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Awake resection of recurrent astroblastoma with intraoperative 5-ALA-induced

fluorescence: illustrative case
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BACKGROUND Astroblastoma is a rare neoplasm characterized as a circumscribed glial neoplasm most often arising in the frontoparietal cerebral

hemispheres in older children.

OBSERVATIONS We report an intriguing case of an astroblastoma recurrence 21 years after gross-total resection and radiation. A 32-year-old right-
handed female presented to the emergency department for a generalized tonic-clonic seizure. She had a history of bipolar disorder, intractable
migraines, and prior seizures linked to an astroblastoma previously resected three times. Magnetic resonance imaging on the current visit showed
growth of the recurrent lesion to a 3.8-cm maximal diameter. Left-sided awake craniotomy was performed to remove the tumor while using speech
mapping and 5-aminolevulinic acid (5-ALA). Targeted next-generation sequencing of the tumor revealed in-frame MN1::BEND2 fusion transcripts.

LESSONS We found that 5-ALA can be used in astroblastoma patients to assist in gross-total resection, which is important for long-term survival. Our
astroblastoma case demonstrated classic astroblastoma morphology, with typical perivascular astroblastic rosettes, and was brightly fluorescent after

5-ALA administration.
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Astroblastoma is a rare, circumscribed glial neoplasm most often
arising in the frontoparietal cerebral hemispheres in older children
and young adults." Astroblastomas are typically cortically based but
occasionally extend to the subarachnoid spaces. Other less common
locations include the hypothalamus, brainstem, intraventricular space,
and cerebellum.® Characteristic histology overlaps somewhat with
ependymomas and includes vascular hyalinization as well as astro-
blastic pseudorosettes, which demonstrate GFAP-positive glial cells
with perivascular broad process arrangements.® First reported by Bai-
ley and Cushing in 1926,° this tumor historically had an ambiguous
definition with much dispute about its existence. Astroblastomas re-
portedly account for 0.45% to 2.8% of all primary glial tumors.” The
rate of misdiagnosis of these tumors is high because of its rarity and
its similarity to other glial neoplasms.® Common clinical symptoms
are nonspecific and include headache, seizures, nausea, and focal

neurological deficits.>"® We report an intriguing case of astroblastoma
recurrence 21 years after gross-total resection and radiation.

lllustrative Case

A 32-year-old right-handed female presented to the emergency
department for a generalized tonic-clonic seizure. She had a history
of bipolar disorder, intractable migraines, and prior seizures related to
a previously resected astroblastoma. She underwent initial resection
at age 5 (Fig. 1A and B). At age 11, she had regrowth of the tumor
and underwent repeat resection followed by radiation (Fig. 1C and D).
She had one emergency visit 4 years prior to her current presentation
because of a seizure, although this was her first seizure since her last
surgery. Magnetic resonance imaging (MRI) on that visit demonstrated
a stable 6 mm x 6 mm nodular enhancing focus in the inferolateral
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FIG. 1. MRI studies from childhood. A: Residual focus of nodular en-
hancement on postoperative MR after the first resection at age 5.

B: There is a significant increase in the residual enhancing lesion on the
preoperative MRI prior to her second resection at age 5. C: Postoperative
imaging demonstrates gross-total resection with no residual enhancing tu-
mor after surgery at age 11. D: Eight-year follow-up MR after her third re-
section and adjuvant radiation, displaying no tumor regrowth at age 19.

aspect of the resection cavity that had not changed in size compared
to prior follow-up scans.

MRI on the current visit showed significant regrowth to 3.8 cm.
The tumor was lobulated, T1 and T2 isointense, and with heteroge-
neous contrast enhancement at the anterior inferior aspect of the
resection cavity with a component of mass effect on the left lateral
ventricle atrium without midline shift (Fig. 2). A left-sided awake cra-
niotomy was performed (Video 1) to remove the tumor while using
speech mapping and 5-aminolevulinic acid (5-ALA). Speech map-
ping of the resection area showed no response to direct cortical
stimulation. The tumor fluoresced heterogeneously, with some areas
of very bright fluorescence (Fig. 3). At the completion of resection,
no further fluorescence was present in the margins of the resection
cavity. Postoperative MRI showed a 1-cm area of contrast enhance-
ment along the tumor bed. The patient returned to the operating
room 2 days later, and this region was sampled with frozen section
pathology, demonstrating normal brain. She was discharged 2 days
later at her neurological baseline. Three-month postoperative MR
confirmed gross-total resection (Fig. 4).

VIDEO 1. Clip showing evidence of the growing benefits of
using 5-ALA in astroblastoma patients to assist in gross-total
resection, which is paramount for long-term survival. We present
a compelling case of astroblastoma recurrence 21 years after
gross-total resection and radiation. A 32-year-old female presented to
the emergency department for a generalized tonic-clonic seizure
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FIG. 2. Preoperative MRI at age 32 demonstrates recurrent, strongly
enhancing tumor at the anterior inferior aspect of the left parietal resec-
tion cavity, measuring 3.8 x 2.9 x 3.0 cm.

linked to an astroblastoma, previously resected three times. This
video demonstrates the benefit of using 5-ALA for successful gross-
total resection of an astroblastoma. Click here to view.

Histology
Histological analysis demonstrated classic astroblastoma mor-
phology, with typical perivascular astroblastic rosettes composed of

FIG. 3. A: Fluorescence noted intraoperatively under blue light after 5-ALA
administration. B: The completely resected tumor showed bright heteroge-
neous fluorescence.


https://vimeo.com/870693307
https://vimeo.com/870693307

FIG. 4. Postoperative day 1 MRI after her most recent resection (age
32) confirms gross-total resection of the large recurrent tumor.

stout cytoplasmic processes radiating around thin-walled vessels
(Fig. 5A). Many areas of the tumor demonstrated perivascular and
stromal sclerosis (Fig. 5B). Mitotic activity was brisk in some areas,
with focally up to 17 mitoses/10 high-power fields and microscopic

T P g B o, S

Siye S 57 =
A
q-? .'.c"" -

FIG. 5. Histological features of astroblastoma. A: Well-de

veloped perivascular astroblastic pseudorosettes with

foci of necrosis. On immunohistochemical analysis, the tumor
showed diffuse membranous EMA expression (Fig. 5C), with GFAP
(Fig. 5D) expression only in a minority of cells. The Ki-67 was high,
with up to 25% to 30% proliferation index in the area of highest
labeling (Fig. 5E). Targeted next-generation sequencing of the tu-
mor demonstrated an in-frame MN1::BEND2 fusion and was nega-
tive for BRAF p.V600E mutation.

Patient Informed Consent
The necessary patient informed consent was obtained in this
study.

Discussion

Observations

This case is notable for two primary factors. First, it exemplifies
late recurrence 20 years after gross-total resection and radiation
treatment. Seizures were the patient's only symptom of the recur-
rence. Second, this is the third case, to our knowledge, of success-
fully utilizing 5-ALA fluorescence to aid in resection. Ahmed et al."
reported the largest series of patients with 239 identified astroblas-
tomas, 209 of which received treatment. Astroblastomas have been
more frequently described in females.'>"® The literature supports
astroblastoma occurrence in a bimodal distribution, with a peak be-
tween the ages of 5 and 10 years old and another between the
ages of 21 and 30 years old."

Lessons

Since the initial description of astroblastomas by Bailey and
Cushing,® seemingly the only agreed-upon point in the literature is
the lack of consensus on the diagnoses, classifications, and histo-
genesis of these tumors.”'>'® Some characteristically observed

A A 2
——— I

stout cytoplasmic processes radiating around the vessel walls (hematoxylin and eosin [H&E], Bar = 50 pm).

B: Prominent perivascular and stromal sclerosis, typical of astroblastoma (H&E, Bar = 100 um). C: Diffuse
membranous reactivity for EMA (Bar = 100 um). D: GFAP expression seen in the minority of cells (Bar =
100 pm). E: Ki-67 demonstrates 25% to 30% proliferation index in the area of highest labeling (Bar = 200 pm).
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features include the perivascular origination of neoplastic cells that
stain positive for GFAP, vimentin, and S-100 protein.17 Astroblasto-
mas can often be mistaken for ependymomas and other infiltrating
gliomas."® However, ependymomas have fine fibrillary cell pro-
cesses as opposed to the stout columnar processes typical of as-
troblastoma.’® Recurrent rearrangements of the MN7 gene have
recently been described in astroblastomas; these alterations at
chromosome 22q12.1 most frequently occur in-frame with BEND2
at Xp22.13, but other fusion partners have been described.” These
diagnostic alterations can be detected by fluorescence in-situ hy-
bridization, reverse transcriptase-polymerase chain reaction, or
next-generation RNA or DNA sequencing. Additionally, a series of
28 cases of astroblastoma revealed BRAF V600E mutations in 38%
of cases, a potentially targetable mutation.” The most recent World
Health Organization (WHO) classification of central nervous system
tumors (2021) recognizes “astroblastoma, MN1-altered” as a distinct
integrated molecular and histological diagnosis. In the absence of
confirmatory molecular testing, such tumors are histologically classi-
fied as “astroblastoma, not otherwise specified.”'?

Because of the rarity of this tumor, a definitve WHO grading
system has not been established for astroblastoma. However, high-
grade histology has been found to be associated with recurrence,
tumor progression, and a worse prognosis in the limited studies of
histologically defined astroblastomas.'® Although the WHO does not
recognize a grading system, others have described “low-grade” and
“high-grade” astroblastomas.* Low-grade astroblastomas have been
described as having orderly perivascular pseudorosettes, a low mi-
totic index, minimal cellular atypia, little or no proliferation of the
vascular endothelium, and sclerosis of the vessel walls.* High-grade
astroblastomas have frequent cytological atypia, multiple layers of
compact perivascular cells, a high mitotic index, hypertrophy and
hyperplasia of the vascular endothelium, and minimal sclerosis of
the vessel walls.* The tumor in our patient had features of both
high- and low-grade astroblastoma according to this description.
However, scientific dogma may have exceptions in astroblastomas;
hence, there is no grading criteria for these tumors. There have
been reports of early recurrences in low-grade astroblastomas as
well as multiple cases of high-grade astroblastomas with high long-
term survival outcomes.'®%

The most important factor in survival outcomes in astroblastoma
is the extent of resection.'® The differences between total and sub-
total resections are drastic, and the 5-year-survival rate difference
has been reported as 83% in total resection versus 55% in subtotal
resection.* Adjuvant therapy has been attempted in multiple studies
with mixed results, with no study able to statistically demonstrate im-
proved survival outcomes from radiation or chemotherapy.*'2'® Thus,
the achievement of gross-total resection should have overriding impor-
tance in the future treatment of these tumors.

5-ALA is a precursor compound involved in heme synthesis that is
converted to the fluorogenic metabolite protoporphyrin IX. Certain tu-
mors consume 5-ALA at higher rates than surrounding tissue, allowing
for tumor-specific fluorescence under blue light that aids in gross-total
resection, which improves progression-free survival rates.?® Given the
large body of literature supporting 5-ALA fluorescence in gliomas, par-
ticularly glioblastoma multiforme, 5-ALA was utilized to aid in the re-
section of the recurrent tumor in our patient?® 5-ALA is well
documented to improve the extent of resection and progression-free
survival in high-grade gliomas.?’ % 5-ALA has sometimes shown
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fluorescence in low-grade gliomas as well, albeit at lower rates and
lower, less substantiated efficacy levels.®

A PubMed search for (“astroblastoma”) and (5-ALA) yielded only
two results of previously reported cases of 5-ALA-induced fluores-
cence of astroblastomas. One case in a 13-year-old female and an-
other in a 6-year-old female resulted in total tumor removal after
fluorescence-guided resection.™3" Fluorescence was reported even
in the case in which the tumor was described as low-grade histolog-
ically by Agawa et al.,*' as well as by Fudaba et al.,'* who did not
give a histological grade but did describe an MN1 alteration. A limi-
tation of using 5-ALA in astroblastoma is that the more encapsu-
lated and less dispersive nature of these lesions lessens the
potential need for 5-ALA in astroblastoma cases compared to high-
grade gliomas since more compact lesions are easier for surgeons
to visualize and resect. Because astroblastomas are so rare, it is
also highly unlikely that there will ever be enough cases to warrant
larger trials with 5-ALA in line with the high-grade glioma trials.
However, total resection of astroblastoma has shown significantly
improved patient outcomes compared to subtotal resection, indicat-
ing that the added benefit of using 5-ALA to aid in gross-total resec-
tion may be warranted.?*

A notable aspect for surgeons desiring to use 5-ALA involves
educating the care team and the patient that lights in the operating
room and the patient's postoperative hospital room should be kept
dim in the 24 hours postadministration because of the extremely
rare but reported incidents of phototoxicity.>? This challenge can be
intensified by the on-and-off nature of the overhead lights in the op-
erating room during awake craniotomies. Extra care must be taken
to ensure that as much of the patient’s exposed skin surfaces as
possible are shaded while the patient can still maintain visualization
of the speech pathologist or team member in charge of communica-
tion during the awake period of the surgery.

We utilized 5-ALA in our case to obtain the most complete re-
section and thus the best outcome possible given her multiple re-
currences. The majority of the tumor fluoresced brightly, though
some regions did not. These findings demonstrate that 5-ALA can
aid in achieving gross-total resection for astroblastoma. Astroblasto-
mas are exceptionally uncommon glial tumors that typically present
bimodally in children and young adults in supratentorial locations,
frequently in the frontoparietal cerebral hemispheres. Our case
highlighted the potential for long-term recurrence, even decades after
gross-total resection and radiation. In addition, strong tumor fluores-
cence following 5-ALA administration highlights a potential adjunct
technique that may aid in the resection of these tumors.
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