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Abstract

Background Bilateral thalamic astrocytomas in children are exceedingly rare. These highly malignant tumors seldom respond to
conventional treatment strategies and carry a grim prognosis for patients. However, recent advances in molecular oncology have
had a positive impact on prognostication and treatment strategies of these tumors.

Case-based review We present a new case of WHO grade III bilateral thalamic astrocytoma in a child and review the patho-
physiology, molecular oncogenesis, and relevant treatment strategies for this rare disease.

Conclusions High-grade thalamic astrocytomas affecting both thalami pose a challenge to pediatric neurosurgeons, neuro-on-
cologists, and neuropathologists given the lack of effective treatment strategies. Understanding recent revelations in the field of
molecular oncology can assist clinicians in adequately formulating a treatment plan in this patient population.
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Introduction

Bilateral thalamic astrocytomas in children are uncommon
tumors that carry an unfavorable prognosis. Literature on the
epidemiology, natural history, and pathogenesis of these tu-
mors is limited, and only a handful of small case series and
reports exist on this topic [1-3]. The majority of bilateral
thalamic astrocytomas in children are low grade; however,
there are rare cases of bilateral high-grade tumors [2, 3]. To
our knowledge, only 49 cases of pediatric bilateral thalamic
astrocytomas have been reported, which include six cases of
WHO grade IV and seven cases of WHO grade III astrocyto-
mas (Table 1). We present a case of bilateral thalamic WHO
grade III astrocytoma in a child and review the
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pathophysiology, oncogenesis, relevant molecular markers,
and treatment strategies for this rare disease.

Historical background

High-grade bilateral thalamic astrocytomas present significant
diagnostic and therapeutic challenges to pediatric neurosur-
geons, neuro-oncologists, and neuropathologists on account
of their rarity, location, small amount of resultant biopsy tis-
sue, and lack of standardized therapy [1-5]. Historically, tha-
lamic astrocytomas were deemed inoperable due to the high
risk of post-operative morbidity and mortality. However, ad-
vancements in image-guidance technologies and microsurgi-
cal techniques have made radical resection of unilateral tha-
lamic low-grade lesions a possibility [6]. In contrast, bilateral
and high-grade thalamic lesions are unsuitable for surgical
removal, and to date, no successful attempts of gross total
resection have been reported in children [1, 3]. To address
the challenges posed by bilateral thalamic astrocytomas, a
multidisciplinary approach is required, incorporating molecu-
lar-oncology, histopathology, radiology, and neurosurgery.
Moreover, in the past decade, molecular profiling of high-
grade pediatric tumors has shed some light on their oncogen-
esis and has in some cases informed therapy. This article
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Table 1 Survival outcomes of
bilateral thalamic WHO grade IV Study

astrocytoma in pediatric patients.
STR subtotal resection, CT
chemotherapy, RT radiation
therapy, NR not reported

Age and gender Treatment Survival
Broniscer et al. (2017) 2.4 years M STR+CT 6 months
Broniscer et al. (2017) 4.8 years M STR+RT+CT 12 months
Pandey et al. (2014) 8 years M Biopsy, NR 12 months
Jain et al. (2013) 11 years M Biopsy, NR 12 months
Steinbock et al. (2017) NR (less than 17.9 years) STR, RT, CT 10 months
Steinbock et al. (2017) NR (less than 17.9 years) STR, RT 37 months

reviews the relevant literature on the pathophysiology, onco-
genesis, molecular biology, and management of this rare
tumor.

Clinical presentation

Presenting symptoms of high-grade thalamic tumors in chil-
dren commonly include headaches, nausea, and gait instability
secondary to obstructive hydrocephalus and elevated intracra-
nial pressures [1-3, 6]. These symptoms have insidious onset
and may be subtle on initial presentation which makes defin-
itive diagnosis challenging for pediatricians and primary care
physicians.

Diagnosis

Imaging is essential for initial diagnosis of any intracranial
mass, although biopsy-derived histopathological assessment
is required for definitive diagnosis. High-grade thalamic as-
trocytomas in children appear as ill-defined hypodensities af-
fecting the thalami in computed tomography. With magnetic
resonance imaging, these lesions present as homogenous and
well-demarcated masses that generally do not enhance with
IV gadolinium contrast, although some lesions may partially
enhance [1-3]. They are hypointense in T1-weighted imaging
and hyperintense in T2-weighted and FLAIR sequences [1, 7].
MR spectroscopy shows an increased creatine-
phosphocreatine peak that is uncommon in unilateral thalamic
gliomas. Additional MR spectroscopy characteristics include
an increase in choline containing compounds and a decrease
in N-acetyl aspartate [1, 7]. The differential diagnosis for le-
sions involving the thalami in children include pilocytic astro-
cytoma, diffuse astrocytoma, oligodendroglioma, anaplastic
astrocytoma, and glioblastoma [8].

Management

The World Health Organization categorizes high-grade astro-
cytomas as anaplastic (grade III) and glioblastoma (grade I'V).
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Anaplastic astrocytomas exhibit marked nuclear atypia,
hypercellularity, and high mitotic activity. In addition to sim-
ilar hypercellularity, glioblastomas also feature necrosis or
microvascular proliferation [2].

Although the exact mechanism of oncogenesis in pediatric
high-grade thalamic astrocytomas remains unknown, recent
advances in the field of molecular oncology have allowed
for improvements in prognostication and treatment strategies.
It has become increasing clear that pediatric astrocytomas ap-
pear to be genetically distinct from adult astrocytomas [3, 4].
For example, isocitrate dehydrogenase (IDH1/IDH2) muta-
tions are typically absent in the pediatric high-grade gliomas
and thus do not provide a significant prognostic value as com-
pared to their adult counterparts [3, 4]. In the next section, we
review clinically relevant molecular genetic alterations in
high-grade pediatric thalamic astrocytomas and their possible
roles in oncogenesis.

Histone 3 mutations

Histones are nuclear proteins that interact with DNA mole-
cules to give rise to nucleosomes, a fundamental structural
unit of chromosomes. Through their manipulation of chromo-
somal structure, histones can affect DNA transcription and
DNA replication [9-11].

Mutations in the gene encoding for histone 3, specifically
the H3.3 K27M mutation, have been observed in 20-66% of
all high-grade pediatric gliomas [4, 9-11]. The H3.3 K27M
mutation appears to be limited to only midline high-grade
gliomas including diffuse pontine gliomas in the pediatric
population and is notably absent in hemispheric gliomas and
adult high-grade gliomas [4, 11]. In 2016, the revised WHO
classification of tumors of the central nervous system intro-
duced a new diagnostic category termed “diffuse midline gli-
oma H3K27M mutant,” encompassing gliomas apparently
arising from midline structures including the thalamus,
brainstem, and spinal cord [2]. This mutation is now being
used as a diagnostic and prognostic marker for diffuse high-
grade gliomas [4, 9—11]. This new category of diffuse midline
glioma behaves aggressively and is automatically classified as
WHO grade IV [2]. Clinically, patients whose tumors harbor
the H3.3 K27M mutation appear to have a uniformly poor
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overall survival when compared to wild-type tumors [4, &,
10—12]. Interestingly, recent observations by Gupta et al. and
by Broniscer et al. have revealed that H3.3 K27M mutations
are uncommon in bilateral high-grade thalamic astrocytomas,
suggesting a fundamental difference in the oncogenesis and
molecular biology between unilateral and bilateral thalamic
lesions [8, 12]. Our patient’s tumor lacked the H3.3 K27M
mutation, and the tumor was present in both thalami, which
further corroborates the trends noted by Broniscer et al. [12].

Another histone 3 mutation, H3.3 G34 R/V, has been ob-
served in some pediatric high-grade gliomas; however, this
mutation appears to be more prevalent in hemispheric lesions
and is rare in midline and thalamic astrocytomas [11, 13]. This
mutation group is the only pediatric glioma group that is likely
to harbor MGMT epigenetic changes and ATRX mutations,
which are genetic alterations that are frequently noted in adult
glial tumors [11, 13].

H3.1 K27M mutations have also been identified in pediat-
ric midline high-grade gliomas; however, they appear to be
isolated to diffuse intrinsic pontine gliomas [11, 14]. Tumors
harboring the H3.1 K27M mutation were more susceptible to
radiotherapy and had a more favorable clinical course com-
pared to those with the H3.3 K27M mutation [14].

Finally, there are recent data suggesting that tumors
that are wild type with respect to both histone 3 and
IDHI gene may have distinct molecular and clinical
characteristics in children [11, 13]. This group of tumors
appears to be predominantly composed of pleomorphic
xanthoastrocytomas (PXAs) and low-grade gliomas
(LGGs) with a favorable median survival of 63 months.
However, even high-grade, non-PXA/LGG tumors that
are wild type for IDH1 and H3 gene showed a signifi-
cantly more favorable median survival of 38 months
compared to non-wild type high-grade tumors [11]. Our
patient’s tumor falls into the category of H3 and IDHI1
wild type, and despite the high-grade histopathological
features, he continues to remain clinically stable at
13 months post diagnosis.

Alpha thalassemia/mental retardation syndrome
X-linked

Alpha thalassemia/mental retardation syndrome X-linked
(ATRX) protein is a nuclear protein that interacts with death-
domain-associated protein (DAXX) and histones to remodel
chromatin and telomeres. Loss of ATRX protein through mu-
tation is thought to destabilize telomeres, and subsequently
results in telomerase independent maintenance of telomeres,
a process known as alternative lengthening of telomeres
(ALT) [15, 16]. This process of ALT is linked to oncogenesis
[17]. Although loss of ATRX and consequent ALT are com-
mon in high-grade pediatric astrocytomas, there are conflict-
ing reports regarding their prognostic significance. Nguyen

et al. noted an association between ALT-positive status and
an increase in overall survival in all patients with high-grade
astrocytomas [18]. Conversely, Abedalthagafi et al. noted no
associations between ALT or ATRX status and overall surviv-
al [15]. As mentioned earlier in this manuscript, ATRX muta-
tions are likely to appear in hemispheric pediatric tumors with
the H3.3 G34 R/V mutation [13, 15]. There was no mutation
in the ATRX gene in the patient presented in this report.

Platelet-derived growth factor receptor a

Platelet-derived growth factor receptor alpha (PDGFR «) is a
transmembrane protein capable of interacting with several ma-
jor signal transduction pathways in developing cells, includ-
ing the PI3K/AKT, RAS/MAPK, Src kinase family, and PLC/
PKC pathways [19, 20]. Through the modulation of these
major signaling pathways, PDGFR « can affect gene tran-
scription, cell growth, cell differentiation, and cell migration
[19, 20]. PDGFR « amplification is a frequent molecular ab-
normality in high-grade pediatric gliomas, occurring in 15—
39% of cases [20, 21]. Results from small series of pediatric
high-grade glioma patients have linked PDGFR « mutations
and amplification to a worse prognosis, although there is no
direct link between bilateral thalamic astrocytomas and these
mutations [22]. The patient in this report had no mutation or
amplification present in the PDGFR « gene.

TP53

P53 tumor suppressor protein is a key regulator in the tran-
scription of downstream genes involved in apoptosis, cell cy-
cle arrest, and DNA repair [23]. The role of P53 mutations is
thought to be less significant in pediatric astrocytomas than in
adults, although conflicting reports exist in the literature. In
some reports, mutations in the TP53 gene have been observed
in 35-38% of high-grade pediatric gliomas, resulting in P53
protein overexpression in 75% of cases [3, 24]. This overex-
pression has been linked to a worse prognosis in pediatric
high-grade gliomas [3, 24]. Conversely, others have noted a
low frequency of P53 mutation in pediatric astrocytomas with
no clear link to prognosis [24]. The patient presented in this
report was found to have biallelic TP53 mutation and inacti-
vation, which supports the notion that high-grade bilateral
thalamic gliomas may have a distinct molecular morphology.

0°-methylguanine-DNA-methyltransferase
methylation

The O°-methylguanine-DNA-methyltransferase (MGMT)
gene encodes a DNA repair protein responsible for repairing
alkylating damage to DNA [25]. Methylation of the MGMT
promoter leads to gene silencing and has been linked to a
better response to alkylating chemotherapeutic agents (e.g.,
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temozolamide). The reported incidence of MGMT promoter
methylation is highly variable in high-grade pediatric gliomas,
ranging from 0 to 77% [25, 26]. However patients whose
glioblastomas have methylated MGMT promoters have a
much more robust response to chemotherapy and therefore
improved overall survival [25]. Donson et al. noted a 13.7-
vs 3.2-month average survival when comparing patients treat-
ed with temozolomide for glioblastomas with methylated
MGMT promoters compared to those with unmethylated tu-
mors [25]. Interestingly, their results also suggested a survival
benefit in the methylated MGMT group independent of treat-
ment, suggesting a possible link between MGMT activity and
aggressive tumor behavior [7, 25]. As previously mentioned,
the only pediatric glioma group that is likely to harbor MGMT
promoter hypermethylation appears to be hemispheric tumors
with the H3.3 G34 R/V mutation [11, 13]. The patient pre-
sented in this report did not exhibit any epigenetic changes in
the MGMT gene.

Hypothesis of symmetry and bilateral presence

The occurrence of gliomas simultaneously in both thala-
mi, sometimes in a symmetric distribution, raises inter-
esting questions regarding the origin and pathophysiolo-
gy of these tumors. Four hypotheses have been proposed
to explain this phenomenon [1]. There first suggests that
the tumor originates in one thalamus and spreads to the
contralateral thalamus through commissural pathways [1,
27]. Another proposed explanation is that these tumors
arise in the subependymal region of the third ventricle
and infiltrate bilaterally to affect both thalami indepen-
dently [7]. Another hypothesis is the cranial extension of
a contiguous midbrain tumor (e.g., tectal glioma) follow-
ing the anatomic mesencephalic tracts [1, 7]. Although
each of these hypotheses adequately explain the
bilaterality of a tumor, they are less convincing in
explaining the symmetrical involvement of bithalamic le-
sions. The fourth hypothesis that has been proposed is
primary bilateral thalamic tumors and an underlying mo-
lecular mutation that leads to bilateral lesions [1]. Given
the biomolecular differences observed in unilateral tha-
lamic and midline gliomas mentioned earlier, it is possi-
ble that bilateral primary thalamic astrocytomas are a
unique molecular entity [1]. Furthermore, all prior cases
of bilateral thalamic high-grade astrocytomas (n =6)
were discovered in male patients (Table 1). The link
between hormonal regulation and oncogenesis in sym-
metric and bilateral tumors remains unclear and requires
further investigation, especially in the pediatric popula-
tion. These observations highlight the significant knowl-
edge gap in understanding the pathophysiology of bilat-
eral pediatric thalamic tumors and affirm the need for
further clinical and basic science research.
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Prognosis and outcomes

The role of surgical management in the treatment of
high-grade bilateral thalamic astrocytomas appears to
be limited to biopsy for tissue diagnosis, and treatment
of obstructive hydrocephalus [1, 28]. Most pediatric pa-
tients diagnosed with high-grade bilateral thalamic astro-
cytomas receive fractionated radiation and adjuvant che-
motherapy without any consensus on a specific regimen
(Table 1). Radiation doses typically range from 54 to
59.5 Gy and are administered in daily fractions of
1.8 Gy over 6-7 weeks [29]. Of note, patients under
the age of 3 years should not receive post-operative
radiotherapy given the deleterious neurocognitive side
effects in young children [30]. As for chemotherapy,
there have been a variety of different chemotherapeutic
regimens utilized in the treatment of pediatric thalamic
high-grade gliomas, ranging from older-generation med-
ications such as vincristine and cisplatin to new-
generation medications such as temozolomide
(alkylating agent) and bevacizumab (vascular endothelial
growth factor A inhibitor) [29, 31]. Currently, there is
no clear consensus on the optimal treatment regimen,
and the combination of temozolomide and bevacizumab
is widely administered. However, new clinical data sug-
gests that bevacizumab does not provide any additional
therapeutic benefit when compared to temozolomide
alone for the treatment of pediatric high-grade gliomas
[31].

Prognosis is another critical issue that is frequently chal-
lenging for many clinicians, especially when advising anxious
parents that are coping with a devastating disease in a loved
one. Extrapolating from data available on unilateral thalamic
high-grade gliomas in the pediatric population, there appears
to be a link between the response to therapy at 8 weeks, and
event-free survival/overall survival [29]. Taking this relation-
ship into account, clinicians should consider routine imaging
to assess response to therapy at around 8 weeks. Patients with
stable disease or partial response to treatment at 8 weeks have
a favorable prognosis when compared to those with disease
progression in this time interval with 5-year overall survival
ranging from 15 to 20% [29].

Our patient received a total radiation dose of 59 Gy over 33
fractions with concurrent temozolomide treatment. Monthly
cycles of adjuvant chemotherapy with temozolomide and
bevacizumab were administered with excellent tumor re-
sponse and stability for nearly 1 year (as of writing this report).
The patient’s most recent radiographic findings are concerning
for tumor progression into the left temporal lobe, although
radiation-related changes cannot be excluded.

Further characterization of the biomolecular blueprint and
development of more effective targeted therapies are critical in
treating patients with this rare and malignant tumor.
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Exemplary case description

The patient is a 12-year-old boy with medical history of obe-
sity and mastoid cholesteatoma who presented with 4 days of
acute onset headaches and nausea. At presentation, there were
no focal abnormalities noted by a comprehensive neurological
examination. The initial CT of the head demonstrated an ill-
defined, heterogeneous, expansile lesion in both thalami. The
tumor within the left thalamus was larger with significant
mass effect on the third ventricle and foramen Monro leading
to severe obstructive hydrocephalus. The MRI of the brain
revealed non-enhancing, bilateral masses. Furthermore, the
MRI highlighted the obstructive hydrocephalus and entrap-
ment of the left lateral ventricle along with the associated
trans-ependymal edema (Fig. 1). Given the severe hydroceph-
alus, the patient was scheduled for endoscopic biopsy,
ventriculoperitoneal (VP) shunt placement, and septum
pellucidum fenestration..

Surgery

Using standard endoscopic technique, access to the right lat-
eral ventricle was obtained. Once inside the right lateral ven-
tricle, significant crowding was encountered due to the mass
effect from the tumor resulting in bulging of the floor of the
lateral ventricle as well as the caudate nucleus. The choroid
plexus, thalamo-striate vein, and anterior septal vein were
identified to confirm correct positioning. Multiple unsuccess-
ful attempts were made to fenestrate the septum pellucidum,
likely thwarted by the mass effect of the tumor and the sharp
angle of approach, despite the use of a flexible endoscope. The
decision was made to abort the surgery and return the follow-
ing day with the aid of neuronavigation for a more optimal
trajectory to complete the septum pellucidum fenestration. An
external ventricular catheter was placed without difficulty and
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Fig. 2 Hematoxylin and eosin stained section showing
pleomorphicastrocytes with hyperchromatic and irregular nuclei without
any necrosis or vascular proliferation

tunneled out through a separate stab incision in the skin. The
following day, the patient was taken back to the operating
room, and with the aid of neuronavigation, we successfully
completed a septum pellucidum fenestration. We then navi-
gated with the endoscope into the contralateral ventricle and
confirmed that we had completed an adequate septum
pellucidum fenestration. Following the septostomy, a biopsy
was taken from the tumor mass through the roof of the third
ventricle. At this time, the endoscope was removed and a de
novo VP shunt was placed without further complications.
Post-operative imaging showed adequate placement of the
VP shunt, and no significant post-operative complications.

Histopathology

Microscopically, the tumor was composed of pleomorphic,
atypical astrocytes with hyperchromatic and irregular nuclei
embedded in a fibrillary background. There was no necrosis or

Fig. 1 a Pre-operative axial T1-weighted MRI sequence depicting an
isointense, asymmetric, and heterogenous mass involving both thalami.
b Axial T1-weighted post-contrast MRI illustrating asymmetric enlarge-
ment of the thalami (left > right), with areas of subtle patchy

enhancement. ¢ T2-weighted axial MRI sequence demonstrating a het-
erogeneously hyperintense lesion involving both thalami and causing
significant mass effect in the area of frontal horn of the left lateral ventri-
cle and foramen of Monro
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Fig. 3 a One-year follow-up axial T1-weighted MRI sequence depicting
stable size and signal intensity of the mass involving both thalami along
with a VP shunt catheter within the left lateral ventricle. b Axial T1-
weighted post-contrast MRI illustrating a subtle decrease in the patchy

vascular proliferation; however, there were multiple mitotic
figures throughout the specimen, with an estimated prolifera-
tive activity (Ki-67) of 5-10% (Fig. 2).

Immunohistochemistry and next-generation sequencing
(NGS) cancer gene test tumor sequencing performed at the
University of California San Francisco identified a frameshift
mutation in the TP53 tumor suppressor gene with loss of the
remaining wild type allele, a small in-frame insertion/
duplication within exon 20 of the EGFR oncogene, and focal
homozygous deletion of the CDKN2A and CDKN2B tumor-
suppressor genes on chromosome 9p21. The tumor also dem-
onstrated a markedly aneuploid genome, without any patho-
genic alterations in IDH1, IDH2, H3F3A, HIST1H3B, BRAF,
NF1, FGFR1, MET, or PTEN genes.

Based on the histopathology and molecular profile, this tumor
was classified as high-grade astrocytoma, IDH-wild type and
histone H3-wildtype, meeting the criteria for WHO grade III.

Treatment and follow up

The patient had no complications immediately post-operatively
and was discharged home 2 days after surgery. His treatment
regimen consisted of fractionated radiation (59 Gy over 33 frac-
tions) and concomitant temozolomide and bevacizumab for
6 weeks. This was followed by 13 monthly treatment cycles
each consisting of 5 days of temozolomide, 2 days of
bevacizumab, and the orally administered blood-brain barrier
penetrating EGFR pathway inhibitor osimertinib. The thalamic
tumors remained stable as followed by serial MRI scans for
11 months, but most recently, there was progression of the T2
signal abnormality into the left temporal stem (Fig. 3). However,
the patient has developed no new neurological deficits. We are
planning further therapy with re-irradiation, chemotherapy, and
nivolumab (anti PD-1 checkpoint inhibitor).
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enhancement pattern of the left thalamic mass compared to initial imag-
ing. ¢ T2-weighted axial MRI sequence demonstrating stable size of the
thalamic lesions with a new area of hypointensity in the posterior margin
of the left thalamic lesion

Conclusions

High-grade thalamic astrocytomas affecting both thalami pose a
challenge to pediatric neurosurgeons, neuro-oncologists, and
neuropathologists given the lack of effective treatment strate-
gies. The role of surgical intervention is limited to biopsy for
tissue diagnosis and symptom relief. There is a significant need
for further basic science research, and clinical studies to develop
effective targeted treatment modalities for this rare disease.
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