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Abstract—In this article the evidence pertaining to the perspectives for clinical
applicability of interferons as antitumor drugs is critically reviewed. The mechanisms by
which interferons can influence tumor growth and host defense against tumor prolifera-
tion are: a direct inhibitory effect on cell growth, alteration of cellular surfaces and
immunomodulatory effects. In a particular situaiion several of these mechanisms may
act syngergistically. In experiments on tumor-bearing animals the effect of interferon
therapy consists of inhibition of tumor progression rather than induction of regression.
Furthermore, the studies with animal models suggest that doses higher than those given
in current clinical trials will be necessary to obtain clearly beneficial effects in man.
Clinical trials with leukocyte interferon are well advanced, especially with regard to
breast cancer, lymphoma and myeloma. They suggest that fairly small doses can cause
tumor regression in some but not all cases. Regressions were also seen in all treated cases
of laryngeal papilloma. Leukocyte interferon therapy might be useful to prevent metas-
tasis after surgical removal of the primary tumor in osteosarcoma patients. Clinical
trials with fibroblast interferon are less well advanced and the available evidence is
rather fragmentary. No clinical trials have so far been dome with immune type

interferon.

INTRODUCTION

THE INTERFERON system was discovered more
than 20 years ago as a mechanism playing an
important role in the natural defence of higher
animals against virus infections [1]. From the
early beginnings interferons were thought to
hold promises for their development into
potent and non-toxic antiviral drugs [2]. The
idea of their applicability as antitumor drugs
[3-7] emerged in the late sixties when the
concept of a close relationship between viruses
and naturally occurring cancer was very
fashionable. Supportive evidence for the anti-
tumor potential of interferon came from the
observation that interferons as well as their
inducers could inhibit proliferation of experi-
mental tumors in mice, regardless of whether
these were induced by infection with oncogenic
viruses [8] or by transplantation of tumors
which were not apparently related to virus in-
fection [9, 10].

For more than two decades after interferon’s
discovery, the number of laboratories involved
in interferon research steadily increased and
considerable advance was made in elucidating
the mechanism of interferon production by
cells, the mechanism of its action at the cellular
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level, the molecular characterization of the
different types of interferon, and their role in
spontaneous cure of natural and experimental
infections [11]. Most of this research on inter-
feron would never have been done if, for all
these years, the prospect of its widespread
clinical use as an antiviral or antitumoral agent
would not have been ever present in the minds
of interferonologists. However, for a long time
no solid evidence was being shown for inter-
feron to be truly useful in the clinic: for want
of enough interferon, the implementation of
clinical trials had to be postponed from year to
year. Only a few laboratories devoted a major
part of their efforts to the production of inter-
feron. Since 1966, Kari Cantell at the State
Serum Institute in Helsinki perseverantly
produced progressively larger amounts of in-
terferon from fresh human leukocytes [12, 13],
and at our own Institute a pilot plant was set
up in 1973 for the production of interferon
from fibroblast cultures [14]. More recently
many other teams have ventured into similar
enterprises. Interferons from both of these
sources have now been given to patients with
various diseases, in various doses and for
various lengths of time, and the results of
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clinical trials are now being published in the
scientific journals. While the authors are in-
terpreting their results with caution, some of
the current editorial comments as well as press
statements are, in our opinion, too jubilant to
be honest to clinicians who are not specialized
in interferon or related fields and to the public
at large. The question of interferon’s clinical
applicability remains as controversial as it has
been in the past. However, the recent
achievements in the field of DNA recombinant
procedures [15,16], which seem to have
enabled possible future large scale production of
interferons, have added new perspective to this
old controversy.

In the present paper we want to review and
criticize the evidence in favour of interferons as
future antitumor substances.

RATIONALES FOR ANTITUMOR
POTENTIAL OF INTERFERON

Interferons are primarily known as antiviral
agents. The concept of their possible activity
against cancer probably has its origin in the
very early days of interferon research, when
the relation between viruses and cancer was a
much debated issue. The first experiments in
the direction of an antitumor therapy were, to
the best recollection of the author, done on
man rather than on animals [17]. Preparations
of low potency were given to leukemia patients.
Also, some patients were given injections of
virus with the purpose of inducing endogenous
interferon. Along the same line of thought, the
first experiments on laboratory animals made
use of virally induced tumors [8, 18], i.e. eryth-
roleukemia induced by murine oncornavirus
(Friend leukemia and Rauscher leukemia
viruses). Later work made use of experimental
tumors that were only indirectly related to
virus infection (radiogenic leukemia [19] or
mammary tumors [20]) or that had no known
relation to virus infection [9, 10, 21-30]. When
it became clear that in some of these experi-
mental models certain interferon preparations
did indeed inhibit tumor growth, it became
necessary to think of mechanisms different
from the antiviral effect to explain this action.
At present, at least 3 possible mechanisms have
been described by which interferon may inhibit
tumor proliferation. They will briefly be re-
viewed here.

(1) Inhibition of cell growth

The antiviral effect of interferon is due to a
reprogrammation of cellular metabolism. At
least two intracellular enzymes with regulatory
capacity for protein synthesis are induced by

interferon treatment of cells. Both enzymes, an
oligonucleotidyl synthetase [31] and a protein
kinase [32-34], are synthesized in an apparently
inactive form. Activation can be triggered in
vitro (i.e. in cell extracts) by the addition of
double-stranded RNA. It is not known how
activation is triggered intracellularly. A current
hypothesis [35] is that the enzyme systems
remain inactive until a virus starts to replicate
in the cell: the nucleic acids that constitute the
replicative intermediates would then trigger
activation of the regulatory enzymes. Besides
the two enzyme systems mentioned, other in-
terferon-inducible regulatory devices may exist
within cells. Possibly these may also affect
pretranslational (transcriptive) or post-trans-
lational events.

While the effect of cellular reprogrammation
by interferon is most obviously expressed in the
inhibition of virus replication, certain effects
may also be induced without viral challenge.
The most ‘general’ effect is inhibition of cell
growth. It is sometimes referred to as ‘anti-
cellular effect’ and was described as early as
1962 by the late Kurt Paucker [36]. In essence
he showed that interferon, prepared by infec-
ting mouse L-cells with virus, inhibited cell
proliferation in cultures of L-cells. The main
difficulty consisted in demonstrating that the
effect was due to interferon and not to con-
taminants, e.g. residual virus. This difficulty of
interpretation persisted [37] until, in 1978,
preparations of 100% pure mouse interferon
were obtained [38, 39]. It then became clear
that the growth inhibitory properties of inter-
feron were genuine [21].

All cell strains and lines, normal as well as
malignantly transformed, have a certain degree
of sensitivity to the growth inhibiting effect of
interferon: there is no rule that malignant cells
would, in general, be more sensitive than nor-
mal cells. Also, there is a wide variability in the
sensitivity: some cell lines (such as the human
lymphoblastoid cell line, Daudi) are inhibited
by as little as 10 units/ml [40, 41] (= 10 mg/ml;
= 107" mmol); some other lines are resistant to
a 1000-fold higher concentration [42]. By sub-
jecting a sensitive line to careful selection
methods, resistant variants can be obtained
[43]. The genotypic and phenotypic differences
between such sensitive and resistant lines are a
subject of active investigation [44]). The main
question, here, is whether the cell growth in-
hibitory properties are related to the antitumor
effect in vive. This is an important question
because it may influence the interpretation of
experiments in which one tries to predict the
antitumor effect in a given model (experimen-
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tal on clinical case) from the effect on growth in
culture of cells from that particular tumor. For
instance, one may try to predict the antitumor
effect of two types of interferon (e.g. human
leukocyte or fibroblast) from their effect on
various cell types (e.g. fibroblasts or lymphoid
cells) [45]. Or one may try to predict whether
interferon will be active in a clinical case by
testing inhibition of the clonogenicity of the
tumor in the presence of interferon [46]. The
results of such investigations may be overin-
terpreted, if the inhibition of cell growth is not
the foremost important mechanism by which
interferon inhibits tumor growth. Along this
line it has been shown that tumors induced in
nude mice by inoculation of the human lym-
phoblastoid line, Daudi, are resistant to human
interferon [47-49], although in vitro this cell line
is highly sensitive to the cell growth inhibitory
effects of interferon [40, 41]. Also, tumors in-
duced by inoculation of L.1210-leukemia cells in
mice are inhibited by administration of mouse
interferon, irrespective of whether a cell-vari-
ant is used that is sensitive (L1210-S) or resistant
(L1210-R) to the cell growth inhibitory effect of
interferon in vitro [50]. However, mice injected
with L1210-S cells are protected to a greater
extent than those injected with L1210-R cells.

It thus appears that the antitumor effect of
interferon as seen in the tumor-bearing animal
is not only due to direct inhibition of tumor cell
division.

(2) Alteration in cellular surfaces

Exposure of cells to interferon results in a
variety of morphological and functional alter-
ations of the plasma membrane, as reviewed by
Gresser and Tovey [3] and by Friedman [51].
Some of these changes are well characterized,
others have only been mentioned in single
reports in the literature. Cell surfaces are held
to play an important role in the genesis of
cancer since they are the carrier substrate of
receptor molecules for environmental signals
that may limit cell growth, migration and
fixation in particular sites in the body. From
these considerations arose the concept that
alterations in the membrane of cancer cells may
be a mechanism by which interferon inhibits
tumor development. It is difficult to rationalize
any of the observed changes in terms of their
possible consequences for tumour development
without digressing into vague generalizations.
Thus, alterations in transport of nucleosides
may be inferred to impair the nucleic acid
synthesis in cancer cells. Morphological alter-
ations or altered binding of certain substances
to interferon-treated cells may be interpreted

to mean that interferon may bring about
changes in the number or accessibility of parti-
cular membrane receptor molecules. The best
documented example of this is enhanced bind-
ing of allo-antibody to lymphoid cells after
treatment with interferon [52, 53]). One might
envision that interferon treatment also results
in enhanced expression of tumor-specific
transplantation antigens which are held to be a
target for the immune attack on tumor cells.
However, this concept has not been substan-
tiated experimentally.

(3) Immunomodulation

It cannot be questioned that interferons alter
the immune system (for review see Epstein
[54]). Effects on the afferent arm of the im-
mune response (formation of antibodies and
development of cellular immunity) can be
either stimulatory or inhibitory, depending
on the circumstances under which interferon is
brought into the test system. In view of the
complexity of the test system it is difficult to
propose a unifying concept that may explain
this. Perhaps the immunosuppressive effects
should be attributed to the inhibitory
effect of interferons on cell multiplication
which may limit the expansion of lymphocyte
clones. Stimulatory effects, on the contrary,
may be due to enhanced expression of anti-
body synthesizing capacity of differentiated B-
cells. The effects of interferon on the efferent
arm (antibody-dependent or purely cellular
effector mechanisms) are often stimulatory.
Thus, antibody-dependent cell-mediated cyto-
toxicity [55,56], as well as cytotoxicity of
specifically sensitized T-cells [57,58], are
enhanced when the effector cells are pretreated
with interferon.

Interferon has also been shown to stimulate
phagocytosis [59] as well as tumor-cell in-
hibitory effects of macrophages in culture [60].
Finally, natural cytotoxicity (natural killer, NK)
activity of unsensitized peripheral blood
mononuclear cells is also enhanced by their pre-
exposure to interferon [61-63]. In the past few
years this phenomenon has received a large
amount of attention. Two mutually related
questions are central to the current debate of
this issue. Firstly, what is the role of NK-activity
in host defense against naturally occuring mal-
ignant tumors? Secondly, can NK-activity
be sufficiently increased to cause rejection of
tumors that would otherwise be accepted by the
host. Only a few clinical entities have been
found to be accompanied by decreased NK-
activity of pheripheral blood mononuclear
cells: severe combined immunodeficiency [64],
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Chediak-Higashi disease [65], and an X-lin-
ked lymphoproliferative syndrome [66] are so
far the only ones mentioned in the literature.
Patients with common forms of cancers were
not systemically found to have low NK activity.
Even on a statistical basis such a difference was
only apparent in some but not all studies [67,
68]. Of course, this lack of close correlation
cannot be interpreted to mean that the NK-
mechanism is irrelevant to the defence against
the tumors in these patients. Cancer patients
with high levels of NK activity might represent
a selected group in which the tumor has in fact
developed less easily than if this high activity
had not been present. For cancer patients with
low NK levels the question may be asked which
came first, the tumor or the low NK activity. In
patients with localized melanoma, it was found
that low NK activity after complete surgical
removal was associated with a higher recur-
rence rate [69]. A second study was carried out
in families with a high incidence of melanoma.
It was found that the prevalence of low NK-
activity levels was higher in patients from
such families than in patients with non-
familial melanoma. Moreover, the close relatives
of these patients also had low NK-
activity levels [70]. In experimental systems the
situation is somewhat less complicated. From
studies in mouse strains with genetically
determined, selective impairment of the NK-
system (beige mice) it would appear that the
capacity of the host to respond with NK-activity
is an important determinant of tumor
development. Beige mice were found to be
relatively less resistant than normal mice to
tumor induction by NK-susceptible cell lines, as
opposed to normal resistance against cell lines
which are susceptible to NK-activity [71].
Enhancement of NK-activity by interferon
can easily be measured in vitro and is most
efficiently expressed as decrease in the num-
ber of mononuclear effector cells necessary to
lyse one tumor (target) cell. Under the best
experimental conditions, interferon can bring
about a 4-fold decrease in the effector/target
cell ratio necessary for NK-activity [56, 57, 62,
72-75]. It is questionable whether this increase
in NK-activity is by itself sufficient to result in a
significantly increased resistance of the host to
tumor development. It may also be questioned
whether the optimal conditions required for
this stimulation to occur can be fulfilled in vivo.

(4) Cooperation of different mechanisms
As outlined in the previous paragraphs,
several mechanisms exist by which interferon

may counteract the development of tumors.
The efficiency and specificity of each of these
mechanisms by itself may be insufficient to jus-
tify the expection of a strong and selective in
vive antitumor effect. However, several of
these mechanisms may act synergistically and
thus bring about a strong and selective anti-
tumor effect.

So far there are no substantial observations
to support this concept. In fact, examples to
the contrary do exist. Thus, the enhancement
of NK-activity by preexposure of effector lym-
phocytes to interferon is counteracted by a
protective effect of interferon against NK if the
target cells are also exposed [61, 73, 76]. It has
been argued that tumor cells, as opposed to
normal cells, may in general be less prone to be
protected by interferon against NK. Thus, the
apparently opposed effects of interferon on
effector and target cells may constitute a
mechanism which imparts selectivity on the NK-
system for tumor cells. However, the generality
of the phenomenon that tumor cells cannot be
protected against NK by interferon is as yet not
documented. The concept is somewhat
reminiscent of early contentions that interferon
was not antivirally active on transformed cells, a
finding which was not confirmed later on,

A related question is whether tumor cells in
situ are as sensitive to NK as cultuvated cell
lines in vitro. The assay systems for NK-activity
evidently make use of target cells and in vitro
conditions selected for high sensitivity. With
target cells of low sensitivity to NK, as may be
the case with naturally occurring tumors, the
enhancing effect of interferon may be either
less or more pronounced.

The cell growth inhibitory effect of inter-
feron is not specifically directed against tumor
cells. However, small differences in environ-
mental conditions (pH, oxygenation, tem-
perature) may exist between normal and mal-
ignant tissue, and this may convey a certain
specificity on the inhibitory effect. Examples of
this exist in other fields of tumor therapy.
Thus, hyperthermia affects cell growth more
effectively if pH is low, a condition prevailing
in tumor tissue [77]. Also, various forms of
tumor therapy, e.g. hyperthermia, chemo-
therapy and irradiation, given each in sub-
effective doses can act synergistically [78).

In conclusion, it is difficult to predict, from
in vitro studies how strong and how selective
the antitumor effect of interferon can be in an
in vive situation. For instance, the relative
potency of different molecular types of inter-
feron cannot unequivocally be predicted from
comparisons using in vitro systems such as cell
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growth inhibition, NK-stimulation, etc. Pre-
clinical assessment of the antitumor potential of
various interferons requires that the in vitro
parameters be complemented by studies on
experimental tumors in animals.

EXPERIMENTS ON TUMOR-BEARING
ANIMALS

Most if not all chemotherapeutics which are
currently used in cancer patients have a long
and rich history of extensive and successful
experimentation on tumor-bearing animals.
The most successful amongst them have been
shown to arrest tumor growth or even to cause
tumor regression and a high percentage of
definitive cures of experimental tumors.
Examples of this are cyclophosphamide [79],
melphalan [79] and the vinca alkaloids [80].
Interferon has also been shown to exert an
antitumor effect in mice with various virus-
induced or transplantable tumors [8-10, 18-28].
However, with a single unconfirmed exception
[81], interferon treatment of mice has never
been reported to induce tumor regression. The
effect of interferon is a delay in tumor progres-
sion, which may result in increased survival time
of the host.

From studies involving the use of completely
pure interferon, there is no doubt left, at this
time, that the antitumor effect of impure in-
terferon preparations is accounted for by in-
terferon itself rather than by the impurities [21,
31, 82, 83].

The minimum dose of interferon required
for the effect to be measurable in mice (assum-
ing a specific activity for pure interferon of
~10° units/mg protein) is on the order of
magnitude of 20 wg/kg/day or 55 ug/m?/day.
The current doses given in experimental trials
on man are of the order of magnitude of
0.04 nwg/kg/day (500 times less than the effective
dose in mice) or 1.7 ug/m?/day (32 times less
than the effective dose in mice). How can one
expect a substance to be a highly effective anti-
cancer drug in man if given in a dose 32 to
500-times smaller than that which is only able to
delay progression of selected tumors in mice?
Although there is at present no coherent ans-
wer to this question, clinical trials have been
initiated by various investigators and optimism
has continued to prevail. Perhaps some in-
vestigators are guided by the concept that inter-
feron is different from other anticancer
agents by its acting through the host defense
mechanisms rather than as an antimitotic.
Therefore, its clinical value may not be pre-
dictable from studies on tumor models in mice.
Perhaps the host defenses that counteract

tumor progression in a clinical situation are not
faithfully reflected by the murine models.
Other explanations for a resilient optimism
may be the often encouraging results of the
uncontrolled clinical trials conducted so far.

Another argument in favour of interferon as
a substance with clinical anticancer potentials
may be the fact that there exist multiple mole-
cular species (types and subtypes) of interferon.
Each of these may have a different biological
function. Perhaps one or several of them will
be found to be endowed with an anticancer
potential that is several times higher than that
of the interferons that are currently available.
This may be the case for immune-type inter-
feron, also called type II interferon, or y-type
interferon (IFN-v). This molecular variant of
interferon is in fact a lymphokine produced by
lymphocytes after stimulation with specific
antigens or mitogens. Experiments in which
grossly impure preparations of this interferon
were used to treat mice revealed an antitumor
effect similar to that seen with classical inter-
feron, i.e. delayed progression. A point which
has received considerable emphasis is the fact
that the antitumor effect of these y-type inter-
feron preparations was seen with a dose that
was ~ 100-fold lower than that required in the
case of classical interferon [84, 85].

However, these doses were of necessity
expressed in biological units. Since the specific
activity of pure IFN-y is not known, it is im-
possible to relate the dosages to those of classi-
cal interferon. If the specific activity of IFN-y
is lower than that of classical interferons, a 10
to 100-fold lower effective dose in terms of
biological (antiviral) units may in fact mean the
same dose in terms of weight. In conclusion, the
case of y-type interferon is a weak one in that
(1) the preparations quoted to be active con-
tained numerous impurities; (2) the antitumor
effect of y-type interferon preparations is not
qualitatively different from that of classical in-
terferons in that delayed progression, not
regression was seen and (3) the minimum
effective dose of y-type interferon has not un-
equivocally been shown to be lower than that of
classical interferons. In fact, even if IFN-y
were more active, it would still have to be
demonstrated that it is not also more toxic than
classical interferons.

CLINICAL TRIALS WITH LEUKOCYTE
INTERFERON
(1) Breast cancer
Gutterman et al. [86] reported on an open
uncontrolled trial involving 17 patients with
recurrence of breast cancer lesions that failed



954 A. Billiau

to respond to radiotherapy, hormone therapy,
and, in most instances, chemotherapy. The
dosage consisted of 3 or 9 million units (MU)
daily by intramuscular injection for 4-12 weeks.
Nonresponders were taken off interferon
therapy; patients with evidence of regression
were placed on a maintenance schedule of 3
MU, 3 times weekly. The responses were rated
according to criteria recognized by the UICC.
Partial remissions (25 to 50% reduction in the
product of 2 largest tumor diameters of at least
some tumor localizations and absence of pro-
gression in all lesions) were seen in 6 out of the
17 patients. Less than partial remission was
seen in 1 patient.

Under the auspices of the American Cancer
Society a trial is being conducted, also involving
daily intramuscular injections of 3 to 9 MU in
patients with recurrence of breast cancer. Al-
though the details of this trial have not yet
been disclosed, it has been reported that of the
26 patients who entered the trial at the end of
1980, 6 showed a partial response with post-
treatment durations of 14-121 days (87).

(2) Lymphoma (non-Hodgkin)

Merigan et al. [88] reported on 6 patients
with malignant lymphoma, given 5-10 MU
daily for 30 days. Three of the patients had a
diffuse histiocytic lymphoma resistant to radio-
therapy and chemotherapy; no reduction in
tumor size was noted in these. Two patients,
with nodular lymphocytic, poorly differentiated
lymphoma, not previously treated, showed
regression of the disease, evident from resolu-
tion of enlarged retroperitoneal and peripheral
lymph nodes. One patient with a similar histo-
cytologic type of tumor received local radio-
therapy followed by interferon; regression was
evident from normalization of bone marrow
biopsies. These apparent remissions persisted
for at least several months.

Hill et al. [89] used fractionated intravenous
injections of relatively high (0.25 MU/kg daily)
to very high (2 MU/kg/day, once weekly) doses
in patients with various forms of leukemia. The
treatments were given for several weeks. One
remission and 4 partial responses were seen in
5 patients with acute lymphocytic leukemia, one
partial response in 3 patients with acute granu-
locytic leukemia and no response in one case of
chronic granulocytic leukemia.

Gutterman et al. [86] reported on 11 patients
with malignant lymphoma. The treatment
schedule was the same as that given by the same
authors for breast cancer patients (see above).
Four of these responded favorably (1 partial and
1 less than partial remission). Six of the 11 treated

patients had nodular, poorly differentiated
lymphoma. For these patients response criteria
were the same as those used for breast cancer
trial. One complete and 1 partial response were
seen; 3 patients did not respond. The study
also included 1 patient with histiocytic lym-
phoma who showed a less than partial res-
ponse.

(3) Myeloma

Mellstedt et al. {90] reported on 4 cases of
myelomatosis treated from 3 to 19 months with
daily intramuscular injections of 3 MU. Remis-
sion was complete in two patients; signs of
improvement were evident within one month
after initiation of therapy. The two other
patients also improved, to the extent that no
other therapy was felt necessary. Still remission
remained incomplete, despite long-term ad-
ministration of interferon.

The cooperative trial reported by Gutterman
et al. [86] also comprised 10 myeloma patients.
The treatment schedule was the same as that
given to breast cancer and lymphoma patients
(39 MU daily for 4-12 weeks, followed by
maintenance treatment of 3 times 3 MU
weekly). Three patients showed an objective
response (sustained decrease in abnormal
serum Ig by > 50% or disappearance of Bence-
Jones protein). Three patients improved under
treatment (at least 25% decrease in serum Ig or
at least 50% reduction in Bence-Jones pro-
teinuria). Four patients failed to respond.

Idestr6m reported on a single case of che-
motherapy-resistant myeloma treated for 6
months with daily intramuscular injections of 3
MU [91]. According to the criteria used by
Gutterman et al. [86] a less than partial res-
ponse was seen (initially) with subsequent
relapse during therapy.

In a study done primarily to test the clinical
effectiveness of fibro-blast interferon [92], two
myeloma patients who did not respond to this
therapy subsequently received leukocyte inter-
feron (3.5 MU 6 times weekly for 5-6 weeks).
One of these patients showed a > 25% reduc-
tion in Bence-Jones proteinuria; the second
patient failed to respond.

(4) Juvenile laryngeal papillomatosis

Juvenile laryngeal papillomatosis is a rela-
tively infrequent tumor probably caused by
perinatal infection of the laryngeal mucosa
with papillomavirus originating in verereal
warts of the mother. The papilloma can persist
for several years despite repeated surgical
removals and cause progressive destruction of
the laryngeal mucosa. In some cases permanent
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cannulation of the trachea is necessary. Usually,
the tumors spontaneously regress in adoles-
cence,

Haglund et al. [93] described 7 cases of
juvenile laryngeal papillomatosis treated with 3
weekly injections of 3 MU of leukocyte inter-
feron intramuscularly., Al cases showed
regression of the lesions, to the extent that can-
nulation of the trachea became unnecessary. In
one case the tumor completely disappeared. It
was found that discontinuation of the treat-
ment resulted in recurrence or renewed pro-
gression, which again could be arrested by
renewed interferon therapy or prevented by
maintanance treatment at a lower dosage level.

Confirmation of this beneficial effect of
leukocyte interferon therapy on juvenile
laryngeal papilloma was obtained by Schouten
and Bos [94] and by Gobel et al. [95] who
compared the effectiveness of leukocyte and
fibroblast interferon in such patients (see
below).

(5) Miscellaneous tumors

One case of Hodgkin’s disease treated with
interferon has been described in the literature.
A temporary decrease in systemic symptoms
and in size of lymph nodes and pulmonary
infiltrates was seen [96].

Cases of metastatic osteosarcoma treated with
leukocyte interferon have been described by
Ito et al. [97] (3 cases) and by Christophersen
et al. [98] (1 case). Dosage schedules were of the
order of magnitude of 3 MU daily intramus-
cularly, given for several months. Temporary
decreases in the sizes of some metastases with
progression of the other localizations were
reported in two patients [97].

Partial regressions were noted in 3 patients
with bladder papilloma [98].

Sawada et al. [99] reported on the treatment
of 6 patients with brain tumors (3 glioblas-
tomas, 2 medulloblastomas and 1 astrocytoma).
Dosages were in the order of 3 MU in-
tramuscularly and some patients received as
much as 270 MU total. No effects were noted.
The same authors also treated 2 patients with
neuroblastoma, 2 with Wilms’ tumor, 1 with
yolk sac carcinoma, and 1 with rhabdomy-
osarcoma. Only in 1 patient (neuroblastoma)
was a reduction in tumor size seen.

(6) Discussion

As reviewed above, prolonged intramuscular
administration of leukocyte interferon pre-
parations seem to bring about partial and
sometimes complete remissions in lym-
phoproliferative disorders such as lymphoma

and myeloma, and partial regressions in
metastatic tumor nodules in breast cancer
patients. There is little room for argument with
regression of tumors that are universally
reputed as progressively leading to death if left
without treatment. The question is not (any
more) whether leukocyte interferon prepara-
tions can influence cancer. The questions are
whether (1) the effect is quantitatively and
gualitatively important enough to warrant fur-
ther investigation and (2) whether it is due to-
interferon (HulFN-a) or to some as yet uni-
dentified impurity or mixture of impurities
which are comprised in the 99.9% (by weight)
of adventitious proteins present in current
leukocyte interferon preparations.

As to the first question, it is fairly clear that
interferon therapy in its present form does not
constitute a major breakthrough in that a high
percentage of patients would respond with
clear-cut regression. In contrast, it would ap-
pear that interferon by itself is at best as good
an antitumor drug as some others that are
already broadly used, mostly as part of com-
bination regimens. It may thus be possible, by
carefully programmed clinical evaluations, to
design treatment schedules consisting of other
chemotherapeutics in combination with inter-
feron, the benefit of which could be to gain
some percentages in remission rate over sche-
dules without interferon. Another aspect of the
question is the possibility of increasing the dos-
age. Currently the size of the daily doses is
limited by availability of material and by the
toxic side-effects. Although relatively mild
when compared to the toxicity of some antimi-
totics, the side-effects of current interferon
therapy are not negligible [100) and may be a
limiting factor when one would like to increase
doses 10- or 100-fold to reach the level that is
effective in experimental animals. It is possible,
of course, that the toxic side-effects can be
avoided by further purification of the inter-
feron. However, it may also be that such
purification will remove substances that are co-
determinant or even single determinants of the
antitumor effect of current clinical prepara-
tions. Thus, one of the more important side-
effects is fever. Perhaps the increase in body
temperature is one of the codeterminants of
the antitumor effect. Reports in the early
oncological literature, as well as experimental
evidence and recent clinical trials with hyper-
thermia, support this concept [101]. This then
raises a second set of questions relating to the
specificity of the antitumor effects as seen in
current clinical trials. It was already mentioned
that there is a large discrepancy between, on
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the one hand, the large daily doses of pure
interferon needed to obtain an antitumor effect
in mice and, on the other hand, the low doses
that seem effective in naturally occurring
tumors in man. It may be that, with the advent
of clinical preparations, consisting of 100%
pure human interferon, one may succeed in
increasing daily doses without inordinate side-
effects. The question remains as to whether the
anti-tumor effect of these high doses of pure
interferon will also be more pronounced than
those seen with our current interferon treatment
schedules.

CLINICAL TRIALS WITH FIBROBLAST
INTERFERON

Clinical trials using fibroblast interferon have
been lagging behind considerably on those with
leukocyte interferon. The main reason for this
is that production on a large scale has begun
later and is somewhat more complicated than
the production of leukocyte interferon. Fur-
thermore, it was not recognized initially that
leukocyte and fibroblast interferons consisted
of different molecular variants with different
biological properties. Therefore the necessity
for implementing large-scale production of
fibroblast interferon was not felt until relatively
late, when production of leukocyte interferon
had already been going on for several years.

Whereas clinical information on the effect of
leukocyte interferon in malignancy is frag-
mentary, that about fibroblast interferon is
merely anecdotal. Researchers working with
fibroblast interferon have a task that is doubly
hard. Not only have they to prove that fibro-
blast interferon is effective; they must also
demonstrate that it is superior to leukocyte
interferon for the treatment of one or more
diseases.

(1) Breast cancer

A preliminary trial on 5 patients is being
conducted by Prof. Dr. Pouillart at the Institut
Curie using fibroblast interferon prepared at
our Institute on MG-63 cells (an osteosarcoma
cell line that provides higher yields of fibroblast
interferon than diploid cells). The treatment
schedule (intramuscular injection of 8 MU
every 5 days, for 6 weeks) is based on the
kinetics of stimulation of NK-activity in patients
receiving im. injections. After injection of
10 MU the increase was maximal after 48 hr
and lasted for about 5 days. Up to this date 3
patients with recurrent metastatic breast
cancer, resistant to all other forms of therapy,
have received this treatment. One patient
showed partial regression of subcutaneous

modaules, partial regression of small pulmonar

nodules (with slight progression of the large

pulmonary nodules), and virtual disappearanc

of axillary nodules. A second patient ha

developed skin necrosis in the irradiation field
surrounded by multiple tumor nodules. During
treatment these subcutaneous nodules regres
sed and the necrosis healed. A third patien
had multiple metastases in skin and bone. Dur-
ing treatment a substantial reduction in the size
of cutaneous metastases occurred. Yet for-
mation of at least three new nodules was noted
and no evidence for reduction in size of bone
metastasis could be obtained. These results
were judged undecisive but sufficiently
encouraging to undertake a confirmatory trial
involving treatment of longer duration.

Ogawa and Ezaki [102] treated 2 cases of
metastatic breast cancer (3-6 MU/day by in-
travenous infusion) for 30 days and found
progression under therapy.

(2) Lymphoma

Two cases of lymphoma treated with in-
tramuscular injections of fibroblast interferon
have been mentioned by McPherson and Tan
[103]. The doses ranged from 1 to 5 MUjday,
given 4 times weekly for about 3 weeks. A clear
response was seen in one case (acute myelo-
blastic leukemia), a partial and only temporary
response in the other (chronic myelobastic
leukemia). An additional patient with chronic
myeloblastic Jeukemia received 5 i.v. infusions
with increasing doses (1.5-7.5 MU) over a short
period of time; no response was seen in this
patient.

Ogawa and Ezaki [102] treated 4 cases of
lymphoma with intravenous infusions of 3-6
MU/day for 8-30 days; no effect on tumor
evolution was seen. Furue et al. [104] reported
on 9 cases of lymphoproliferative disorders
treated with intravenous injections (3 MU/day)
for various lengths of time (some cases receiv-
ing only one injection). Complete remissions
were seen in 3 cases (1 case of monocytic
leukemia and 2 cases of acute myeloblastic
leukemia) given combined treatment with
chemotherapy and interferon. At least one of
these cases was previously found to be com-
pletely resistant to chemotherapy alone. Shi-
moyana et al. [105] treated 4 patients with
lymphoma using intravenous injections of 1.5-6
MU given for about 8-30 days. No regression
was seen.

Again the total number of treated patients
(~ 16) available as yet is too small to even make
recommendations for therapeutic regimens in
future trials. Yet a response rate of 4 out of 16
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is quite impressive, and a point can perhaps be
made for trials with combination therapy.

(3) Myeloma

The phase 1 pharmacotoxicology study of
McPherson and Tan [103] comprised 2 patients
with myelomatosis. One was given im. in-
jections (9 injections of 1-5 MU over a period
of ~2 weeks); the other patient received in-
travenous treatment (4 doses of 1-4 MU). The
response was nil in the first and dubious in the
second case.

At our Institute 3 patients with myelomatosis
(light-chain disease) received intramuscular in-
jections of fibroblast interferon [92]. A dosage
of 28 MU per week failed to influence disease
progression in a therapy-resistant case. In a
second case, that had not previously been
treated, a first course of fibroblast interferon
(30 MU per week) associated with corticos-
teroids produced a favourable response, but a
second course, without corticosteroids,
remained without effect. In this patient sub-
sequent leukocyte interferon treatment was
associated with a decrease in urinary light chain
excretion and normalization of calcaemia, all
other parameters remaining unaltered. A third
patient with light chain disease was resistant to
chemotherapy ab origine. None of the disease
parameters responded to either fibroblast or
leukocyte interferon therapy (21 MU per
week).

Ogawa and Ezaki [102] and Furue ¢t al. [104]
also failed to see an influence of fibroblast
interferon in, respectively, 2 and 1 cases of
myeloma, treated for several weeks with doses
of ~ MU/day intravenously.

This adds up the number of myeloma cases
to ~ 8, none of which were responsive to fibro-
blast interferon. This is in rather sharp contrast
to the findings of researchers working with
leukocyte interferon. The impression that
leukocyte interferon does, and fibroblast in-
terferon does not have the ability to influence
the course of myeloma is reinforced by our
observations in one primary case of myeloma
which failed to respond to a 13-week-long
treatment course of fibroblast interferon but
showed a progressive decline in Bence-Jones
proteinuria after subsequent treatment with
leukocyte interferon [92].

(4) Laryngeal papilloma

Two patients (35 and 7 years old) with
laryngeal papilloma received subcutaneous in-
jections of fibroblast interferon prepared at
our Institute (3—4 MU/day, 3 times weekly, for 3
months). A clear but partial regression of the

tumor masses on the vocal cords was observed
[94]. After arrest of treatment, the papillomas
increased again in size. Gobel et al. {95] treated
2 similar cases (children of 4 and 5 years age),
giving intravenous infusions of 2-3 MU daily
for 6 weeks. No signs of regression were
observed. The same children subsequently
showed a favorable response to treatment with
leukocyte interferon (2 MU daily, sub-
cutaneously, 4 weeks).

The difference in response to fibroblast in-
terferon, as seen by Schouten and Bos [94], and
by Gébel et al. [95] may be due to the difference in
injection route or in duration of therapy.

(5) Other tumors

Although melanoma is one of the tumors to
be included in the cooperative interferon trials
sponsored by various agencies in the United
States, very little information is available as yet
on the results obtained. One research group,
working with fibroblast interferon, has concen-
trated on this tumor and has reported regres-
sion of subcutaneous nodules aftef intralesional
injections. In a preliminary communication the
same group of authors reported regression of
melanoma lesions in a patient given systemic
treatment with fibroblast interferon [49].

Various other types of tumors have been
treated with fibroblast interferon. A survey of
available information yielded a total of 28
tumors (3 osteosarcomas [103, 106], 2 colon
carcinomas [103, 104], 5 renal cancers [103], 4
gastric cancers [102, 104], ] bronchial car-
cinoma [104], 1 oesophageal cancer [104], 2
liver cancers [102, 104], 1 ovarian cancer [102], 7
brain tumors [105, 107], 1 rhabdomyosarcoma
[105], and 1 neuroblastoma [106]) treated with
fibroblast interferon, given intramuscularly or
intravenously, for various lengths of time. Only
in one of these studies [107] was a favorable
response noted. In 2 children with medullo-
blastoma, intravenous infusions (2-3 times
weekly for more than than 2 months, total
dosage up to 200 MU) caused regression of the
tumor mass left after partial surgical removal.
In the same study a partial remission was noted
in 2 cases of recurrent glioblastoma, while in 2
other cases no therapeutic effect was seen.

Special mention should be made of a case
of metastatic nasopharyngeal carcinoma, suc-
cessfully treated with intravenous infusions of
fibroblast interferon. It should be noted,
however, that nasopharyngeal carcinoma, in
contrast to most other tumors considered as
candidates for interferon therapy, is caused by
chronic viral infection (Epstein-Barr virus).
Hence, the beneficial effect may have been
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generated through inhibition of viral repli-
cation [108].

(6) Discussion

From the studies cited above it should be
clear that, with the possible exception of ap-
parent success in nasopharyngeal carcinoma,
fibroblast interferon is as much a miracle drug
for cancer as leukocyte interferon. There has
been some speculation that it might even be
inferior to leukocyte interferon. The sole basis
for this contention is that blood titers after i.m.
fibroblast interferon injection are inferior to
those obtained by i.m. injection of leukocyte
interferon. As a result of this finding some
workers have resorted to i.v. infusions rather
than im. injections of fibroblast interferon.
From the studies summarized above it should be
clear that the clinical effectiveness was not mar-
kedly improved by this procedure.

The mechanism of the difference in phar-
macokinetic behaviour of the two interferons is
still unclear. Trapping or rapid destruction of
fibroblast interferon at the injection site has
been considered as one possibility; rapid
removal from the circulation and uptake into
certain organs or cell systems is another pos-
sible explanation. Several lines of evidence (for
review, see [100]) seem to favour this second
possibility. In particular, the enhancement of
NK-cell activity was found to be as pronounced
in patients receiving i.m. injections of fibroblast
interferon as in those receiving leukocyte in-
terferon. This seems to indicate that at least the
lymphoid system is reached effectively by i.m.
injection of fibroblast interferon.

PROSPECTS FOR THE CLINICAL AP-
PLICATION OF IMMUNE INTERFERON
(IFN-y)

Immune interferon will be the third type,
after leukocyte and fibroblast interferons, to be
developed into a preparation that can safely be
administered to man. While this process is now
taking place in several laboratories [109-111], it
is being speculated that these preparations will
have a more potent antitumor potential than
the current preparations of leukocyte (IFN-a)
and fibroblast (IFN-B) interferon. The prin-
cipal basis for these high expectations focused
on IFN-y comes from experiments in mice.
Specifically, it was found that the ad-
ministration of lymphokine preparations rich
in IFN-y could bring about a delay in tumor
outgrowth, comparable to that obtained with
injections of classical interferon, except that the
minimal dose (expressed in units of antiviral
activity) required to obtain this effect were

about 100-fold smaller [84, 85]. The authors of
this study were cautious enough to express the
feeling that lymphokines other than IFN-y
present in these preparations may have ac-
counted for part of the antitumor effect.

Another concept underlying the expectations
with regard to immune interferon is the
synergistic effect between this interferon and
leukocyte or fibroblast interferons [112]. It was
found that the total antiviral as well as antitu-
mor effects of current preparations of leuko-
cyte or fibroblast interferon might considerably
be enhanced by the addition of relatively small
amounts of immune interferon [113].

Finally, it has been speculated that IFN-y
might in nature play the role of an im-
munomodulating lymphokine, and that its in-
terferon-like antiviral activity is but a side-
effect. In its capacity as an immunomodulator,
IFN-y may be a lymphokine specifically
endowed with anticancer potentials. Some
support to this view has come from the obser-
vation that preparations of human interferon
can stimulate the NK-activity of lymphocytes to
a significantly larger extent than preparations of
leukocyte or fibroblast interferon [114].

Before preparations of HulFN-y can be
used in clinical experiments it will be necessary
to develop suitable methods for mass produc-
tion and purification. It has already been found
that partially purified preparations are
heterogenous in that at least two molecular
variants of interferon are present, one of which
resembles HulFN-B [114]. It can be foreseen
that clinical trials will not be delayed until this
heterogeneity will be resolved or until com-
pletely pure HulFN-vy will be available. Hence,
it can also be foreseen that the first clinical
trials, whether their results will be positive or
negative, will be uninterpretable in terms of
which particular molecules have clinical rele-
vance.

THE USE OF INTERFERON IN PRO-
PHYLAXIS OF CANCER RECURRENCE
In many forms of cancer it has become

common practice to use chemotherapy as an

adjuvant to surgery in order to prevent metas-
tasis. Along this line of thinking one could
imagine that prolonged interferon therapy
might be useful as an additive to other forms
of cancer treatment, e.g to prevent metastasis
after surgical removal of a primary tumor or
after remission of lymphoproliferative disease
induced by chemotherapy or radiation. This
field is still largelv unexplored except for one,
in fact the most remarkable, study conducted
by Strander and his colleagues on osteosarcoma
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patients in the Karolinska Hospital in Stock-
holm [115]. Over a number of years (1972-1979)
44 patients with osteosarcoma were treated with
about 10 X 10° units of leukocyte interferon per
week in an attempt to prevent metastasis after
surgical removal of the primary tumor. The
evolution of their disease was compared with
that of two control groups: a historical control
group consisting of patients treated in the same
hospital over a number of years preceding the
interferon era and a contemporary control
group consisting of patients treated in other
Swedish hospitals and not receiving interferon
or any other adjuvant therapy. The most
significant parameter in such studies is the
metastasis-free survival (MFS) rate after a
number of years [116-118]. The interferon-
treated group had a MFS-rate after 30 months
of 54%, compared to 15% for the historical
control group and 30% for the concurrent
control. Similar results (18% for the historial
control and 54% for the treated group) have
been reported in a study using adjuvant
therapy with cytostatics [116]. Both studies are
subject to criticism on the basis of a report that
in the last two decades MFS rates in osteosar-
coma patients have spontaneously increased
with calendar year [118]. This historical change
in the natural course of the disease, which
would compromise the use of historical controls,
has not been confirmed in two other clinical
centers [116, 117], including that where the
chemotherapy study was conducted [116]. The
problem became even more controversial when
preliminary results of a placebo-controlled trial
were revealed, indicating failure of chemo-
therapy to affect the course of disease (loc. cit.
[119]). As a result of this the usefulness of
adjuvant chemotherapy in surgically treated
osteosarcoma is now heavily contested. In con-
clusion, the possibility that the improvements
in MFS-rates in interferon-treated patients are
caused by unidentified confounding variables
cannot at present be excluded. Similar variables
may also be at play in the comparison between
contempory groups treated in different hospi-
tals. Thus the results obtained with interferon
therapy in osteosarcoma cry out for cor-
roboration by a double-blind placebo-con-
trolled trial. The practical and ethical problems
inherent to the performance of such a trial are
enormous, so that the question may stay con-
troversial for years to come. It is true, however,
that the side-effects of interferon therapy are
much less pronounced than those of chemo-
therapy and may still diminish when pure in-
terferon will be used. It might then be possible
to increase the daily dosage 10- or 100-fold.

Perhaps with these doses the effect on MFS-
rate will be so pronounced that a placebo-
controlled trial will not be necessary to con-
vince the sceptics.

TOPICAL APPLICATION OF INTER.-
FERON AGAINST LOCALIZED TUMORS

Several authors have reported positive
results obtained with topical treatment of local-
ized tumors [120, 121]. The rationale is that
with intratumoral injection or percutaneous
treatment a high local concentration of in-
terferon can be obtained. Thus, the inhibitory
effect on cell growth and on the tumor cell
killing effect of local lymphocytes may be more
pronounced than when the interferon is in-
jected at a distance. In doing these experiments
some authors have had the objective to design
a practicable therapy for tumors; others have
used topical application in an effort to obtain
more convincing evidence for the antitumor
potentiality of interferon.

In an open, controlled trial Ikic et al. [122]
have shown that topical treatment of condy-
loma accuminata—veneral warts associated
with papillomavirus infection—can effectively
be treated with ointment containing leukocyte
interferon. The same authors have also repor-
ted regression of facial epithelioma’s after peri-
tumoral injection of leukocyte interferon [120,
121]. Similar regression was reported by
Horoszewicz et al. and Ishihara et al. [45, 105] in
the treatment of localized nodular melanoma
lesions with intra- and peritumoral injections of
fibroblast interferon. Of particular interest in
these studies was the finding that the injected
area became infiltrated with large numbers of
mononuclear cells, suggesting mobilization and
activation of tumor-cell-killing lymphocytes.

GENERAL CONCLUSION

From the evidence reviewed in the present
paper it should be clear that the therapeutic
value of interferon in malignant disease
remains a controversial issue. There is no
doubt that interferons are molecules endowed
with extremely high and diversified biological
actions and that they play a certain role in the
cellular regulation processes which are con-
sidered crucial to the malignant behaviour of
cancer cells and to the host defense against
cancer. Whether these biological activities can
be exploited to cure cancer is still very much in
doubt. In animal model systems the effect of
interferon therapy is poor when compared to
the effects of certain drugs that are already
broadly used in cancer therapy. The human
interferons that have been available for clinical
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evaluation until now are certainly not drugs
that cure cancer. As to their usefulness in helping
to limit the evolution of malignant diseases,
statistical studies involving large numbers of
patients in collaborative trials will be necessary to
allow a conclusion.

There is at present no basis to support the
choice of a particular type of cancer as a can-
didate for successful therapy with interferon.
On a theoretical basis interferon is anticipated
to be active against any form of malignancy; in
much the same way as other immunostimulants
(BCG, levamisole) have been proposed as anti-
cancer strategies. This probably explains why
the choice of tumors in current trials is rather
arbitrary. The fact that certain types of tumor
(myeloma, mammary carcinoma, lymphoma,
melanoma) have been chosen as a target for
large scale collaborative trials should therefore
not be interpreted by the public or by the
medical profession that oncologists have good
indications for those tumors to be particularly
responsive to interferon therapy.

The information which will come from the
current trials will undoubtedly be very im-
portant for the further direction that inter-
feron research will take. An equally or even
more important development to be foreseen is
the availability, mainly through recombinant
DNA technology, of a large number of
different interferons in pure form and in
quantities allowing clinical evaluation. It is
hoped that one of the many interferon types or
subtypes will possess extremely high antitumor
potentials.

ADDENDUM: SUMMARY OF RESULTS
PRESENTED AT THE CONFERENCE ON
“THE BIOLOGY OF THE INTERFERON
SYSTEM,” ROTTERDAM, 21-24 APRIL, 1981

Following submission of this review article, the
situation with regard to interferon therapy in
cancer was evaluated at an international con-
ference sponsored by the Dutch Toegepast
Natuurwetenschappelijk Onderzoek and the
Erasmus University of Rotterdam. The labora-
tory experimental data presented and dis-
cussed at this meeting have not profoundly
altered the basic concepts underlying the
attempts to use interferons as anticancer drugs,
as they are summarized and discussed in the
present review. However, additional clinical
data were presented which may influence the
emphasis in future trials. They are briefly
summarized here.

Lymphoma
The uncontrolled study conducted by Hill et

al.[89] on the therapeutic effect of leukocyte
interferon in leukemia has been
expanded [123]. The study is made exceptional
by the high doses given (10 MU/kg/day in-
travenously, for periods of up to 60 days). All
of the 5 patients suffering from acute lym-
phoblastic leukemia had remissions, as evi-
denced by complete peripheral blast clearance
(5/5 patients) and bone marrow blast clearance
(8/5 patients). In acute granulocytic leukemia
peripheral blast clearance occurred in 2 out of
the 3 patients, and bone marrow clearance
occurred in 1 of those.

An uncontrolled study on chronic lym-
phoblastic leukemia has been initiated in
France[124] using relatively long-term treat-
ment with 1.5-6 MU of leukocyte interferon
per day for 3-9 months. Favorable responses
were noted in some of the 9 patients during
therapy: tumor mass reduction in 3 and a drop
in peripheral lymphocytosis in 7 patients.

Malignant melanoma

Preliminary results on the American Cancer
Society-sponsored trial were reported[125].
Doses of 1, 3 and 9 MU/day were given to 35
patients for 42 days: 7 showed stable disease, 22
showed progression under therapy and 6
patients showed evidence of partial tumor
regression, i.e. a temporary response in 1
patient receiving the lowest dosage, minor
regression in 2 patients and 3 clear regressions
(= 50% reduction in tumor diameter product)
of some, but not all, lesions.

In Great Britain an uncontrolled trial is
being conducted[126] using 2.5 MU/day of in-
terferon prepared from lymphoblastoid cells
(the active component being the same as or
very similar to that in leukocyte interferon).
Over a 30-day treatment period no regressions
were seen in patients receiving only systemic
treatment. Shrinking of tumor mass was
observed in one patient receiving intralesional
injections.

Myeloma

Preliminary results of the American Cancer
Society-sponsored trial were reported[127].
Twenty patients received 3-6 MU/day for at
least 6 months. Partial regression was noted in
4 patients; in 2 patients the disease stabilized
under treatment; and in 14 patients the disease
progression remained uninfluenced.

Breast cancer

No further specifications other than those
already mentioned{86] were given on the
American Cancer Society-sponsored trial, using
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leukocyte interferon in breast cancer patients.
The use of fibroblast interferon for breast
cancer metastasis is now being investigated by
several groups in addition to the study of
Pouillart et al. that was mentioned earlier. In
one study (using 3-6 MU/day for 1 month) 3
out of 6 patients were found to respond with
major (=50%) and 1 patient with minor (>
25%, <50%) reductions in tumor size (Ques-
ada, personal communication). Regression of
metastases was also seen in a single patient[128]
receiving intravenous therapy with fibroblast in-
terferon (8.3 MU, twice weekly for 5 weeks).

Various other tumors

Various reports[123, 128, 129] discussed the
results of interferon treatment in single or
small groups of patients. Besides the tumor
types already discussed, these trials included

patients with lung carcinoma, renal cell car-
cinoma, ovarian carcinoma, bladder carcinoma,
hepatoma, testis carcinoma, cervical cancer,
hypernephroma and colon carcinoma. Mention
should be made of complete regression of a
bladder carcinoma in a single patient[123]
treated with high doses of leukocyte interferon
(= 10 MU/kg/day).

Topical treatment

An appealing concept is the treatment of
mesothelioma by intrapleural administration of
interferon. In one sutdy[130] 2 out of 6
patients were reported to respond favorably to
intrapleural administration of 3 MU weekly of
leukocyte interferon. A histiocytic reaction
developed and tumor cells disappeared from
the effusion.
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