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ABSTRACT

Twenty-seven patients with advanced gastrointestinal malignancies
received recombinant 7-interferon (rIFN-7, Biogen) prior to treatment
with the murine monoclonal antibody 17-1A (Centocor), which mediates
human monocyte antibody-dependent cellular cytotoxicity (ADCC).
rIlN-7 was used because it enhances human monocyte Fc receptor
expression, nonspecific monocyte cytotoxicity (NSMC) and ADCC in
vitro. The study was designed to identify a rIFN-7 dose with acceptable
toxicities which enhanced NSMC and ADCC. Patients received one
course of therapy consisting of rIFN-7 by 4-h infusions daily for 4 days
at doses ranging from 0.001 to 80.0 x 10" units/m'/d, followed by 400

mg of 17-1A on day 5. The maximally tolerated dose of rIFN-7 in this
study was 40 x 10'' units/d. Significant toxicity was seen at the high (> I
x 10' units) but not low (six III" units) dose levels. Monocytes were
isolated from patients' peripheral blood at baseline and on Days 3 and 5
for cytotoxicity studies which measured Ill-ln release from SW1116
cells which bear the target antigen of 17-1A. Low dose rIFN-7 enhanced
NSMC by Day 5 as well as did high dose therapy. ADCC enhancement
was seen with low dose therapy (% specific lysis on Day 5 = 23.5 Â±6.4
SEM Â»â€¢<â€¢rvH.vbaseline of 9.6 Â±3.3, /' = 0.03), but not with high dose
rIFN-7 treatment. Total (i.e., NSMC + ADCC) monocyte cytotoxicity
was equivalent in the low and high dose treatment groups, although
ADCC contributed more to total values in the low dose group. These
findings were particularly striking if monocytes were exposed to addi
tional rIFN-7 in vitro prior to incubation with labeled target cells. We
conclude that low dose rIFN-7 therapy is at least equivalent, and possibly
superior to high doses in this setting. Furthermore, low dose therapy,
supplemented by c.v vivo incubation of purified monocytes with rIFN-7,
may be an optimal treatment strategy for this cytokine.

INTRODUCTION

Biological response modifiers possess immunomodulatory
properties which may be exploited in the treatment of malig
nancies. -y-Interferon, in addition to its antiproliferative prop
erties (1, 2), induces NK2 cell activity (3), activates monocytes,

enhances nonspecific lysis of targets (NSMC) by these cells (4),
and enhances the expression of histocompatability antigens by
malignant cell lines (5). -y-Interferon also enhances monocyte
Fc-receptor expression (6), thus potentiating its ability to pro
mote ADCC by human monocytes directed against cells ex
pressing appropriate target antigens (7). rIFN-7 preparations
have been produced, and these agents have demonstrated oc
casional clinical antitumor activity (8-12).

We studied the effects of varying doses of rIFN--y in patients

with advanced gastrointestinal adenocarcinoma who received a
murine monoclonal antibody directed against a cell surface
antigen expressed by human gastrointestinal adenocarcinoma
cells. Patient characteristics, study design, clinical results, and
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effects of this therapy on ADCC have been reported previously
(13). We now report on the effects of rIFN-7 treatment on
nonspecific lysis of a colon carcinoma cell line by treated
patients' monocytes.

MATERIALS AND METHODS

Study Design

Twenty-seven patients with advanced, histologically documented co-
lorectal (n = 25) or pancreatic (n = 2) adenocarcinoma were treated.
All patients had received no chemotherapy or radiation therapy for at
least 4 weeks prior to beginning treatment. All patients had Eastern
Cooperative Oncology Group performance status of 2 or better and
most were asymptomatic with relatively low tumor burdens.

In this Phase I study, all patients received 400 mg of the monoclonal
antibody CO 17-1A (Centocor, Malvern, PA)i.v. 1 day after completing
four consecutive days of rIFN-7 therapy. Each patient was assigned to
receive the same dose of 0.001, 0.01, 0.1, 1.0, 10.5, 40.0, 60.0, or 80.0
(x 106units/m2) of rIFN-7 (specific activity, 2.2 x 107units/mg; Biogen,

Cambridge, MA) over 4 h by i.v. infusion on each day of interferon
treatment. Patients received only a single 5-day course of treatment
and were given no other antitumor therapy until there was evidence of
disease progression. All patients were monitored for treatment-related
toxicity and for biological studies. Whole blood was obtained for
analysis of monocyte cytotoxicity at baseline and before therapy on
Days 3 and 5. Whole blood was also obtained from volunteers for
normal control determinations.

Laboratory Assays

Cells. Peripheral blood mononuclear cells were isolated from periph
eral blood on Ficoll-Hypaque gradients (14). Monocytes were isolated
by reversible adherence to gelatin-fibronectin coated flasks as described
(15). Between 5 x IO6and 1 x IO7monocytes were obtained from each
125-ml whole blood sample. The SW1116 colon adenocarcinoma cell
line was obtained from American Type Culture Collection (Rockville,
MD).

Monocyte Cytotoxicity. Isolated monocytes were incubated overnight
in Teflon-coated flasks at 37Â°Cin a humidified 5% CO2 atmosphere in

RPMI 1640 supplemented with 10% fetal bovine serum. In each
experiment, half of these flasks were incubated with 100 units/ml rlFN-
7. The monocytes were then washed and added to 96-well plates at
concentrations of 5 x IO5 cells per well. SW1116 target cells were
labeled with '"indium oxine as previously described (16) and immedi
ately added to the wells at concentrations of 1 x IO4 cells/well. The

labeled targets and monocytes were incubated for 18 h in a humidified
5% CO2 atmosphere at 37Â°Cin a total volume of 200 fil/well. Percent
age of cytotoxicity was calculated using '"In released into well super-

natants by test samples, controls (no antibody), spontaneous release
and maximum release samples by the following equation:

experimental counts â€”spontaneous release
% Cytotoxicity = â€” x 100

total counts â€”spontaneous release

100 >i\were sampled from each well to determine each value (17, 18).
All samples were analyzed in triplicate. To perform ADCC assays this
procedure was performed with an additional 2-h incubation in which
the cells were exposed to 100 fig/ml of the murine IgG2a isotype
monoclonal antibody CO 17-1A prior to addition of labeled target cells.
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Statistics. Comparison of cytotoxicity reported here were made using
the Mann-Whitney two-sample test (19, 20). Two-tailed tests are re

ported throughout. In these comparisons the null hypothesis is that the
high and low treatment groups are identically distributed, and that one
is shifted relative to the other in an unspecified direction. All of the
reported comparisons are based upon mean values for each group.

RESULTS

As reported previously, therapy was associated with toxicities
which were related to the dose of rIFN-7 (13). Using this
schedule, the maximally tolerated dose of rIFN-7 was 40.0 x
IO6 units/m2, with transient hepatotoxicity noted in two of

three patients treated at this dose level. Significant constitu
tional symptoms were noted at all dose levels above 1 x IO6
units/m2. No objective clinical responses were noted, although

some patients experienced transient declines of serum tumor
markers.

Monocyte-mediated cytotoxicity is augmented by rIFN-7
exposure in vitro. Table 1 demonstrates that monocytes isolated
from normal volunteers and cancer patients exhibit modest
nonspecific (i.e., no antibody added) cytotoxicity (patients,
4.3% Â±1.1 SEM; controls, 7.6% Â±1.6, P = 0.82) directed
against the SW1116 colon carcinoma cell line. When these
monocytes are incubated with 100 units/ml rIFN-7 for 18 h
prior to exposure to labeled targets, NSMC is significantly
augmented in both groups (patients, 10.4% Â±1.9; controls,
19.3 Â±3.0), although mean values are significantly higher in
the control group than in the patient group (P = 0.007).

To analyze the effects of rIFN-7 treatment on monocyte
cytotoxicity in our patients we separately evaluated the effects
of nontoxic low doses (<1.0 x IO6 units/nr/day) and toxic
higher doses (>1.0 x IO6 units/irr/day) on these parameters.

Fig. 1 displays mean cytotoxicity mediated by monocytes iso
lated prior to the first, third, and fifth days of therapy. For the
group as a whole, NSMC was augmented by interferon therapy
on Days 3 (P = 0.016) and 5 (P = 0.01) when compared to
baseline values. Treatment with low doses of rIFN-7 did not
augment NSMC on Days 3 or 5, while treatment with high
doses of interferon led to increased monocyte cytotoxicity on
Days 3 (P < 0.0001) and 5 (P = 0.005). Thus, the effects of
rIFN-7 therapy on NSMC appear dose related, although

NSMC does not differ in the high versus low dose groups on
Day5.

Fig. 1 also demonstrates that high dose 7-interferon therapy
stimulates near-maximal interferon-inducible NSMC. In vitro
rIFN-7 exposure enhances NSMC at all examined time points.
While mean NSMC in both the high and low dose treatment
groups is similar, in vitro augmentation is most pronounced in
the low dose group (Fig. 1/4), while it plays a lesser contribution
to this cytotoxicity in the high dose group (Fig. 15). At no time
did interferon therapy augment NSMC beyond that seen with

Table 1 Effects of in vitro y-interferon on monocyte cytotoxicity

Peripheral blood monocytes were isolated as described in the text, and were
incubated for 18 h in the presence or absence of 100 units/ml r!FN--y. 5 x 10*
cells were aliquoted into each well of a 96-well plate, and IO4 '"In-SWl 116 cells

were added. The cells were incubated for an additional 18 h and % specific lysis
was calculated from cpm released into well supernatants as described in the text.
Values, mean % specific tumor lysis Â±SEM for the group tested.

Mean % tumor celllysisNo

added rIFN--y

100 units/ml rlFN-fPatients(Â«

=25)4.3

Â±1.1
(P = 0.026)
10.4Â± 1.9(P

= 0.823)

(P = 0.026)Normal

controls(n
=34)7.6

Â±1.6
(P = 0.006)
19.3 Â±3.0

40

Cvtotoxicitv
30-

20-

10-

(341(34)
Normal

Controls

(121(13)
Patients
Baseline

IB) (13)
Patients

Dav 3

(7) (13)
Patients

Dav 5

40-1

Cvtotoxicily
30-

20-

10-

B

(341(34) (111(14)
Normal

Controls
Patients
Baseline

(8) (13)
Patients

Dav 3

(7) (It)
Patients

Dav 5

Fig. 1. NSMC patterns with rIFN--y therapy. Peripheral blood mononuclear
cells were obtained at baseline and prior to the 3rd and 5th days of therapy.
Monocyles were purified and their ability to lyse the SW1116 colon carcinoma
cell line was assessed as described in the text. Percentage of cytotoxicity by these
monocytes was determined at each time point separately for those who received
Â«1.0x 10* units/m2/day (A) or >1.0 x 10" units/mVday of rIFN-7 (A). D, no in
vitro incubation of monocytes with rIFN--y; S, cytotoxicity by monocytes incu
bated with 100 units/ml rIFN-7 in vitro for 18 h prior to assay. Numbers in
parentheses, number of samples contributing to each data point.

untreated normal control monocytes. Similarly, combined in
vivo and ex vivo interferon exposure of patient monocytes was
never superior to in vitro exposure of control monocytes.

In these studies, total monocyte cytotoxic potential (total
cytotoxicity) consists of two major components, namely NSMC
and antibody-dependent cellular cytotoxicity (ADCC). Table 2
lists the relevant components with no in vitro exposure to 7-
interferon. While the nonspecific component is not augmented
by Day 5 with low dose 7-interferon therapy (12.7% Â±6.4
versus 4.9% Â±1.9, P = 0.38), total cytotoxicity rises signifi
cantly to levels which equal normal control values (23.5% Â±
6.4 versus 19.1% Â±2.4, P = 0.82) and exceed patient baseline
values (23.5% Â±6.4 versus 9.6% Â±3.3, P = 0.03). When
monocytes isolated from patients treated with high doses of 7-
interferon are analyzed similarly, a different pattern emerges.
Total cytotoxicity in this group does not exceed that in the low
dose treatment group on Day 3 (23.4 Â±3.8 versus 15.9 Â±4.9,
P = 0.4), or Day 5.

If monocytes from patients treated with low doses of rIFN-7
are incubated with additional 7-interferon in vitro (Fig. 25),
total cytotoxicity is again augmented to normal control values
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Table 2 Effects ofy-interferon on monocyte cytoloxicily and ADCC

% Specific tumor lysis (mean Â±SEM)

No IFN in vitro 100 units/ml IFN in
vitro

Source of monocytes Lo IFN High IFN Lo IFN High IFN
Patients (baseline) (12)Â° (11)

Nonspecific cytotoxicity 4.9 Â±1.9 3.7 Â±1.3
Calculated ADCC* 4.7 Â±3.8 6.6 Â±2.9

Total cytotoxicity 9.6 Â±3.3 10.3 Â±2.6

Patients (Day 3f (8) (8)
Nonspecific cytotoxicity 3.5 Â±1.9 18.4 Â±3.0
Calculated ADCC 12.4 Â±5.3 5.0 Â±4.8
Total cytotoxicity 15.9 Â±4.9 23.4 Â±3.8

Patients (Day 5f (7) (7)
Nonspecific cytotoxicity 12.7 Â±6.4 15.1 Â±4.0
Calculated ADCC 10.8 Â±9.1 2.2 Â±5.9
Total cytotoxicity 23.5 Â±6.4 17.3 Â±4.4

(13) (14)
10.3 + 2.6 10.6 Â±2.8
12.6 Â±4.4 13.1 Â±5.6
23.7 Â±4.9 22.9 Â±3.6

(13) (13)
14.3 Â±3.3 23.0 + 4.0
19.3 Â±9.2 2.5 + 5.4
33.6 + 8.6 25.5 + 3.7

(13) (II)
22.4 Â±5.8 18.9 Â±4.2

9.9 + 8.6 2.2 Â±6.4
32.3 + 6.4 21.1+4.8

" Number of patient samples in each group.
* Calculated as the difference between observed total cytotoxicity and nonspe

cific cytotoxicity.
' Monocytes were obtained after 2 days of r!FN--y therapy.
**Monocytes were obtained after 4 days of r!FN-> therapy.

on Day 5 (32.3 Â±6.4 versus 37.8 Â±3.3, P = 0.72); with
additional samples, these values may exceed those achieved by
in vitro interferon exposure of these patients' baseline mono

cytes (32.3 Â±6.4 versus 23.7 Â±4.9, P = 0.18). Additional in
vitro 7-interferon incubation does not enhance total cytotoxicity
in the high dose group. Low dose therapy plus in vitro interferon
total cytotoxicity values do not differ from the corresponding
high dose values on Day 3, (P = 0.32), but may exceed high
dose values on Day 5 (32.3 Â±6.4 versus 21.1 Â±4.8, P = 0.08).
When compared to the total cytotoxicity seen with high dose
interferon treatment without additional in vitro exposure, total
cytotoxicity induced by low dose therapy plus in vitro exposure
is at least equivalent on Day 3 (33.6 Â±8.6 versus 23.4 Â±3.8, P
= 0.24) and is superior on Day 5 (32.3 Â±6.4 versus 17.3 Â±4.4,
P = 0.046).

These data permit evaluation of the relative contributions of
in vivo and in vitro exposure to 7-interferon and of in vitro
incubation with a tumor cell-directed monoclonal antibody to
total cytotoxicity. Fig. 2, A and B, separate total cytotoxicity
into its NSMC and ADCC components. NSMC contributes
the bulk of total cytotoxicity in patients treated with high doses
of rIFN-7. In contrast, ADCC appears to be responsible for a
greater proportion of total cytotoxicity with low dose 7-inter
feron treatment. This pattern is observed without (Fig. 2A) or
with (Fig. 2B) additional in vitro exposure of purified mono
cytes to 7-interferon.

DISCUSSION

This Phase I clinical study was designed to evaluate the
toxicity of therapy as well as monocyte-mediated tumor cell
killing in vitro in the presence or absence of a murine IgG2a
isotype antitumor monoclonal antibody and/or additional 7-
interferon. We wished to identify a rIFN-7 dose level which
possessed optimal biological response modifying characteris
tics.

Treatment with high doses of rIFN-7 using our treatment
schedule was toxic, with a maximally tolerated dose of 40.0 x
10" units/nr/day. In fact, significant toxicity was seen at the

next lower dose levels as well, where nonspecific constitutional
symptoms predominated. Doses less than 10.5 x IO6units/m2/

day were best tolerated, which is why we chose to divide the
high and low dose groups at that level for the //; vitro studies.

4on
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40^37Cytotoxicity30-20-10-

0BL,IiIr-â€¢i11LO MI LO Hl n III
(34) (11X14) (8) (13) (7) (11)

Normal Patients Patients Patients
Controls Baseline Day 3 Day 5

Fig. 2. Total monocyte cytotoxicity patterns with rlFN--Â»therapy. Total
monocyte cytotoxicity was determined from whole blood samples by '"In-release

assays as described in the text. S NSMC; D, contributions of ADCC to overall
lysis of SW1116 targets. Values for patients treated with low and high dose rlFN-
7 are depicted separately. Numbers in parentheses, number of samples comprising
each mean value. A, monocytes not incubated with rIFN-7 in vitro; B, monocytes
incubated with 100 units/ml r!FN-> in vitro for 18 h prior to assay.

We demonstrated previously (13) that ADCC was enhanced
by low dose rIFN-7 therapy in this group of patients, while
high doses of rIFN-7 did not augment, and possibly diminished
ADCC. Furthermore, we showed that monocytes from patients
treated at lower interferon doses were stimulated to even greater
ADCC if the monocytes were exposed to additional rIFN-7 in
vitro. Monocytes from patients treated with high doses dem
onstrated no augmented ADCC even if they were exposed to
additional rIFN-7 in vitro. It has been reported that low doses
of interferon induce more desired immunomodulatory effects
than high doses in some settings (21). However it was possible
that, in our previous analysis, the apparent benefit of low dose
rIFN-7 therapy with regard to ADCC was not meaningful
because the low ADCC values in patients treated with high
doses of rIFN-7 might have been counteracted by elevated
NSMC, making total monocyte cytotoxicity superior in the
high dose therapy group. The data which we present here
demonstrate that the previously reported ADCC differences are
offset by enhanced NSMC due to high dose 7-interferon ther
apy. However, since low and high dose rIFN-7 therapy induce
equivalent degrees of total monocyte cytotoxicity, therapy with
less toxic low doses is preferable to higher dose therapy.

The antibody-dependent cellular cytotoxicity values differ in
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the current analysis as compared with our previously published
results (13). In that report, all negative ADCC values (i.e.,
below nonspecific cytotoxicity) were corrected to 0. In this
study, all such negative values were included in the calculations.
The calculations differ in another way as well. In the previous
paper, ADCC was calculated by subtracting, in each experi
ment, the percentage of cytotoxicity without any added antibody
(i.e., nonspecific cytotoxicity) from the percentage of cytotox
icity observed with added antibody to yield that portion of
cytotoxicity which was attributable to antibody (i.e., ADCC).
The mean of these ADCC values was then calculated. Because
we wished to evaluate nonspecific cytotoxicity as a separate
variable in the present paper, we elected to identify the mean
nonspecific cytotoxicity and mean unconnected cytotoxicity in

the presence of antibody; mean ADCC was calculated by sub
tracting the two means. We found that this approach facilitated
our statistical analysis. Therefore, there are minor differences
between the previous set of data and the current one, but not
to an extent which alters any general or specific conclusions of
the first study.

This analysis also suggests that maximal NSMC in our test
system may be achieved either by high dose rIFN-7 treatment
or by treatment with low doses of 7-interferon supplemented
by infusions of monocytes which have been activated ex vivo by
rIFN-7. This latter approach, while cumbersome, may be as
sociated with significantly less host toxicity than high dose
therapy. Furthermore, if 7-interferon therapy is intended to
augment the biological effects of therapy with monoclonal
antibodies which mediated ADCC, then high dose 7-interferon
therapy appears undesirable (Fig. 2, a and l>). and the combined
low dose plus ex vivo activation strategy is most suitable.

These data must be interpreted cautiously for several reasons.
Monocyte cytotoxicity values vary greatly, even among normal
individuals, thus making assay standardization difficult. Also,
we found that monocytes did not consistently retain their
cytotoxicity following cryopreservation, so we could not run
our assays in batches. In addition, monocyte yields from pe
ripheral blood samples are relatively low, further compounding
standardization difficulties. Fortunately, we were able to ana
lyze a relatively large number patient and control samples.
Since our method of statistical analysis takes into account all
of the data points which contribute to the mean cytotoxicity
values, we feel that statistically significant differences between
groups reflect valid biological effects.

Another potential difficulty is that of NK-cell contamination
of our monocyte preparations. Although our method of mono
cyte separation routinely yields >95% pure monocytes (15),
even a small amount of NK-cell contamination can falsely
elevate monocyte cytotoxicity (22). Indeed, there is controversy
regarding whether 7-interferon alone can actually render mono
cytes cytotoxic. While many studies indicate that 7-interferon
does induce monocyte cytotoxicity (22-25), SonÃ©et al. (26)
have found that only nanogram quantities of endotoxin are
required to potentiate lysis of targets by interferon-primed

monocytes which are not cytotoxic if endotoxin is not present.
In contrast, Dean et al. (27) found that inhibition of endotoxin
by Polymixin B did not ablate the monocyte cytotoxicity that
they observed. Most reported studies have not evaluated cul
tures for endotoxin content, and the implications of endotoxin
contamination remain speculative.

Other studies have reported that monocytes which are ex
posed to 7-interferon require an additional signal to become
cytotoxic. Muramyl dipeptide, either in solution (28) or encap
sulated in liposomes (29-31), permits killing of tumor cells by

monocytes treated with 7-interferon or macrophage-activating
factor supernatants (32), while 7-interferon alone does not
induce monocyte cytotoxicity. Similar effects have been dem
onstrated with lipopolysaccharide (33, 34). Although our data
suggest that 7-interferon alone does enhance monocyte cyto
toxicity, we did not analyze our preparations for NK-cell or
endotoxin contamination, and the aforementioned caveats ap
ply to our study.

In these studies we found that monocyte cytotoxicity is sig
nificantly depressed in cancer patients as compared with normal
controls. This finding is in agreement with a number of previous
studies (35-38), although Fidler et al. have not identified similar
differences (39). However, the patients in the Fidler study had
completed adjuvant therapy for their colorectal cancers, and
did not have metastatic disease at the time of study. In contrast,
our patients had metastatic disease which was responsible for
performance status deterioration in the majority of those tested.
This, plus differences in the methodology of the respective
monocyte cytotoxicity assays, may account for the discrepancy
between Fidler's and our data. The mechanisms responsible for

this functional monocyte defect are unknown.
We cannot rule out the possibility of a sampling error in this

analysis. Peripheral blood samples were obtained 18 h following
the conclusion of the interferon infusions, and monocyte traf
ficking out of the circulation may have occurred; if so, this
phenomenon could be dose related as well. While augmented
natural killer cell activity has been seen 24 h after Â«-interferon
therapy is administered (21), Spina et al. (40) have demon
strated that peripheral blood mononuclear cell NK and ADCC
decline with therapy. We are evaluating monocyte and lympho
cyte cytotoxicity at various time points following 7-interferon
therapy in our current clinical studies to address this consider
ation. We believe that the diminished ADCC seen with high
dose 7-interferon therapy does not simply reflect a sampling
error caused by a dose-related increase in monocyte trafficking
out of the circulation. Monocyte yields did not differ with high
or low dose therapy (data not shown). Furthermore, enhanced
NSMC is seen with high dose therapy, demonstrating that
some treatment effects can be monitored in the peripheral blood
compartment of patients treated with high doses. Of course,
the relationship between in vitro cytotoxicity by peripheral
blood monocytes and true in vivo monocyte cytotoxic potential
is speculative. To address this relationship, future studies
should concentrate on in vitro monocyte cytotoxicity as it
correlates with clinical response and deposition of monocytes
in tumor deposits using pathologic and radiolabel delivery
techniques.

In conclusion, 7-interferon therapy augments nonspecific
monocyte cytotoxicity, in apparent dose-related fashion, al
though prolonged therapy with low doses eliminates this effect
of dose. This blunts the advantage that low dose therapy pos
sesses over higher dose therapy with this cytokine with regard
to potentiation of monocyte ADCC, particularly with a short
course of therapy. However, the diminished toxicity and poten
tiation of ADCC seen with low dose therapy suggest that low
doses of 7-interferon are superior to higher doses when the
cytokine is to be used to enhance effector mechanisms in
patients treated with the murine monoclonal antibody 17-1A.
A combination of low dose 7-interferon therapy plus activation
of purified monocytes ex vivo with this cytokine induces maxi
mal monocyte nonspecific and antibody-dependent cytotoxic
ity. This approach merits clinical testing to identify optimal
conditions for administration of this cytokine alone and in the
setting of monoclonal antibody therapy.
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