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ABSTRACT

The purpose of these studies was to examine the :mtÂ¡tumorproperties
of blood monocytes from patients undergoing phase I trials with recom
binant human 7-interferon (rIFN-7). Thirty-one patients with different

malignancies were divided into three major treatment groups. The first
group of patients received rIFN-7 by a 6-h i.v. infusion. Activation of
blood monocytes was dependent upon the dose of rIFN-7 administered.
The second group of patients received IFN-7 by a continuous 24-h i.v.

infusion. In general, this treatment did not produce antitumor activity in
blood monocytes. The third group of patients received daily i.m. injections
of rIFN-7. Daily i.m. administrations of 0.25-0.5 mg rIFN-7/m2/day
produced significant activation of antitumor properties in the patients'
monocytes, whereas the daily i.m. administrations of 1 mg IFN--y/m2/day

did not. In fact, the blood monocytes from these patients did not even
respond to optimal activating stimuli in vitro.

We conclude that the systemic administration of appropriate amounts
of IFN-7 can activate blood monocytes of cancer patients to become

tumor cytotoxic. High doses of the same biological should be avoided
since it can actually suppress the desired effect. For biologicalÂ« with
immunostimulatory activity the concept that "more drug is better" may

not be operative.

technology have provided us with highly purified human bio-
logicals. Recombinant human IFN--y is now available in large

quantities (16) and is undergoing intense clinical studies to
determine its efficacy in the treatment of cancer. The effects of
in vivo administration of recombinant interfÃ©ronson the bio
logical activity of NK cells have been extensively studied with
contradictory reports of both enhancement and suppression of
NK cell activity following therapy (17-19). In contrast, little
emphasis has been given to the effects of in vivo administration
of IFN-7 on human blood monocytes. Demonstrations that
cells of the monocyte-macrophage series are important in host
defense against established metastasis (20) and that the in vivo
activation of these cells by lymphokines or by synthetic mole
cules such as MDP is associated with the eradication of spon
taneous mÃ©tastasesin rodents (21) have prompted us to deter
mine whether rIFN-7 administration to patients with cancer
can lead to demonstrable activation of antitumor properties in
their blood monocytes. We also attempted to correlate the
effects of the dose of rIFN-7 and its route of administration on
its ability to generate antitumor properties in blood monocytes.

INTRODUCTION

The human lymphokine IFN-74 is released by mitogen or
antigen-stimulated human lymphokines and also by some hu
man leukemic cell lines (1,2). IFN-7 can activate macrophages
to display enhanced properties including their antitumor cyto
toxic properties (1-5). Peripheral blood monocytes from both
normal individuals (1-4) and from cancer patients (5) can be
activated to destroy tumor cells in vitro subsequent to in vitro
incubation with lymphokines such as IFN-7. The biological
activities of human IFN-7 are not restricted to activation of
macrophages. In addition to immune regulation, IFN-7 has
been demonstrated to possess direct antiproliferative effects on
cells and have antiviral activity in vitro (6). Moreover, for some
B-cells and leukemic myeloid cells, incubation with IFN-7 can
bring about differentiation (7, 8). It is important to note that
another class of interferons, Â«-interfÃ©rons,has been shown to
have beneficial effects in inducing tumor regression in several
tumors (9-15). Whether these regressions have been due solely
to the direct antiproliferative effects of interferons or also to
the stimulation of host defense mechanisms is still unclear.

Recent advances in molecular biology and recombinant DNA
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MATERIALS AND METHODS

Patients. Twenty-two patients with renal cell carcinoma and 9 pa
tients with other neoplasms who were entered sequentially in one of
three different phase I trials with rIFN-7 were studied for blood
monocyte-macrophage function. Patients were ambulatory and had not
received any antitumor therapy for a minimum of 3 weeks prior to
entrance into the study. Informed consent was obtained from each
patient according to our institutional policy.

Sampling. Peripheral blood monocytes were isolated from 20 ml of
heparinized blood and assayed for tumoricidal activity. Initial deter
minations of monocyte activity in peripheral blood monocytes were
conducted before administration of rIFN-7. Macrophage function was
also determined during and after IFN-7 therapy as indicated. For
control studies, blood specimens were obtained from 10 normal donors
once a month for 3 months (3 samples/donor).

Reagents and Drugs. RPMI 1640, HBSS, fetal bovine serum, human
AB serum, and Eagle's complete minimal essential medium were pur

chased from M. A. Bioproducts, Walkersville, MD. MDP was the gift
of Ciba Geigy, Ltd., Basel, Switzerland. All reagents were free of
detectable endotoxins as determined by the Limulus amebocyte lysate
assay (sensitivity limit of 0.025 ng/ml). rIFN-7, with specific activity
of 2 x IO7units/mg and purity level >95%, was supplied by Genentech,

Inc., South San Francisco, CA.
Isolation of Human Monocytes. Human mononuclear leukocytes were

isolated from peripheral blood on lymphocyte separation medium (Lit
ton Bionetics, Kensington, MD) and washed twice in HBSS. Blood
monocytes were isolated by further purification of mononuclear leu
kocyte fraction on a preformed continuous Percoli gradient as previ
ously described (22). The enriched monocyte population (70-90% as
determined by nonspecific esterase staining) was suspended in RPMI
1640 containing 5% human AB serum and adjusted to a concentration
of 1 x 10" monocytes/ml (nonspecific esterase stain). Into each well of
96-well flat-bottom Microtest II plates, 1 x 10s monocytes were plated
(Falcon Plastics, Oxnard, CA). After a 1-h incubation at 37'C, nonad-

herent cells were removed by three washes with RPMI 1640. At this
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point, the purity of the adherent monocyte monolayers was >97%, as
assessed by the following tests: India ink ingestion, morphology, non
specific esterase staining, and the ability to stain 100% of the cells with
monoclonal antihuman monocyte antibody 61D3 (Bethesda Research
Laboratories, Inc., Gaithersburg, MD).

The homogeneous monocyte cultures were incubated at 37"C for 18-
24 h with 0.2 ml of control medium, medium containing rIFN--y and

MDP. After this incubation period, the adherent monocyte cultures
were washed with KI'M I 1640, and [I2sl]iododeoxyuridine-labeled tar

get cells were added as described below.
Target Cell Cultures. The cultured cell line A37S derived from a

human melanoma (23) was used as human tumor target cells exactly
as described previously (22). Monolayer cultures were maintained on
plastic in medium supplemented with 5% fetal bovine serum, sodium
pyruvate, nonessential amino acids, twice concentrated vitamin solu
tion, and L-glutamine (MA Bioproducts) at 37*C in a humidified

atmosphere of 5% CO2 in air. All cultures were free of Mycoplasma
and pathogenic murine viruses (21).

Assay of Monocyte-Macrophage-mediated Cytotoxicity against Tumor
Target Cells. Macrophage-mediated tumor cytoioxicity was assessed by
a modification of a radioactive-release assay as previously described
(22). Target cells in exponential growth phase were incubated for 24 h
in supplemented medium containing [I25l]iododeoxyuridine (0.3 Â¿Â¿Ci/
ml; specilli- activity, 200 mCi/^mol; New England Nuclear, Boston,

MA). The A37S cells were washed twice to remove unbound radiolabel
and harvested by a 1-min typsinization with 0.25 typsin (Difco) and
0.02% EDTA. The labeled cells were washed with medium and resus-
pended in supplemented media, and 1 x 10* cells were plated into the
culture wells with the macrophage cultures to obtain an initial tar-
get:effector cell ratio of 1:10. Radiolabeled target cells were also plated
alone as an additional control group. After 24 h, the cultures were
washed to remove the nonadherent target cells, refed with fresh me
dium, and then cultured for an additional 48 h. Because we used an
adherent cell assay in which cell-to-cell contact between effector and
target cells is required to achieve killing (22), washing after 24 h
removed the error introduced by cells that did not adhere but were not
necessarily killed in the 3-day assay.

In this assay, the initial plating efficiency of the target cells is >8S%.
We have previously demonstrated that the plating efficiency of target
cells is consistent regardless of whether tumor cells are plated alone,
with control (medium) monocytes, or with activated monocytes (mac-
rophage-activating factor, IFN-y, MDP, and lipopolysaccharide) (4).
Time course studies have shown that when target cells are cocultivated
with activated monocytes, loss of radioactivity from DNA begins after
24 h and reaches a maximum at 72 h (4, 22). For these reasons, 72 h
after the addition of tumor cells, the cultures were washed twice with
HBSS, and the adherent viable cells were lysed with 0.1 ml of 0.5 N
NaOH. The radioactivity of the lysate was measured in a gamma
counter. Percentage of monocyte-mediated cytolysis of tumor cells was
calculated by two different formulas. In the first, we calculated the
cytolysis mediated by monocytes collected from cancer patients without
further in vitro treatment.

% of cytotoxicity
A - B

x 100

where A is cpm in target cells cultured alone, and B is cpm in target
cells cultured with monocytes. Values of <0% cytotoxicity were ex
pressed simply as 0% cytotoxicity. We have determined previously that
NK activity does not contribute to the cytotoxicity assay (24), and that
this assay measures lysis and not target cell detachments (22).

In the second formula, for assays measuring the effects of in vitro
incubation of monocytes with rIFN-7 and MDP, we calculated the
percentage of generated cytotoxicity by the formula:

of generated cytotoxicity =
A - B

x 100

where I is cpm of target cells cultured with untreated monocytes, and
B is cpm of target cells cultured with in v/'/ro-treated monocytes.

Statistical Analysis. Experimental results were analyzed for their
statistical significance by the Student's t test.

RESULTS

Cytoxicity of Monocytes from Patients Receiving 6-h i.v. In
fusion. The first group of 10 patients we studied were subjects
in a phase I trial of rIFN-y. These patients received rIFN-7 as
a 6-h i.v. infusion daily for a total of 10 days. The dosage of
rIFN-7 varied with each patient and ranged from 0.01 to 0.25
mg/m2/day. Two patients had renal cell carcinoma, three had

breast cancer, three had lymphoma, one had basal cell carci
noma, and one had soft tissue sarcoma. Blood samples were
collected 1-2 days prior to the start of rIFN-7 infusion and in
the midpoint (fourth day) of the therapy protocol. In this group
of patients, monocyte cytotoxic function was assayed subse
quent to incubation with medium alone (control); with rIFN-7
(100 units); with rIFN-7 (100 units) and MDP (10 ng); or with
MDP alone (10 ng). Similar to our experience with normal
individuals (22), the peripheral blood monocytes obtained prior
to rIFN-7 infusion did not exhibit "spontaneous" antitumor

cytotoxicity in 9 of 10 patients. Also in good agreement with
our published data regarding the activation of tumoricidal prop
erties in blood monocytes of normal donors (22) or of patients
with acquired immunodeficiency syndrome and Kaposi's sar

coma (5), incubation of monocytes with only rIFN-7 failed to
generate antitumor properties (Table 1). The data in Table 1
represent pretreatment values.

Seven of the 10 patients received <0.1 mg of rIFN-7/m2/
day. In only 1 of 7 patients was monocyte-mediated cytotoxicity
generated (0% on day 1 and 47% on day 4). The lack of
cytotoxicity was not due to a deficiency of the monocytes per
se. We base this conclusion on the data demonstrating that the
in vitro incubation of the monocytes harvested on day 4 with
rIFN-y and MDP, but not with rIFN-7 alone, activated a high
level of cytotoxic properties in the monocytes.

On day 4 of treatment, the monocytes collected from the
other 3 patients, who received rIFN-7 at the dose of 0.25 mg/
m2/day, exhibited a significant increase in antitumor cytotoxic
properties (P< 0.01). Specifically, monocyte-mediated cytotox
icity increased from 0 to 20% in two patients and from 0 to
66% in the third. A graphic representation of the monocyte-
mediated cytotoxicity from all three of these patients is shown
in Fig. 1. Consistent with previous reports (25), antitumor
monocyte cytotoxicity of normal healthy donors did not fluc
tuate when studied sequentially over time (data not shown).

Monocyte Cytotoxicity of Patients Receiving Continuous 24-h
i.v. Infusions of rIFN-7. The next group of 10 patients to be
studied received rIFN-7 as a 24-h continuous i.v. infusion over
a 4-week period. All 10 patients had renal cell carcinoma and
received either 0.01 mg/m2/day (3 patients) or 0.025 mg/m2/
day (7 patients) of rIFN-7. Blood samples were obtained prior
to therapy, at the midpoint of therapy (day 14) and at the end
of the therapy (day 28). Here again, blood monocytes collected
before any rIFN-7 administration did not exhibit spontaneous
antitumor cytotoxicity. Monocytes from all 10 patients could,
however, be rendered cytotoxic against the A375 melanoma
subsequent to in vitro incubation with rIFN-7 admixed with
MDP.

In only 2 of the 10 patients, was monocyte-mediated ami tu
mor cytotoxicity generated subsequent to continuous i.v. infu
sion of rIFN-7 for 2 and 4 weeks. (One patient received 0.025
mg/m2/day and the other 0.01 mg/m2/day.) Once again we
could not explain this "lack" of /// vivo stimulation on an
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Table 1 Tumoricidal activity of monocytes from cancer patients after in vitro stimulation with rIFN-y
Radioactivity in viable targetcells'Sources

ofmonocytesPatient

1 (colon cancer)
Patient 2 (renal cancer)
Patient 3 (basal cell cancer)
Patient 4 (breast cancer)
Patient 5 (breast cancer)
Patient 6 (renal cancer)Medium1615

Â±266*

1510 Â±126
2657 Â±59
1217 Â±107
1432 Â±137
1506 Â±156rIFN-7

(100units)1928

Â±241
1473 Â±168
2683 Â±90
1839 Â±255
1414 Â±117
1485Â± 140MDP(lOng)1842

Â±250
1456 Â±164
2599 Â±90
1887 Â±173
1408 Â±128
1476 Â±157rINF-T

(100 units) +
MDP (10ng)690

Â±44 (58)'- '
876 Â±149 (42)'

1397 Â±23(47)'
983 Â±173 (23)'
830 Â±125(42)'
798 Â±95 (47)'Tumor

cells
alone1542

Â±295
1405 Â±152
2556 Â±150
1542 Â±295
1405 Â±152
1405 Â±152

â€¢1 x 10* monocytes were incubated with the indicated material for 24 h. The monocytes were washed and 1 x IO4[>2JI]iododeoxyuridine labeled A375 target cells
were added for 72 h. Monocytes were isolated from peripheral blood prior to the initiation of UN-, therapy and thus represent pre-/n rim treatment values.

* Mean Â±SD of triplicate cultures.
' Cytotoxicity as compared to monocytes treated with medium (P < 0.001).
"'Numbers in parentheses, percentage.

â€¢a 100

| 80
I >.
tl 60
Ã¶l
Â§| 40
~ Â°
I 20

Day 0

Day 4

Patient *2 Patient

100

Patient
Fig. 1. Effect of 6-h i.v. infusion of r!FN--y on monocyte tumoricidal activity.

Peripheral blood monocytes were isolated separately from three patients just
prior to therapy (day 0) and after 4 days rIFN-y administered at 0.25 mg/m2/

day. Monocytes were incubated for 24 h with medium and then assayed for
cytotoxicity against ['"IJiododeoxyuridine-labeled A375 tumor target cells in a
72-h assay. Effector target ratio was 10:1.

inherent "defect" in the patients' monocytes or a toxic effect of
the therapy itself, since in vitro incubation of rIFN-7 and MDP
activated the monocyte-mediated tumoricidal function in all 10
patients before therapy as well as at both the 2- and 4-week
time points (data not shown).

Monocyte Cytotoxicity of Patients Receiving i.m. Injections of
rIFN-7. The third group of 10 patients with renal cell carcinoma
participated in a therapeutic trial of r!FN--y given i.m. on a

daily basis for 42 days. Blood samples were collected immedi
ately prior to therapy and on days 7 and 14 of the treatment.
Six patients receiving a starting dose of 1.0 mg of IFN-7/m2/

day and 4 patients received doses ranging from 0.25 to 0.5 mg/
m2/day. The data collected from the first 6 patients in this

treatment group are shown in Fig. 2. These 6 patients received
an initial dose of 1 mg of rIFN-7 mg/m2/day for 7 days. All 6

patients experienced fever and severe fatigue. Therefore, after
the first week, the daily dose was reduced to 0.5 mg/m2/day.

Blood monocyte cultures were prepared 1 week subsequent to
reduction of the dose. As shown in Fig. 2, in only one patient
was increased monocyte tumoricidal activity found after 1 week
of rIFN-7 therapy at 1 mg/m2/day. There was no change in
monocyte-mediated antitumor activities of the other five pa
tients.

In sharp contrast to the monocytes of patients receiving rlFN-
7 i.v., the monocytes of the patients given i.m. injections of
rIFN-7, at the dose of 1 mg/m2/day, could not be activated in
vitro by incubation with rIFN-7 and MDP (Table 2). It is
important to note that prior to rIFN-7 therapy the in vitro
incubation of monocytes from these patients with rIFN-7 and
MDP did activate or augment tumoricidal activity (Table 2).

0 mg
pretreatment

Fig. 2. Effect of rIFN-y injected i.m. on monocyte tumoricidal activity.
Peripheral blood monocytes were isolated separately from six patients prior to
therapy (preteatment), on day 7 of rIFN-y therapy at the dose of 1 mg/m2/day
(day 7), and once again subsequent to i.m. rl I N -. therapy at the dose of 0.5 mg/
m2/day for 7 days. Monocytes were incubated for 24 h with medium and then
assayed for cytotoxicity against [I2:l]iododeoxyuridine-labeled A375 tumor target
cells in a 72-h assay. Effectortarget ratio was 10:1. The increase in monocyte-
mediated cytotoxicity was significant in three of five patients that received 0.5
mg/m2/day for 7 days (/' < 0.01). Each symbol represents a different patient.

Table 2 Effect of i.m. rIFN-y administration on monocyte-mediated
antitumor cytotoxicity

% of cytotoxicity mediated by monocytes
at following times of collection

Before rlFN-y
therapyPatient

1
Patient 2
Patient 3
Patient 4
Patient 5
Patient 6Me

dium"24

33
4

10
5

10rIFN-y

and MDP*67

75
37
83
38
49Day?,1.0mg/m2/day,

rIFN-7Me

dium6

0
4

12
0

28r-lFN-7

and MDP*60

8
20
0

32Day

7,
0.5 mg/m2/day,
rIFN-rMe

dium6870

18
20
82rIFN-T

and MDP*5075

14
67
81

* 1 x 10* monocytes were incubated with medium for 24 h and washed prior
to the addition of 1 x IO4 [I29I]iododeoxyuridine-labeled A375 target cells.

Percentage of cytotoxicity as compared to tumor cells alone. All values exceeding
20% were significant (p < 0.01).

* 1 x 10s monocytes were incubated with rii \ (100 units) and MDP (10
ng) for 24 h and washed prior to the addition of 1 x IO4[I29l]iododeoxyuridine-

labeled A375 target cells. Percentage of cytotoxicity as compared to tumor cells
cultured with control monocytes. All values exceeding 30% were significant (/' <
0.001).

This apparent suppression of monocyte function was reversed,
however, by reducing the dose of rIFN-7 therapy to 0.5 mg/
m2/day (Table 2). Indeed, following 1 week of therapy with the

lower dose, a significant increase in spontaneous monocyte-
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mediated tumoricidal activity was found in three of five patients
(Fig. 2; Table 2).

The data obtained in the last four patients receiving rIFN-7
at doses ranging from 0.25 to 0.5 mg/m2/day for 7 consecutive
days are shown in Fig. 3. In three patients, the level of mono-
cyte-mediated antitumor cytotoxicity increased significantly
from pretherapy value (P < 0.01). In one patient the level of
initial, spontaneous monocyte-mediated cytotoxicity was al
ready at what we consider to be the maximum cytotoxic level
of this assay (i.e., >60%). Therefore, the additive activating
effects from the IFN--y therapy may not have been detected.

There is no immediate explanation for the observed high levels
of monocyte cytotoxicity in 4 of the 31 patients (>20%; Figs.
2 and 3). Unusual assay conditions such as endotoxin contam
ination of the medium (21) were ruled out since the monocytes
obtained from normal donors and treated as parallel controls
did not exhibit this spontaneous cytotoxicity. We have, how
ever, occasionally observed this elevated level in "healthy do
nors" (21).

DISCUSSION

The present study was undertaken to evaluate the antitumor
response of blood monocytes from cancer patients systemati
cally treated in phase I trials with rIFN-7. Different doses of
rIFN-7 were administered either by a 6-h i.v. infusion, a 24-h
i.v. infusion (continuous), or i.m. injections. Several salient
points need discussion.

Like monocytes of normal donors (22) and those from pa
tients with acquired immunodeficiency syndrome (5), periph
eral blood monocytes from patients with renal cell carcinoma
(22 patients) as well as other malignancies (9 patients) were
activated in vitro to lyse allogeneic tumor cells in a 72-h cyto
toxicity assay. The incubation of monocytes with rIFN-7 alone
did not render these cells tumor cytotoxic. Previous reports
demonstrated that to activate tumoricidal properties in mono
cytes IFN-7 needs to be combined with either endotoxins (3)
or MDP (26). Our present data are in good agreement with
these results. At least for /'/; vitro activation, the combination

of rIFN-7 (100 units) and MDP (10 ng) activated tumoricidal
properties in the monocytes from all donors (normal and cancer
patients). It is possible that pg amounts of endotoxin were
present in the serum of these patients and thus were able to
synergize with rIFN--y.

The ability of rIFN-7 to generate tumoricidal blood mono-

100

Â« 80
â€¢o

I >.
Â«5 60

i 5 40

20

0 mg
pretreatment

0.25-0.6 mg
Day 7

Fig. 3. Effect of rii \ -, injected i.m. on monocyte tumoricidal activity.
Peripheral blood monocytes were separately isolated from 4 patients prior to
IFN-7 therapy (pretreatment) and then on day 7 of rIFN-Y therapy at doses
ranging from 0.25-0.5 mg/m2/day. Monocytes were incubated for 24 h with
medium and then assayed for cytotoxicity against ['"Ijiododeoxyuridine-labeled
A375 tumor target cells in a 72-h assay. Effectontarget ratio was 10:1. The
increase in monocyte-mediated cytotoxicity was significant in 3 of 4 patients (/'

< 0.01). Each symbol represents a different patient.

cytes in vivo appeared to be related to the administered dose.
When given as a 6-h infusion, increased monocyte tumoricidal
activity was observed only in patients receiving 0.25 mg/m2/

day (3 of 3 patients). Augmentation of cytotoxic properties in
blood monocytes of patients receiving IFN-7 at doses below
0.25 mg/m2/day was observed in only 1 of 7 patients. These

differences suggest that to achieve activation of monocytes by
a 6-h i.v. infusion, rIFN-7 must be administered at doses of
>0.25 mg/m2/day or more. Although pharmacokinetic studies
of rIFN-7 were not obtained on these patients, data from
another phase I study demonstrated that rIFN-7 could not be
detected by ELISA (< 0.4 ng/ml) in the serum of patients
receiving <0.25 mg/m2/day.5 Serum interferon concentrations

as measured by ELISA could however be detected following a
6-h i.v. infusion of IFN-7 at doses of >0.25 mg/m2/day.s The
mean concentration maintained over a 6-h period ranged from
0.64 to 2.4 ng/ml.5 Thus, the ability of rIFN-7 to generate
tumoricidal monocytes ;'/; vivo also appeared to correlate with

detectable serum concentrations of rIFN-7.
The maximum tolerated dose of rIFN-7 administered by a

continuous 24-h i.v. infusion was 10-fold less than that achieved
by a 6-h i.v. infusion. Thus, none of the patients treated by a
24-h i.v. infusion received the dose of 0.25 mg of rIFN-7/m2/

day. Once again our inability to observed in vivo stimulation
appeared to correlate with serum rIFN-7 titers. On the 24 h
i.v. infusions, serum rIFN-7 titers were below the limits of
sensitivity as measured by the ELISA assay (<0.4 ng/ml).5 The

lack of measurable cytotoxic activity in blood monocytes in this
group of patients may simply be due to the low dose of rIFN-7
administered. Lymphokines in general have a very short half-
life in the circulation (27, 28). rIFN-7 is no exception (29).
Dose-response studies for activation of blood monocytes by
rIFN-7 have clearly shown that the threshold level of response
depends upon availability of sufficient rIFN-7 molecules for
the number of effector cells (26). The lack of sufficient rIFN-7
molecules or its inactivation in the blood could explain the lack
of activation of blood monocytes in patients receiving continu
ous rIFN-7.

Administration i.m. of rIFN-7 resulted in an unexpected and
different finding: i.m. administration of 0.25-0.5 mg/m2/day
was very effective in rendering the patients' monocytes cyto

toxic against tumor cells in vitro (Figs. 2 and 3; Table 2).
However, no activation of cytotoxic properties in blood mono
cytes could be found in the patients given i.m. injections of
rIFN-7 at higher doses (1 mg/m2/day). Moreover, the mono
cytes from patients given i.m. injections of rIFN-7 at 1 mg/m2/
day no longer respond to in vitro activation by rIFN-7 (100
units) and MDP (10 ng) (Table 2). These data suggest that a
high dose of rIFN-7 administered i.m. could well produce
monocytes that are refractory to subsequent stimulation by this
biological. Similar data regarding the inability of lymphokine-
activated rodent macrophages to respond to a second or third
cycle of activation with lymphokines have been published pre
viously (27). The i.m. route is effective for introducing this
biological to the circulation. In fact, rIFN-7 titers can be
detected by ELISA in the serum of patients receiving >0.1 mg
IFN-7 m2/day (29). The peak serum concentration of rIFN-7
following 1.0 mg/m2/day i.m. was 15 ng/ml at 8 h dropping to
1.0 ng/ml at 24 h (29). Peak serum rIFN-7 concentrations
following 0.25 and 0.5 mg/m2/day were achieved at 6 h and
were 5 and 12 ng/ml, respectively (29). The half-life of rIFN-7

5 R. Kurzrack, .1. R. Quesada, M. G. Rosenblum, S. A. Sherwin, and J. U.
Gutlerman. Phase I study of intravenously administered recombinant gamma
interferon in cancer patients, submitted for publication.
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given by the i.m. route varied from 227 to 462 min (29). The
concept that i.m. administration of high doses of an interferon
can depress immune function has been previously introduced.
Maluish et al. (17) reported that rIFN-a administered i.m.
produced depressed NK cytotoxicity in patients with cancer
(17). Their study demonstrated that a twice daily schedule of
rIFN-a administration produced a greater depression in NK
activity than a 3 times weekly schedule, and that less depression
was observed at lower doses of rIFN-a. Our data support this
observation and point out that the use of defined biologicals
such as rIFN-7 introduces new complications for proper admin
istration.

To activate blood monocytes by rIFN-7, it may be necessary
to achieve adequate peak levels of this biological in the circu
lation. In general, our data recommend that the doses of rlFN-
7 required to achieve significant activation of blood monocytes
be in the range of 0.25-0.5 mg/m2/day. This dose range (or
peak level) can be achieved by a 6-h i.v. infusion and i.m.
injection. In contrast, low levels of rIFN-7 administered in a
continuous infusion fail to activate blood monocytes.

A very important issue regarding the proper use of modern
biologicals is raised by the data from patients receiving high
doses of rIFN-7 by repeated i.m. injections (>0.5 mg/m2/day).

The blood monocytes of these patients were not cytotoxic, nor
could they be activated in vitro to the cytotoxic state. Therefore,
high dose IFN-7 administered i.m. appeared to suppress rather
than stimulate monocyte cytotoxicity. rIFN-7 has been shown
to have a direct antiproliferative effects (6, 7) and immunostim-
ulatory functions (1-4, 20, 24). The former activity would
recommend that, like other anticancer drugs, rIFN-7 would
have maximum clinical effects at maximum tolerated levels
("more drug is better"). The immunostimulatory function of

rIFN-7, however, does not follow this concept. As is the case
with other immunomodulators the biological effective dose is
not the maximum tolerated dose. Indeed with IFN-7 adminis
tered i.m., high doses suppressed monocyte function. It is
possible that a lower dose of i.m. administered rIFN-7 could
achieve the same antiproliferative activity, but also stimulate
the host immune defenses, thereby providing additive therapeu
tic benefits. For this reason it is important that when biological
agents are used in cancer therapy, the in vivo effects of the agent
on specific immune parameters such as monocyte-mediated
cytotoxicity should be monitored in addition to conventional
parameters such as tumor regression. The design of future
regimens taking advantage of both activation of host immune
functions as well as antiproliferative activity of the biological
could then be accomplished.
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