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Background: Paraganglioma occurs rarely in the sellar/parasellar region. Here, we report
a patient with malignant paraganglioma with primary sellar location with unusual genetic
and imaging features.

Case Presentation: A 31-year-old male presented with mild hypertension, headache,
nausea, and vomiting. A sellar/parasellar tumor mass was revealed by magnetic resonance
imaging (MRI), while an endocrine work-up found partial hypopituitarism, suggesting that it
was a non-functioning pituitary tumor. Antihypertensive therapy and hormone replacement
were initiated. Tumor reduction was achieved with transsphenoidal neurosurgery. However,
histological diagnosiswasnotpossibledue toextensive tissuenecrosis.After4yearsof stable
disease, the residual tumor showed re-growth requiring gamma knife radiosurgery. Four
years after the radiosurgery,MRI showed a significant tumor progression leading to a second
neurosurgery. This time, pathological and immunohistochemical findings revealed
paraganglioma. Plasma levels of metanephrine and normetanephrine were normal. A gene
sequencing panel performed on DNA extracted from blood excluded germline mutations in
17 susceptibility genes. The patient developed new tumor masses in the neck, and the third
surgery was performed. Immunohistochemistry demonstrated lack of ATRX (alpha
thalassemia/mental retardation syndrome X-linked) protein in tumor cells, indicating an
ATRX gene mutation. Molecular genetic analysis performed on tumor DNA revealed a
combination of ATRX and TP53 gene abnormalities; this was not previously reported in
paraganglioma. MRI and 68Ga-DOTANOC PET/CT revealed the full extent of the disease.
Therapy with somatostatin LAR and 177Lu-DOTATATE Peptide Receptor Radionuclide
Therapy (PRRT) was initiated.
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Conclusion: Although rare, paraganglioma should be considered in the differential
diagnosis of sellar/parasellar tumor lesions, even in the absence of typical imaging
features. ATRX gene mutation in paraganglioma is an early predictor of malignant
behavior and a potential novel therapeutic marker when pharmacological therapy
targeting mutated ATRX becomes available.
Keywords: malignant sellar paraganglioma, 68Ga-DOTANOC PET/CT, MRI, ATRX mutations, TP53 mutations
INTRODUCTION

Paragangliomas (PGLs) are rare neuroendocrine tumors
originating from chromaffin tissue derived from the neural
crest with an incidence of 0.8/100,000 patients/year. They are
extra-adrenal tumors arising from the sympathetic and
parasympathetic paraganglia. Head and neck PGLs are of
parasympathetic origin and only 1%–3% are associated with
elevated catecholamine levels in the circulation (1, 2). Besides
epinephrine and norepinephrine, the dopamine level may also
be increased in up to one-third of patients with head and neck
PGL (3). PGLs in the sellar and parasellar region are extremely
rare with 31 cases reported so far (4–8), none of them being
secreting (4, 6, 9). Their origin has not been fully elucidated;
however, it was suggested that they arise from residual
aggregates of paraganglionic cells present during fetal and
neonatal period along the tympanic or ciliary nerves or
branches of the glossopharyngeal nerve within or close to the
cavernous sinus (6, 9).

PGLs typically appear as hypointense lesions on T1-weighted
MRI and hyperintense on T2-weighted images. Classic MRI “salt
and pepper” appearance of head and neck PGLs, composed of
flow voids creating low-signal intensity and hemorrhage creating
hyperintense regions on both T1- and T2-weighted images (10),
has not been reported in sellar/parasellar PGLs, except two cases
demonstrating flow voids (6, 11).

Up to 50% of adult and more than 80% of pediatric PGL cases
are hereditary tumors (2) usually associated with germline
mutations of succinate dehydrogenase (SDH) genes SDHA,
SDHB, SDHC, SDHD, and SDHAF2 (9, 12). Clinically,
hereditary predisposition can be suggested by positive family
history, early onset, multiple tumor occurrence, and association
with other tumor types (13). The remaining 50% of adults
present with somatic mutations in one of the currently susceptible
genes for phaeochromocytomas and paragangliomas (14).

PGLs are mostly benign and slow-growing tumors; however,
they may grow invasively andmetastasize (2). Malignancy of PGLs
is defined by the presence of distant metastases, usually affecting
bones and lymph nodes (2, 15). Only two cases of metastasizing
parasellar PGLs have been reported (11, 16). Recognizing the
potential for malignant behavior of PGLs is challenging and
impacts the treatment and survival rate in these patients.
Although clinical extra-adrenal location, tumor size (larger than
5 cm) and younger age suggest a poor outcome, until today there
are no established clinical, genetic, or molecular predictors of
malignancy of PGLs at the time of diagnosis (1). Recently, somatic
mutations of ATRX and telomerase activation have been reported
2

and strongly associated with aggressive and metastatic behavior in
PGLs and pheochromocytomas (14, 17, 18).

Here, we present a challenging case of paraganglioma involving
the sellar, parasellar, and neck region, with malignant behavior
and distant metastases to bones, associated with high-risk
molecular genetic pattern and absence of typical imaging features.
CASE REPORT

A 31-year-old male presented with a headache, nausea, and
vomiting in November 2008. His family history revealed
arterial hypertension in his mother and brother. His father
died from liver malignancy, while his paternal uncle died of a
brain tumor. Physical examination did not reveal any
abnormality, apart from arterial hypertension (150/100
mmHg). Visual fields were normal in both eyes, and no other
cranial nerve sensory or motor defects were present. MRI showed
the presence of a large sellar mass (16 × 28 × 19 mm) with
bilateral parasellar involvement (Figure 1). Pituitary hormone
assessment showed central hypothyroidism and low prolactin
levels (Table S1). The clinical diagnosis was of a non-functioning
pituitary tumor with partial hypopituitarism. Levothyroxine (50
µg/day) replacement was started. Blood pressure responded well
to the ACE inhibitor (Ramipril 1.25 mg/day). Transsphenoidal
surgery was performed in February 2009 with partial tumor
resection leaving residual tumor in both cavernous sinuses
(Figure 1). The histopathological examination revealed only
necrotic material. Postoperative assessment showed additional
gonadotroph and growth hormone deficiency (Table S1) and
testosterone enanthate (250 mg/month) was initiated. Over the
next 4 years, annual MRIs showed a stable residual tumor. In
2013, the patient developed a severe headache, and a pituitary
MRI revealed an increase in the residual tumor volume with the
same pattern of growth. In November 2013, the patient
underwent gamma knife radiosurgery with a dose of 12 Gy to
the 50% margin.

Two years later, he developed panhypopituitarism (Table S1).
He had normal visual fields. Hydrocortisone was added to the
replacement therapy (10 mg on waking up and 5 mg late in the
afternoon). An MRI follow-up showed mild reduction of the size
of the residual tumor.

In November 2017, the patient was admitted to the emergency
room due to loss of consciousness, severe headaches, especially in
the left retrobulbar area, nausea, and vomiting. The MRI showed a
significant tumor progression (from 22 × 23 × 12 mm to 42 × 35 ×
27mm in 3 years) with tumor extension to the left orbit through the
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inferior orbital fissure (Figure 2). A transcranial surgery was
performed with a partial tumor resection. Histopathological
examination demonstrated tumor tissue composed of groups of
uniform round to oval tumor cells with finely granulated chromatin
surrounded by delicate fibrous septa, features suggestive for
paraganglioma. Neuroendocrine character of the tumor cells was
confirmed by positivity for synaptophysin and chromogranin A.
S100-positive sustentacular cells were scattered in the interlobular
interstitium. Mitoses were present (fewer than 5 per 10 high power
field) and Ki67 proliferative index reached 10% in multiple foci.
There were signs of tumor invasion into surrounding brain tissue
(Figures 3A–E).

Plasma free metanephrine and normetanephrine were within
the normal range (Table S1). Assessment of the plasma level of
dopamine metabolite 3-methoxythyramine was not determined
since this analysis is not a routine at our center. Initially, 68Ga-
DOTANOC, which is the most sensitive method to detect bone
Frontiers in Oncology | www.frontiersin.org 3
deposits of paraganglioma (19), was not performed. Thus, the
presence of the distant metastases early during the clinical course
could not be excluded.

The patient’s relatively young age and the aggressive course of
the disease prompted the genetic testing. However, next-
generation sequencing (NGS) from blood sample showed no
germline mutations in SDHA, SDHB, SDHC, SDHD, SDHAF2,
TMEM127, MAX, VHL, RET, NF1, GOT2, MDH2, EGLN, EPAS,
SLC25A11, MAX, and FH genes.

The patient was well until January 2019, when left-sided
headaches became severe, and tumefaction in the left
submandibular region was palpable. The MRI of the neck
revealed a tumor mass in the left submandibular region as well as
a smaller lesion in the ipsilateral masticator space (Figure S1). A
nodular soft tissue lesion in the body of the second lumbar vertebra
consistent with metastasis was detected on the MRI performed
due to back pain (Figure S1). The patient underwent stereotactic
FIGURE 1 | Preoperative T2W coronal (A) and T1W coronal image after contrast administration (B) showing large sellar mass with bilateral parasellar involvement
more prominent on the left, with partial encasement of the internal carotid artery with preserved flow void within the vessel (white arrows). Postoperative T1W coronal
(C) and T2W (D) showing the reduction of the tumor volume in the sella and no significant changes in the parasellar components of the residual tumor.
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radiotherapy of the sellar region with the total dose of 48
Gy/24 fractions in May 2019 and posttreatment sellar MRI
showed a necrotic transformation of the residual tumor in the
left cavernous sinus, while the orbital component remained
unchanged. A submandibular lesion was removed. The
histopathological findings were principally the same as in the
sellar tumor. Immunohistochemical analyses performed according
to standard protocols at the Department of Clinical Pathology,
Uppsala University Hospital showed strong expression of
somatostatin receptors (SSTR) type 2A (Figure 3F) and 3 in all
tumor cells, whereas SSTR1 and SSTR5 were negative. Additional
immunohistochemical analysis with ATRX antibody (HPA001906,
Atlas Antibodies; dilution 1:100; incubation time 20 min)
demonstrated the lack of immunolabeling in the tumor cells with
preserved staining in non-neoplastic cells, strongly suggesting an
ATRX gene mutation (Figure 3G). ATRX immunolabeling was
negative both in the specimen from the primary sellar tumor from
2017 and in the specimen from submandibular tumor deposit from
2019. In order to confirm the ATRX gene mutation, a molecular
genetic analysis was performed using NGS panel covering 20 genes
related to CNSmalignancies on DNA extracted from formalin-fixed
paraffin-embedded tumor tissue from the submandibular tumor
lesion. In concordance with lack of ATRX immunolabeling in
tumor cells, a nonsense mutation in ATRX was detected in exon
12 causing pre-termination at Gly-1350 in the central portion of the
ATRX protein preceding the helicase ATP-binding and C-terminal
Frontiers in Oncology | www.frontiersin.org 4
domains. An additional TP53 p.Arg283Cys missense variant
localized in the region encoding the C-terminus of the central
DNA-binding domain was also identified. The sample was wild-
type with respect to hotspot mutations in IDH1, IDH2, and TERT
promoter. No obvious copy number variation (CNV) could be
detected (Figure 4). Following the molecular genetic finding of a
TP53 variant, immunohistochemical analysis of TP53 (DAKO,
monoclonal antibody, clone D0-7, catalogue number GA616;
ready-to-use; incubation time 20 min) was performed showing a
negative result (Figure 3H).

A follow-up MRI in August 2019 revealed an increase in the
volume of the masticator lesion and an increased volume of the
lumbar metastasis. In December 2019, 68Ga-DOTANOC PET/
CT was performed (application 191 MBq) and showed the full
extent of the disease (Figure S2). Octreotide LAR was initiated
LAR (30 mg i.m. every 28 days). Based on the results of 68Ga-
DOTANOC PET/CT, Karnofsky performance status (80%), and
an increased Ki67 index (10%), we decided to perform Peptide
Receptor Radionuclide Therapy (PRRT) with 177Lu-
DOTATATE. We performed four out of six planned cycles of
the therapy with a dose of 5.55 GBq each following 1-month
suspension of octreotide before treatment. During the follow-up,
the patient responded well to the treatment; he no longer had
headaches and lower back pain, and submandibular swelling has
resolved. The follow-up CT, MR, and 68Ga-DOTANOC
examinations have been scheduled; however, the patient
FIGURE 2 | T2W coronal (A), T1W coronal (B), and T1W axial (C) after contrast administration showing size increase of the left cavernous sinus residual tumor with
mass effect to the left temporal lobe and signs of subcortical vasogenic edema were evident (white arrows). Tumor extension to the left orbit through the orbital
fissure was documented (black arrow).
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developed acute calculous cholecystitis that required emergent
surgery and resulted in the delayed control examinations.
DISCUSSION

Here,we report a patientwith a primary, aggressive, locally invasive
sellar and parasellar paraganglioma with distant bone metastases,
lack of typical PGL imaging features, lack of identifiable germline
mutation, and a novel molecular genetic profile in the tumor. We
draw attention to diagnostic difficulties and underline the need for
correlation of clinical findings and family history with radiological,
histological, and genetic features in order to identify risk for
aggressive behavior and offer the best management to the patients
with malignant parasellar paragangliomas.

Unusual sellar/parasellar location of PGLs in combination with
the absence of catecholamine hypersecretion and lack of typical
MRI characteristics may lead to preoperative misdiagnosis of a
Frontiers in Oncology | www.frontiersin.org 5
sellar/parasellar PGLas pituitary adenoma (20).Thiswas the case in
our patient: the tumor initially demonstrated an indolent clinical
course with symptoms related to partial hypopituitarism and mild
arterial hypertension.MRI features were not characteristic for PGL,
except the presence of flow voids that have been previously
described (6, 11). All this resulted in preoperative misdiagnosis of
the tumor as a non-functioning pituitary adenoma. Unfortunately,
histopathological diagnostic was inconclusive due to extensive
necrosis and lack of representative tumor tissue.

Although young age at onset in our patient was suggestive for
a hereditary tumor, we could not detect any germline mutations
by NGS analysis covering 17 known predisposing genes,
including all SDH genes. After an initial relatively indolent
phase, the clinical course in our patient became unusually
aggressive with periods of rapid tumor growth, invasion into
multiple anatomical compartments, and development of distant
metastases. Unfortunately, there are no reliable prognostic
markers for early detection of aggressive PGL. Recently, ATRX
FIGURE 3 | Hematoxylin–eosin staining revealed tumor composed of lobuli of uniform tumor cells surrounded by fibrous septa (A) with the evidence of invasion into
surrounding brain parenchyma (B). Immunohistochemical analysis with synaptophysin (C) confirmed the neuroendocrine nature of the tumor and the presence of
S100-positive sustentacular cells (D) was typical for paraganglioma. Cell proliferation was increased with Ki67 index reaching 10% (E). Tumor cells were strongly
positive for SSTR2A (F). ATRX was preserved in endothelial cells; however, there was no ATRX nuclear immunolabeling in the tumor cells (G). TP53 was negative
(H). Insert in H shows TP53 expression in the positive control tissue from a p53 mutated carcinoma (magnification is 200× for all microphotographs except (A) that
has 400× and (B) that has 100×).
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gene mutations were reported in aggressive and malignant PGLs
enabling postoperative identification of potentially aggressive
cases (18). Immunohistochemistry with antibody towards
ATRX results in the lack of the immunostaining in the ATRX-
mutated cases and should be performed in all cases in order to
identify patients with potentially aggressive PGLs.

In our patient, an immunohistochemical analysis revealed lack
of ATRX protein in tumor cells in the specimens from the two last
surgeries. A novel nonsense ATRX mutation (p.Gly1350Ter) was
confirmed by NGS panel performed on DNA extracted from the
tumor tissue removed from the submandibular region during the
last surgery. Unfortunately, we were not able to exploreATRX gene
mutational status in the specimen from the first surgery due to
necrosis in the tumor tissue. Thus, we cannotmake any conclusion
Frontiers in Oncology | www.frontiersin.org 6
whether the ATRXmutation was an early event predisposing from
the beginning to malignant tumor behavior or whether the
mutation developed later on contributing to the malignant
progression. However, previous reports on ATRX mutations in
PGLs (18) and also pituitary neuroendocrine tumors (21) indicate
that ATRX gene mutation is an early event driving metastatic
potential in the ATRX-mutated tumors and can be identified in
the primary specimens even years before detection of the
metastases. An immunohistochemical analysis with antibody
toward ATRX should thus be part of routine pathological work-
up in order to identify patients at risk for malignant metastatic
disease.ATRX genemutations have been reported in other types of
neuroendocrine tumors such as pancreatic NETs (22), aggressive
pituitary neuroendocrine tumors (21), and pheochromocytomas
FIGURE 4 | ATRX and TP53 mutations in a patient with metastatic primary sellar paraganglioma. NGS sequencing using a panel with 20 genes commonly mutated
in gliomas identified two tumor suppressor mutations: a nonsense mutation in ATRX and missense mutation in TP53 with frequencies of 85% and 50%, respectively.
Coverage and pile-up of sequencing raw data visualized using a genome browser depict the mutations in red (lower panels; minus orientation), and healthy donor
controls (upper panels) were included for comparison. Schematic diagrams show ATRX and TP53 exon structures with positions of mutations indicated. Only exons
containing coding sequence were included (ATRX: ex. 1 through ex. 35; TP53: ex. 2 through ex. 11). The large exon 9 of ATRX, depicted with stippled lines, is
compressed for clarity. Protein domains are highlighted in light colors (ADD: ATRX-DNMT3-DNMT3L). The ATRX c.4048G>T mutation results in pre-termination of
ATRX at G1350 in the central portion of the 2492-residue protein, whereas the c.847C>T mutation of TP53 causes an R283C substitution in the C-terminus of the
DNA binding domain.
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(23). The ATRX p.Gly1350Ter nonsense mutation has not been
previously reported according to search in public database.

The inactivating mutations in ATRX are distributed along the
coding sequence of this large gene, and accumulation in hotspot
regions has not been observed so far. Yet, an ATRX p.Gly1350fs
mutation also affecting codon 1350 was recently reported (21).
The identification by NGS of the ATRX mutation in tumor cells
are in concordance with the negative ATRX immunostaining as
pre-termination of ATRX protein at position 1350 likely results
in lack of ATRX expression and in ATRX protein malfunction in
the tumor cells. This is supported by pathogenicity assessment
using databases (varsome, COSMIC, oncoKB, JAX CKB, dbsnp,
and ClinVar), based on the general concept that pre-termination
of tumor suppressor genes may cause loss of function.
Concurrent somatic mutations in IDH1 and ATRX were
noticed in a rare case of sporadic PGL, but the present case
was wild-type with respect to hotspot mutations in IDH1 and
IDH2 (24).

NGS also showed a missense variant in TP53 translating into a
substitutionofArg283 tocysteine.TheTP53p.Arg283Cys variant is
rated as a “variant of uncertain significance” (VUS) by the ClinVar
database. The functional implication of the detected TP53 R283C
variant needs further investigation. However, the presence of this
variant in our case of malignant PGLs may support its oncogenic
character. Although TP53 gene mutations have been sporadically
reported in PGL (14, 25, 26) and aggressive PGLs frequently
presented with concurring mutations (27, 28), a combination of
ATRX and TP53mutation is so far unique. This co-occurrence has
recently been described in aggressive pituitary neuroendocrine
tumors and pituitary carcinomas (23). We identified the presence
of TP53 p.Arg283Cys with a frequency of 50% in our patient;
however, our NGS approach cannot distinguish somatic from
germline mutations because a blood sample from the patient was
not included in the sequencing analysis. As both genes are strongly
associatedwithmalignant tumors, it is difficult to speculatewhether
these mutations drive aggressive behavior separately or in
combination. The molecular genetic findings give rationale for
performing immunohistochemistry with antibodies towards
ATRX and p53 in all sellar/parasellar paragangliomas. While
ATRX immunohistochemistry is reliable in detection of ATRX
gene mutations, TP53 immunohistochemistry may be difficult to
interpret. Immunohistochemistry forTP53wasnegative inour case
in the same specimen where we demonstrated TP53 variant in the
tumor cells. Overexpression and distinct TP53 staining are usually
seen in a significant proportion of cells in TP53-mutated tumors.
However, TP53 immunohistochemistry does not always correlate
with mutational status of the TP53 gene. In all cases with the
mutations suspected by using immunohistochemistry, ATRX and
TP53 mutations should be confirmed by using molecular
genetic analysis.

In our patient, the disease could not be controlled despite
complex and aggressive therapeutic approach including repeated
surgeries, gamma-knife and conventional radiotherapy. A high
expression of SSTR2A in tumor cells demonstrated on the basis
of both high uptake during 68Ga-DOTANOC PET/CT work-up
and immunohistochemical expression of the receptor led us to
Frontiers in Oncology | www.frontiersin.org 7
anticipate that the patient may respond well to somatostatin
analogues (SA) (29) and PRRT treatment. PRRT with 177Lu-
DOTATATE represents a treatment of choice for metastatic
PGLs with high SSTR2 expression (30).

ATRX gene is an attractive potential therapeutic target and
there are intensive attempts to develop pharmacological therapy
for ATRX-mutated tumors (28). When pharmacological therapy
targeting mutated ATRX becomes available, patients with
confirmed ATRX-mutated paragangliomas will be candidates
for the treatment.

In summary, we present a case of an aggressive, metastasizing
sellar and parasellar paraganglioma with lack of characteristic
MRI imaging features and a somatic loss-of-function ATRX gene
mutation and a variant of suspect oncogenic potential in TP53
gene. MRI imaging alone is not specific enough for precise
characterization of sellar/parasellar PGLs; therefore, 68Ga-
DOTA-peptides PET/CT must be included in the diagnostic
algorithm of PGLs, initially for staging and ruling out metastases, and
during a follow-up for revealing the full extent of the disease (31–33).
The findings provide rationale for immunohistochemical and
molecular genetic analysis of ATRX and TP53 in sellar
paragangliomas in order to detect the tumors with malignant
potential in an early postoperative phase. Moreover, a mutated
ATRX is a potential therapeutic target in ATRX-mutated aggressive
paragangliomas. Although we could not identify in our patient
germline mutations in any of the genes involved in familial
paraganglioma, genetic testing should be strongly recommended,
especially in patients with confirmed or suspected metastatic disease.
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Activation and ATRX Mutations Are Independent Risk Factors for Metastatic
Pheochromocytoma and Paraganglioma. Clin Cancer Res (2019) 25:760–70.
doi: 10.1158/1078-0432.CCR-18-0139

19. Jha A, Patel M, Saboury B, Millo C, Ling A, Shah R, et al. Superiority of 68Ga-
DOTATATE PET/CT Compared to 18F-FDG PET/CT andMRI of the Spine in
the Detection of Spinal Bone Metastases in Metastatic Pheochromocytoma and/
or Paraganglioma. A Meeting Report. J Nucl Med (2020) 61(supplement 1):125.

20. Pepe S, Korbonits M, Iacovazzo D. Germline and Mosaic Mutations Causing
Pituitary Tumours: Genetic and Molecular Aspects. J Endocrinol (2019) 240:
R21–45. doi: 10.1530/JOE-18-0446

21. Casar-Borota O, Boldt HB, Engström BE, Andersen MS, Baussart B,
Bengtsson D, et al. Corticotroph Aggressive Pituitary Tumors and
Carcinomas Frequently Harbor ATRX Mutations. J Clin Endocrinol Metab
(2021) 106:1183–94. doi: 10.1210/clinem/dgaa749

22. Zheng K, Liu T, Zhao J, Meng P, Bian Y, Ni C, et al. Mutational Landscape and
Potential Therapeutic Targets for Sporadic Pancreatic Neuroendocrine
Tumors Based on Target Next- Generation Sequencing. Exp Ther Med
(2021) 21:415. doi: 10.3892/etm.2021.9859
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