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Abstract Background Despite advances in multimodal oncologic therapies and molecular
genetics, overall survival (OS) in patients with high-grade astrocytomas remains poor.
We present an illustrative case and systematic review of rare, predominantly extra-axial
World Health Organization (WHO) grade 4 astrocytomas located within the cerebello-
pontine angle (CPA) and explore the impact of anatomic location on diagnosis,
management, and outcomes.
Methods A systematic review of adult patients with predominantly extra-axial WHO
grade 4 CPA astrocytomas was conducted following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines through December 2022.
Results Eighteen articles were included comprising 21 astrocytomas: 13 exophytic
tumors arising from the cerebellopontine parenchyma and 8 tumors originating from a
cranial nerve root entry zone. The median OS was 15 months with one-third of cases
demonstrating delayed diagnosis. Gross total resection, molecular genetic profiling,
and use of ancillary treatment were low. We report the only patient with an integrated
isocitrate dehydrogenase 1 (IDH-1)mutant diagnosis, who, after subtotal resection and
chemoradiation, remains alive at 40 months without progression.
Conclusion The deep conical-shaped corridor and abundance of eloquent tissue of
the CPA significantly limits both surgical resection and utility of device-based therapies
in this region. Prompt diagnosis, molecular characterization, and systemic therapeutic
advances serve as the predominant means to optimize survival for patients with rare
skull base astrocytomas.
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Introduction

Fewer than 4% of World Health Organization (WHO) grade 4
astrocytomas occur in the posterior fossa, with rarer presen-
tation at the lateral skull base. Infratentorial astrocytomas
typically arise from the brainstem and/or cerebellar white
matter, demonstrating overt infiltration and posing signifi-
cant morbidity.1 They are clinically and biologically distinct
from supratentorial astrocytomas, from prevalence of iso-
citrate dehydrogenase (IDH) variants, epigenetic profiling,
and a trend toward shorter overall survival (OS), yet these
differences remain uninvestigated in tumors appearing out-
side of the infratentorial parenchyma.2–4 Regardless of diag-
nostic and therapeutic advancements, prognosis for grade 4
astrocytomas remains suboptimal with median OS of 15 and
31 months after maximal treatment for IDH wild-type and
mutant tumors, respectively.5–7

Standard treatment emphasizes safemaximal resection of
enhancing tumor followed by fractionated external beam
radiation with concurrent and adjuvant temozolomide
(TMZ) and tumor treating fields (TTFs).7 Tumor location in
narrow skull base corridors surrounded by eloquent tissue,
like the cerebellopontine angle (CPA), inherently restricts
accessibility, thereby limiting extent of resection, and the
ability to utilize TTF and to employ alternative therapeutic
tools and regimens trialed in their supratentorial counter-
parts. Such emerging technologies span intraoperative tools
to maximize cytoreduction, advanced radiotherapy techni-
ques to minimize toxicity and/or treat recurrence, locore-
gional chemoradiation to bridge systemic therapies, and
adjunct devices with novel anticancer mechanisms like
thermal ablation.8–15 While the therapeutic benefits of
some of these tools have been endorsed in clinical practice
guidelines, they remain largely investigational for use in the
posterior fossa.14–17

Herein, we present the first report of a rare IDH-mutated
grade 4 astrocytoma in the CPA and perform a systematic
review of the literature for all cases of exophytic grade 4
astrocytomas of any molecular subtype in this region. Given
the anatomic complexity of the cranial base, the primary
focus of this study was to evaluate treatment strategies,
including the use and feasibility of emerging operative
adjuncts, for high-grade CPA astrocytomas. Further, in light
of recent advancements in our understanding of glioma
biology,4we also sought to assess the reliability of molecular
genetics reporting in the literature and to highlight the
concomitant importance of accurate, integrated diagnoses
on disease course, particularly for malignant tumors arising
in challenging anatomic locations.

Materials and Methods

A retrospective review of electronic medical records of our
case study was performed in accordance with institutional
guidelines. A systematic literature review following the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines was then performed to
identify all adult cases ofWHO grade 4 astrocytoma inwhich

the primary tumor component was in the CPA (►Fig. 1).13

Search terms used in multiple databases included the fol-
lowing: ((“glioblastoma” OR “glioblastoma multiforme” OR
“GBM” OR “high grade glioma” OR “high grade astrocytoma”
OR “gliosarcoma”) AND (“cerebellopontine angle” OR “cer-
ebellopontine fissure” OR “cerebellopontine cistern” OR
“CPA”)). The search period spanned January 1, 1960 to
December 1, 2022. Exclusion criteria included age less than
18 years, posterior fossa tumors without a predominant
extra-axial component, insufficient data, and studies pub-
lished in a non-English language. Intrinsic brainstemgliomas
with minimal exophytic growth were excluded as these
tumors are not subject to the same radiographic mimicry
of CPA pathology or consideration for surgical treatment.

Data abstraction included study year, demographics, clin-
ical presentation, radiographic characteristics, molecular
profile, treatment regimen, and outcome.

Results

Illustrative Case

Clinical Presentation
A 58-year-old white man presented with progressive sub-
occipital headaches, disequilibrium, and gait disturbance
over 4 months. Magnetic resonance imaging (MRI) demon-
strated a large heterogeneously enhancing, right extra-axial
CPA mass with brainstem compression and Meckel’s cave
extension (►Fig. 2A–C). The T1-isointense lesion displayed
heterogeneous T2 signal suggestive of cystic degeneration.
No intra-axial component was readily identified. Based on
radiographic appearance and location, differential diagnosis
initially favored trigeminal schwannoma.

Operative Course
The patient underwent a right retrosigmoid craniotomy for
tumor resection. Significant adherence to cranial nerves
(CNs), cerebellum, and brainstem was encountered. Intra-
operative biopsy was inconclusive; therefore, the tumor was
internally debulked to prioritize brainstem decompression
and additional tissue collection before closing. Postopera-
tively, the patient developed a House–Brackmann grade 2
right facial weakness and 50% subjective ipsilateral hearing
loss.

Permanent histopathologic analysis confirmed diagnosis
of grade 4 astrocytoma necessitating further cytoreduction.
Using the previous craniotomy, careful tumor resection
proceeded from the CN VII/VIII complex to the basilar artery
beyond midline. A thin rim of residual tumor was left on the
ventral pons and trigeminal nerve root entry zone to avoid
injury.

Histopathology
Immunohistochemistry was positive for OLIG2, GFAP, IDH-1
R132H variant, retained ATRX, and an elevated Ki-67 index
(►Fig. 3). Methylguanine-DNA-methyltransferase (MGMT)
hypermethylation was present. All additional markers were
negative, and no additional genetic variants including
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1p/19q co-deletion and H3K27 were evident. The IDH-1
mutation was confirmed with next-generation sequencing.
Integrated molecular diagnosis was consistent with WHO
grade 4 astrocytoma, IDH-1 mutant.

Postoperative Course
The patient developed mild ipsilateral V1 hypesthesia and
CN VI palsy, without exacerbation of previous deficits. Im-
mediate postoperative MRI demonstrated greater than 80%
resection of the enhancing mass (►Fig. 2D–F). He was dis-
charged home on postoperative day 5 and subsequently
completed chemoradiation using intensity-modulated radi-
ation therapy (IMRT) and 12 cycles of TMZ. The patient’s
cranial neuropathies gradually resolved. At 40 months, he
remains alive without tumor progression (►Fig. 2G–I).

Systematic Review
Eighteen articles published from 1997 to 2021 met the
criteria for analysis. A total of 21 patients were identified
with an exophytic grade 4 CPA astrocytoma, the character-
istics of which are summarized in ►Table 1.1,8–12,18–29

Patient Demographics and Clinical Presentation
The mean age at presentationwas 49.70�19.2 years. Twelve
patients were males (57.1%) and 9 patients were females
(42.9%). Symptomduration ranged from1 to 36months prior
to presentation with a mean of 6.5�8.8 months. The most
common symptoms were gait ataxia, headache, and CN V,
VII, and VIII palsies. Six cases with primary tumors reported
diagnostic presumption of benign CPA pathology as a con-
tributor to delayed time to surgery and diagnosis.22–24,27,28

Tumor Characteristics
Nineteen patients were diagnosed with glioblastoma (GBM)
based on histopathology (90.4%).8–12,18–28 The remaining two
caseswere consistent with gliosarcoma (18.6%).1,29 Seventeen
cases were primary tumors (81.0%),1,9–11,18–21,23,24,26–29

while 4 cases had a history of GBM in a remote intracranial
area (19.0%): 2 ipsilateral frontal, 1 contralateral temporal, and
1 thoracic spine.8,12,25 Only five cases offered molecular
profiling and were IDH-1 wild type (23.8%), thus confirming
an integrated diagnosis of GBM.9,10,18,19,23 Thirteen patients
exhibitedexophytic tumorswith intra-axial originspostulated

Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram used to identify cases of adult
cerebellopontine angle (CPA) grade 4 astrocytomas to date.
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Fig. 2 Neuroimaging of the representative case study. Preoperative magnetic resonance imaging (MRI) demonstrating a 5.2� 4.9� 2.9 cm
right cerebellopontine angle (CPA) tumor with pontine displacement and Meckel’s cave extension (blue arrow). Notable characteristics
include (A) central T2 hypointensity with a cystic periphery (yellow arrow) and (B,C) heterogenous contrast enhancement. Postoperative MRI
24 hours after subtotal tumor resection demonstrating (D) minimal brainstem and cerebellar edema with (E,F) nodular enhancement
adjacent to the ventral pons and tentorium (red arrows). Postoperative MRI at 36 months revealing (G) stable cerebellar encephalomalacia
and cystic change within the dorsal pons and (H,I) decreased enhancement in the right prepontine cistern and ventral pons (green arrows).

Journal of Neurological Surgery Reports Vol. 84 No. 4/2023 © 2023. The Author(s).

High-Grade Astrocytomas in the Lateral Skull Base Dang et al.e132



as either the pons (n¼4; 19.0%)12,21,22 or the cerebellum
(n¼5; 23.8%),18–20,25,27 or were reportedly indistinguishable
(n¼4; 19.0%).1,10,11,29 The remaining eight tumors arose from
the CN root entry zones (38.1%).8,9,12,23,24,26,28

Surgical Resection
Eighteen patients (85.7%) underwent surgical
intervention,1,8–11,18–24,26–29 with 15 subtotal resections
(71.4%),1,8,10,18–24,26–28 and 3 stereotactic biopsies
(14.3%).9,11,12 No study reported gross total resection
(GTR). The retrosigmoid craniotomy was the most common
surgical approach. No article discussed use of intraoperative
adjuncts for cytoreduction nor consideration of treatment
strategies beyond chemoradiation.

Medical Therapy
Fourteenpatientsunderwent theStuppchemoradiationprotocol
(66.7%),1,8–12,18,19,23,25,27 while 2 patients underwent radiation
only (9.5%).20,21 One patient died prior to further management
(9.5%),24 and three patients refused intervention after diagnosis
(14.3%).26,28,29For recurrence, twopatientsunderwentaddition-
al chemotherapy (9.5%),12,25 and one patient had radiosurgery
with intrathecal bevacizumab.8Use of locoregional chemoradia-
tion was reported in only one patient who received carmustine
wafers during surgery.18 No patient received TTF.

Follow-Up and Outcomes
Fourteen patients had reported follow-up (66.7%) with a
mean time of 7.78�6.60 months.1,9–11,18–20,23,24,26–29 Five
patients were deceased (23.8%) with mean OS of 6.35�6.67
months.18,24,26–28 Four patients were alive at the 1-year
follow-up (19.0%),11,12,18,19,27 while only one patient was

alive at 2 years (4.7%).19 Progression-free survival (PFS) was
largely unknown. Kaplan–Meier estimates of the median OS
and the 1-year survival rate for patientswith primary tumors
were 15 months and 61.9%, respectively (►Fig. 4).

Discussion

Infratentorial high-grade astrocytomas presenting as a pre-
dominant exophytic CPA mass are exceedingly rare, with
only 21 cases reported in the literature. Given the scarcity of
this entity, malignant lateral skull base astrocytomas repre-
sent both a significant diagnostic and therapeutic challenge.
Overlapping radiographic features with benign CPA patholo-
gy potentially delay diagnosis, while safe, maximal tumor
resection is inherently limited by traversing eloquent neuro-
vasculature and a narrow working corridor bounded by the
petrous apex, clivus, and brainstem. These anatomic borders
and contents further limit diversification of treatment strat-
egies beyond the standard of care in this region.

First, the preoperative diagnosis in our case was not
straightforward. Radiographic features initially favored a
large trigeminal schwannoma with cystic necrosis or malig-
nant nerve sheath tumor extending into Meckel’s cave. The
radiographic mimicry of nerve sheath tumors was also
reported in one-third of literature cases without metastatic
disease.22–24,27,28,30 Despite prompt resection, this case
could have been easily presumed to be a benign tumor,
thereby delaying treatment and worsening prognosis. Like-
wise, the mean time from symptom onset to diagnosis
exceeded 6 months in the literature, with authors citing
similar presumptions. In contrast, supratentorial primary
brain tumors and high-grade tumors are usually diagnosed

Fig. 3 Histopathologic analysis of the right cerebellopontine mass. (A) Low-powered and (B,C) high-powered magnification of hematoxylin
and eosin (H&E) staining demonstrates pseudopalisading necrosis in a background of highly cellular glial tissue with brisk mitotic activity.
(D) Olig2 and (E) IDH R132H staining are diffusely positive.
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within 39 and 26 days, respectively.31 Consideration of high-
grade astrocytomas as a potential diagnosis in the CPA is vital
to obtaining urgent histopathologic diagnosis and swiftly
implementing adjuvant treatment.

Despite subtotal resection, our patient responded well to
chemoradiation and remains alive at 40 months without
tumor progression, likely due to a favorable genetic profile
including IDH-1 R132H mutation, CDKN2A retention, and
MGMT hypermethylation.5,32,33 Despite discovery of IDH
mutations in 2009,34 and the standardization and emphasis
of integrating diagnosis withmolecular profiling in 2016 and
2021,4 this review uncovered sparse molecular genetics
reporting for CPA astrocytomas. In all, 68.4% of cases pub-
lished after 2019 lacked genetic analysis,8,11,12,20–22,24,29

while over half of studies published after 2016 failed to
mention IDH or MGMT testing at all.8,9,11,20,28,29 As a result,
only 26.3% of CPA GBMs diagnosed by histopathology had a
corresponding integrated diagnosis with confirmed IDH
wild-type profile,1,9,10,18,19,23 and only one case reported
survival of up to 2 years.12 While our case study ultimately
represents a different disease entity, it is important to
remember that anatomic tumor location drives the ability
to achieve maximal treatment, which is an integral step for
optimizing survival. Further, insufficient reporting of molec-
ular profiles in this cohort ultimately restricts our under-
standing of the complex relationship between anatomic
location and molecular genetics on prognosis and outcome
and emphasizes the critical utility of investigatingmolecular
profiles for malignant tumors with rare growth patterns.

The retrosigmoid approach, used the most in this cohort,
provides adequate visualization and access for GTR of many
benign CPA lesions, yet the malignant features of high-grade
astrocytomas render this feat challenging. Infiltration of
adjacent skull base foramina and brainstem parenchyma
causes marked adherence to eloquent structures and poor
margins for safe resection, as seen in our case.35 Due to the
significant survival benefit associated with maximal resec-

tion beyond enhancing tumors, adjuncts to surgery are
needed to address residual macroscopic and microscopic
disease, yet their utility is elusive.30,36,37 5-aminolevulinic
acid (5-ALA), for example, improves the extent of resection
through intraoperative fluorescence of malignant tumor, but
its use requires preoperative anticipation of glial pathology.
Since glioma was not a suspected pathology in the preoper-
ative setting in our case, similar to at least a third of the
literature cases, nor has 5-ALA shown benefit for other
neoplasms, its use was not considered.38 Intraoperative
MRI and neuroendoscopy may contribute toward improved
resection in this highly eloquent region; however, their
usefulness is debated and subject to availability of re-
source.39 Surgical adjuncts like intraoperative ultrasound
have limited value within the CPA due to the incompatibility
of its geometric configuration with the anatomic corridor.

Possible treatment adjuncts with growing use in supra-
tentorial tumors include TTF, laser interstitial thermal ther-
apy (LITT), and high-intensity focused ultrasound (HIFU),
which have not been specifically explored for use in the
lateral skull base. Optune is a Food and Drug Administration
(FDA) approved device that utilizes electric TTF to cause
apoptosis and has demonstrated superior rates of PFS and OS
compared with chemoradiation alone.40 However, the devi-
ce’s standard array placement limits field coverage to the
posterior fossa, and an alternative configuration has yet to be
clinically validated.41 LITT may treat GBM recurrence via
minimally invasive thermal ablation in areas difficult to
access with open surgery, yet concerns regarding increased
morbidity of thermal ablation in the posterior fossa and poor
local control rates in brainstemgliomas preclude its use.42–44

Further, no study to date has specifically examined its safety
or feasibility for CPA lesions.43 Finally, HIFU uses ultrasonic
waves to disrupt the blood–brain barrier to improve chemo-
therapy delivery, boost immunogenicity, and induce thermal
ablation, but similar mechanistic challenges in the CPA are
likely given the broad-based configuration of the

Fig. 4 Kaplan–Meier survival analysis of all patients with exophytic grade 4 astrocytomas in the cerebellopontine angle (CPA) with reported
survival time in months from date of surgery to their last follow-up.
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piezoelectric transducer.45,46 Ultimately, our patient, like
those in the literature, was not a candidate for any of these
ancillary therapies.

Even with advances in adjuvant therapies unrestricted by
anatomic location, like immunotherapy and locoregional
chemoradiation, therapeutic progress over the past decade
remains limited.47Only one study reported the use of locore-
gional carmustine wafers in the resection cavity to bridge
treatment to radiation.18 Despite an increase in OS by 2 to
4 months, carmustine wafers have a toxic side effect profile
that deters its mainstay use.48 A recent FDA-approved im-
plantable radiation source called GammaTile, comprising
bioresorbable collagen and cesium-131, offers a similar
therapeutic strategy; however, its safety and efficacy in
the posterior fossa has yet to be specifically evaluated.49,50

Intrathecal bevacizumab was utilized once in this review for
tumor recurrence; however, no association with improved
survival is evident.51 Clinical trials for various targeted
therapies and immunotherapies like checkpoint inhibitors
represent another frontier for investigation with eventual
options dependent on individual tumor biology and effective
drug delivery.47,52

While the utility of systemic chemoradiation is certainly
less restricted by anatomic tumor location, gaps in knowl-
edge persist regarding optimization of current radiotherapy
strategies for grade 4 astrocytoma arising in the CPA. Present
strategies derive primarily from our understanding of supra-
tentorial astrocytomas where fractionated external beam
radiotherapy using photons remains a cornerstone of treat-
ment within the Stupp protocol and one of few adjuncts
shown to provide a clear survival benefit for high-grade
astrocytomas of any molecular subtype.14,15 Modifications
to radiation intensity, treatment time, and dosimetry have
yielded advanced planning techniques meant to provide
safer delivery near eloquent tissue such as IMRT, which
was employed in our case study, volumetric-modulated arc
therapy (VMAT), and hypofractionated protocols in elderly
patients, respectively.53–56 These techniques are particularly
useful for posterior fossa astrocytomaswhere adverse effects
incur greater morbidity and have demonstrated similar
survival outcomes with more acceptable toxicity pro-
files.54,55 The use of protons, however, further reduces
normal tissue radiation exposure due to steeper dose gra-
dients, lower tissue side scatter due to the relatively larger
masses of charged particles, and more uniform dose deliv-
ery.57 While proton beam radiation may result in greater
incidence of radiation necrosis, a recent retrospective study
suggested improvement in survival compared with conven-
tional radiation for high-grade astrocytoma.57 Moreover,
when treating benign tumors in the CPA, improved rates of
hearing preservation were evident with utilization of pro-
tons.58 Current randomized control trials are underway to
elucidate the benefits of particle therapy using protons,
neutrons, or carbon ions in grade 4 astrocytomas, which
may prove beneficial in eloquent locations like the CPA.15,59

Finally, stereotactic radiosurgery (SRS) represents a treat-
ment modality commonly utilized for benign CPA tumors yet
reserved only as salvage therapy for treatment of locally

recurrent high-grade astrocytomas.15,54,60–62 An optimal
SRS technique and regimen remains investigational for
high-grade astrocytomas despite anatomic location, and
may still prove of limited use in the posterior fossa due to
its increased toxicity and rates of radiation necrosis as
compared with the conventional radiotherapy.15 The addi-
tion of concomitant systemic therapy like TMZ to radio-
sensitize the tumor or bevacizumab to reduce risk of
radionecrosis upfront is further being explored for each
radiotherapy technique and remains inconclusive, although
one patient in the literature did undergo SRS with bevaci-
zumab for tumor recurrence.8,14,15,60While novel treatment
adjuncts like TTF require significant design modifications to
overcome the anatomic restrictions of the CPA, adjustments
to existing chemoradiation techniques and the development
of targeted therapies represent the most viable pathway
forward for improving treatment of high-grade astrocytomas
in this challenging location.

Limitations
The limitations of our systematic review include its retro-
spective design and inconsistent data reporting. Although
our review demonstrates significant mortality rates within
the first year, we could not provide a reliable estimate of
survival due to limited follow-up. Notably, many of the
studies lacked information regarding molecular tumor pro-
files. The small number of published cases also restricts our
interpretation of clinical outcomes for this rare entity.
Larger cohort studies are necessary to fully understand
the intricacies of this malignant disease when involving
the skull base.

Conclusions

WHO grade 4 astrocytomas with large exophytic growth into
the cerebellopontine cistern are exceedingly rare but should
remain a pertinent differential diagnosis in patients with
subacute CPA syndrome. The understanding of biologic tumor
behavior and oncologic outcomes in this area as compared
with supratentorial and intrinsic infratentorial astrocytomas
remains unclear and underreported. Due to the intrinsically
narrow anatomic corridor with an abundance of eloquent
structures, surgery and therapeutic adjuncts remain highly
limited and merit further investigation.

Consent to Participate
Informed consent was obtained from all individual par-
ticipants included in the study.

Consent to Publish
Images contained within this manuscript are restricted to
radiographic or histological information without individ-
ual data.

Ethical Approval
This is a retrospective study. The Inova Institutional
Review Board has confirmed that no ethical approval is
required.

Journal of Neurological Surgery Reports Vol. 84 No. 4/2023 © 2023. The Author(s).

High-Grade Astrocytomas in the Lateral Skull Base Dang et al. e137



Author Contributions
All theauthorscontributedtothestudyconceptionanddesign.
Material preparation, data collection, and analysis were
performed by D.D.D., A.D.G., L.A.M., and J.V.D. The first draft
of themanuscriptwaswrittenbyD.D.D. andA.D.G., andall the
authors commented on previous versions of the manuscript.
All the authors read and approved the final manuscript.

Conflict of Interest
None declared.

References
1 Duan H, Kitazawa K, Yako T, Ichinose S, Kobayashi S, Sudo M.

Gliosarcoma in the cerebellopontine angle with rapid tumor
growth and intratumoral hemorrhage. World Neurosurg 2016;
92:580.e17–580.e21

2 Banan R, Stichel D, Bleck A, et al. Infratentorial IDH-mutant
astrocytoma is a distinct subtype. Acta Neuropathol 2020;140
(04):569–581

3 Eschbacher KL, Ida CM, Johnson DR, et al. Diffuse gliomas of the
brainstem and cerebellum in adults show molecular heterogene-
ity. Am J Surg Pathol 2021;45(08):1082–1090

4 Louis DN, Perry A, Wesseling P, et al. The 2021WHO classification
of tumors of the central nervous system: a summary. Neuro-oncol
2021;23(08):1231–1251

5 Han S, Liu Y, Cai SJ, et al. IDH mutation in glioma: molecular
mechanisms and potential therapeutic targets. Br J Cancer 2020;
122(11):1580–1589

6 Poon MTC, Sudlow CLM, Figueroa JD, Brennan PM. Longer-term
(�2 years) survival in patients with glioblastoma in population-
based studies pre- and post-2005: a systematic review and meta-
analysis. Sci Rep 2020;10(01):11622

7 Stupp R,MasonWP, van den BentMJ, et al; European Organisation
for Research and Treatment of Cancer Brain Tumor and Radio-
therapy Groups National Cancer Institute of Canada Clinical Trials
Group. Radiotherapy plus concomitant and adjuvant temozolo-
mide for glioblastoma. N Engl J Med 2005;352(10):987–996

8 Alther B, Mylius V, Weller M, Gantenbein A. From First Symptoms
to Diagnosis: Initial Clinical Presentation of Primary Brain
Tumors. Clin Transl Neurol 2020;4(02):17

9 Breshears JD, Ivan ME, Cotter JA, Bollen AW, Theodosopoulos PV,
Berger MS. Primary glioblastoma of the trigeminal nerve root
entry zone: case report. J Neurosurg 2015;122(01):78–81

10 Kiyofuji S, Graffeo CS, Perry A, Link MJ. Far lateral approach for
malignant, severely calcified cerebellopontine angle tumor. J
Neurol Surg B Skull Base 2021;82(Suppl 1):S29–S30

11 Lee JH, Kim JH, Kwon TH. Primary glioblastoma of the cerebello-
pontine angle: case report and review of the literature. J Korean
Neurosurg Soc 2017;60(03):380–384

12 Mabray MC, Glastonbury CM, Mamlouk MD, Punch GE, Solomon
DA, Cha S. Direct cranial nerve involvement by gliomas: case
series and review of the literature. AJNR Am J Neuroradiol 2015;
36(07):1349–1354

13 Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic
reviews. BMJ 2021;372:n71

14 Ziu M, Kim BYS, Jiang W, Ryken T, Olson JJ. The role of radiation
therapy in treatment of adults with newly diagnosed glioblas-
toma multiforme: a systematic review and evidence-based
clinical practice guideline update. J Neurooncol 2020;150(02):
215–267

15 Cabrera AR, Kirkpatrick JP, Fiveash JB, et al. Radiation therapy for
glioblastoma: executive summary of an American Society for
Radiation Oncology evidence-based clinical practice guideline.
Pract Radiat Oncol 2016;6(04):217–225

16 Germano IM, Ziu M, Wen P, Ormond DR, Olson JJ. Congress of
Neurological Surgeons systematic review and evidence-based
guidelines update on the role of cytotoxic chemotherapy and
other cytotoxic therapies in the management of progressive
glioblastoma in adults. J Neurooncol 2022;158(02):225–253

17 Patrick HH, Sherman JH, Elder JB, Olson JJ. Congress of neurologi-
cal surgeons systematic review and evidence-based guidelines
update on the role of cytoreductive surgery in themanagement of
progressive glioblastoma in adults. J Neurooncol 2022;158(02):
167–177

18 Mariniello G, Peca C, Del Basso De Caro ML, et al. Cerebello-
pontine angle glioblastomawith cervical spine metastasis: a case
report. Neurosurg Cases Rev 2019;2(12):

19 MatsudaM, OnumaK, Satomi K, Nakai K, YamamotoT,Matsumura
A. Exophytic cerebellar glioblastoma in the cerebellopontine
angle: case report and review of the literature. J Neurol Surg
Rep 2014;75(01):e67–e72

20 Panigrahi S, Mishra SS, Das S. Primary cerebellopontine angle
glioblastoma in an adult. Asian J Neurosurg 2017;12(01):62–64

21 Salunke P, Sura S, Tewari MK, Gupta K, Khandelwal NK. An
exophytic brain stem glioblastoma in an elderly presenting as a
cerebellopontine angle syndrome. Br J Neurosurg 2012;26(01):
96–98

22 Swaroop GR,Whittle IR. Exophytic pontine glioblastomamimick-
ing acoustic neuroma. J Neurosurg Sci 1997;41(04):409–411

23 Takami H, Prummer CM, Graffeo CS, et al. Glioblastoma of the
cerebellopontine angle and internal auditory canal mimicking a
peripheral nerve sheath tumor: case report. J Neurosurg 2018;
131(06):1835–1839

24 Taraszewska A, Bogucki J, Powała A, Matyja E. Giant cell glioblas-
toma with unique bilateral cerebellopontine angle localization
considered as extraaxial tumor growth in a patient with neurofi-
bromatosis type 1. Clin Neuropathol 2013;32(01):58–65

25 Varghese SS, Sebastian P, Joseph V, Chacko G, Backianathan S. An
unusually long survival of a patient with glioblastoma of spinal
cord: a case report. J Clin Diagn Res 2014;8(04):QD01–QD03

26 Wu B, Liu W, Zhu H, Feng H, Liu J. Primary glioblastoma of the
cerebellopontine angle in adults. J Neurosurg 2011;114(05):
1288–1293

27 Yamamoto M, Fukushima T, Sakamoto S, et al. Cerebellar gliomas
with exophytic growth: three case reports. Neurol Med Chir
(Tokyo) 1997;37(05):411–415

28 Yang DX, Jing Y, Xu ZM, et al. Primary glioblastoma of cerebello-
pontine angle in adult mimicking acoustic neuroma. World
Neurosurg 2019;122:48–52

29 Yoon GY, OhHJ, Oh JS, Yoon SM, Bae HG. Gliosarcoma of cerebello-
pontine angle: a case report and review of the literature. Brain
Tumor Res Treat 2018;6(02):78–81

30 Molinaro AM, Hervey-Jumper S, Morshed RA, et al. Association of
maximal extent of resection of contrast-enhanced and non-
contrast-enhanced tumor with survival within molecular sub-
groups of patients with newly diagnosed glioblastoma. JAMA
Oncol 2020;6(04):495–503

31 Alther B, et al. From first symptoms to diagnosis: Initial clinical
presentation of primary brain tumors. Clinical and Translational
Neuroscience 2020;4(02):2514183–X20968368

32 Hegi ME, Diserens AC, Gorlia T, et al. MGMT gene silencing and
benefit from temozolomide in glioblastoma. N Engl J Med 2005;
352(10):997–1003

33 Lu VM, O’Connor KP, Shah AH, et al. The prognostic significance of
CDKN2A homozygous deletion in IDH-mutant lower-grade glio-
ma and glioblastoma: a systematic review of the contemporary
literature. J Neurooncol 2020;148(02):221–229

34 Yan H, Parsons DW, Jin G, et al. IDH1 and IDH2 mutations in
gliomas. N Engl J Med 2009;360(08):765–773

35 Starnoni D, Giammattei L, Cossu G, et al. Surgical management for
large vestibular schwannomas: a systematic review, meta-

Journal of Neurological Surgery Reports Vol. 84 No. 4/2023 © 2023. The Author(s).

High-Grade Astrocytomas in the Lateral Skull Base Dang et al.e138



analysis, and consensus statement on behalf of the EANS skull
base section. Acta Neurochir (Wien) 2020;162(11):2595–2617

36 Wang LM, Banu MA, Canoll P, Bruce JN. Rationale and clinical
implications of fluorescein-guided supramarginal resection in
newly diagnosed high-grade glioma. Front Oncol 2021;11:666734

37 Dimou J, Beland B, Kelly J. Supramaximal resection: a systematic
review of its safety, efficacy and feasibility in glioblastoma. J Clin
Neurosci 2020;72:328–334

38 Baig Mirza A, Christodoulides I, Lavrador JP, et al. 5-aminolevu-
linic acid-guided resection improves the overall survival of
patients with glioblastoma-a comparative cohort study of 343
patients. Neurooncol Adv 2021;3(01):vdab047

39 Shah AS, Sylvester PT, Yahanda AT, et al. Intraoperative MRI for
newly diagnosed supratentorial glioblastoma: a multicenter-reg-
istry comparative study to conventional surgery. J Neurosurg
2020;135(02):505–514

40 Stupp R, Taillibert S, Kanner A, et al. Effect of tumor-treating fields
plus maintenance temozolomide vs maintenance temozolomide
alone on survival in patients with glioblastoma: a randomized
clinical trial. JAMA 2017;318(23):2306–2316

41 Lok E, San P, Liang O,White V,Wong ET. Finite element analysis of
tumor treating fields in a patient with posterior fossa glioblasto-
ma. J Neurooncol 2020;147(01):125–133

42 Khan AB, Matsuoka CK, Lee S, Rahman M, Rao G. Prolonged
survival after laser interstitial thermal therapy in glioblastoma.
Surg Neurol Int 2021;12:228

43 Montemurro N, Anania Y, Cagnazzo F, Perrini P. Survival outcomes
in patients with recurrent glioblastoma treated with laser inter-
stitial thermal therapy (LITT): a systematic review. Clin Neurol
Neurosurg 2020;195:105942

44 Ramirez-Fort MK, Naveh A, McClelland S III, et al. Computational
simulations establish a novel transducer array placement ar-
rangement that extends delivery of therapeutic TTFields to the
infratentorium of patients with brainstem gliomas. Rep Pract
Oncol Radiother 2021;26(06):1045–1050

45 Cohen-Inbar O, Xu Z, Sheehan JP. Focused ultrasound-aided
immunomodulation in glioblastoma multiforme: a therapeutic
concept. J Ther Ultrasound 2016;4:2

46 Quadri SA, Waqas M, Khan I, et al. High-intensity focused ultra-
sound: past, present, and future in neurosurgery. Neurosurg
Focus 2018;44(02):E16

47 Taylor OG, Brzozowski JS, Skelding KA. Glioblastoma multiforme:
an overview of emerging therapeutic targets. Front Oncol 2019;
9:963

48 Xiao Z-Z, Wang ZF, Lan T, et al. Carmustine as a supplementary
therapeutic option for glioblastoma: a systematic review and
meta-analysis. Front Neurol 2020;11:1036

49 Odia Y, Gutierrez AN, Kotecha R. Surgically targeted radiation
therapy (STaRT) trials for brain neoplasms: a comprehensive
review. Neuro-oncol 2022;24(Suppl 6):S16–S24

50 Parikh BB, Neil EC. Evolving strategies to potentially further
optimize surgical interventions in brain cancer. Curr Oncol Rep
2020;22(04):32

51 Li Y, Ali S, Clarke J, Cha S. Bevacizumab in recurrent glioma:
patterns of treatment failure and implications. Brain Tumor Res
Treat 2017;5(01):1–9

52 Gallego O. Nonsurgical treatment of recurrent glioblastoma. Curr
Oncol 2015;22(04):e273–e281

53 Gzell C, Back M, Wheeler H, Bailey D, Foote M. Radiotherapy in
glioblastoma: the past, the present and the future. Clin Oncol (R
Coll Radiol) 2017;29(01):15–25

54 Mann J, Ramakrishna R, Magge R, Wernicke AG. Advances in
radiotherapy for glioblastoma. Front Neurol 2018;8:748

55 Panet-Raymond V, Ansbacher W, Zavgorodni S, et al. Coplanar
versus noncoplanar intensity-modulated radiation therapy
(IMRT) and volumetric-modulated arc therapy (VMAT) treatment
planning for fronto-temporal high-grade glioma. J Appl Clin Med
Phys 2012;13(04):3826

56 Trone J-C, Vallard A, Sotton S, et al. Survival after hypofractiona-
tion in glioblastoma: a systematic review and meta-analysis.
Radiat Oncol 2020;15(01):145

57 Matsuda M, Mizumoto M, Kohzuki H, Sugii N, Sakurai H,
Ishikawa E. High-dose proton beam therapy versus conventional
fractionated radiation therapy for newly diagnosed glioblasto-
ma: a propensity score matching analysis. Radiat Oncol 2023;18
(01):38

58 Barnes CJ, Bush DA, Grove RI, Loredo LN, Slater JD. Fractionated
proton beam therapy for acoustic neuromas: tumor control and
hearing preservation. Int J Part Ther 2018;4(04):28–36

59 König L, Jäkel C, von Knebel Doeberitz N, et al. Glioblastoma
radiotherapy using Intensity modulated Radiotherapy (IMRT) or
proton Radiotherapy-GRIPS Trial (Glioblastoma Radiotherapy via
IMRT or Proton BeamS): a study protocol for a multicenter,
prospective, open-label, randomized, two-arm, phase III study.
Radiat Oncol 2021;16(01):240

60 Bunevicius A, Sheehan JP. Radiosurgery for glioblastoma. Neuro-
surg Clin N Am 2021;32(01):117–128

61 Hani U, Bakhshi S, Shamim MS. Steriotactic radiosurgery for
vestibular schwannomas. J Pak Med Assoc 2020;70(05):
939–941

62 Lo A, Ayre G, Ma R, et al. Population-based study of stereotactic
radiosurgery or fractionated stereotactic radiation therapy for
vestibular schwannoma: long-term outcomes and toxicities. Int J
Radiat Oncol Biol Phys 2018;100(02):443–451

Journal of Neurological Surgery Reports Vol. 84 No. 4/2023 © 2023. The Author(s).

High-Grade Astrocytomas in the Lateral Skull Base Dang et al. e139


