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Abstract

The parasellar region, located around the sella turcica, is an
anatomically complex area representing a crossroads for im-
portant adjacent structures. Several lesions, including tu-
moral, inflammatory vascular, and infectious diseases may
affect this area. Although invasive pituitary tumors are the
most common neoplasms encountered within the parasellar
region, other tumoral (and cystic) lesions can also be detect-
ed. Craniopharyngiomas, meningiomas, as well as Rathke’s
cleft cysts, chordomas, and ectopic pituitary tumors can pri-

marily originate from the parasellar region. Except for hor-
mone-producing ectopic pituitary tumors, signs and symp-
toms of these lesions are usually nonspecific, due to a mass
effect on the surrounding anatomical structures (i.e., head-
ache, visual defects), while a clinically relevant impairment
of endocrine function (mainly anterior hypopituitarism and/
or diabetes insipidus) can be present if the pituitary gland is
displaced or compressed. Differential diagnosis of parasellar
lesions mainly relies on magnetic resonance imaging, which
should be interpreted by neuroradiologists skilled in base
skull imaging. Neurosurgery is the main treatment, alone or
in combination with radiotherapy. Of note, recent studies
have identified gene mutations or signaling pathway modu-
lators that represent potential candidates for the develop-
ment of targeted therapies, particularly for craniopharyngio-
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mas and meningiomas. In summary, parasellar lesions still
represent a diagnostic and therapeutic challenge. A deeper
knowledge of this complex anatomical site, the improve-
ment of imaging tools, as well as novel insights into the
pathophysiology of presenting lesions are strongly needed
to improve the management of parasellar lesions.

© 2020 S. Karger AG, Basel

Introduction

The parasellar region, located immediately around the
sella turcica, is an anatomically complex area represent-
ing a crucial crossroads for important adjacent structures
[1]. In a simplified representation, parasellar region is
limited laterally by the cavernous sinuses (CS) on both
sides of the sella turcica, above by the optic chiasm and
below by the sphenoidal sinus. Other structures, such as
the meninges, blood vessels, and the hypothalamic-pitu-
itary system can be considered part of this wide area,
which is not clearly delineated, and could therefore be af-
fected by all the different lesions possibly developing
from these structures [2]. Consequently, signs and symp-
toms of parasellar lesions are mainly related to a mass ef-
fect on the surrounding anatomical structures (i.e., head-
ache, visual defects) but, if the pituitary gland is affected,
endocrine functions can be severely impaired as well.

In the present article, we aim to provide an overview
of the lesions encountered in the parasellar region, with a
particular description of the key clinical and radiological
features that characterized them. Finally, the recent ad-
vances on the new molecular actors playing a role in the
pathophysiology of parasellar lesions will be discussed.

Anatomy of the Parasellar Region

The parasellar region defines a complex anatomical
area because of its small size while containing an impres-
sive amount of neural and vascular structures, such as the
CS. The CS are paired, symmetric, trabeculated venous
sinuses, delimitated by dural walls and containing the
sympathic plexus, the cranial nerves, and the intracavern-
ous portion of the internal carotid artery (Fig. 1) [3]. The
sinus is the site of a venous confluence that receives the
terminal end of multiple veins draining the orbit, the syl-
vian fissure as well as the middle and anterior fossae. Fur-
thermore, the CS has free communication with the basi-
lar, superior, inferior petrosal, and intercavernous sinus-
es [4].
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Fig. 1. Schematic representation of the sellar region. Coronal sec-
tion showing the pituitary gland (1), the sphenoidal sinus (2), and
the parasellar region containing the cavernous sinus (3). In the
cavernous sinus, the oculomotor nerve (III) (5) lies superiorly fol-
lowed by the trochlear nerve (IV) (6) and the ophthalmic branch
(8) and the maxillary branch of trigeminal nerve (V) (9). The ab-
ducens nerve (VI) (7) lies in the cavernous sinus abutting the lat-
eral wall of the intracavernous carotid artery (4).

The oculomotor nerve lies superiorly between the two
dural leaves of the lateral sinus wall, and the trochlear
nerve and the ophthalmic branch of the trigeminal nerve
are successively found from the top to the bottom of CS.
The abducens nerve lies in the CS abutting the lateral wall
of the carotid artery and the medial side of the ophthalmic
nerve. Whether the maxillary branch of the trigeminal
nerve is intracavernous or extracavernous is a source of
debate; however, its close proximity results in its com-
pression in many parasellar pathologies. The lateral dural
reflection of these sinuses is easily visualized on magnetic
resonance imaging (MRI), but a clear visualization of the
thin medial dural wall that separates the sinus from the
outer periosteal layer of the pituitary gland is often prob-
lematic. The intracavernous carotid artery (ICA) has a
C-shaped curve as it traverses the CS and carries with it
the sympathetic carotid plexus that usually sends fibers to
the abducens nerve. It is possible to visualize the menin-
gohypophyseal artery and its branches by displacing the
carotid artery laterally [5].

Due to their anatomical complexity, CS are difficult to
approach by surgery, and an a priori decision with regard
to the radicality of the tumor resection that takes into ac-
count both the risks and the benefits for the patient is
needed.
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Fig. 2. Meningioma of the right cavernous
sinus with intrasellar extension. a Coronal
T2. Bulging of the lateral wall of the right
cavernous sinus and convexity of the upper
pole of the sellar component (blue arrow).
The meningioma is discretely hyperintense
as compared to the grey matter of the tem-
poral lobe (yellow arrow). b Coronal con-
trast-enhanced T'1 showing a severe reduc-
tion of the right ICA lumen (blue arrow) as
compared to the other side. Courtesy of
Prof. Jean-Frangois Bonneville.

Fig. 3. Right internal carotid artery thrombosed aneurysm in its supraclinoid segment. a Coronal T2 showing a
well-circumscribed, strong hypointense lesion (yellow arrow), which can mimic a tumor of the parasellar and/or
suprasellar region. b Coronal contrast-enhanced T1 with peripheral unenhanced layers of thrombus (blue arrow)
and a patent enhanced portion of the lumen of the aneurysm in the center. ¢ 3D rendering reformatted MR an-
giogram. Courtesy of Prof. Jean-Francois Bonneville.

Sellar or Parasellar Region: Imaging Considerations

MRI represents the exam of choice to investigate the
sellar region. In spite of its high spatial resolution, it can-
not systematically provide the accurate origin of a lesion,
making sometimes the etiological diagnosis unsure, and
so even more the therapeutic strategy. A step-by-step
analysis is therefore mandatory and consists, first, in
identification of the pituitary gland, stalk, and the sella
turcica [6]. Afterwards, the epicenter of the lesion has to

730 Neuroendocrinology 2020;110:728-739
DOI: 10.1159/000506905

be determined (cranial, distal, or lateral to the sella). An
enlargement of the sella can help to specify the pituitary
origin of the lesion. In a third step, the analysis of signal
intensity is determinant to clarify the nature of the lesion
(i.e., cystic or solid) and identify the different structures
contained in the CS (fat, vessels, and nerves). ICAs pres-
ent a hyposignal in T1 and T2 related to fast flow (also
known as the “flow void”). Of note, CS invasive pituitary
tumors (PTs) usually do not exert a mass effect on the lu-
men of the ICA, while tumors that primarily originate

Gatto et al.



Table 1. Overview of the lesions in the cavernous sinus

Tumoral lesions Vascular lesions

Intracavernous
Meningioma
Schwannoma
Neurofibroma
Lymphoma
Metastasis
Paracavernous
Adenoma
Chordoma
Chondrosarcoma
ENT carcinoma
Paraganglioma
Juvenile nasopharyngeal angiofibroma

Aneurysm

Cavernous hemangioma
Carotid cavernous fistula
Thrombosis

Inflammatory lesions Cystic lesions
Tolosa-Hunt syndrome Epidermoid cyst
Sarcoidosis Dermoid cyst
Granulomatosis with polyangiitis Arachnoid cyst
(Wegener’s)

Infection/tuberculoma

from the CS and invade the pituitary sella can collapse the
lumen of the ICA as observed in CS meningioma (Fig. 2).
Moreover, a tissue that has identical MR signals and en-
hancement as those of the intrasellar component of the
tumor is highly indicative of a primary tumor originating
from the sella (i.e., invasive PT). In this scenario, it has to
be underlined that the PT will rather lead to a monolat-
eral CS invasion with the normal pituitary gland dis-
placed on the opposite site of the sella and thus “protect-
ing” the contralateral CS. Arterial aneurysms represent
lesions that can be found in the parasellar region possibly
mimicking a PT. However, they are usually characterized
by a strong T2-hypointensity aspect, as well as the pres-
ence of circumferential layers if coexisting thrombus of
different ages is present (Fig. 3) [7]. Overall, numerous
lesions can develop within or invade the CS (Table 1) and
have been extensively described in their imaging features
by Bonneville et al. [8].

Last, it is crucial to determine if a PT invades the CS.
In MRIsequences, bulging of the lateral wall of the CS and
lack of normal enhancement of the venous extrasellar
spaces are suggestive of CS invasion but can be absent in
case of a simple compression of the CS. Different ana-
tomical classifications, based on MRI findings, have been
proposed to specify if the CS is invaded by a PT. As an
example, Knosp et al. [9] proposed that the CS is invaded
if the tumor extends laterally and passes a line drawn be-
tween the cross-sectional center of the supra- and intra-
cavernous segments of the ICA (>grade 2, Fig. 4). Cottier
etal. [10] suggested that an encasement of the ICA great-
er than 67% makes invasion certain, while Bonneville et
al. [11] suggested that an ICA remote from the sphenoid
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carotid sulcus is highly suggestive of CS invasion. The
scenario becomes more complex when the invasion ap-
pears to be limited and when the high-quality and high-
resolution MRI (i.e., 3.0 T) is used. In this case, MR se-
quences could identify the thin internal dural membrane
separating the sellar content from the CS, which usually
appears as T2-hypointense line floating as a curtain be-
tween CS and the pituitary fossa.

Parasellar Lesions: Who Are the Players?

Craniopharyngiomas

Craniopharyngiomas (CPs) are rare tumors, generally
showing low histological malignancy, developed from the
Rathke’s pouch, an invagination of the ectoderm that
gives rise to the anterior pituitary gland during embryo-
genesis. Therefore, CPs may be located either in the sella
turcica or above it (suprasellar CPs) [12]. Rarely, CPs can
be ectopic, occurring in different sites such as the cerebel-
lopontine angle, associated in a high percentage of cases
with Gardner’s syndrome (an autosomal dominant pol-
yposis) [13].

As mentioned above, CPs are usually low-grade tu-
mors (grade I WHO) burdened by low mortality, but con-
siderable morbidity [14], currently defined into two clin-
icopathological variants with different phenotypes and
distinctive mutations (adamantinomatous and papil-
lary). Adamantinomatous CPs (ACPs) are composed of
well-differentiated epithelium, organized in different ar-
chitectural patterns: cords, lobules, nodular whorls, and
irregular trabeculae surrounded by palisading columnar
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epithelium. Papillary CPs (PCPs) include solid, mono-
morphic areas of well-differentiated squamous epitheli-
um lacking keratinization [15]. Both histological sub-
types differ in their age distribution and genesis. ACPs are
diagnosed with a bimodal peak of incidence (5-15 years
and 45-60 years), whereas PCPs are found only in adults,
mainly in the fifth and sixth decade [12].

Opverall, CPs have an incidence of 0.5-2.5 cases per 1
million person years, representing 1.2-4.6% of all intra-
cranial tumors [16]. Remarkably, 30-50% of CPs are di-
agnosed during childhood and adolescence, wherein they
represent the most common non-neuroepithelial intrace-
rebral neoplasm, accounting for 5-11% of intracranial tu-
mors in this specific age group [17]. In general, the over-
all survival in mixed pediatric and adult patient cohorts
is considerably high, ranging between 54 and 96% at 5
years, 40 and 93% at 10 years, and 66 and 85% at 20 years
[18, 19]. In this context, whether age at diagnosis is a
prognostic factor for survival is still a matter of debate.
However, CPs are associated with long-term morbidity,

mainly due to the peculiar area occupied by the lesion
(parasellar region) and to tumor- and treatment-related
risk factors such as progressive disease with multiple re-
currences, cerebrovascular injuries, and chronic neuro-
endocrine deficiencies [20]. In children, a combination of
symptoms, including headache, growth retardation, vi-
sual impairment and polyuria-polydipsia due to central
diabetes insipidus, is highly suggestive of CP. In adults,
endocrine deficiencies such as impaired sexual function,
hypothalamic syndrome (i.e., disruptions in body tem-
perature regulation and water unbalance), and clinical
manifestations of increased intracranial pressure are
common symptoms. MRI and computed tomography are
the gold standard for the diagnosis of CP and can even
guide the surgical decision according to the system devel-
oped by Puget et al. [21] (Fig. 5). However, histological
confirmation is often required to set a proper treatment
strategy [12]. The treatment of newly diagnosed CPs may
include a combination of surgery, radiotherapy, cyst
drainage, and/or intracystic interferon alpha treatment

Fig. 5. Preoperative grading of craniopharyngiomas (CP) based on
MRI according to Puget’s system. a Grade 0. Sagittal T2-weighted
MRI of a cystic CP with no hypothalamic involvement. The third
ventricle floor is normal, and the CP lies entirely below the sellar

Fig. 4. Knosp classification. a Grade 0. The adenoma does not pass
the medial tangent (dotted line), which passes between the medial
aspects of the supra- and intracavernous portions of the ICA. b
Grade 1. The adenoma passes the medial tangent but does not
cross the line drawn between the cross-sectional centers of the su-
pra- and intracavernous segments of the ICA (dotted line). ¢ Grade
2. The adenoma extends beyond the cross-sectional line but does

Diagnosis and Treatment of Parasellar
Lesions

diaphragm (arrows). b Grade 1. Sagittal T2-weighted MRI show-
ing a CP which pushes the hypothalamus that can still be identi-
fied. ¢ Grade 2. Sagittal T2-weighted MRI of CP in which the hy-
pothalamus is unidentifiable.

not pass the lateral tangent (dotted line) drawn between the lat-
eral aspects of the supra- and intracavernous ICA. d Grade 3A. The
adenoma extends beyond the lateral tangent (dotted line) and into
the superior cavernous sinus compartment. e Grade 3B. The ade-
noma extends beyond the lateral tangent (dotted line) and into the
inferior cavernous sinus compartment. f Grade 4. The adenoma
completely encases the intracavernous ICA (circle).
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[12, 22]. The management of recurrent CPs depends on
the previous therapies used. Rarely, tumors may spread
to the posterior fossa, causing headache, diplopia, ataxia,
and hearing loss. However, incomplete resection of the
tumors or regrowth of remnants result in a high recur-
rence rate, which translates to a high number of surgical
reinterventions (21%), additional radiotherapy (33%),
and/or hypothalamic alterations (48%) [23].

Cystic Lesions

Cysticlesions represent a group of nosological entities,
including Rathke’s cleft and arachnoid, epidermoid, and
dermoid cysts. Due to their peculiar location, a variety of
nonspecific symptoms can be encountered, such as head-
ache, visual field impairment, and eventually endocrine
dysfunction. However, none of these symptoms is related
to a particular type of cyst.

To date, MRI is the gold standard for the diagnosis of
a cyst.

Rathke’s cleft cysts (RCCs) represent the most fre-
quent pituitary lesion revealed on MRI (30% diagnosed
incidentally), with a usual peak of incidence observed be-
tween 30 and 50 years of age. Since they originate from
remnants of Rathke’s pouch, RCCs are usually located on
the midline, generally as lesion between 5 and 10 mm as
maximum diameter [24, 25]. On MRI, RCCs can appear
as T1-hyperintense (if protein enriched RCC) or T1-hy-
pointense lesions (if CSF-like cysts), depending on their
content. A specific sign is the presence of high-protein
nodules, enriched in cholesterol, that appear strongly hy-
pointense on T2 sequences [26]. Of note, complicated
RCCs generally appear as T2-hyperintense sellar mass
with an increased size and more specifically a ring en-
hancement [27]. RCCs are typically made up of vascular-
ized stroma of connective tissue and three types of epithe-
lial cells: ciliated, nonciliated, and mucus-secreting epi-
thelium. The epithelium may contain ciliated, goblet, and
squamous cells. Over time, RCC can remain stable in size,
enlarge slowly, shrink, or even disappear (and eventually
recur). When present, the clinical picture is usually made
of the combination of the following symptoms: head-
aches, visual disturbances and/or pituitary hormone dys-
function [27]. In cases of clinically relevant symptoms, a
surgical approach is actively discussed and often per-
formed.

Arachnoid cysts (ACs) are intra-arachnoid cystic le-
sions containing a liquid similar to the CSF. They are the
most common type of brain cysts, representing up to 10-
15% of all the parasellar lesions. Two main types of ACs
are detected: primary (congenital) and secondary (post-
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traumatic, postinfectious). Nearby the sella turcica, we
can find intrasellar ACs, which often demonstrate a su-
prasellar extension that displaces the pituitary stalk pos-
teriorly, and suprasellar ACs pushing the floor of the
third ventricle upward and the pituitary stalk forward
[28]. ACs have similar MRI characteristics as the CSF,
with spontaneous hypointense and hyperintense signal
on T1 and T2 sequences, respectively. There are no solid
components, absence of calcifications, and no contrast
enhancement. The therapeutic strategy depends on the
symptoms presented by the patient, and surgery repre-
sents a first-line treatment, if action is needed.

Epidermoid cysts (ECs) are benign lesions consisting
of neuroectodermal epithelial cells, characterized by the
presence of a white, pearl-like capsule, lined with strati-
fied squamous epithelium, filled with white debris, kera-
tin, water, and cholesterol crystals [29]. ECs are ubiqui-
tous, but about half of intracranial ECs are located in the
cerebellopontine angle. On MRI, they are T1-hypoin-
tense and show a high-T2 signal intensity (if the lipid con-
tent is not too high) [30]. As compared to ACs, ECs pres-
ent with a unique irregular lobulated cauliflower-like sur-
face [30]. The content of the dermoid cysts is a soft white
material that originates from the progressive desquama-
tion of keratin from the epithelial membrane of the cyst,
sebaceous material, and dermal appendages. The pres-
ence of hair follicles and sebaceous and sweat glands in
the cyst wall distinguishes dermoid cysts from epider-
moid ones [31]. Dermoid cysts appear on MRI as hyper-
intense T1 lesions and hypointense T2 images. If the cyst
is small and there are no clinical symptoms, a dynamic
observation of the patient is possible. However, overall
and if indicated, surgery is the only treatment.

Meningiomas and Chordomas

Meningiomas are tumors originating from arachnoid
cap cells in the leptomeninges. They are considered the
most common brain tumors [32] and the second most
frequent parasellar neoplasms after CPs [33]. About 15%
of them develop from the parasellar region: in the CS, tu-
berculum sellae, diaphragm, dorsum sella, anterior and
posterior clinoid processes, and the clivus. Most menin-
giomas are slow-growing tumors, but many of them ex-
hibit a broad dural attachment and can encase vessels and
cranial nerves, causing stenosis and nerve palsies [34].
Meningiomas are more prevalent in female patients, and
their incidence increases with the age; malignant tumors
are, however, more common in men and children [35,
36]. They can also occur secondary to radiotherapy per-
formed for other malignancies [37, 38].

Gatto et al.



Diagnosis is made mainly based on both neurological
and radiological evaluation, although the pituitary function
can be affected as well. By imaging, meningiomas appear
usually as homogenous masses, hyper- or isodense com-
pared with grey matter in CT, presenting diffuse calcifica-
tion in many cases. They are isointense or occasionally hy-
pointense on T1-weighted MRI, brightly homogeneously
enhanced after gadolinium and variable in T2-weighted
MR, from isointense to hyperintense. A typical dura “tail”
(an adjacent dural contrast enhancement) is frequently ob-
served by imaging, although it is not considered a pathog-
nomonic feature specific for meningiomas [39, 40]. Histo-
logical examination allows confirmatory diagnosis, grad-
ing, and classification. The WHO classifies meningiomas
into benign (68-80%, grade I), atypical (30-18%, grade II),
and anaplastic/malignant (2%, grade III) [15]. Follow-up is
recommended for asymptomatic patients, and surgery and
radiotherapy for those presenting with mass effect symp-
toms. Recurrence depends on the grade and the extent of
the resection, with a 5-year relapse rate ranging from ~5%
for grade I and ~57% for grade III tumors [41, 42].

Chordomas are rare tumors originating from embry-
onic remnants of the primitive notochord. Most parasel-
lar chordomas arise from the clivus. Because of their os-
teolytic activity, parasellar chordomas can invade and ex-
tend along the entire skull base, destroying the sellar
space and causing visual, neurological, and endocrine
problems [43]. Chordomas can be seen on CT with oc-
casional calcifications, but MR scanning is the recom-
mended imaging modality. On MRI, tumors are less in-
tense than the clivus in T1 sequences, display heteroge-
neous enhancement after gadolinium contrast, and an
hyperintense signal in T2-weighted images [44]. Even
though most chordomas are low-grade tumors with local
invasion, many patients are diagnosed in advanced stage,
and metastases and long-term recurrences are not infre-
quent. The WHO classification consists of three groups:
conventional, chondroid, and dedifferentiated. Dediffer-
entiation is a sign of malignancy [45]. The main treat-
ment of chordomas is radical surgical resection, recom-
mended together with adjuvant radiotherapy if residual
tumor is detected or even suspected [46]. Long-term fol-
low-up is needed to assess locoregional recurrence. Alter-
natively, radiotherapy can be applied instead of surgery.
In case of confirmed skull base recurrence, high-dose ra-
diotherapy is recommended [47]. Chordomas do not re-
spond to conventional chemotherapy and, so far, there is
no effective medical treatment [48].

Diagnosis and Treatment of Parasellar
Lesions

Ectopic (Parasellar) PTs

Ectopic PTs (EPTs) are extremely rare entities, repre-
sented by PTs found outside the sella turcica, without any
continuity with the intrasellar normal pituitary gland [49].
To date, approximately one hundred EPTs have been de-
scribed in the literature, and available data come from sin-
gle case reports or small case series. Therefore, it is ex-
tremely difficult to define a clear incidence and prevalence
of these peculiar lesions among the general population.

The origin of EPTs has not been demonstrated yet. The
currently accepted hypothesis suggests that these tumors
originate from the proliferation of pituitary cells located
along the embryological path of the pituitary develop-
ment, during Rathke’s pouch migration in embryogene-
sis [50]. The most reported locations for parasellar EPTs
are sphenoid sinus, suprasellar cistern, clivus, nasophar-
ynx, and CS [51]. Some authors suggested that EPT's are
predominantly expressed in the suprasellar cistern, al-
though most suprasellar adenomas previously considered
as ectopic could have been misclassified, being “true” pi-
tuitary adenomas originating from the pars distalis or
pars tuberalis of the pituitary gland (type I and type II
suprasellar pituitary adenomas, respectively) [52].

Despite recent advances in imaging techniques, diag-
nosis of EPTs is challenging, and the great majority of
cases still requires pathology validation after surgery.

Like typical intrasellar PTs, EPTs can secrete all the
different hormones represented in the anterior pituitary
[51], and mixed tumors (i.e., GH/PRL-secreting adeno-
mas) have been described, as well [53].

Of note, ACTH-secreting adenomas represent the
most common phenotype among the hormonally active
EPTs [54, 55], followed by PRL-secreting tumors [50].
GH- and TSH-secreting tumors have been also described,
the latter being relatively more common in EPTs com-
pared to typical intrasellar PTs (15 vs. 1-2%).

Clinical presentation of EPTs depends on tumor loca-
tion and hormonal activity. Indeed, the peculiar hormone
hypersecretion results in a specific clinical syndrome (i.e.,
ACTH-secreting EPTs cause Cushing’s disease), while
the different anatomical structures affected by the tumor
mass elicit different symptoms. As an example, clival tu-
mors most commonly present with headache and cranial
neuropathy such as visual disturbances and facial pares-
thesia, whereas nasopharyngeal EPTs most commonly
cause epistaxis and nasal congestion [56].

Interestingly, EPTs seem to exhibit a more aggressive
behavior than sellar-located PTs, since a high prevalence
of bone invasion and the presence of foci of necrosis at
pathology evaluation are often observed [51].
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To date, surgery (mainly via transsphenoidal ap-
proach) represents the treatment of choice for the major-
ity of EPT's described in the literature. However, a preop-
erative hormonal assessment was not performed in most
cases, and the final diagnosis was done only after the pa-
thology report. In this light, some authors suggest to rou-
tinely perform hormone evaluation in the presence of a
parasellar lesion, since this may facilitate an early diagno-
sis and potentially avert an unnecessary biopsy and/or
surgical intervention. Indeed, in recent years, some cases
of PRL-secreting EPTs have been successfully treated us-
ing medical therapy with dopamine-agonists [50], and
both GH- and TSH-secreting ETPs are supposed to ben-
efit from treatment with somatostatin receptor ligands
[57-59].

New Molecular Actors in the Pathophysiology of
Parasellar Lesions

Over the past years, substantial progress has been
made in the understanding of parasellar lesions, espe-
cially in the field of CPs and meningiomas/chordomas.
ACPs have been proposed to be of embryonic origin
based on molecular and histological features [60], and
recent genomic studies demonstrated that ~90% of
ACPs harbor somatic mutations in the CTNNBI gene,
which increases B-catenin stability and activation of the
WNT pathway [61]. In contrast, PCPs are typically non-
calcified, solid tumors that frequently harbor somatic
BRAFV®YE mutations that result in the activation of the
MAPK signaling pathway [61]. To date, only few case
reports demonstrated a sustained efficacy of the combi-
nation treatment with trametinib (MEK inhibitor) and
dabrafenib (BRAF inhibitor) in patients with recurrent
PCPs [62]. This significant progress has paved the way
for a phase II clinical trial using a combination of vemu-
rafenib and cometinib in patients with PCP (NCT-
03224767). Recent experimental data suggest that the
MAP kinase pathway could also play a key role in the
development of ACPs, particularly affecting tumor in-
vasiveness (the so-called “palisaded epithelium” com-
partment of ACPs) [63].

Meningiomas occasionally occur in the context of fa-
milial diseases, such as neurofibromatosis type 2 (NF2)
and multiple endocrine neoplasia type 1. In sporadic cas-
es, about 50% harbor mutations in NF2 or loss of this lo-
cus at chromosome 22q, and they are enriched in high-
grade meningiomas [64]. In contrast, low-grade menin-
giomas are commonly mutated in TRAF7 (~20% cases),
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AKTI1 (~10%), PIK3CA (~7%), SMO (~6%), POLR2A
(6%), SUFU, SMARCBI, KLF4, AKT3 and BAPI (all of
them <1%) [65, 66], with TRAF7, AKTI, and KLF4 muta-
tions being common in meningiomas of the parasellar
region. Of interest, some of these genes are therapeutic
targets of drugs such as alpelisib, vismodegib, or ipataser-
tib. In addition, genetic variants in the promoter region
of the telomerase reverse transcriptase (TERT) gene have
been suggested as markers of malignant progression and
shorter progression-free survival in meningiomas [67-
69].

Expression of the transcription factor Brachyury (T) is
a hallmark of chordomas and represents a useful marker
to discriminate between these tumors and other skull
base lesions. Indeed, T'is overexpressed and duplicated in
~20-30% of sporadic cases of chordomas [70, 71]. Recur-
rent somatic mutations are rare in chondromas. A recent
report has shown truncating mutations in the lysosomal
trafficking regulator LYST in 5/67 (6%) cases [71]. CD-
KN2A deletions (with or without loss of CDKN2B) ac-
count for ~30-80% cases, mainly homozygosis [72], pro-
viding the rationale for clinical trials with palbociclib, a
CDK4/6 inhibitor (www.clinicaltrials.gov; NCT-
PMO-1601). Mutations in the SWI/SNF, TP53, and PIK-
3CA pathways are frequent as well [71, 73] and are under
consideration for targeted treatments.

Conclusions

The parasellar region can be the preferential site for
the development of several lesions of different origins.
Therefore, clinicians will have to deal with two major
concerns: does the lesion develop from the sella turcica
and extend laterally to the parasellar region or does it
primarily arise from parasellar anatomical structures
(this latter point already providing some information
about the potential nature of the lesion)? Furthermore,
in case of a sellar lesion, can we assume, based on MR
imaging, that CS is invaded? Biochemical and hormonal
evaluation as well as visual assessment will help to clarify
the nature of the lesion, especially if an overt hypersecre-
tion of an anterior pituitary hormone is detected. The
features of the lesion on MRI have to be evaluated and
described with a systematic approach, requiring a skilled
neuroradiology team. The role of the neuroradiologist
appears of upmost importance given the complexity of
the parasellar region and the existence of several imaging
pitfalls such as partial volume artefacts (which occur
when a thick MRI section includes different anatomical
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structure and the computer calculates the intensity aver-
age of the different components which can simulate a
PT), magnetic susceptibility artefacts (i.e., localized sig-
nal intensity changes at the interface of anatomical struc-
tures of different signal intensities, responsible for geo-
metrical distortions), chemical shifts artefacts (conse-
quence of the high signal of fat, which can be avoided by
fat saturation sequences), and eventually flow artefacts
[8]. Among all the lesions that can be found in the para-
sellar region, invading PTs and meningiomas are those
most commonly encountered in clinical practice. Differ-
ent treatment strategies need to be actively discussed,
since surgery (usually the first-line treatment) can be
limited due to the proximity of vital structures (i.e., ICA
or cranial nerves within the CS). Recent studies have
identified gene mutations or signaling pathway modula-
tions that can confer parasellar lesions a more aggressive
behavior (i.e., higher invasiveness of the surrounding
structures) [63, 74-76] and, therefore, could represent
potential candidates for the development of targeted
therapies.
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