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ABSTRACT

A phase I trial of natural human 0-interferon (nilull V/i) was initiated
to evaluate its biological activity, maximum tolerated dose, and toxicity
in patients with refractory malignancies. nHuIFN-/? was administered to
successive groups of 4-6 patients as an i.v. bolus on days 1 and 4, for 4
consecutive weeks. Dose levels were 0.1, 1.0, 10, 30, 60, 100, and 200 x
IO6 units/m2. Thirty-five patients were entered, and 34 patients were

Ã©valuablefor toxicity, immunomodulatory, and antitumor effects. Toxicity
was mild to moderate and included fever and chills, fatigue, arthralgias,
nausea, transient renal and hepatic dysfunction, and leukopenia. No dose-
limiting toxicity was observed, and no responses were seen. Significant
immunological changes included the following: an increase in natural
killer activity on day 5 when compared to pretreatment values (/' < 0.01)
and an increase in activated T-cells (CD3+/HLA-DR+) with increasing
doses of nHuIFN-/? (/' < 0.01). Pharmacokinetic data demonstrated a
short a half-life of 12.1 Â±2.5 (SE) min and a 0 half-life of 129.7 Â±14.7
min. Neutralizing serum antibodies were detected in 2 of 27 patients
receiving nHuIFN-/}. In conclusion, toxicity of nHuIFN-0 given twice
weekly was moderate, and further dose escalation is possible. The im
munological changes and pharmacokinetic behavior of nHuIFN-/3 resem
ble those reported with rl luÃI-V/Ãs,r.

INTRODUCTION

The IFNs3 are naturally occurring secretory proteins, which
have various antiviral, immunomodulatory, and antiprolifera-
tive properties. Three distinct varieties (IFN-a, IFN-ÃŸ,IFN--y)

have been described (1). Recombinant DNA technology has
been used to determine their nucleic acid sequences, and large
quantities of synthetic interferon are now available. IFN-/3 is
physicochemically and immunologically distinct from IFN-a
and IFN-7 (2) but acts at the same high-affinity, extracellular
receptor site as IFN-a (3). The antiproliferative properties of
IFN-/3 include effects on the growth and differentiation of
various human tumor cell lines, which appear greater than
those seen with IFN-a (4). The immunological and biological
effects in vivo of this interferon include potentiation of NK
activity (5), increases in antibody-dependent cellular cytotoxic-
ity (6), and enhancement of 2;5' oligonucleotide synthetase (6).

In contrast to the large number of clinical trials that have
been conducted with IFN-a, the experience with IFN-0 is
limited. Two varieties of human IFN-/3 are available for study
and include the natural human fibroblast-derived nHuIFN-/?
and the recombinant serine product rHuIFN-ft*,.. rHuIFN-/}^
is a nonglycoslated variant of IFN-ÃŸ,stabilized by the substi-
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tution of serine for cysteine at amino acid position 17 (7). The
two varieties appear equivalent in vitro in their antiviral, anti
proliferative, and immunological activity (7). Recent clinical
trials of IFN-/3 in cancer patients have been predominantly with
the recombinant variety; however, reports of studies utilizing
nHuIFN-ÃŸhave also appeared (8-14). These trials used rela
tively low doses, noted tumor regression in selected patients
(10, 12-14), and did not report the development of antibodies
to nHuIFN-0. In view of these reports, further trials with
nHuIFN-/3 are required. In 1987, a phase I trial of nHuIFN-0
was initiated at the Cleveland Clinic Foundation. The objectives
of the study were to determine the MTD and toxicity utilizing
a twice weekly i.v. bolus schedule similar to that reported and
used for rHuIFN-ÃŸÂ«,(15). Additionally, the immunomodula
tory effects, pharmacokinetics, and clinical efficacy were stud
ied.

MATERIALS AND METHODS

Patient Population. Patients with histologically proven malignancy
refractory to standard therapy or for which no effective treatment was
available and who had bidimensionally measurable or Ã©valuabledisease
were eligible. Patients were required to have a performance status of
>2 (Eastern Cooperative Oncology Group), a life expectancy of >3
months, and to be fully recovered (>21 days) from any recent surgical
procedures requiring general anesthesia and any infection requiring
antibiotics (>28 days). Prior radiotherapy, hormonal therapy, or
chemotherapy within 28 days of study entry (42 days for nitrosoureas
or mitomycin C) was not permitted. Exclusion criteria included any of
the following: (a) a history of cardiac disease (New York Heart Asso
ciation Class III or IV) or a need for antiarrhythmia therapy, (b) known
central nervous system mÃ©tastasesor seizure disorder, (c) requirement
for corticosteroids or nonsteroidal anti-inflammatory agents, (d) pre
vious therapy with IFN-/3, (e) therapy with >2 previous chemothera-
peutic regimens, and (/) female patients who were pregnant or lactating.
Adequate hematological, renal, and hepatic function were required and
defined as follows: granulocyte count, > 1000/^1; hemoglobin, >9.5 g/
dl; platelets, >100,000/iil; serum bilirubin (total), <1.5 mg/dl; SCOT,
<80 units/dl; creatinine, <1.5 mg/dl; and a normal urinalysis. Finally,
informed consent was obtained in accordance with Cleveland Clinic
Foundation and Federal Drug Administration guidelines.

Interferon. The nHuIFN-/} (NSC 605606) utilized in this trial was
produced by the Mochida Pharmaceutical Company, Ltd. (Japan) and
supplied by the National Cancer Institute. It was produced by stimula
tion of the human diploid fibroblast cell strain with synthetic double-
stranded RNA. This had a specific activity between 1.0 and 5.0 x 10'

units/mg of protein, a molecular weight between 19,000 and 20,000,
and an isoelectric point between 7.6 and 8.0. The nHuIFN-/3 was
supplied as a lyophilized powder that was reconstituted with a 5%
solution of dextrose in water.

Schedule of Administration, nl Iul I N .; was administered as a 5- to
10-min i.v. bolus injection, 2 times weekly for a total of 4 weeks. All
patients were pretreated with 650 mg of oral acetaminophen. A mini
mum of 72 h was required between injections. Dose levels of nHuIFN-
ÃŸwere escalated in successive cohorts of patients as shown in Table 1.
A minimum of 4 patients were treated and observed for toxicity at each
dose level and no escalation within individual patients was allowed.
The MTD was defined as that dose level below which 3 or more patients
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Table 1 Phase I trial ofnHuIFN-ÃŸ:dose levels

DoselevelIIIIIIIVVVIVIIVIIInHuIFN-/3
dose

(units/m2x10'f0.11.03.010.030.060.0100.0200.0No.
of

patients43544446

" Bolus i.v. injection twice weekly repeated for 4 weeks.

experienced Grade III toxicity, excluding fever (Gastrointestinal Tumor
Study Group criteria). Therapy was continued in responding patients
until progressive disease developed.

Study Monitoring. Within 14 days of treatment initiation, all patients
had a history and physical examination, complete blood cell count with
differential, serum chemistry profile (including serum sodium, potas
sium, creatinine, blood urea nitrogen, calcium, phosphate, lactic dein -
drogenase, SCOT, alkaline phosphatase, glucose, total bilirubin, uric
acid, total protein, albumin, chloride, and CO:), urinalysis, electrocar
diogram, chest X-ray, and appropriate radiological studies to evaluate
measurable disease. All patients were treated in the outpatient oncology
unit. Following the administration of nHuIFN-if, vital signs (tempera
ture, blood pressure, and pulse) were monitored every 15 min for 1 h.
Prior to each treatment, a complete blood cell count with differential
was obtained, and toxicity was evaluated. Follow-up biochemical stud
ies, urinalysis, and weight determinations were obtained weekly. Radio-
graphic evaluations for tumor response (where indicated) were obtained
every 4 weeks. Immunologie-ai studies of peripheral blood were per
formed in 2-4 patients at each dose level, twice prior to therapy and
during treatment on days 5 and 19. These studies included analysis of
peripheral blood MNL subsets and NK activity.

Response Criteria. Standard response criteria were used as described
in previous publications (15, 16). Patients were evaluated for response
at the completion of therapy and at intervals 2-4 weeks thereafter.

Quantitation of Lymphocyte Subpopulations. MNL were separated
from heparinized blood by centrifugation over Ficoll-Hypaque, and
phagocytic cells were removed with carbonyl iron. Samples were ana
lyzed by flow cytometry using a fluorescence-activated cell sorter 440
(Becton Dickinson, Mountain View, CA) fitted with a logarithmic
amplifier as previously described (17). Cell distribution was determined
from a two-parameter fluorescence display with logarithmic scales using
a computer system (Consort 440) and appropriate software. Monoclo
nal antibodies (Becton Dickinson) were used to distinguish the follow
ing subsets: total CD3+ (T-cells), CD 19+ (B-cells), CD3+/HLA-DR+
(activated T-cells), CD3+/CD56+ (cytolytic T-cells), CD4+/Leu8- (T-
helper), CD3+/Leu8+ (T-inducer), CD8+/CDllb+ (T-suppressor),
CD8+/CD11 b- (T-cytotoxic), CD56+/CD16+ (NK cells). Values were

expressed as percentages of the total lymphocyte population studied.
Evaluation of NK Activity. NK activity of MNL was determined

against "Cr-labeled NK-sensitive K562 erythroleukemia cells (Ameri

can Type Culture Collection) as previously described (18). Results were
expressed as lytic units/1 x IO7MNL, with 1 lytic unit defined as the

number of effector cells producing 30% specific lysis of target cells in
4h.

Interferon Pharmacokinetics. Serum for IFN-ÃŸlevels was obtained
prior to therapy (time 0) and after the first injection of nHuIFN-0 at
the following times: 5, 10, 15, 30, 45, 60, 120, 240, 360, and 1440 min.
Patients sampled included; two each, who received 30 and 60 x IO6
units/m2 of nHuIFN-/3. Aliquots of serum were stored at -70Â°C, and

all were tested following completion of the trial.
Bioassay for Human Interferon. Serum samples were assayed for IIN

.( activity by measuring the inhibition of cytopathic effect of encephal-
omyocarditis virus on human lung carcinoma cells A549 (American
Type Culture Collection CCL185), as a modification of the assay
described by Jameson et al. (19). Briefly, A549 cells were seeded into
flat-bottom microtiter plates and incubated for 24 h at 37Â°Cin a

humidified atmosphere of 5% CO2 to obtain a confluent monolayer.

Duplicate serial 2-fold dilutions of the test samples were then added to
the confluent A549 cells and incubated. Following the incubation
period, supernatants were removed, the cells were washed with fresh
medium, and encephalomyocarditis virus was added to each well. The
plates were further incubated for 40-44 h, at the end of which the
monolayers were washed, fixed in 5% formalin, and stained with 0.05%
crystal violet. The IFN titers (lU/ml) were expressed as the reciprocal
of the dilution protecting 50% of the cells from the viral cytopathic
effect. Positive controls included IFN laboratory reference of a, ÃŸ,and
7 type, calibrated with National Institutes of Health HuIFN-a (G023-
901-527), HuIFN-/3 (G-023-902-527), and HuIFN-y (Gg23-901-
530) standards. The observed titers were expressed as lU/ml. The lower
limit of detectability of IFN-/3 with this assay is 1 IU/ml, and levels
<4.0 IU/ml were considered as 0 IU/ml.

Assay for /3-Interferon-neutralizing Activity. Serum samples for ana
lyzing IFN-/3-neutralizing activity were obtained prior to therapy and
48 h after completion of nHuIFN-/3 treatment. Of the 34 eligible
patients, 27 had samples obtained for this assay. Aliquots of serum
were stored at â€”70Â°Cand tested following completion of the trial.

The presence of anti-IFN-jS antibody in patients treated with
nHuIFN-/3 was measured by incubating patients' serum samples with

known amounts of nHuIFN-/3 (i.e., 20.0, 40.0 IU/ml) for 30 min prior
to the assay described previously. Serum samples incubated alone
without added IFN-/3 were assayed simultaneously.

Pharmacokinetic Model. Half-lives of serum interferon levels during
the first 30 min and during 30-360 min following the first i.v. bolus
injection were analyzed using an exponential model described below:

C(t) =

C(t) is the concentration of interferon at time t, C(Q)is the concentration
of interferon at the beginning of the interval, and a is the parameter to
be estimated by applying simple linear regression to the natural log of
the interferon levels measured during the interval. The model was fit
separately for each interval and the half-life estimated by ln(2)/a.

Statistical Methods. Frequencies and descriptive information were
obtained for variables collected throughout the study. This included
baseline information, various measures of toxicity, blood chemistries,
and immune parameters. Changes in lymphocyte subpopulations were
examined over the course of the study period by calculating the mean
percentage of change from baseline for each patient. The percentage of
total cells represented by various mononuclear cell subsets were com
pared between dose levels using the Kruskal-Wallis test (20). For NK
activity the change from baseline to a specific study day was examined
using the Wilcoxon rank sum test (21). Because of the variability
observed in NK activity from patient to patient, and with time, com
parisons between dose levels and study days were made by calculating
the mean percentage of change from baseline for each patient. For
analysis purposes, the eight dose levels of nHuIFN-0 were collapsed
into three dose groups: low, 0.1-3.0 x IO6 units/m2, intermediate,
10.0-60.0 x 10" units/m2, and high, 100.0-200.0 x IO6x units/m2.

RESULTS

Patient Characteristics. Thirty-five patients were entered in
the study, and one was ineligible because of having received
three prior chemotherapy regimens. Of the 34 eligible patients,
there were 25 males and 8 females, with a mean age of 58.8
years (range, 43-72 years). Patient characteristics are summa
rized in Table 2. Four patients did not complete the full 4 weeks
of therapy, three because of rapidly progressive disease and one
because of toxicity from nHuIFN-ÃŸ.

Toxicity. Patients were entered sequentially at the dose levels
described in Table 1. The toxicity seen at the eight dose levels
was evaluated separately and then for purposes of presentation
collapsed into three groups referred to as low, intermediate,
and high doses (Table 3). Toxicity was mild, was rapidly re
versible upon the discontinuation of nHuIFN-ÃŸ,and appeared
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Table 2 Phase I trial ofnHulFN-ÃŸ:palien! characteristics

CharacteristicMedian

age (yr)(range)Male:FemalePerformance

status (Eastern Coopera
tive OncologyGroup)012Prior

therapy:RadiotherapyNoneChemotherapyBiologicalTumor

typesColonRenal

CellOther
GastrointestinalLungMelanomaProstateAdenocarcinoma.

unknown primaryNo.

of
patients58.8

(43-72)25:9171534811118864422

to increase with increasing doses of drug. Generalized malaise
and fatigue were common but were not dose limiting. Flu-like
symptoms consisting of fever and/or chills occurred in 75% of
the patients, with 59% having temperatures >38Â°C,while <6%
had temperatures >40Â°C.The febrile response peaked at 6-12

h following therapy and resolved within 24 h. In addition, the
febrile response tended to decrease in severity with continued
administration of nHuIFN-/3.

Gastrointestinal symptoms, consisting of nausea and/or vom
iting and anorexia, occurred in 44% of the patients. Two
patients (6%) developed diarrhea, and mild stomatitis was noted
in one patient. Transient asymptomatic elevation of liver func
tion tests was noted in several patients. These consisted of
increases from baseline of alkaline phosphatase (32%) and/or
SCOT (26%). These were generally moderate and tended to be
more severe at the higher dose levels. One patient experienced
Grade III hepatic toxicity consisting of SCOT elevation (>200
units/dl), which required discontinuation of treatment. No ab
normalities of bilirubin were seen, and all liver function abnor
malities resolved spontaneously upon discontinuation of
nHuIFN-0.

Myelosuppression was seen in 14 patients (41%) and was
mild, brief, and not associated with infection. Asymptomatic
neutropenia (<3000/V1) was observed in 3 patients (9%), and
resolved within 3-7 days after discontinuation of nHuIFN-/3.
The development of anemia was reported in 13 patients (38%)
but was severe (hemoglobin, <9.0 g/dl) in 2 patients, who
required RBC transfusions.

No significant decline in performance status was associated
with treatment, except in three patients who developed rapidly
progressive disease and required early termination of therapy.

The MTD was not reached during this study, and only one
patient experienced Grade III toxicity (hepatic) requiring ter
mination of therapy. Further dose escalation (>200 x IO6units/
nr) was not possible because of a limited nHuIFN-ÃŸsupply.

Responses. Thirty-four patients were Ã©valuablefor response.
Three patients were not evaluated for response, since treatment
was discontinued before assessment was performed. In the
remaining 31 patients no responses to nHuIFN-ÃŸtherapy were
seen. One patient with renal cell carcinoma with pulmonary
and mediastinal lymph node mÃ©tastases,treated at dose Level
VIII, demonstrated a minor regression of tumor which failed
to meet the response criteria used in this trial. Of the 30
remaining patients, 9 had progressive disease and 21 had stable
disease at the end of 4 weeks of therapy.

Natural Killer Activity. NK activity was studied in two to four
patients treated at each dose level. Descriptive information
concerning mean percentage of change from pretreatment levels
(mean of two values) to study days 5 and 19 is presented in
Table 4. The changes seen were quite variable across time and
between individual patients, and there was a tendency for higher
values at the higher dose levels. Comparisons of NK activity
between low, intermediate, and high dose levels of nHuIFN-0
did not demonstrate significant changes with increasing doses
of drug. When change from baseline for all study patients was
examined, however, an increase on day 5 (P < 0.01) was seen,
which disappeared by day 19.

Lymphocyte Subsets. Percentage of change from the mean of
the two pretreatment values was examined for total WBC count,
total lymphocytes, and percentages of the various subsets for
all dose levels of nHuIFN-ÃŸ(low, intermediate, high), and day
on therapy. For the majority of subsets as well as total lympho
cytes, the values tended to decrease at the lower dose levels and
increase at the higher dose levels. This effect was consistent
across study days as well as overall. These changes were, how
ever, not statistically significant and included the CD56+/
CD 16+ subset (NK cells). Interestingly, an activated T-cell
subset (CD3+/HLA-DR+) did show significant increases with
increasing doses of nHuIFN-ÃŸ(P< 0.01). Table 5 shows these
data and displays the percentage of change from baseline by
dose level and study day, as well at all time points for various
dose levels for patients receiving low, intermediate, and high
doses of nHuIFN-/3.

Pharmacokinetics and /3-Interferon Antibody. Peak interferon
levels ranged from 1200-6400 lU/ml (median 3200 lU/ml).

Table 3 Toxicity ofnHuIFN-f} (maximum gradef

0.1-3.0Grade
of toxicity* <23HematologicalLeukopenia

4'NeutropeniaThrombopeniaRenalCreatinine

3Blood
urea nitrogen2ProteinuriaHepatic-Alkaline

phosphatase 22SCOT
1"

N = 34. +, related to underlyingdisease.*
GITSGcriteria.'
Number of patients with described toxicity.Dose

levels(units/m10.0-60.0<2

33131322

2+32)100.0-200.0s2

37422134

1Toxicity

description(grade)Â£22-<4.51â€”

<1.950-<1301.3-4.021-601-3+165-55060-2003l-<20.5-<125-<50>4.0>604+>550>200(units)(xlV/A(xl03//jl)(xlO'/^l)(mg/dl)(mg/dl)dU/dl)(lU/dl)
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Table 4 Percentage of change from baseline in NK activity' in patients receiving nHulFN-fi

Dose level (units/
m2)0.1

-3(low)10-60

(intermediate)100.

200(high)TotalStudy

day5

19519S195*19Patient

no.11

1012

103

22622Mean%

change(Â±SD)78.9(163.5)

351.4(983.2)186.3

(469.6)
186.9(647.6)317.6(545.0)

25.5(92.7)156.0(37.1)

246.9 (778.5)Median

%
change31.0

-9.968.6

-31.573.8

25.562.5

-22.3Minimum/maximum

%change-67.8/483.3

-91.6/3100.0-67.4/1642.3

-98.7/2018.5-62.9/942.0

-40.0/91.0-67.8/1642.3

-98.7/3100.0

* Calculated by comparing values on day 5 or 19 with mean of two pretreatment values.
* P < 0.01 when compared to baseline values.

Table 5 Percentage of change in activated T-cells (CD3+/HLA-DR+)from baseline in patients receiving nHuIFN-fi

Doselevel0.1

-3.0(low)10-60

(intermediate)100,

200(high)Total0.1-3.0

10-60
100.200Study

day5

195

195

19519Overall

Overall
OverallPatient

no.111012

104

327

2311"

12Â°
5'Mean

%
change(Â±SD)5.2(20.14)

-23.4(26.87)49.1

(73.56)
20.3(24.73)43.9(56.22)

54.7(47.44)30.5(57.16)

5.8(39.48)-8.1

(18.9)
35.1 (33.2)
49.0 (47.7)Median

%
change-1.3

-15.630.2

18.023.1

39.415.4

0.3-7.5

27.9
21.1Minimum/maximum

%change-17.1/53.3

-71.2/5.87.7/276.6

-7.9/54.62.8/126.9

16.8/107.9-17.1/276.6

-71.2/107.9-41.7/29.6

5.7/135.1
16.8/126.9

Kruskal-Wallis, /><0.01.

Data for the four patients studied indicated a mean initial half-
life (Â±SE)of 12.1 (Â±2.5)min and a secondary half-life of 129.7
(Â±14.7)min. Interferon levels declined rapidly and at 2 h were
generally <300.0 lU/ml. Fig. 1 illustrates the initial rapid
decline in serum interferon levels seen. Detectable levels, how
ever, were present at 24 h in most patients (mean for four
patients, 29.5 lU/ml).

Twenty-seven patients were studied for the presence of
nHuIFN-ÃŸ-neutralizing activity. Two of 27 samples obtained at
completion of therapy produced a reduction of interferon anti
viral activity consistent with the presence of a neutralizing
antibody in these samples. The two patients received 1.0 and
100.0 x IO6 units/m2 of nHuIFN-0 respectively. Pretreatment

serum samples from these two patients were assayed for the
presence of anti-IFN-ÃŸantibody activity. Neither sample was
able to neutralize calibrated nHuIFN-/3 at 20.0 and 40.0 IU/
ml.

3500

f 3000
5
~ 250O

o
Â«2000
e
Â§ 1500
o
O
g 1000
3

W 500

Dose Level 60x10 u/rr

100 200 300
Minutes after Injection

400

Fig. 1. Serum interferon titers in patients receiving 60 x 10* units/m! of
nHuIFN-0.

DISCUSSION

nHuIFN-0 was administered to 34 patients in doses up to
200.0 x IO6 units/m2 as a twice weekly i.v. bolus injections.

These doses and schedule were well tolerated and a MTD was
not reached. The toxicity profile of nHuIFN-0 was surprisingly
mild and resembled that reported for rHuIFN-ft*,. For this
preparation the i.v. route was better tolerated than i.m. injection
(15), and doses of >400.0 x IO6 units have been administered

(15, 22). Direct comparisons are difficult, however, since dose
escalation within individual patients was carried out in these
trials. Pharmacokinetic studies in these reports (15) indicate an
a half-life for rHuIFN-ft,,, of approximately 10 min, and an ÃŸ
half-life of >3 h. These values are quite similar to those obtained
in this trial. Previous studies using fibroblast-derived IFN-fJ (8-
13) have utilized doses between 3.0 and 10.0 x IO6units given

in various ways. No attempt was made to define an MTD, and
in only two reports was the half-life computed (9, 13), which
varied from 6 to 20 min. Thus, it appears that nHuIFN-/3 when
given twice weekly by the i.v. route is well tolerated and the
MTD is at least 200.0 x 10" units/ml

Neutralizing activity consistent with antibody to nHuIFN-0
was identified in 2 of 27 patients. A previous report (23) of
neutralizing antibody to naturally produced IFN-0 has also
appeared. In trials with rHuIFN-jS^, a significant incidence of
serum antibodies defined by an enzyme-linked immunosorbent
assay were found (15), but in only 1 of 17 patients was this
associated with neutralizing activity. It thus appears that devel
opment of neutralizing antibodies to either nHuIFN-ÃŸ or
rHuIFN-ftie, are uncommon.

Immunologica) studies performed during the study demon
strated a significant increase in NK cell activity on day 5 of
treatment which disappeared by day 19. These changes were
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variable among individual patients and could not be related to
the dose level of nHuIFN-0. In three other reports (8-10),
increases of NK activity following administration of nHuIFN-
ÃŸwere noted. In the study of Quesada et al. (10) values within
individual patients increased by day 30 of treatment, whereas,
no effect was seen on day 7. The doses used in this trial were
low (<6.0 x IO6 units) and a daily schedule of administration

was used. Our study confirms increases in cytolytic activity
following initial i.v. administration of nHuIFN-/3; however, no
optimal dose level could be demonstrated. Studies of NK activ
ity following administration of rHuIFN-/^, (6, 15) have also
demonstrated increases, but again no correlations with response
or dose level were noted.

The analysis of lymphocyte subpopulations in our trial failed
to show consistent changes in relative numbers of various
subsets. No significant changes were noted in either the CD56+
or CD 16+ subsets, despite the effects noted on NK activity.
The reasons for this are unclear, but possible explanations
include the methods of lymphocyte analysis (relative versus
absolute numbers). Interestingly, a significant increase in acti
vated T-cells (CD3+/HLA-DR+) that correlated with increas
ing dose levels of nHuIFN-0 was seen. This contrasts with the
findings of Rinehart et al. (6), who reported no changes in
HLA-DR+ cells or T-cell numbers in patients with renal cell
carcinoma who received rHuIFN-ÃŸÂ«.,.Whether these differences
are related to the type of interferon preparation administered
or study design is uncertain.

No tumor regressions were seen in this Phase I study. In
other trials of nHuIFN-/3, however, antitumor activity in pa
tients with breast carcinoma (10, 12) and malignant melanoma
(13) has been reported. These responses have been infrequent,
partial, and of brief duration. Whether administration of
nHuIFN-0 more frequently, at sustained high dose levels, or
for a longer period of time would have increased antitumor
efficacy remains to be determined.

In conclusion, nHuIFN-/3 is well tolerated, even at doses of
200.0 x IO6units/m2, when given i.v. twice weekly. The toxicity
profile and pharmacokinetic characteristics of nHuIFN-/3 and
rHuIFN-/?^, appear similar. The immunological effects of both
agents including induction of neutralizing antibodies are also
alike except for the increases in activated T-cells noted follow
ing nHuIFN-ÃŸadministration. Whether the two preparations
can be used interchangeably will require additional studies.

ACKNOWLEDGMENTS

We would like to acknowledge Donna Metz for her assistance in the
preparation of this manuscript and Lisa Gannon for her assistance in
coordinating the data. Also, we are grateful to Barbara Jacobs for
conducting the NK studies and the chemotherapy nurses for their
devoted patient care. Finally, we are grateful to Dr. James Boyett for
assistance with the pharmacokinetic modeling.

REFERENCES

1. KirkÂ»iitid. J. M , and ErnstofT, M. S. Interferons in the treatment of human
cancer. J. Clin. Oncol., 2: 336-352, 1984.

2. DeGrado, W. F., Wasserman, Z. R., and Chowdhry, V. Sequence and
structural hemologies among type I and type II interferons. Nature (I und.),
300: 379-381, 1982.

3. Aquet, A., Belardelli, F., Blanchard, B., Marcucci, F., and Gresser, I. High
affinity binding of 125I-labelled mouse interferon to a specific cell surface
receptor. Virology, Â¡17:541-544, 1982.

4. Borden, E. C., Hogan, T. F., and Voelkel, J. G. Comparative antiproliferative
activity in vitro of natural interferons a and ff for diploid and transformed
human cells. Cancer Res., 42:4948-4953, 1982.

5. Pope, G. R., Hadan, M. R., Eisenburg, J., and Reithmuller, G. Kinetics of
natural cytotoxicity in patients treated with human fibroblast interferon.
Cancer Immunol Immunother., //: 1-6, 1981.

6. Rinehart, J. J., Young, D., Laforge, J., Colborn, D., and Neidhart, J. A.Phase I'll trial of interferon-/3-serine in patients with renal cell carcinoma:

immunological and biological effects. Cancer Res., 47: 2481-2487, 1987.
7. Mark, D. F., Lu, S. D., Creasey, A. A., Yamamoto, R., and Lin, L. S. Site-

specific mutagenesis of the human fibroblast interferon gene. Proc. Nati.
Acad. Sei. USA, 81: 5662-5666, 1984.

8. Lucero, M. A., Magdelenat, H., Fridman, W. H., Pouilhart, P., Billardon,<',. Billiau, A., Cantei!, K., and Falcoff, E. Comparison of effects of leukocyte

and fibroblast interferon on immunological parameters in cancer patients.
Eur. J. Cancer Clin. Oncol., IS: 243-251, 1982.

9. Hawkins, M. J., Krown, S. E., Borden, E. C., Krim, M., Real, F. X., Edwards,
B. S., Anderson, B. A., Cunningham-Rundles, S., and Oettgen, H. F. Amer
ican Cancer Society phase I trial of naturally produced /3-interferon. Cancer
Res., 44: 5924-5938, 1984.

10. Quesada, J. R., Gutterman, J. V., and Hersh, E. M. Clinical and immunologie
study of beta interferon by intramuscular route in patients with metastatic
breast cancer. J. Interferon Res., 2: 593-599, 1982.

11. Otsuka. S., llanda. H., Yamashita, J., Suda, K., and Takeuchi, J. Single
agent therapy of interferon for brain tumors: correlation between natural
killer activity and clinical course. Acta Neurochir., 73: 13-23, 1984.

12. Pouillart, P., Palangie, T., Jouve, M., (iarda (uniti, E., Fridman, W. H.,
Magdelenat, H., Falcoff, E., and Billiau, A. Administration of fibroblast
interferon to patients with advanced breast cancer: possible effects on skin
mÃ©tastasesand on hormone receptors. Eur. J. Cancer Clin. Oncol., /*: 929-
935, 1982.

13. Furue, H., Komita, T., Kobayashi. H., Kondo, S., Takma, S., and Hakozaki,
M. Clinical experiences with human fibroblast interferon. In: P. Periti and
G. G. Grassi (eds.), Proceedings of the 12th International Congress of
Chemistry', 1981, pp. 1136-1137. Washington, DC: American Society for
Microbiology, 1982.

14. Natural Human Interferon betaâ€”Clinical Brochure. Mochida Pharmaceuti
cals, Yotsuya 1-7, Shinjuk-Ku, Tokyo, Japan, 1985.

15. Hawkins, M., Horning, S., Konrad, M.. Anderson, S., Sielaff, K., Rosno, S.,
Schiesel, J., Davis, T., DÃ©mets,D., Merigan, T., and Borden, E. Phase I
evaluation of a synthetic mutant of /3-interferon. Cancer Res., 45: 5914-
5920, 1985.

16. Bukowski, R. M., Goodman, P., Crawford, E. D., Sergi, J. S., Redman, B.
G., and Whitehead, R. P. Phase II trial of high-dose intermittent interleukin-
2 in metastatic renal cell carcinoma: a Southwest Oncology Group study. J.
Nati. Cancer Inst., 82: 143-146, 1990.

17. Caulfield, M. J., Barna, B., Murthy, S., Tubbs, R., Sergi, J., Medendorp, S.,
Bukowski, R. M. Phase la/lb trial of an anti-GDj monoclonal antibody
(R24) in combination with interferon alpha (rHuIFN-t>2a) in patients with
malignant melanoma. J. Biol. Response Modif., 9: 319-328, 1990.

18. Herberman, R. B. Natural killer cell activity and antibody dependent cell-
mediated cytotoxicity. In: N. R. Reese, H. Friedman, and J. L. Fakey (eds.),
Manual of Clinical Laboratory Immunology, pp. 308-314. Washington, DC:
American Society for Microbiology, 1986.

19. Jameson, P., Dixon, M. A., and Grossbierg, S. E. A sensitive interferon assay
for many species of cells: encephalomyocarditis virus hemagglutination yield
reduction. Proc. Soc. Exp. Biol. Med., 155: 173-178, 1977.

20. Kruskal, W. H., and Wallis, W. A. Use of ranks on one-criterion variance
analysis. J. Am. Stat. Assoc., 47: 583-621, 1952.

21. Wilcoxon, F. Individual comparisons by ranking methods. Biometrics, /: 80-
83, 1945.

22. Sarna, G., Pertcheck, M., Figlin, R., and Ardalan, B. Phase I study of
recombinant ÃŸser 17 interferon in the treatment of cancer. Cancer Treat.
Rep., 70: 1365-1372, 1986.

23. Vallbracht, A., Treuner, J., Flehmig, B., Joester, K. E., and Niethammer, D.
Interferon neutralizing antibody in a patient treated with human fibroblast
IFN. Nature (Lond.), 289: 496-497, 1981.

840

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/3/836/2446366/cr0510030836.pdf by guest on 19 M

ay 2023




