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ABSTRACT

Interleukin 2 (IL-2) and interferon-a (IFN-a) are cytokines with syn-

ergistic antitumor effects in mouse models. The biological effects of this
combination, however, have not been directly compared to each agent
alone in humans. We conducted a Phase IB trial of IL-2 plus or minus
IFN-u in 38 cancer patients. The objectives of this trial were to determine
which doses of IFN-u and IL-2 maximally enhanced biological responses,
and to determine whether the combined administration of IFN-a and IL-2
would result in a potentiation of biological responses over IL-2 alone.
Patients received 4 days of IL-2 (1.5 x IO6 units/m2/day or 3.0 x IO6
Â»nils/m-/dÂ¡i\i as a continuous infusion followed by a 3-day rest period,

weekly for 3 weeks, with a 3-week rest period between 2 treatment courses.
IFN-a (0.5 x io1' or 5 x !<)'â€¢units/m2/day) was administered s.c. on days

lâ€”tweekly for 3 weeks with one of the 3-week courses. Patients were
randomized to receive either IL-2 alone for course 1, followed by IL-2/
IFN-a for course 2, or IL-2/IFN-a in course 1, followed by IL-2 alone.

Immunological parameters were evaluated before treatment, and 24 h
after completion of the third week of IL-2.

A statistically significant increase in the percentage of circulating nat
ural killer cells (CD56), natural killer cells bearing the Fc receptor (CD16),
and activated T cells (CD25) was observed following IL-2 alone, and
following IL-2 plus IFN-a. Significant increases in lymphocyte-activated
killer cell cytotoxicity, antibody cellular cytotoxicity, and serum IL-2 re
ceptor were also observed following both IL-2 and IL-2 plus IFN-a. How

ever, no significant differences were observed in the magnitude of the
increase in the IL-2-alone group when compared to the IL-2 plus IFN-a
group. The mean fluorescent intensity of monocytes positive for HLA-DR

and Fc receptor expression also increased significantly in both groups, as
did serum ÃŸ2-microglobulin expression and indoleamine 2,3-dioxygenase

activity. However, increases were not significantly different between pa
tients receiving IL-2 alone and IL-2 plus IFN-a. No dose response effect
for IFN-a was observed for any of the parameters assessed.

Toxicities consisted primarily of constitutional toxicities, including fe
ver, rigors, malaise, headache, anorexia, and a decrease in performance
status. No clinically significant differences in toxicities were observed
between courses consisting of IL-2 and those consisting of IFN-a and IL-2.

Two patients had a partial response, and 5 patients had a minor response
(partial plus minor response rate, 18%).

In conclusion, we did not observe a difference in biological activity
between IL-2 and IL-2 plus IFN-a in any of the immunological parameters
we studied. Although this regimen was relatively well-tolerated, we cannot
conclude that IFN-a adds significantly to the immunological or therapeu
tic activity of IL-2 alone.

INTRODUCTION
IL-23 and IFN are cytokines with profound biological effects. IL-2

can augment NK cell activity in vitro and in vivo, and the pleiotropic

Received 8/14/92; accepted 1/5/93.
The costs of publication of this article were defrayed in part by the payment of page

charges. This article must therefore be hereby marked advertisement in accordance with
18 U.S.C. Section 1734 solely to indicate this fact.

1J. H. S. is supported in part by the Veterans Administration. This work was supported
in part by N1H Grants CM-87290. CA-53441, and CA-22685, and the General Clinical
Research Center's Program, NIH Grant MOI RRO3I86.

- To whom requests for reprints should be addressed, at Room K4/6. CSC, University

of Wisconsin Hospital and Clinics. 600 Highland Avenue, Madison. WI 53792.
' The abbreviations used are: IL-2. interleukin 2; NK, natural killer; IFN-a, interfer

on-a; IDO. indoleamine 2,3-dioxygenase; LAK, lymphokine-activated killer; PBL. pe
ripheral blood lymphocytes; ADCC. antibody-dependent cellular cytotoxicity; RPMI-HS.
RPMI 1640 supplemented with 10% human serum. 25 IÃ•IMA'-2-hydroxyethyl-piperazine-
/V'-2-ethanesulfonic acid, 100 units/ml penicillin, and 100 ug/ml streptomycin sulfate;

E/T, effector/target; PBM, peripheral blood mononuclear cells.

biological activities of IFN include direct inhibition of tumor cell
growth and a number of immunomodulatory effects, such as enhance
ment of NK cytotoxicity, macrophage activation, and modulation of
cell surface antigen expression (1-3). Both IL-2 and IFN have clinical
antitumor activity in certain tumor types (1-3).

One strategy to increase the therapeutic efficacy of these cytokines
includes combination therapy. Recent studies have suggested that the
combination of IL-2 and IFN has enhanced antitumor activity in
experimental murine models (4-10). The mechanism of this activity is

uncertain, but may include increased induction of HLA class I levels
on tumor cells (11, 12), augmented cytolytic activity by specific
cytotoxic T lymphocytes (13), LAK, or NK cells (6, 8, 14, 15),
enhanced expression of IL-2 receptors (16), and enhanced IFN-7 or
IL-2 production (17, 18). Additional activities of IFN that have been
postulated to enhance the antitumor activity of IL-2 include the direct
antiproliferative activity, enhanced expression of tumor-associated an
tigens, and stimulation of antibody-mediated cell cytotoxicity of IFN

(19).
Based upon these preclinical studies, a number of clinical trials

have been undertaken combining IL-2 with IFN-a (20-28), IFN-ÃŸ
(29-31), or IFN-y (32). In general, however, the design of these trials

has been such that it has been difficult to determine whether the
observed biological effects represent an augmented response to the
combination of the 2 cytokines, except by retrospective comparisons
with historical controls. Therefore, we undertook a prospective trial to
determine the immunomodulatory effects of 2 dose levels of IL-2 and
2 dose levels of IFN-a in cancer patients, in order to directly compare
those effects to those induced by IL-2 alone within the same patient.

MATERIALS AND METHODS

Reagents

IL-2 and IFN-a. Human recombinant IL-2 and IFN-a (rHuIFNa2a) for

clinical treatment and in vitro studies were provided by the Hoffmann La
Roche Co. (Nutley, NJ) through the Biological Response Modifiers Program of
the National Cancer Institute. Both agents are highly purified products pro
duced in Escherichia coli expression vectors using recombinant DNA tech
niques. IL-2 units are based on the National Cancer Institute Biological Re
sponse Modifiers Program standard IL-2 unit determination.

Monoclonal Antibody. ING-1 is a mouse-human chimeric antibody of the
human IgGI subclass with mouse-encoded variable regions. It reacts with

surface antigens on adenocarcinoma cells, including breast, lung, and colon
carcinoma cells, and was kindly provided for these in vitrv studies by Dr. R.
Robinson (XOMA, Santa Monica CA) (33).

Cell Line. The BT20 cell line is a human breast carcinoma line obtained
from the American Type Culture Collection (Rockville, MD).

Clinical Trial

Patients. From February 1990 through December 1991, 38 patients were
enrolled in this Phase I trial (National Cancer Institute-Biological Response
Modification Program protocol B89-0003) (Table 1). All patients had refrac

tory cancers, for which other proven effective treatments were not available,
and all signed approved informed consent forms. Patients had an Eastern
Cooperative Oncology Group performance status of 0 to I (Kamofsky, 80 to
100) and a life expectancy of at least 12 weeks. Eligibility criteria included
normal hematological parameters (hemoglobin, >10 g/dl: granulocyte count.
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>1500/ul; platelet count. >100,000/ul). adequate liver function (total serum
hilirubin. <1.6 nig/dl: serum glutamic oxaloacetic transaminase. <4X upper
limit of normal), and adequate renal function (serum creatinine, <2.0 mg/dl;
creatinine clearance, >50 ml/min) and serum calcium <12 mg/dl. Criteria for

exclusion included patients who had major surgery within the last 3 weeks or
treatment with cytotoxic chemotherapy, radiation therapy, or other immuno-

suppressive therapy within 4 weeks of entry into this clinical trial. Patients with
clinically significant cardiac abnormalities or significant pleural effusions or
ascites were ineligible. Patients with significant central nervous system disease
or central nervous system mÃ©tastases,or serious recent infections, or those who
required continued therapy with corticosteroids, aspirin, or nonsteroidal anti-

inflammatory agents were also ineligible. Patients with a history of chronic
obstructive pulmonary disease were required to have adequate ventilatory
function (forced expiratory volume, >60% of predicted). All patients had

placement of an indwelling venous catheter.
Study Design. All patients were scheduled to receive 4 days of IL-2 at 3 x

10" units/trr/day or 1.5 x IO6 units/m2/day as a continuous infusion, followed
by a 3-day rest period, weekly for 3 weeks. Interferon-a (0.5 X IO6 units/trr/
day or 5 x IO6 units/irr/day) was administered s.c. on days 1-4 weekly for 3

weeks with one of the 3-week courses, with a 3-week rest period between the

2 treatment periods (Table 1). Patients in each of the 3 dose levels were
randomized to receive either: (a) IL-2 alone for course I, followed by IL-2/
IFN-a for course 2; or (ft) IL-2/IFN-a in course I followed by IL-2 alone in

course 2. Patients with measurable regression were eligible to receive another
3-week treatment period of IL-2/IFN-a.

Toxicity Grading and Dose Modifications. During treatment, the Eastern
Cooperative Oncology Group Common Toxicity Criteria were used for grading
of toxicities. The University of Wisconsin Comprehensive Cancer Center Clin
ical Toxicity grading scale was used for weight gain, systolic blood pressure,
temperature, and decline in performance status. Mild (Grade I) toxicity corre
sponded to <20 mm/Hg decrease in systolic blood pressure, a 2-5-kg weight
gain, temperature >38Â°C,and a decline in performance status of one grade.

Moderate toxicity corresponded to Grade II toxicity of 20-40 mm/Hg decrease
in systolic blood pressure, 5-10 kg weight gain, temperature of 38.1-39.9Â°C,

and a decline of 2 grades in performance status. Severe toxicity corresponded
to Grade III with >40 mm/Hg decrease in systolic blood pressure. >10 kg
weight gain, temperature >40Â°C,and a decrease of 3 grades in performance

status. For Grade III toxicity, treatment was withheld until the toxic reaction(s)
improved to < Grade I or symptoms returned to baseline. Treatment was then

resumed at 50% dose.

Immunological Monitoring

Two baseline blood samples were obtained pretreatment. Blood samples to
analyze the in vim effects of IL-2 ("posttherapy" samples) were obtained 24 h

after the completion of the third week of IL-2 on weeks 3 and 9.

ADCC. All ADCC assays were performed in RPMI-HS and in RPMI-HS
supplemented with IL-2. Effector cells in a total volume of 50 ul were plated
in quadruplicate into 96-well U-bottomed microtiter plates at E/T ratios of 50.
16.7, and 5.6 to I. Fifty ul of RPMI-HS or RPMI-HS supplemented with IL-2

at a final concentration of 100 units/ml were added to effector cells and
incubated for 30 to 45 min at 37Â°C.Just prior to the addition of target cells, 50

ul of the chimeric antibody ING-1 were added to quadruplicate wells at a final
concentration of 0.25 ug/ml. Effector cells in media and in IL-2 alone were also

plated to determine their ability to mediate lysis of target cells in the absence
of antibody. Target cells were labeled with 250 uCi of MCr in 0.2 ml of

RPMI-HS. Target cells were mixed every 15 to 30 min during labeling to keep
the cells in suspension. After washing twice, 5 x 10' target cells were added

to wells containing effector cells and centrifuged at 1000 rpm for 5 min. The
plates were incubated at 37Â°Cfor 4 h, and the supernatants were harvested

using the Skatron Harvesting System (Skatron, McLean, VA). Maximum MCr

release was measured by lysing target cells with centrimide detergent. Spon
taneous "Cr release was measured by incubating target cells in RPMI-HS

Table 1 Schedule

media alone. Percent cytotoxicity values were calculated for each E/T ratio as

follows:

Wks 1-3 Wks4-6 Wks 7-9

IL-2"
IL-2/IFN-a''

Resi
Rest

IL-2/IFN-a
IL-2

a Schedule: continuous infusion for 4 days followed by a 3-day rest period, weekly for

3 weeks.
''Schedule: s.c. on days lâ€”tweekly x 3 weeks.

% Cytotoxictity = lOOx
(experimental release - spontaneous release)

(maximum release â€”¿�spontaneous release)

Results are expressed as percent cytotoxicity for the interpolated percent cy
totoxicity expected for an effector to target ratio of 17/1. The results are also
expressed as lytic units, where 1 lytic unit is the number of effector cells
necessary to achieve 20% lysis of 5 X IO1targets with maximum lysis of 100%

by cetrimide treatment.
LAK Cell Functional Assays. To test PBM for LAK cell function, PBMs

were assayed for their ability to kill the NK cell-resistant target Daudi. PBMs
in 50 ul of RPMI-HS were plated in quadruplicate using U-bottomed microtiter
plates at E/T ratios of 50, 16.7, and 5.6 to 1. RPMI-HS or RPMI-HS supple

mented with IL-2 at a final concentration of 100 units/ml were added to

quadruplicate wells. Target and effector cells were handled as described above.
Surface Marker Analysis. The Fc receptor (CD 16). IL-2 receptor (CD25).

and NK marker (CD56) were examined on a population gated tor lymphocytes.
Double marker analysis was used to determine the percentage of cells express
ing both CD56 and CD 16. The monocyte population was examined for ex
pression of MHC class II (DR. DQ. and DP) molecules and Fc receptors. In
addition, the percentage of monocytes within the PBM population was deter
mined using CD 14 and opening the gate to include both lymphocytes and
monocytes. All fluorescence labeling was performed at 4Â°Cin the dark for 30

min. Patient PBM cell populations were characteri/.ed by incubating 2 x IO5

Ficoll-Hypaque isolated PBM in 100 ul of PBS with fluorescein isothiocyan-
ate-conjugated. or phycoerythrin-conjugated antibodies (Becton-Dickinson) at

the recommended concentrations. The cells were washed of unbound antibody
by adding 2 ml of cold Hanks' balanced salt solution plus 0.1% bovine serum

albumin. Seventy-five pi of propidium iodide were added just prior to analysis

on FACS to exclude dead cell populations from the analysis.
Serum Kynurenine and Serum Tryptophan Levels. Serum tryptophan

and kynurenine levels were determined by HPLC analysis of deproteinized
serum using a HP I046A Fluorometer (Ex290/Em 350 nm) equipped with a
Rainin Dynamax UV Detector (357 nm). The samples were run on Waters C,K
u-Bondapak column with isocratic solvent at a flow rate of 1.25 ml/min.

Serum ÃŸ2-Microglobulin llevÃ©is.Serum ÃŸ2-microglobulinlevels were de
termined by an enzyme-linked immunosorbent assay kit obtained from T-Cell

Diagnostics (Cambridge. MA).

Statistical Analysis

Primary analyses of most biological response parameters were based on a
comparison of changes in parameter values over the first cycle of treatment in
patients who did not have any treatment modifications (dose reduction, inter
ruption, or delay). These patients were divided into 2 groups defined by the
presence/absence of IFN, regardless of the dose of IL-2 or IFN. Comparisons
between groups were made via a 2-sample t test. These comparisons were

repeated using first cycle data for all patients and second cycle data for all
patients, with no qualitative differences in results. We also examined the joint
effects of IL-2 and IFN dose using 2-way analysis of variance. Although there
were dose-dependent effects of IL-2, no differences between doses of IFN were

found.
For 2 parameters, serum ÃŸ2-microglobulin and IL-2 receptor levels, assays

were performed only on 10 patients who completed both cycles of treatment
without dose modification. Analysis for these parameters was based on paired
comparisons between the cycles with and without IFN.

RESULTS

Thirty-eight patients were entered on this protocol. The character
istics of the patients are given in Table 2. Thirty-four patients had

melanoma or renal cell carcinoma, and 15 of the patients had prior
chemotherapy or immunotherapy. The distribution of patients per dose
level and treatment are shown in Table 3.

All patients were Ã©valuablefor biological response assessment; 30
patients completed at least 2 courses of therapy. Eight patients went
off study prior to completion of 2 cycles of therapy: 2 because of
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Table 2 Distribution of patients per dose level and treatment

No. of patients

Doselevel123IFN-aO^xlO^units/m'/day5xlO"units/m2/daySxlO'Hinits/n^/dayIL-2JxlO^units/m-Vday3xloftunits/m2/day1.5xl06units/m2/dayIL-2alone.course
1877IL-2/IFN-a,course1565No.Ã©valuable"IO10IO

' Number of patients completing 2 courses.

Table 3 Patient characteristics

SexMaleFemaleAgeMeanRangeDiagnosisMelanomaRenalColonMesolheliomaRectalDisease

extentMelanomaNED"LungLiverNodal,

skin, soft tissue,s.c.Other
(spleen,intra-abdominal)RenalLungKidney

or renalbedLiverBoneOther

(nodal,adrenal)Prior

treatmentSurgeryRadiation

therapyChemotherapyHormonal

therapyImmunotherapyPerformance

status01281053.7527-6619152113105155105157371093102(118"

NED, no evidence of disease.

positive for CD 16 increased 23.5% from pretreatment to posttreat-
ment in the IL-2-alone group (P < 0.001 ), and 21.1% in the IL-2/IFN
group (P < 0.001). The differences in the increases for CD56, CD 16.
and CD25 between the 2 groups were not significant (P > 0.67).

The results depicted in Fig. 1, as well as Figs. 2-5, represent a

comparison of data from 15 patients who completed their first course
of IL-2 without any treatment modifications (dose reductions, signif

icant interruptions, or delays) with data from 10 patients who com
pleted their first course of IL-2/IFN-a without any treatment modifi

cations. This analysis was done because it was believed that any
biological effects due to either IL-2 or IFN-a would be more detect

able in this group of patients, who had completed a full course of
treatment. In addition, comparisons between IL-2 and IL-2/IFN-a

were performed using: (a) data from 36 patients following their first
course of treatment, regardless of treatment modifications; (h) data
from both courses of therapy from all patients; and (c) data obtained
from patients who completed their second course of IL-2 alone and

comparing those with values obtained from patients who completed
their second course of IL-2/IFN-a. These additional analyses (data not

shown) did not reveal any substantive difference from those shown in
Figs. 1-5.

We also examined the effects of IL-2 and IFN-a dose. As expected,
we observed a dose-dependent effect of IL-2-mediated immunological
effects, such as the number of LAK cells. However, no dose-depen
dent effect for IFN-a was observed for any of the parameters we

tested (P > 0.05) (data not shown).
Cytotoxicity. PBLs were obtained from patients 24 h after receiv

ing 3 weeks of IL-2 or IL-2/IFN-a-mediated cytotoxicity against

Daudi cells (Fig. 2). However, there was no difference in the increase
in LAK activity between the patients receiving IL-2 alone compared
to patients receiving IL-2/IFN-a (8.8% increase versus 6.0% increase,
respectively) (P = 0.52). This LAK activity increased dramatically
when IL-2 was added to the medium during the 4-h 5'Cr release assay.

However, there was no significant difference in the increase in LAK
activity between the 2 groups when IL-2 was added to the medium
(51.5% increase versus 40.4% increase, respectively) (P = 0.27) (Fig.

2).
ADCC. To determine whether IFN-a enhanced ADCC, either by

expression of tumor-associated antigens or at the level of the effector

cell, PBLs obtained from patients following treatment were cultured
with BT20 breast adenocarcinoma cells in the presence of the ING-1
monoclonal antibody (Fig. 3). Incubation of PBLs with ING-1, even

personal reasons, 2 because of toxicity, and 4 because of progressive
disease. All patients are considered Ã©valuablefor toxicity and clinical
response.

Immunological Effects

Lymphocytes

Cell Surface Markers. The effects of IL-2 alone, and in combi

nation with IFN, on the percentage of circulating NK cells (CD56),
NK cells bearing the Fc receptor (CD 16), and activated T-cells
(CD25) are depicted in Fig. 1. Pretreatment values in the IL-2-alone
patients, compared to the IL-2-plus-IFN patients, did not differ sig
nificantly. Twenty-four h following the cessation of their third week of

treatment, the percentage of cells bearing these cell surface proteins
increased significantly in all groups (P < 0.05). However, there was
no significant difference in the magnitude of the increase between the
IL-2-alone group when compared to the IL-2/IFN-a group. For ex
ample, the mean percentage of cells positive for the IL-2 receptor,
CD25, increased from 8.0% to 15.9% in patients receiving IL-2 alone
(P < 0.004), and from 9.3% to 16.0% in patients receiving IL-2 plus
IFN-a (P = 0.03) (Fig. 1). Similarly, the mean percentage of cells

o

o
Q.
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60

50

40

:= 30
t>
U

X 20

10

IFN

I I pro IL-2 .

â€¢¿�I post IL-2

rtt
CD 16 CD 56 CD 25

Fig. I. Percentage of cells staining positive for CDI6, CD56, and CD25 before (pre-
IL-2) and 24 h after (post-IL-2) the completion of 3 weeks of IL-2. Data shown are from
15 patients who completed their first course of IL-2 alone (-IFN) without any treatment
modifications and from 10 patients who completed their first course of IL-2/IFN-a
without any treatment modifications ( + IFN).
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in the absence of IL-2 in the media, increased cytotoxicity of the BT20
cells 34.1% in the IL-2-alone group, compared to 34.6% in the IL-2/
IFN-a group. The increases were highly significant, but there was no
difference between the IL-2 and IL-2/IFN groups (P = 0.97).

Serum IL-2 Receptor Levels. Significant elevations in serum
IL-2 receptor levels compared to baseline were observed following
treatment with both IL-2 (P < 0.0001) and IL-2/IFN-a (P < 0.0001 )

(Table 4). There was no statistically significant difference in the serum
IL-2 receptor elevation between the 2 groups.

Monocytes

Cell Surface Markers. Effects of IL-2 with or without IFN-a on

immunological activation of monocytes were assessed by evaluating
the expression of HLA Class II expression (HLA-DR, DQ, and 4 DP)

(Fig. 4). The mean fluorescent intensity of monocytes positive for
HLA-DR increased significantly from baseline with a mean of 307.1
channels to 405.6 channels following IL-2 therapy (P < 0.01), and

from a baseline mean of 313.6 channels to 386.9 channels following
IL-2/IFN-a therapy (P < 0.05) (Fig. 4). The difference between these

Table 4 Serum IL-2R levels (units/mil in patients complflinR both courses without a

treatmenl modification

med IL-2

Fig. 2. Percent cytotoxicily of lymphocytes against Daudi cells (LAK activity) from
patients receiving IL-2 alone in course 1 (-IFN) or IL-2/IFN-a in course l ( + IFN).
Experiments were done in media (med), or med containing IL-2.

m
C
o

u"x
oÂ»'
o

K

100

80

60

40

20

I I pre IL-2

â€¢¿�Bpost IL-2

IFN-+ -+ -+ - +
med IL-2 ING1 IL-2+ING1

Fig. 3. ADCC mediated by peripheral blood lymphocytes against BT20 cells before or
after 3 weeks of IL-2 from patients receiving IL-2 alone (-IFN) or IL-2/IFN-a ( + IFN).
Experiments were done in media (med), or med supplemented with IL-2. the monoclonal
antibody ING-1. or both IL-2 and ING-1.

Course 1 Course 2

IFN-a" Dl Dl D6

0.50.50.50.50.5Mean'5.05.05.05.05.0Mean'IL-6'1.1081,1145191,173941933IL-2/IFN-a1.8806122,0221,7662.1661,549IL-2/IFN-a23,13023,52023.85945.30925.40027,22125.11612.54727,48820,29123.52021,0522,2371,4358032.5351.4551,5692,5819821,3691,8273,0831,81229,19123.59620.616Â»480.00026.08928.184IL-214,81717.61524,06222,21722.40019.906

' IFN-a dose: xlO* units/irr/day.
17IL-2 dose: 3.0 x 10* units/nr/day.

Geometric mean.

500

400

JOO

200

100

pre IL-2

post IL-2

IFN - +
DR

11
+

DO
- +

DP

Fig. 4. Mean fluorescent intensity (MFI) on monocytes staining positive for HLA-DR.
DQ. DP, or the Fc receptor (FcR). Monocytes were obtained before or after 3 weeks of
treatment with IL-2 from patients receiving IL-2 alone in course I (-1FNI or both IL-2 and
IFN-o ( + IFN).

2 was not statistically significant (P = 0.59). There was no significant

enhancement over pretreatment values in the mean fluorescent inten
sity of cells positive for HLA-DQ or HLA-DP following either IL-2 or
IL-2/IFN (P > 0.05).

Fc receptor expression on monocytes also increased following treat
ment with either IL-2 alone or the combination of IL-2 and IFN-a.

The mean fluorescent intensity on monocytes positive for Fc receptor
increased over baseline by 83.8 channels in the IL-2-alone treatment
group (P < 0.002), and by 88.5 channels in the IL-2/IFN-a treatment

group (P < 0.002). The difference between these 2 was not statisti
cally significant (P = 0.87).

Serum ÃŸ^-Microglohulin

Serum ÃŸ2-microglobulin, an IFN-induced protein, was increased
2.21-fold following IL-2 alone (P < 0.001) and 2.86-fold following
IL-2/IFN (P < 0.001) (Table 5). This difference was statistically
significant (P = 0.002). Serum ÃŸ2-microglobulin levels increased by
2.71-fold in patients receiving 0.5 mg/m2 IFN-a and by 3.03-fold
following 5.0 mg/m2 IFN-a; however, this difference was not signif

icant (P = 0.38).
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Iiuloleamine 2,3-Dioxygenase Activity

The enzyme IDO is important in tryptophan metabolism, which
may play a role in the antiproliferative activity of IFN (34). The
cytokine-incluced increase in IDO activity is reflected in the increased

degradation of tryptophan to kynurenine. Serum tryptophan levels
decreased a mean of 26.2 nmol/ml in the IL-2-alone group before and
utter treatment, and a mean of 26.3 nmol/ml in the IFN/IL-2 group (P

< 0.001). Serum kynurenine levels rose a mean of 5.2 nmol/ml in the
IL-2-alone group, and 5.2 in the IL-2/IFN group (P < 0.001). These
differences were not statistically significant (P = 0.98 and 0.95,

respectively) (Fig. 5). No significant IFN dose response was observed.

Clinical Results

Taxicily

Toxicities due to treatment are shown in Table 6. Constitutional
toxicities including fever, rigors, malaise, headache, anorexia, and a
decrease in performance status were significant. The lower dose level
of IL-2 was better tolerated. Only one patient at the higher dose level
of IL-2. however, required a treatment modification for fatigue. Pa
tients who had received the higher dose level of IFN (5 X IO6
units/nr/day) and IL-2 (3 X IO6 units/m2/day) had a somewhat higher

incidence of high grade fevers (5 of 13 courses versus 2 of 28 courses
with lower doses of IL-2 or IFN). Otherwise, no clinically significant

differences in toxicities were observed between dose levels of IFN, or
between courses of IL-2 alone or with IFN.

Five patients required interruption of their treatment for hypoten
sion, and one patient had Grade 3 renal toxicity (Table 6). One patient
had a Grade 3 cardiac event (atrial fibrillation). Two patients required
pressors for less than 24 h for hypotension.

Only 10 patients completed the planned first 2 courses of therapy as
scheduled. The other 28 patients required modifications, such as dose
reductions, interruptions, delays, or early termination. Reasons for
treatment modifications included Grade III hepatic, renal, hematolog-

ical. gastrointestinal, cardiac, and hypotensive toxicities (Table 6A).
Other reasons for treatment interruptions or delays included central
line catheter-associated infections, leaks, or thrombosis (9 patients).

Despite the large number of patients requiring a dose modification,
however, no obvious differences in the need for dose modifications
were noticed between courses of IL-2 alone and IL-2/IFN. or cycle 1

versus cycle 2 (Table 7). Most of the toxicities occurred in the first
cycle of treatment, regardless of whether the first cycle consisted of
IL-2 alone or IL-2 plus IFN (Table 7).

IFN - + - +
Tryptophan Kynurenine

Fig. 5. Serum tryptophan or kynurenine levels before or after IL-2 from patients
receiving IL-2 alone in course I (-IFN) or both IL-2 and IFN-a in course I ( + IFN).

Antituiiior Effects

Of the 38 patients entered onto this protocol, 2 patients had a
shrinkage in their tumor size by >50% qualifying as a partial response.
A partial response was obtained for a 66-year-old male with mela

noma with pulmonary mÃ©tastasesand hilar adenopathy lasting >18
months. A partial response was also observed in a 65-year-old male

with renal cell cancer, with a prior nephrectomy and pulmonary and
lymph node involvement, who had shrinkage of 73% lasting 3.5
months.

Five patients showed measurable tumor shrinkage that did not
quality as a partial response. The minor responses include a 53-year-

old male with renal cancer with a prior nephrectomy who had a 50%
decrease in pulmonary metastasis lasting < 1 month; a 63-year-old

male with colon cancer who developed calcification of hepatic me
tastasis: a 65-year-old female with renal cell cancer and a prior right

nephrectomy who had slight shrinkage of pulmonary mÃ©tastaseslast
ing 6 months; a 56-year-old male with renal cell cancer with a hilar

mass and pulmonary involvement who had shrinkage of 50% lasting
<1 month; and a 60-year-old male with renal cancer with a prior

nephrectomy and pulmonary mÃ©tastasesand mediastinal adenopathy
who had a 40% shrinkage of his disease for 5 months. All other
patients showed stable (12 patients) or progressive (19 patients) dis
ease after completing their scheduled IL-2 treatment.

Table 5 Scrum ÃŸ2-niii'ntf>l<ihulin/nr/.v in /w/fVm.vfiHnpletinx burli c<ntr\e* Â»'Â¡tinnirti

treatment modification

Course 1

" IFN-a dose: xlO" units/trr/day.
'' IL-2 dose: 3.0 x H)6 unils/m'/day.
' Geometric mean.

Course 2

IFN-a"0.50.50.50.50.5Mean'DI2.1551

.9391
.9052.9232.6402.28D6IL-2"4.4503.8504.0198.1508.6925.47Dl2.0222.1261.6544.3992.2242.34IL-2/IFN-a5.05.05.05.05.0Mean'3.4181.8931.5232.9611.8912.2.37.4244.0235.8427.0897.0396.143.7771.9882.0903.4182.3912.64D6IL-2/IFN-a4.9756.9373.6218.4007.3635.99IL-2>

10.005.2435.2006.5925.3656.26

DISCUSSION

The objectives of this trial were to determine which doses of IFN-a
and IL-2 maximally enhanced biological responses, and to determine
whether the combined administration of IFN-a and IL-2 would result
in a potentiation of biological responses over IL-2 alone. Our study is

unique in that it allows for a direct comparison of the biological and
clinical effects of IL-2 with those due to IL-2 plus IFN-a, within the

same patient population.
We did not observe any significant difference on lymphocyte and

monocyte cell surface markers, or lymphocyte cytotoxic assays, be
tween IL-2 or the combined IL-2/IFN-a treatment. The immunolog-
ical effects observed with IL-2 alone were similar to those observed
on our other IL-2 trials (35, 36). Levels of soluble IL-2 receptor were
not changed by adding IFN to the IL-2 treatment regimen. Serum
ÃŸ2-mia'oglobulin and IDO activity were induced by IFN-a. but this

was not augmented by IL-2.
Our results indicate that IL-2 and IFN-a, when administered by this

schedule, do not have a synergistic potentiation of immune responses
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Table 6 Clinically significant taxicilies iihsenvd during II.-2 or ll.-2/IFN-a therapy

A. Grade IIIloxiciticsIL-2
(units/m-)IFN
(unils/m-lNo.

ofcourses"Allergy

(hives)HepaticT

ASTT
BiliThrombocytopeniaDiarrheaCardiacHypotensionNeurologicalRenalB.

OtherloxicitiesFever
>40Â°CPerformance

status 13Weight
gain>15%NeutropeniaInfection3x10"01311102oI)(I013021Level

13x10*0.5x1

0*IS0002012(I021(I423x10Â»01200200u10(132121Level

23x10Â»5x10Â«13021000111530401.5x10"D12(1(1(100(i(i001)1II15Level31.5x10"5x10"13011o001(10II3u90

' Includes patients who received more ihun 2 courses of therapy.

Table 7 Toxicities observed in Â¡hefirst 2 courses of thertipv which required treatment
modi finition: courses in which they occurred

Level1Courses
requiring treatment

modificationCourse
1Course

2Courses,
completed without modification,

delays, or interruptions
Level2Courses

requiring treatment
modificationCourse

1Course
2Courses

competed without modification,
delays, or interruptions

Level3Courses
requiring treatment modification

Course1Course
2Courses

completed without mtxlification,
delays, or interruptionsIL-2

alone4092191110IL-2/IFN-a325326226

compared to IL-2 alone. Other investigators have concluded that pa

tients receiving IL-2 and IFN-o or IFN-ÃŸ (29. 31) have an enhanced

NK and LAK cytotoxicity and proliferation, and that patients receiv
ing IL-2 and IFN-a have an increase in the number of peripheral blood

lymphocytes bearing IL-2 receptors (32). However, interpretation of

these studies is limited by the use of historic rather than direct con

trols. In this study, we were able to directly compare the biological
effects of IL-2 with those induced by combined IL-2/IFN-a treatment.

We found that the addition of IFN to IL-2 did not substantively change

the effects of IL-2 alone on surface markers, cytotoxicity, or serum

immune markers.
This study did not evaluate the potential role of IL-2 or IFN on in

vivo tumor antigen expression. A rationale may still exist for combin
ing IL-2 and IFN with a therapeutic monoclonal antibody for en

hanced tumor-reactive ADCC function if the current evidence that /;;

vivo up-regulation of tumor antigen expression occurs with IFN-Â«

administration can be confirmed when IFN is added to IL-2 (19, 37).

The therapeutic effectiveness of IL-2 plus IFN-o is not well estab

lished. In this study, we observed only a 5% major response rate.

Other investigators have reported response rates ranging from 12 to
30% with IFN plus IL-2 (24, 28). Since the activity of IL-2 as a single

agent is under 30%, it is unclear whether IFN adds significantly to the
antitumor effects of IL-2 (2, 3).

The toxicities of this combined regimen were similar to those we
have reported with IL-2 alone (35, 36). It is unclear why more patients

were unable to complete both courses of therapy without any modi

fication of their planned dose and schedule. We have previously used
this schedule and dose of IL-2 and found it to be well tolerated, with

little clinically significant hypotensive. hepatic, or bone marrow tox-

icity, and few dose reductions or treatment modifications (35. 36).
Other investigators have also shown that 3 X IO6 units/nr/day of

continuous infusion of IL-2 are tolerable while providing some anti-

tumor response and marked immunological effects (38, 39). In this
trial, 58% of patients treated at the 3 X IO6 units/m2 dose level of IL-2

required a dose reduction or schedule modification at some point
during their treatment. This was not due to the IFN-a. since dose or

schedule modifications occurred in approximately equal frequency in
the IL-2 alone cycles as in the IL-2 plus IFN-a cycles. It was also not

related to a cumulative effect of IL-2. as it occurred at a slightly higher

frequency in the first cycle.

Other investigators have suggested that the maximally tolerated
doses of IFN-a and continuous infusion of IL-2 are 3 X I0h to 6 X

10" units/m2 of IFN-a and 3 X IO6 to 5 X 10" units/nr/day of IL-2

(20, 23). We found that the 1.5 X 10ft units/nr/day dose level of IL-2

and 5 X 10'' units/rrr/day of IFN-a was tolerable, and could be given

as an outpatient regimen. Other investigators have also observed that
this approximate dose level (2.0 X IO6 units/nr/day dose level of IL-2

and 6 x IO6 units/m2 of IFN-a) was well tolerated in the outpatient

treatment setting, and had significant clinical activity against renal cell

carcinoma (24).
During the course of continuous infusion IL-2 therapy, we experi

enced various catheter-related problems. Of 38 patients. 4 patients

(10.5%) developed thrombi in their indwelling subclavian catheters.

These 4 patients were equally divided in terms of dosages received.
Two were on the 1.5 x IO6 units/m2 IL-2 plus 5 x IO6 units/m2 of

IFN-a dose level, whereas the other 2 patients received the 3 X IO6

units/m2 IL-2 plus 5 x 10'' units/m2 of IFN-a dose level. Although

this incidence of thrombosis is higher than the 5% thrombosis rate

noted in one recently reported series in a pediatrie population (40).

and higher than the 3.6% thrombosis rate for a recently reported
intra-arterial IL-2 series (41 ), it is well below the 16% thrombosis rate

reported in a venous access non-IL-2 adult patient population series

(42). Some investigators have suggested that IL-2-induced endothelial

injury as well as toxicity (43. 44) may possibly be predisposing factors
to increased thrombotic complications with constant infusion IL-2. In

addition, it is interesting to note that 2 of the patients in our study who
developed catheter-related thrombi did so despite prophylactic anti-
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coagulation with 1 mg of coumadin p.o. daily. On the whole, however,
the catheter-related thrombosis rate observed in our constant infusion
IL-2 study, although noteworthy, was not markedly elevated in light of

the published data.
Of 38 patients entered on this study, however, 9 (23.7%) developed

infectious complications believed to be related to the central venous
catheter. Since the infectious complication rate associated with the use
of i.v. access devices is 9-12% (40, 41, 45), the role of prophylactic
antibiotics may need to be addressed in our future use of long-term

indwelling venous access devices for these patients. In addition, the
high incidence of dose modifications or interruptions due to catheter-
related events or IL-2-related toxicities must be taken into consider
ation in the design of further IL-2 trials, as these treatment modifica

tions will have an impact on the degree and assessment of immune
activation.

In conclusion, we did not observe a difference in biological activity
between IL-2 and IL-2/IFN-a treatment in any of the immunological

parameters we studied. No apparent synergistic clinical antitumor
activity was noted. Additional studies will need to be done to deter
mine the mechanism behind the synergistic antitumor effects that have
been observed in animal models with this combination, if these pre-

clinical results are to be extrapolated to the clinic.
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