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Abstract

identifying patients with multifocal disease.

Patients with meningioma usually undergo surgery with curative intent, based on conventional imaging
techniques such as computer tomography and magnetic resonance imaging. However, unidentified tumor lesions at
the time of surgery can render the surgery non-curative. In the last decade, positron emission tomography (PET)
with somatostatin receptor ligand DOTA-D-Phy'-Tyr3-octreotide labeled with gallium-68 (°8Ga-DOTATOC) has
increasingly become an important tool in the management of meningiomas compared to conventional imaging.
However, its indications are not well defined. We present a case of a 60-year old woman who presented with a
recurrence of an anaplastic meningioma in the right occipital region, 29 months after the primary excision of an initial
diagnosed atypical meningioma. Despite two subsequent surgical excisions and two courses of stereotactic radiation
treatment over a period of 42 months, the tumor continued to recur at different sites. A PET scan performed with the
tracer 68Ga-DOTATOC later revealed additionally small positive lesions, suggesting a meningioma composed of
multiple foci. As meningioma recurrences, particularly with multiple foci, have a significant impact on determining
treatment for the individual patient, a routine 88Ga-DOTATOC PET could help avoid non-curative surgery by
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Abbreviations:

WHO: World Health Organization; CT: Computer Tomography;
MRI: Magnetic Resonance Imaging; SSTR2: Somatostatin-Receptor
Subtype 2; PET: Positron Emission Tomography; DOTATOC: DOTA-
D-Phyl—Tyr3—octre0tide; 68Ga; Gallium-68; SRT: Stereotactic
Radiotherapy; HRRT: High Resolution Research Tomograph

Introduction

Meningiomas constitute the most common non-glial tumors,
accounting for 27% of primary intracranial tumors in adults [1]. More
than 90% are of benign histology (World Health Organization [WHO]
grade I) with a low proliferation index and a slow growth, while the
rest of them are either atypical (WHO grade II) or anaplastic (WHO
grade III) with a high potential for recurrence and a lower median
overall survival [1,2]. Patients with meningioma usually undergo
surgery with curative intent, based on conventional contrast-enhanced
imaging techniques such as computer tomography (CT) and magnetic
resonance imaging (MRI). However, unidentified tumor lesions at the
time of surgery can render the surgery non-curative, especially in cases
with atypical and anaplastic meningiomas. Meningioma cells are well
known to express a high level of several receptors. Among these,
somatostatin-receptor subtype 2 (SSTR2) is the most abundant
receptor, and offers the possibility of receptor-targeted imaging [3]. In
the last decade, positron emission tomography (PET) with
somatostatin receptor ligand DOTA-D-Phy!-Tyr3-octreotide labeled
with gallium-68 (%3Ga-DOTATOC) has increasingly become an

important tool in diagnosing, treatment planning and follow-up of
meningiomas due to a higher sensitivity in distinguishing
meningiomas from normal intracranial structures and post-
therapeutic conditions compared to conventional imaging [4-12].
However, its indications are not well defined.

Herein, we present a case of a female patient with a previously
resected atypical meningioma, who underwent subsequent surgical
excisions and radiation treatments for a recurrent anaplastic
meningioma. A PET scan with the tracer Ga-DOTATOC performed
later revealed multiple meningiomas. The aim of this case report is to
assist neurosurgeons in recommending and performing %8Ga-
DOTATOC PET as a standard imaging modality in cases with
meningioma recurrence.

Case Report

In 2011, a 60-year old woman presented with a small tumor
recurrence in the occipital region on the right side, 29 months after
surgical excision for an atypical meningioma (WHO grade II). At the
time of excision, the patient had left-sided temporal visual field defect
and gait disturbances. Since surgery, the patient was followed with
serial MRI showing no evidence of tumor recurrence. The current MRI
showed a contrast-enhancing mass, measuring 12 x 13 x 17 mm, in the
right occipital region with close relation to the cerebellar tentorium.
The patient had no additional new symptoms apart from those
mentioned above. Because of the small size of tumor and no
aggravation of the present symptoms, a conservative approach was
chosen with another follow-up MRI six months later.
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Surveillance MRI six months later demonstrated progression of the
tumor, measuring now 23 x 27 mm, for which she underwent
subsequent tumor resection three weeks later. Intra-operatively, the
tumor was adherent to the cerebellar tentorium in several areas
causing difficulty in gross tumor excision. Postoperative MRI showed
only a minimal enhancement near the resection cavity. Histological
examination revealed the characteristic appearance of an anaplastic
meningioma (WHO grade III). The patient was then referred for
adjuvant stereotactic radiotherapy (SRT) to the tumor bed (2 Gy x 30,
5 fractions per week).

Follow-up MRIs every three months were stabile until early 2013,
when MRI revealed once again a renewed growth of the tumor in
relation to the tentorium in the right occipital region measuring 7 x 7
x 9 mm, with progression over six months to 14 x 10 x 14 mm. In
addition, another small meningioma was seen at the sinus confluence
on the left side measuring 7 mm, which was not discovered on MRI six
months earlier. The patient underwent another surgical resection of the
tumor related to the tentorium. The surgery was complicated by
venous bleeding thus only a small part of dura was removed than
initially planned. Repeat SRT was not considered due to lack of tumor
control from previously SRT.

A year later, MRI showed a thickening of the falx and the tentorium
suggesting en plaque meningioma, although a suspicion of an
infiltration of the dura was raised as well (Figure 1a, yellow arrow). In
addition, a small mass was seen located deeply in the resection cavity
involving the medial edge of the tentorium measuring 9 x 11 mm
(Figure 1a, red arrow). A PET scan with the tracer ®*Ga-DOTATOC
was carried out, which did not show any evidence of tumor
progression at the falx or tentorium, or en plaque meningioma (Figure
1c, yellow arrow), but confirmed the small mass located mesially to the
resection cavity as seen on MRI (Figure 1c and le, red arrow). A repeat
%8Ga-DOTATOC-PET two months later revealed an additional mass of
approximately 7 mm in diameter located lateral and inferior to the
mass, which was not seen on latest MRI (not shown). Another three
months later, MRI revealed growth of mass near the tentorial edge
measuring now 10 x 16 mm, for which the patient underwent another
SRT (18 Gy x 1). Three months after irradiation, MRI raised once again
a suspicion of a continued progression of the tumor measuring now
14x18 mm (Figure 1b, red arrow). However, 68Ga-DOTATOC PET
could not confirm it, and findings were interpreted as reactive changes
of irradiation rather than tumor progression (Figure 1d, red arrow;
Figure 1f, empty red circle).

The tumor residual remained stabile on MRI carried out in early
2015. However, a new mass suggesting a meningioma recurrence was
observed at the anterior part of the tentorium measuring 5 x 7 x 6 mm
(Figure 2b; Figure 1f, orange arrow) that was not detected on MRI 11
months previously (Figure 2a), confirmed by ®Ga-DOTATOC PET
(Figure 2c). %8Ga-DOTATOC PET was carried out again, which
revealed a high tracer-uptake in two new foci: one corresponding to
the meningioma at the anterior part of the tentorial edge as detected
on MRI (Figure 2d, orange arrow), and additional meningioma
recurrence hidden in the contrast-enhanced choroid plexus on the
right side (Figure 2h, cyan arrow) which was not identifiable on the
latest MRI (Figure 2f) and neither on MRI nor 8Ga-DOTATOC PET
11 months previously (Figure 2e and 2g). It was decided to repeat SRT
with a single dose of 18 Gy.

PET imaging

A dedicated brain High Resolution Research Tomograph (HRRT)
PET scanner (CTI/Siemens, Knoxville, USA) [13,14] with an axial field
of view of 25 cm, and a near isotropic resolution of 2 mm was used for
scanning. Initially a 6 min transmission scan with a rotating 137Cs
single-photon point source was performed for attenuation correction.
Forty-five minutes after injection of 100 MBq ®®Ga-DOTATOC a
single 20 min PET frame was recorded. The images were reconstructed
using a 3D-ordered subset expectation maximization algorithm with
correction for the measured point spread function (3D-OSEM-PSF)
[15]. Each image consisted of 207 image planes in a 256 x 256 matrix
with an isotropic voxel size of 1.22 x 1.22 x 1.22 mm?>. All images were
corrected for randoms, scatter, attenuation [16], decay and dead time,
and filtered with a 3-D Gaussian 2 mm filter. For co-registration to an
anatomical reference, a post-contrast T1-weighted (MPRAGE) MRI (1
x 1 x 1 mm TR=1900 ms, TE 2.32 ms, TI =900 ms) from a Siemens
Verio 3-Tesla MR scanner was obtained.

MRI T1c

MRI PET

MIP PET

Slice 1

Figure 1: Post-contrast T1-weighted MRI images alone (1a-b, left)
and fused with ®3Ga-DOTATOC PET (1c-d, middle) and maximum
image projections (MIP) (le-f, right) at stereotactic radiotherapy
planning (1a, Ic, le, top) and after 11 months (1b, 1d, 1f, bottom).
The MIP shows all activity in the head in the sagittal plane. The
broken lines in the MIP show the relative locations of slices 1-3 and
colored arrows the lesions in Figures 1 and 2. The MIP (le) shows
the position of slice 1 with only 2 active foci, the recurrent tumor
(red arrow and circle) and physiological ®¥Ga-DOTATOC uptake in
the pituitary gland (green arrow), respectively. Initial MRI (la)
indicated a 5 mm in diameter regional tumor recurrence (red
arrow) that was confirmed with ®Ga-DOTATOC PET (1c). ®3Ga-
DOTATOC PET was used for radiotherapy planning and MRI and
PET 11 month later (1b and 1d) showed structural and functional
response on MIP (1f, empty red circle). Initially a larger en plaque
meningioma was suspected on MRI (la, yellow arrow) but this
could not be confirmed on PET (1c) indicating reactive changes and
the area was not included in the therapy field. This area was
structurally and functionally stationary on follow-up. Orientation:
R: Right; L: Left; A: Anterior; P: posterior.
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Figure 2: Post-contrast T1-weighted MRI images alone and fused
with %Ga-DOTATOC PET at stereotactic radiotherapy planning
(2a, 2, 2e, 2g, top) and after 11 months (2b, 2d, 2f, 2h, bottom). At
clinical routine MRI follow-up a 3 mm in diameter recurrence at
the right tentorial edge was identified (2b, orange arrow) that was
not identifiable 11 months previously (2a) confirmed by ®3Ga-
DOTATOC PET (2¢). However, MRI did not locate a 2 mm in
diameter recurrence buried in the right choroid plexus (2f, cyan
arrow) clearly identifiable with %8Ga-DOTATOC PET (2h, cyan
arrow). Green arrow points to physiological %Ga-DOTATOC
uptake in the pituitary gland. The relative level of slices 2 and 3 and
recurrences are labeled in MIP (1f). Orientation: R: Right; L: Left;
A: Anterior; P: posterior.

Discussion

In recent years, a number of retrospective and prospective studies
have compared the performance of ®¥Ga-DOTATOC PET scan with
conventional imaging modalities in pre-therapeutic assessment of
patients with meningioma. The results of these studies suggest that
%8Ga-DOTATOC PET has a greater diagnostic and delineated
accuracy, and its use is recommended in addition to other imaging
modalities for targeting the volume definition prior to radiotherapy
[4-12]. Henze et al. [4] were the first to show the utility of ®3Ga-
DOTATOC PET in meningioma in a small population of three
patients with a total of eight meningiomas. They found that *%Ga-
DOTATOC PET was able to detect all lesions, including the smallest
ones measuring only 7-8 mm in diameter, and offered a very high
tumor-to-background ratio. Afshar-Oromieh et al. [5] evaluated *®Ga-
DOTATOC in 134 patients with meningiomas. They detected a total of
190 meningiomas by using %Ga-DOTATOC PET, whereas MRI
detected only 171, as MRI was unable to detect very small tumors (~7
mm in diameter), tumors adjacent to the falx cerebri or located at the
skull base, or tumors obscured by imaging artefacts. Miker-Zebal et al.
[6] investigated another dimension of ®Ga-DOTATOC PET, which
included precise tumor volume delineation for planning of
radiotherapy in meningioma. In a pilot study, the authors reported that
%8Ga-DOTATOC PET delivered additional information with regards to
the extent of tumor, and led to a significant modification in
fractionated SRT field planning in about two third of the 26 patients
with meningiomas compared to treatment planning based on

stereotactic MRI or CT alone. Similar results have also been reported
by other studies [7-11].

18F_2-fluoro-2-deoxy-D-glucose (!8F-FDG) is widely used PET
tracer for imaging various malignant tumors and one of the first PET
tracers used in the study of meningiomas [17,18], although conflicting
results are reported in the literature [19-21]. 'F-FDG has shown
particular difficulty in characterizing and delineating meningiomas
due to similar basal glucose metabolic rate of normal brain tissue.
Cremerius et al. [19] demonstrated high sensitivity (89%) and
specificity (88%) of '8F-FDG PET for detection of atypical and
malignant meningiomas (WHO grades II and III) and recurrent
tumors, compared to meningioma WHO grade I. In contrast, Lee et al.
[21] reported that the sensitivity of '®F-FDG PET in detecting high-
grade meningiomas was low, but 8F-FDG uptake correlated
significantly with the proliferative potential of the tumor. The authors
suggested that the clinical role of F-FDG PET could rather be to
predict tumor recurrence and prognosticate patient survival than to
detect high-grade meningiomas. There are no studies comparing '8F-
FDG with %Ga-DOTATOC directly. However, as the uptake of %8Ga-
DOTATOC in the normal brain tissue is negligible, ¥Ga-DOTATOC
allows a better delineation of brain tumor contours [4-12], and
therefore is preferable for evaluating both primary and recurrent
meningiomas.

The present case report demonstrates a great impact of %Ga-
DOTATOC PET in the management of recurrent meningioma. The
diagnosis of tumor recurrence might be challenging, as the findings are
often uncertain or equivocal on conventional MRI. In the present case
report, %Ga-DOTATOC PET identified all meningiomas with very
high tumor-to-background ratios including small foci, which were not
always detected by MRI. In addition, %Ga-DOTATOC PET was able to
confirm and refute the suspicious lesions of recurrence as seen on
MRI. It also showed to be valuable in distinguishing tumor remnant or
recurrent meningioma from post-therapeutic changes, which is in line
with the published literature [11]. The high %¥Ga-DOTATOC uptake in
meningioma cells therefore highlights its clinical relevance, and not
only it has a potential impact on the treatment of patients with
meningioma by finding previously undiagnosed recurrences but also
on detecting multiple meningiomas in patients already diagnosed with
seemingly localized meningioma recurrence.

Surgical excision usually is the preferred treatment modality in
management of meningiomas, but is not always feasible [12,22,23].
Unidentified sites of meningiomas at the time of surgery could cause
subsequent clinical relapse or render the surgery non-curative, as
reported in the present case report. Identification of meningomas with
unexpected foci, particularly multiple foci, by %Ga-DOTATOC PET
might be helpful in selection of patients for surgery by identifying
those who will not benefit from surgery, thus avoiding non-curative
and potentially morbid surgery. At last, ®Ga-DOTATOC PET also
opens up the possibility of preoperative evaluation of meningiomas
[6-10], and could modify the surgical strategy and increase the
accuracy of surgical resection, particularly in meningiomas with
features associated with growth [24].

Conclusion

The present case report suggests that ®Ga-DOTATOC PET offers
complementary information in patients with uncertain and equivocal
results on MRI, and is particularly accurate in distinguishing benign
post-therapeutic scar from tumor remnant or recurrence. As
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meningioma recurrence, particularly with multiple foci, have a
significant impact on individual patient management, a routine %4Ga-
DOTATOC PET could be useful in determining and modifying the
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