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Abstract

To directly compare clinical side effects and biological re-
sponse modification, IFN-g8,.,, IFN-v, or the combination of
IFN-Bgr plus IFN-y was administered to 21 cancer patients.
Each IFN or the combination was given intravenously on days
1, 8, and 15 in varied order. Each IFN and the combination
resulted in significant (P < 0.05) modulation of IFN-induced
proteins. IFN-g,., was more effective than IFN-v in enhancing
2-5A synthetase activity (P = 0.001). IFN-y was more effec-
tive than IFN-g,., in enhancing serum 8, microglobulin ex-
pression (P = 0.05) and indoleamine dioxygenase activity, as
assessed by decreased serum tryptophan (P = 0.03). The com-
bination enhanced tryptophan catabolism more effectively than
IFN-B,., in a dose-dependent manner (P < 0.03). IFN-G,../
IFN-v did not potentiate natural killer cells or antibody-de-
pendent cellular toxicity (ADCC). IFN-B,. /IFN-vy enhanced
monocyte guanylate cyclase activity, as assessed by serum
neopterin, more effectively than IFN-v alone (P = 0.005). Both
IFNs and the combination resulted in increases in HLA class
II expression on monocytes. However, no significant difference
in the level of induction of HLA DQ and HLA DR expression
between IFN-B,../IFN-vy and either IFN-8,., or IFN-y was
noted. Although frequency and servity of side effects of
IFN-Bsers IFN-7, or the combination were dose related, induc-
tion of induced proteins (with exception of influences on tryp-
tophan catabolism) were not a function of dose administered
over the 10-fold range. Continued treatment with the combina-
tion intravenously three times a week for 4 wk sustained but
did not further potentiate, most of the changes in interferon-
induced proteins. Thus, IFN-8,., and IFN-y each resulted in
effective and essentially equivalent patterns of induction of in-
duced proteins. When combined, however, these IFNs did not
result in potentiation of biological response modification in
vivo. (J. Clin. Invest. 1990. 86:1211-1221.) Key words: clini-
cal cancer trial ¢ interferon « biological response modification

Introduction

IFNs are prototype lymphokines with a broad range of anti-
viral, immunomodulatory, and antiproliferative effects. Three
major classes (IFNs alpha, beta, and gamma) have been de-
fined based on differences in amino acid structure. Biologic
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differences between the three groups also exist that may have
therapeutic implications. IFN-8 has been shown to have more
antiproliferative activity in vitro against many solid tumors
than IFN-«a (1). IFN-y has unique immunomodulatory prop-
erties, including macrophage activation (2) and differentiating
activity (3), and was more potent in augmenting Fc receptor
expression (4) and HLA class II antigen expression on tumor
cells (5), than IFN-a or IFN-8.

Clinically, IFN-a has well-defined activity against a variety
of neoplasms and is currently undergoing evaluation in phase
I1I trials (6). Combinations of IFN-a or IFN-B,.; and IFN-vy are
of clinical interest because of synergistic antiproliferative ef-
fects in a variety of tumor types in both in vitro and murine
model systems (7-9). Recent clinical trials of combinations of
IFN-B or IFN-a with IFN-y (10, 11) have raised the question
as to how a combination of IFNs will be tolerated when com-
pared with either IFN alone. Furthermore, results from a
phase I trial of IFN-a and IFN-v suggest that this combination
may not be tolerable when administered over long periods of
time (11).

We conducted a phase I trial of IFN-B,.,, IFN-v, and the
combination (IFN-B,/IFN-v) that was designed to directly
compare in the same patient these three alternatives. Specific
clinical objectives were to compare side effects and organ tox-
icities associated with three different IFN treatments, deter-
mine whether the combined administration of [FN-8,.. /IFN-y
would result in increased toxicity as compared with either IFN
alone, and determine whether a 10-fold increase in IFN dose
would result in enhanced toxicity. To compare modulation of
host responses, IFN-induced proteins (HLA class I and class II
expression, 2-5A synthetase, and indoleamine 2-3 dioxygen-
ase) and effector cell function natural killer (NK)! cell cytotox-
icity, antibody-dependent cellular toxicity (ADCC), and
monocyte activation) were assessed. These parameters were
chosen for study because they represent host responses that
were known to be modulated by IFN-g,.; and IFN-y both in
vitro and in vivo. The purpose of these assessments was to
determine (a) the effect of both single administration and the
combination on biological responses, (b) which of two dose
levels of combined IFN-B,./IFN-v, differing by 10-fold, would
produce the greatest augmentation of these biological re-
sponses, and (c¢) whether the combined administration of
IFN-f.;/IFN-y would result in sustained increases in biologi-
cal responses over 4 wk.

Materials and Methods

IFNs. IFN-B.., (specific antiviral activity 1-2 X 10® units/mg of pro-
tein; Triton Biosciences, Inc.) and IFN-vy (specific antiviral activity
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1. Abbreviations used in this paper: ADCC, antibody-dependent cellu-
lar toxicity; MFI, mean fluorescence intensity; NK, natural killer.
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1.3-3.3 X 107 units/mg of protein; Biogen, Cambridge, MA) (12) were
provided through the Biological Response Modifiers Program, Na-
tional Institutes of Health (Frederick, MD). IFN-8,. is a synthetic
mutant protein with a substitution of serine for cysteine at amino acid
position 17 (13).

Patient selection. This study was open to patients with histologi-
cally confirmed malignancies for which no standard therapy was
known to be effective. Eligibility criteria included an Eastern Coopera-
tive Oncology Group performance status of 0 or 1 and adequate hema-
tologic, hepatic, and renal function. Patients could have received no
more than two prior cytotoxic chemotherapy regimens and could not
have received cytotoxic chemotherapy for at least 3 wk before initia-
tion of IFN (6 wk for mitomycin C or nitrosoureas); radiation therapy,
hormones, glucocorticosteroids, for at least 2 wk; or IFN-« or other
immunotherapy for at least 4 wk. Patients with clinically significant
heart disease, CNS involvement, or prior treatment with IFN-8, or
IFN-y were excluded. While on study, patients were not allowed barbi-
turates, aspirin, corticosteroids, or nonsteroidal antiinflammatory
drugs. All patients gave informed consent.

21 patients with a variety of tumor types were entered on study
(Table I). One patient at the higher dose level discontinued therapy
within the first 3 wk due to personal reasons and was not evaluated for
response.

Study design. Two dose levels were studied (Table II). The low-dose
level A consisted of 3 X 10® IU of IFN-g,., and 200 ug of IFN-v (1,000
ug ~ 15 X 10® IU). This dose level represented one-tenth the dose of
the high-dose level B (30 X 10° IU of IFN-g,, and 2,000 ug of IFN-v),
which was the maximum tolerated dose determined from a previous
phase I trial (10). For all combined treatments, IFN-y was given first
intravenously over 10 min followed by a 10-min injection of IFN-B,,.
Clinical parameters were evaluated before and 24 h after the day 1, 8,
and 15 treatment. Each injection was followed by a 1-wk washout
period. Clinical parameters, biological response and disease response
were assessed again after 4 wk of maintenance therapy. The order of
administration of IFN-B., IFN-v, and IFN-g.,/IFN-y on days I, 8,
and 15 was distributed equally among patients in each dose level to
control for cumulative dose effects.

Table I. Patient Characteristics

Low dose High dose

Age range 39-70 26-69
Median 57 52
Sex

Male 4 5

Female 6 6
Prior treatment

None 4 1

Chemotherapy S 4

Radiation therapy 1 7

Immunotherapy 4 1

Hyperthermia or hormonal therapy 0 2
Performance status:

0 5 1

1 S 10
Tumor

Lung 2 2

Melanoma 1 1

Renal 1 3

Other* 6 5
Total number 10 11

* Breast, colorectal, pancreas, chordoma, adenocarcinoma of un-
known primary.
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IFN doses were modified for grade 3 or 4 toxicities. Grade 3 symp-
tomatology was defined as symptoms that required medication for
relief, did not resolve with repeated IFN treatments, resulted in 5-10%
weight loss from baseline, or resulted in a drop in performance status to
ECOG level 3. Grade 4 symptomatology included symptoms that were
inadequately relieved by medication, caused a > 10% weight loss, or a
drop in performance status to level 4.

IFN treatments were withheld for any grade 3 or 4 toxicity until the
parameter returned to less than a grade 3 toxicity. Therapy was then
resumed with the dose of each IFN reduced by one dose level or to 50%
of dose level A.

IFN pharmacokinetics. Serum samples were obtained immediately
before initiation of the IFN infusion and at 15 min, 1, 2,4,6,and 24 h
thereafter.

Because an ELISA assay specific for IFN-G,, was not available,
total serum antiviral activity was assayed (by Cetus Corp., Emeryville,
CA) in a cytopathic effect assay (CPE) that uses human fibroblast
GM2504E cells and VSV as the challenge virus. An internal laboratory
standard calibrated against an international reference preparation of
human fibroblast IFN (G023-902-527) was included in each assay.
Titers were reported in international units/milliliter and are the mean
of three titration results. Because IFN-8 and IFN-y do not show equal
activity on a per unit basis in the assay, total antiviral activity as
measured here should not be interpreted as the sum of the actual IFN-8
and IFN-v titers. Serum IFN-y levels were determined (by Biogen,
Inc.) with a modified double-antibody sandwich ELISA. An internal
laboratory standard was used to generate a standard curve, which had
been calibrated against an international standard for antiviral potency,
G023-901-530, to give values expressed in international units/milli-
liter. Values represent the mean of four titration results.

2-5A synthetase and serum (; microglobulin. The 2-5A oligoade-
nylate synthetase assay was performed as previously described on pe-
ripheral blood lymphocytes (14). A commercially available radioim-
mune assay kit (Pharmacia Fine Chemicals, Piscataway, NJ) was used
for the quantitative determination of serum 3, microglobulin levels.

Monocyte surface antigen expression. Determination of monocyte
surface antigen expression was performed as previously described (15).
Both the percentage of positive cells and the mean channel of fluores-
cence intensity (MFI) of positive cells were determined in each analy-
ses. Cells corresponding to the monocyte population were identified on
the basis of characteristic forward angle and 90° (right angle) light
scatter profile (16). In some experiments, the monocyte population
identified by light scatter properties was confirmed by staining with
anti-Leu-M3 antibody. In all cases where these two methods were
compared, identical results were obtained whether the identification of
monocytes was done by light scatter profile analysis or on the basis of
Leu-M3 staining results (data not shown).

NK and ADCC cell cytotoxicity. Peripheral mononuclear cells were
separated from whole blood by centrifugation over a Ficoll hypaque
gradient. NK cell activity was assessed in a 4-h >'Cr-release assays using
K562 target cells (17), and ADCC activity was assessed using *'Cr
labelled Chang cells. ADCC was assessed by adding either medium or
rabbit anti-Chang cell antiserum (final dilution = 1072) to appropriate
cultures. NK and ADCC cell activity was determined in quadruplicate
at six effector-target ratios (3.125:1, 6.25:1, 12.5:5, 25:1, 50:1, and
100:1). Lytic units (LU) were calculated using a modification of the
exponential fit equation. One LU was defined as the number of lym-
phocytes required to result in 30% specific >'Cr release.

Serum neopterin levels. Serum neopterin was assayed by a com-
mercially available RIA kit (Neopterin-RIAcid; Henning Berlin
GmbH, distributed by DRG International, Inc., Mountainside, NJ).
Samples were counted in a 10-well gamma counter (Isodata, Inc.,
Palatine, IL). A simultaneously prepared standard curve was used to
calculate neopterin levels in the test samples.

Urinary kynurenine and serum tryptophan levels. 24-h urine col-
lections, preserved by addition of thymol, were made before, and 24
and 48 h after IFN administration. Kynurenine was measured by an
alkaline steam-volatile amine method previously described from this
laboratory (18). Appropriate standard curves and recoveries were used



Table II. Schema

Dose levels
A B Day 1 Day 8 Day 15 Maintenance therapy
IFN-Be 3 X 10° units 30 X 10° units
IFN-y 200 ug 2,000 ug
No. of patients
4 4 IFN-Ber IFN-y IFN-Bs;/IFN-y IFN-B¢/IFN-y
three times/wk
3 3 IFN-vy IFN-Be,/IFN-y IFN-Bs.; IFN-B./IFN-y
three time/wk
3 4 IFN-./IFN-y  IFNf, IFN-y  IFN-f,/IFN-y
three times/wk
Total 10 11
Day 1, 2 Day 8, 9 Day 15, 16 After 4 wk of maintenance

Biological Response Assessment

therapy

for quantitation results. The method is sensitive and specific with no
interference from commonly used medications.

Blood serum samples for tryptophan levels were obtained before
treatment, and at 4, 8, and 24 h after IFN administration. Serum or
plasma tryptophan levels were measured by a fluorometric method
adapted to the Technicon Autoanalyzer (Technicon Instruments, Tar-
rytown, NY) (19).

Statistical analysis. Paired ¢ tests were used to test the null hypoth-
esis that mean treatment effects were zero, both within each dose level
and for both dose levels combined, for each interferon used alone and
for the combination. Necessarily, this analysis was restricted to pa-
tients for whom both pre- and posttreatment determinations were
made for a particular IFN type. The trial was balanced with respect to
the sequencing of IFNs. Approximately equal numbers of patients
received each IFN as the first, second, or third injections.

Paired ¢ tests were also used to test the null hypothesis that mean
differences between effects of beta and gamma interferon, and between
single-agent and combination treatment, were zero. This paired analy-
sis used only patients for whom pre- and posttreatment measurements
were available for both interferons/combination in question. The com-
parisons were made within each dose level and for both dose levels
combined.

Two-sample ¢ tests were used to test the null hypothesis that the
mean difference between treatment effects at the two different dose
levels were zero for each interferon used alone and for the combina-
tion. We also assessed influence of injection sequence on clinical and
biological endpoints; no significant differences occurred. Although ab-
sence of such an association does not prove lack of interaction, we feel
these effects, if any, were relatively minor.

Analysis of all biological response parameters was based on log
transformed data. This is equivalent to analysis of a log stimulation
index, where stimulation index is defined as the ratio of the posttreat-
ment to pretreatment values. For purposes of presentation in text and
figures, mean treatment effects have been reexpressed as percent
changes or fold increases.

The pre- and posttreatment means from the raw data are indicated
in the figure legends. Because the figures are based upon reexpression
of log transformed data, these may not correspond exactly.

Results

IFN-induced proteins
HLA-DR expression on monocytes. 24 h after the administra-
tion of IFN-B,.., IFN-v, or the combination, there was a signif-
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icant increase in the mean percentage of cells positive for
HLA-DR (Fig. 1 A). Although in a few patients the percentage
of monocytes positive for HLA-DR expression decreased after
IFNs (Fig. 2 A), overall, the mean percentage of cells positive
for HLA-DR increased from 65.8 to 81.9% 24 h after treat-
ment with IFN-B,., from 71.5% to 78.7% 24 h after treatment
with IFN-v, and from 69.9 to 81.8% 24 hours after IFN-S;.,/
IFN-v treatment (P = 0.011, 0.019, and < 0.001, respectively).
The percentage of cells positive for HLA-DR increased in 15 of
19 patients receiving IFN-g., 16 of 19 receiving IFN-vy, and
18 of 21 receiving the combination. The level of antigen ex-
pression (MFI) for cells positive for HLA-DR in the three
treatment groups increased 37, 50, and 47%, respectively (P
=0.003, <0.001, and < 0.001, respectively). The MFI for
cells positive for HLA-DR increased in 15 of 19 patients re-
ceiving IFN-B., 17 of 19 receiving IFN-vy, and 21 of 21 re-
ceiving the combination. Although these changes were not
correlated with monocyte counts, we have previously shown
that fluctuations in absolute numbers of monocytes did not
correlate with changes in class II antigen expression in patients
treated with IFN-8 or IFN-y (15).

The data were analyzed to determine whether the combi-
nation of IFN-B,/IFN-v significantly increased HLA-DR ex-
pression more than IFN-B¢, or IFN-y. A similar fraction of
patients had an increase in positive monocytes after all treat-
ments (Fig. 2, 4 and B). The combination of IFN-G,, and
IFN-vy was not significantly different from either IFN alone in
its effect on the MFI or percentage of cells positive for HLA-
DR (P = 0.25). Similarly, there was no significant difference
between IFN-B,, and IFN-y in their effect on the MFI or
percentage of cells positive for HLA-DR (P = 0.08). No signifi-
cant (P = 0.1) dose response relationship was observed for any
of the three treatment groups (Fig. 2, 4 and B).

After 4 wk of treatment with IFN-8,../IFN-v, the percent-
age of cells positive for HLA-DR and the MFI of those cells
remained significantly higher than pretreatment values (P
= 0.002 and 0.04, respectively) (Fig. 1 C).

HLA-DQ expression on monocytes. Significant increases
were also seen in the mean percentage of monocytes positive
for HLA-DQ after IFN-8,.,, IFN-v, and the combination (Fig.
1 B)(P=0.02, < 0.001, 0.001, respectively). The percentage of
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Figure 1. Effects of combined dose levels of IFN-B. (8), IFN-y (v), and IFN-B,/IFN-v (8/v) on (4) HLA-DR and (B) HLA-DQ expression on
monocytes. (Percentage of cells positive and MFI.) Results are given as the mean percent change (reexpressed from analysis of log transformed
data) of values measured: 24 h posttreatment compared with values measured before treatment; and (C) after 4 wk of maintenance therapy
with IFN-B,., /IFN-y. The mean percentage of cells positive for HLA-DR and DQ increased from 65.8 to 81.9% and from 9.0 to 17.3% 24 h
after IFN-B,., from 71.5 to 79.4% and from 10.1 to 21.7% after IFN-v, and from 69.9 to 81.8% and from 9.5 to 16.6% after the combination,
respectively. The MFI on monocytes positive for HLA-DR and DQ increased from 43.0 to 56.6 and from 17.9 to 18.5 24 h after IFN-S,,,, from
44.5 t0 67.9 and from 18.2 to 19.3 after IFN-v, and 46.8 to 68.6 and from 17.4 to 15.6 after the combination, respectively. After 4 wk of main-
tenance therapy with IFN-g,., and IFN-+, the mean percentage of cells positive for HLA-DR and DQ increased from 64.8 to 85.7% and 9.4 to
15.9%, respectively. The MFI for HLA-DR increased from 47.8 to 70.7, and HLA-DQ decreased from 19.4 to 12.0. Asterisks indicate signifi-
cant differences compared with baseline with P < 0.05. Error bars = SE.

monocytes positive for HLA-DQ increased in 14 of 19 patients
receiving IFN-B., 15 of 19 patients receiving IFN-v, and 16 of
21 receiving the combination. In contrast to HLA-DR expres-
sion, no significant changes in the MFI of those cells positive
for HLA-DQ were observed after treatment with IFN-8,,,
IFN-v, and IFN-B,./IFN-y (P = 0.68, 0.86, and 0.09, respec-
tively) (Fig. 1 B). The MFI of cells positive for HLA-DQ in-
creased in 7 of 19 patients receiving IFN-B,.., 7 of 19 receiving
IFN-v, and 17 of 21 receiving the combination. Similar to the
results seen with HLA-DR, the combination of IFN-8, and
IFN-v was not significantly different from either IFN alone in
its effect on the MFI or percentage of cells positive for HLA-
DQ (P = 0.25). IFN-B,. did not differ significantly from IFN-y
in its ability to enhance the number of monocytes expressing
HLA-DQ (P = 0.93).

The data was also analyzed to determine if there was a
significant dose response in any of the three IFN treatment
groups. IFN-B; at 30 X 10° units was significantly more effec-
tive in enhancing the percentage of cells positive for HLA-DQ
than 3 X 10° units (P = 0.04). The higher dose level of
IFN-B,.;/IFN-vy decreased the MFI of cells positive for HLA-
DQ to a greater extent than the lower dose level (P = 0.03). No
significant dose-response relationship was observed for IFN-y
(P = 0.18).

After 4 wk of treatment with either of the two dose levels of
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IFN-B,. /IFN-v, the MFI of DQ positive cells was significantly
lower than pretreatment values (P = 0.007) (Fig. 1). The per-
centage of cells positive for HLA-DQ, however, did not remain
elevated (P = 0.11).

B2 microglobulin expression on monocytes. The expression
of 8, microglobulin on monocytes was measured and used to
assess of HLA Class I expression on specific cell types. There
was no significant change in the percentage of cells positive for
B, microglobulin 24 h after IFN-g,.,, IFN-vy, or IFN-B. /IFN-y
(P < 0.43 for all three treatment groups) (data not shown).
Most monocytes (98%, data not shown) however, were posi-
tive for this antigen before treatment making it difficult to
detect further increases in the number of positive cells. How-
ever, there was a significant increase in the MFI (P = 0.011,
0.010, and 0.001, respectively) of positive cells (Fig. 3 4). The
MFI of monocytes positive for 8, microglobulin increased in
16 of 20 patients receiving IFN-B,.., 16 of 20 patients receiving
IFN-v, and 16 of 21 patients receiving the combination. There
were no significant differences in the level of MFI enhance-
ment between any of the IFN treatments (P = 0.32), or be-
tween dose levels (P > 0.22). After 4 wk of treatment with
either of the two IFN-B,../IFN-y dose levels, the increase in 3,
microglobulin on monocytes compared to pretreatment
values, was maintained, although it was no longer statistically
significant (P = 0.08).
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Serum B, microglobulin. Significant elevations in serum 3,
microglobulin were observed 24 h after treatment with all
three IFN(s) (P < 0.001) (Fig. 3 B). All 21 patients receiving
IFN-B,, and the combination had an increase in their serum g3,
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microglobulin; 18 of 19 patients receiving IFN-y had an in-
crease. IFN-f,.. increased serum 8, microglobulin 1.29-fold,
which was significantly less than the 1.5-fold increase observed
after IFN-v, and the 1.63-fold increase observed after
IFN-Bs/IFN-y (P = 0.05 and 0.001, respectively). The differ-
ence between IFN-y and the combination was not statistically
significant (P = 0.08). Elevations in serum (3, microglobulin
were maintained after 4 wk of treatment at either dose level (P
< 0.001) (Fig. 3 B). A significant dose response relationship
was observed with either IFN-y or IFN-B,/IFN-y, but not
IFN-B. (P = 0.04, 0.01, and 0.38, respectively).

2-5A synthetase activity. IFN-B; increased serum 2-5A
synthetase by a mean of 3.2-fold and in 17 of 20 patients (P
< 0.001) (Fig. 4). Similarly, IFN-B/IFN-y increased 2-5A
synthetase activity 2.3 times (P = 0.004) and in 15 of 17 pa-
tients assessed. IFN-y had no significant effect on 2-5A syn-
thetase activity, increasing it in 7 of 18 patients (P = 0.65). The
difference in 2-5A synthetase enhancement between IFN-Bs.,
and the combination was not statistically significant (P =
0.23), although both enhanced 2-5A synthetase more than
IFN-y (P < 0.02). No significant dose-response relationship
was observed for any of the three treatment arms (P = 0.38)
(Fig. 4 A). The combination IFN-8,,/IFN-y maintained 2-5A
synthetase activity when administered for 4 wk (P < 0.001)
(Fig. 4 B).

Indoleamine 2,3 dioxygenase activity as measured by re-
duction in serum tryptophan levels. At the lower dose, the com-
bination of IFN-8,.,/IFN-y produced significant decreases (P
< .01) in serum tryptophan levels at 6 and 24 h (Fig. 5 4).
Except for IFN-B; at 6 h, the individual interferons at dose
level A did not produce significant changes in tryptophan
levels. At the higher dose, IFN-y and the combination caused
significant (P < 0.04) decreases in tryptophan at all times stud-
ied (Fig. 5 B), decreasing it in 11 of 11 patients, and 10 of 11
patients, respectively.

There was no significant difference between effects of
IFN-v and the combination at 24 h (P = 0.51) although both
of these treatments produced greater decreases in serum tryp-
tophan than IFN-B,., (P < 0.03). A significant dose-response
effect was seen for both IFN-y and the combination at 24 h,
but not for IFN-B,. (P = 0.004, 0.005, and 0.94, respectively).

Indoleamine 2,3 dioxygenase activity as measured by uri-
nary kynurenine levels. In parallel with the decrease in serum
tryptophan levels observed after IFN-y or IFN-B,.,/IFN-v,
there was a reciprocal increase in urinary excretion of kyn-
urenine at 24 h at both dose levels (P < 0.003) (Fig. 5, C and
D). IFN-v increased urinary kynurenine levels in 17 of 20
patients, and the combination increased levels in 18 of 20
patients. A significant increase was observed for IFN-£,. at the
lower dose levels (six of nine patients) (P = 0.048) but not the
higher (five of nine patients) (P = 0.38). As with serum trypto-
phan levels, the changes in urinary kynurenine induced by
IFN-y and IFN-B../IFN-y were not significantly different
from one another (P = 0.24). IFN-8,.,/IFN-v, however, in-
duced significantly higher urinary kynurenine levels at 24 h
than did IFN-B, (P = 0.004). A dose response relationship
was observed for IFN-y and the combination treatment, but
not for IFN-B,., (P = 0.056, 0.03, and 0.67, respectively).

Effector cell cytotoxicity
NK and ADCC activity. IFN-y decreased NK cell activity by
32% when measured 24 h after treatment (P = 0.026) (Fig. 6
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cytes and (B) serum levels. Results are given as mean percent change (reexpressed from analysis of log-transformed data) of values measured
pretreatment compared to those measured 24 h postinjection, and after 4 wk of maintenance treatment. The MFI on monocytes increased
from 113.2 to 140.3 24 h after IFN-8;, from 120.9 to 140.0 after IFN-v, and from 129.6 to 155.5 after the combination. After 4 wk of mainte-
nance with the combination, the MFI increased from 123.4 to 144.9. Mean serum 8, microglobulin increased from 2.7 to 3.6 mg/liter 24 h
after IFN-B,, from 2.7 to 3.9 mg/liter after IFN-v, and from 2.7 to 4.4 mg/liter after the combination. After 4 wk of IFN-g,/IFN-vy, mean
serum (3, microglobulin increased from 2.8 to 5.5 mg/liter. Asterisks indicate significant differences compared with baseline (P < 0.05). Error

bars = SE.

A). Although IFN-B., and IFN-g,.,/IFN-y also decreased NK
activity compared with pretreatment values, these decreases
were not statistically significant (P = 0.66 and 0.29, respec-
tively). IFN-y did not depress NK cell activity significantly
more than IFN-g,., or the combination (P = 0.21). ADCC was
decreased by both IFN-g,, (13 of 20 patients) (P = 0.032) and
IFN-vy (14 of 19 patients) (P = 0.004), but not IFN-g,.. /IFN-y
(10 of 18 patients) (P = 0.65) (Fig. 6 B). Similar to results
observed with NK cell activity, the combination did not de-

crease ADCC significantly less than either IFN alone (P
> 0.36). Statistical analysis showed no significant dose re-
sponse relationship was observed for either NK cell activity or
ADCC activity by IFN-g,, IFN-v, or the combination (P =
0.09).

4 wk of maintenance IFN-8,.,/IFN-y did not enhance NK
cell activity (P = 0.75) (Fig. 6 4). ADCC activity, however, was
enhanced after 4 wk of the higher dose level (P = 0.021) but
not the lower (P = 0.54) (data not shown). When data from the

Figure 4. Effects of low dose or higher dose
(10X) of IFN-Bsr (8), IFN-v (v), and
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IFN-Bs:/IFN-y (8/) on 2-5A synthetase
activity (4) 24 h postinjection, and (B)
after 4 wk of maintenance treatment.
Mean 2-5A synthetase activity increased
from 11.3 pmol/10° cells per h to 20.1
pmol/10° cells per h 24 h after the lower
dose of IFN-B,.,, from 7.7 to 8.2 pmol/10°
. cells per h after the lower dose of IFN-vy,
and from 5.3 to 14.1 pmol/10° cells per h
after the lower dose of the combination. 24
h after the high dose of IFN-B4,, IFN-y,
and the combination, mean levels changed
from 10.0 to 30.1, from 16.3 to 17.0, and

from 8.0 to 22.7 pmol/10° cells per h,

DOSE (1x)

DOSE (10x)

DOSE (1x)

respectively. Mean 2-5A synthetase activ-
ity increased from 4.7 to 27.9 pmol/10°
cells per h after 4 wk of the lower dose

DOSE (10x)

of the combination, and from 13.7 to 25.9 pmol/10° cells per h after the higher dose. Asterisks indicate significant differences compared with

baseline (P < 0.05). Error bars = SE.

1216  Schiller, Storer, Paulnock, Brown, Datta, Witt, and Borden



SERUM TRYPTOPHAN

Figure 5. Effects of lower (1X) or higher (10X) dose
Of IFN-Bsr (8), IFN-7y (7), and IFN-B./IFN-y (8/7)
on indoleamine 2,3 dioxygenase activity: (4 and B)
serum tryptophan levels and (C and D) urinary kyn-
urenine levels. Results are given as mean percent
change (reexpressed from analysis of log-transformed
data) of values measured pretreatment compared to
those measured 4, 6, and 24 h postinjection (4 and
B), and 24 and 48 h posttreatment (C and D). Mean
serum trypotophan levels changed from 1.2 to 1.1

mg/dl 24 h after the lower dose of IFN-B,.,, from 1.1
to 1.1 mg/dl after the lower dose of IFN-v, and from
1.2 to 1.0 mg/dl after the lower dose of the combina-
tion. After the higher dose of IFN-.,, IFN-v, and
the combination, mean serum tryptophan levels de-
creased from 1.1 to 1.0, from 1.1 to 0.6, and from 1.1
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Figure 6. Effects of combined dose levels of IFN-B. (8), IFN-vy (),
and IFN-B,./IFN-vy (8/v) on (4) NK cell activity and (B) ADCC ac-
tivity. Results are given as mean percent change (reexpressed from
analysis of log-transformed data) of values measured pretreatment
compared with those measured 24 h postinjection, and after 4 wk of
maintenance treatment. Mean NK activity changed from 194.5 lytic
units/107 cells to 200.9 lytic units/107 cells 24 h after IFN-8,,,, from
162.4 to 104.1 after IFN-v, and from 183.0 to 193.3 lytic units/107
cells after the combination. Mean ADCC activity changed from
459.3 lytic units/107 cells to 344.0 lytic units/107 cells 24 h after ad-
ministration of IFN-B,., from 341.1 to 225.6 after IFN-vy, and from
393.1 to 396.7 after the combination. After 4 wk of maintenance
treatment with the combination, mean NK activity and ADCC activ-
ity changed from 162.4 to 195.6 lytic units/107 cells, and 345.1 to
655.8 lytic units/107 cells, respectively. Columns with asterisks show
significant differences with P < 0.05. Error bars = SE.

Phase IB Trial Interferon-B,.,, Interferon-vy, and Interferon-g;., Interferon-y

to 0.5 mg/dl, respectively. Mean urinary kynurenine
concentrations increased from 27.1 to 40.3 umol/d
24 h after the lower concentration of IFN-8,., from
26.7 to 36.9 after the lower concentration of IFN-v,
and from 19.1 to 37.1 umol/d after the lower concen-
tration of the combination. 24 h after the administra-
tion of the higher concentrations of IFN-,., IFN-y,
and the combination, mean urinary kynurenine con-
centrations increased from 51.0 to 48.9, from 29.5 to
153.1, and from 57.0 to 246.4 umol/d, respectively.
Asterisks indicate significant differences compared
with baseline with P < 0.05. Error bars = SE.

two dose levels were combined (Fig. 6 B), ADCC activity was
increased 63% (P = 0.042).

Serum neopterin levels. Significant increases in serum
neopterin levels were observed after all three IFN treatments at
both dose levels (Fig. 7). All three IFN treatments increased
serum neopterin in all patients studied. IFN-S,./IFN-vy treat-
ment increased serum neopterin levels by a mean of 3.0-fold,
an augmentation that was significantly higher than the 2.2-fold
increase induced by IFN-v, but only marginally significantly
higher than the 2.5-fold increase induced by IFN-Bs., (P
= 0.005, and 0.06, respectively). No dose response effect was
noted in any of the treatment groups (P = 0.34). Serum neo-
pterin levels were not obtained after 4 wk of maintenance
treatment with IFN-B,. /IFN-v.

Clinical tolerance
Single injections. Subjective side effects were dose related and
qualitatively similar to those typically associated with IFN
(Table III). The most common side effects of moderate or
greater severity at the lower dose were fatigue and headache.
Symptoms of moderate or greater severity were morg frequent
at the higher dose (Table III). Incidence of anorexia, nausea,
and vomiting was slightly greater after the combination, and
incidence of fatigue was slightly higher after IFN-y. Rigors
requiring parenteral meperidine (grade 2) were not observed at
the lower dose but occurred in three patients at the higher dose
(one patient on IFN-8,.; and two on IFN-B,./IFN-v).

Vital signs including temperature, pulse, respiration and
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Figure 7. Effects of lower (1X) or higher (10X) dose on serum neo-
pterin. Results are given as mean percent change (reexpressed from
analysis of log-transformed data) of values measured pretreatment
compared with those measured 24 h postinjection, and after 4 wk of
maintenance treatment. Mean serum neopterin levels increased from
9.6 nmol/liter to 21.3 nmol/liter 24 h after the lower concentrations
of IFN-B,, from 8.2 to 15.5 nmol/liter after the lower concentration
of IFN-v, and from 9.0 to 25.3 nmol/liter after the lower concentra-
tions of the combination. 24 h after administration of the higher
concentrations of IFN-8,., IFN-y, and the combination, mean
serum neopterin levels increased from 13.3 to 31.9 nmol/liter, from
14.4 to 33.2 nmol/liter, and from 12.8 to 35.9 nmol/liter, respec-
tively. Columns with asterisks show significant differences with P

< 0.05. Error bars = SE.

blood pressure were recorded pretreatmentand 1,2,4,and 6 h
after administration of IFN(s). There were no temperatures
> 40°C. Mean maximum temperatures were equivalent for
both dose levels of IFN-Be (37.9°C). For the higher dose level
of IFN-y, mean temperature was higher (38.2°C, range
36.7-38.4) than at the lower (37.5°C, range 37.0-39.7°C). The
mean maximum temperature at the higher dose was slightly
higher for the combination (38.4°C) than either IFN alone.
Acetaminophen (650 mg p.o.) was administered 30 min before
treatment and every 4 h for a total dose of 2,600 mg with all
treatments at the higher dose level.

After 4 wk of maintenance therapy with the combination
at the low dose, dose-limiting toxicity was observed in two
patients. One patient required dose reduction for grade 3
weight loss (9.4% of baseline) and another for grade 3 fatigue

Table I11. Differences in Side Effects between IFN Types

and a performance status decrease of = 2 levels. After 4 wk of
therapy with the combination, the incidence of moderate or
severe fatigue, headache, myalgias, and anorexia decreased
(Table III). Four of eight patients at the high dose level had a
performance status decrease of = 2 levels, which was attrib-
uted to concomitant disease progression in three of these pa-
tients. One patient with severe fatigue, nausea, and vomiting,
and grade 4 weight loss (10.3% of baseline) required dose mod-
ification.

Transaminase elevation (210 IU/liter serum glutamic
oxalo acetic acid transferase (SGOT)) was dose limiting in one
patient who was receiving 1 X 10° IU of IFN-B,, with 70 pug
IFN-v after a dose reduction for fatigue.

Ldboratory parameters

Single injections. Hematologic parameters were measured be-
fore and 24 h after single weekly injections. Significant de-
creases in neutrophils, platelets, hemoglobin, and white blood
counts were observed (Table IV). Although these changes were
statistically significant, none were clinically significant. No sig-
nificant alterations in renal or hepatic function were observed
after any of the first injections.

After 4 wk of maintenance therapy with the combination
IFN-B,:/IFN-v, there were significant decreases in hemoglo-
bin, hematocrit, neutrophils, total white blood cell count, and
significant increases in SGOT and lactate dehydrogenase
(LDH) when compared with pretreatment values (Table V).
The hepatic function changes were not clinically significant,
except in one patient who developed an elevated SGOT of 210
IU/liter while receiving 1 X 10® IU IFN-B; and 70 ug IFN-y
after a dose reduction for fatigue. The mean duration on main-
tenance therapy was 15.5 wk for the dose level A and 5.9 wk
for the dose level B (range: 4-31 wk and 1-13 wk, respec-
tively). No objective responses were seen at either dose level.

IFN pharmacokinetics

Serum IFN-v and total serum IFN levels were assessed follow-
ing the administration of IFN-8,, IFN-vy, or IFN-Be/IFN-vy.
Because the first sample was collected 15 min after all IFN had
been injected, true “peak” values were not obtained. However,
in general, serum IFN levels were dose related. Administration
of low doses of IFN-y (200 ug) produced maximum IFN-y
titers of 35 U/ml, whereas administration of 2,000 ug of [FN-y
produced mean IFN-vy antiviral titers of 150 U/ml. Similarly,

Number of p experi d Or severe symp
Low dose High dose
IFN-8 IFN-y IFN-8 + v Day 42 IFN-8 IFN-y IFN-B + v Day 42*
Side effect n=10 n=10 n=10 n=10 n=11 n=11 n=11 n=8
Anorexia 0 0 0 2 2 4 6 2
Fatigue 1 1 2 2 5 6 4 3
Chills 0 0 0 0 1 0 2 0
Nausea/vomiting 0 0 0 1 2 2 4 3
Headache 2 2 3 0 5 6 4 2
Myalgias 0 0 0 0 4 1 3 1

* Three patients withdrew before day 42.
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Table 1V. Hematological Changes 24 h after the Administration of IFN-Bs,, IFN-vy, IFN-B.,/[FN-y

Lower dose Higher dose
IFN-Byer IFN-y IFN-Boer/IFN-y IFN-Beer IFN-y IFN-Boer/IFN-y

Hematocrit

(ml/dl) -0.1 0.5 -0.7 —1.5* —1.8* -0.5
White blood count

(X103 /mm?) —1.8* -1.3 -2.6* —2.8*% -3.1* -3.0*
Neutrophils

(X10°/mm?) -1.6* —1.5* -3.0* —-1.9*% —-2.1* —-2.4*
Lymphocytes

(X10°/mm?) -0.17 -0.15 -0.11 —0.44* -0.29* -0.57*
Platelets

(X10° /mm?) -12.3 2.2 —-24.8 -7.6 —48.1 —43.3*

* P < 0.05 by paired ¢ test, posttreatment values compared with pretreatment values.

3 X 10° U of IFN-B, or IFN-8, plus IFN-y produced total
IFN titers of 168-254 U/ml, whereas the 30 X 10° U dose level
gave levels of 994-1,342 U/ml. These levels fell rapidly over
the next 6 h to values that were not significantly different from
baseline. Considering the large degree of variability associated
with serum IFN levels, we were not able to detect a significant
alteration in the pharmacokinetics of either total serum IFN
levels or IFN-vy levels after the administration of combined
IFN-B;/IFN-y when compared to either IFN-y or IFN-B.,
alone.

Discussion

This study, the first to directly compare biological and clinical
effects of a type I (IFN-a or IFN-3) and type II (IFN-v) within
the same patient, provided the unique opportunity to directly
compare the side effects associated with two different IFN
types, as well as to determine any qualitatively or quantita-
tively differences associated with the combination of IFN-B,
and IFN-v. The order of administration of the three treatment

groups was distributed equally among patients in each dose
level to control for cumulative side effects. Based upon our
prior studies (17, 20), a 1-wk washout period between treat-
ments allowed for reversal of biological and clinical effects.
Although there were slight differences in constitutional
symptoms after the administration of a single dose of IFN-3,
IFN-v, or the combination, these were not clinically signifi-
cant. Although constitutional symptoms or clinical side effects
were more pronounced at the higher dose levels of IFN-g,
IFN-v, or the combination, these side effects were tolerable.
Four weeks of maintenance therapy with the combination of
IFN-B and IFN-vy was tolerated at both dose levels, although
more side effects occurred at the higher dose. With the excep-
tion of a mild increase in the SGOT at the higher dose, none of
the changes in laboratory parameters after 4 wk of IFN-8,../
IFN-y were of clinical importance. Thus, no notable clinical
differences in side effects or toxicities between IFN-B,., and
IFN-y were observed. Other investigators have reported that
the maximally tolerated dose of an IFN-a and IFN-y combi-
nation was well below the maximally tolerated dose of either

Table V. Hematologic, Hepatic, and Renal Toxicities after 1 mo of Maintenance IFN-B;.,/IFN-y

Lower dose Higher dose
Mean values Mean values
After 1 mo After 1 mo
On study IFN-Byer/IFN-y P* On study IFN-Byer/IFN-y P*
Hemoglobin
(gmy/dl) 13.0 12.0 0.036 12.1 11.5 0.05
Hematocrit
(ml/dl) 38.8 36.0 0.032 35.2 33.6 0.10
White blood count
(X10° /mm?) 8.2 5.9 <0.001 7.1 6.6 0.74
Platelets
(X10°/mm?) 375 370 0.90 385 375 0.88
Creatinine
(mg/dl) 1.1 1.1 0.50 1.0 1.1 0.17
SGOT (1U/liter) 35.7 43.8 0.08 30.0 82.0 0.026

* By paired ¢ test, Day 42 values compared with baseline values.
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IFN alone; furthermore, patients had persisting fevers and pro-
gressive fatigue with the daily intramuscular injections (11). In
our study, a higher dose level of IFN-S,.; and IFN-y was tolera-
ble when administered for prolonged periods of time, a finding
that confirms our previous observations (21). The discrepan-
cies between the combination of IFN-a and IFN-,, with
IFN-y may result from the two different type I IFNs (IFN-
alfa-2a and IFN-S,.), by differences in the two IFN-y formu-
lations which were used, or by differences in route or schedule
of administration.

Quantification of biological response modification by IFNs
has been useful to define differences in IFN types, the influ-
ence of serum levels, duration of response, and modification of
effector cell function in vivo (2, 14, 15, 17, 20). Assessment of
host responses was undertaken 24 h after the administration of
IFNs, a time identified as yielding modulation in prior studies
in vitro and in vivo (2, 14, 15, 17, 20). While a kinetic analysis
would also be of interest, sample volumes from patients are
limited; we thus chose to focus study design on the influence of
dose. The biological parameters chosen for study were ones
that are known to be modulated by IFNs and may be media-
tors of antitumor activity.

A synergistic enhancement in biological responses was not
observed. With the exception of tryptophan metabolism, the
differences were not even additive. The combination of
IFN-B:/IFN-y was more effective than IFN-8 in enhancing
tryptophan metabolism and serum B8, microglobulin, and
more effective than IFN-vy in enhancing the expression of
2-5A synthetase and serum neopterin levels. These results are
consistent with previous reports that the optimal biological
dose was not related to the total dose of IFN (15, 17), even
when the IFN administered consisted of two IFN types.

One biological response, which was enhanced by IFN-Be./
IFN-v in a dose-dependent but not synergistic fashion was the
induction of tryptophan metabolism. Indoleamine 2,3-dioxy-
genase is an enzyme present in the lung and intestinal mucosa
that degrades tryptophan and related indoles to kynurenine
and other metabolites (23), and has been found to be induced
by viral infections, bacterial lipopolysaccharides, and IFN
(23). We have observed tryptophan degradation induced by
IFN in vitro and in vivo (24, 25). Addition of excess trypto-
phan to culture media has been able to reverse the antiprolif-
erative effect of IFN-v in several cell lines (26, 27).

Neopterin, excreted by human monocytes in response to
IFN-v, has been used as an assay for monocyte activation (28).
In this study, the combination of IFN-8,.,/IFN-y-enhanced
neopterin levels over IFN-vy alone. Furthermore, the increase
in neopterin levels produced by the combination, when com-
pared to the increase in neopterin produced by IFN-g,. bor-
dered on statistical significance (P = 0.057).

We have previously shown that IFN-y and IFN-8 enhances
HLA-DR and HLA-DQ expression on monocytes in cancer
patients (15, 29); the current study confirms those observa-
tions, extends them to the combination of IFN-g,/IFN-v,
and determined that IFN-y was no more effective than
IFN-B,.. This latter result differed from studies of tumor cell
lines in vitro (30, 31). In contrast, IFN-3 has been shown to
have an antagonistic effect on the IFN-y induced expression of
Ia antigen in murine macrophages (32). We found no poten-
tiation of HLA class I or II expression by the combination of
IFN-Be/IFN-y over either IFN-G,. or IFN-v.
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We observed no enhancement over baseline in NK cell
activity with IFN-B,.,/IFN-y. These results differ from those
observed in immune cells in vitro, in which lymphocyte NK
cell activity by IFN-y was potentiated by IFN-a or IFN-B.,
(33). The lack of NK cell enhancement by IFN-8, and the
decrease in NK cell activity by IFN-y also differ from the
potentiation of NK cell activity we and others have consis-
tently observed with IFN-a and IFN-8 (17, 34, 35). Other
investigators, however, have reported the absence of signifi-
cant NK cell activity and ADCC activity in patients treated
with 4-h infusions of IFN-vy (31), although this has not been
confirmed by other groups using a different IFN-y preparation
given intramuscularly (36). In this study, ADCC activity was
enhanced after 4 wk of the combination treatment. To deter-
mine whether this variability in response results from move-
ment of non-MHC-restricted effector cells from circulation to
tumor sites, differences in disease stage or type, or active sup-
pression by the IFNs administered, would require additional
quantitative studies.

In summary, when compared with either IFN-S,., or IFN-vy
alone, the combination of IFN-g,../IFN-v did result in a signif-
icantly greater enhancement of serum $, microglobulin com-
pared with that induced by IFN-g,,, a significantly greater
increase in urinary kynurenine levels compared to IFN-8,.,
and a significantly greater increase in neopterin levels and
2-5A synthetase activity compared with IFN-vy. Since these
changes were not synergistic, we conclude that the combina-
tion of IFN-B8../IFN-y at this dose and schedule did not po-
tentiate host responses more than either IFN alone. Consistent
with these findings, doses of IFN-S,.; and IFN-v resulted in no
significant added host toxicity.

These results contrast with the synergistic antiproliferative
effects that have been observed in vitro and in mouse tumor
models (7-10). The role of IFN-B., IFN-y, and IFN-8./
IFN-v in the treatment of cancer has yet to be defined. As a
basis for Phase II trials, chronic administration of the combi-
nation of IFN-8,, and IFN-y was tolerable. Whether direct
effect on tumor cells or indirect effects on host responses ac-
counts for antitumor activity of IFNs remains an open ques-
tion. If Phase II clinical trials using combinations of [IFNs show
potentiated therapeutic activity, results from this study would
support the hypothesis that direct anti-proliferative effects pre-
dominate.
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