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The objective of this phase II study was to evaluate the
efficacy and safety of subcutaneous octreotide therapy
for the treatment of recurrent meningioma and menin-
geal hemangiopericytoma. Octreotide is an agonist of
somatostatin receptors, which are frequently expressed
in meningioma, and reports have suggested that treat-
ment with somatostatin agonists may lead to objective
response in meningioma. Patients with recurrent/pro-
gressive meningioma or meningeal hemangiopericytoma
were eligible for enrollment; those with atypical/ana-
plastic meningioma or hemangiopericytoma must have
experienced disease progression despite radiotherapy
or have had a contraindication to radiation. Patients
received subcutaneous octreotide with a goal dose of
500 mg 3 times per day, as tolerated. Imaging was per-
formed every 3 months during therapy. The primary
outcome measure was radiographic response rate.
Eleven patients with meningioma and 1 with meningeal
hemangiopericytoma were enrolled during the period
1992–1998. Side effects included diarrhea (grade 1 in
4 patients and grade 2 in 2), nausea or anorexia (grade
1 in 4 patients), and transaminitis (grade 1 in 1
patient). One patient developed extra hepatic cholangio-
carcinoma, which was likely unrelated to octreotide
therapy. No radiographic responses were observed.
Eleven of the 12 patients experienced progression, with
a median time to progression of 17 weeks. Two patients
experienced long progression-free intervals (30 months
and ≥18 years). Eleven patients have died. Median dur-
ation of survival was 2.7 years. Immunohistochemical
staining of somatostatin receptor Sstr2a expression in a

subset of patients did not reveal a correlation between
level of expression and length of progression-free
survival. Octreotide was well-tolerated but failed to
produce objective tumor response, although 2 patients
experienced prolonged stability of previously progress-
ive tumors.
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M
eningiomas are tumors of the arachnoidal cap
cells, and they represent the most common
benign intracranial tumor in adults.1

Meningeal hemangiopericytoma, formerly called
“hemangiopericytic meningioma,” is a pathologically
distinct meningeal mesenchymal tumor that shares
some clinical similarities with meningioma and is
usually associated with high rates of local and distant
recurrences.2–4 The first line of treatment for menin-
gioma and hemangiopericytoma is surgical resection,
with a goal of surgical cure via total resection.
Complete excision is often achievable in the cerebral
convexities, but meningiomas located in regions such
as the skull base and the sagittal sinus often cannot be
entirely resected. Recurrent benign meningiomas
(World Health Organization [WHO] grade I) and
meningiomas with atypical (WHO grade II) or anaplas-
tic (WHO grade III) pathology, which are associated
with higher risks of recurrence, are often treated with
radiation after surgery.2,5–7 Both fractionated radiation
and stereotactic radiosurgery have been used in this
setting. If meningiomas or hemangiopericytomas con-
tinue to recur or progress after resection and radiation,
the remaining therapeutic options are limited. No che-
motherapeutic approaches are proven to be of significant
clinical benefit in this setting.8–13 The indolent nature of
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meningioma growth suggests that prolonged mainten-
ance therapies may be beneficial, but extended treatment
with standard cytotoxic chemotherapy can be poorly
tolerated and have long-term toxicity.

Somatostatin is a neuropeptide produced in the hypo-
thalamus and released into systemic circulation, where
its primary sites of action are the pituitary, pancreas,
and gastrointestinal tract.14 In these sites, somatostatin
inhibits endocrine and exocrine secretions, as well as
gastrointestinal motility. Somatostatin also plays a role
in several pathways relevant to cancer by inhibiting
angiogenesis and invasion, as well as inducing apopto-
sis.15 Somatostatin itself is impractical for clinical use
because of a short half-life, but a number of somato-
statin analogues with longer half-lives have been devel-
oped. The prototype somatostatin receptor agonist is
octreotide (Sandostatin; Novartis Pharmaceuticals).
Somatostatin analogue therapy has proven to be an
effective treatment for pituitary adenomas16,17 and gas-
troenteropancreatic endocrine tumors.18,19 A significant
majority of meningiomas express somatostatin receptors
detectable by scintillography or biochemical analysis.20–23

There are 5 somatostatin receptor subtypes (sstr1–
sstr5). Meningiomas most frequently express the sstr2a
receptor, 1 of the subtypes preferentially bound by
octreotide.20 Inhibition of meningioma cell growth by
somatostatin has been shown in vivo,24 and the somato-
statin analogue octreotide was used in a small series of
recurrent meningiomas with minimal toxicity.25 There
is a single report of a patient treated with a somatostatin
analogue for a suprasellar hemangiopericytoma, initially
thought to be meningioma, with a partial response.26,27

More recently, a prospective pilot study of 16 patients
treated with a sustained-release somatostatin analogue
Sandostatin LAR, which has the same somatostatin
recepter affinity profile as octreotide, showed several
partial responses and acceptable side effects.28

We conducted a single-arm, open-label phase 2
trial of subcutaneous octreotide in adults with
recurrent or progressive unresectable meningioma or
hemangiopericytoma.

Material and Methods

Eligibility Criteria

Patients aged ≥18 years who had recurrent or progress-
ive biopsy-proven unresectable meningioma or menin-
geal hemangiopericytoma and Eastern Cooperative
Oncology Group (ECOG) performance status of 0, 1,
or 2 were recruited from the outpatient clinic population
at the Mayo Clinic (Rochester, MN) during the period
1992–1998. Radiographically evaluable tumor with
evidence of tumor progression on CT or MRI scan was
required at the time of study enrollment. For patients
with atypical meningioma (WHO grade II), anaplastic
meningioma (WHO grade III), or meningeal hemangio-
pericytoma (WHO grade II or III), the tumor must have
progressed despite prior radiotherapy or the patient was
not a candidate for radiotherapy or gamma knife

radiotherapy. At least 6 weeks must have elapsed since
radiation or previous chemotherapy. Adequate hemato-
logic, renal, and hepatic function were required before
treatment. All patients were evaluated by a radiation
oncologist and a neurosurgeon and were not considered
candidates for additional radiation or surgery. Pregnant
or nursing women were excluded from study enrollment,
as were patients with active infection or coexistent
malignant disease. All patients provided informed
consent. This study was approved by the Mayo Clinic
Institutional Review Board.

Treatment Regimen

The somatostatin analogue octreotide was delivered via
self-administered subcutaneous injection. The dose was
150 mg twice per day on day 1, 250 mg twice per day on
day 2, and 500 mg 3 times per day thereafter. If toxicity
occurred with either dose escalation, the dose was
reduced to the preceding level. If a radiographic response
was observed, treatment was continued indefinitely until
disease progression or unacceptable toxicity occurred.
Patients with radiographically stable disease were
treated for at least 6 months or until unacceptable toxicity
was noted. Patients with stable disease could be treated
for .6 months at the discretion of the treating physician.

Subject Evaluation

Patients were evaluated clinically within 3 days after
starting therapy, at 1 month, and then every 3 months
thereafter. Patient compliance with the treatment
regimen was assessed via self-report at each study visit.
Treatment-related toxicities were graded at each evalu-
ation according to the National Cancer Institute
Common Toxicity Criteria, version 1.0. Blood cell
counts and chemistries were performed every 3 months.
MRI and/or CT scan was obtained ≤10 days before
treatment and then every 3 months thereafter. The
primary end point of the study was radiographic response
rate. In patients with bidimensionally measurable
disease, response was graded as complete response if
total disappearance of all tumor was observed, partial
response if the product of the perpendicular diameters
of contrast enhancement decreased by ≥50%, pro-
gression when a ≥25% increase in the product of the per-
pendicular diameters of the contrast-enhancing tumor
was seen, and stable in all other cases. In subjects with
radiographically evaluable but not bidimensionally mea-
surable disease, total disappearance of all tumor was con-
sidered complete response, unequivocal reduction in
disease burden was termed regression, unequivocal
increase in disease burden was considered progression,
and all other situations constituted stable disease.
Supplementary response end points included
progression-free survival and overall survival.

Statistical Analysis

This trial had a 1-stage phase 2 design with target
accrual of 14 patients to provide 85% power to detect
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a 30% response rate using a .05-level binomial test of the
null hypothesis that the true response rate was 5%.
However, because of slow accrual, the study was
stopped after only 12 patients had been enrolled.
Kaplan-Meier curves were generated for progression-
free survival and overall survival.

Pathology

Standard hematoxylin and eoisin–stained meningioma
and meningeal hemangiopericytoma tumor specimens
were reviewed and graded by experienced Mayo Clinic
neuropathologists to confirm the diagnosis before
study enrollment. Pathology slides of patients who
underwent tumor resection outside of the Mayo Clinic
were returned to the performing institution after review.

Tumor expression of somatostatin receptor sstr2a
was evaluated by immunohistochemistry in all patients
who underwent meningioma resection at Mayo Clinic.
Five-micron sections were cut from the formalin-fixed
paraffin-embedded tumor blocks. Pancreas sections
were used as controls, given the presence of sstr2 in pan-
creatic islet b cells. Slides were dried for 30 min at 608C
and placed into 3 changes of xylene for 5 min each to
remove paraffin. Slides were immersed in 3 changes of
100% ethanol and 1 change of 95% ethanol and room
temperature tap water to rinse for 5 min. Slides were
immersed in a steam bath of Diva Decloaker 10× anti-
body retrieval solution (Biocare Medical) at 908C for
20 min, then removed and allowed to rise to room temp-
erature, followed by a tap water rinse. Slides were placed
into Wash Buffer (DAKO) for 5 min then immersed into
3% hydrogen peroxide for 5 min, followed by an
additional Wash Buffer rinse. A DAKO IHC instrument
was used, and slides were treated sequentially with
Non-Serum Blocking Solution (DAKO) for 5 min,
somatostatin receptor 2a-specific antibody (Novus
Biologicals) at 1:2500 for 60 min room temperature,
labeled polymer-HRP anti-rabbit (DAKO #K4011) for
30 min, Chromogen–DAB+ (DAKO K4007 and

K4011) for 5 min, and hematoxylin-3 (Lerner
#1931433) for 30 s. Water rinses were performed
between steps. Slides were then dehydrated in 1-change
95% ethanol, 3 changes 100% ethanol, and 3 changes
xylene before mounting. Immunostained sections were
examined with light microscopy by a study pathologist
(C.G.) blinded to the patient clinical history and
graded as described by Barresi et al.29 In brief, the
immunostaining intensity was graded as 0 (negative),
1 (weak), 2 (moderate), or 3 (strong). The area of
staining positivity, which was recorded as a percentage
of positive cells, was graded as follows: 0 (,5%),
1 (5%–25%), 2 (26%–50%), 3 (51%–75%), and 4
(76%–100%). Slides were stained and analyzed as a
single batch to minimize technical variation.

Results

Twelve patients were enrolled in the study during the
period from May 1992 through March 1998. All
patients were eligible and could be evaluated for
response and toxicity. No patients left the study for
reasons other than disease progression or loss to
follow-up. Table 1 lists the clinical characteristics of
the 12 patients. All patients had assessable disease.
The histologic diagnosis was meningioma (WHO
grade I) in 3 patients, clear cell meningioma (WHO
grade II) in 1, atypical meningioma (WHO grade II) in
2, anaplastic meningioma (WHO grade III) in 5, and
meningeal hemangiopericytoma (WHO grade III) in
1. All patients except 2 had undergone prior radiation
therapy; 1 of these patients had radiation-induced
WHO grade II meningioma and could not receive
more therapy to the region, and the other had WHO
grade I meningioma. Three patients had undergone
prior chemotherapy or hormonal therapy. Six had mul-
tiple tumors, including 1 patient with histologic confir-
mation of lung metastases from an anaplastic
meningioma.

Table 1. Clinical characteristics and response of patients treated with octreotide.

Patient Age,
years

Sex Histological finding Prior therapy Best
response

Time to
progression, days

sstr2A
IS

sstr2A
ASP

1 53 F Meningioma Surgery Stable 194 3 4

2 38 M Atypical meningioma Surgery Stable ≥6700 3 4

3 43 M Meningioma Surgery, XRT Stable 125 2–3 4

4 64 M Atypical meningoma Surgery, XRT Stable 118

5 38 M Hemangiopericytoma Surgery, XRT Stable 196

6 36 F Meningoma Surgery, XRT Stable 93 1–2 4

7 48 M Anaplastic meningioma Surgery, XRT Progression 33 . . . . . .

8 59 M Anaplastic meningoma Surgery, XRT, BCNU Progression 31 . . . . . .

9 52 F Anaplastic meningioma Surgery, XRT Progression 22 2–3 4

10 65 M Anaplastic meningoma Surgery, XRT, tamoxifen Stable 939 . . . . . .

11 56 M Anaplastic meningioma Surgery, XRT Stable 45 . . . . . .

12 35 M Clear cell meningioma Surgery, XRT, hydroxyurea Stable 134 2 4

ASP indicates area of staining positivity; BCNU indicates 1,3-bis(2-choroethyl)-1-nitrosourea; IS indicates intensity of staining; XRT
indicates radiotherapy.

Johnson et al.: Phase II trial of octreotide for recurrent meningioma

532 NEURO-ONCOLOGY † M A Y 2 0 1 1



Best response data are listed in Table 1. No radiographic
or clinical responses were observed; thus, the binomial
exact 95% confidence interval for the response rate was
0%–26.5%. Nine patients had stable disease, ranging
from 45 days to .18 years in duration; the median stable
disease duration was 19 weeks. Only 2 patients had
stable disease for .1 year. The 1 remaining patient with
stable disease has an atypical meningioma. No patient
had improvement in any clinical symptoms or signs.

To date, disease has progressed in 11 of the
12 patients. Three patients had progressive disease at
first evaluation. All 3 had anaplastic meningioma. The
median time to progression for all patients was
17 weeks. The duration of survival from the start of
therapy ranged from 22 days to 9.4 years, with a
median survival duration of 2.7 years. At the time of
this report, 1 of 12 patients is alive at .18 years,
whereas 11 have died. Kaplan-Meier plots of time to
progression and survival are displayed in Figure 1. Of
the 11 patients who died, 3 had progressive disease
and 8 had stable disease as a best response. The single
patient who remains progression-free has WHO grade
II meningioma, which is believed to have been induced
by radiation after treatment for a pituitary adenoma.
The meningioma was initially treated with gross total
resection, with recurrent disease occurring ,2 years
later, prompting trial enrollment.

In general, therapy with octreotide was well toler-
ated. Ten of 12 patients achieved the target dose of
500 mg 3 times per day. Two patients were treated at
150 mg twice per day because of diarrhea. The most
common toxicity was diarrhea, which was mild (grade
1) in 4 patients and moderate (grade 2) in 4. Mild anor-
exia or nausea developed in 4 patients. A mild elevation
of liver function test values occurred in 1 patient. One
patient developed extra-hepatic cholangiocarcinoma,
which was likely unrelated to octreotide therapy. No
neurologic toxicity was observed. No patient had to dis-
continue therapy because of toxicity.

As an exploratory analysis, somatostatin receptor 2a
(sstr2a) staining was performed on the 6 patients who
received an operation for meningioma at Mayo Clinic.
One patient had WHO grade I meningioma, 4 had aty-
pical meningioma (WHO grade II), and 1 patient had
an anaplastic meningioma (WHO grade III). All
6 patients showed sstr2a expression in .75% of
tumor cells in the sample examined. Two of the 6
patients had strong sstr2a expression throughout the
tumor tissue; 2 patients had heterogenous staining,
with a mixture of strong and moderate expression; and
2 patients had a mixture of areas of moderate and
weak expression. Examples of weak, moderate, and
strong staining intensity are displayed in Figure 2. No
correlation between strength of sstr2a staining and dur-
ation of progression-free survival was seen.

Discussion

Inoperable recurrent or progressive meningioma is a sig-
nificant clinical problem. No chemotherapy options

offer proven benefit when surgical and radiation
options have been exhausted. This prospective trial
showed no evidence of meningioma regression in
response to subcutaneous octreotide therapy, in contrast
to case reports and series25–27 and the only other pub-
lished trial of a somatostatin analogue for recurrent
meningioma, which reported a 31% response rate.28 In
our trial, 2 patients experienced prolonged stability of
disease, including ongoing response more than
18 years after study entry in a patient with recurrent
atypical meningioma refractory to other treatments.
Although radiation-induced meningiomas are often bio-
logically aggressive, it is possible that this tumor would
also have behaved favorably in the absence of octreotide
therapy. Although the median survival time in this trial
was .2 years, many previous trials have reported
median survival times of well under 1 year.10–12 This
difference is likely due to differences in case mixture
rather than the efficacy of octreotide.

Strengths of this clinical trial include prospective
design, frequent clinical and radiographic evaluation,
and uniform use of response criteria. This trial also has
several limitations. First, our patient population con-
sisted primarily of patients with aggressive tumors and,
therefore, may not reflect the general population of
patients with recurrent unresectable meningiomas.
Second, our patient population size is small, limiting
the statistical power of the study. In addition, no
formal phase 1 dose-escalation study of octreotide has
been performed in patients with meningioma. Instead,
a dose known to be biologically active against other
tumor types (eg, carcinoid tumors) was chosen.18,19

The total dose of 1500 mg/day used in this trial is
higher than the usual effective dose in these other
tumors, and this dose was reported to be effective
against meningioma in previous case reports and case
series.25–27 However, we cannot exclude the possibility
that use of a higher dose would have led to prolonged
survival or clinical response.

At the time this study was designed, octreotide scintil-
lography scanning had been described elsewhere,21,23,30

but the technique was not yet in widespread clinical prac-
tice. Thus, patients were enrolled without pretreatment
confirmation of the presence of somatostatin receptors
in their tumors. It is possible that, by chance, our popu-
lation contained a large proportion of patients without
somatostatin receptor expression in their tumors and
who were thus unable to benefit from treatment. To retro-
spectively determine the level and pattern of sstr2a
expression in our patient population, immunostaining
with a commercially available sstr2a stain was performed
on all available tumor specimens. In each of the 6 cases,
widespread somatostatin expression was seen, and in 4
of the 6 patients, the intensity of expression was entirely
strong (2 patients) or a mixture of strong and moderate
(2 patients). Thus, it is unlikely that our negative result
was simply due to lack of receptor expression.

Our study did not demonstrate a significant benefit of
somatostatin analogue treatment for patients with recur-
rent meningiomas and meningeal hemangiopericytomas.
Although 9 patients had some period of stable disease,
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the median time to progression was short, and only
2 patients had stable disease for .6 months during treat-
ment. Although these results do not exclude the possibility
of a beneficial effect of octreotide on recurrent menin-
gioma, given the inconvenience of 3-times-daily octreotide
injection and the high radiographic tumor response rate
reported in response to the long-acting somatostatin ana-
logue Sandostatin LAR,27 there is little rationale for
further study of octreotide in this setting. Two ongoing
clinical trials are continuing to examine the role of somato-
statin-analogue therapy in recurrent meningioma. One
study (ClinicalTrials.gov identifier: NCT00813592),
which is no longer enrolling patients, utilizes twice-daily
pasireotide (SOM230), a somatostatin analogue engin-
eered to bind to somatostatin receptors 1, 2, 3, and

5. The second study (ClinicalTrials.gov identifier:
NCT00859040), which is currently enrolling patients,
uses monthly injections of pasireotide LAR (SOM230c),
a long-acting analogue with the same somatostatin recep-
tor specificity as standard pasireotide. These studies, when
complete, will provide further insight into the utility of
somatostatin analogue therapy in meningioma.
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Fig. 2. Somatostatin receptor immunostaining at 400× magnification. (A) Weak. (B) Moderate. (C) Strong.

Fig. 1. Kaplan-Meier plot of time to progression and overall survival.
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