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Abstract: We describe the case of a 74-year-old female patient previously treated with radiation
therapy for a meningioma of the skull base and with surgery for a right tympanic paraganglioma.
After the morphological progression of the meningioma demonstrated by magnetic resonance imag-
ing (MRI), the patient underwent somatostatin receptor positron emission tomography/computed
tomography (SR-PET/CT) with Gallium-68 DOTATATE for restaging. This examination showed
increased somatostatin receptor expression by the meningioma and confirmed its extension as already
assessed by MRI (endocranial extension, skull base involvement and invasion of the right orbit).
Furthermore, SR-PET/CT detected two small right jugulotympanic pararagangliomas with high
somatostatin receptor expression. Lastly, SR-PET/CT demonstrated that this patient would be an
ideal candidate for peptide receptor radionuclide therapy (PRRT) that can be used for the treatment of
progressive/treatment-refractory meningiomas and relapsed paragangliomas with high somatostatin
receptors expression, both conditions coexisting in this case.
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Figure 1. A 74-y.o. female patient previously treated with radiation therapy for a meningioma of the right skull base (16 
years before) and with surgery for a right tympanic paraganglioma (10 years before) underwent segmental somatostatin 
receptor positron emission tomography/computed tomography (SR-PET/CT) for restaging after a progression of the men-
ingioma demonstrated by magnetic resonance imaging (MRI). Segmental SR-PET/CT was performed 60 min after the in-
jection of 146 MBq of Gallium-68 DOTATATE (a radiolabeled somatostatin analogue) and PET images were also fused 
with the recent MRI images. SR-PET image analysis was performed by using qualitative criteria: areas of increased radio-
pharmaceutical uptake compared to the background, excluding the sites of physiological radiopharmaceutical uptake, 
were considered abnormal. Furthermore, semi-quantitative PET image analysis was performed by using the maximal 
standardized uptake value (SUVmax). Axial T1-weighted MRI images (A1,B1,D1,E1), maximum intensity projection PET 
image (C) and fused PET/MRI images (A2,B2,D2,E2) showed several areas of abnormal radiopharmaceutical uptake (blue 
and red arrows) corresponding to hyperintense lesions at T1-weighted MRI, whereas the pituitary showed physiological 
tracer uptake (green arrow). In particular, SR-PET revealed areas of increased uptake of radiolabeled somatostatin ana-
logues corresponding to an extensive meningioma of the right skull base (blue arrows in A1,A2,B1,B2,C). This lesion 
showed endocranial extension (A1,A2) and invasion of the right orbit (B1,B2). The SUVmax of this meningioma was 79. SR-
PET demonstrated that this meningioma presented a high expression of somatostatin receptors and confirmed the exten-
sion of the lesion already assessed by MRI. Interestingly, SR-PET also revealed two areas of increased uptake of radio-
labeled somatostatin analogues corresponding to two small right jugulotympanic paragangliomas located in the right 
jugular foramen and the right middle ear, respectively (red arrows in C,D1,D2,E1,E2). The SUVmax of these paragangliomas 
was 215. These paragangliomas showed increased expression of somatostatin receptors according to SR-PET findings and 
only one of them was described in the previous MRI. Several PET radiopharmaceuticals can be used to evaluate brain 
tumors [1]. In particular, there is currently an increasing interest in the role of SR-PET in patients with meningiomas due 
to the overexpression of somatostatin receptors by these highly frequent neoplasms [2,3]. Compared to MRI, SR-PET may 
add additional diagnostic information in patients with meningiomas, particularly in the differential diagnosis of newly 
diagnosed brain lesions suspicious for meningiomas, delineation of meningioma extent for resection or radiotherapy plan-
ning, and differentiation of tumor progression from a post-treatment change [2–6]. Furthermore, SR-PET may be useful to 
demonstrate the somatostatin receptors expression and to select progressive or treatment-refractory meningiomas which 
could benefit from peptide receptor radionuclide therapy (PRRT) which is usually a well-tolerated treatment in these 
patients achieving disease control in most cases [7]. Paragangliomas are neuroendocrine tumors arising from extra-adrenal 
chromaffine tissues and those located in head and neck region are usually characterized by increased expression of soma-
tostatin receptors and, consequently, they are well-visualized by SR-PET which seems to be the best PET imaging modality 
for assessing this group of paragangliomas with excellent diagnostic performance [8–10]. SR-PET may also be useful to 
evaluate relapsing or progressive paragangliomas which could benefit from PRRT; this treatment seems promising in 
paragangliomas expressing high levels of somatostatin receptors with improvement of clinical symptoms and/or disease 
control [8]. In the described unusual case with concurrent presence of progressive meningioma and relapsed paragangli-
omas, SR-PET allowed correct evaluation of these tumors based on their increased somatostatin receptors expression. The 
described patient would be an ideal candidate for PRRT as this treatment could be used in patients with concurrent pro-
gressive/treatment-refractory meningiomas and neuroendocrine tumors with high somatostatin receptors expression 
[11,12], as relapsed paragangliomas in our case. 
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Figure 1. A 74-y.o. female patient previously treated with radiation therapy for a meningioma of the right skull base (16 years
before) and with surgery for a right tympanic paraganglioma (10 years before) underwent segmental somatostatin receptor
positron emission tomography/computed tomography (SR-PET/CT) for restaging after a progression of the meningioma
demonstrated by magnetic resonance imaging (MRI). Segmental SR-PET/CT was performed 60 min after the injection of
146 MBq of Gallium-68 DOTATATE (a radiolabeled somatostatin analogue) and PET images were also fused with the recent
MRI images. SR-PET image analysis was performed by using qualitative criteria: areas of increased radiopharmaceutical
uptake compared to the background, excluding the sites of physiological radiopharmaceutical uptake, were considered
abnormal. Furthermore, semi-quantitative PET image analysis was performed by using the maximal standardized uptake
value (SUVmax). Axial T1-weighted MRI images (A1,B1,D1,E1), maximum intensity projection PET image (C) and fused
PET/MRI images (A2,B2,D2,E2) showed several areas of abnormal radiopharmaceutical uptake (blue and red arrows)
corresponding to hyperintense lesions at T1-weighted MRI, whereas the pituitary showed physiological tracer uptake (green
arrow). In particular, SR-PET revealed areas of increased uptake of radiolabeled somatostatin analogues corresponding to
an extensive meningioma of the right skull base (blue arrows in A1,A2,B1,B2,C). This lesion showed endocranial extension
(A1,A2) and invasion of the right orbit (B1,B2). The SUVmax of this meningioma was 79. SR-PET demonstrated that this
meningioma presented a high expression of somatostatin receptors and confirmed the extension of the lesion already
assessed by MRI. Interestingly, SR-PET also revealed two areas of increased uptake of radiolabeled somatostatin analogues
corresponding to two small right jugulotympanic paragangliomas located in the right jugular foramen and the right middle
ear, respectively (red arrows in C,D1,D2,E1,E2). The SUVmax of these paragangliomas was 215. These paragangliomas
showed increased expression of somatostatin receptors according to SR-PET findings and only one of them was described
in the previous MRI. Several PET radiopharmaceuticals can be used to evaluate brain tumors [1]. In particular, there is
currently an increasing interest in the role of SR-PET in patients with meningiomas due to the overexpression of somatostatin
receptors by these highly frequent neoplasms [2,3]. Compared to MRI, SR-PET may add additional diagnostic information
in patients with meningiomas, particularly in the differential diagnosis of newly diagnosed brain lesions suspicious for
meningiomas, delineation of meningioma extent for resection or radiotherapy planning, and differentiation of tumor
progression from a post-treatment change [2–6]. Furthermore, SR-PET may be useful to demonstrate the somatostatin
receptors expression and to select progressive or treatment-refractory meningiomas which could benefit from peptide
receptor radionuclide therapy (PRRT) which is usually a well-tolerated treatment in these patients achieving disease
control in most cases [7]. Paragangliomas are neuroendocrine tumors arising from extra-adrenal chromaffine tissues and
those located in head and neck region are usually characterized by increased expression of somatostatin receptors and,
consequently, they are well-visualized by SR-PET which seems to be the best PET imaging modality for assessing this
group of paragangliomas with excellent diagnostic performance [8–10]. SR-PET may also be useful to evaluate relapsing or
progressive paragangliomas which could benefit from PRRT; this treatment seems promising in paragangliomas expressing
high levels of somatostatin receptors with improvement of clinical symptoms and/or disease control [8]. In the described
unusual case with concurrent presence of progressive meningioma and relapsed paragangliomas, SR-PET allowed correct
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evaluation of these tumors based on their increased somatostatin receptors expression. The described patient would be
an ideal candidate for PRRT as this treatment could be used in patients with concurrent progressive/treatment-refractory
meningiomas and neuroendocrine tumors with high somatostatin receptors expression [11,12], as relapsed paragangliomas
in our case.
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