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ABSTRACT
Purpose: In meningioma patients with postoperative
residual masses, recurrent or primarily inoperable tumors,
positron emission tomography (PET) with [11C]-L-methionine was used to evaluate treatment efficacy of IFN-␣.
Experimental Design: Twelve patients were treated with
IFN-␣ at a dose of 1.5–5 million IU s.c. daily. PET, computed
tomography, and/or magnetic resonance imaging were performed in all patients before and, at regular intervals, during IFN-␣ treatment. The ratio of tumor hot-spot uptake to
cerebellar uptake or to cortex uptake was calculated. This
ratio estimates the relative methionine accumulation in the
tumor and presumably the proliferative activity in the
tumor.
Results: During IFN-␣ treatment, PET demonstrated a
mean relative percentage of reduction in the uptake ratio
(MRelR) of 22.3% in the meningiomas. In nine patients who
were considered responders, defined as patients with a positive MRelR, the MRelR was 30.4%. For the three nonresponders, defined as patients with a negative MRelR, the
MRelR was ⴚ1.8%. Three patients were followed for a long
time: two patients for 8 years and one patient for 4 years and
6 months; the two patients followed for 8 years are still on
IFN. The volumes of these tumors were constant or showed
a slight decrease. No correlation was found between histopathological diagnosis (PAD) WHO grading I–III of meningiomas and response to IFN-␣ treatment.
Conclusions: PET was judged a useful method to predict which patients are suitable for long-term treatment with
IFN-␣ and also for dose finding. In five patients treated
from 9 months to 8 years, IFN-␣ seemed to be an effective
oncostatic drug. The clinical usefulness of IFN-␣, taking
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adverse reactions into account, must be evaluated in a larger
series of patients.

INTRODUCTION
Total surgical resection of the meningioma and its associated dural base is the treatment of choice. Further treatment is
required for patients with postoperative residual tumor mass,
recurrent tumor, multiple tumors, or primarily inoperable tumor
(1–3).
Angiostatic treatment for tumors has within recent years
become highly interesting because it has been shown that tumors need angiogenesis to be able to grow (4). Several endogene angiostatic factors, e.g., angiostatin and endostatin, have
been identified and demonstrated in animal models to be effective in tumors, and a number of different angiostatic treatments
are now being evaluated in clinical trials (5, 6).
The IFNs are glycoproteins belonging to the family of
cytokines. They are related to transforming growth factor-␤ and
tumor necrosis factor and play a role in the control of cell
growth. The IFNs have been demonstrated to work mainly via
angiostatic mechanisms in tumors, and this has increased interest in these substances for tumor treatment (7–13). IFN-␣, in
particular, has been of interest for the treatment of certain
hematological malignancies as well as solid tumors, including
craniopharyngiomas (14 –16). IFN-␣ has been reported to have
an effect on meningiomas in vivo and in vitro (17–20).
PET3 is a technique suitable for in vivo biochemical characterization of intracranial tumors and for follow-up of medical
treatment (21–24). We have demonstrated the potential of PET
to evaluate medical therapy in a large series of pituitary adenomas and in some meningiomas (25, 26). In these studies, PET
with [11C]-L-methionine in particular has been valuable in delineating tumors and in following the effect of treatment. The
uptake of [11C]-L-methionine is related to tumor metabolism,
and in our experience with pituitary tumors, we have shown that
a marked decrease in the uptake of [11C]-L-methionine in these
tumors represents a positive treatment effect (26). Because
meningiomas usually are slowly growing tumors, techniques for
demonstrating the effect of treatment at an early stage are of
special value.
We therefore evaluated treatment efficacy using the PET
technique with [11C]-L-methionine in the present series of patients with intracranial meningiomas treated with IFN-␣. To our

3

The abbreviations used are: PET, positron emission tomography; CT,
computed tomography; MRI, magnetic resonance imaging; Hs/Ce, ratio
of hot-spot uptake to cerebellar uptake; Hs/Ct, ratio of hot-spot uptake
to cortex uptake; Ct/Ce, ratio between temporal cortex and cerebellum;
RelR, relative percentage of reduction of tumor [11C]-L-methionine
uptake ratio; MRelR, mean RelR; 95% CI, 95% confidence interval;
SLE, systemic lupus erythematodes; PAD, histopathological diagnosis.
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Table 1
Patients

Clinical data
Tumor

No.

Sex

Age (yr)

Localization

No. of
operation

PAD

Initial
volume (ml)

1
2
3
4
5
6
7
8
9
10
11
12

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

45
75
51
35
71
46
24
80
49
34
78
87

Skull basea
Convexity
Skull base
Parasagittal
Parasagittal
Skull base
Parasagittal
Parasagittal
Parasagittal
Skull base
Parasagittal
Parasagittal

1
4
3
1b
2
4
3
0
1c
2
0
0

WHO I
WHO III
WHO I
WHO I-(II)
WHO II
WHO I
WHO I
Not operated
WHO III
WHO III
Not operated
WHO Id

6
7
47
22
4
93
49
32
10
8
94
35

Operation-to-treatment time
interval (yr/month/day)
2-09-07
⬎20 years
⬎20 years
2-11-16
0-08-20
2-08-14
0-11-06
Not operated
0-02-04
0-02-05
Not operated
Not operated

a

Skull base: tumors located in the skull base with supra- and parasellar and orbital tumor extension to various degrees.
Embolizations 2 years and 8 months prior to start of treatment.
c
Stereotactic irradiation 4 years and 11 months prior to start of treatment.
d
Autopsy.
b

knowledge, no other series of patients with meningiomas treated
with IFN-␣ and followed-up with PET has been reported.

PATIENTS AND METHODS
Twelve patients with meningiomas, 8 females and 4 males,
were included in the study. The mean age of the patients was 56
years (range, 24 – 87 years) when IFN treatment was started.
Nine of the patients had been treated with surgery. Of these, two
patients had been operated on twice, two patients had been
operated on three times, and two patients four times. Three
patients (age, 78, 80, and 87 years, respectively) had not been
operated on because of their physical condition. Many of the 12
patients were severely ill from their tumors, and the IFN␣
treatment was a last trial to improve their situation. See Table 1
for details regarding the clinical features of the patients.
Clinical. All of the patients were examined clinically,
including complete neurological and neuroophthalmological examination.
CT and MRI. All patients were examined in a standardized manner with CT and/or MRI (with and without contrast
enhancement) before and at regular intervals during IFN-␣
treatment. The same neuroradiologist evaluated all CT and MRI
examinations.
Estimation of the initial tumor volume was made by measuring its three largest perpendicular diameters, assuming an
ellipsoid shape, although most tumors had a more irregular
outline.
PET. [11C]-L-Methyl-methionine with a high specific activity was synthesized. The radiochemical purity was tested in
each batch (27). The tracer substance was given in doses of
50 –200 MBq as an i.v. bolus injection in an antecubital vein.
PET with [11C]-L-methionine was performed in all patients
before and at least 7 days after the start of treatment or a change
in IFN-␣ dose.
All patients were examined at least once before the start of
treatment. Follow-up PET examinations were undertaken regularly 2– 4 weeks after the initiation of, and after changes in,

IFN-␣ treatment. At least two examinations were performed in
every patient, with a mean of 5.4 examinations/patients.
Nine of the patients were examined with a PET camera
type PC 384-3B and five patients with a PET camera type
GEMS 2048B; two patients were examined with both cameras
(28).
The PET studies were performed as dynamic examination
sequences with 10 –15 scans obtained over 20 – 40 min, starting
immediately after a rapid i.v. bolus injection of the tracer
substance. The scanning times were successively increased from
1 to 5 min. The PET unit Scanditronix PC-384-3B simultaneously produced three slices with a slice thickness and spacing
of ⬃11 and 14 mm, respectively. Its plane resolution was 8 mm
full-width half maximum. The PET unit GEMS 2048B simultaneously produced 15 slices with a slice thickness and spacing
of ⬃6.5 mm, respectively. The spatial resolution was 5 mm
full-width half maximum. For the attenuation correction, an
automatic contour-finding algorithm was used in both scanners
(29). Before the study in the Scanditronix PC-384-3B PET unit,
a CT examination was performed with an individual head fixation system to select the appropriate sections for PET studies.
The same fixation device was then used to position the patient
during the PET study.
One region of interest was selected in the PET images to
represent tumor tissue in the slice where the tumor had its “hot
spot” [defined as the 10 adjacent picture elements, i.e., (2.5 ⫻
2.5 ⫻ 6.5 mm3) ⫽ 0.4 ml with the highest activity in the tumor],
and another in normal cerebellum (eight patients) or the contralateral temporal cortex (four patients) where the cerebellum
was not included in the slices. These regions of interest were
outlined manually with a cursor.
The quantitative analysis was performed by calculating the
Hs/Ce or Hs/Ct ratio. The average Hs/Ce or Hs/Ct ratio was
evaluated from images taken ⬎10 min after the tracer injection
for the PC 384-3B scans and 14 –34 min for the GEMS 2048B.
This ratio represents an estimate of the relative methionine
accumulation in the tumor.

Downloaded from clincancerres.aacrjournals.org on January 18, 2022. © 2001 American Association for Cancer
Research.

Clinical Cancer Research 2271

Table 2

Treatment data

Patient no.

IFN dose
(⫻106 IU/day)

Observation interval
(yr/month/day)

Treatment interval
(yr/month/day)

No. of
PET scans

1
2
3
4
5
6
7
8
9
10
11
12

2.5-5
5
3-5
2.5-3-5
5
2.5-4-5
5
2.5
5
5
5
1.5-2.5-4

8-00-00
0-02-17
0-00-28
8-00-00
0-05-01
4-06-20
1-00-13
0-06-17
0-08-26
0-01-21
0-00-21
0-00-21

8-00-00
0-02-13
0-00-26
8-00-00
0-04-01
4-06-20
0-10-07
0-03-04
0-08-26
0-00-09
0-00-13
0-00-20

7
4
3
10
6
15
7
4
3
2
2
2

Histopathology. The same neuropathologist reevaluated
the routine histology according to the WHO classification from
eight tumor specimens collected during operations prior to the
study (30). One tumor specimen (patient 3) was not found for
reevaluation, but the initial evaluation was WHO I. Three patients had not been operated on, but the autopsy in one (patient
12) showed WHO grade I. The meningioma diagnoses in the
latter patients were judged to be certain because they presented
with typical clinical, CT, MRI, and PET findings.
Treatment. The patients were treated with recombinant
IFN-␣ at a dose of 1.5–5 million IU s.c. daily. The initial dose
was usually 1.5–3 million IU for 2– 6 weeks and was, if tolerated, increased thereafter to 5 million IU s.c. daily. The mean
observation period was 2 years (range, 21 days to 8 years). The
observation period was defined as the period from the first to the
last PET study. The mean treatment period was 21 months
(range, 9 days to 7 years). When a PET study was performed, a
patient was regarded as being on treatment if at least 7 days had
elapsed since initiation of the treatment and as being off treatment if at least 7 days had elapsed since treatment was withdrawn (Table 2).
Calculations. To evaluate the degree of reduction of
[11C]-L-methionine uptake in the tumor during treatment, we
used the formula:

Fig. 1 Relative percentage of change in tumor [11C]-L-methionine uptake ratio (RelR). Positive values denote a reduction of the RelR during
treatment; negative values indicate increased methionine uptake during
treatment. Ps refer to a test of the difference between the initial value
and the mean of treatment values against zero in each individual patient.

Relative percentage of reduction in tumor
关11C]-L-Methionine uptake ratio ⫽ RelR
⫽ 共IR ⫺ mean of treatment ratios)
⫻ 100
IR
where IR is the initial ratio, and the uptake ratio is the ratio
Hs/Ce or Hs/Ct.
Tumor volume was estimated using the formula:
Volume ⫽  ⫻ 4/3 ⫻ X/2 ⫻ Y/2 ⫻ Z/2
where X, Y, and Z are the maximum tumor dimensions in three
planes.
Statistical Methods. For each patient, the RelR value
was tested for significance using a t test (against zero) of the
difference between the initial value and the mean of the treatment values. The Kendall nonparametric correlation coefficient
was used to measure the correlation between tumor hot-spot

uptake, cerebellar uptake (Hs/Ce), and temporal cortex/cerebellum (Ct/Ce). The sign test was used to evaluate the effect of
dose change on the tumor hot-spot uptake.

RESULTS
For [11C]-L-methionine PET, the MRelR was 22.3% (95% CI,
9.1–35.6%) for all patients.
Tumors with a positive RelR were defined as metabolically
reactive. Those with a negative reduction, i.e., an increased
uptake ratio during treatment, were labeled metabolically nonreactive. In the nine patients who were considered to have
metabolically reactive tumors, the MRelR was 30.4% (95% CI,
16.9 – 43.9%). In the three metabolically nonreactive tumors, the
MRelR was ⫺1.8% (95% CI, ⫺7.0 to 3.4%).
Figs. 1 and 2 give obvious visual justification for the
subdivision of patients into a “metabolically reactive tumor
group” and a “metabolically nonreactive tumor group.”
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Fig. 2 MRelR in all tumors and two subgroups. Metabolically reactive
tumors (Metabolically reacting) are defined as tumors with a positive
relative percentage of reduction in tumor [11C]-L-methionine uptake
ratio (RelR) and metabolically nonreactive tumors (Metabolically nonreacting) are defined as tumors with a negative RelR, i.e., those in which
the methionine uptake increased during therapy.

In one patient (patient 3), we observed an increased effect
on tumor metabolism from IFN-␣ up to a dose of 5 million IU
s.c. daily but a slightly smaller effect at a dose of 8 million IU
s.c. daily (Fig. 3).
Three patients (patients 1, 4, and 6) had a long follow-up:
two were followed for 8 years, and one was followed for 4 years
and 6 months. The MRelR was 30% (95% CI, 9.1– 69.2%) for
those three patients. The volumes of the tumors were constant or
showed a slight decrease. In one of these patients (patient 6), the
dose of IFN-␣ was decreased by 50% after 2 years of treatment.
However, after an additional year, a moderate elevation of
methionine uptake was observed. The dosage was increased,
and the methionine uptake decreased again. Because this patient
developed SLE-like symptoms, the IFN-␣ was withdrawn.
However, 1 year later MRI demonstrated considerable tumor
progression, and PET with [11C]-L-methionine showed increased uptake in the tumor (Fig. 4).
In three patients (patients 1, 4, and 6), the Ct/Ce ratio was
measured to study stability over time of the uptake ratio in
nontumor tissue. As is obvious from Table 3, the variance of the
Ct/Ce ratio over time was a small fraction of the variance of the
Hs/Ce ratio. This was partly because the Ct/Cs ratio is very
stable over time and partly because of the effect of the numerous
changes of treatment on the Hs/Ce ratio.
The correlation between the Hs/Ce and Ct/Ce ratios was
calculated in seven patients, four of whom did not belong to this
study. A positive correlation as measured by Kendall’s nonparametric correlation coefficient was found in only two cases, but
the Ps were far from significance. This finding is quite compatible with the interpretation that the Hs/Ce ratio mainly reflects
changes in methionine uptake in the tumor and not in the
surrounding brain.
Assuming that IFN reduces the Hs/Ce ratio when administered daily for at least 7 days and that this effect has mainly
disappeared after withdrawal of the drug for at least 7 days, it is

possible to test statistically whether changes in the Hs/Ce ratio
depend on changes in the IFN medication. A change in the
expected direction is defined as a reduced Hs/Ce or Hs/Ct ratio
after initiation of IFN therapy or an increase of the dose.
Inversely, an increased ratio would follow a reduction of the
dose or withdrawal of the drug.
When we considered all 12 patients described in Table 2,
22 of 30 (0.73) changes in the IFN dosage were associated with
a change of the Hs/Ce or Hs/Ct ratio in the expected direction.
This ratio differs significantly (P ⬍ 0.02) from 0.5, the value
expected by chance. When we restricted the analyses to the nine
metabolically reactive tumors, the corresponding values were 21
of 26 (0.81; P ⬍ 0.002).
Of the nine patients with a positive PET methionine response, three patients had received very long-term treatment
with IFN-␣: two patients received treatments for 8 years (patients 1 and 4), and one patient had received treatment for 4.5
years (patient 6); during this time, tumor size remained stable.
The two patients with the 8-year treatment period are still on
IFN-␣ treatment; one of them has a tumor of considerable size.
The third patient showed stable tumor size and decreased PET
methionine during the IFN-␣ treatment periods compared with
before treatment. When IFN was stopped because of side effects, the tumor progressed and increased [11C]-L-methionine
uptake was observed. When IFN-␣ was reintroduced, tumor
progression stopped and a decrease in [11C]-L-methionine was
again achieved. The patient later died from intracranial hemorrhage.
One patient (patient 10) had rapid tumor growth before the
start of IFN-␣ treatment; the tumor became stable during treatment and showed decreased [11C]-L-methionine uptake, but the
patient also received irradiation therapy in parallel. Unfortunately, however, the patient later died from irradiation reactions.
Three patients (patients 2, 3, and 11) with positive PET
response were severely ill, and only short-term treatment was
possible. One patient (patient 7) with neurofibromatosis II and
positive PET response was treated for 1 year, during which
tumor size stable remained stable, and died 7 years later from his
tumors. The ninth patient with positive PET response had such
poor compliance that IFN treatment had to be stopped, and the
patient underwent additional surgery. Of the three patients with
no response on PET methionine, one (patient 5) was kept on IFN
for 6 months, but there was no PET response and IFN was
stopped because the tumor progressed. The patient died 1 month
later from her tumor. In this patient, IFN apparently had no
effect. One other patient with no PET response was treated for
only a short time, 1 month and 12 days, and died 1.5 months
later from his tumor. The third patient (patient 12) was treated
with IFN, but PET showed no response and the IFN was
stopped; the patient died in a ferry accident soon afterward.
During the follow-up time, no tumor progression was seen.
No correlation was found between the PAD grading of the
meningiomas into I–III and response to IFN-␣ treatment.
Most of the patients reacted with moderate fever and/or
fatigue during the first week of treatment. A few patients experienced a continued moderate fatigue, but were kept on medication for various periods. Almost all patients reacted with a
moderate leukopenia, but this did not lead to further complications.
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Fig. 3 [11C]-L-Methionine PET of patient 3 at different doses of IFN-␣, demonstrating a successively increased effect up to 5 million IU s.c. daily
(D) but less effect at 8 million IU s.c. daily (E). A, before treatment. B and C, decreased methionine uptake at 3 million IU of IFN s.c. daily. B, 6%
decrease after 2 days; C, 29% decrease after 2 weeks. D, further decreased methionine (47%) after 5 million IU of IFN s.c. daily for 2 weeks. E,
slightly less effect (38% decrease) after 8 million IU of IFN s.c. for 2 weeks. F, almost resumed methionine uptake after IFN was withdrawn.

One patient (patient 10) was irradiated in parallel with the
IFN-␣ treatment because of fast-growing recurrent malignant
meningioma. This patient died from a severe irradiation reaction
in the brainstem. (See Table 4 for further details.) However, the
two patients (patients 1 and 4) with the longest follow-up time
(8 years each) are still on IFN-␣ treatment. Their tumors remain
stable and with continued decreased methionine uptake. These
patients are tolerating their treatment well.

DISCUSSION
In this series of 12 patients with recurrent, often malignant,
meningiomas that were treated with IFN-␣ administered as a
daily s.c. dose of 1.5–5 million IU and monitored by [11C]-Lmethionine PET, our results demonstrate that (a) IFN-␣ treatment was effective in reducing tumor metabolism in 9 of 12
patients with meningiomas, without correlation with PAD grading; (b) PET using [11C]-L-methionine was a sensitive method to
evaluate the metabolic effect of IFN-␣ treatment in the meningiomas; and (c) [11C]-L-methionine uptake in the tumor was not
correlated with uptake in the normal brain.
In tumor treatment, it is of interest to demonstrate decreased tumor metabolism as a sign of decreased tumor growth
but not necessarily a sign of diminished tumor volume. This
issue has been discussed in connection with IFN-␣ treatment of
carcinoid. After IFN-␣ treatment, these tumors were observed at
biopsy to be changed into fibrous-rich tissue with less viable

tumor cells but not decreased in tumor size compared with
before IFN- ␣ treatment (31). This type of effect in tumor tissue
would readily be observed by [11C]-L-methionine PET (Fig. 5).
Because the three patients who were treated and followed
for a period of 4.5– 8 years (patients 1, 4, and 6) and another two
(patients 7 and 9) who were followed for 9 –10 months showed
no increase in tumor volume, it can be assumed that IFN-␣
treatment is effective in controlling tumor growth even during
long-term treatment. This needs to be verified in a larger patient
population.
In the patient who was examined at different doses of
IFN-␣, it was of interest to observe that the effect increased
up to 5 million IU s.c. daily but showed a smaller effect at 8
million IU s.c. daily (Fig. 3). This finding is in accordance
with the viewpoint that IFN should be given in a lowmoderate dose (32).
In one of these patients (patient 6), a reduced dose of IFN-␣
after 2 years of treatment led to a moderate elevation of the
methionine uptake after an additional year and was followed by
a decrease in methionine uptake when the dose was again
increased. When the patient developed SLE-like symptoms,
IFN-␣ was withdrawn; subsequently, considerable tumor progression was seen on MRI, and PET with [11C]-L-methionine
demonstrated increased uptake in the tumor. When IFN-␣ was
reintroduced, a decrease in methionine uptake as measured by
PET was achieved, and tumor progression stopped. This patient
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Fig. 4 PET analysis for patient 6. A, before treatment. B, decreased methionine uptake after treatment with IFN-␣ for 42 months and 24 days. C,
decreased methionine uptake before withdrawal of IFN-␣ treatment after 54 months and 20 days. D, increased methionine uptake 11 months and 10
days after withdrawal of treatment. E, MR image in axial projection demonstrating the large skull base meningioma with tumor growth extending into
the orbit.

Table 3 Comparison of the variance over time of Ct/Ce and Hs/Ce
ratios during treatment in three patients
Patient
no.

N1a

N2b

Variance
ratioc

1
4
6

4
6
14

4
5
6

0.004
0.02
0.01

Table 4 Side effects
Patient
no.
1
2
3
4
5
6
7
8
9
10
11
12

a

N1, number of estimates of the Hs/Ce ratio.
N2, number of estimates of the Ct/Ce ratio.
Variance of Ct/Ce ratios
c
Variance ratio ⫽
Variance of Hs/Ce ratios
b

exemplifies the dependency of control of tumor metabolism and
growth on ongoing IFN-␣ treatment (Fig. 4).
The antitumoral effect of IFN-␣ has within the recent years
been demonstrated to be exerted mainly via inhibition of angiogenesis (7–11). IFN had earlier been shown to influence cell
proliferation and differentiation (14, 18, 19, 33, 34). It may act
via immunomodulatory mechanisms and induce apoptotic cell
death (35). IFN in combination with cytotoxic drugs in the
treatment of solitary tumors that showed little or no response to
either type of drug given as monotherapy has shown a modulator effect on the antiproliferative and cytotoxic effect of different chemotherapeutic drugs (36 –38). IFN-␣ in combination
with 5-fluorouracil in vitro has shown promising effects on
cultured meningioma cells (39).

a

Symptom
Fatigue
Akinesia/apathy; fever
Fatigue; temporalis arteritis
Fatigue/fever; leukopenia/alopecia
Leukopenia/fatigue; SLE
Leukopenia; thrombocytopenia
Leukopenia; depression
Fever
CNSa irradiation late damage
Apathy
Fatigue; leukopenia

CNS, central nervous system.

The side effects of IFN-␣ observed in these studies were
mostly those known earlier (fever, fatigue, leukopenia, and
psychiatric symptoms; Table 4; Ref. 40).
One female patient (patient 10) with a malignant recurrent
skull base meningioma received IFN-␣ and irradiation simultaneously. This patient died from irradiation lesions in the brain
stem; a possible increased sensitivity to irradiation in combination with IFN-␣ could have caused this (41). Combined treatment of this kind should therefore be avoided as long as it is not
possible to predict the effect.
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Fig. 5 PET for patient 10. A, before start of treatment with IFN-␣. B, considerable decrease in methionine uptake after 9 days of treatment with
IFN-␣.

We have also treated patients with multiple intracranial
meningiomas, which is one patient group where there is a strong
need for further treatment alternatives. One of these patients
who had 11 intracranial meningiomas of different sizes, 1 of
which was verified at biopsy, was treated with IFN-␣ at 3
million IU s.c. daily. The patient is still on treatment, and the
follow-up time has been 9 years. All of the tumors have
remained stable in volume, and the methionine uptake is
decreased compared with before treatment. When we analyzed methionine uptake in the multiple tumors during IFN
treatment, the decrease in metabolism differed between the
tumors in the same patient. To simplify the statistics in the
total evaluation, we therefore only included patients with
single tumors. We, however, think it is of interest to report on
this patient with multiple meningiomas because especially
these patients with multiple meningiomas who might not be
suitable for other treatment regimes could thus benefit from
IFN treatment.
We consider PET to be the most valuable method presently
available to predict positive response to IFN-␣ and that longterm treatment is possible with continued positive response. A
method such as PET is very valuable to predict tumor response,
especially in slow-growing tumors without other markers for
tumor response. This is especially true when the treatment is
demanding for the patient, with daily injections, and also is
costly.
Our results indicate that IFN-␣ can be an effective oncostatic treatment for certain patients with postoperative residual
tumor masses, recurrent tumors, multiple tumors, or primarily
inoperable meningiomas. The effect of the therapy seems to be
sustained during long periods of treatment. PET using [11C]-Lmethionine can be used to predict which patients will respond to
IFN-␣ treatment and to define the lowest effective dose. How-

ever, because of the side effects in long-term treatment, our
experiences have been limited to a few patients, and the clinical
usefulness of IFN-␣ must be evaluated in a larger series of
patients.
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