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Abstract

Meningiomas with osseous involvement present unique
diagnostic and therapeutic challenges due to their variable
patterns of bone remodelling, hyperostosis, and direct
bone infiltration. While MRI and CT remain the standard
imaging modalities for evaluating soft-tissue extension and
bony architecture respectively, they often fall short in
accurately distinguishing true tumour invasion from
reactive changes, particularly in complex skull-base and
calvarial locations. 68Ga-DOTA-TOC PET/CT represents a
pivotal advancement in the imaging of meningiomas with
osseous involvement, enhancing diagnostic accuracy,
enabling multimodality management, and supporting
personalized therapeutic strategies.
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Introduction

Meningiomas are the most common primary intracranial
tumours, arising from arachnoid cap cells and typically
exhibiting a slow-growing, extra-axial pattern. Although
often benign, a substantial proportion demonstrates
biologically aggressive behaviour, complex anatomical
extension, or involvement of adjacent bone.! Osseous
involvement—manifesting as hyperostosis, cortical
erosion, or frank marrow infiltration, represents a distinct
imaging and clinical challenge. These changes may occur
in up to one-third of meningiomas, particularly those
involving the sphenoid wing, orbit, and skull base.
Differentiating true tumour infiltration from reactive
hyperostosis is critical, as it directly influences surgical
planning, the extent of resection, and the need for adjuvant
therapy. However, conventional imaging modalities,
especially MRI and CT, frequently struggle to make this
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distinction with sufficient accuracy, especially in cases with
previous surgery, radiotherapy, or complex skull-base
anatomy.2

Molecular imaging with 68Ga-DOTA-TOC PET/CT has
emerged as a powerful complementary modality in this
context. By targetting somatostatin receptor subtype 2
(SSTR2), which is strongly expressed in most meningiomas,
68Ga-DOTA-TOC provides highly specific functional
information that significantly enhances tumour
visualization.3#4 Its superior lesion-to-background contrast
allows for accurate delineation of both soft-tissue and
osseous components, supporting improved diagnostic
confidence in complex and postoperative cases.>

Osseous involvement occurs in approximately 25-30% of
meningiomas, particularly in skull-base tumours such as
the sphenoid wing and orbitofrontal region.6 It may
present as reactive hyperostosis, caused by tumour-
induced osteoblastic activity and periosteal stimulation, or
as true tumour infiltration into the bone marrow. Clinically,
osseous involvement influences surgical strategy, as
reactive changes may not require extensive resection,
whereas infiltrative lesions necessitate wider margins.
(Figure). A small cohort study by Matschke J et al., suggests
that there is high expression of somatostatin receptor 2A
(SSR2A) in the histogenesis of hyperostosis in
meningioma.”

68Ga-DOTA-TOC PET/CT is a functional imaging modality
that targets somatostatin receptor subtype 2 (SSTR2),
highly expressed in the majority of meningiomas. By
visualizing metabolically active tumours with high lesion-
to-background contrast, it complements MRI and CT,
particularly in differentiating true osseous infiltration from
reactive hyperostosis. This capability allows precise
assessment of tumour extent within both bone and soft
tissue.8 PET/CT also detects residual or recurrent disease,
even in regions obscured by scar tissue or post-
radiotherapy changes. Quantitative metrics such as
standardized uptake values (SUV) and tumour-to-
background ratios provide additional information on
tumour activity, burden, and aggressiveness. Integration
with MRl or CT enhances preoperative planning by
accurately delineating tumour margins in complex skull-

J Pak Med Assoc



Role of 68Ga-DOTA-TOC PET/CT in the Evaluation of Meningiomas. . ...

base anatomy, while guiding targetted radiotherapy to
minimize geographic miss. 68Ga-DOTA-TOC PET/CT
accurately identifies areas of active tumour within the
bone, enabling improved assessment of tumour extent and
more confident differentiation of neoplastic versus non-

273

neoplastic bone changes.%10 Moreover, high SSTR2
expression identified on PET/CT establishes a theranostic
pathway for peptide receptor radionuclide therapy (177Lu-
DOTA-TATE), offering a personalized treatment option for
recurrent or unresectable meningiomas. Overall, 68Ga-

Figure:

Large somatostatin avid extraaxial lesion at right sphenoid region along with multiple ®Ga- DOTATOC avid dural lesions along bilateral petrous part of temporal bone and

lessor wing of left sphenoid. Corresponding CT shows hyperostosis/ periosteal reaction of the adjacent bone and subcortical calcification (white arrow). ®Ga- DOTATOC
PET CT findings are suggestive of somatostatin receptor—avid meningioma with tumour infiltration of the underlying right sphenoid bone.

Table: Comparison of MRI, CT, and %3Ga-DOTA-TOC PET/CT in Meningiomas With Osseous Involvement.

Parameter MRI Outcome 68Ga-DOTA-TOC PET/CT
Primary Strength Superior soft-tissue contrast and dural assessment ~ Best for detecting hyperostosis, bone remodelling,  Highly specific molecular imaging of SSTR2 expression;
and calcification excellent lesion contrast
Detection of Osseous Limited in differentiating tumour infiltration from  Excellent for structural bone assessment, limited in  Best for distinguishing true tumour infiltration from reactive
Involvement reactive hyperostosis differentiating tumour infiltration changes

Soft-Tissue Extension

Accuracy in Complex Skull
Base Anatomy

Differentiating Active Tumour
vs Post-Treatment Changes

Radiotherapy Planning
Surgical Planning Value

Assessment of Recurrence
Theranostic Link
Overall Role

Excellent delineation of dural and parenchymal
involvement

(an be limited by artifacts or postoperative changes
Difficult; enhancement may be nonspecific

Useful but may overestimate or underestimate
margins

Identifies dural tail and soft tissue involvement

Challenging due to scar and inflammation
None

Best for initial soft-tissue evaluation

Limited

Good visualization of bone anatomy, but not
tumour activity

Not suitable
Limited; structural only

Defines areas of hyperostosis, cannot identify
infiltration

Poor
None

Best for structural bone assessment, limits viable
tumour assessment

High sensitivity, complements MRI for exact extent

Superior lesion-to-background contrast; precise mapping in
skull base regions

Excellent—captures viable tumour based on SSTR expression

Provides highly specific GTV definition; improves target
volume accuracy

Clarifies tumour extent in bone; guides need for wider
resection

Highly accurate for detecting residual or recurrent disease
Enables selection for 77Lu-DOTA-TATE therapy

Best for functional characterization and defining true tumour
burden
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DOTA-TOC PET/CT bridges anatomical and functional
imaging, improving diagnostic accuracy, treatment
planning, and individualized management in meningiomas
with osseous involvement. Comparison of MRI, CT, and
68Ga-DOTA-TOC PET/CT in meningiomas with osseous
involvement mentioned in Table.

68Ga-DOTA PET/CT integration allows precise gross tumour
volume (GTV) definition, particularly in complex skull-base
anatomy where MRI and CT may underestimate tumour
extent. By identifying metabolically active tumour, PET-
guided contouring reduces the risk of geographic miss and
ensures more targeted delivery of radiation while sparing
adjacent critical structures.’.12 Incorporating 68Ga-DOTA
PET/CT can effectively differentiate benign bone changes
e.g. post operative scar or bone oedema from viable
tumour and in addition to increasing tumour volume, can
also lead to reduced tumour volumes, especially those
involving critical structures in the brain, therefore reduce
morbidity with better outcomes.

68Ga-DOTA-TOC PET/CT also effectively distinguishes
recurrent tumour from postoperative changes or fibrosis,
enhancing early detection and guiding timely
intervention.’3 Its high specificity and sensitivity reduce
false positives that can confound MRI interpretation,
particularly in previously irradiated areas.!4

Despite its clear advantages, 68Ga-DOTA-TOC PET/CT has
several limitations in the evaluation of meningiomas with
osseous involvement. Availability and accessibility remain
restricted in many regions due to the need for specialized
radiotracers and PET/CT facilities. Sensitivity may vary in
higher-grade or atypical meningiomas, which can exhibit
heterogeneous SSTR2 expression, potentially leading to
underestimation of tumour burden. Standardized imaging
protocols and quantitative thresholds for osseous tumour
assessment are still evolving, limiting cross-center
comparability and reproducibility. Cost considerations may
also restrict widespread adoption. Additionally,
interpretation requires expertise to avoid false positives
from non-specific SSTR uptake in inflammatory lesions or
other intracranial tumours.

Conclusion:

Meningiomas with osseous involvement pose significant
diagnostic and management challenges due to the
difficulty of distinguishing true tumour infiltration from
reactive bone changes using conventional imaging alone.
The integration of 68Ga-DOTA-TOC PET/CT has transformed
this landscape by providing highly specific SSTR2-targetted
molecular information that complements the anatomical
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detail of MRI and CT. Incorporation of PET data into
radiotherapy planning enhances target volume accuracy,
while postoperative evaluation benefits from reliable
differentiation between recurrence and treatment-related
changes.
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