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Abstract. The somatostatin analoguéljn-DTPA-D- be visualized bylin-DTPA-p-Phé]-octreotide scintig-
Phé]-octreotide {1Yn-octreotide) allows scintigraphic raphy. This technique can be valuable in the differentia-
visualization of somatostatin receptor-expressing tissudion between meningiomas and pituitary adenomas,
While it is well known that a large variety of tissues ex-based on qualitative tracer uptakdlip-DTPA-D-Phé]-
press somatostatin receptors ahth-octreotide scintig- octreotide scintigraphy allows differentiation between
raphy has a clearly defined role in various neuroendomeningiomas and neurinomas or neurofibromas and
crine diseases, the clinical valueldfin-octreotide scin- therefore provides complementary information to com-
tigraphy in brain tumours is still under clinical investiga- puted tomography or magnetic resonance imaging. Fur-
tion. In 124 patients with 141 brain lesions (63 meningi-thermore, this technique allows differentiation between
omas, 24 pituitary adenomas, 10 gliomas WHO class $car tissue and recurrent meningiomas postoperatively
and 11, 12 gliomas WHO class Ill and 1V, 11 neurinomasand can help in non-invasive tumour differentiation of
and 2 neurofibromas, 7 metastases and 12 other varigtiultiple intracranial lesions, which can be of value in
ies: three non-Hodgkin B-cell lymphomas, two epi-defining the most adequate therapeutic strategy.
dermoids, one abscess, one angioleiomyoma, one chor-

doma, one haemangiopericytoma, one osteosarcomkgy words: Somatostatin receptor scintigraphy — Indi-
one plasmacytoma and one pseudocystn-octreotide  um-111 octreotide scintigraphy — Brain tumours
scintigraphy was performed 4—6 and 24 h after i.v. injec-

tion of 110-220 MBd1lin-octreotide. Planar images of Eur J Nucl Med (1998) 25:675-686

the head in four views with a 128x128 matrix and sin-

gle-photon emission tomographic images (64x64 ma-
trix) were acquired, and lesions were graded according

to qualitative tracer uptake. Fifty-nine of the 63 meningi-|ntroduction

omas showed moderate to intense tracer uptake. Nine of

24 pituitary adenomas were visible; the remaining 15 didsomatostatin is a widely distributed neuroregulatory
not show any tracer uptake. None of the class | and lheptide originally identified in sheep hypothalamus by
gliomas with an intact blood-brain barrier were detecte razeau in 1973 [1] Receptors for somatostatin are pep_
whereas 11/12 class Il and IV gliomas show&lin-  tides located on the cell membrane of various central
octreotide uptake. None of the neurinomas or neurofinervous and peripheral tissues, including tumours of
bromas were positive. Five of seven metastases wekguroendocrine origin and intracranial tumours [2—6]. It
classified as positive, as were the osteosarcoma, two @ now well known that a large variety of tissues express
three non-Hodgkin B-cell lymphomas, one abscess, ongomatostatin receptors such as leptomeninx [7], adeno-
angioleiomyoma, one chordoma and one haemangiopelinas of the anterior pituitary gland [4], glial cells [8], ad-
cytoma. The other varieties (one non-Hodgkin B-cellrenal medulla, paragangliomas, thyroid C cells, Merkel
lymphoma, two epidermoids, one plasmacytoma and onge|is of the skin, pancreatic islet cells, gastrointestinal
pseudocyst) did not showln-octreotide uptake. The endocrine cells, bronchopulmonary tree endocrine cells,
results demonstrate that a large variety of intracranial legctivated lymphocytes and endocrine cells in miscella-
sions express somatostatin receptors and therefore caBous sites [5, 6, 9, 10]. The function of somatostatin is
This study was presented in part at the European Association ¢@ inhibit the release of hormones by binding to plasma
Nuclear Medicine Congress in Glasgow, Scotland, held from 23 tanembrane receptors of hormone-secreting cells [11]. In
27 August 1997Fur J Nucl MedL997; 24:860, abstract 1.5) the central nervous system somatostatin acts as a neuro-
Correspondence td. Scheidhauer, Department of Nuclear Med- transmitter and it inhibits the release of growth hormone,
icine, University of Cologne, Kerpener Strasse 62, D-50924 Koln,adrenocorticotropic  hormone, prolactin and thyroid-
Germany stimulating hormone [9, 12]. Furthermore, somatostatin
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inhibits the release of many intestinal peptides such as Meningiomas as well as pituitary adenomas, although
insulin, glucagon, gastrin, motilin, gastric inhibitory generally benign and non-metastasizing tumours, may
peptide, vasoactive intestinal peptide, secretin, cholecygpose serious problems due to recurrences after primary
tokinin, and gastric releasing peptide [9, 12, 13], and atherapy and local invasiveness in areas such as the clivus
antiproliferative effect on tumours in vitro and in vivo or the cavernous sinus. Despite advances in skull base
has been demonstrated [12]. However, endocrine funcsurgery, treatment of tumours in this area often remains
tions of somatostatin are not known for all tissues [14unsolved [21]. In an attempt to establish different modes
15]. of non-surgical treatment the concept of hormonal treat-
As somatostatin is rapidly cleared from the blood, dement of meningiomas was suggested [22, 23]. In cases
velopment of long-acting somatostatin analogues likeof pituitary adenoma, unlabelled octreotide is used to re-
octreotide and the availability of radiolabelling with io- duce hormone production and to control tumour growth
dine-123 or indium-111 made the in vivo detection ofin acromegaly [4, 24, 25]. Reubi et al. demonstrated that
somatostatin receptors possible [16—18]. The somatostéhe presence of somatostatin receptors in gliomas is cor-
tin analogue iIn-DTPA-D-Phéd]-octreotide {1ln-oct-  related to tumour classification as in their studies low-
reotide) allows scintigraphic visualization of somatosta-grade malignant gliomas (WHO classes | and Il) ex-
tin receptor expressing tissue [18-20]. The advantage qifressed somatostatin receptors while gliomas of higher
11n-octreotide over another radiolabelled somatostatilgrade (WHO classes Il and V) did not have measurable
analogue 123-Tyr3]-octreotide lies in the major renal contents of them [5, 6, 8, 9, 14]. However, these results
clearance, a markedly lower accumulation of radioactivicould not be confirmed unanimously [26]. Knowledge of
ty in the hepatobiliary system and a lower backgroundhe receptor status and function of cerebral lesions could
activity. The more favourable metabolic behaviour ofprovide new insights into tumour biology and reaction of
[111Un-DTPA-D-Phé]-octreotide in comparison td-%l- different brain tumour entities, and thus might provide
Tyr3]-octreotide results in better visualization of somato-predictive or palliative input into therapeutic approaches.
statin receptors [17, 19]. Previous clinical studies hava herefore, the purpose of the present study was to define
demonstrated the usefulness of this scintigraphic tecHurther the clinical value of somatostatin receptor scin-
nigue in a number of patients with various cerebral letigraphy usingtlin-octrotide in the diagnostic work-up
sions [12]. of patients suffering from various intracranial tumours.

Fig. 1a—d.Planar views illustrating the grading
system: No &), faint (b), moderated) and in-
tense ¢) tracer uptake. Views are grouped R ant
L (upper lef}, R lat Gpper righ), L post R [ow-

er leff), and L lat ower righ?)
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Materials and methods Grade 0: no tracer uptake, non-visualization of tumour activity
Grade I: faint tracer uptake similar to the uptake of the skull

From 1992 to 1996 124 patients [54 men, 70 women, mean ag@rade Il: moderate tracer uptake with good visualization of the tu-
49.5+15.9 years (range 5-75 years)] with a total of 141 newly difnour; uptake slightly above skull uptake

agnosed, residual or recurrent intracranial tumours were includeffrade lll: intense tracer uptake; uptake clearly above skull uptake
in this study. All tumours were documented by contrast enhance¥ith the lesion dominating the image

computed tomography (CT) or magnetic resonance imaging All tumours were evaluated histologically and classified ac-
(MRI). In patients with a pituitary adenoma, growth hormone, cording to the WHO classification. In 62 of 63 meningiomas, in
prolactin, luteinizing hormone and follicle-stimulating hormone al| pituitary adenomas, in all gliomas/glioblastomas, in all ne-
were measured, but subunits were not measured and no further aftinomas and neurofibromas and in all metastases, tumour vol-
docrine tests were performed routinely. All patients gave their inumes were calculated by using the ellipsoid equatigBraxbxc.
formed consent prior to scintigraphic imaging and the study wasor 176 the value 0.5 was taken aagdb andc were the diameters

approved by the local ethics committee. of the ellipsoid. This method was applied for tumours with a
~ For somatostatin receptor scintigraphyin labelled octreo-  round to oval growth pattern, otherwise the area of the tumour in
tide, a DTPA-bearing analogue of somatostatidlifi-DTPA-D- each slice was measured and the tumour volume was calculated as

Phé]-octreotide; Octreo Scan 111, Mallinckrodt Diagnostica, Pet-the sum of the areas multiplied by the slice thickness [29-31]. A
ten, The Netherlands), was injected intravenously at a dose ®ruskal-Wallis test was performed for analysis of tumour volume
110-220 MBq (3-6 mCi). Gamma camera images of the heagersus grade of tracer uptake.

were performed 4-6 and 24 h post injection. Planar (128x128 ma-

trix, 4 views) as well as single photon emisson computed tomog-

raphy (SPECT) images (64x64 matrix) were acquired with a Iargepesul,[S

field of view gamma camera equipped with a medium-energy par-

allel-hole collimator. Energy peaks were set to 173 keV and . .
247 keV with a 20% window. Data from both windows were add-In 117 of the 124 patients both planar and SPET images

ed to the acquisition frames. Acquisition parameters for planalere obtained. ngen patients did not undergo SPET. In
images were 5 min per planar view, and 64 projections at 30 s foP0 of the 124 patients images were taken 4-6 and 24 h
the SPET studies. SPET images were reconstructed by filtere@ost injection while 34 patients had images at 4—6 h post
backprojection using a Shepp-Logan filter. Reconstructed slicénjection only. The histological classification (according
thickness was 6.4 mm. to the WHO classification) of the 141 tumours revealed
A qualitative four-step grading system was employed to deg3 meningiomas, 24 pituitary adenomas (14 hormonally
scribe octreotide uptake, as has been used previously [27]. Q“?'iihactive, 8 growth hormone-secreting and 2 prolactin-se-

tative evaluation of the lesions was performed by visual compan-Creting pituitary adenomas), 10 gliomas of WHO class |

son of tumour uptakg Wlt|.’1 uptake in the skull [28]. Grades wereOr II, 12 gliomas of WHO class Iil or IV, 11 neurinomas
defined as follows (Fig. 1): ) .
and 2 neurofibromas, 7 metastases and 12 other lesions
(three non-Hodgkin B-cell lymphomas, two epidermo-
ids, one abscess, one angioleiomyoma, one chordoma,

one haemangiopericytoma, one osteosarcoma, one plas-

Table 1. Number of brain tumours classi-

fied with regard to qualitative tracer upti.ke No. Grade 0 Gradel Gradell Grade lll
Meningiomas 63 0 4 22 37
Pituitary adenomas 24 15 6 3 0

hormonally inactive 14 8 5 1 0

growth hormone secreting 8 6 1 1 0

prolactin secreting 2 1 0 1 0
Gliomas WHO /Il 10 10 0 0 0
Gliomas WHO I1l/IV 12 1 5 5 1
Neurinomas 11 11 0 0 0
Neurofibromas 2 2 0 0 0
Metastases 7 2 4 1 0
Abscess 1 0 1 0 0
Angioleiomyoma 1 0 1 0 0
B-cell NHL 3 1 0 2 0
Chordoma 1 0 1 0 0
Epidermoid 2 2 0 0 0
Haemangiopericytoma 1 0 1 0 0
Plasmacytoma 1 1 0 0 0
Pseudocyst 1 1 0 0 0
Osteosarcoma 1 0 0 0 1

NHL, non-Hodgkin’s lymphom::
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100 104182 mi (n=37; 59%) positive. Three meningiomas with tumour
90 volumes between 3 and 9 ml had only grade | uptake,
80 ° the fourth meningioma with grade | uptake had a very
70 flat growth pattern so that no exact tumour volume could
60 be calculated. One small skull base lesion with a tumour

50 volume of 3 ml was only detected in the SPET images.

Depending on location and receptor status, even small

40

Tumour volume [ml]

2 srEaAm tumours with volumes of 5 ml demonstrated intense
20 srrzsml o tracer uptake. Somatostatin receptor-expressing tumour
10 ; 4':; ceditdoce tissue could be visualized in uni- as well as multifocal
0 5 . . T amac et disease, in intraosseous and in intraorbital lesions. Fig. 2
n=0 n=3 n=22 n=37 tracer uptake shows the distribution of meningioma volumes versus

Fig. 2. Meningioma volumes in relation to qualitative grading of qualitative tracer uptake. Although there is a significant
tumour uptake (grade O to grade Ill) in 62/63 meningioma pal€lationship between tumour volume and grade of tracer
tients. Tumour volume could not be calculated in one meningiomaiptake with higher uptake grade in larger tumours, there
patient because of flat tumour growth.number of patients. Val- is considerable overlap between the groups (Kruskal-
ues above the dots are mean tumour volumes + standard de viatiop/allis test:P value =0.0003).

macytoma and one pseudocyst). Of 141 newly diag-

nosed, residual or recurrent intracranial tumours 94 ituitary adenomas

showed grade | or higher tracer uptake. Forty-seven tu-

mours did not demonstrate tracer uptake and were clasdtfteen of 24 pituitary adenomas did not show any tracer
fied as grade 0. Table 1 gives the results of tracer uptakeptake and 6 of 24 pituitary adenomas were faintly visi-
ble, i.e. grade | positive. Three pituitary adenomas with
volumes of 10, 12 and 50 ml were moderately positive

Meningiomas (grade II). None of the pituitary adenomas showed grade

All meningiomas showed focal tracer uptake=§3/63; Il tracer uptake. In general, tracer uptake was lower
sensitivity: 100%). In most meningiomas tracer uptakecompared with meningiomas. Table 2 contains data for
was classified as grade |Ih£22; 35%) or grade Ill pituitary tumour volume, hormonal activity, tumour
Table 2. Pituitary adenomss .

Patient initials, Tumour Hormonal  Growth Uptake

gender, age volume (ml)  status grade

EN, female, 65 8 Inactive Intra + suprasellar 0

CZ, female, 66 8 Inactive Intra + suprasellar 0

KH, male, 57 9 Inactive Intra + para + suprasellar 0

KK, male, 61 10 Inactive Intra + parasellar 0

MS, male, 32 10 Inactive Intra + para + suprasellar 0

HC, male, 69 12 Inactive Intra + suprasellar 0

JJ, female, 63 12 Inactive Intra + parasellar 0

CT, female, 44 12 Inactive Intra + para + suprasellar 0

UB, male, 59 8 Inactive Intra + parasellar |

LH, female, 75 8 Inactive Intra + para + suprasellar |

CS, female, 66 9 Inactive Intra + suprasellar |

EK, female, 45 14 Inactive Intra + suprasellar |

GD, female, 43 18 Inactive Intra + para + suprasellar |

LL, female, 24 10 Inactive Intra + para + suprasellar Il

FG, female, 25 2 GH Intrasellar 0

CK, female, 28 4 GH Intra + para + suprasellar 0

HB, male, 52 6 GH Intra + suprasellar 0

KH, male, 29 6 GH Intra + parasellar 0

NF, male, 33 10 GH Intra + parasellar 0

DS, male, 31 12 GH Intra + para + suprasellar 0

EM, female, 72 12 GH Intra + para + suprasellar |

HR, male, 45 12 GH Intra + para + suprasellar Il

NQ, female, 23 2 PRL Intrasellar 0

GS, male, 66 50 PRL Intra + para + suprasellar Il

GH, Growth hormone secreting; PRL, prolactin secreting
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100 least grade Il positive. Due to the spatial resolution of
% the gamma camera, differentiation between tumour and
= 80 non-tumour tissue of the pituitary gland was not possi-
g ble. Fig. 3 gives the distribution of pituitary adenoma
3 60 24.0+184 volumes versus qualitative tracer uptake. Although there
= 50 e is a borderline relationship between tumour volume and
£ 40 grade of tracer uptake, with higher uptake grade in larger
T 30 esasmt 0 tumours there is overlap between the groups (Kruskal-
2 T . Wallis test:P value =0.0736).
10 W ol 4 Tables 1 and 2 include the results of endocrine activi-
0 ('fo = . i o Gradeor ties of the pituitary adenomas studied. Of 24 pituitary
n=15 n=6 n=3 n=0 traceruptake adenomas, 14 were hormonally inactive, eight secreted

Fig. 3. Pituitary adenoma volumes in relation to qualitative grad-growth hormone and two secreted prolactin. Along the
ing of tumour uptake (grade O to grade Ill) in all 24 pituitary ade-14 hormonally inactive pituitary adenomas, eight did not
noma patientsn, number of patients. Values above the dots areshow tracer uptake and five had grade | tracer uptake.
mean tumour volumes * standard deviation. Different symbols reQne hormonally inactive pituitary adenoma exhibited
f_er to endoqrine status as followsolid circ_les hormonally inac- grade Il tracer uptake. Of the eight growth hormone-se-
tive; open circles growth hormone secretingpen squarespro-  creting pituitary adenomas, six did not demonstrate trac-
lactin secretin ;
er uptake, while one had grade | and the other grade Il
uptake. One prolactinoma did not demonstrate tracer up-
growth and tracer uptake. The pituitary adenomas witliake and one large prolactinoma showed grade Il tracer
intrasellar tumour growth did not demonstrate tracer upuptake. Thus, a relationship between tracer uptake and
take. All tumours with grade | or Il uptake had intra- andendocrine activity was not found.
extrasellar (i.e. para- and/or suprasellar) tumour growth.
However, there were 13 intra- and extrasellarly growing
pituitary adenomas without octreotide uptake. There wa&liomas
overlap between pituitary adenomas and meningiomas in
grade | positive tumours, so that in the case of faint tracfwenty-two patients with gliomas were examined. Ten
er uptake tumour differentiation between meningiomagliomas were histologically classified as WHO class | or
and pituitary adenomas may be difficult. However, allll and 12 as WHO class IIl or IV. None of the low-grade
meningiomas with tumour volumes above 10 ml were amalignant gliomasn=10, WHO class | or II) with an in-

Meningioma; female, 62 ys

R AntL R Lat

t o

B
Fig. 4. Sixty-two year old woman
L4 with a meningioma in the right pa-
= rietal region with intense tracer up-
L Post R L Lat SPECT  take
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Pituitary adenoma;
male, 57 ys

R AntL R Lat

Fig. 5. Fifty-seven year old man
with a hormonally inactive pituita-
ry adenoma showing no tracer up-

L PostR L Lat v a
Glioma WHO II;
male, 42 ys
RAntL R Lat
n'i. I Fig. 6. Forty-two year old man
¢ . with an astrocytoma of the Ieft_
L PostR Llat  SPECT e o

tact blood-brain barrier were detected, and the gliomaseptor scintigraphy. DTPA studies in the glioma patients
were classified with regard to tracer uptake as grade Qvere not performed routinely. Eleven of 12 high-grade
The integrity of the blood-brain barrier in low-grade malignant gliomas/glioblastomas (WHO class Il or V)

gliomas was defined by lack of contrast enhancement oshowed focal uptake of the radiopharmaceutical. With
the CT or MRI scans performed prior to somatostatin reregard to tracer uptake, five high-grade malignant glio-
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Glioma WHO III
male, 43 ys

RAntL

Fig. 7. Forty-three year old man with a
glioma of WHO class Il demonstrating
faint tracer uptake on planar images.
SPET delineated the tumour extent
much better than did the planar views

mas were classified as grade | and five as grade Il poswere grade Il positive. The abscess, the angioleiomyo-
tive. One large glioblastoma demonstrated intense tracena, the chordoma and the haemangiopericytoma were
uptake (grade 1ll) and one glioma of WHO class III with classified as grade | positive. The two epidermoids and
a tumour volume of 5 ml was not detected (grade O)the pseudocyst, one of the three non-Hodgkin B-cell
Two patients with glioblastomas of WHO class IV werelymphomas and the plasmacytoma did not sitin-
additionally investigated with DTPA. In these two pa- octreotide uptake (grade 0).
tients DTPA imaging confirmed disruption of the blood-
brain barrier.

Imaging and radiopharmaceutical aspects

Neurinomas and neurofibromas Visual comparison of early (4—6 h) with late (24 h) im-
ages showed a higher tumour to background uptake in

Irrespective of tumour volume (2—40 ml), none of the 11the 24-h images than in the early images. Although pla-

neurinomas and neither of the two neurofibromasar images were usually diagnostic, comparison with

showed any tracer uptake and were therefore classifiesther imaging modalities such as CT or MRl was much

as grade 0. easier with SPET studies because tumour extent could
be better delineated in relation to adjacent structures,
and tumour differentiation was much easier in patients

Metastases and other tumours with multifocal disease. SPET was especially helpful for
small tumours located at the skull base and detected ad-

Of seven metastases (three bronchial adenocarcinomatlitional lesions at the skull base which were not seen on

two adenocarcinomas of unknown origin and two breasplanar images. No side-effects were noted during or after

carcinomas), two did not show any tracer uptake. Fouadministration of1lin-octreotide.

patients with metastases (three bronchial carcinomas and

one breast carcinoma) showed grade | tracer uptake,

while one breast carcinoma metastasis of 18 ml waBiscussion

classified as grade Il positive. The other metastases with

grade 0 or grade | uptake had tumour volumes betweelm the diagnostic work-up of patients with intracranial

10 and 38 ml. Among the remaining tumours the osteotumours, contrast-enhanced imaging techniques such as

sarcoma showed very intense tracer uptake (grade T and MRI have a pivotal role in defining the location

and two of the three non-Hodgkin B-cell lymphomasand extent of tumour manifestation. Although a pre-
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Table 3. Brain tumours detected by somatostatin receptor scintigraphy in relation to the total number of examined tumours in published i

vivo studies in man

Author, year, reference Patients Meningiomas Pituitary Gliomas Other brain
adenomas tumours
Bohuslavizki et al., 1996 [46] 58 44 /53 NE NE 0/5
de Bruin et al., 1992 [52] 7 NE 6/7 NE NE
Faglia et al., 1991 [38] 14 NE 5/14 NE NE
Haldemann et al., 1995 [28] 60 717 NE 6/11 1/4
Hildebrandt et al., 1994 [21] 22 22122 NE NE NE
Krenning et al., 1989 [16],1993 [43] 48 141714 21/28 4/6 NE
Lamberts et al., 1991 [12] 31 11/11 12/14 4/6 NE
Lee et al., 1995 [27] 8 NE NE 4/4 4/4
Luyken et al., 1993 [45],1994 [26] 60 36 /36 8/18 12719 4/6
Maini et al., 1993 [53 12 10/10 NE NE 0/2
Olsen et al., 1995 [54] 30 DNA 24130 DNA DNA
Scheidhauer et al., 1993 [55] 45 20/20 6/12 7112 1/1
Ur et al., 1992 [39] 15 NE 12 /15 NE NE
Verhoeff et al., 1993 [56] 1 NE 1/1 NE NE
Present study 124 63/63 9/24 11/22 12/32

NE, Not examined; DNA, data not availacle

sumptive diagnosis can often be made on the basis of Gdemonstrating a high density of somatostatin receptors
and MRI images, the histological diagnosis can only ben meningiomas by in vitro binding assays and autoradi-
made postoperatively. In the case of suspected residuagraphy [8, 36]. Our data demonstrate that tracer uptake
or recurrent tumour it can be very difficult to distinguishis correlated to tumour volume. However, even small
viable tumour from scar tissue by CT or MRI [32]. Thus, meningiomas may demonstrate uptake values from grade
various scintigraphic imaging techniques have been ink to grade Ill, and considerable overlap exists between
vestigated in an attempt to provide complementary inforgroups. Our findings are consistent with previous studies
mation to CT and MRI, to establish a histological diag-demonstrating that receptor density can vary greatly
nosis non-invasively prior to operation, to distinguishamong meningiomas [36]. An excellent correlation has
between residual or recurrent viable tumour and scar tidseen demonstrated between the results of somatostatin
sue [33, 34] and to estimate treatment response in theceptor scintigraphy and in vitro somatostatin receptor
post-surgical and post-radiation/chemotherapy evaluaautoradiography showing positive somatostatin receptor
tion [33]. Somatostatin receptor scintigraphy is one im-expression in vivo and in vitro [28]. When comparing
portant imaging technique in this scenario; however, soguantitative in vitro somatostatin receptor expression
matostatin receptor scintigraphy can only demonstratand in vivo tumour to background ratios, it was possible
somatostatin receptor positive intracranial lesions if theao demonstrate a high linear correlatiorrQ.97) be-
blood-brain barrier is disrupted [28]. Table 3 gives atween the intensity of the scintigraphic signal and the so-
brief overview of the literature that has been publishednatostatin receptor density in seven meningioma pa-
concerning somatostatin receptor imaging and brain tutients [28].
mours. Meningiomas usually occur throughout the cranial
cavity. Their location along dural planes and their lobu-
lated, sharply demarcated contours are usually diagnos-
Somatostatin receptor scintigraphy and meningiomas tic on CT or MRI [35]. However, the enhancement pat-
tern on MRI studies does not allow the histological dis-
Somatostatin receptor scintigraphy does not reveal intinction in the case of some skull base lesions. Thus, due
creased tracer uptake by the normal leptomeninx, ako the high receptor density of meningiom&sin-oct-
though the latter contains somatostatin receptors, a®otide scintigraphy can be helpful in the differential di-
proven in vitro [3, 7]. Meningiomas originate from the agnosis of receptor-negative tumours, e.g. optic nerve
arachnoid layer of the leptomeninx [35] and usuallygliomas and acoustic neurinomas. It may aid in the dif-
have a high somatostatin receptor density [36]. Théderentiation between postoperative scar and meningioma
function of these somatostatin receptors, however, is naecurrence or between acoustic neurinomas and multiple
yet clear [23, 37]. Irrespective of meningioma location,meningiomas, as well as in cases of multiple lesions in
in 59 of 63 patients a moderate to high uptakéldh- neurofiboromatosis. Detection of a receptor-negative tu-
octreotide was found, indicating a high density of so-mour in the area of the tuberculum sellae makes a men-
matostatin receptors. Only four patients had faint traceingioma highly unlikely. The high tumour uptake seen in
uptake. These data are consistent with in vitro datasomatostatin receptor imaging in most meningiomas
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may be of clinical relevance for exact tumour delineatiortected on 42 of 43 growth hormone-secreting pituitary
in cases of tumour recurrence. tumours, indicating that one growth hormone-secreting
It has been maintained that somatostatin receptagpituitary tumour did not express somatostatin receptors
scintigraphy alone may not be able to distinguish befl12]; (6) partial volume effects especially in small le-
tween meningiomas with relatively low somatostatin re-sions. However, in vitro receptor studies were not per-
ceptor density and other CNS tumours with a disruptedormed with the pituitary adenoma tissue of our patients.
blood-brain barrier. Thus, Haldemann et al. suggested km our study even para- and suprasellarly extending pitu-
somatostatin receptor to brain scintigraphy index byitary adenomas had no or faint tracer uptake, indicating
combined somatostatin receptor a&dTc-DTPA scin-  that somatostatin receptor scintigraphy can be helpful
tigraphy which might allow differentiation of meningio- for noninvasive tumour differentiation in the pituitary ar-
mas from gliomas [28]. However, it remains question-ea. Although there was overlap between pituitary adeno-
able whether this patient group requires imaging withmas and meningiomas in grade | positive tumours, all
both 1lln-octreotide and®Tc-DTPA. Contrast-en- meningiomas with tumour volumes above 10 ml were at
hanced CT or MR, usually performed prior to scintigra-least grade Il positive. Only three pituitary adenomas of
phy, clearly demonstrates a disrupted blood-brain barri10, 12 and 50 ml had grade Il tracer uptake and would
er, and the need for differential diagnosis of meningiohave been incorrectly classified as meningiomas. Twen-
mas and gliomas is rare. Th8%TTc-DTPA scintigraphy  ty-one pituitary adenomas were correctly identified. Tu-
seems to be unnecessary. mours in the pituitary area with no or faint tracer uptake
are likely to be pituitary adenomas whereas tumours in
the pituitary area with intense tracer uptake are likely to

Somatostatin receptor scintigraphy and pituitary be meningiomas

adenomas

Of the 24 pituitary adenomas investigated only nineS
(38%) had octreotide uptake independent of endocrine
activity: 6/14 (43%) hormonally inactive, 2/8 (25%) Reubi et al. demonstrated that somatostatin receptor ex-
growth hormone-secreting and 1/2 (50%) prolactin-sepression in gliomas seems to be dependent on tumour
creting pituitary adenomas were positive. This is in acdifferentiation [8]. In their histochemical and autoradio-
cordance with in vitro studies which detected somatostagraphic studies, 82% of low-grade malignant gliomas
tin receptors on 6 of 15 (40%) hormonally inactive pitui-(WHO classes | and Il) expressed somatostatin receptors
tary tumours, but in contrast to results in the same papevhile only 2% of high-grade malignant gliomas (WHO
which detected somatostatin receptors on 42 of 43 (98%glasses Ill and V) did so [8, 14]. However, these results
growth hormone-secreting pituitary adenomas using a&ould not be confirmed unanimously as in vitro studies
somatostatin receptor binding assay [12]. In-vivo studiesising a gold ligand technique to look for somatostatin-
yielded very heterogeneous results, with overall sensitivbinding sites on the cell surface did not demonstrate dif-
ities of scintigraphy for pituitary tumours between 36%ferences in the number of binding sites in low-grade and
[38] and 86% [12]. In one study the suprasellarly ex-high-grade malignant gliomas [26]. This may explain
tending tumours of four acromegalic patients investigatwhy the scintigraphic results of our study differ from re-
ed with somatostatin receptor scintigraphy could besults expected on the basis of in vitro tests reported else-
clearly visualized, and inactive pituitary adenomas weravhere [8, 14]. In our study none of the low-grade glio-
positive in six of eight cases (75%) [12]. Ur et al. report-mas presented tracer uptake while 11 out of the 12 high-
ed 12 of 15 (80%) acromegalic patients to display havgrade gliomas were detectable. As shown in combina-
ing uptake ofl23-labelled Typ-octreotide [39]. Using tion with 99"Tc-DTPA scintigraphy in a small number of
[123-Tyr3]-octreotide scintigraphy, Faglia et al. reported patients, glioma visualization is dependent on the dis-
positive scans in three out of three acromegalic patientsyuption of the blood-brain barrier. Gliomas with an intact
in two out of eight (25%) patients with clinically non- blood-brain barrier (WHO class | or Il) did not display
functioning pituitary tumours and in none of three pa-uptake in vivo, while gliomas with a damaged blood-
tients with prolactinomas. Positive scans were observebdrain barrier (WHO class Il or 1V) showed uptake of
only in patients bearing tumours with high-affinity so- the radiopharmaceutical. Lee et al. reported similar find-
matostatin-binding sites [38]. ings [27]. Binding to activated lymphocytes which are
The relatively low sensitivity in our study may be duewithin the oedema surrounding the tumour may be an-
to: (1) different tracers, i.el’in-DTPA-D-Phé]-octreo-  other mechanism oft1ln-octreotide-uptake in high-
tide versus J23-Tyr3]-octreotide; (2) low overall patient grade gliomas [42]. Furthermore, unspecific mechanisms
numbers in all studies; (3) differential expression of so-of tracer accumulation have been discusséHn-oct-
matostatin receptor subtypes [40], as synthetic somataeotide may accumulate in tumours by penetrating the
statin analogues display high affinity only for somatosta-damaged blood-brain barrier, but washout from these tu-
tin receptor subtype 2 [41]; (4) inhomogeneous receptomours is slow. As octreotide is a polar, water-soluble
distribution [12]; (5) lack of receptor expression: aspeptide, it has to be presumed that penetration into tu-
mentioned above, somatostatin receptors have been dmours is only possible with a disrupted blood-brain bar-

omatostatin receptor scintigraphy and gliomas
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rier. This hypothesis is supported by the fact that none dbiagnostic and therapeutic implications
the patients scanned with octreotide for peripheral tu-
mours without brain pathology showed visualization oflllin-octreotide scintigraphy allows non-invasive so-
their CNS [43] despite strong somatostatin receptor exmatostatin receptor imaging in vivo and provides com-
pression in various human CNS regions [44]. Haldemanplementary data to CT or MRI. Somatostatin receptor
et al. were able to demonstrate that tumours with an inscintigraphy can be especially useful in the following
tact blood-brain barrier did not show tracer uptake inclinical settings if CT or MRI provides inconclusive re-
vivo although somatostatin receptor autoradiography irsults [45, 46]:
D e e o Somalostal & eterminton of he extent of meningiomtous tu-
) . : mour manifestation, especially in the case of dural infil-
imens [28]. A further explanation for differeHtlin-oct- .

. _— : tration.
reotide uptake in high-grade gliomas may be the expre

X ) . SZ. Differentiation between scar tissue, necrosis and men-
sion of different subtypes of somatostatin receptors [41]'ingioma recurrence; such recurrence has been estimated

to occur in 19% of cases after surgery [47].

3. Differentiation between meningioma and neurinoma
in the cerebellopontine angle.

4. Differentiation between optic sheet meningioma and
‘optic nerve glioma in the orbit.

Somatostatin receptor scintigraphy and neurinomas

In accordance with the findings of other investigators

neurinomas and neurofibromas did not demonstrate tra%- Differentiation between meningiomas and pituitary
er up'gake,_maklng_llln-oc'greot_lde SC|_nt|graphy a useful .aaenomas if CT and MRI are inconclusive: in the case of
technique in the differential diagnosis between MeNINGon-enhancement in the sellar region a meningioma is
omas and neurinomas. In vitro binding assays demo

Righly unlikely [21, 45]
strated that neurinomas and neurofibromas do not ex: °. N o . . .
press somatostatin receptors [14]. )%. Differentiation in multifocal disease, e.g. differentia-

tion between neurinomas and meningiomas in neurofi-
bromatosis type Il or differentiation between meningio-
mas and metastatic disease: in neurofibromatosis type Il
there is a 20% incidence of simultaneous occurrence of
acoustic neurinomas and multiple meningiomas [48].

Somatostatin receptor scintigraphy in metastases
and other tumours

The results in the group comprising the remaining brain In the case of gliomas, thallium-201 brain SPET is
pathologies confirmed that many intracranial lesions exsuperior to somatostatin receptor imaging in providing
press somatostatin receptors and therefore can be visuabmplementary data to CT and MRI for the identifica-
ized by 11Yn-octreotide scintigraphy. Differential diag- tion of viable tumour [33, 34, 49, 50] and is therefore
nosis between benign and malignant intracranial lesionsuperior to octreotide imaging. Alternatively,-
and differentiation between tumour entities are not pos3[123]iodo-a-methyl tyrosine, with its specific uptake
sible by means of!ln -octreotide scintigraphy alone. mechanism reflecting amino acid transport independent
Besides meningiomas, other tumours with intense traceaf disruption of the blood-brain barrier, may be suitable
uptake do exist, as exemplified by the osteosarcoma irfer the identification of viable glioma tissue [51]. In gen-
vestigated. It is remarkable that an intracranial abscesal, somatostatin receptor scintigraphy does not im-
was scintigraphically positive, which may be explainedprove the management of patients with cerebral tumours
by activated lymphocytes. of glial origin [26]. Thus, somatostatin receptor scintig-
raphy is only helpful in selected patients with brain tu-
mours. There is no rational argument for routine somato-
Imaging and radiopharmaceutical aspects statin receptor scintigraphy in all patients with brain tu-
mours.
In agreement with the findings of other investigators im-
ages obtained after 24 h showed a higher tumour ® onclusion
background ratio than those obtained after 4-6 h [17].
Planar images were usually diagnostic, but the tomoSomatostatin receptor scintigraphy wiin-octreotide
graphic technique (SPET) provided better spatial resoluis a non-invasive means of obtaining additional informa-
tion and anatomical orientation. SPET considerably fation of relevance for therapeutic decisions in patients
cilitated comparison with other tomographic techniqueswith intracranial tumours. However, while a good corre-
especially in the case of small skull base lesions anthtion between imaging results and in vitro somatostatin
multifocal disease; indeed, it seems to be mandatory ireceptor determination has been reported in many pe-
these cases. Furthermore, SPET allows image fusion lijpheral tumours, the situation is different in the central
combination of anatomical information derived from CT nervous system. Only meningiomas — located outside the
or MRI and physiological information derived from blood-brain barrier — usually demonstrate high tracer up-
scintigraphy. take, while intracranial tumours may be out of reach due
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to the blood-brain barrier and therefore may not be de-
tectable by somatostatin receptor scintigraphy. The re-
sults demonstrate that a large variety of intracranial le-

sions can be visualized b¥1fin-DTPA-b-Phé]-octreo-

tide SCIntIgI’a.phy. SomatOSt‘?‘“f‘ receptor SCIntlgrgphy Calr1]2. Lamberts SWJ, Krenning EP, Reubi JC. The role of somato-
be valuable in the differentiation between meningiomas

and pituitary adenomas as well as between meningiomas

and neurinomas. Furthermore, this technique allows thes,

differentiation between scar tissue and recurrent menin-

giomas postoperatively and can be helpful in differenti-14.

ating tumours in patient with multifocal disease. Due to
the high somatostatin receptor density, meningiomas of
the skull base or the orbit may be differentiated from so-

matostatin receptor-negative tumoupfdiin-octreotide

scintigraphy can demonstrate intense tracer uptake even

in small meningiomatous lesions. Therefore, in vivo re-
ceptor imaging can narrow the spectrum of differential

diagnoses, especially by the confirmation or exclusion of
meningiomas.

Somatostatin receptor imaging may be helpful fori7.

further characterization of tumours with unclear CT or
MRI findings. SPET is especially helpful in small skull

base lesions and for comparison with CT or MRI. In
gliomas, however, somatostatin receptor scintigraphy is
usually of no clinical value as other scintigraphic tech-

niques are superior.
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