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ABSTRACT
There is a relative paucity of data in the literature regarding the prevalence of meningiomas and their detection in the clinical setting of 
neuroendocrine tumors  (NETs). The primary aim of this study was to study incidentally detected meningiomas  (on 68Ga‑DOTATATE/18F 
fluorodeoxyglucose positron‑emission tomography/computed tomography [18F‑FDG PET/CT]) in metastatic NET patients referred for peptide 
receptor radionuclide therapy (PRRT). The secondary aims of this study were to evaluate the response rate of these incidentally detected 
meningiomas following PRRT and determine progression‑free survival (PFS) in this group of patients. This was a retrospective analysis of 
500 metastatic/advanced NET patients who had undergone 68Ga‑DOTATATE PET/CT and 18F‑FDG PET/CT before PRRT workup. The case 
records were searched to identify cases of hitherto unknown meningiomas detected on PET images; subsequently, these patients underwent 
brain magnetic resonance imaging (MRI) for confirmation of diagnosis. Following 177Lu‑DOTATATE PRRT, posttreatment functional and structural 
imaging response evaluation of the meningiomas were undertaken by 68Ga‑DOTATATE PET/CT, MRI, or CT brain, respectively, along with clinical 
neurological evaluation. The patients were designated as responders and nonresponders based on predefined response assessment criteria. 
The PFS of these incidentally detected meningiomas following PRRT was estimated using the Kaplan–Meier product‑limit method. Twelve 
NET patients were retrospectively identified with abnormal focal brain uptake on 68Ga‑DOTATATE PET/CT. Of these, meningiomas were finally 
diagnosed on brain MRI examination in six patients (M: F =3:3; age range: 30–66 years; and mean age: 45 years), with a prevalence of 1.2%. 
Standardized uptake value (SUVmax) of meningiomas on 68Ga‑DOTATATE and 18F‑FDG PET/CT ranged from 7.0 to 22.0 (average 17.0) and 
10.19–13.70 (mean: 12.10), respectively, and lesion‑to‑normal brain 
parenchyma SUVmax ratio ranged from 140 to 400 (mean: 340) and 
1.02–1.07 (mean: 1.04), respectively. Of six patients with incidentally 
detected meningiomas, one patient died within 1 month and five patients 
received 177Lu‑DOTATATE PRRT, the number of cycles ranging from two 
to six (average: 4) and cumulative therapeutic dose ranging from 13.28 
to 29.97GBq (average dose: 19.86GBq). Follow‑up in these patients 
ranged from 8 to 36 months (mean: 19.4 months) after the first dose of 
PRRT. Complete disappearance of neurological symptoms was found 
in two of five patients  (40%), partial response in one of five  (20%), 
and worsening of symptoms in two of five patients (40%). The overall 
“responder” and “nonresponder” of the meningiomas after PRRT 
were three patients (60%) and two patients (40%), respectively. Two 
patients (40%) died of advanced NET at the time of analysis of these 
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INTRODUCTION

Meningiomas are the most common primary brain tumor 
and account for 35% of primary intracranial tumors with 
a yearly incidence of approximately 7.44/100,000.[1] They 
are more common in women, with a 2:  1  female‑to‑male 
ratio of cases.[1] Meningiomas arise from the meningothelial 
cells of the arachnoid membranes, which are attached to 
the inner layer of the dura mater.[2] These are commonly 
slow‑growing benign lesions (the World Health Organization 
I [WHO I], 80%–90%). The atypical  (WHO II, 5%–15%) or 
malignant meningiomas (WHO III, 1%–3%) are also reported 
in the literature. Most of the meningiomas are asymptomatic 
clinically, but sometimes they can be associated with 
seizures, headaches, vision loss, or focal neurological deficits 
depending on their location.[3] The 5‑year survival rate is 
70% for benign lesions and 55% for malignant meningiomas, 
dependent on age, tumor size, and treatment administered.[4] 
Therefore, the management and treatment strategies are 
important in these patients, which are based on tumor grade, 
size, location, and comorbidity associated with the tumor.

Surgery is the primary mode of treatment for meningiomas. 
Attempts to resect these tumors involving critical neural or 
vascular structures does carry the risk of devastating vascular 
injury or disabling cranial neuropathies.[5,6] Recurrences are 
common ranging between 2%  (benign meningiomas) and 
78%  (malignant meningiomas) reported in patients with 
apparently complete surgical resection;[7,8] Furthermore, 
complete resection is impossible in several cases due to 
the involvement of the critical structures in brain. Other 
treatment options in these patients include external‑beam 
radiation therapy, stereotactic radiosurgery  (SRS), boron 
neutron capture therapy, chemotherapy, immunomodulation 
therapy, somatostatin therapy, and targeted molecular 
therapy.[9]

Neuroendocrine tumors (NETs) are a heterogeneous group of 
tumors that arises from cells of neuroendocrine origin in many 
different organs, but more frequently from the gastrointestinal 
tract and the lungs. Less common involvement of NET 

includes thymus, adrenal medulla, pituitary, parathyroid, and 
thyroid glands.[10] NET incidence and prevalence have been 
steadily increasing over the past three decades, likely as a 
result of trends in imaging and improvement in diagnosis.[11] A 
small cyclic neuropeptide is found in neurons and endocrine 
cells, known as somatostatin, which has a high density in the 
peripheral neurons, endocrine pancreas, and gastrointestinal 
tract. The most NETs express somatostatin receptors (SSTRs), 
which can be used as targets for radionuclide imaging and 
therapy, also known as the theranostic approach.[12‑21] In the 
last two decades, the theranostic approach with peptide 
receptor radionuclide therapy (PRRT) has gained substantial 
popularity in the treatment of metastatic/advanced NETs 
and other SSTR‑positive tumors.[22] This was proven by the 
randomized, Phase III NETTER‑1 trial, which concluded 
that PRRT resulted in markedly longer progression‑free 
survival (PFS) and a significantly higher response rate than 
high-dose octreotide long-acting repeatable (LAR) among 
patients in advanced midgut NET patients with high‑level 
evidence of safety.[23]

Meningiomas can express a variety of receptors such as 
progesterone, androgens, growth factor, prolactin, dopamine, 
and SSTR subtype  2  (SSTR2).[24,25] Abundant expression of 
SSTR2 is a characteristic of NETs; similarly, meningiomas 
express relatively high levels of SSTR2, thus making them 
ideal targets for functional imaging for early diagnosis, 
recurrence detection, and also for potential radionuclide 
therapy with PRRT.[26]

In the literature, there has been limited data available on 
the prevalence of incidental meningiomas, especially in 
the patient population of NETs. Due to the high diagnosis 
rate of 68Ga‑labelled SSTR analog based positron‑emission 
tomography  (PET)/computed tomography  (CT) to detect 
meningiomas,[27] we sought to determine the rate of probable 
meningiomas, in the setting of metastatic/advanced NET 
patients undergoing molecular imaging before PRRT therapy 
in a tertiary care NET center. The present study also aimed 
to determine the response rate of incidentally detected 
meningiomas in cases who underwent PRRT, by clinical 

data. The observed mean PFS of the meningioma lesions following PRRT was 26.25 months (95% confidence interval, 16.65–35.84 months).
No major hematological and renal toxicity were documented in any of these patients. To conclude, 68Ga‑DOTATATE PET/CT imaging is an 
effective technique for the incidental identification of meningioma in NET patients. Considering the limited therapeutic options in the palliative 
setting of advanced or metastatic NET patients and morbidity associated with the therapeutic procedures, PRRT could be a promising targeted 
therapeutic approach for such cases of incidentally detected meningiomas, which is also helpful in stabilizing the disease process without any 
significant toxicity.

Keywords: 177Lu‑DOTATATE, 68Ga DOTATATE, fluorodeoxyglucose positron‑emission tomography/computed 
tomography, meningioma, neuroendocrine tumor, peptide receptor radionuclide therapy, somatostatin receptor imaging
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protocol comprising an injection of 100–200 MBq of 
68Ga‑DOTATATE 60–90 min before imaging. A noncontrast 
CT was acquired with parameters modulated according to 
the standard algorithm. The maximum standardized uptake 
value (SUVmax) was calculated within a volume of interest 
drawn by visual assessment around suspected lesions on PET.

In six patients of meningiomas with NETs, visual analysis of 
brain lesion was performed based on qualitative uptake of 
tracer on the 68Ga‑DOTATATE scan, the lesions were divided 
into three grades as follows: Grade  I: uptake less than liver 
but more than background, Grade II: uptake equal to liver, and 
Grade III: uptake more than liver. The SUVmax of brain lesion/
SUVmax of normal brain parenchyma ratio (i.e., tumor/brain 
tissue ratio) on 68Ga-DOTATATE scan was also calculated as 
shown in Figure 2a and b.

1 8F ‑ f l u o r o d e o x y g l u c o s e  p o s i t r o n ‑ e m i s s i o n 
tomography‑computed tomography scans
Within 1 week of SSTR imaging, 18F‑FDG PET/CT study was 
undertaken following standard protocol and 6 h fasting on 
the same PET/CT scanner. The whole‑body 18F‑FDG PET/CT 
scan was acquired after 185–260 MBq of 18F‑FDG injection 
at 60  min. The maximum SUVmax was calculated within 
a volume of interest drawn by visual assessment around 
suspected meningiomas on PET/CT. The tumor/brain tissue 
ratio, i.e., the ratio of SUVmax of brain lesion/SUVmax of 
normal brain parenchyma on 18F‑FDG PET/CT was calculated 
in all cases. The FDG‑PET analyses in these NET patients were 
evaluated by an experienced nuclear medicine physician who 
was masked to all other study findings.

The brain magnetic resonance imaging and interpretation 
for final diagnosis
The magnetic resonance imaging (MRI) of brain examination 
was ordered after the detection of a suspicious lesion on 
molecular PET imaging in these NET patients. A comprehensive 
brain tumor protocol study was undertaken to characterize 
and establishes a diagnosis in these cases within 1 month 
of molecular PET imaging. Multiplanar MRI of the brain was 
performed using spin‑echo (SE) T1‑weighted (T1W), fast SE 
T2‑weighted, diffusion‑weighted, fluid‑attenuated inversion 
recovery, and postcontrast T1W sequences. MR spectroscopy 
was also performed in the region of interest. The standard 
parameters such as site, size of the lesion, and signal intensity 
were noted and tabulated.

The imaging appearance of typical meningiomas is well 
recognized and was considered for deciphering the diagnosis. 
They are usually homogeneously enhancing dural‑based masses 
with or without a dural tail of enhancement and show similar 
signal intensity to the adjacent brain on T1‑and T2‑weighted 

symptomatology and objective response using molecular 
and structural imaging and also determine PFS related to 
meningioma lesions in this group of patients.

MATERIALS AND METHODS

We retrospectively reviewed the patient records and also the 
molecular and structural imaging data of all these 500 patients 
with metastatic/advanced NET, who had undergone PRRT with 
177Lu‑DOTA‑octreotate therapy at our institute between January 
2012 and June 2017. Of these, 12 NET patients were found to 
have suspicious areas of high‑grade tracer uptake in the brain 
on 68Ga‑DOTATATE PET/CT scan. In this retrospective analysis, 
we found that these 12 NET patients subsequently underwent 
MRI brain examination to characterize the high tracer uptake 
foci on the 68Ga‑DOTATATE scan. Of these, meningiomas were 
diagnosed in six patients based on brain MRI examination, 
two patients had been diagnosed to have pituitary adenoma 
with rest of brain parenchyma was normal on MRI scan, 
four patients had metastatic paraganglioma with skull base 
soft‑tissue lesions and normal brain parenchyma was found on 
MRI study [Figure 1]. All the aforementioned NET patients were 
referred for PRRT workup at our institute and were evaluated 
with dual‑tracer approach incorporating68Ga‑DOTATATE PET/CT 
scan and 18F fluorodeoxyglucose PET/CT (18F‑FDG PET/CT) as 
part of the pretreatment evaluation and the patients were 
administered PRRT with 177Lu‑DOTATATE if the tumor lesions 
were found to be positive for SSTRs in the 68Ga‑DOTATATE 
PET/CT (Krenning score ≥ 3).

Image acquisition and analysis
68Ga‑DOTATATE positron‑emission tomography/computed 
tomography scans
The patients were imaged on a state‑of‑the‑art time‑of‑flight 
PET/CT system  (Gemini TF 16, USA) following standard 

Figure 1: Schema of the study for detection and treatment of meningiomas 
cases
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imaging on MRI as shown in Figure 2c and d. Five imaging 
characteristics that are rarely seen in meningiomas, but common 
and specific for meningiomas‑mimics were also considered 
during making the diagnosis such as  (1) absence of a dural 
tail of enhancement, other conditions were found; these were 
(2) homogeneous T2 hypointensity of tumor (3), homogeneous 
T2 hyperintensity of tumor, (4) osseous destruction adjacent to 
the mass, and (5) leptomeningeal or pial extension of tumor.[28]

Fusion of positron‑emission tomography and magnetic 
resonance imaging brain images
The brain MRI images were acquired in a different machine, 
and these data were transfer to Philips Gemini TF 16 PET/CT 
system for fusion of PET images with MRI. After fusion of 
PET and MRI images, these fusion images were viewed in 
the coronal, sagittal, and axial sections to localize abnormal 
68Ga‑DOTATATE on PET/CT to a structural lesion on MRI scan.

Peptide receptor radionuclide therapy treatment protocol
Prerequisites for PRRT treatment were hemoglobin 
≥5 mmol/L (≥8  mg/dL), white blood cells  ≥3  ×  109/L, 
platelets ≥90 × 109/L, creatinine ≤150 mmol/L (≤1.70 mg/dL), 
creatinine clearance ≥40 mL/min, and Karnofsky performance 
status ≥60. For a better evaluation of renal function, glomerular 
filtration rate (GFR) value and effective renal plasma flow (ERPF) 
were estimated by renal dynamic scintigraphy before the 
beginning of PRRT; baseline GFR values in our meningioma 

patients ranged between 62 and 84 mL/min (mean: 70 mL/
min). The therapeutic dose of 177Lu‑DOTATATE  (150–200 
mCi  [5.55–7.4 GBq] per cycle, and cycles were repeated at 
intervals of 12–16 weeks [range, two—six cycles; average, 
four cycles]) was administered in all using a standardized 
PRRT protocol with amino acid‑based renal protection. 
The patients were followed up with68Ga‑DOTATATE PET/CT 
and18F‑FDG PET/CT scan for the posttreatment functional 
response evaluation, MRI, or CT brain imaging for structural 
response evaluation and also for symptomatic performance 
status and symptom logical evaluation after PRRT therapy. 
The hemoglobin count, complete blood count, and platelet 
count were obtained after PRRT therapy at regular times to 
note the bone marrow toxicity and also serum creatinine, GFR, 
and ERPF also measured to detect renal toxicity after PRRT.

Peptide receptor radionuclide therapy treatment evaluation 
for meningiomas
Treatment response in meningiomas after PRRT was assessed 
under three broad headings as follows: (a) clinical symptomatic 
response (where patient had baseline symptoms attributable 
to meningioma), (b) objective response using molecular PET 
imaging 68Ga‑DOTATATE PET/CT, and (c) objective response 
by anatomical imaging (brain MRI/CT scan). These categories 
were combined to classify the patients as responders and 
nonresponders, depending on response criteria as mentioned 
in Figures 3 and 4.

Figure 2: A 45‑year‑old female with metastatic pulmonary neuroendocrine tumor (Ki‑67 index 5%–7%), previously received octreotide and chemotherapy 
for the same. 68Ga‑DOTATATE positron‑emission tomography/computed tomography (a) showed tracer uptake in the skeletal lesions and an abnormally 
increased tracer focus in the left temporal lobe of brain (red arrow) with normal tracer uptake in opposite right temporal lobe of brain (blue arrow), whereas 
18F‑fluorodeoxyglucose positron‑emission tomography‑computed tomography (b) showed no abnormal focal tracer uptake in either sides of the brain 
(both red and blue arrow). Subsequently, the patient had undergone brain magnetic resonance imaging; fusion positron‑emission tomography/magnetic 
resonance imaging (c) showing abnormally increased 68Ga‑DOTATATE uptake which localized to well defined enhancing extraaxial lesion in the left temporal 
lobe of brain (red arrow). T1‑weighted postcontrast sagittal and coronal sections of brain magnetic resonance imaging scan (d) show 1.2 cm × 1.1 cm well 
defined enhancing extraaxial lesion in the left temporal region with associated reactive dural changes suggestive of meningiomas

d

c

ba
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Symptomatic response evaluation
Improvement in neurological symptoms  (e.g., seizure, 
changes in sensation, vision, smell, hearing, personality 
and memory, headache, and blurring of vision.) related 
to meningiomas as compared to baseline neurological 
symptoms before the start of PRRT was documented and 
defined as a symptomatic response after PRRT.

The patients were asked at follow‑up with direct questioning 
on a scale of 0%–100% as to whether neurological symptoms had 
“disappeared”100% improvement (complete response [CR]) or 
had “improved” 30%–75% improvement (partial response [PR]) 
or were “stable” (<30% improvement; stable disease [SD]) or 
“worse” (>30% increase in symptoms or new neurological 
symptoms; progressive disease[PD]) compared to baseline 
and also examined for neurological deficits for symptomatic 
response evaluation after PRRT. Based on the aforementioned 
symptomatic response evaluation scale, they were categorized 
into responders  (CR, PR, and SD  =  response rate) and 
nonresponders (PD) under symptomatic response assessment.

Objective scan response evaluation: On 68Ga‑DOTATATE 
imaging
Molecular imaging response evaluation with PET/CT 
responses were assessed according to the criteria 
as detailed in the PERCIST  (PET Response Criteria in 
Solid Tumors).[29] Consequently, molecular PET imaging 
responses were categorized into responders  (CR, PR, and 
SD = response rate) and nonresponders (PD).

Objective scan response evaluation: Anatomical  (brain 
computed tomography/magnetic resonance imaging) 
imaging
Response Evaluation Criteria in Solid Tumor 1.1  was used 
to evaluate anatomical imaging response with brain CT 
images of PET/CT scan or brain MRI imaging in these NET 
patients. The anatomical imaging responses were categorized 
into responders  (CR, PR, and SD  =  response rate) and 
nonresponders  (PD) similar to above response evaluation 
criteria.

Statistical analysis
The CR, PR, SD, and PD in each of the three response evaluation 
categories were assessed as aforementioned. Subsequently, 
the overall “responder” and “nonresponder”  (three‑scale 
criteria)[10,30] in each patient were calculated, if there was 
documentation of similar response in at least two parameters 
among the three (i.e., symptomatic, molecular, and anatomical 
imaging response), as shown in Figure 4.

The Kaplan–Meier product‑limit method was used to calculate 
the PFS curve; mean and median PFS corresponding 95% 
confidence intervals (95% CIs) were calculated after the first 
PRRT cycle for the included cases.

The following prognostic variables were documented and 
analyzed for their association with both PFS and treatment 
response in meningiomas: histological types and site of NET, 
WHO grades of NET (Grade 1 Ki‑67 index ≤2%, Grade 2 Ki‑67 
index  3%–20%, and Grade 3 Ki‑67 index >20%), surgical resection 
of NET, previous chemotherapy (cisplatin + etoposide and 
capecitabine  +  temozolomide), and octreotide therapy, 
number of metastatic organ involvement before the start 
of PRRT  (single organ vs. multiple organs involvement), 
FDG uptake in NET,68Ga‑DOTATATE uptake in NET, number 
of PRRT cycles and therapeutic dose of 177Lu‑  DOTATATE 
administered, and grading of 68Ga‑DOTATATE uptake in 
meningiomas [Table 1].

RESULTS

A total of 500 NET patient’s case records were examined, who 
had undergone 177Lu‑DOTATATE therapy between January 
2012 and June 2017 at our institute. We retrospectively 
identified 12 NET patients with suspicious uptake in the brain 
for meningiomas on 68Ga‑DOTATATE PET/CT. Of these 12 NET 
patients, meningioma was diagnosed in six patients based 
on brain MRI examination, pituitary adenoma was diagnosed 
in two of 12  patients, and skull base paraganglioma was 
diagnosed in the remaining four patients. The abnormal tracer 
uptake in the brain on68Ga‑DOTATATE PET‑CT subsequently 

Figure 3: Three broad categories under which peptide receptor radionuclide 
therapy response were evaluated in each patient

Figure  4: Overall response characterization by assessing response/
nonresponse in three scales
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proven on brain MRI as meningiomas in six of 500 NET 
patients in our study population, representing a prevalence of 

1.2% on the basis of somatostatin scintigraphy (Female = 3, 
Male = 3, age range: 30–66 years; average age: 45 years).

The SUVmax of meningiomas lesion ranged from 7.0 to 
22.0  (average 17.0), and the ratio of SUVmax of lesion 
to SUVmax of normal brain parenchyma ranged from 140 
to 400 (average: 340) on 68Ga‑DOTATATE PET‑CT. On visual 
analysis, four patients had Grade  II and two patients had 
Grade  I uptake on 68Ga‑DOTATATE. On 18F‑FDG imaging, 
SUVmax of meningiomas lesion was in the range of 
10.19–13.70  (average: 12.10) and the ratio of SUVmax 
of lesion to SUVmax of normal brain parenchyma was 
ranging from 1.02 to 1.07  (average: 1.04). The size of 
meningiomas was ranging from 1.1 to 3.6 cm in the largest 
diameter (average: 1.7 cm) on MRI brain scan.

The baseline neurological symptoms related to meningioma, 
for example, headache, blurring of vision, diplopia, nausea, 
and vomiting were present in five of six cases. In most of the 
cases, the site of meningioma was concordant with patients’ 
neurological symptoms, for example, patient IV had diplopia 
and blurring of vision due to intraconal, retrobulbar brain 
lesion abutting optic nerve in the right orbit which was seen 
in MRI, and detected by 68Ga‑DOTATATE PET‑CT. Furthermore, 
most of the patients had headache, which was severe worse 
in the early morning and the headache was related to the 
location of brain lesions.

Of the six patients, one patient died of the metastatic 
disease within 1  month after somatostatin scintigraphy 
and the brain MRI examination. This patient has not 
included PRRT response evaluation. Five patients received 
177Lu‑DOTATATE based PRRT with cycles range from two to 
six (average cycles‑4) and 177Lu‑DOTATATE therapeutic dose 
range from 13.28 to 29.97GBq (average dose = 19.86GBq). 
Follow‑up in these patients was in the range of 8–36 months 
(average 19.4 months) after the first dose of PPRT [Table 2]. 
All five meningiomas patients had tolerated PRRT procedures 
well; there was no major hematological and renal toxicity 
in any of these patients (Grades 2, 3, and 4), except for one 
patient who showed transient Grade I renal toxicity in the 
initial PRRT cycles and recovery in subsequent follow‑up.

Following 177Lu‑DOTATATE PRRT therapies, with regard to 
neurological symptomatic response, CR was observed in two 
of five meningiomas (40%), PR in one of five meningiomas 
patients (20%), and PD in two out of five meningiomas (40%).
In molecular imaging response evaluation, PR was found in 
three of five meningiomas (60%), and PD was found two of 
five meningiomas (40%) on 68Ga‑DOTATATE scan after PRRT. 
In structural imaging response evaluation, SD was found in 
five patients (100%) after PRRT.

Table 1: Baseline patient characteristics related to associated 
neuroendocrine tumors and various prognostic parameters 
evaluated in this study

Characteristics Number of 
patients

Site of primary NET
Lung NET 1
Pancreatic NET 1
Unknown primary site 2
Thymic NET 1
Rectal NET 1

WHO grade of the NET
Grade 1 2
Grade 2 4
Grade 3 0

Metastatic sites before the start of PRRT
Liver 4
Skeleton 2
Lymph nodes 4
Liver, skeleton, and lymph nodes (wide spread disease) 1

18F‑FDG uptake in primary before the start of PRRT (SUVmax)
1‑3 4
2‑5 2
5‑10 1
>10 1

Surgical resection of primary
Yes 1
No 5

Chemotherapy for NET before PRRT
Yes 2
No 4

Octreotide analogues before the start of PRRT
Yes 2
No 4

Somatostatin avidity in NET lesions on 68Ga‑DOTATATE scan 
before the start of PRRT (SUVmax)

<10 0
10‑30 5
30‑50 1
>50 0

Number of PRRT cycles
One cycle 0
Two cycles 1
Three cycles 2
Four cycles 1
Five cycles 0
Six cycles 1

Grading of 68Ga‑DOTATATE uptake in meningiomas before the 
start of PRRT

Grade I 2
Grade II 4
Grade III 0

NET: Neuroendocrine tumors; WHO: World Health Organization; PRRT: Peptide 
receptor radionuclide therapy; SUVmax: Maximum standardized uptake value; 
18F‑FDG: 18F‑Fluorodeoxyglucose
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The overall “responder” and “nonresponder” (three‑scale criteria) 
in each meningioma patient after PRRT therapy were three 
patients (60%) and two patients (40%), respectively.

Progression‑free survival related to meningiomas
Of the five meningiomas patients  (PRRT received and 
response evaluated in these patients), two patients (40%) died 
at the time of analysis of these data. The observed mean PFS 
after PRRT in these meningiomas was 26.25 months (95% CI, 
16.65–35.84 months) as shown in Figure 5.

While the associations between PFS and PRRT treatment 
response to various factors  [Table  1] were analyzed, no 
bio‑statistical test was applicable to draw a relationship 
between PFS and PRRT response with various factors 
likely due to relatively few patients of meningiomas in this 
analysis.

DISCUSSION

Meningiomas are the most common primary brain tumors, 
with an incidence 20 times higher than that of NETs and these 
tumors are derived from cap cells adherent to the dura mater, 
mostly close to the arachnoid villi or skull base foramina. The 
most of meningiomas  (about 80%) are benign and curable 
with gross total resection; although not uncommonly about 
20% of meningiomas are atypical or anaplastic and reveal 
malignant potential, with significant higher recurrence 
rates, and shorter survival. No standard of care is available 
for progressive meningiomas and meningiomas associated 
with other malignancy.[31,32]

There is limited data available in the literature about the 
incidence of meningiomas in NET patients. Kuyumcu et al. 
studied the incidental detection of meningiomas in a series 
of 127  patients undergoing 68Ga‑DOTATATE scan for NET 
staging. They identified only one case of meningiomas in 
their study.[33] Cleary et al. found 21 probable meningioma 
cases on68Ga‑DOTATATE scan in NET patient population 
with a prevalence of 6.7% and diagnosis of meningioma 
was confirmed on MRI/CT scan in 11/313 patients with a 
prevalence of 3.5% in their study.[27] Vernooij et al. found an 
incidental meningiomas in 18 patients (0.9%) on unenhanced 
MRI scans in a 2000‑volunteer population aged older than 
45 years.[34]

Table 2: Patient characteristics related to meningioma

Case 
number

Neurological 
symptom 
before PRRT

68Ga‑DOTATATE 
uptake in 

meningioma before 
PRRT (SUVmax)

Site of meningioma and 
MRI finding

Size of brain 
lesion before 

PRRT

Cumulative 
dose of 
PRRT

No 
cycles 

of PRRT

Hematological 
and renal 
toxicities after 
PRRT

PFS 
(months)

I Headache, 
nausea, and 
vomiting

16.39 A relatively well defined 
enhancing extraaxial lesion 
was seen in the left temporal 
region with associated 
reactive dural changes

12 mm×11 mm 359 mCi 2 No 8

II Headache, 
nausea, and 
vomiting

8.36 Enhancing lesion involving the 
left lateral cerebellar cortex

1.8 cm×2.0 cm 435 mCi 3 No 15

III No neurological 
symptom

7.0 Enhancing lesion in superior 
sagittal sinus

1.1×0.9 cm 430 mCi 3 No 12

IV Headache, 
diplopia, and 
blurring of vision

8.0 Heterogeneously enhancing 
intraconal, retrobulbar lesion in 
abutting optic nerve right orbit

2.0 cm×1.7 cm 650 mCi 4 Transient Grade I 
renal toxicity

26

V Headache 25.0 T1 and T2 isointense lesion in 
trigone of left lateral ventricle

2.0 cm×1.6 cm 810 mCi 6 No 36

VI Headache, 
nausea, and 
vomiting

40.0 Extra falx based 
lesion involving left 
parieto‑occipital region

3.5 cm×3.6 cm 0 0 Not treated 
with PRRT

1

PRRT: Peptide receptor radionuclide therapy; SUVmax: Maximum standardized uptake value; MRI: Magnetic resonance imaging; PFS: Progression‑free survival

Figure  5: Determined Kaplan–Meier product‑limit method curve for 
progression‑free survival from the start of the first cycle of peptide receptor 
radionuclide therapy in incidentally detected meningiomas cases



167World Journal of Nuclear Medicine / Volume 18 / Issue 2 / April-June 2019

Parghane, et al.: Meningioma in metastatic NET: Theranostic application of 68Ga/177Lu-DOTATATE 

not helpful in identifying meningioma lesions as compared 
to 68Ga‑DOTATATE, as the ratio of SUVmax of meningiomas 
to normal brain parenchyma on 18F‑FDG PET/CT scan was 
not high ranging from 1.02 to 1.07 (average: 1.04). In this 
study, none of the meningiomas were detected on 18F-FDG 
PET/CT [Figures 2].

In most meningioma cases, surgical resection of these lesions 
is an effective and definitive therapeutic approach. However, 
meningiomas involving critical structures such as cranial 
nerves, vascular structures, or the brain stem can render 
surgery hazardous, with considerable morbidity. In this study, 
we found one patient had intraconal, retrobulbar lesion, and 
abutting the right optic nerve, and hence, the surgery was not 
performed in this patient [Figure 7]. The meningioma patients 
may be treated with standard external‑beam radiotherapy 
fractionated stereotactic radiotherapy or SRS, and these 
modalities may show control of tumor growth, especially in 
small‑sized meningiomas, but with high complication rate 
related to the site and respective treatment modality.[35,36] 
In this study, none of the meningioma patients received 
these types of treatments due to the associated advanced 
diseases (such as metastatic/advanced NETs in these patients) 
and also because of complication associated with the various 
other modalities.

In the present study, we observed 12 cases of abnormally 
increased brain foci on 68Ga‑DOTATATE PET/CT scan in 
metastatic/advanced NET patients being worked up for PRRT. 
The brain MRI studies showed meningiomas in 6/500 NET 
patients with a prevalence of 1.2% in our study population. 
The incidence of six meningiomas in 500 NET patients is 
higher than the quoted incidence of 7.44/100,000 in the 
general population, thereby emphasizing the potential 
role of evaluating the brain with 68Ga‑DOTATATE PET/CT 
in this patient population. The 68Ga‑DOTATATE PET/CT 
has a very high sensitivity to detect meningiomas due to 
the high density of SSTR expression in the meningiomas 
resulting in identification and characterization of these 
lesions as compared to MRI/CT scan  [Figure 6] in general 
population and particularly in NET patients.[33] This leads to 
high SUVmax value and also a high lesion‑to‑normal brain 
parenchyma ratio, as documented in this study. The SUVmax 
of meningioma lesions ranged from 7.0 to 22.0  (average: 
17.0) and also very high ratio which was ranged from 140 
to 400  (average: 340) resulting in their high detection 
rate on68Ga‑DOTATATE PET/CT scan. In this study, all the 
meningioma lesions were detected on 68Ga‑DOTATATE 
PET/CT scan first due to this high lesion‑to‑normal brain 
parenchyma ratio and subsequently they were registered on 
MRI brain. We also found that 18F‑FDG PET/CT imaging was 

Figure 6: A 46‑year‑old male with metastatic rectal neuroendocrine tumor  (Ki‑67 index 3%‑5%) had complaints of headache, nausea, and vomiting. 
68Ga‑DOTATATE positron‑emission tomography/computed tomography (a) showed tracer uptake in the metastatic liver lesions and also abnormally increased 
tracer in the brain (red arrow). Fusion positron‑emission tomography/magnetic resonance imaging images (b) showing abnormally increased 68Ga‑DOTATATE 
tracer uptake localized to enhancing extra falx based lesion involving the left parieto‑occipital regions of brain (red arrow). T1‑weighted postcontrast 
brain magnetic resonance imaging (c) showed 3.5 × 3.6 cm enhancing extra falx based lesion in the left parieto‑occipital region of brain suggestive of 
meningioma. The whole‑body 68Ga‑DOTATATE positron‑emission tomography‑computed tomography was useful for identification of meningioma in this 
patient of metastatic neuroendocrine tumor. The patient died within 1 month of diagnosis of meningioma; therefore, this patient did not receive peptide 
receptor radionuclide therapy therapy

c

b

a
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Marincek et al. evaluated the role of PRRT in unrespectable 
progressive meningiomas, they found disease stabilization 
68% of cases and worsening of disease was observed in the 
remaining 32% of meningiomas cases after 90Y‑DOTATOC 
and 177Lu‑DOTATOC based PRRT. They also evaluated the 
efficacy and safety of PRRT in meningiomas cases and found 
no major hematological and renal toxicities. They suggested 
that in meningiomas patients with a poor prognosis and 
having limited therapeutic options, PRRT is an alternative 
treatment modality that has a reasonable potential 
for improving the quality and longevity of life with no 
significant complication associated.[37] Similarly, Bartolomei 
et  al. showed that treatment with90Y‑DOTATOC achieved 
disease stabilization in 66% of meningiomas patients; PD 
was observed in the remaining 34%.[38] Gerster‑Gilliéron et al. 
prospectively studied the feasibility, toxicity, and efficacy of 
90Y‑DOTATOC based PRRT in complex meningiomas cases, 
and found overall median PFS was at least 24  months 
after PRRT with transient hematological toxicities in these 
cases.[39]

To the best of our knowledge, no study has evaluated the 
role of PRRT in meningiomas detected in patients harboring 
metastatic/advanced NETs, and this is because of the very 
low prevalence of such cases. In our retrospective evaluation 
study, we evaluated the efficacy of 177Lu‑DOTATATE PRRT in this 
challenging group of patients with dual tumors and studied 
the performance of PRRT relating to symptomatic, molecular 
and structural response, and PFS (of the meningioma lesions) 
and any toxicity related to the administered therapy. We found 
that the overall percentage of “responder” was in 60% [case 
example illustrated in Figures 2 and 7] and “nonresponder” 
in remaining 40% of these cases following 177Lu‑DOTATATE 
based PRRT. The results were similar to PRRT therapy used 
for progressive, Unresectable, and complex meningiomas 
in patients without NET tumors. In this particular study 
population, the patients harbored meningiomas in conjunction 
to metastatic/advanced NETs, resulting in significant morbidity 
in these cases, therefore, other treatment options such as 
surgical resection, external‑beam radiotherapy could result 
in an additional complication, and significant morbidity. 
One limitation of this study is lack of obtaining histological 

Figure 7: A 30‑year‑old male with thymic neuroendocrine tumor  (Ki‑67 index 10%–12%) complained of headache, diplopia, and blurring of vision. 
68Ga‑DOTATATE positron‑emission tomography/computed tomography (a) show tracer uptake in the thymic lesion and also abnormally increased tracer 
concentration at the retrobulbar region in the right orbit abutting optic nerve (red arrow). Subsequently, brain lesion was diagnosed with meningioma on 
brain magnetic resonance imaging. The patient received four cycles of 177Lu‑DOTATATE peptide receptor radionuclide therapy, 177Lu‑DOTATATE posttherapy 
scan (b) revealed good tracer concentration in the meningioma (red arrow). Postpeptide receptor radionuclide therapy, this patient is at present being 
followed up until 26 months, there is the complete disappearance of neurological symptoms following peptide receptor radionuclide therapy, suggesting 
an excellent clinical response to administered therapy

ba



169World Journal of Nuclear Medicine / Volume 18 / Issue 2 / April-June 2019

Parghane, et al.: Meningioma in metastatic NET: Theranostic application of 68Ga/177Lu-DOTATATE 

confirmation of meningiomas  (primarily deciphered from 
correlative brain MRI features in addition to 68Ga‑DOTATATE 
PET‑CT in the analyzed cases), which was not feasible due 
to obvious ethical and practical feasibility reasons. In this 
study, we observed mean PFS in the meningiomas was 
26.25 months  (95% CI, 16.65–35.84 months), which would 
indicate that 177Lu‑DOTATATE based PRRT has the potential 
to stabilize and control the disease in addition to excellent 
symptomatic response and improving the quality of life. The 
therapies were well tolerated in this group of patients without 
any major hematological and renal toxicity.

As well as general conditions of the NET patients with 
extensive disease. However, MRI is highly accurate in the 
diagnosis of meningiomas with specific features related 
to meningiomas are seen on MRI such as homogeneously 
enhancing dural‑based masses with or without a dural tail of 
enhancement and similar signal intensity to the adjacent brain 
on T1‑ and T2‑weighted imaging on MRI. In this study, every 
positive case had shown abnormal tracer uptake in the brain 
region on 68Ga‑DOTATATE PET/CT that was followed brain 
MRI examination and we critically examined the MRI features 
as aforementioned for the diagnosis of meningiomas with 
high accuracy and differentiating them from brain metastatic 
disease in these cases.

CONCLUSION

The peer‑reviewed literature suggests the rare possibility 
of meningiomas associated with NET tumors; this result 
in significant comorbidity, and difficulty in treatment 
and deterioration in the quality of life in these cases. 
The 68Ga‑DOTATATE PET/CT study is an effective imaging 
technique for the identification of meningiomas due to high 
expression of SSTR in lesions resulting in high SUVmax with 
excellent lesion to background (normal brain parenchyma) 
ratio. In incidentally detected meningiomas associated with 
NETs with limited therapeutic options, the PRRT could be 
considered as a “single‑shot” treatment modality targeting 
both tumors. The PRRT can improve the neurological 
symptoms, quality of life, and also stabilize disease process 
without any significant toxicity in these groups of patients 
with meningioma associated with metastatic/advanced 
NETs.
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