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Summary. Recombinant interferon alpha-C (1IFNa-C, In-
terpharm), is a new type of alpha-interferon that has a
specific activity of 1-2 x 109 units/mg protein. The phar-
macokinetics of rIFNa-C were studied in 11 patients with
metastatic renal-cell carcinoma. A total of 10 million units
IFNa-C were injected intramuscularly and the serum level
of IFN was evaluated up to 72 h post-administration.
Measurable IFN concentrations appeared in the serum
as early as 0.5 h, and levels peaked at 4-6h
(Cmax = 53.2£4.6 units/ml). Relatively high levels per-
sisted for 24 h and declined thereafter with an apparent
half-life of 3—4 h. The mean area under the serum-concen-
tration curve (AUC) was 1,259 = 145 units h ml-1, indicat-
ing good bioavailability of the preparation from the in-
tramuscular injection.

Introduction

Although the pharmacokinetics of interferon (IFN) o-C are
unknown, those of other IFN species, including the closely
related IFNo-A, have been studied extensively and re-
viewed [1, 2, 8, 11]. Available data on the pharmacokinet-
ics of IFNa-A preparations indicate good bioavailability
characteristics following intramuscular or subcutancous
injection. With such preparations, peak serum concentra-
tions are usually achieved some 3—12 h after intramuscu-
lar injection. The major route of elimination of IFN-a
seems (0 be renal tubular metabolism, following glomeru-
lar filtration and tubular reabsorption. Serum half-life esti-
mates of 28 h have been reported. Usually, serum levels of
IFN-o become undetectable at 24 h.

Interestingly, the pharmacokinetic behaviour of
IFNo-A in patients with advanced malignancy or in those
with renal insufficiency was similar to that in healthy sub-
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jects. The present report describes the serum levels and
pharmacokinetics of IFNa-C (Interpharm) following in-
tramuscular injection in 11 patients with metastatic renal-
cell carcinoma.

Organization

The pharmacokinetic study of IFNo-C was carried out at
the Oncology Department of Ichilov Hospital, Tel-Aviv
Medical Center (principal investigator, Dr. Ofer Merim-
sky). Plasma samples were analyzed for IFN at Interpharm
Laboratories, Ness Ziona (Dr. Dina Fischer). The study
was conducted over a 1-year period from July 1988 to July
1989.

Materials and methods

Interferon. Recombinant IFNo-C (rIFNo-C; Interpharm, Israel) is a new
species in the alpha-interferon family. It is characterized by a titer of
antiviral units per milligram protein that is 3—5 times higher than that of
IFNo-A. Its specific activity is 1 -2 x 10° units/mg protein, the highest
among the IFN-o species presently available; therefore, less protein need
be injected to attain the same biological effect. rIFNo.-C is highly puri-
fied bacteria-derived, and the final product is free of nucleic acids,
endotoxin or other bacterial contaminants.

Patient selection. In all, 11 patients with metastatic renal-cell carcinoma
(RCC) who were deemed to be suitable candidates for IFNa-C therapy
were included in the study. All had stage 4 disease, and some had failed
therapy with other treatment modalities. Following completion of the
pharmacokinetic study, daily treatment with IFN was instituted on an
outpatient basis. Each patient was interviewed and informed of the nature
of the study and each freely consented to participate. It was made clear
that any patient could withdraw from the study at any time in favor of
other medical treatment.

All patients were hospitalized for the pharmacokinetic study. They
underwent a thorough medical examination and screening laboratory
evaluation. The group consisted of ten men and one woman. The median
age was 65 (range, 51-75) years; the median weight, 77 (68-92) kg;
and the median height, 169 (157 —185) cm. Four of the patients smoked
and eight had undergone nephrectonmy. The patients were heterogeneous
in terms of their general medical state and most received one or more
additional drugs for their ailments. Most had normal kidney- and liver-
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Fig. 1. Mean ( +SEM) serum concentration-time curve of recombinant
interferon alpha-C

function tests, although four had elevated serum creatinine and/or blood
urea nitrogen (BUN) levels and few had showed marginal abnormalities
in their liver-function tests. Patients were fed regularly and remained
recumbent throughout the study.

Treatment plan. Each patient was adapted with a Venflon intravenous
cannula in the antecubital vein. The cannula was kept patient by the
injection of 2 ml saline-heparin solution (30 units heparin/ml). rIFNa-C
(10 million units) diluted to a volume of 510 ml was injected into the
gluteus muscle at time 0. Venous blood samples were drawn from the
Venflon cannula (the first 5 ml was discarded, then 10 mil blood was
collected each time) at 0, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12 and 24 h. In four
cases (patients 1, 4, 9 and 10) sampling was continued at 36, 48, 60 and
72 h. Toxicity was reported according to WHO criteria [10].

Sample handling. Blood samples were collected in glass test tubes and
kept at 4° C. They were then cenirifuged for 10 min at 2,500 rpm and the
serum was transferred into plastic tubes. The sera were delivered to
Interpharm in an ice box by courier and were frozen at -20°C until
assayed.

Analytical methodology. IFNo-C activity was measured in the serum
using the cytopathic effect (CPE) reduction assay, as described in detajl
in a review by Meager [9]. In this type of assay, cells in microtiter plates
are protected with serial IFN dilutions, then challenged with a cytopathic
virus and incubated until maximal cell killing in untreated cells (virus
control) is obtained. The endpoint for each IFN sample (the well in which
50% of the cells are viable) is determined by dye uptake, which is
proportional to the number of uninfected cells. The final IFN concentra-
tion is calculated from the ratio between the endpoint dilution of the
sample and that of an NIH international standard.

WISH cells with vesicular stomatitis virus (VSV) were used for this
CPE inhibition assay. Because high concentrations exhibit and antiviral-
like activity in this assay, the presence of IFN activity was demonstrated
by comparing the activity obtained in the presence or absence of anti-
IFN-0. antibodies. The level of IEN activity could be determined only in
samples containing higher activity than the serum background level as
demonstrated by partial neutralization of the activity by the antibodies. In
addition, the IFN antiviral activity and the serum antiviral-like activity
are not additive (as shown by spiking serum controls with IFN). There-
fore, when part of the activity in a given sample is neuralized, the final
activity is calculated without subtracting the background activity.

Results

Figure 1 shows the mean (+ SEM) serum concentrations
of IFNa-C (in units/milliliter) in the 11 patients studied.
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Détectable IFN concentrations appeared as early as
0.5 h following the intramuscular injection of 10 million
units rIFNo-C, and levels peaked at 4-6h
(Cmax = 53.2 +4.6 units/ml). High 1FN levels persisted for
24 h and declined thereafter to undetectable levels at 48 h.
The mean area under the serum-concentration curve
(AUC), calculated by the trapezoidal rule, was
1,259+ 145 units h ml-1. In the present study, the apparent
terminal serum half-life of IFNo-C after intramuscular
injection was estimated to be 3—4 h (Fig. 1).

Four patients had mildly impaired renal function (se-
rum creatinine level, 1.6—1.9 mg%). There was no signifi-
cant difference in the pharmacokinetics of rIFNa-C be-
tween this group of patients and the other seven subjects.
Toxicity caused by the single intramuscular injection of
10 million units included grade II fever and flu-like symp-
toms in ten patients. '

Discussion

rIFNo-C was given by intramuscular injection, the mode
of administration recommended in the literature to achieve
a higher rate of response of metastatic renal-cell carcinoma
to interferon therapy [71.

As shown by the present results, the pharmacokinet-
ic behavior of rIFN¢-C is remarkably similar to that of
IFNo-A, as reported in the liteature. The data indicate
good bioavailability of rIlFNo-C from the intramuscular
dosing form. Systemic absorption from the intramuscular
site starts soon after injection, and serum concentrations
peak at 4—6 h and remain elevated for at least 24 h. Serum
levels in the present investigation (in units/milliliter) are
quite comparable with concentrations reported in the liter-
ature for IFNa-A preparations after intramuscular injec-
tion [4, 12]. In our comparisons, data on IFNa.-A that have
been reported by others in picograms per milliliter were
converted to units per milliliter because of the higher spe-
cific activity of IFNa-C. Although the exact bioavailability
of the IFNo-C under study cannot be calculated, we can
venture an estimate based on available data on IFNo-A [4,
12]. Because serum concentrations and half-lives of IFNa-
C are comparable with those of TFNa-A, and assuming that
both IFNs probably have similar volumes of distribution,
one may estimate that the bioavailability of the present
IFNo-C preparation is comparable with that previously
reported for IFNa-A, namely, on the order of 80%. The
half-life estimate of 3—4 h for IFNo-C is also compatible
with similar estimates for IFNo-A 4, 12].

The data in the present study are derived from cancer
patients, some of whose liver- and kidney-function test
results were outside the normal range. However, it has
been shown that neither advanced cancer [4, 5] nor chronic
renal failure [6] have any influence on the pharmacokinetic
behavior of IFN-c. The same observation was made in our
study. The pharmacokinetics of rTFN¢-C in patients with
mildly impaired renal function showed no significant
difference from those in patients with preserved kidney
function. It is also reported in the literature that catabolism
of IFN-o in contrast to IFN-f§ species is unrelated to liver
function [3].
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