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ABSTRACT

This review aims to bring existing studies on pilocytic astrocytoma (PA) in adults, seeking a better
understanding of tumor behavior in these patients. This study was conducted with the search for published
studies available on NCBI, PubMed, MEDLINE, Scielo and Google Scholar, following the criteria of having
useful information to understand pilocytic astrocytomas in adults or including important factors for comparison
with the childhood tumor subtype. The points that are known so far about PAs in adults have been characterized.
There is a decrease in survival of these patients depending on the location, especially over 60 years old and one
of the factors that causes this is anaplasia, that may lead to malignant transformation of the tumor. Headache,
visual disturbances, vertigo motor difficulties are some of the most common symptoms in these individuals and
the preferential treatment is the total resection of the tumor. The patient's age group may be related to the
aggressiveness of the tumor, and it is possible to infer that research in this area is still of quite importance and
necessary for a deeper understanding of the development and behavior of pilocytic astrocytoma in adult patients.
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ASTROCITOMAS PILOCITICOS EM ADULTOS: UMA REVISAO

RESUMO

Esta revisdo tem como objetivo trazer estudos existentes sobre o astrocitoma pilocitico (AP) em adultos,
buscando uma melhor compreensdo do comportamento tumoral nestes pacientes. Este estudo foi realizado a
partir da busca de estudos publicados disponiveis no NCBI, PubMed, MEDLINE, Scielo e Google Académico,
seguindo o critério de ter informagdes Uteis para compreender os astrocitomas pilociticos em adultos ou incluir
fatores importantes para comparagdo com o subtipo de tumor infantil. Foram caracterizados os pontos
conhecidos até o momento sobre APs em adultos. Ha4 uma diminuicao da sobrevida desses pacientes dependendo
da localizacdo, principalmente acima de 60 anos e um dos fatores que causa isso é a anaplasia, que pode levar a
transformacgdo maligna do tumor. Cefaléia, distdrbios visuais, dificuldades motoras vertiginosas sdo alguns dos
sintomas mais comuns nesses individuos e o tratamento preferencial é a resseccdo total do tumor. A faixa etéria
do paciente pode estar relacionada a agressividade do tumor, e é possivel inferir que pesquisas nessa area ainda
sdo bastante importantes e necessérias para uma compreensdo mais profunda do desenvolvimento e
comportamento do astrocitoma pilocitico em pacientes adultos.

Palavras-chave: Astrocitoma; Incidéncia; Patologia; Recorréncia.

INTRODUCTION
Pilocytic astrocytomas (PA) are the most common primary central nervous system
tumors found in children and adolescents, accounting for approximately 15% of all brain

tumors (1) and 8,3% of all tumors in the adolescent age group (2). Histologically they are
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classified as grade | by the World Health Organization (WHO), considered benign tumors and
often has an indolent behavior with an excellent prognosis of overall survival rates of more
than 20 years (1,3). These tumors are most found during the first two decades of life, reaching
peak incidence between 0 and 9 years (4), and diagnosis in patients over 50 years old is rare
(5,6).

Increasing age is directly related to decreased survival in patients with pilocytic
astrocytoma (7), as the tumor tends to be more aggressive in adults (8,9). These individuals
also usually have higher rates of tumor recurrence (10). Due to its rare presence in adults,
there are few studies referring to development of PA in adults, and although favorable
prognoses have already been found (5,6,11), there are reports that the tumor is associated with
a worse prognosis and higher mortality in these individuals than in children (12-14).

Pediatric and adult brain tumors differ both in incidence rates and in factors such as
histology, molecular pathology, location, and outcome (15). Therefore, this review aims to
bring existing studies on pilocytic astrocytoma in the adult age group, seeking a better

understanding of tumor behavior in these patients.

METHODS

For this research, no time limit was established. The following keywords were used:
adult pilocytic astrocytoma AND pathology, histology, diagnostic, treatment, mutation,
fusion, molecular. The selected studies met the following criteria: having useful information
to understand pilocytic astrocytomas in adults or including important factors for comparison
with the childhood tumor subtype, available in NCBI, PubMed, MEDLINE, Scielo and
Google Scholar.

RESULTS
Tumor incidence and location

Pilocytic astrocytoma accounts for less than 2% of adult gliomas (4) and has an
incidence of less than 0.1 per 100,000 people in individuals over 45 years old, compared with
0.8 per 100,000 children (14). Adult PAs have a mean age at diagnosis of 32 years, with a
slight predominance of females (6). In general, they can develop in different places on the
neuroaxis. The classic tumor in children develops in the cerebellum, whereas in adults it is

more common in the supratentorial region (16,17), as shown in Figure 1. This fact has already
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been associated with increased recurrence rates and lower disease-free survival in these
patients (18).

It is not known if adult PAs appear asymptomatically early in life and therefore go
undetected in childhood, or if they develop during adulthood. The methylation patterns
analyzed by Voronina et al. (2021) indicate differences between adult and pediatric PAs
according to their location and origin. Adult pilocytic astrocytomas that developed in
childhood and are called “old tumors™ are found in the infratentorial region, more specifically
in the cerebellum. These data suggest that these tumors potentially develop from early
precursor cells. Adult PAs that develop around the time they are diagnosed, in turn, are more
often found in the supratentorial region. This finding corroborates the fact reported in the
literature that supratentorial and infratentorial PAs occurs with different frequencies in
children and adults and are linked to distinct genetic alterations and gene expression
signatures (19). Analyzing the location of the tumor is essential to understand its origin and

the patient's prognosis.

Figure 1 (made by the authors) - Most frequent locations of pilocytic astrocytoma
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Prognostic Factors and Diagnostic

Clinical factors such as older age and higher BMI were associated with a worse
prognosis in adult patients with PA. Elevated BMI has previously been reported as a
prognostic factor in several types of cancer and, in the context of brain tumors, it was
associated with a worse survival (10).

There are some radiological findings that characterize pilocytic astrocytomas in
general. Magnetic resonance imaging (MRI) usually demonstrates the classic appearance of a
cystic lesion with a solid nodule. On T1 weighted, the tumor appears hypo to isointense in
relation to brain tissue, and hyperintense on T2. Factors such as the presence of an exophytic
component and solid composition in the imaging exam may increase the likelihood of tumor
recurrence or progression (20).

Atypical imaging features have been described in adult pilocytic astrocytomas, as well
as neoplasms with mixed cystic and solid areas and variable degrees of contrast enhancement
(12). Although MRI is the preferred technique for diagnosing these tumors, misinterpretations
can often occur in which PAs are characterized as other tumor types. In infratentorial lesions,
astrocytomas have already been confused with hemangioblastomas or ependymomas, while in
the supratentorial region, low-grade glioma was the most frequently diagnosed, followed by
gangliogliomas and neurocytomas (13).

Computed tomography (CT) can be used to assess tumor density, calcifications, and
bleeding (21). New and advanced neuroimaging techniques such as cerebral perfusion
scintigraphy and magnetic resonance spectroscopy have become increasingly recognized as
auxiliary methods in the differential diagnosis of low-grade or high-grade gliomas. The
importance of these methods has been described especially in cases of anaplastic pilocytic
astrocytomas, usually found in older patients compared to conventional PA, but present in

younger patients than those with anaplastic astrocytoma (22).

Histology and Clinical Manifestations

In general, PAs behave as grade | and are characterized microscopically by a biphasic
pattern, with compact bipolar cells and areas with microcysts, hyalinized vessels and
occasional granular bodies. Both in children and in adults, Rosenthal fibers are often present,
elongated, and homogeneous structures formed within the cytoplasmic extensions of
astrocytes. The reactive astrocytes show strong staining of glial fibrillary acidic protein
(GFAP) present in the cytoskeleton of these cells (23).
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Degenerative changes such as ischemic necrosis can be observed, and sometimes
calcifications are present. Rare mitosis, hyperchromatic and pleomorphic nuclei, glomeruloid
vascular proliferation, and leptomeningeal infiltration are factors that can be observed in the
diagnosis of pilocytic astrocytoma; however, they are not necessarily indicators of
malignancy and may be confused with microscopic characteristics present in other astrocytic
tumors (23).

Malignant transformations have been reported during the clinical course of pilocytic
astrocytoma, in which the diagnosis changes due to the appearance of anaplastic histological
alterations (10,24), such as mitosis, necrosis and increased cellularity. These tumors with
signs of histopathological malignancy are designated with various terminologies, such as
atypical PA/ malignant/ with anaplasia/ with anaplastic features/ or anaplastic pilocytic
astrocytoma (21). Anaplasia is rarely observed in PAs, but it occurs more frequently in older
patients (25), causing more aggressive tumor behavior and worse prognosis for these
individuals. Median overall survival of 13 months has been reported in cases like these
(14,26).

Histological features of an adult anaplastic astrocytoma include more than 4 mitoses
per 10 high potency fields, hypercellularity, histological atypia with or without necrosis, and
non-infiltrative lesion (21,26,27). Some histological features that can be observed in

anaplastic astrocytomas are shown in Figure 2.
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Figure 2 - Histological features of anaplastic astrocytoma
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Images analyzed by our research group. Fibrilar area with cytologic atypia, HE, 20x (A); Microvascular
hyperplasia, HE, 10x (B); Hypercellularity with “pseudopalisading” necrosis and mitosis, HE, 10x (C);
Fibrilar region with Rosenthal fibers, HE, 40x (D).

Some authors describe the diagnosis of a hemorrhagic PA as an uncommon finding in
adult pilocytic astrocytomas (28-30). Hemorrhage associated with low-grade tumors is rarely
found and may be related to abnormal vasculature present in the tumor, in addition to local
metabolic factors. However, the risk of a hemorrhagic transformation appears to be equal
between pediatric and adult populations (30).

The most common symptoms in children and adults are nausea, vomiting and
headaches. Motor deficits may be present, depending on the location of the tumor (31), and in
adult patients the presence of seizures, hydrocephalus and hemorrhage has been reported (6).
In a study with 46 patients older than 18 years, the majority (65.2%) presented headache
initially, followed by visual disturbances (34.8%), symptoms of high intracranial pressure
(28.3%), vertigo (28, 3%), motor difficulties (19.6%), sensory symptoms (17.4%), psychiatric
symptoms (13.3%), seizures (8.7%), ataxia (8.7%) and speech disorders (4.3%) (10).
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The neurological and cognitive functions of patients analyzed by Brown et al. (2015)

remained stable during clinical follow-up (32).

Molecular Characteristics

Unlike other glioma subtypes, there are no fully known molecular patterns in adult
PAs yet, but there are markers that have been associated with tumor development and can
help to identify high-risk patients, so that they can be guided to the best type of treatment
(18). Although there is evidence for a distinct spectrum of molecular changes, there is still no
clear consensus regarding age-scale differences (33,19).

It is known that the molecular origin of pilocytic astrocytoma is related to the
activation of the RAS/RAF/MAPK pathway (Figure 3), in which two molecular alterations
are frequently found: the fusion of the BRAF-KIAA1549 gene and the BRAF V600E mutation
(34), in addition to other alterations including genes such as NF1, KRAS, FGFR1, PTPN11,
NTRK, RAF1 and SRGAP (35,36). The relationship between specific changes in MAPK and

tumor aggressiveness still needs to be further studied.

Figure 3 (made by the authors): Phosphorylation of RAS-RAF-MEK ERK, one of the MAPK
pathways.
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The BRAF-KIAA1549 fusion occurs as a result of duplication of 7934 chromosome
region and is more commonly found in the pediatric age group than in adults (23). Hasselblatt
et al. (2011) report that they found it in 79% of cases from 0 to 10 years old, 51% at ages 11
to 20, 42% at 21 to 30, 30% at 31 to 40 and 7% in individuals with over 40 years old (37).
This fact may be associated with decreased survival with increasing age, since the presence of
fusion in pediatric astrocytomas is related to a better prognosis (38).

Activating mutations of the BRAF oncogene are called somatic and cause the
substitution of the amino acid valine for glutamic acid at codon 600 of the derived protein,
giving rise to the BRAF V600E (39). These changes are found in about 75% of cases of PAs
and have been associated with extracerebellar locations (7,40). The combination of BRAF
V600E analysis and BRAF gene fusion is a proven good diagnostic tool. In general, the
frequency of both markers is lower in adult patients (37,17).

On the other hand, epigenetic mechanisms have been studied in the molecular
oncogenesis of pilocytic astrocytomas, such as the hypermethylation mentioned by Junk et al.
(2019) that can occur in the MGMT gene promoter (METHYLGUANINE-DNA
METHYLTRANSFERASE, OMIM #156569) and thus be related to responsiveness of the
tumor (18).

Treatment and Survival

The preferred treatment for all patients with pilocytic astrocytoma is total surgical
removal of the tumor with as little neurological damage as possible (41), and for adult
individuals this has been the only method that demonstrates a benefit in terms of survival
(12). A higher recurrence rate was observed in cases of adults treated with subtotal resection
(38.9%) than in those completely resected (4%), confirming that patients who undergo total
resection are less likely to relapse than those treated by any other surgical or non-surgical
technique (10). However, the tumor location often makes surgery unviable, as in cases where
the PA affects the optic pathway or presents an aggressive behavior in the hypothalamus
region (42). In these situations, it is possible to use additional therapies, such as radiotherapy
(RT) and chemotherapy.

There is controversy regarding the use of radiotherapy, as vasculopathies, secondary
neoplasms and neurocognitive deficits are associated with the radiation involved (16).
Ishkanian et al. (2011) describe good results with RT, in which the 5-year progression free-

survival (PFS) rate for patients who were kept under postoperative observation was 42%,
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compared with 91% in the group of those who received radiation after surgery. At 10 years,
the PFS rate was 17% versus 60%, respectively (43). Khalafallah et al. (2020) report that
adult patients who received RT after subtotal tumor removal had a significantly higher risk of
death compared to those who did not (44). Therefore, due to severe side effects, its use is
usually restricted to treatment in cases of optical, diencephalic and brainstem lesions (16,45).
In general, RT is considered a treatment option for recurrent cases of tumor progression that
are not stabilized with chemotherapy and when there is no possibility of further surgery, in
adults or children (23). Some doctors recommend its use after total or subtotal resection only
for patients considered to be high risk (14).

Chemotherapy usually consists of temozolomide, which is responsible for penetrating
the blood-brain barrier and is often used to treat malignant gliomas. The use of carboplatin
and vincristine has been reported as well (17). Parsons et al. (2020) describe in their findings
that younger patients are more likely to receive chemotherapy than older individuals (45).
Therefore, adjuvant RT and chemotherapy are generally reserved for high-grade astrocytomas
and should only be considered for low-grade tumors in specific settings (46).

Surgery and radiotherapy remain the mainstays of treatment for CNS tumors, with
adjuvant chemotherapy when indicated. Even though these are the most used treatment
options, they can be responsible for acute and chronic morbidities. For this reason, the use of
immunotherapy has been growing with good results in the treatment of brain tumors. This
type of treatment involves the modulation of immune activity and has been shown to be
effective in combating different types of cancer. It can be a good solution for cases in which it
is not possible to perform total tumor resection, as healthy tissue is preserved while only the
tumor site is kept as a target. There are several mechanisms by which immunotherapy can act,
including direct antitumor activity, checkpoint blockade, vaccination, oncolytic viruses, or
microenvironment repolarization. For adult patients with glioma this is an emerging field that
can rapidly assess effectiveness and side effects and may provide hope for a population of
patients seeking to recover their quality of life (47). As pilocytic astrocytomas are known to
express higher levels of transcription and expression of vascular endothelial growth factor
(VEGF), immunotherapy agents such as bevacizumab have also been used in inoperable cases
and have shown promising results in adult population (48). It has already been described in a
study with favorable clinical and radiographic responses, as it is a monoclonal antibody aimed
at decreasing the permeability of the vasculature (49).
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The survival of patients with PA significantly decreases with increasing age (7). The
overall ten-year survival rate for patients over 40 years old is estimated at 76% (4), while for
the pediatric age group this rate can reach 95% (15). A five-year survival rate of 63% has
been reported for ages over 60 years old (6). Recurrence rates in adults are significant and
cases of PA with increased proliferative activity can be found. The difference in outcome
between adults and children with PA may be precisely in the aggressiveness profile of the
tumor in different age groups, and thus, tumor-related death is not uncommon (10,5,12).

The main characteristics that differentiate pediatric PAs from adults, according to the
literature, are shown in Table 1 below:

Table 1 - Main differences between pediatric and adult pilocytic astrocytomas

Features Children Adults
Incidence 25% of pediatric brain tumors 1.5 percent of adult brain
tumors
Location Cerebellar (70%) Supratentorial (35-45%)
Brainstem and optical pathway Cerebellar (35-40%)
(10-20%) Brainstem and optical pathway
Spinal cord (2-5%) (5-10%)
Spinal cord (2-5%)
Most common symptoms Headache, convulsion Headache, visual disturbances,
dizziness
Molecular changes BRAF: 70% BRAF: 20%
Preferential treatment Total resection Total resection
Recurrence rate 2-5% 42%
Estimated survival 95% 63% over 60 years old

Source: (5,11,13,41,10)

Discussion and Conclusion

Pilocytic astrocytomas usually develop during childhood and adolescence. However,
they can also be found in adult individuals and, depending on the location, the prognosis of
these cases can be poor (4,13,14). There are not many studies on the behavior of PAs in these
patients, but it is known that there is a decrease in survival with increasing age (38),
especially over 60 years old (6).

It is not known if the molecular changes that initiate tumor development in this age
group are the same as those that occur in pediatric age. On the other hand, there are important
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markers that helps to define the diagnosis (18,19). Among the alterations in the MAPK
pathway, the fusion of the BRAF-KIAA1549 gene and the BRAF V600E mutation (34) stand
out, both less present in older patients.

After the diagnosis of pilocytic astrocytoma, the preferential treatment for each case
must be chosen, analyzing the tumor location and the clinical characteristics of the patient.
The preferred treatment is total surgical removal of the tumor and for adult individuals this
has been the method with the greatest benefits in terms of survival (43,12). However, some
cases cannot be submitted to the total removal of the tumor, and for this reason, subtotal
resection is chosen, often accompanied by adjuvant therapies such as radiotherapy,
chemotherapy or immunotherapy (16,14,47). There is controversy regarding the use of RT
and, in general, it is considered a treatment option for recurrent cases or for patients
considered to be at high risk.

The survival of patients with PA significantly decreases with increasing age (7)
depending on location, and for this reason many studies on the tumoral behavior of PA in
adults are still needed. However, a survival rate of 63% has been reported in individuals over
60 years of age (6) and recurrence rates in these individuals are significant (10,5,12).

From the data found in this literature review, it is possible to infer that research in this
area is still of quite importance and necessary for a deeper understanding of the development
and behavior of pilocytic astrocytoma in adult patients. The information we have so far
contributes to the attention of the scientific community to focus even more on understanding

the subject and seeking the best treatment for patients with pilocytic astrocytoma.
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