
lntratumor Administration of Beta-Interferon in Recurrent 
Malignant Gliomas 

A Phase I Clinical and Laboratory Study 

MICHAEL R. FETELL, MD,* EDGAR M. HOUSEPIAN, MD,t MARTIN W. OSTER, MD,* DEBRA N. COTE, RN,*.t 
MICHAEL B. SISTI, MD,t STEPHEN G. MARCUS, MD,§ AND PAUL 6. FISHER, PHDII*B 

We administered doses of 5 to 180 X lo6 IU of beta-serine-interferon (IFN-/3 serI7) twice weekly to 20 
patients with recurrent malignant gliomas in a Phase I study. Interferon was given through an Ommaya 
reservoir connected by a catheter to the tumor cavity. Side effects of interferon therapy occurred in only 
one patient and consisted of nausea, vomiting, fever, and chills after each treatment, presumably due to 
rapid diffusion of interferon into ventricular cerebrospinal fluid (CSF). Problems with the Ommaya reservoir 
(obstruction in two patients and infection in four patients) led to six patients being terminated from the 
study, and represent the major difficulty with this form of therapy. Although this was primarily a study 
of interferon toxicity, of 12 evaluable patients, 3 had stable disease for 148, 192, and 539 days; 9 had 
progressive disease. In addition, we tested the effect of IFN-/3 ser17 on the growth of early passage in 
vitro cultures of malignant gliomas established from patients. Growth inhibition varied from 0% to more 
than 50%. In all cultures evaluated, the combination of recombinant gamma-interferon plus IFN-/3 serI7 
enhanced growth inhibition. Further clinical and laboratory study is necessary to better define the ther- 
apeutic efficacy of IFN-@ ser17 and the role of combinations of interferons in the treatment of malignant 
gliomas. 

Cancer 65:78-83, 1990. 

ESPITE innovative radiotherapeutic and chemother- D apeutic approaches, the prognosis for patients with 
malignant gliomas is dismal. ' Furthermore, improved 
survival may be accompanied by serious toxicity such as 
cerebral or retinal necrosis due to drugs.' Biologic response 
modifiers are attractive antitumor agents because of their 
low toxicity and ability to inhibit the growth of specific 
tumors (e.g., hairy cell leukemia and renal cell carci- 
n ~ m a ) . ~ , ~  Although the mechanism of their antitumor ac- 
tivity is unknown, recent studies suggest that these agents 
can induce differentiation in tumor cells, thereby causing 
growth suppres~ion.~,~ 

In preliminary studies, interferon was well tolerated7-'' 
and effe~tive''~ when administered intratumorally into 
malignant gliomas. We conducted a Phase I study to eval- 

uate the toxicity of beta-interferon given directly into 
glioblastomas. Several prior investigators found that beta- 
interferon suppresses the growth of glial cells in tissue 
culture' ' - I 4  better than alpha-interfer~n.'~.'~ Therefore, 
in a parallel laboratory study, we sought to examine the 
effects of interferon on the growth of human tumors in 
tissue culture. 

Methods 

Clinical Studies 

Twenty patients with recurrent gliomas (1 3 men and 
7 women; mean age, 49.1 years; age range, 3 1 to 70 years) 
were entered in the study after they gave informed consent 
in accordance with the guidelines of the Institutional Re- - 

view Board. Fifteen patients had malignant gliomas on 
their biopsy (Grade 'I1 Or IV glioma according to 
the Kernohan classification) (Table 1). The other five pa- 
tients had clinically aggressive Grade I1 astrocytoma (three 

I1 glioma patients had second operations that showed 

each of three surgical biopsies, despite rapid regrowth of 
tumor. 
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TABLE 1. Patient Data 

Pathologic Max dose IFN Cum* dose IFN Time on study Survivalt 
Patient no. Age (yrs) Sex condition (X106) (X106) (4 (4 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

47 
51 
44 
43 
63 
45 
50 
41 
41 
52 
49 
53 
70 
46 
61 
48 
31 
39 
56 
51 

M 
M 
M 
M 
M 
M 
M 
F 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 

Gr II/AMG 
MG 
MG 
Oligo 
MG 
MG 
MG 
MG 
MG 
MG 
Gr II/AMG 
MG 
MG 
MG 
MG 
MG 
Gr Il/rec X2 
Oligo 
MG 
MG 

5 
5 
5 
5 

10 
10 
10 
20 
20 
10 
45 
20 
45 
45 
45 
2 

90 
90 

180 
90 

13.5 
68.5 

178.5 
98.5 

238.5 
68.5 
28.5 

1278.5 
238.5 

28.5 
173.5 
38.5 

938.5 
1208.5 
533.5 

3.5 
2649.0 

338.0 
20,063.0 

172.0 

23 
55 
56 
88 
59 
31 
17 

192 
46 
22 
16 
9 

93 
105 
53 
11 

148 
61 

539 
23 

- 
338 
377 

30 1 
45 1 
129 
447 
229 
266 

258 
306 
392 
238 
265 

- 

- 

- 
- 
884 
487 

IF": interferon; Gr 11: Grade I1 astrocytoma; Oligo: oligodendroglioma; 
rec X2: recurred twice: MG: malignant glioma (Grade I11 or IV glioma); 
AMG: repeat biopsy was MG. 

All patients initially received radiotherapy postopera- 
tively (mean dose, 6542 cGy; dose range, 5000 to 9540 
cGy), and six patients received chemotherapy with car- 
mustine (BCNU). At the time of tumor recurrence, all 
patients had repeat craniotomy. Residual tumor was de- 
bulked and an Ommaya reservoir was implanted with the 
catheter tip centered in the tumor cavity. Interferon was 
given through the Ommaya reservoir within 5 days of 
surgery. Fifteen patients were ambulatory at the start of 
treatment and were graded 0 to 1 on the Eastern Coop- 
erative Oncology Group (ECOG) performance scale. The 
other five patients were alert, but unable to walk due to 
hemipareses (three were ECOG Grade 2 and two were 
ECOG Grade 3). 

Beta-serine-interferon (IFN-@ser17) (Betaseron, Triton 
Biosciences, Alameda, CA) is a recombinant human beta- 
interferon modified by the substitution of serine for cys- 
teine at amino acid position 17 to enhance ~ tab i l i ty . '~ , '~  
Lyophilized IFN-pser17 was dissolved in 1 .O ml of preser- 
vative-free normal saline. Injected volumes ranged from 
0.1 to 1 .O ml. The study was designed to treat patients 
continuously, twice a week, provided there were no side 
effects and the tumor remained stable. This was a dose 
escalation study: groups of three patients each were re- 
quired to complete treatment at a given dose level without 
toxicity before the next group was advanced to a higher 
dose. The starting dose of IFN-@ser17 was 0.5 X lo6 IU, 
and the maximum dose given was 180 X lo6 IU. 

Clinical status was monitored by neurologic exami- 
nation (performed at each treatment) and computed to- 

* Cumulative dose. 
t Survival from date of original surgery. 

mography (CT) scan (performed every 6 weeks). No at- 
tempt was made to control for corticosteroids, which were 
being given to almost all patients. Responses were defined 
on the basis of CT scans, provided the clinical status re- 
mained stable. All patients had contrast-enhancing tumors 
at the time of study enrollment. A complete response was 
defined as complete disappearance of contrast enhance- 
ment on CT scan. A partial response was defined as im- 
provement in the CT scan, but with residual enhancing 
tumor. Stable disease was defined as no change in tumor 
enhancement on CT scan. Survival for the 15 patients 
with Grade I11 or IV gliomas was calculated from the date 
of initial surgery. 

Glioblastoma Cell Culture Systems/Interferon Assays 

Samples of tumor tissue from patients included in IFN- 
@ser17 clinical studies were obtained at the time of surgery. 
Explant cultures were initiated by mincing tissue samples 
into small pieces (0.5 to 1.5 mm), placing several pieces 
of tumor tissue under sterile glass coverslips, and growing 
cultures at 37°C in a 95% air and 5% C02-humidified 
incubator in Dulbecco's modified Eagle's medium 
(DMEM) supplemented with 20% fetal bovine serum 
(DMEM-20). Actively growing cultures were assayed for 
growth inhibition after a 7-day treatment with IFN-@ser17, 
alone or in combination with gamma-interferon (IFN-T), 
as described p rev i~us ly . '~~ '~  Briefly, 5 or 7.5 X lo4 cells 
were seeded per 35-mm tissue culture plate. Four hours 
later, the media was removed and fresh media (DMEM- 
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20) supplemented with solvent, 1 to 10,000 U/ml of IFN- 
pser17, 1 to 4000 U/ml of IFN-7, or various combinations 
of IFN-Pserl7 and IFN-T was added. Four days after plat- 
ing, the media was removed and replaced with fresh media 
containing the appropriate compounds. At day 7, triplicate 
cultures were resuspended and counted using a model Zf 
Coulter counter (Coulter Electronics Inc., Hialeah, FL). 
Triplicate cultures varied by less than 10%. In addition 
to glioblastoma samples from patients in this clinical trial, 
tissue cultures were generated from seven additional pa- 
tients (designated Patients A through H) and assayed for 
sensitivity to interferon. 

Results 

Clinical Studies 

Complications and side efects: Clinical side effects were 
seen in only one patient (Patient lo), who had headache, 
fever, chills, nausea, and vomiting 3 hours after each of 
three successive treatments of 0.5 to 10 X lo6 IU. There- 
fore, he was withdrawn from the study. At the first cra- 
niotomy, tumor extended medially down to the epen- 
dymal level, and the lateral ventricle was entered, creating 
a communication between the tumor cavity and the ven- 
tricular cerebrospinal fluid (CSF). 

Abnormalities in laboratory tests were uncommon. No 
patient had serious bone marrow or lymphocyte depres- 
sion. One patient (Patient 14) showed transient cytopenia 
with a platelet count of 125,000 pl, which was attributed 
to earlier chemotherapy and did not recur. 

The Ommaya reservoir became obstructed in two pa- 
tients, necessitating reoperation and replacement of the 
catheter. In another patient, an extracerebral collection 
of highly proteinaceous tumor cyst fluid produced mass 
effect with increased intracranial pressure, hemiparesis, 
and coma. This was managed successfully by the frequent 
withdrawal of fluid from the reservoir, but precluded fur- 
ther treatment with intratumoral interferon. 

Infection occurred in four patients. All of the infections 
developed early, during the first month of therapy, and 
necessitated reoperation to remove the Ommaya reservoir. 
One patient had a wound infection at the site of earlier 
skin irradiation: the reservoir fluid was sterile. Three pa- 
tients had infected reservoirs, two had associated men- 
ingitis (one with diphtheroid organisms and one with 
Staphylococcus epidermidis), and one had a brain abscess 
that grew both Streptococcus viridans and Eikenella cor- 
rodens (a facultative gram negative bacillus).20 Status epi- 
lepticus developed in one patient due to meningitis; this 
patient entered a vegetative state and died 2 weeks later. 
The other three patients were successfully treated for in- 
fections and had no sequelae, but they did terminate IFN- 
pser17 therapy. 

TABLE 2. Clinical Responses 

Complete responses 
Partial responses 
Stable disease 
Progressive disease 
Unevaluable (<6 wk Rx) 

Total 

0 
0 
3 
9 
8 

20 

Diffuse meningeal gliomatosis was identified on CT 
scan in one asymptomatic patient, but it was the first ev- 
idence of tumor recurrence in the other two. In both 
symptomatic cases, the tumor grew from the primary site 
in the cerebral hemisphere into the lateral ventricle and 
spread to the fourth ventricle through the CSF, leading 
to a striking brainstem syndrome of vomiting, vertigo, 
ataxia, and gaze palsies. 

Clinical responses (Table 2): Patients continued to re- 
ceive intratumoral interferon provided neither clinical 
status nor CT scan showed progression, and provided no 
complications of therapy developed. The mean length of 
time on study was 82.4 days (range, 9 to 539 days). Eight 
patients were considered unevaluable because complica- 
tions led to interruption or early termination of therapy 
(less than 6 weeks of treatment). Of the 12 evaluable pa- 
tients, none showed a complete or partial response. Three 
patients had stable disease with residual but unchanged 
tumor enhancement for 148, 192, and 539 days before 
unequivocal clinical or CT scan deterioration developed. 
Nine patients showed progressive disease. 

So far, all 20 patients have died. For the subgroup of 
15 patients with Grade 111 or IV glioma, the mean survival 
from time of initial operation is 358 days. A postmortem 
examination was performed in only one case (Patient 3), 
and did not show a change in tumor histologic condition 
in the vicinity of the Ommaya reservoir catheter. 

Tissue culture studies (Table 3 and Figure 1): Secondary 
cell cultures were established from 15 of the 20 patients 
entered into the clinical portion of this study. Growth was 
moderate (one culture) or poor (eight cultures) in nine of 
these cultures. In two of these cultures (Patients 1 and 2), 
IFN-pser17 showed no growth suppressive activity. How- 
ever, poor growth of these cultures permitted only one 
assay. Good growth, resulting in the transfer of cultures 
from explants to actively growing monolayer cell lines, 
was obtained in six of the 15 glioblastoma cultures, and 
four of these cultures were tested for IFN-pser17 sensitivity. 
Two cultures showed 15% or less growth inhibition and 
two cultures showed 40% or greater growth inhibition. 
Optimal growth inhibition occurred at 1000 U/ml for 
IFN-pser17 and 2000 U/ml for IFN-T. When IFN-pser17 
was combined with IFN-7, growth suppression was po- 
tentiated in the single glioblastoma culture analyzed (Pa- 
tient l l ). 
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TABLE 3. Interferon Growth Inhibition Assay 
of Glioblastoma Cell Cultures 

Growth (% control) 

Patient IFN-pser,, 1 m - T  P + T  

no. (1000 U/ml) (2000 U/ml) (1000 U/ml) 

Patients in clinical study 
4 85 

10 98 
11 45 
15 58 

Other patients with malignant gliomas 
A 86 
B 50 
C 54 
D 80 
E 60 
F 70 
G 79 
H 89 

Summary 
>40% Inhibition (no. of cultures) 

4/12 

- 

- 
52 
- 

- 
75 
44 
70* 
69 
63 

106 
83 

2/8 

- 

- 
24 
- 

- 
32 
33 
49 
37 
30 
64 
46 

71 8 

IFN: interferon; -: not tested. 
* 1000 U/ml. 

Of the eight additional glioblastoma cultures from other 
patients, three (Patients B, C, and E) showed a 40% or 
greater inhibition in growth, one (Patient F) showed a 
30% or greater inhibition in growth, and four (Patients 
A, D, G, and H) showed a 25% or less inhibition in growth. 
The combination of IlW-pser17 (1000 U/ml) and IFN-T 
(1000 U/ml) potentiated growth suppression in all seven 
cell cultures analyzed, with 50% or greater inhibition in 
growth in six of these. 

The effect of increasing doses of IFN-pser17 and IFN- 
T ,  alone and in combination, on the 7-day growth of glio- 
blastoma cultures derived from one patient (Patient 12) 
is shown in Figure 1. When used in combination, growth 
suppression was increased at both low (100 U/ml of each 
interferon preparation) and high interferon doses (2000 
U/ml of each interferon preparation). The ability of the 
combination of interferons to potentiate growth suppres- 
sion in the early-passage glioblastoma-derived cultures was 
apparent irrespective of the innate relative resistance or 
sensitivity of the individual glioblastoma culture to either 
interferon preparation when used alone. 

Discussion 

In prior clinical trials, parenteral interferon has shown 
variable activity against malignant g l i o m a ~ . ~ ' - ~ ~  Intra- 
tumorally, both alpha-interferon',y,26 and beta-inter- 
f e r ~ n ~ , ' ~ , ~ '  have been given, but beta interferon yielded 
the highest response rates. Nagai and Arai treated 20 pa- 
tients with glioblastoma with naturally occurring beta- 

interferon and reported one complete and seven partial 
 responder^.^ Because IlW-pser17 is an extremely pure and 
highly active form of beta-interferon, we reasoned that it 
would be ideal for intratumor use. 

In this study, the maximal tolerable dose of IFN-pser17 
was not reached before the study concluded. Furthermore, 
the optimal therapeutic dose of IFN-pser17 is unknown, 
and we observed no definite relationship between the dose 
administered and clinical response. Of the 12 evaluable 
patients, three had stabilization of their disease for 5 to 
18 months. However, all 20 of our patients received ra- 
diotherapy and six also received chemotherapy before in- 
terferon therapy. Therefore, on the basis of this Phase I 
study using combined modality treatment, it is not pos- 
sible to ascribe therapeutic benefit to interferon; Phase I1 
or I11 studies will be required to assess clinical efficacy. 
The survival for the subgroup of 15 patients with Grade 
Ill or IV glioma (12 months) is equal to that of patients 
treated in large cooperative trials.' In the one case studied 
pathologically, we could not confirm prior reports of tu- 
mor differentiation to lower grade histologic condition in 
the vicinity of interferon administration.' 

Parenteral interferon administration reliably causes 
symptoms of fever, chills, and myalgias. Fatigue is the 
most prominent symptom of chronic interferon therapy 
and may reflect central nervous system toxi~ity.'~ In con- 
trast, IFN-pser17, when injected directly into glioblastoma 
tumor cavities, is well tolerated. Drug-related side effects 
occurred in only one patient whose tumor cyst commu- 
nicated with ventricular CSF. This also was noticed in a 
prior intratumoral trial of alpha-interferon.26 None of our 
patients complained of fatigue or had signs of diffuse en- 
cephalopathy . 

The principal problems with intratumoral therapy are 
related to the Ommaya reservoir drug delivery system. 
Obstruction or infection of the Ommaya reservoir oc- 
curred in 30% of the patients in this study. Ommaya res- 
ervoirs have a low incidence of complications when used 
to deliver intraventricular chemotherapy for meningeal 
carcinomatosis, but are associated with higher compli- 
cation rates when used for the delivery of drugs into tumor 
cavities. Machado et al. found that 15% of 60 Ommaya 
reservoirs inserted during a 6-year period required revision 
because of technical failure.2' The frequency of reservoir 
failure was higher in the presence of a central nervous 
system mass lesion (20.5%) and was lowest in meningeal 
carcinomatosis (7.6%). Reservoirs that required revision 
had a complication rate of 44%. Multiple craniotomies, 
prior irradiation, and chemotherapy predisposed a patient 
to infection. Obbens et aL2' found a 4.7% incidence of 
infection in 387 Ommaya reservoirs and an approximately 
4% incidence of reservoir failure due to obstruction. Again, 
catheters inserted into tumor beds were associated with a 
greater failure rate than those inserted into the ventricle. 
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FIG. 1 .  Effect of recombinant IFN-/3ser17 and IFN-7, alone and in combination, on the growth of early passage (< 10) human glioblastoma cell 
lines established from Patients 12, D, E, and H at the time of surgery. Cultures were seeded in 35-mm tissue culture dishes, the media was changed 
at 24 hours and 4 days later with the indicated compounds, and cell numbers of triplicate samples were determined using a Zf Coulter counter at 
day 7. Replicate samples varied by 10% or less. 0: IFN-flser17; 0: IFN-T; A: IFN-flserI7 plus IFN-T. 

Simple modifications in the protocol would probably 
help to reduce the incidence of complications. Because 
of rapid diffusion of the drug into the CSF and potential 
side effects, patients with tumors that communicate with 
the ventricle are not good candidates for intratumoral 
therapy. Placement of the Ommaya reservoir outside the 
radiotherapy field would probably reduce the risk of in- 
fection. 

In our series of 20 patients, a characteristic pontine 
syndrome due to diffuse meningeal gliomatosis with 
fourth ventricular seeding developed in two, and a third, 
although asymptomatic, had CT scan evidence of epen- 
dymal spread; an incidence of 15%. Initially, we were 
concerned that the additional craniotomy for reservoir 
placement or the injection of the drug into a tumor cavity 
might promote dissemination of malignant cells through 

the CSF. However, although meningeal gliomatosis is 
clinically apparent in only 5% to 10% of patients with 
malignant gliomas, it is found at autopsy in 20% to 30% 
of carefully studied c a ~ e s . ~ ' - ~ ~  Therefore, in this small se- 
ries of patients, intratumor therapy did not seem to in- 
crease the incidence of meningeal gliomatosis. Tumor 
proximity to the CSF pathways is more important in pre- 
disposing to meningeal spread. 

Prior laboratory studies using natural and recombinant 
interferons demonstrated that beta-interferon suppressed 
the growth of glioma cells in culture"-'4 and IFN-+ en- 
hanced glioma cell antigen e x p r e ~ s i o n . ~ ~ - ~ ~  In our tissue 
culture studies, IFN-pser17 showed variable efficacy in 
suppressing glioblastoma growth. Currently, an insuffi- 
cient number of tumor samples have been evaluated to 
determine if in vitro model systems will prove useful in 
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predicting the in vivo effectiveness of IFN-/3ser17 treatment. 
An exciting observation that merits further study is that 
the combination of IFN-Bser,, and IFN-T enhanced the 
in vitro growth suppressive effects of these compounds 
(when administered alone) in all of the glioblastoma cul- 
tures we have currently analyzed, as well as additional 
glioblastoma cell lines.35 This synergy between different 
interferons expands results with other  neoplasm^^^-^^ and 
suggests that combinations of beta-interferon and IFN-T 
may be effective in overcoming tumor resistance. 
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