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"Stimulate the phagocytes. Drugs are a delusion. Find the germ of the

disease; prepare from it a suitable antitoxin; inject it three times a day,
a quarter of an hour before meals and what is the result? The phagocytes
are stimulated; they devour the disease and the patient recoversâ€”unless
of course; he's too far gone.

â€”Sir Ralph Bloomfield Bonnington in the "Doctor's Dilemma" by

George Bernard Shaw, 1902

Isaacs and Lindemann first characterized UN in England in
1957; they coined the term to signify a protein elaborated by
virally infected cells that functions to prevent their infection by
a second virus (1). However, difficulties with chemical isolation
and characterization led to great skepticism about the existence
of the protein; indeed "... the scientific community dubbed his
discovery 'imaginon'" (2).

In the early 1970s work by Kari Cantell in the Finnish Blood
Bank led to the production of sufficient quantities of a-inter-
feron, made from huffy cell layers, to support limited clinical
trials with several types of malignancies (e.g., osteosarcoma) by
Strander et al. (3). The work was expanded by the National
Cancer Institute-sponsored trials in 1975 and then by the Amer
ican Cancer Society in 1978. Despite very limited available
information, interferon was heralded in the popular press as a
significant new drug for the cure of cancer. The wave of enthu
siasm and outpouring of venture capital rapidly led to the
development of DNA recombinant technology for the produc
tion of interferon, following the successful cloning in 1979 by
Taniguchi et al. (4) of /3-interferon and the subsequent cloning
of the a-interferon subtypes and, more recently, -y-interferon.

Also, isolation of natural IFN from massive cell cultures led to
far greater availability, and consequently the number of patients
who could be treated increased dramatically.

The early clinical trials claimed respectable response rates,
compared to those known to be achievable with chemothera-
peutic agents. Subsequent data from broad-scale trials have not
supported the notion of widespread efficacy of IFN but rather
have delineated its role more narrowly; in effect, IFN has
descended from the Olympian heights of the cure-all for cancer
and settled into a more limited, but nonetheless clinically very
important role in cancer therapy.

Since the nature of this form of treatment is so different from
that of chemotherapy, we will briefly examine the potential
modes of action of interferons as antineoplastic agents before
assessing their current clinical activity.

Modes of Action. The exact physiological roles of each of the
interferons remain unclear, but as far as cancer is concerned,
interferon has both direct cytotoxic and immunostimulatory
effects, in varying degrees. Unfortunately, the actual mechanism
responsible for its anticancer action is still not known; this is a
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subject of intense interest, especially since optimal dose sched
uling might need to differ totally depending on mechanism, and
the mechanism in turn might vary for different interferons.
Among other quantitative differences, it has been reported that
7-interferon is a more potent immunostimulator than Â«or ÃŸ
(5). The major sites of action will be examined individually
below.

Antiproliferative Action. In vitro and murine models have
demonstrated the antiproliferative action of interferons (6, 7).
Decreased tumorigenicity has also been shown in cells pre-
treated with human IFN (7, 8). Whether these models are
applicable to human tumors in vivo remains conjectural, but
they should be applicable if the concentration of interferon and
time of exposure are comparable. Cell cycle analysis has shown
that interferon causes extension of all phases of the cell cycle
and prolongation of the overall cell generation time (9-11). In
some cases an accumulation of cells in G0 has been observed,
accompanied by a decrease in transition to G|. "This decrease

in growth rate may be incompatible with life thus making the
essentially cytostatic effect a cytotoxic one" (6).

The critical mechanisms operative at the cellular level are
also unclear, but they may be mediated by the same inhibitors
of DNA and RNA synthesis that occur in virus-infected cells.
Specifically, induction of 2'-5'A leads to endoribonuclease ac

tivation, which in turn inhibits RNA transcription by degrading
mRNA linked to double-stranded RNA (12, 13). In addition, a
protein kinase and a phosphodiesterase pathway represent
mechanisms of inhibition of protein synthesis which are parallel
to but independent of 2'-5'A (12). Whether these are in fact

central to antiproliferative as well as antiviral activity has not
been definitively established (14). However, elevated levels of
2'-5'A have been correlated with tumor response in some

patients (15), although corroborai ion of this is not available.
Immunomodulation. It is most attractive to think that the

known immunomodulatory effects of IFN could explain its
antitumor effects. Support for this view is found in experiments
with animals in which tumors known to be IFN resistant in
vitro have regressed when the animal received systemic treat
ment with IFN (16). A variety of immune changes have been
described, but the most relevant appear to be the effects on NK
cells and macrophages.

In vitro work with human lymphocytes shows that interferon
increases the killing potential of NK cells (17) both by recruit
ment of pre-NK cells and by increased cytotoxic activity of
activated cells (10). [Some evidence also exists for augmentation
of K-cell-mediated antibody-dependent cytotoxicity (10, 18).]

In clinical trials both the dose and route of IFN administra
tion have been shown to significantly affect NK cell activity.
Several trials have suggested that low-dose IFN results in more
marked NK cell activity (19-22). This is a confusing issue,
however; other trials have reported widely differing effects on
NK cell activity, varying from consistent increases (23-25) to
consistent decreases (26-30), to individual variation with no
discernible pattern (31). Much of the controversy may be related
to the dose of IFN used, for a "threshold" beyond which there

is a negative influence on NK cells would appear to be the best
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explanation for much of the variability.
A few studies have examined the long-term immune effects

of a-IFN treatment; again, these differ with regard to whether
there is increase (21,32) or decrease (26,27) in NK cell activity.
The recent study of Silver et al. (32) found that low-dose IFN
led to an increase in NK cell activity by 48 h but the increase
was not sustained despite continued administration. Repeated
high-dose IFN gave a more sustained increase of NK cell
activity long term, even though it did not lead to the same
initial rise as low-dose IFN. However, i.v. therapy was used for
the high dose and i.m. therapy for the low dose, and the schedule
of therapy was also different (alternate weeks for low dose
versus monthly for high dose); both factors, i.e., route of admin
istration and schedule, could have caused the differences noted.

Our earlier study with lymphoblastoid IFN showed a dose-
related decrease in NK cell activity over a 6-week period, after
an initial stimulatory effect, but there the treatment was three
times per week (21). This may suggest that an intermittent
schedule will result in different patterns of response.

Since IFN in vitro consistently stimulates NK cells, the
inability to reproduce consistent effects of IFN on NK cell
activity in clinical practice suggests a need to explore confound
ing /// vivo effects which may be related to scheduling, dose, or
other unknown factors. The controversy surrounding NK cell
function after IFN treatment also suggests that it may not be
such a useful marker; some other more consistent variables now
appear to be available (see below).

Further, functional differences between IFN-7 and IFN-a//3
suggest that no single test would be appropriate for all interfer
ons; rather, different clinical measures are required to determine
the optimum dose for each IFN type. IFN-a//3 is more efficient
than IFN-7 in inducing 2'5'-oligoadenylate synthesis in mono-

nuclear cells (33), and this may be correlated with active anti-
proliferative activity. IFN-a//3 also appears to cause NK cell
activation at a lower dose and a shorter time interval than
IFN-7 (34).

A growth inhibition assay has been described for assessing
IFN-Â«activity by measuring the thymidine uptake of a NK cell-
resistant murine leukemia cell line. The leukemic cells are
incubated for 48 h with the patient's peripheral mononuclear

cells and then the thymidine uptake by this population is
measured and compared to that of the tumor cells alone. In
IFN-treated patients the inhibition of growth has been found
to consistently increase (26, 31) even in the face of decreased
NK cell activity. The authors therefore propose that this may
be a more sensitive (less variable) measure of the immune effects
of IFN-a in vivo than NK cell assays.

Macrophages rather than NK cells are affected by 7-inter-
feron; indeed, IFN-7 and macrophage-activating factor appear
to be the same substance (5, 16). They act to increase the
number and density of Fc receptors, which in turn are associated
with an increase in antigen-presenting function. Enhancement
of phagocytosis, as well as antiviral and bactericidal activity
and antitumor cytotoxicity, occurs (10, 11). Thus, assays of
macrophage-monocyte function may be of more relevance for
assessment of IFN-7 action than NK cell assays.

Differentiation. Interferons have also been shown to have a
variety of effects on differentiation. In vitro differentiation has
been enhanced in mouse myeloid leukemia, in erythroblasts of
the Friend leukemia system, whereas conversions of mouse
3T3-LÃ•cells into adipocytes and human monocytes to macro
phages have been inhibited (11, 35).

Other evidence supporting an effect on differentiation in
cludes increased expression of HLA antigens, enhanced excit

ability of nerve cells, and decreased beating frequency of my-
ocardial cells after IFN treatment (35). Interestingly, sodium
butyrate, a well-known differentiating agent, enhances this ef
fect of interferons in vitro (35). An important recent finding
which may suggest one cellular mechanism for causing differ
entiation is the evidence of decreased c-myc and c-Ha-ros gene
expression following IFN treatment, with as much as a 60%
decrease in mRNA formation (36). With 3T3 fibroblasts this
decrease in mRNA has been associated with a reversion to
normal cell type. Thus, interferon-induced differentiation ap
pears to be a significant effect and may be part of its antineo-
plastic action, although there is no direct evidence on this point
from the clinical use of IFN.

Antigen Expression. The increase in cell surface antigen
expression presents another aspect of IFN action which could
be important in tumor control. This has been demonstrated for
Fc receptors on lymphocytes and for Class I and II (la) major
histocom pat ibility antigens (10, 11, 16) on lymphocytes and
several other cell types as well. In addition to augmentation of
preexisting antigen, IFN has also been shown to induce HLA
expression where it was not previously detected in a variety of
normal cells (35).

Further, in neoplastic cells, IFN has caused induction of
HLA antigen expression, and it has caused increases in tumor-
associated antigens in melanoma and several other cell lines
(37-40). If increased antigenicity occurred at a time when there
was also enhancement of macrophage antigen-presenting func
tion, this could improve endogenous antitumor activity.

We thus see a complex framework of mechanisms of action
of the interferons, any or all of which could have an impact on
tumor development and which appear to occur differentially,
depending on the dosage and type of interferon used. The stark
fact remains, however, that we are unable to pinpoint the
mechanism(s) of action of tumor regression, when that does
occur, in the clinical setting.

CLINICAL TRIALS

Exploitation of the in vivo effects of IFN to achieve clinically
detectable antitumor activity has not been easy, nor has it been
invariably successful, but we have largely completed the process
of surveying for anticancer effects over the broad range of
malignancies and are focusing in on the range of sensitive
tumors. (An accompanying "Appendix" outlines the major

studies carried out with interferon to this date.)
Initially, studies were carried out with the Cantei! preparation

of leukocyte interferon, a crude preparation with relatively low
activity and composed of a variety of subtypes. Both Gutterman
et al. (41) and Borden et al. (18) for patients with breast cancer,
and Einhorn et al. (42) for ovarian carcinoma reported response
rates of >20% with Cantell-type a-interferon. No trials since
have reached those response rates, but interestingly 'hose early

ones were all with leukocyte interferon and the question of
whether there is some other active constituent(s) of the crude
interferon remains unanswered. Subsequent trials have used
much more highly purified preparations of either natural inter
ferons or individual recombinant a or ÃŸsubtypes, making direct
comparison with the earlier trials difficult. We should at least
consider the possibility, although it seems unlikely, that the
failure to confirm favorable response rates in later trials could
be related to the loss of unknown factors which potentiate
interferon(s). The side effects of the Cantell preparations were
initially thought to be related to the impurities; however, recom
binant interferons appear to have substantially similar toxicity.
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Dose Response

Before surveying the effects on various types of malignancies,
it is appropriate to consider the major treatment strategies
currently in use. There is a suggestion of a dose-response effect
for lymphoma, Kaposi's sarcoma, and perhaps some other

malignancies (melanoma, renal carcinoma). The induction of
responses with higher doses of a-interferon in patients who
relapse on lower doses (15,43,44) supports an antiproliferative
mechanism. However, whether this is the effect to be exploited,
rather than immunomodulation, remains to be clarified.

An analysis of the dose-response rates (Fig. 1; Table 1)
supports our own view that except in lymphoma, high-dose
IFN does not confer any advantage, since there does not seem
to be a significant dose-response relationship when all the trials
are combined; and of course high-dose therapy is far more toxic
than is low-dose therapy. Kaposi's sarcoma at first sight appears

to be an exception; however, the dose versus CR rate (Fig. 2;
Table 2) does not mimic the dose-response relationship. This
explains why the response is short term in this disease and
interferon thus does not represent a therapeutic advance as a
single agent.

Schedule. The questions of schedule and route also require
more study. In those malignancies where a dose effect has been
observed, the use of i.v. therapy may allow higher doses to be
given before the disabling effects of fatigue and central nervous
system toxicity (disordered cognition and memory, somnolence,
mood changes, i.e., depression) occur. The advantage of i.v.
treatment seems related to the fact that the pharmacokinetics
differs from that with i.m. treatment, in which blood levels
persist for a longer period of time (45).

Most investigations have used IFN-a in daily or weekly
protocols, but one provocative paper (46) has reported a very
high response rate in a variety of malignancies in 84 Ã©valuable
patients (23 CR; 35 PR, 69%), with a schedule of 6 megaunits/
m2 daily in three doses every 28 days. However, like the initial

trials with IFN, these results are far out of line with other
reports on these tumors and, because the responses are not well
documented, we must be skeptical. The authors point out
several striking findings, namely that the patient's serum IFN

levels remained the same with pulse therapy but tended to

70,

Table 1 Response rate' versus interferon dose
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Fig. 1. Cumulative data on response rates to inferieron in Kaposi's sarcoma,

lymphoma, and renal cell carcinoma in the larger reported series. Only lymphoma
showed a statistically significant correlation between response rate and dose (see
Table 1).

Dose group
(megaunits/

m1)Low

(0-9)

Mid (10-29)

High (Â»30)Kaposi's

sarcoma(4/56)33%

(25/55)
45%

(27/90)
30%

P< 0.001*Renal

cell
carcinoma(38/274)

14%
(14/49)

29%
(6/58)
10%

/>= 0.016*Lymphoma(10/62)

16%
(2/10)
20%

(31/85)
37%

P = 0.016*

High- and intermediate- Intermediate dose High-dose patients
dose patients respond gives better re- respond better
better than low-dose sponse than the than low-dose
patients (P = 0.001 ) other two (P = patients (P =

0.001) 0.005)
" Response rate here is taken to mean complete and partial response rate where

complete is defined as 100% resolution of all measurable disease and partial is
defined as >50% decrease in all measurable disease.* Probability of association between dose group and response ( \ ' test with 2

if.).
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Fig. 2. Cumulative data on the percentage of complete responders relative to
interferon dose for the same data as in Fig. 2. No statistically significant corre
lation could be made (see Table 2).

Table 2 Complete response versus interferon dose

DosegroupLowMidHighKaposi'ssarcoma(1/56)

1.8%(15/55)27.3%(5/90)

5.6%Renal

cell
carcinoma(1/274)

0.4%(1/49)

2.0%(0/58)

0%Lymphoma(1/62)

1.6%(0/10)

0%(7/83)

8.4%

Test of no association between
complete response and dose

P< 0.001 P = 0.138

" Since there are only 2 CRs here a probability statement need not be done.

decrease following the third day of continuous daily adminis
tration; they also found that some patients whose disease pro
gressed on daily therapy achieved remission with pulse therapy.
Similar schedules have been tried using i.v. recombinant IFN-
a in renal cell cancer by Muss et al. (47) and Neidhart et al.
(48), in lymphoma by Leavitt et al. (49), in breast cancer by
Bretaudenu and Fouillait (50) and Padmanabhan et al. (51),
and in myeloma by Costanzi et al. (52), among others, without
achievement of such striking results. The disparities in the
reporting of clinical findings make comparisons difficult. How
ever, the earlier report by Silver et al. also leads us to think that
more trials using intermittent schedules should still be carried
out.
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Measurement of Response. Assessment of response to an
agent such as interferon may require an emphasis that differs
from more traditional approaches. On analyzing the results of
the larger interferon trials one finds many authors emphasizing
the percentage of MR achieved (i.e., a decrease of <50% in
diameter of the index lesions). They apparently believe that in
early Phase II trials the presence of a change in tumor, even
though <50%, indicates interesting activity and therefore jus
tifies further research. Several authors, however, have taken
issue with the category of MR, pointing out the high degree of
observer error which increases the likelihood of false positives
(53, 54) and noting the questionable biological significance of
a MR, particularly in the context of short response durations
(55). In our "Appendix" the percentages of response rates

reflect only complete and partial responses.
However, it is one thing to record responses in a uniform

manner and quite another to look for interesting or novel effects
of a new class of agents. With regard to the latter, it may be
that the high reported percentage of MR in a number of
interferon trials, together with the significant number of pa
tients who are recorded as having "stable disease," deserves

further attention. MR and stable disease may both reflect the
ability of interferon to act as a cytostatic agent, either by
increasing host responsiveness or by a direct cellular effect. By
the ordinary standards of chemotherapy a stable state would be
a rather insignificant finding, but if it could be sustained for a
prolonged period of time it could translate into meaningful
extension of survival and good quality of life (with a relatively
nontoxic drug). Interferon could thus become a useful drug even
in advanced stages of malignancy. There is almost no infor
mation on this point and it needs to be studied in a prospective
randomized study. One small randomized trial failed to dem
onstrate longer periods of stable disease in patients maintained
with interferon than in a control group (56), but larger studies
are needed.

As mentioned earlier, the question of what variables to mon
itor in assessing adequate dosages of IFN remains unresolved.
Unfortunately, NK cell activity may not prove to be a good
choice. The heterogeneous nature of NK cells suggests that
they have numerous functions, but we are of the opinion that
the major functions of the NK cells in vivo are related to
hematopoietic cell regulation (57, 58), graft rejection (59), and
possibly metastatic tumor surveillance. If this is the case, then
NK cell activity is probably an inappropriate measure of IFN
effect in nonhematopoietic tumors and that would explain the
lack of correlation between NK cell activation and tumor re
sponse that has been reported (e.g., Ref. 22).

It also appears that IFN is far more likely to achieve a
response when it is used after the removal of tumor bulk.
Responses in renal cancer usually occurred in those patients
who had a small volume of distant disease, e.g., pulmonary,
even when bulky abdominal disease remained unchanged. As
with chemotherapy, the role of interferon as an adjuvant is thus
likely to be very important (see "Directions").

Preparation

It remains unclear which a-interferon preparation is prefer
able, if indeed differences exist. As stated earlier, the responses
of breast and ovarian cancer to leukocyte interferon have not
been duplicated with recombinant preparations. Also, although
there have been no comparative trials, lymphoblastoid inter
feron, with its multiple a subtypes, has been shown to give
better responses than a (A) or a2 in some trials of ovarian
cancer. These responses were found in different types of patients

3456
TI ME - Months

Fig. 3. Hematological responses of a patient with hairy cell leukemia. The
patient was a 56-year-old female who started treatment with human lymphoblas
toid IFN (0.2 megaunit/m2) at Time 0.

and there may be many explanations for them other than
different IFN preparations. However, trials comparing recom
binant IFN with human lymphoblastoid IFN (and even human
leukocyte IFN) are still needed, as are studies with combinations
with IFN-7.

The question of which interferon is most effective also re
mains unanswered. Thus far only Phase I studies have been
reported for -y-interferon (60, 61) and claims of ani Â¡iunior

activity are anecdotal. Given its different actions, quantitatively
and qualitatively, the idea of combination therapy with IFN-a
and IFN-7 is logical and trials are under way in this area. There
is already /// vitro evidence of potentiation of action both
immunologically (62) and with respect to antiproliferative effect
(63-66).

ANTICANCER TRIALS

Based on extensive Phase II trials during the past few years,
it is now possible to group the responses of patients having
various malignancies into three major categories: highly re
sponsive; somewhat responsive; rarely or unresponsive. In ad
dition, there are exceptional responses in the virally induced
nonmalignant conditions of juvenile laryngeal papillomatosis
and condyloma acuminata. Since the development of cancer
chemotherapy often leads to treatment of other diseases, these
advances will also be described.

Group 1

Hairy Cell Leukemia. Hairy cell leukemia stands out as
having a very high response rate and an exquisite sensitivity to
interferon. Following Quesada's initial observations (67), sev

eral other trials have shown that high response rates are attain
able, and they have documented some very prolonged response
durations even at low doses. The current median response rate
(CR + PR) is 73%. It has been reported that treatment must
be continued for at least 6 months before the majority of
responses occur (68). Our own ongoing clinical trial has entered
nine patients and eight have achieved at least a partial remis
sion; a graph for one such patient is shown in Fig. 3. The
reported series to date are indicated in Table 3. However, we
should note that the most recent information with lymphoblas
toid interferon would put the response rate closer to 90%.3

3}. Whisnant, personal communication.
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Lymphoma. The first trial was reported by Merigan et al.
(69) in 1978 using Cantell-type interferon in a low dose (2.5-5
x IO6 units). This showed a good response in the low-grade

histolÃ³gica! group. Several other small trials with leukocyte
interferon had similar outcomes. These outcomes have been
further confirmed with recombinant a-interferon, and it now
seems clear that the favorable histology group is far more likely
to show a good response. Overall the median response rate is
25% (Table 4), but if only the favorable histology is considered,
the response is close to 65%. It is also apparent that there is a
dose-response pattern here (70, 71). Also of note, complete
responses occur when higher doses are used (43, 44, 49, 72).
Patients with T-cell lymphomas, particularly mycosis fun-
goides, appear to be very responsive (43).

In the higher grade lymphomas the current schedules and
types of interferon seem to offer little promise, although two
trials have suggested occasional responses at high dose levels
(49, 73).

The unique sensitivity of hairy cell leukemia may be related
to a specific regulatory function of the natural killer cell in
normal B-cell maturation (58) and thus indirectly to the effect
of interferon on natural killer cell activity.

NK cells produce interleukin 2 and B-cell growth factor (57),
and their effect on hairy cell leukemia and nodular lymphoma
is probably related to the late stage of development of the B-
cell tumors. Even malignant cells at that stage are probably
capable of responding to B-cell growth factor, leading to further
differentiation and therefore decreased turnover of cells. Thus

the effect of interferon is likely to be cytostatic, further explain
ing the prolonged periods of time required for therapy. In
contrast the other leukemias do not appear to be as responsive
with the exception of chronic myeloid leukemia. Several reports
from Talpaz et al. (74-76) have shown response rates compa
rable to those for busulfan with bone marrow examination
showing a decrease in Ph+ chromosome-positive cells (75).

In particular they have reported two cases of patients with
accelerated disease in whom interferon caused suppression of
the more malignant clones and reversion to the chronic state.
Thus it would seem that further exploration of its use particu
larly in accelerated disease is warranted.

Group 2

An intermediate group of tumors can be identified which
have a small but definite response to interferon therapy. These
include malignant melanoma, renal cell carcinoma, Kaposi's

sarcoma, and myeloma.
Melanoma. Reported response rates for melanoma vary from

5 to 29%, with a medium of 18%. The best response rates have
been achieved by using recombinant a-interferon. No single
type of a-interferon appears more advantageous than the others.
Some evidence of a dose-response relationship has been shown
in this tumor type (45, 77), and an i.v. schedule has allowed
higher dosages to be used, because of less associated toxicity
(45). Metastatic malignant melanoma is a difficult malignancy
to treat by any means, and the current response rates for
interferon compare favorably with chemotherapy regimens, jus-

Table 3 Hairy cell leukemia

Ref.Quesadaefa/.

(1985) (133)
Jacobs etal.( 1985) (134)
Foone/fl/. ( 1984) (135)
Colombia/. (1985) (68)
Thompson et al. (1985) ( 136)
Wormanrta/. (1985) (137)
Rauta Â«Â«Â¿(1985)(138)Interferon

typerIFN
(A)"

rIFN-aj
rIFN (A)
rIFN-oj
rIFN-aj
HuIFN (Ly)
rIFN-ajDose(megaunits/m2),

route, andschedule3

i.ni. daily
2 s.c. tiw
3 s.c. daily
2, 10 s.c. tiw
2 s.c. tiw for 6- 12 mo
3 qd/6 i.m. qod X 3-6 mo
2 s.c. tiwNo.

(Ã©valuable)30

22 (16)
18
42 (38)
14(13)
17
31 (30)Response

(CR/PR)5/17

0/6
0/6
0/22
3/10
2/12
3/22%of

response73

43
33
58

100
82
83

1rIFN; recombinant 11N: HuIFN (Ly), human lymphoblastoid IFN; tiw, three times a week; qd, daily; qod, every other day.

Table 4 Lymphoma

Ref.Bann

el al. (1984)(43)Foonetal.

(1984)(44)Leavitt

Â«a/. (1984)(49)Leavitt

el al. (1984)(139)Quesadaefa/.

(1984)(70)Gams

eia/. (1984)(71)Ozerefa/.

(1983)(72)Horning

et al. (1985) (73)Interferon

typerIFN
(A)"rIFN

(A)rIFN-Â«2rIFN-ajrIFN

(A)HuIFN

(Ly)

(Nonresponders)rIFN-a2HuIFN

(Le)Dose

(megaunits/m2),

route, andschedule50

i.m.tiw50

i.m.tiw10

i.m. tiw
50 i.v. qd x 5 d

q2-3wk10

i.m.tiw3-50

i.m.daily5

i.m. tiw x 8 wk

30 qd x102-30

sc/i-v.1,

3, 9 i.m. qd x 30No.2045

(37)2137

(32)

961

(47)49(Ã©valuable)(F)

29 (24)
(1)6
(U) 10(7)(F)

12
(U)9(F)

27(21)(F)

17(F)

17
(1)8
(U)7(F)

27
(U)21(F)

18*

(1)10
(U)16Response

(CR/PR)0/94/9

1/1
0/10/30/01/82/41/3

1/1
0/2
0/20/7

0/30/3%of

response4554331425

0433524

2529

22261416

â€¢rIFN, recombinant IFN; HuIFN (Ly), human lymphoblastoid IFN; HuIFN (Le), human leukocyte IFN; tiw, three times a week; qd x

favorable; I, intermediate; I . unfavorable.
* All responders in nodular group at high dose.
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tifying further exploration. There were early reports of an
advantage of combining IFN with cimetidine (78-80), utilizing
small numbers of patients; however, these have not been sup
ported by more expanded trials (81-84), and we have no expla
nation for what seem to be nonreproducible findings.

Kaposi's Sarcoma. Kaposi's sarcoma trials have yielded vary

ing results, following some initial enthusiastic reports. There
have been some suggestions of a dose-response effect, with
better results coming in the high dosage range (20-50 mega-
units/m2) (85-87). However, most of these results have been in

Stage II and III patients (88). Other characteristics associated
with a good response were the absence of a prior history of
opportunistic infection and moderate lymphocyte (>1500/
mm3) and helper subset counts (>200/mm3). Those with ad
vanced stage and/or poorer immune status showed a much
lower response rate (89). Insufficient trials exist to decide
whether a single recombinant species, e.g., a2 or a (A), is better
than the mixed human lymphoblastoid (eight subspecies); over
all the current median response rate is 34%. Although not
covered by this review, studies of interferon in combination
with chemotherapy have also reported mixed results (e.g., Ref.
90).

Unfortunately, the length of response is short (the median
being 26 weeks), and whether IFN influences survival remains
unclear. The prevailing opinion is that its use as a single agent
is unlikely to be a major therapeutic advantage in this difficult
disease.

Renal Carcinoma. Despite an enthusiastic initial report (91),
we have concluded from reviewing the current data that, while
some responses of long duration can occur (48, 92), the overall
response rate in renal carcinoma is low (median, 12%). Any
further trials would seem to require more novel strategies.
Several trials have reported a dose-response trend (91, 93, 94)
and there is also the suggestion of delayed responsiveness (48,
92). Mammo emphasizes that a number of his patients, in
contrast to Quesada's, had not had nephrectomy prior to treat
ment; this and Vugrin's work suggest that interferon has more

success after removal of bulky abdominal disease (95, 96). It
seems to us that soft tissue mÃ©tastaseswill often regress while
the primary tumor remains unchanged, and if sequential com
puter-assisted tomographic scans are not obtained and only the
pulmonary lesions are measured, a falsely high response rate
will be claimed. Perhaps the lesson to be learned from this is
that the bulky disease should be surgically removed before
embarking on interferon; however, no study has yet tested this
idea in a prospective fashion. Almost all the studies show quite
high mixed and stable disease responses, and this fact may
justify further trials of interferon therapy (versuschemotherapy)
in this disease. However, as discussed earlier, if interferon is a
factor in prolonging survival it remains to be proved.

Myeloma. Interest in the treatment of multiple myeloma with
interferon was initially stimulated by the high response rate
reported by Mellstedt et al. (97) in 1979. He reported a series
of four patients, all of whom responded to human IFN-a (Le);
two had CRs and two had PRs. This study was followed by the
American Cancer Society Phase II trial in 11 previously un
treated patients, with 3 patients reported as having PR (98).

Since interferon has become more available, a number of
larger trials with both leukocyte and recombinant interferon
have been reported. The initial high response rate has not been
sustained. In particular, a randomized study which compared
daily low-dose human IFN-a (Le) (3 megaunits/m2/day i.m.)
as primary therapy in 75 patients with intermittent high-dose
melphalan-prednisone in 55 patients showed a much inferior

response to interferon, for both initial response and response
duration (99). (Imbalances between the arms were due to a third
treatment arm of higher dose IFN which was combined with
the lower dose for analysis.4)

Trials with recombinant interferon have been performed rou
tinely in refractory or relapsed patients and here again responses
have been only modest. However, there have been some im
pressive reports of both complete remission and prolonged
response duration (median response rate, 16%). Even if inter-
feron becomes commercially available (and we assume that it
will), we believe that it will remain a second or third line agent
in this disease, although again, several authors have speculated
about its use in combination with chemotherapy (52, 100,101).
Costanzi et al. (52) noted that all of their responses were in
patients who had relapsed after having had a response to prior
therapy, rather than in those who were refractory; they also
suggest that there may be a dose-response relationship in mye
loma.

Local Therapy. Another interesting finding has been the
efficacyof intralesional treatment (Table 5). This holds promise
for skin malignancies, both primary and metastatic (e.g., mel
anoma) (102-104). Interferon has also been used successfully
intrathecally in glioma (105), intravesically in bladder cancer
(106, 107), i.p. in ovarian carcinoma (108), ininilesionali} in
the breast (107, 109), and topically for cervical carcinoma in
situ(HQ, 111).

Group 3

Aside from the tumors listed above, there have been trials in
almost every type of malignancy, as documented in the "Ap
pendix." Although there have been responses in miscellaneous

groups of cancer, including the more common varieties, the
overall response rate for these trials has been less than 5%.

Breast Cancer. This is a typical example for which some early
reports of activity have not been sustained. Initial studies with
leukocyte (buffy coat) interferon from Cantell were quite en
couraging. Gutterman et al. (112) and Borden et al. (8) showed
response rates (CR and PR) of 35 and 22%, respectively.
However, the remission duration was quite variable, with ranges
of 8-60 and 2-25 weeks, respectively.

Since then there have been numerous trials with more refined
substances including ten with recombinant a-interferon, three
with lymphoblastoid interferon, and two with fibroblastic inter
feron. The response rate in the majority of patients was negli
gible and the optimistic original Undingscould generally not be
reproduced. One trial [Nethersell et al. (113)] showed a mod
erate response rate of 16.6%, but only 12 of 15 patients were
Ã©valuableand the durability of the response was unclear. The
authors themselves did not favor its further use as a single
agent.

Overall these trials in breast cancer have given a median
response rate of zero. The question of whether any subset of
patients could benefit is unclear. There have been conflicting
reports as to whether responses are better in patients who have
previously responded to chemotherapy or hormonal manipula
tion, and no pattern emerges. It is clear, however, that the role
of interferon as a single agent in breast cancer is minimal.
Whether combinations of interferon, e.g., a and y, or interferon
plus chemotherapy or in conjunction with other biologicals,

4 Nine patients received a higher IFN dose (6 versus 3 megaunits). However,
because of insufficient supplies, the higher dose was discontinued. No difference
in response between 3 and 6 megaunits was noted and therefore all IFN patients
were combined in the analysis.
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Table S Local administration

Ref.

Dose
Interferon (megaunits/m2), route, and No. Response % of

type schedule (Ã©valuable) (CR/PR) response

Ikicifu/. (1981) (107)
Bladder
Breast

Ishihara( 1983) (103), skin

Ikedaetal. (1985) (104), skin

Torti Â«al. (1984) (106), bladder

HuIFN-a (Le)Â°

HuIFN-0

rIFN-a (A)

rIFN-a2

2 intravesicular qd x 21 d

2 i.l. qd X 60 d
+

1 i.m. qd x 60 d then 2 i.m.
tiw x 6 mo

0.3 i.l. qd

3-50 i.l. qd

50-200 intravesicular x 2 h
weekly

x 8 wk then 100 tiw

64 (43)

36

23(17)

5/1

0/3

2/12

0/26

7/0*

75

75

32

73

41

Nagai and Arai (1984) (191),gliomaWakasugi

et al. (1982) (109),breastKrusic

Ã©tal.(1984) (173)
Cervix
CIS
Stage la,bSeto

er al. (1984) (110), CISHuIFN-0

HuIFN (Ly)
rIFN-aHuIFN-/3HuIFN-0rIFN-a

IFN-0
HuIFN0.3-1

qd i.l.. then 3-6 i.m. qd
3, 6 i.m. qd
3-54 i.m.qd3,

6 i.v. tiw
i.l.0.03

i.l. qd
0.005 Ung qd
1.25 Pessqd x 3 mo
2 Pess qd
1 i.m. pess qd x 3wk2

IL* biw x 3-13 wk
2 biw x 8 wk
2 biw x 8 wk20

39621012

6
95

521/7

0/1
0/24/0

2/08/00/20/2

0/25/0

2/3
1/1403322100

100100

" HuIFN (Le), human leukocyte IFN; rIFN, recombinant IFN; HuIFN (Ly), human lymphoblastoid IFN; CIS, carcinoma in situ; i.l., intralesional; i.t., intrathecal;

Ung, interferon cream; Pess, interferon pessary; qd x ..., daily x ...; tiw, three times a week; biw, twice a week.
Six of 8 (CIS); 0 of 8 (recurrent noninvasive low-grade transitional cell carcinoma); 1 of 1 (both carcinomas).

i.e., monoclonal antibodies, will resurrect its use remains to be
seen.

Currently most cancers, with the exception of those several
discussed above, do not appear to have any useful response to
interferon (a/ÃŸ)used as a single agent. These unresponsive
tumors include gastrointestinal, pulmonary, and met astatic gen
itourinary malignancies. Table 6 shows the median responses
of the best documented neoplasms. The reader will find a more
detailed summary in the "Appendix."

Papilloma. Several trials have established the efficacy of
interferon in recurrent laryngeal papillomas (114-118). In some
cases a single course of therapy has resulted in longer recur
rence-free intervals than surgical intervention alone, while yet
other patients require continuous therapy to prevent recurrence.
More recently several studies in condylomata acuminata, at
both early and late stages, suggest a similar high response rate
in this disease (119,120). These results are extremely gratifying
(see Fig. 4), although it is too early to know whether it requires
therapy for lasting remission.

Cervical papillomas have also been reported to show a high
response rate to local therapy with interferon (110, 111).

Toxicity. The toxic effects of the interferons are well estab
lished. While these can be quite debilitating, most appear to be
reversible upon cessation of therapy. They would appear to
follow a dose-response pattern, with high doses having far more
severe manifestations than low doses.

The major documented side effects to date are fevers, usually
relieved by acetaminophen; headache and myalgia; and fatigue
which can be severe enough to be the dose-limiting toxicity.

Gastrointestinal side effects, in particular, anorexia, nausea,
vomiting, and/or diarrhea, are neither universal nor severe but
usually cause weight loss, which can be profound with high
dose or prolonged moderate dose administration. Elevated

Table 6 Median response according to neoplasm
Median response has been calculated from cumulative data on the published

trials in the different malignancies mentioned. For the actual data and references
the reader should consult the "Appendix."

Type ofneoplasmLymphomaHairy

cellleukemiaKaposi's
sarcomaRenal

cellcarcinomaMelanomaMultiple

myelomaBreastColonLungGliomaOvary%of

response2573341318210002414

serum transaminase (but not clinical hepatitis) has also been
noted (21,32, 121).

Hypotension with both high-dose IFN-a and IFN-? (but not
low-dose) has proved to be another dose-limiting toxicity. Bone
marrow depression with both granulocytopenia and thrombo-
cytopenia has occurred, but this is rapidly reversible (21, 32)
and not dose limiting unless the patient has had extensive prior
radiation.

Central nervous system toxicities including paresthesias,
weakness, somnolence, decreased attention span, short-term
memory impairment, confusion, depression, personality
change, and even coma (at very high doses) (113, 122) have all
been seen. Electroencephalographic abnormalities including a
slowing of the dominant a rhythm and diffuse slow waves have
been documented (121-124).

The most common life-threatening toxicity noted has been
acute cardiac failure, and that is unusual. It is suggested that a
strong history of cardiovascular disease should exclude most
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Fig. 4. Change in size of condyloma lesions over a S-week period. The median
size decreased to less than 20% of the original lesions [modified from Gall et al.
(120)].

people from Interferon therapy, particularly at high doses.
Other instances of life-threatening acute pulmonary toxicity, of
renal failure, and of unexplained sudden death have also been
noted on rare occasions.

FUTURE DIRECTIONS

Our review of the available clinical studies indicates that
a/jS-interferon, when used as a single agent, is likely to have
very select applications in malignant disorders. The fact that
the initial interest seems out of proportion to its current clinical
usefulness attests to the problems of evaluating new biological
response stimulators, problems that have taught us all some
difficult lessons.

Interferon has overcome two misleading labels at opposite
ends of the spectrum, that of "imaginen" when most scientists
doubted its existence and more recently that of "magic bullet"

when the public perceived it to be the cure-all for cancer. In the
context of cancer treatment, interferons are the prototypes of
the so-called "fourth arm" or immunotherapy (125) after sur

gery, radiotherapy, and chemotherapy.
It remains unclear whether the most important anticancer

effect of interfuron is its role as an antiproliferative agent.
Theoretically, our current mode of administration of maximally
tolerated doses of interferon may fail to parallel an in vivo
model with respect to immunomodulation. As already shown,
low doses of interferon appear to achieve maximal NK cell
activity, and clinical responses to low-dose treatment have been
noted in several types of malignancies as well. Further, if
immunomodulation is the major aim of therapy, then the route
of administration requires consideration. To maximize the ef
fect in the microenvironment of the effector cells, more appro
priate strategies need consideration, such as lymphatic admin
istration (i.e., intradermal) rather than i.m. or i.v. (126) or
liposomal administration (127, 128) which might achieve a

more selective action and reduce systemic toxicity. On the other
hand, we recognize the tradeoff in that a direct antiproliferative
activity will be less effective in a low dose situation.

If the interferons are to be properly exploited as immune
stimulators, then an approach that differs from that of the
classical Phase I and II trials is required. Specifically, attempts
at augmenting the immune system properly belong in the ad
juvant setting, at an early stage of tumor development. There
is every reason to concentrate our efforts in situations of low
tumor burden, since a multiplicity of factors cause profound
immunosuppression in advanced disease. These include the
effects of complex immunoglobulin modulation, possible pro
duction of blocking factors and immunosuppressive effects as a
result of the tumors, the nonspecific effects of cachexia and
poor nutrition, and the immunosuppression secondary to chem
otherapy and radiation therapy. This potent combination of
adverse factors would prevent any effective immunostimulation.
At the same time, there are formidable logistic problems asso
ciated with trials in adjuvant situations, including the large
number of patients required; the necessity of a control group,
which is not attractive to patients; and the need for long-term
follow-up. Given these problems it may be possible to mount
only a small number of trials, possibly in renal cancer postile
phrectomy, or possibly even in lung cancer, which is not directly
responsive to interferon.

Conversely, in the context of advanced disease, high-dose i.v.
therapy may be more appropriate if it is to be used at all. At
this stage experimentation with combination therapy would
appear to be the next logical step, since interferon clearly has
limited effectiveness when used as a single agent in such a
situation. If indeed it is the "fourth arm" of cancer therapy,

then experience suggests that combination with other modali
ties may increase its effectiveness in a synergistic manner, but
the combination of chemotherapy and high-dose IFN is likely
to be quite toxic, and some preliminary trials are desirable.
Refractory lymphoma patients may be a good target population
for such combined therapy. There is some in vitro evidence of
synergism with chemotherapy (8, 129-132), and a number of
groups are doing ongoing trials in a variety of malignancies.
What the optimal temporal relationship should be between
interferon and chemotherapy and which drugs are most prom
ising in such a combination remain completely unknown.

The actions of interferon in promoting tumor antigen expres
sion suggest another major line of inquiry, namely the combi
nation of interferon with monoclonal antibody therapy, with or
without linkage to a toxin. One of the major stumbling blocks
to monoclonal antibody therapy has been modulation or poor
expression of tumor antigens; if pretreatment with IFN can
increase antigen expression, then the effectiveness of subse
quent monoclonal antibody treatment might be greatly en
hanced. However, the risk of similar expression in nontarget
areas need to be appreciated, as it is often the level of expression
rather than the novel nature of the antigen which characterizes
the tumor cell.

Reports on the efficacy of local interferon therapy suggest
another avenue worthy of clinical research. o-Interferon has
been used intravesically for bladder neoplasms, i.p. in ovarian
cancer, intrathecally in glioma, and by intranodular injection
in breast, melanoma, and metastatic skin lesions. For the prob
lem of resistant local recurrence, such as in breast cancer, few
alternatives are available, and local infiltration of interferon
represents a novel approach.

We expect that study with interferons will continue, at least
for a time, to be a fruitful area of clinical investigation. The
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practical possibilities have by no means been exhaustedandthere
is much to be done by way of combining interferonsorusing
them in conjunction with chemotherapy. Also, their role

as immunomodulators and antineoplastic agents needs clarifi
cation in order to establish guidelines and procedures for utiliz
ing the new and potentially ever more potent lymphokinesyetto

beintroduced.An
air of realism is settling onto the research with thesenewclasses

of drugs, and many important lessons have alreadybeenlearned.
On reflection, the most important contribution ofthedevelopment

of interferon may prove to be the impetus tocreatea
new era in DNA recombinant technology as a meansofmanufacturing

complex biological derivatives for pharmaceu
tical use. Considerable progress has been and will be madewiththe

use of interferon in vÂ¡rallyinduced disorders, and asapossible
prophylaxis for neoplasms associated withspecificviruses.

Thus there will be at least a limited role forinterferonin
the treatment of malignant disease, and that is ofgreatimportance

to those patients who will benefit from this treat
ment.APPENDIXThe

following appendix is a compilation of all the majorclinicaltrials
reported to this point. They are tabulated by disease with the first

author, reference, type of interferon used, dose, schedule, andresponse.Table

A Kaposi'ssarcomaDose(megaunits/

No.Interferon
nr). route, (eval- Response %ofRef.

type andschedule uable) (CR/PR)responseReal
et ai. (1984) rlFN-o (A)* 20 i.m. qd 36(34) 8/538(85)'

x 28d.then
tiw3i.m.qd

39(36) 0/13Groopman

et al. rlFN-orj 1 s.c. qd 10 1/120(1984)
(86)Â° x8wkSO

i.v.qd x 10 1/4SO5/wk
x8wkGeImann(198S)

HuIFN (Ly) 7.5 i.m. qd 10 0/1 10
(89) x 28dI5i.ni.

4d 10 0/00x
10d25i.m.

qd 10 3/030X28dMitsuyasu

el al. rIFN-a, 30 s.c. tiw 60(56) 2/1225(1984)
(140)Riosetal.

(1985) HuIFN (Ly) 20 i.m. qd 12 4/467(141)
x 2 mo

Volberdingel al. rIFN-Â«-Â«2 50 i.v.qd x 20 2/6 40
(1984) (87) 5dq2wk

x 8wk"
In both reports responses were seen in patients who were transferred from

low-to high-doseregimens.
*rIFN, recombinant UN; HuIFN (Ly), human lymphoblastoidIFN; qd x,

daily for . . .; tiw, three times aweek.Table

B Renal cellcarcinomaDose

(megaunits/ No.
Interferon m:). route, (eval- Response % of

RÃ©f. type and schedule uable) (CR/PR)responseKirkwood
HuIFN (Le)* 1 i.m. qd x 14 1/221et

al. (1985) 28d(45)lOi.m.

qdx 16 0/0028
dMuss

el al. rIFN-a 2 i.m. tiw 10(7) 0/00(1984)
(47)30

i.m.q3wk
x 5 wkRef.Neidhart

elal.(1984)
(48)Kimura(1984)

(142)Vugrin

et al.
(1985)(95)Quesada

etal.(1983)
(91)Krim

n fial.(1983)
(143)k

einpi etal.(1984)
(93)Neidhart

el al.
(1984)(94)Mammo

etal.(1984)
(96)Quesada

etal.(1985)
(144)Table

BContinuedDose(megaunits/

No.
Interferon m2),route, (eval- Response % of

type and schedule uable) (CR/PR)responseHuIFN
(Ly) 5'i.m. tiw x 33 0/5156

moHuIFN

(Ly) 3-6 i.m. daily 56 0/1119HuIFN

(Ly) 3, 30 i.m. tiw 22(21) 0/39HuIFN

(Le) 3 i.m. qd 19 0/526rIFN-Â«(A)

2 i.m. qd x 15(8)0/02
mo20i.m.

qd 15(8) 0/216x
2morlFN-o(A)

50i.m. bid 27(19) 0/210x
3morIFN-aj

30 i.v.qdx 9 0/1115dq2-3

wkx3
mo

2s.c. tiwx 26 0/293
moHuIFN

(Ly) 5 i.m. tiw x 33 0/5 15
24wk3-10i.m.

qd 23 0/421*x
1Od,then20

qdx7q21d10

i.v.qdx 11 0/2182
d,thenCA

v -iJJV
XJOq21

d x3HuIFN

(Ly) 3 i.m. qd x 18 0/156wkx2morlFN-a(A)

2 i.m. qd x 15 0/008wk20i.m.

qd 15 0/42720i.m.
qd 26 1/731"

l lull N (Le), human leukocyteIFN; rii-N, recombinant IFN; HuIFN (Ly),
human lymphoblastoidIFN; qd x . . ., dailyfor . . .; tiw, three times a week;bid,twice

aday.*
All responsesin patients with no prior therapy(13).Ref.Retsas

etal.(1983)
(145)

Creaganet al.
(1984) (146)

Krownelal.(1984)
(147)Creagan

etal.(1984)
(77)Mughal

et al.
(1984)(148)

Thomson et al.
(1984)(149)Robinson

etal.(1984)
(150)Slater

elal.(1984)
(81)Table

C MelanomaDose
Re-Inter-

(megaunits sponse
feron /m2), route, No. (CR/ % of
type and schedule (Ã©valuable)PR)responseHuIFN

(Ly)' 2.5 i.m. qd x 17 0/1 5
30 d

rIFN(A) 12i.m. tiw x 3 15 1/2 20
mo

HuIFN-a(Le) 1,3, 9 i.m. qd 45(44) 1/03X5drIFN-a

50 i.m. tiw x 3 31 3/422morIFN-aj

10 s.c. tiw x 3 16(12) 1/2 25
mo

rlFN-o(A) 10i.m. biwx 12 0/1 8
3morIFN-aj

30 i.v. qdx 5 31 0/13dq3wk10s.c.

tiwx3 32 2/418moHuIFN

(Le) 3 i.m. qd x 5 d 25 0/28+cimetidine

300 mgp.o.qid
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Table E Breast

Dose Re-
Inter- (megaunits spense
feron /m2), route. No. (CR/ % of

RÃ©f. type and schedule (Ã©valuable) PR)responseCreagancla/.

rIFN-Â«(A) 50 i.m. tiw x 35 0/8 23
(1985) (82) + 12wk

cimetidine 300 mg p.o.
qidKirkwood

et al. rlFN-oj 3-100 i.m. qd 29 0/2 15
(1985) (45) x 7 x 4 wk

10-100 i.v. qd 16 3/0 19
x 6 x 6wkMersey

et al. rlFN-o(A) 15,30, 50 i.m. 20(18) 2/0 11
(1985X151)tiwGoldberg

et al. HuIFN (Ly) 0.5 i.m. qd x 5 14 0/2 14
(1985) (152) qwk

5 i.m. qwk 12 0/0 0
15 i.m. qod 25 1/0 4

qowk x4*
HuIFN (Ly), human lymphoblastoid IFN; HuIFN (Le), human leukocyte

IFN; qd x . . ., daily x . . .; tiw, three times a week; biw, twice a week; qid, four
times a day; qwk, weekly; qod, every other day; qowk, every otherweek.Table

D MultiplemyelomaDose

(megaunits/m2), No. Re-
Interferon route, and (Ã©valua- sponse % of re-

Ref. type schedule ble) (CR/PR)sponseMellstedt
et al. HuIFN-a (Le)Â° 3 i.m. qd 4 2/2 100

(1979) (97)
Osserman et al. HuIFN-a (Le) 3 i.m. qd 11 0/3 27

(1980) (98)
Gutterman et al. HulFN-a (Le) 3 i.m. qd x 6 10 1/2 30

(1980) (41) wk
Responders 3 i.m. tiw

Einhorn et al. HuIFN-a(Le) 1.5,3,6i.m. 39 0/1 1 35
(1982) (42) qd

Misset Ã©tal. HuIFN-/3 3 i.v. biw x 3 18(15) 0/0 0
(1982) (153) mo

Alexanian et al. HuIFN-a(Le) 3 i.m. qd x 3 21 0/5 23
(1982) (154) mo then tiw

Quesadaera/. rIFN (A) 3-50 i.m. qd 12 0/11 8
(1984) (155) x8wk

CostanzirtoA r!FN-Â«2 3-100 i.v. tiw 23(18) 0/3 37
(1984) (52) x2wk

30-50 i.v. q5d 12(7) 1/1 28
q2 wk x 4,
then 10 s.c.
tiw

Kimura(1984) HuIFN (Ly) 3, 6 i.m. qd 73 0/14 19
(142)\hrc-

<vÂ«/. HuIFN-o(Le) 3, 6 i.m. qd 75(74) 1/4 14
(1984) (99)

Melphalan, 55 (54) 44
0.25 mg/kg
q6 wk/pred-
nisone, 2
mg/kg <|h

wkOhnorto/.

rlFN-a(A) 3-50 i.m. qd 16 0/2 13
(1985) (156) HuIFN (Ly) 3, 6 i.m. qd 16(12) 0/212OkenrtoA

rIFN-a (A) 2. I0s.c. tiw 23(20) 0/2 10
(1985) (100)xl2wkWagstaffifo/.

rIFN-a2 2, 5 s.c. tiw x 18 0/2 11
(1985) (101) 3 mo (stable

disease)
10 s.c. tiw x 3

moDose

Re-(megaunits/m2).
No. sponse

Interferon route, and (Ã©valua- (CR/ % of
RÃ©f. type schedule ble) PR)responseGutterman

et al. HuIFN 3, 9, i.m. qd x 17(6) 6/17 35
(1980) (112) (Le)" 28 d

Borden et al. HuIFN 3, 9 i.m. qd x 26 (23) 5/23 22
(1982) (18) (Le) 28 d

Wakasugi et al. HuIFN-/3 3, 6 i.v. tiw 6 0/0 0
(1982) (109)

Quesada and Gut- rIFN-a (A) 9-86 i.m. biw 9 0/0 0
teman (1983)
(157)

Sarna et al. (1983) HuIFN 0.75-50 i.v. 11 O/O 0
(158) (Ly) bidx7d

Sherwinrto/. rIFN-a 50 i.m. tiw x 3 19(17) O/O 0
(1983) (159) mo

Bretaudenu and r ir N .... 2 s.c. tiw 9 O/O 0
Pouillart(1984) 30 i.v. x 5 d 5 2/14 14
(50) q3 wk

Muss Ã©tal.(1984) rIFN-Â«2 2 s.c. x 7 d, 11 O/O 0
(160) then tiw

Goodwin Ã©tal. HuIFN 0.5, 3 i.m. tiw 37(29) O/O 3
(1984) (161) (Ly)Bruntsch et al. 11ul I-'N .i 6 i.v. qd 9 O/O 0

(1984) (162)
Quesada et al. rlFN-o(A) 3, 50 i.m. qd x 23 1/0 5

(1984) (163) 8wk
Padmanabhan et r!FN-Â«2 2 s.c. tiw 7 O/O 0

al. (1984) (51) 50 i.v. xSdx 7 O/O 0
q3wk

Lenzhofer et al. rIFN-Â«2 10 i.m. qd 10(7) O/O 0
(1984) (164)

Nethersellrta/. rIFN-a2 20, 50 i.m. qd 15(12) 2/12 17
(1984) (113)

Silver Ã©tal.(1985) HuIFN 2i.v.qdxlO 27 0/1 4
(165) (Ly) dq28d

5-18 i.v. qd x
10dq28d

Sarna and Figlin HÃ¼llN 30 i.m. qwk x 18(15) O/O 0
(1985) (166) (Ly) 12 wk

Laszlo et al. (1985) HuIFN 0.5 i.m. tiw 37(29) 0/1 3
(167) (Ly) 3 i.m. x 12wk*

HuIFN (Le), human leukocyte IFN; rIFN, recombinant IFN; HuIFN (Ly),

human lymphoblastoid IFN; qd x . . ., daily for . . .; tiw, three times a week; bid,
twice a day.Table

F Head and neckcancerDose

Re-(megaunits/m2),
No. sponse % of

Interferon route, and (Ã©valua- (CR/ re-
Ref. type schedule ble) PR)sponseIkk-

<â€¢/Â«/. HuIFN-a (Le)Â° 0.3-1 U, i.m., 30 10/15 83

(1981) (168) topically qd,
q2-3 d x 25
(1-4 mo

Connors et al. HuIFN (Le) 10 i.m. qd x 30 12 0/2 16
(1985) (169)dÂ°

HuIFN (Le), human leukocyte IFN; i.l., intralesional; qd x . . ., daily for

Table G SarcomaDose
Re-(megaunits/m2).

No. sponse % of
Interferon route, and (Ã©valua- (CR/ re-

Ref. type schedule ble) PR)ponseIto
et al. HuIFN-o (Le)" 3 i.m. qd x 1 53 0/0 0

(1980) (170) mo
Harris et al. HuIFN-0 5 i.v. qd x 10, 28 0/1 4

(1985) (171) qlOdx3, then
biw if re
sponded

Strander et al. HuIFN-a (Le) 3 i.m. qd x 1 51 44*

(1984) (172) mo, then tiw
x 17 mo

" HuIFN (Le), human leukocyte

human lymphoblastoid IFN; qd x .
times a week.

IFN; rIFN, recombinant IFN; HuIFN (Ly),
.., daily x ...; biw, twice a week; tiw, three

â€¢HuIFN (Le), human leukocyte IFN; qd x ..., daily for ...; biw, twice

week; tiw, three times a week.
* Disease free at 2 years.
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Table N Papillomata and condylomata

Ref.

Dose
(megaunits/m2), No.

Interferon route, and (evalua-
type schedule ble)

Re
sponse % of
(CR/ re-
PR) spouse

Condyloma
Schonfeld et al. HuIFN-/3"

(1984) (l 19)Gall et al. I lull'N (Ly)

(1985) (l 20)

2 i.m. qd X 10 22 17/0

S i.m. qd x
28, then tiw
x 14 d

17(16) 4/11

77

93

100

71

68

53

55

Papilloma
Haglund(1981) HuIFN-a (Le) 1-3 Â¡.m.q21 7(7) 1/6

(114) wk
Goepfert (1982) HuIFN-a (Le) 2 i.m. q2 d x 14 (14) 5/5

(115) 2-12 mo
McCabeand HuIFN-a (Le) 3-10 i.m. qd 19(19) 6/7

Clark (1983) x 2-12 mo
(116)

Lundquist et al. HuIFN-a (Le) 3 i.m. tiw, 17 9/0
(1984) (117) thenbiw

ql-4yr
Sessions et al. HuIFN-a (Le) 2 i.m. qd, then 11 1/5

(1984) (118) tiw
* I lui l N (Ly), human lymphoblastoid lIN: I lull N (Le), human leukocyte

IFN; qd x ..., daily for ...; tiw, three times a week; biw, twice a week.
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