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Introduction

ABSTRACT

Rare primary brain tumors constitute a heterogeneous and clinically significant group of neoplasms that, despite
comprising only 1-2% of all primary brain tumors, present unique diagnostic and therapeutic challenges. This
review highlights the complexities associated with these tumors, encompassing their classification, diagnosis,
and management. The introduction of molecular diagnostics by the 2021 WHO classification has revolutionized
the understanding of these tumors, enabling precision medicine and tailored treatments.

Key findings include the importance of advanced imaging modalities, such as MRI and CT, coupled with his-
topathological and molecular studies for accurate diagnosis. A multidisciplinary approach remains central to
management, with surgical resection as the cornerstone of treatment, often complemented by radiotherapy and,
in some cases, chemotherapy. The review underscores the emerging role of targeted therapies, such as BRAF
and mTOR inhibitors, which have shown promise in specific tumor subtypes.

Prognostic factors, including tumor grade, genetic mutations, extent of resection, and patient age, critically
influence outcomes. While low-grade tumors like gangliogliomas demonstrate excellent survival rates following
complete resection, high-grade tumors, such as medulloblastomas and pineoblastomas, necessitate aggres-
sive multimodal treatments. Despite progress, significant gaps in knowledge persist, highlighting the need for
large-scale research initiatives to refine diagnostic and therapeutic strategies further.

This study concludes by emphasizing the importance of personalized, patient-centered care and the need for
continued innovation and collaboration in neuro-oncology. By addressing these challenges, the field can ad-
vance the understanding and management of rare primary brain tumors, ultimately improving patient outcomes
and quality of life.

Keywords: rare primary brain tumors, molecular diagnostics, neuro-oncology, multidisciplinary treatment, tar-

geted therapies

Oncol Clin Pract

In 2021, the World Health Organization (WHO)
introduced a new classification system for primary brain

Primary brain tumors constitute a heterogene-
ous group of neoplasms originating from cells within
the central nervous system (CNS). They represent
approximately 2% of all human cancers. Gliomas form
the largest subgroup, accounting for about 75% of
primary brain tumors in adults. Among primary brain
tumors, a smaller group of rare tumors exists, comprising
only 1-2% of all primary brain tumors.

tumors, incorporating not only histological features but
also molecular diagnostics. Although primary brain
tumors constitute a small percentage of all malignant
neoplasms, they have significant clinical relevance due
to their location and potential impact on neurological
functions. The diagnosis of these tumors requires ad-
vanced imaging techniques, such as magnetic resonance
imaging (MRI) and computed tomography (CT), along
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with precise histopathological and molecular stud-

ies. Treating brain tumors is complex and often neces-

sitates a multidisciplinary approach, including surgical
interventions, radiotherapy, chemotherapy, and novel

targeted therapies like immunotherapy [1].

The purpose of this paper is to review the charac-
teristics, diagnostic challenges, and treatment strategies
associated with rare primary brain tumors. The following
research questions are addressed:

1. What are the diagnostic challenges in identifying
rare primary brain tumors?

2. How does molecular and histopathological pro-
gress influence the management and treatment of
these tumors?

3. What prognostic factors are critical in improving
patient outcomes and quality of life?

Further research is essential to enhance our under-
standing of the biology of primary brain tumors and de-
velop more effective therapeutic strategies, ultimately
improving treatment outcomes and the quality of life
for patients.

Rare brain tumors
Tumors of glial origin

Pilocytic astrocytoma

Pilocytic astrocytoma (PA) is a slow-growing,
low-grade tumor (commonly classified as grade 1). It
predominantly affects children and adolescents and is
mainly located in the brainstem and cerebellar hemi-
spheres. In adults, this tumor is rare, most often found
supratentorially, and has a poorer prognosis compared
to pediatric cases. Approximately 27% of these tumors
are located in the cerebellum, 30% in the cerebral hemi-
spheres, and others in the optic nerves (manifesting as
optic nerve gliomas) [2].

Due to its slow growth, the clinical symptoms
vary widely. Common presentations include epilepsy,
hemiparesis, cranial nerve dysfunction, or signs of
increased intracranial pressure such as headaches,
nausea, and vomiting. Diagnosis is based on CT or
MRI and confirmed through histopathological analysis
from surgical biopsies. Approximately 15% of patients
may have an NFI mutation, and the KI441549-BRAF
fusion, which activates the BRAF gene, is frequently
observed. The primary treatment is surgical resection,
which may be complemented with radiotherapy or
stereotactic radiotherapy. Chemotherapy, including
agents like temozolomide or bevacizumab, is primarily
used in cases involving optic nerve gliomas or pediatric
populations. Bevacizumab has demonstrated potential
for achieving prolonged responses [3-5].

Astroblastoma (MN1-altered)

Astroblastoma is a rare supratentorial tumor pre-
dominantly affecting young women between the ages
of 10 and 30. The symptoms resemble those of
other slow-growing tumors and typically include
headaches, seizures, and focal neurological deficits.
Astroblastomas are most frequently located in the fron-
tal and parietal lobes. Molecular diagnostics often
reveal MNI gene rearrangements on chromosome
22q12.1. Diagnosis is based on MRI and histopatho-
logical analysis from surgical specimens. Due to its
rarity, there is no standardized treatment protocol.
Surgical resection is the primary approach for both
low-grade and high-grade tumors. Radiotherapy is
commonly recommended for high-grade tumors or
recurrent cases. The role of chemotherapy remains
under investigation. Ten-year survival rates exceed
50% for many patients [3, 6-8].

Chordoid glioma

Chordoid gliomas are intermediate-grade tumors
as per the WHO classification, and are typically lo-
cated in the anterior third ventricle. They most often
affect middle-aged individuals, with a female-to-male
ratio of 2:1. Symptoms usually include headaches,
visual disturbances, neurological deficits, and difficulty
walking. Additional manifestations may be associated
with dysfunctions of the thalamus or pituitary gland.
Diagnosis is based on CT or MRI scans and confirmed
histologically. These tumors are well-circumscribed,
sometimes with cystic components. Molecular studies
often identify PRKCA mutations. Surgical resection is
the mainstay treatment, though partial resection may
be necessary for tumors near critical structures such
as the hypothalamus and optic chiasm. Postoperative
radiotherapy or stereotactic radiotherapy is frequently
employed to improve outcomes. Complete resection is
associated with an excellent prognosis. Chemotherapy
is not typically used [3, 9-18].

Pleomorphic xanthoastrocytoma

Pleomorphic xanthoastrocytoma (PXA) is a rare
tumor that predominantly affects young adults (second
to third decade of life) but can also occur in children. It
is usually an intermediate-grade tumor (WHO grade 2),
with 15-20% of cases classified as high-grade (WHO
grade 3). PXAs are most often located supratentorially,
particularly in the temporal lobes, but can also occur in-
fratentorially or in the spinal cord. There are no specific
symptoms unique to PXAs, but they often present with
refractory seizures, headaches, visual disturbances, or
paresthesia. Diagnosis is established using MRI or CT
imaging and confirmed by histopathological examination.
Molecular studies frequently identify BRAF mutations




or other MAPK pathway alterations, such as fusions in
the BRAF, RAF1, ALK, or ROSI genes. Surgical resec-
tion is the primary treatment, with complete resection
offering the best outcomes. For incomplete resections,
adjuvant radiotherapy or stereotactic radiotherapy is
recommended. High-grade cases may benefit from
chemotherapy, including temozolomide or BRAF in-
hibitors for BRAF"%% mutations. Prognosis is generally
favorable, with 10-year survival rates of 61% and overall
survival of approximately 70% [3, 19-22].

Neuronal tumors

Dysplastic cerebellar gangliocytoma associated with
PTEN mutation (Lhermitte-Duclos disease)

Dysplastic cerebellar gangliocytoma (DCG), com-
monlyreferred to as Lhermitte-Duclos disease, is a highly
differentiated tumor classified as grade 1. It is primar-
ily located in the cerebellar hemisphere and is strongly
associated with Cowden syndrome, a genetic condi-
tion linked to PTEN mutations. This tumor most
frequently affects adults aged 20-40 years. Patients
commonly present with symptoms such as headaches,
ataxia, tremors, and visual disturbances. Magnetic res-
onance imaging is typically sufficient for diagnosis, as
the imaging characteristics of DCG are well-defined.
The primary treatment for DCG is surgical resection,
which aims to alleviate symptoms and prevent further
complications. Radiotherapy and chemotherapy are
not used in the management of this tumor due to its
benign and well-differentiated nature. Long-term
outcomes are favorable if the tumor is adequately
resected [3, 23, 24].

Central neurocytoma

Central neurocytoma is an intermediate-grade tumor
(WHO grade 2) most commonly found in the lateral
ventricles or the third ventricle. It occurs predomi-
nantly in adults aged 20-50 years old, and affects men
and women equally. The clinical presentation often
includes headaches associated with hydrocephalus
caused by the obstruction of cerebrospinal fluid flow.
Diagnosis relies on imaging studies, including CT or
MRI, complemented by a histopathological examination
of surgical specimens. Surgical resection is the primary
treatment, aiming for complete removal of the tumor.
For cases where complete resection is not feasible or
in cases of recurrence, adjuvant radiotherapy or ste-
reotactic radiotherapy is recommended. Chemotherapy
may be considered in conjunction with radiotherapy,
with agents such as temozolomide, lomustine, cisplatin,
etoposide, cyclophosphamide, and vincristine showing
efficacy in select cases. Ten-year survival rates exceed
80% for patients who receive comprehensive treatment
[3,9-11, 25-31].

Extraventricular neurocytoma

Extraventricular neurocytoma is a rare interme-
diate-grade tumor (WHO grade 2) that can occur in
various locations outside the ventricular system. It
predominantly affects young adults around the age of
30, and is much less common than central neurocytoma.
Patients with extraventricular neurocytoma typically
present with headaches and seizures. Molecular stud-
ies reveal FGFRI1:TACCI fusions in approximately
two-thirds of cases. Diagnosis is based on MRI findings
and confirmed through histopathological evaluation.
The primary treatment is surgical resection, which
aims to achieve complete tumor removal. In cases of
incomplete resection, adjuvant radiotherapy is recom-
mended. Chemotherapy is generally not utilized for
extraventricular neurocytomas due to their relatively
indolent nature and limited evidence supporting its ef-
ficacy. With appropriate treatment, long-term outcomes
are often favorable [3, 9-13, 32-35].

Glioneuronal tumors

Ganglioglioma

Ganglioglioma accounts for 0.5-1% of all primary
brain tumors. It primarily affects young individuals,
and is most commonly located in the temporal lobe,
although it can also occur in other parts of the brain
and spinal cord. These tumors are frequently associated
with seizures and may lead to drug-resistant epilepsy.
The diagnosis of ganglioglioma relies on MRI, with his-
topathological confirmation performed postoperatively.
Surgical resection is the first-line treatment. Complete
resection offers excellent outcomes, with 10-year sur-
vival rates exceeding 80%. In cases of partial resection,
adjuvant radiotherapy is recommended. Chemotherapy
is typically reserved for cases with more aggressive
features. Temozolomide is the most commonly used
agent, and for approximately 30% of patients with BRAF
mutations (associated with poorer prognosis), targeted
therapies such as BRAF and MEK inhibitors can be
considered [3, 36-53].

Dysembryoplastic neuroepithelial tumor
Dysembryoplastic neuroepithelial tumor (DNET) is
a rare, highly differentiated primary brain tumor typi-
cally diagnosed in individuals between 10 and 25 years of
age. It most commonly occurs in the temporal lobes, ac-
counting for approximately two-thirds of cases. Patients
often present with severe seizures, which may be
accompanied by psychiatric disturbances. Diagnosis
is established through MRI or CT imaging, with histo-
pathological analysis confirming the findings. Molecular
studies frequently reveal FGFRI alterations in 75% of
patients and BRAFY5%E mutations in less than one-third
of cases. Surgical intervention is the cornerstone of
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treatment. Radiotherapy and chemotherapy are not
generally used due to the tumor’s low-grade nature.
Malignant transformation is exceedingly rare. Active
surveillance may be sufficient in cases with indolent
behavior. For symptomatic tumors or cases requiring
intervention, radiotherapy or chemotherapy (e.g., temo-
zolomide or bevacizumab) can be applied in pediatric
populations to improve outcomes. Surgery remains
limited to cases where symptom relief is needed or
malignant transformation occurs [3, 22, 54-57].

Cerebellar liponeurocytoma

Cerebellar liponeurocytoma is an exceptionally
rare tumor of intermediate differentiation, typically
located in the posterior fossa, with a preference for
the cerebellar hemispheres. It predominantly occurs in
adults around the age of 50. Diagnosis relies on imaging
techniques such as MRI or CT, which identify the char-
acteristic features of the tumor. Histopathological con-
firmation is required for definitive diagnosis. Surgical
resection is the primary treatment. No standardized
treatment protocols exist, but adjuvant radiotherapy
may be used in cases of recurrence. Chemotherapy is
not indicated for this tumor type. The 10-year survival
rate is approximately 70%, provided adequate surgical
management [3, 34, 58-61].

Subependymal giant-cell astrocytoma

Subependymal giant-cell astrocytoma (SEGA) is
a highly differentiated tumor (grade 1 WHO) com-
monly associated with tuberous sclerosis complex (TSC).
Approximately 10-15% of patients with TSC develop
SEGA, but it can also occur sporadically in individuals
without TSC. Tuberous sclerosis complex is character-
ized by mutations in the TSCI or TSC2 genes, leading
to hyperactivation of the mTOR signaling pathway
and abnormal cellular proliferation. Intracranial mani-
festations of TSC include cortical tubers, subependymal
nodules, and SEGA. Patients frequently present with
seizures and may also experience hydrocephalus due to
tumor growth. Diagnosis is primarily established using
MRI. Surgical intervention is recommended in cases of
hydrocephalus or increased intracranial pressure. For
non-urgent cases, mMTOR inhibitors such as everolimus
have become first-line treatments. These agents sig-
nificantly reduce tumor volume, prevent hydrocephalus,
and alleviate seizures while improving other symptoms of
TSC. Long-term treatment is often necessary to prevent
recurrence. Radiotherapy is rarely used in SEGA due to
limited efficacy and potential complications [3, 62-67].

Ependymal tumors
Ependymal tumors originate from ependymal glial

cells lining the lateral ventricles and the spinal cord ca-
nal. They primarily occur in children and young adults,

with two incidence peaks — at ages 5 and 35. In children
and adolescents, ependymomas are most commonly
found intracranially, whereas in adults, they are more
frequently located within the spinal canal. In some cases,
ependymomas are associated with neurofibromatosis
type 2. According to the WHO grading system, epend-
ymomas are classified into three categories: myxopapil-
lary ependymoma and subependymoma (grade I), classic
ependymoma (grade II), and anaplastic ependymoma
(grade III). Grade I tumors biologically differ from
grade II and III tumors as they do not infiltrate sur-
rounding healthy brain tissue or spinal cord parenchyma,
making complete surgical resection a potential cure.
Clinically, children with intracranial ependymomas
typically present with headaches, nausea, and vomit-
ing, whereas in adults, spinal ependymomas can cause
spastic paresis, paresthesia, and pain below the lesion
site. Myxopapillary ependymoma, in particular, may
present with back pain, perianal or leg pain, bladder
dysfunction, and impotence. Diagnosis is based on MRI
of the brain or CT of the head, followed by histopatho-
logical examination after surgical resection. Several
factors negatively impact prognosis before treatment,
including higher tumor grade, younger age, male sex,
intracranial location, and the inability to achieve gross
total resection. Treatment primarily involves surgery,
followed by radiotherapy to prevent cerebrospinal fluid
(CSF) dissemination. Chemotherapy plays a limited
role, though in a small group of patients with recurrent
tumors, platinum-based regimens have shown some ef-
ficacy, and temozolomide has been used in limited cases
with poor response [68-78].

Embryonal tumors

Medulloblastoma

Medulloblastoma is a primary malignant embryonal
brain tumor classified as grade 4 according to the WHO.
It most commonly arises in the infratentorial region,
specifically within the cerebellar hemispheres or
the fourth ventricle. It belongs to the group of primary
neuroectodermal tumors (PNET). Medulloblastoma is
the most common brain tumor in children, accounting
for 12-25% of pediatric cases, but it is relatively rare in
adults, comprising only 0.4-1% of cases [79].

Medulloblastomas are categorized into the follow-
ing subtypes:

1) classic medulloblastoma;

2) desmoplastic/nodular medulloblastoma;

3) medulloblastoma with extensive nodularity;
4) anaplastic medulloblastoma;

5) large-cell medulloblastoma.

Patients often present with severe headaches, nau-
sea, and vomiting. Neurological signs such as ataxia
or nystagmus may also be observed. In some cases,
medulloblastoma is associated with genetic syndromes,
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including Gorlin syndrome and Turcot syndrome.
Diagnosis is achieved through imaging studies (CT or
MRI), and confirmed by histopathological examination
of tumor samples. The primary treatment modality is
surgical resection, aiming to remove as much of the tu-
mor as possible. Radiotherapy should commence within
4-6 weeks following surgery to avoid deterioration in
prognosis; delays beyond this period are associated with
poorer outcomes. Proton therapy is an emerging option
due to its precision and reduced toxicity. Chemotherapy
may be employed as induction therapy or as a neoad-
juvant measure following radiotherapy in high-risk
patients to reduce the likelihood of recurrence [80-85].

Pineal region tumors

Pineocytoma

Pineocytoma is a highly differentiated tumor that
accounts for less than 1% of all primary brain tumors. It
predominantly affects adults over the age of 40. Patients
typically report symptoms such as headaches, dizziness,
and vomiting, often resulting from increased intracra-
nial pressure. The diagnosis is established through CT
or MRI imaging, and confirmed by histopathological
examination. Treatment involves complete surgical
resection of the tumor. Pineocytomas generally have
an excellent prognosis when completely removed, with
minimal need for adjuvant therapies [70, 86].

Pineoblastoma

Pineoblastoma is a highly aggressive embryonal
tumor classified as grade 4 by the WHO. It is a poorly
differentiated neoplasm that has two incidence peaks:
the first during the first two decades of life and the sec-
ond before the age of 10. Methylation profiles vary
between pediatric and adult cases, suggesting that
pediatric pineoblastomas develop de novo, while adult
cases may arise from pre-existing pineal parenchymal
tumors or normal pineal tissue. Diagnosis is based on
MRI or CT imaging and histopathological analysis of
the tumor. Treatment involves radical surgery followed
by combined radiotherapy and chemotherapy, often
incorporating platinum-based agents. Favorable prog-
nostic factors include younger age, the application of
radiotherapy, and the absence of metastases. Despite its
aggressive nature, a multimodal therapeutic approach
can improve survival rates and quality of life [87-89].

Conclusions
The exploration of rare primary brain tumors reveals

the complexity and diversity of these neoplasms, which,
despite their low prevalence, hold profound clinical

significance due to their impact on neurological function
and patient outcomes.

Rare primary brain tumors represent a highly het-
erogeneous group of neoplasms with varying histological
and molecular characteristics. This diversity underscores
the importance of advanced diagnostic tools, including
MRI, CT, and molecular diagnostics, to achieve ac-
curate diagnoses. Histopathological confirmation re-
mains the gold standard for distinguishing these tumors
and tailoring treatment strategies.

The integration of molecular diagnostics into tumor
classification, as outlined by the 2021 WHO guidelines,
has revolutionized the understanding of tumor biology.
Key molecular markers, such as KIAA41549-BRAF fu-
sion in pilocytic astrocytomas or PRKCA mutations in
chordoid gliomas, have facilitated precision medicine
approaches. These advancements enable clinicians
to identify actionable targets, and provide therapies
tailored to specific genetic profiles, improving treat-
ment efficacy.

The management of rare primary brain tumors
requires a multidisciplinary approach involving neuro-
surgery, radiology, oncology, and pathology. Surgical
resection remains the cornerstone of treatment for
most tumor types, with radiotherapy and chemotherapy
employed as adjuvant therapies based on tumor grade,
location, and molecular characteristics. Emerging
modalities, such as proton therapy, hold promise for
reducing treatment-related toxicity.

Molecular insights have led to the development of
targeted therapies, such as BRAF inhibitors for patients
with mutations in the MAPK pathway or mTOR inhibi-
tors for subependymal giant cell astrocytomas. These
therapies demonstrate efficacy in specific tumor sub-
types, offering hope for improved survival and quality
of life. Further research into targeted agents is essential
to expand their applicability and effectiveness.

Prognostic factors, including tumor grade, genetic
mutations, extent of resection, and patient age, play
critical roles in determining outcomes. Complete surgi-
cal resection is associated with favorable prognoses in
tumors such as gangliogliomas and cerebellar liponeu-
rocytomas. Conversely, high-grade tumors like medul-
loblastomas and pineoblastomas require aggressive mul-
timodal treatments to mitigate the risk of recurrence.

Despite significant progress, substantial knowledge
gaps remain in understanding the biology, progres-
sion, and optimal management of rare primary brain
tumors. There is a pressing need for large-scale, col-
laborative research efforts and clinical trials to gener-
ate evidence-based treatment protocols. Advances in
genomic and proteomic technologies should be har-
nessed to uncover novel therapeutic targets and improve
diagnostic accuracy.
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The rarity of these tumors demands an individualized
approach to care, incorporating patient preferences,
quality-of-life considerations, and access to specialized
treatment centers. Improved awareness and education
among healthcare professionals are crucial to ensure
timely diagnoses and referrals.

To summarize, rare primary brain tumors present
a unique and evolving challenge in neuro-oncology.
A comprehensive understanding of their molecular
and clinical features, combined with a collaborative,
multidisciplinary approach to care, is essential to op-
timize patient outcomes. Continued investment in re-
search and innovation will be instrumental in addressing
the unmet needs of this patient population, ultimately
advancing the field of neuro-oncology and improv-
ing lives.
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