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Abstract-Eleven patients with metastasized breast cancer received 8 intramuscular 
injections of 6 x 10” units of human fibroblast interferon over a fieriod of 40 days. The 
injections did not cause local iwitation or inflammation. Fever occuwed in only 1 of the 
11 patients. Although several types of metastases were monitored, only skin nodules 
consistently (10 out of 11 fiatients) exhibited changes that were suggestive of a 
therapeutic eflect of the treatment regimen: either a simple decrease in sire of some 
nodules or centra1 necrosis accomfianied by an inflammatory reaction. NK-activity of 
peripheral blood leukocytes was significantly increased after administration of the first 
dose; the eflect of subsequent injections was less clear. Receptors for estrogens and 
progestogens were increased in the tumor biopsies of 2 out of 2 and 5 out of 6 patients 
tested respectively. 

INTRODUCTION 

PARENTERAL administration of interferons has 
been shown to inhibit the development of 
experimental tumors in mice [1-4]. This effect 
is believed to be due to enhancement of various 
host responses to the tumor cells, one of which 
is the enhancement of natura1 killer cel1 (NK-) 
activity [5-73. Clinical trials in man using leuk- 
ocyte interferon have produced encouraging 
results in that shrinking of tumor masses or 
remissions of lymphoproliferative disorders 
have been noted in some of the treated patients 
[8,9]. Trials with fibroblast interferon have 
been started later and therefore less data are 
available at present (for a review see ref. [lol). 
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In a study on terminal patients with advanced 
cancer, we have reported that single intramus- 
cular injections of fibroblast interferon at dos- 
ages of 8 x 10” units were wel1 tolerated and 
caused enhancement of NK-activity of 
peripheral white blood cells to about the same 
extent as similar doses of leukocyte interferon 
Vil* 

The present study describes the clinical and 
biological observations of 11 patients with 
metastasized breast cancer during and after 
administration of a series of 8 injections of 
6 x 106 units of fibroblast interferon over a 
period of 40 days. 

MATERIALS AND METHODS 

Eleven patients with disseminated breast 
cancer, refractory to cytotoxic chemotherapy 
and to hormonal therapy, were entered into 
the trial. Al1 patients had measurable skin 
metastases; in addition, other metastatic local- 
izations were also present. The overall disease 
status is presented in Table 1. When they were 
entered into the trial, specific treatment had 
already been stopped for more than 1 month. 
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Tuble 1. Stalw of breast cmcer fiatients entering into phase 11 therafieutic trial offibroblasl interferon 

Patient Age (years): Metastatic lesions in: 
Pleura1 Contra- 

At inter- cavity lateral 
At tumor feron (effu- 

No. Code diagnosis treatment Skin Lung 
breast Lymph Karnofsky 

sion) Bone Liver gland nodes index NK-activity* 

1 LAF 49 50 ++ - -- + + 80 N.D. 
2 ESC 47 55 +- - -- _ + 90 3 
3 GRO 46 52 + - - + + - - 60 1 
4 BOY 61 63 + + + - - t - 60 9 
5 JEZ 33 40 + - + - + - - 70 3 
6 SOL 38 42 +- - + - - - 80 3 
7 NOE 58 62 + + +-- - - 60 1 
8 DEM 50 54 + - t - - + - 80 8 
9 BOU 32 34 + - + - - - + 60 8 

10 DES 53 60 t - - t - + + 60 12 
11 FRA 61 68 t - + - - - + 80 14 

*Lytic units. 
N.D. = not determined. 

Only patient No. 8 was stil1 receiving a daily 
dose of 150,000 units of retinol. 

Human fibroblast interferon was prepared 
at the Rega Institute from MG-63 cells accord- 
ing to procedures described earlier; it had a 
specific activity of - 106 unitslmg protein [ 121. 
Injections of 6 X 106 international units were 
given intramuscularly with 5-day intervals. 
After 8 successive injections treatment was 
arrested for 1 month. Four of the patients (NOS 
2, 8, 9 and 11) were then given a course of 
leukocyte interferon treatment (8 intramus- 
cular injections of 6 X 106 units with 5-day in- 
tervals). 

Serum levels of &microglobulin and NK- 
activity were determined according to proce- 
dures described in a previous study [ll]. NK- 
activíty was expressed in lytic units, which 
represent the number of effector cells per 106 
lymphocytes needed to induce 50% specific 
[5’Cr] release by K-562 target cells. Estrogen 
(ER) and/or progesterone (PR) receptors were 
determined as described elsewhere [13] on 
smal1 biopsy samples of cutaneous nodules 
removed under local anesthesia. Briefly, the 
metastatic tissue was homogenized in 5 mM 
phosphate buffer (pH 7.6) containing 0.4 M 
KCl (to extract nuclear and cytosolic receptors 
simultaneously) and centrifuged for 1 hr at 
105,000 g. Duplicate supernatant aliquots 
(100 ~1) were incubated with tritium-labeled 
ligands ([‘Hl-R2858, 90 Cilmmol, New England 
Nuclear, for ER and [‘Hl-R5020, 90 Ci/mmol, 
New England Nuclear, for PR) at one single 
saturating concentration (1 nM for ER and 
2 nM for PR). The unbound fraction of ligand 

was adsorbed for 10min on dextran-coated 
charcoal (DCC) and centrifuged for 10 min at 
800 g. The radioactivity of aliquots (150 ~1) of 
the DCC supernatants was measured by liquid 
scintillation counting. Receptor levels, 
representing both cytosolic and nuclear recep- 
tors, were expressed in fmol of radioligand 
specifically bound to their receptor per mg of 
tissue DNA. The DNA content of the biopsy 
sample was assayed by fluorimetry [14] on the 
105,000-g pellet. 

RESULTS 

Tolerante 
The intramuscular interferon injections 

were painless and there was no induration or 
erythema at the injection site. With the excep- 
tion of patient No. 4, who developed -38.5% 
body temperature after each injection, no fever 
occurred. NO allergie reactions were noted. 
Late in the course of therapy (i.e., after 5-7 
injections) some of the patients complained of 
asthenia. However, in the 6-week course of 
treatment no weight loss was observed. Since 
the patients received blood transfusions when 
the hemoglobin leve1 was below 12 g/lOO ml, the 
asthenia was probably not related to anemia as 
a result of multiple blood sampling. Other 
hematological values (total and differential 
leukocyte counts and thrombocyte counts) as 
wel1 as blood biochemistry (y-glutamyl trans- 
peptidase, alkaline phosphatase, transaminase, 
lactic dehydrogenase, creatinine, urea and 
glucose) were not notably changed during the 
interferon administration. 
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Alterations in tumor status associated with treatment 
The alterations in disease status occurring 

during interferon treatment are summarized in 
Table 2. 

In al1 patients except one (No. 8) the SYS- 
temic administration of fibroblast interferon 
was associated with unexpected changes in the 
skin metastases. In patients NOS 1, 6 and 7 the 
skin nodules progressively decreased in size 
and some of them disappeared completely. In 
the other cases (NOS 2-5, 9, 10 and 11) necrosis 
occurred in the centre of each nodule. NO 
inflammatory reaction was observed around 
the lesions. In patients NOS 3, 4 and 10 no 
further changes were seen. In the other cases 
(NOS 2, 5, 9 and 11) the necrotic process pro- 
gressed and led to a large ulceration. 

In 1 patient (case No. 7) out of 3 with skin 
lymphangitis (cases NOS 5, 7 and 8) the treat- 
ment was associated with regression of the 
edema, warmth, erythema and tenderness. In 
another case (No. 5) a diffuse superficial 
necrosis developed in the lymphangitic zone 
after as little as 2 injections of interferon. 

Of 3 patients with lung metastases only 1 
(case No. 1) showed some evidente of a possible 
effect of interferon. This patient had numerous 
smal1 nodules and 3 larger nodules (diameters 
of 3x4, 3x3 and 4X5cm) in the lung. At the 
end of treatment with interferon the smal1 
lesions were decreased in size and number; the 
larger nodules had progressed. 

Six of the patients had a pleura1 effusion. In 
4 of these (cases NOS 4, 5, 8 and 9) no obvious 
changes occurred during treatment. In 1 of the 
patients (case No. 2) the effusion volume 
slightly decreased. Patient No. 5 had a large 
eff usion, necessitating regular evacuations. 
After the 5th injection of interferon no further 

evacuations were necessary for a period of 6 
weeks. 

Five of the patients had enlarged and in- 
durated lymph nodes. During treatment 4 out 
of these (cases NOS 1, 2, 5 and 11) developed 
infiltrations and necrotic ulcerations of the skin 
area overlying the affected nodes. Concomi- 
tantly, the lymph nodes became smaller. 

In patients NOS 1-10 al1 beneficial changes 
that had occurred during treatments were 
abrogated within 15-30 days following treat- 
ment arrest. In one patient (case No. 11) the 
improvement associated with interferon 
therapy lasted for more than 3 months. 

Two of the patients (cases NOS 2 and 3) were 
given leukocyte interferon starting 4 weeks 
after arrest of fibroblast interferon. The same 
dosage schedule was used. NO changes similar 
to those observed during fibroblast interferon 
therapy were seen. In fact, al1 tumors progres- 
sed during therapy. 

Biological parameters 
Serum levels of interferon were determined 

in some of the patients at 1, 4 and 24 hr post- 
injection. As expected from previous studies 
[ll, 151, activities were always below 
30 unitslml, which made it difficult to ascertain 
that the activity measured was indeed inter- 
feron. 

Hormonal receptor content of tumor tissue 
was determined in 6 of the 11 treated patients 
(Table 3). The leve1 of estrogen and/or proges- 
terone binding by the tumor tissue was in- 
creased from 2- to lO-fold. Only in one patient 
(case No. 8) was the binding activity depressed. 
It should be remarked, however, that in this 
patient the malignant disease progressed 
extremely rapidly during interferon therapy. It 

Table 2. Zncidence of changes in metastatic lesions dwing treatment with 
fibroblast interferon* 

No. of patients with: 
Suggestive 
evidente 

Metastatic No. of for tumor 
localization patients regressiont NO change Progression 

Skin 11 10 0 1 
Lung 3 1 1 1 
Pleura1 cavity 6 1 2 3 
Bone 3 0 3 0 
Liver 2 0 2 0 
Breast 4 1 2 1 
Lymph node 6 4 2 0 

“Eight intramuscular injections of 6 X 106 units of fihrohlast interferon given at 
5-day intervals. 

tSee text for explanation. 
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Tabk 3. Variation in tumor tissue estrogen and progestogen receptor 
content associated with fìbroblast interferon administration* 

Patient 

Estrogen receptor:? Progestogen receptor:? 
Before After Before After 

treatment treatment treatment treatment 

3 50 330 150 900 
4 40 100 20 200 
5 50 70 
8 100 20 
9 <20 120 

10 30 370 

‘Eight intramuscular injections of 6x 106 units of fibroblast interferon 
given at 5-day intervals. 

tExpressed in fmoI/mg DNA. 

is perhaps also worthwhile mentioning that this 
patient, while receiving interferon injections, 
inadvertantly continued taking retinol, a 
therapy which had been instated before the 
interferon injections were started. 

We also determined NK-activity. As can be 
seen in Table 1, the initial leve1 of this activity 
varied strongly from one patient to another. In 
9 of the patients a sufficient number of samples 
were obtained to study the effect of the first 
injection of interferon. In 6 patients sufficient 
data were available to analyse the effect of 

continuous treatment. The data are sum- 
marized in Table 4. The first injection was 
associated with a significant increase in activity 
averaging 46% above pre-treatment levels. 
Subsequent injections caused increases in NK- 
activity in some but not al1 instances. In view of 
the smal1 number [6] of patients from whom 
complete data were available, no attempt was 
done to trace the source of this variability in 
responses. Rather, the data for the 2nd to 8th 
injections were pooled per patient in order to 
obtain an estimate of the average effect of the 

Table 4. Fluctuations in NK-activity associated with fibroblast interferon treatment’ 

Increment measured 

After 1st injection 
(24-72 hr post-injection 
as compared to pre-treat- 
ment levelt) 

Mean 
vahre 

46.2 

Percentage increase in NK-activity 
No. of Standard Probability 

patients error of (P) of null- 
tested means hypothesis 

9 18.8 < 0.5 

After 1st to 8th injections 
(average per patient) 

a. base-levels 
(120 hr after each injec- 
tion as compared to 
pre-treatment levelt) 

ll.5 6 14.0 - 0.45 

b. post-injection levels 
(24-72 hr after each 
injection as compared 
to a) 

-3.7 6 3.9 - 0.35 

??Eight intramuscular injections of 6 X 106 units of fibroblast interferon given at 5day intervals. 
tThe mean pre-treatment leve1 was 6.55 lytic units (S.E.: 1.59; n: 9). 
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interferon treatment. The analysis showed that 
repeated injections were associated with a 
slight, statistically insignificant increase of 12% 
in baseline activity (i.e. activity measured 120 hr 
after each injection). Activities measured 24- 
72 hr after each injection were not different 
from the overall baseline activity. 

Finally, we also determined serum levels of 
&-microglobulin in some of the patients at 
times 0, 24, 48 and 72 hr post-injection. As 
expected from our previous studies [ll], the 
injections of fibroblast interferon were not 
associated with changes in &-microglobulin 
levels . 

DISCUSSION 

The purpose of this clinical trial was to 
evaluate changes in clinical status and in certain 
biological parameters in advanced breast 
cancer patients during and subsequent to a 
relatively short treatment with fibroblast inter- 
feron. The dosage schedule (intramuscular in- 
jections of 6 X 106 units given at 5-day intervals) 
was based on a previous study [I l] in which it 
was found that single doses of at least 3 x 106 
units were able to bring about increased NK- 
activity of peripheral blood cells and that a 4- to 
5-day interval was necessary and sufficient to 
allow this activity to return to base-level. The 
duration of treatment (40 days) was chosen 
arbitrarily, assuming that any beneficial effect 
on tumor lesions would have become apparent 
within this time interval. Patients were chosen 
on the basis of resistance to conventional forms 
of treatment, good genera1 condition and 
presence of tumor localization in the skin, al- 
lowing evaluation of changes in size and tissue 
reaction. 

The therapeutic regimen was wel1 tolerated. 
This is in contrast to findings with earlier pre- 
parations of fibroblast interferon from the 
same source, which were reported to cause high 
fever [15]. Studies with completely pure fibro- 
blast interferon have suggested that pyrogeni- 
city was due to impurities. Although the 
purification techniques were not changed [16], 
it is possible that early preparations contained 
more impurities due to lower content of inter- 
feron in the crude perparations. 

Although several types of metastases were 
monitored, only skin nodules consistently 
exhibited changes that were suggestive of a 
therapeutic effect of interferon treatment. Al1 
but 1 of the 11 patients showed alterations in 
some of the skin metastases, either a simple 
decrease in size or centra1 necrosis without ac- 
companying inflammatory reaction. In 4 out of 

5 patients with enlarged lymph nodes, a 
decrease in size of some of those occurred and 
infiltrative and ulcerative lesions developed in 
the overlying skin area. The significante of 
these changes is not clear. The authors fee1 that 
the changes occurred more frequently than 
would have been the case if no interferon 
treatment had been given. However, this is a 
point that needs confirmation in a controlled 
trial. Assuming that the changes were due to 
interferon treatment, one can stil1 speculate 
whether they reflect an increased immunologi- 
cal response of the host, a direct inhibition of 
tumor cel1 growth or a phenomenon related to 
the well-known tumor necrosis effect seen in 
experimental animals treated with bacterial 
products which induce the release of tumor 
necrosis factor [17]. Some of the uncertainties 
in the interpretation of the findings of the 
present study are amenable to evaluation. 

Receptors for estrogens and progestogens in 
breast cancer tissue are of particular relevante 
to the therapeutic effect of hormonal treatment. 
It has already been reported by Dimitrov et al. 
(personal communication) that in vitro 
exposure of human breast cancer or uterine 
tissue to leukocyte interferon caused an in- 
crease in estrogen-binding activity of the 
cytosol. Along this line, it is reported in the 
present study that interferon administration 
was associated with an increase of progestogen 
receptor content in tumor tissue of 5 out of 6 
patients examined and with an increase of 
estrogen receptor content in 2 out of 2 patients 
examined. Since cytosolic and nuclear hormone 
receptors were determined simultaneously, the 
increase associated with interferon treatment 
reflected an alteration of total amount of 
receptor per cell. Translocation from one cel- 
lular compartment to another may have 
occurred, but could not be revealed by the 
techniques used. On the basis óf in vitro 
observations, it has been proposed that one of 
the many effects of interferon may consist in 
shifting cells from the undifferentiated to the 
differentiated phenotype [18-211. The increase 
in hormone receptor content seen in the 
present study may reflect this action. It would 
be of particular interest to know whether the 
changes occurring in hormonal receptors are 
correlated with the clinical response. In the 
present study there was only one patient (No. 
8) in whom the hormonal receptor content of 
tumor cells was decreased rather than in- 
creased. This was also the only patient in whom 
no changes in skin metastases were seen. This 
lends some support to the view that there is a 
correlation between clinical response and effect 
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on hormonal receptors. However, larger jection, although sufficient for NK-levels to 
numbers of observations wil1 be needed to return to base-level, was insufficient to allow 
substantiate this. the relevant cel1 population to regain its res- 

The effect of single injections of fibroblast ponsiveness to interferon. 
interferon on NK-activity of circulating leuko- In conclusion, the present trial has 
cytes, as reported previously [ll], was conlìrmed good tolerante of patients to fibro- 
confirmed by the findings in the present study: blast interferon therapy. It has failed to demon- 
a 46% increase in NK-activity was noted after strate a long-lasting therapeutic effect of the 
administration of the first interferon dose. treatment regimen. However, it suggests the 
Subsequent injections of interferon remained occurrence of interferon-mediated, possibly 
without effect on NK-cel1 levels, indicating that beneficial changes in metastatic nodules which 
the time interval of 5 days between each in- merit further investigation. 
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