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Abstract
Introduction Cerebellar astrocytomas (CA) are one of the
most common posterior fossa tumors in children. The vast
majority is low grade, and prognosis for long-term survival
is excellent.
Methods Recent literature about CAwas reviewed to provide
an up to date overview of the epidemiology, pathology, mo-
lecular and cell biology, diagnosis, presentation, management,
and long-term outcomes.
Results Surgical resection remains the first-line treatment
with complete removal of the tumor the goal. However, even
when only subtotal resection has been achieved, there is a
significant chance that the tumor will remain stable or will
regress spontaneously. Adjuvant chemotherapy is reserved
for those tumors that progress despite surgery, and more
personalized chemotherapy is being pursued with better
understanding of the molecular genetics of this tumor.
Radiotherapy has generally not been recommended, but
stereotactic radiotherapy and conformal proton beam ra-
diotherapy may be reasonable options in the setting of relapse
or progression. In the long term, permanent neurologic defi-
cits, mainly cerebellar dysfunction, are common, but quality
of life and cognitive function are generally good.
Conclusions Low-grade CA remains primarily a surgical
disease, with excellent survival rates. Care must be taken
with surgery and adjuvant treatments to preserve neurologic
function to allow for optimal outcomes in the long term.
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Introduction

Pediatric cerebellar astrocytomas (CAs) are one of the most
common pediatric tumors and the most common central ner-
vous system tumor in childhood. Almost all of these tumors
are low grade, and malignant transformation is rare. Complete
surgical resection of the tumor is generally the goal and is
achievable in most cases. Although largely considered a sur-
gical disease, recurrent or progressive tumors with extension
into the cerebellar peduncles or brainstem can be treated with
adjunctive therapies such as radiation therapy and chemother-
apy. It has been known to be a tumor with good long-term
results after surgery since 1931 [17]. However, even without a
gross total resection (GTR), the prognosis is very favorable
with stabilization and even regression seen. New research,
focusing on molecular and cell biology, has the potential for
predicting outcomes and creating novel therapies. This paper
reviews the epidemiology, presentation, diagnosis, pathology,
microbiology, management, and future directions in regards to
pediatric CA.

Epidemiology

Low-grade gliomas are the most common central nervous
system (CNS) tumors in childhood. Of these, benign CAs
are the most prevalent, accounting for 15–25% of all pediatric
CNS tumors [28] and 25–35 % of childhood posterior fossa
tumors [14]. Most CAs are diagnosed in children less than
10 years old, with peak incidence between 6 and 8 years of
age. The sex distribution is fairly equal, with some series
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showing a slight male predominance [1]. Rare cases of dis-
seminated disease or more aggressive cerebellar pilomyxoid-
spectrum astrocytomas have been reported [23]. Higher-grade
anaplastic astrocytomas and glioblastomas are rare in the pe-
diatric population, and if seen, tend to occur in the second
decade of life.

Pathology

On gross appearance, the typical CA has a cyst with a solid
component in the wall (mural nodule). The cyst contains
xanthachromic fluid, and, apart from the mural nodule, the
cyst wall may have tumor in it or may consist mainly of
non-neoplastic gliotic tissue. The solid tumor component of
the tumor is rubbery and pink-gray in color (Fig. 1). Other
CAs are solid, and some are primarily cystic, with no distinct
mural nodule.

By far, the most common CA type is pilocytic astrocytoma
(PA) in over 75 % of cases [65]. This benign tumor is classi-
fied as World Health Organization (WHO) Grade I [46] and
has alternating areas of loosely knit tissue and compact elon-
gated and fibrillated cells. Rosenthal fibers are also apparent.
Hypercellularity, biphasic patterns, eosinophilic granular bod-
ies, pleomorphism, endothelial proliferation, and mitoses can
be present but do not usually impact prognosis [40]. MIB
proliferation index (PI) was found to not affect outcomes
[34, 63], even though a significant difference was discovered
between PAs with cysts (3.7 %) and those that were predom-
inantly solid tumors (6.9 %) [63]. Infiltration of the adjacent
brain can be seen, to varying degrees, in classic PA as well. It
has been reported in one study that a combination of certain

morphologic features found in the tumor is associated with a
poor outcome: lack of degenerative-type nuclear atypia, pres-
ence of >25 % oligodendroglial morphology, and presence of
leptomeningeal invasion [34]. However, this has not been
identified in other studies.

Other rare types of PA have been reported in the literature.
Similar to classic PA, those PAs with a diffuse pattern of
growth (Bdiffuse variant^) appear to harbor the BRAF-RAF
fusion and have good long-term outcomes as well [38]. In
addition, a large series of over 2200 PA (adult and children)
recognized 1.7 % of tumors to have anaplastic features and
more aggressive behavior [62].

Distinct from PA, including the diffuse variant of PA, dif-
fuse astrocytomas (DA) are classified as WHO Grade II [46].
This type has indistinct borders with more compact and atyp-
ical cells. For pediatric cerebellar tumors, it is debated whether
this histologic subtype has any impact on prognosis [7, 15].

Molecular and cell biology

Tumorgenesis of CA is not well understood. Genetic alter-
ations seen in high-grade gliomas such as TP53 mutation,
MGMT methylation, EGFR amplification, and PTEN loss
are not found in PA [5, 34, 35, 54, 60]. No consistent pattern
of loss of heterozygosity (LOH) on 1p or 19q has been iden-
tified, and none have shown an association with outcome.
However, one study did identify cerebellar PAs with LOH
on 17p13 to have worse outcomes in their cohort [35].

Despite this, several studies have identified an aberration in
chromosome 7, the vast majority being a tandem duplication
at 7q34 resulting in a KIAA1549:BRAF fusion gene in the
majority of cases. A smaller number of tumors have a BRAF
point mutation or alternative BRAF-RAF fusions. All cause
alterations in the MEK/mitogen-activated protein kinase
(MAPK) pathway and increased transcriptional activity and
cellular proliferation [26, 42, 57, 67]. Because of this, PA is
considered predominantly a single pathway disease [43].
However, outcomes do not appear to be affected by the ab-
sence or presence of this alteration.

More recent studies have reported other genetic abnormal-
ities in CA. Copy number alterations 2p11.2 amp and 9p11.2
amp were correlated with better prognosis, whereas 1p36.21
was associated with worse outcome [5]. Lambert et al. inves-
tigated the methylation patterns of brain developmental genes
in PA. In this study, differential methylation was important to
the development of PA arising at different locations in the
brain. Furthermore, global levels of gene hypomethylation,
including SIX3, NR2E1, EN2, IRX2, and PAX3, were seen
in infratentorial compared to supratentorial PA [50]. Finally,
profiling has also revealed 13 underexpressed and 20
overexpressed tumor microRNAs. Increased expression of

Fig. 1 Gross specimen of a classic cerebellar astrocytoma with a cystic
component and solid mural nodule
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protein targets such as BBX3, METAP2, and NFIB was re-
ported as well [33].

Other mechanisms under investigation include angiogene-
sis, tumor microenvironment, telomere maintenance, and
glioma-associated antigens [68].

Clinical presentation

Pediatric CA are slow growing tumors that produce symptoms
based on their posterior fossa location and the sequelae of
increased intracranial pressure (ICP) secondary to hydroceph-
alus. Symptoms are generally long standing, and nearly half
the patients have symptoms for longer than 6 months at the
time of diagnosis [25].

Headache is the most common presenting symptom and is
seen in over 90% of cases [1, 19, 20, 65]. This headache tends
to worsen with exertion and during periods of recumbence.
Often, the child’s headache will be at its worst during or just
after sleep. The major reason for the headache is from in-
creased ICP, caused by obstruction of cerebral spinal fluid
(CSF) circulation at the level of the aqueduct of Sylvius or
4th ventricle, as hydrocephalus has been seen on imaging in
over 90 % of all cases [22, 56]. Vomiting and lethargy are also
common presenting features, worsening as the hydrocephalus
increases in severity and duration. Papilledema is frequently
seen. Physical examination findings related to increased ICP
may include 6th cranial nerve palsy, upgaze restriction, and
increased head circumference are seen less frequently [56]. In
a few cases, the presentation can be the acute onset of drows-
iness or coma, which necessitates emergency management.

The cerebellar location of the tumor often results in poste-
rior fossa localizing symptoms such as ataxia, horizontal nys-
tagmus, and dysmetria. Ataxia may be difficult to notice in
children andmaymanifest as a regression in walking. In youn-
ger children, ataxia may just be seen as clumsiness during
learning the ability to walk. Occasionally, neck stiffness or
torticollis may be the only presenting tumor of a posterior
fossa tumor, especially if the tumor extends caudally out of
the 4th ventricle. However, this is more typical of an
ependymoma.

Diagnosis

Due to the slow growing nature of CAs and the ability of the
pediatric brain to compensate, many tumors are very large at
the time of diagnosis. Computed tomographic (CT) scans il-
lustrate the presence of a mass, and the extent of hydroceph-
alus and magnetic resonance imaging (MRI) gives further
detail regarding the relationship to surrounding brain struc-
tures. Although spread is uncommon, an MRI of the spine is
often done concurrently to rule out metastatic deposits.

The classical appearance of the pilocytic astrocytoma (PA)
is a cystic mass, with an eccentric solid component, typically
occurring in the cerebellar astrocytoma. On CT scan, the solid
component is usually hypodense. On MRI, the lesions appear
hypointense on T1 sequence and hyperintense on T2 se-
quence, with avid contrast enhancement in the solid compo-
nent of the tumor. On diffusion scan, there is no restriction of
diffusion and usually increased diffusivity relative to the nor-
mal adjacent brain (Fig. 2). The cyst wall may comprise only
gliotic cerebellar tissue, in which case there is no contrast
enhancement or a thin, smooth rim of enhancement only
(Fig. 3a). However, sometimes there is tumor in the cyst wall,
in which case there is usually irregular and thicker enhance-
ment in the cyst wall on CT or MRI scans (Fig. 3b). Diffuse
astrocytomas (DAs) have variable enhancement and less de-
fined borders on imaging. Other CAs are cystic, without a
noticeable mural nodule (Fig. 4), while some are mainly solid
(Fig. 5). The vast majority (90 %) of these solid tumors are
midline and are therefore more difficult to distinguish radio-
graphically from medulloblastomas or ependymomas. The
hypodensity of the solid tumor on CT scan and the lack of
restricted diffusion (with increased diffusivity) and lack of
ionositol peak on MRI in CA can help distinguish it from
the ependymoma and medulloblastoma [47]. Involvement of
the brain stem radiographically is seen in a minority of cases
of CA [39].

Management and outcomes

First-line treatment for CA is surgical resection, with a goal of
GTR if possible without causing unacceptable neurologic def-
icits. In cystic lesions, without tumor in the cyst wall, only the
solid component requires removal [12]. As mentioned above,
the pattern of enhancement on the MRI scans may be helpful
in predicting if tumor is or is not present in the cyst wall.
Regardless of the suggestive findings on the MRI, whether
or not there is tumor in the cyst wall is usually obvious at
the time of surgery, based on a smooth, white, glistening cyst
wall in the absence of tumor. Ultimately, it is the surgical
findings that are relied on in deciding if the cyst wall contains
tumor and should be removed. Reported rates of GTR range
from 50 to 89 % [53, 56, 70]. The usually reported barrier to
GTR is involvement of the brainstem and cerebellar pedun-
cles, but in the series reported by Steinbok et al. in half of the
patients where GTR was not achieved, residual tumor was
elsewhere. In that series, some tumor resections were incom-
plete because of the concern of the surgeons that further re-
section might result in neurological deficits. Indeed, with this
less aggressive surgical approach than the same surgeons had
used previously, an acceptable GTR rate was achieved with a
reduction in the incidence of permanent neurologic deficits
caused by the surgery [70].
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Children with GTR, documented on postoperative
MRI, need no further treatment and have an overall
10-year survival rate of over 90 % with only rare tumor

recurrences [68]. However, complete resection has been
found to be the most important prognostic factor in
progression-free survival (PFS) of low-grade CA [72, 73].

Fig. 2 Classical appearance of a
pilocytic astrocytoma with a
hypodense nodule on CT and
increased diffusivity and solid
contrast enhancement on MRI

Fig. 3 Cerebellar astrocytoma
illustrating a gliotic cyst wall
without tumor (a) and an
enhancing cyst wall with tumor
(b) on MRI with contrast
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Overall mortality is very low with rates from 0 to 4 % in large
series [22, 53, 56].

Subtotal resection may occur, because the surgeon inten-
tionally left tumor behind to avoid morbidity to the patient, but
may also occur unintentionally. For example, the surgeon may
think that a complete resection has been achieved, but on the
postoperative imaging done typically within 72 h, tumor re-
sidual may be seen. When such unexpected residual tumor is
identified and the tumor residual can be resected safely, im-
mediate reoperation to remove this tumor is recommended.
For those patients, in whom there is residual tumor that is
not deemed to be safe to resect totally, treatment is more con-
troversial. Because of the indolent nature of CA, the decision
for further treatment is usually deferred until there is progres-
sion on imaging or clinical symptoms. Studies have reported
5-year PFS of 45–65 % for residual tumor of any size and
long-term stability or regression of residual tumor in 33–
65 % [24, 53, 66, 68, 69]. The mechanism of spontaneous
tumor regression is unknown. Hypotheses include ischemia
secondary to interference to the tumor blood supply during
initial resection, inhibition of angiogenesis, or an apoptotic

mechanism [69]. Therefore, a Bwait and see^ approach could
be recommended until residual tumor growth or new tumor
recurrence is confirmed [6, 53].

The management of recurrent or progressive tumor is sur-
gical, with the goal of achieving a gross total resection. Often,
this is possible, even when the initial resection has been in-
complete [10, 22]. For the rare tumors that are inaccessible
surgically or for tumors that have recurred after more than one
resection, other treatments, such as radiotherapy and chemo-
therapy, may be considered.

Chemotherapy has become the initial adjuvant therapy if
resection is not feasible. Regimens of carboplatin and vincris-
tine have been effective, but up to 42% of children experience
hypersensitivity reactions [49, 74]. Alternatively, combination
6-thioguanine, procarbazine, CCNU, vincristine with or with-
out dibromodulcitol or vinblastine monotherapy has also had
positive outcomes [4, 59].

Adjunctive radiotherapy is generally avoided in the man-
agement of low-grade cerebellar astrocytomas (especially in
young children) due to adverse neurocognitive effects.
Whereas some studies report increased PFS [29, 58], others

Fig. 4 Cystic appearance of a
cerebellar astrocytoma without a
noticeable mural nodule on MRI
with contrast

Fig. 5 Midline solid appearance
of a cerebellar astrocytoma on
MRI with contrast
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show no evidence of increased overall survival [24, 58].
Furthermore, malignant transformation and radiation-
induced side effects have been observed [1]. More recent re-
ports have suggested that conformal proton radiotherapy [36]
and stereotactic radiosurgery [32] may provide a safe and
effective treatment strategy for progressive and inaccessible
tumors and these modalities warrant further investigation.

As mentioned previously, hydrocephalus is exceedingly
common in patients with CA and requires consideration of
treatment before, during, and after tumor resection. In the
acute setting, if the tumor has a large cystic component, it
may be possible to drain the cyst and perform surgery at a
later time. Other techniques used to treat hydrocephalus prior
to tumor removal involve the placement of an external ven-
tricular drain (EVD), insertion of a ventriculoperitoneal shunt,
or a completion of a third ventriculostomy [22]. In at least one
institution, an EVD is placed in every patient for intraopera-
tive CSF drainage [53]. Other centers are more selective.
Persistent hydrocephalus necessitated shunting is as high as
15 % in one large series [22].

Postoperative surveillance

Postoperative MRI surveillance is somewhat controversial, par-
ticularly when GTR has been achieved, as the risk of recurrence
after GTR is very low. Furthermore, many pediatric patients
require a general anesthetic for an MRI. This carries with it a
small, but significant risk of 1–5 % for adverse effects of hyp-
oxemia, central apnea, and airway obstruction [16, 52]. In addi-
tion, resource utilization and cost must be considered. Another
consideration is that there tends to be additional anxiety for the
child and parents as the time for a surveillance scan approaches
and this can be alleviated by doing fewer surveillance scans.

Some studies have suggested that routine MRI surveillance
in patients with GTR is unnecessary [71]. Conversely, others
have reported recurrence of tumor, even with GTR, up to
10 years after the initial resection and recommend 10 years
as a reasonable follow-up period for neuroimaging studies
[22, 53]. There is no consensus on a surveillance schedule
after GTR, but most centers obtain a postoperative MRI at
3–6 months, annually for 5 years and then decreasing in fre-
quency, perhaps every 5 years thereafter. For those patients
with residual tumor after resection, a similar schedule for the
first 5 years may be reasonable if there is no progression, but
more frequent long-term routine surveillance is recommend-
ed, unless the tumor regresses completely.

Functional outcome

With the excellent overall survival of children with CA, the
long-term functional outcomes and QOL are important issues.

These outcomes may be impacted by the tumor itself, the
preoperative duration of symptoms, ventricular dilation, the
surgical resection and its complications, and the morbidity of
any adjuvant treatments. Outcomes are generally excellent,
with the vast majority of patients with normal functionality
and educational levels [70]. Due-Tonnessen et al. found a
normal Barthel index (for activities of daily living) in 97 %
of their patients [22]. Likewise, quality of life (QOL) indica-
tors have been shown to be similar to the general population
[48, 75], even though some patients have permanent neuro-
logic deficits and emotional disorders [3, 18]. Permanent neu-
rologic deficits have been reported ranging from 15 % to
greater than 50 % [3, 70, 75]. Cerebellar mutism can be seen,
especially in large, midline, solid tumors with rates ranging
from 0 to 8 % [22, 53, 70]. Overall, most of these sequelae
result in mild cerebellar dysfunction, which include motor
slowness, writing difficulties, fine manual skill defects, bal-
ance, and speech difficulties. Cognitive deficits are observed
less frequently, and over 80 % of patients participated in nor-
mal schooling [3, 70].

Future directions

Although surgical resection remains the mainstay of treatment
for CAs, molecular and biologic therapies based on the dis-
coveries discussed above are being investigated. These thera-
pies are largely being developed for deeper-located,
noncerebellar tumors but can also be applied to recurrent
and incompletely resected CAs. Deregulated BRAF activity
in the MEK/MAPK pathway activates mTOR, a common
signaling molecule in neurofibromatosis 1 (NF1) astrocyto-
mas as well. This finding suggests that mTOR may be a target
for both treatment of sporadic and NF1 PAs with the use of
rapamycin analogs [13, 45]. These analogs are currently being
used in treating subependymal giant cell astrocytomas in tu-
berous sclerosis syndrome [27]. Other studies involving small
molecule MEK inhibitors have shown encouraging results in
other neoplasms [2, 8, 11, 51, 61]. BRAF and growth factor
receptors are also being a target for inhibition [21, 41, 45, 64].

Second-line chemotherapy options are also being explored.
Weekly vinblastine [9], temozolomide [30, 44], bevacuzimab
[37] and combination bevacuzimab and irinotecan [31, 55],
have all been used in promising studies of other low-grade
astrocytomas. As more is learned about the molecular biology
of CA, targeted drugs may emerge as useful therapeutic
options.

Conclusion

Pediatric cerebellar astrocytomas are benign tumors with very
good long-term survival rates and functional outcomes.
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Complete surgical resection is the first-line treatment with
repeat resection utilized in cases of recurrent or progressive
surgically accessible tumors. The natural history of incom-
pletely resected CA is variable, with spontaneous regression
or stabilization in a significant percentage. Hence, radiothera-
py or chemotherapy should be reserved for cases with surgi-
cally inaccessible, progressive lesions.
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