Mabs; het ene deel specifiek voor het CD3 antigen en het andere deel spscifiek
voor het TAA van de fumorcel. Het bs-MAb bewerkstelligt kruiskoppeling tussen
de T-cet en de tumorcel. Hierdoor vindt activatie van de T-cel plaats, hetgeen
aanleiding geeft iot cytolyse van de tumorcel. Diverse bs-MAbs zijn ontwikkeld met
specificiteit voor niercelkanker, eierstokkanker en borstkanker,

Een andere methode om T-lymfocyten specifiek te richten op een tumorcel is door
genetische manipulatie van de TCR tot een zogenaamd chimeer immunoglobuline
T-cel receptor complex (Ig-TCR). Om seffectief te zijn behoort een dergelijke T-
lymfocyt het Ig-TCR deel op een stabiele wijze in associatie met het CD3-antigen
fot expressie te brengen. Dit wordt bereikt door de introductie en expressie van Ig-
TCR genen, waarbij de variabele gen-segmenten van de TCRa en TCRE ketens
vervangen worden door de variabele gen-segmenten van de zware en lichie
ketens van een Ig met bekende specificiteit. Een belangrijk kenmerk van dergelijke
Ig-TCR lymfocyten is het vermogen om TAAs te herkennen onafhankelik van het
MHC molecule.

Een andere benadering om een specifieke T-cel respons op te wekken bestaat uit
immunisatie met tumorcellen waarin cytokinegenen zijn gebracht. Dit resulteert in
een effectieve concentratie van cytokines in de directe nabijheid van de tumorcel
en niet elders in het lichaam. Fase | studies met vaccinatie met cytokine-gen
getransduceerde tumorcellen bij melanoompatienten zijn reeds in gang. Bij deze
benadering blijit adequate TAA expressie door tumorcellen en hun herkenning een
probleem. Hoewel het relatief senvoudig is om cytokine-genen in tumorcellen tot
expressie te brengen, Is dit klaarblijkelijk niet het geval bij lymfocyten, Het is
meeilijk om hoge cytokine produktiespiegels te verkriigen, mogelijk door regulatie
mechanismen van de lymfocyt.

Actieve specifieke immunotherapie met vaccins verkregen uit TAA is conceptueel

een aantrekkelijke benadering bij de behandeling en mogelijk ook preventie van
kanker. De gedachte achter dit concept is dat dergelijke vaccins in staat zijn om
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het immuunsysteem beter te stimuleren en rustende tumorspecifieke T-lymfocyten
te activeren. FTot dusver zijn een aantal antigenen geidentificeerd die herkend
waorden door cytotoxische lymfocyten, voornamelijk bij melanomen, maar ook bijj
andere tumorsoorten. Vaccinatiestudies met immunogene peptiden bif de mens
zijn recentelijk van start gegaan.
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During the past two decades, renewed interest in immunotherapy was stimulated
by the resulis from genelic engineering, improved techniques on protein and
nucleic acid sequencing and hybridoma technology. Through these techniques,
highly purified molecules including cytokines, hematopoietic growth factors and
monocional antibodies directed against tumor-associated antigens became
available for clinical studies. The use of recombinant cytokines to generate, ex
vivo, autologous lymphocytes with antitumor activity has stimulated the further
development of adoptive Immunotherapy in humans. This thesis describes
different approaches of immunotherapy with interleukin-2 (IL2}, combinations of
IL2 and interferon-a (IFN-a) with or without the addition of chemotherapy in the
treatment of solid tumors,

Chapter 1 gives a comprehensive overview on the applied forms of adoptive
immunotherapy with cytokines and activated lymphocytes in metastatic renal cell
cancer (RCC). Furthermore, their results and limitations are discussed. Finally, in
future perspectives, new and refined methods of tumor specific targeted
immunotherapy are indicated.

in Chapter 2 a phase |-l dose-escalation study of locoregionally applied L2 in
pleural mesothelioma is reported. IL2 was administered for 14 days, repeated
every 4 weeks, according to a group-wise dose escalation schedule. Partial
response (PR) occurred in 4 of 21 evaluable patients (19%). Intrapleural IL2 levels
were up to 6000-fold higher than systemic levels. Intrapleural tumor necrosis
factor-alpha (TNF-a) levels varied greatly and did not correlate with the L2
dosage. Lymphokine-activated killer (LAK) activity was displayed by inirapleural
mononuclear cells in all patients, Dose-limiting toxicity was observed at 36 MiU
L2 daily, and consisted of catheter infection, fever and flu-like symptoms. No
relationship between IL2 dose and response was ohserved. Based on ihe
observed foxicity, the lack of a doseresponse relationship and the
immunomoduiatery effects seen at relatively iow-dose IL2, the recommended L2
dose for a phase i study is 3 MIU daily using this treatment schedule.

Chapter 3 describes the resulls of a phase | A-B dose-gscalation study

investigating the dose limiting ioxicities and antitumor effects of prolonged
continuous hepatic artery infusion with iL2 in unresectable liver metastases of
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patients with colorectal cancer. In as many as 30% of colorectal cancer patients
liver metastases encompass the sole site of initial tumor recurrence. So far,
neither systemic nor local administration of chemotherapy improved survival in this
disease, These patients can be considered as candidates for locoregional
immunotherapy. A catheter connected to a Port-a-Cath system was inserted into
the gastroduodenal artery at laparotomy and 2 weeks fater continuous hepatic
artery infusion (HAl) of IL2 in 2 cycles of 12 days at 3 weeks intervals was started.
Intrapatient dose escalation was applied. Doses ranged from 1.5-12 iL2 MIU/m?
daily. Considerable hepatic toxicity was observed at an IL2 dose of 6 MIU/m? daiiy.
Thrombaosis of the hepatic artery was cbserved in 2 of 5 patients at the lower IL2
dose levels and in 3 of 4 patients at the highest IL2 dose levels. Because of these
complications the study was stopped prematurely. In conclusion this study
demonstrates that due fo IL2 induced endothelial damage, small caliber arteries
like the gastroduodenal artery are not suitable for profonged IL2 infusion.

Chapter 4 describes the antitumor actlivity and toxicity of 44 patients with
metastatic colorectal cancer. The patients were treated with the combination of
L2, IFN-a, and 5-fluorouracit (5-FU}. To date, 5-FU remains the most active agent
against this disease. Synergistic interaction between 5-FU with IFN-a at one hand,
and between iL2 with IFN-a on the other hand, were demonstrated in preclinical
studies and appeared to be confirmed in early clinical studies in colorectal cancer,
metastatic melanoma and RCC. Consequently, the combination of these 3 drugs
were studied in this disease. The freatment was given predominantly on an
outpatient basis with three times per week subcutaneous IFN-a and IL2 followed
by once a week 5-FU as a bolus infravenous injection. There were 6 (14%) PRs
among 43 evaluabie patients. The median overall survival was 47 weeks (range 2-
85 weeks). Toxic effects included fatigue, nausea and vomiting. Granulocytopenia
was the main reason for dose reductions or treatment interruptions. Serial
assessments before and during therapy of immunophenotyping and cylolylic
activities of peripheral blood lymphocytes did not show changes in the numbers of
circulating natural killer cells or in the levels of LAK activities. It can be concluded
that the schedule of IL2 and IFN-a combined with 5-FU has only modest antitumor
activity,

Chapter 5 describes the resuits of 57 patients with metastatic melanoma treated
with 1.2 and IFN-a. Immunotherapy with IL2 has been reported to yield a 5-27%
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response rate in metastatic disease while IFN-o alone has shown response rates
of 12-22%. Based on synergistic activity of IL2 and IFN-a¢ in preclinical
experiments and promising resuits of early clinical trials, we performed a phase |l
study with this combination. The treatment schedule consisted of IL2 given at a
dose of 7.8 MIU/m%day for 4 days as a continuous intravenous infusion in
combination with IFN-a 6 MIU/m?/day subcutanecusly on days 1 + 4. The cycle
was repeated every 2 weeks for a maximum of 13 cycles. Of the 51 evaluable
patients, 1 (2%) achieved a complete response (CR) and 7 (14%} a PR. The
median response duration was 8 months and the median survival was 11 months.
Chronic cumulative fatigue occurred after 3 months of treatment so that only 2
patients received more than 13 cycles. In conclusion, this combination therapy has
only moderate antitumor activity.

Chapter 6 describes the results of a retrospective study on the incidence of
catheter complications and catheter indwelling time (CIT) during continuous IL2
infusion in metastatlic RCC patienis. To reduce the chance of catheter related
infection a tunneled central venous catheter (CVC) was used. With the institution
of tunneled CVYCs and prophyiactic heparin, we observed a relatively low incidence
of catheter sepsis and thrombosis.

Perspectives

Based on the treatment results of immunotherapy studies as reported in the
literature, it becomes clear that adoptive immunotherapy with IL2 can not be
recommended as standard treatment for solid tumors. A new approach comprising
the development of tumor specific effector cells is needed. Although T-
lymphocytes are equipped with T-cell receptors (TCR) which can recognize and
bind tumor associated antigens (TAA), this is clinically futile since tumor cells often
do not express their TAA adequately in association with MHC molecules, which
makes recognition by the TCR impossible.

The CD3 antigen is an activation molecule physically associated with the TCR.
Binding of the CD3 to TAA leads to activation of the T-cell, followed by lymphokine
production. T-lymphocytes can be targeted to tumor cells and activated by the use
of bispecific monoclonal antibodies (bs-MADb) which are hybrid antibodies
constructed from two parent MAbs: one specific for the CD3 antigen and the other
specific for a TAA on the tumor cell. BsMAb mediated cross-linking of the T-cell to
the tumor cell resulting in activation of the T-cell leading to cytolysis of the tumor
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cell. Several bs-MAbs have been developed with specificity against RCC, ovarian
cancer and breast cancer.

By the construction of a chimeric immunoglobulin T-cell receptor complex (lg-
TCR), tumor selectivity of T lymphocytes may be obtained. To be effective such T
lymphocytes would require stable expression of the engineered Ig-TCR at the
lymphocyte surface and its functional association with the CD3 signal-transducing
element. This has been achieved by the introduction and expression of chimeric
[g/TCR genes, in which variable gene segments of the TCRa and TCRg chains
are replaced by the variable gene segments of the heavy and light chain of an ig
with known specificity.

An essential feature of Ig-TCR targeted lymphocytes is their ability to recognize
TAA in a MHC-unrestricted manner.

Another approach to induce a specific T-cell response is by immunization of the
host with tumor cells transduced with genes encoding for cytokines. These
cytokines are continuously secreted by the tumor cell resulting in effective
concentrations in the vicinity of tumor cells but not elswhere in the body. Pilot
studies of cytokine transfer by vaccination with enginsered fumor cells in
melanoma patients have started. However, with this approach adequate TAA
expression by tumor cells and their recognition remains a problem.

Although it has been relatively easy to express cytokine genes in tumor celis, this
is not the case in lymphocytes, It is difficuit to achieve constant high levels of
cytokine production, which is probably due to regulatory mechanisms.

Active specific immunotherapy with vaccines constructed of TAA is conceptually
an atiractive approach to treatment and possibly to prevention of cancer. The
rationale is that such vaccines may be able to stimulate the immune system more
vigorously and activate silent precursor iymphocytes with tumor specificity. Thus
far, a number of antigens have been identified as targets for recognition by
cytotoxic lymphocytes, mostly in melanoma, but also in other tumors types.
Vaccination studies with immunogenic peptides in humans have recently started.
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