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BACKGROUND: Thalamic glioblastomas (GBMs) represent a significant neurosurgical
challenge. In view of the low incidence of these tumors, outcome data and management
strategies are not well defined.
OBJECTIVE: To identify the natural history and factors associated with survival in patients
with thalamic glioblastoma.
METHODS: A retrospective review of all patients with thalamic glioblastoma over a 10-yr
period was performed. Presenting clinical, radiological, and outcome data were collected.
Chi-squared and Fisher’s exact tests were used to compare clinical characteristics across
tumor groups. Cox proportional hazard models were utilized to investigate variables of
interest with regard to overall survival.
RESULTS: Fifty-seven patients met inclusion criteria, with a median age of 53 and median
Karnofsky Performance Scale (KPS) score of 80. The most common presenting symptoms
were weakness, confusion, and headache. Hydrocephalus was present in 47% of patients
preoperatively. Stereotactic biopsy was performed in 47 cases, and 10 patients underwent
craniotomy. The median overall survival was 12.2 mo. Higher KPS, younger age, and
cerebrospinal fluid (CSF) diversionwere correlatedwith better overall survival univariately,
respectively, while the presence of language deficits at initial presentation was associated
with poorer survival. In multivariate analysis, the only significant predictor of survival was
presenting KPS.
CONCLUSION: The overall survival of patients with thalamic glioblastoma is compa-
rable to unresectable lobar supratentorial GBMs. Younger patients and those with good
presenting functional status had improved survival. Midbrain involvement by the tumor is
not a negative prognostic factor. Improved therapies are needed, and patients should be
considered for early trial involvement and aggressive upfront therapy.
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G lioblastomas in adults most commonly
arise from the cerebral hemispheres
and rarely from deep-seated struc-

tures such as the diencephalon. As these
lesions are considered largely unresectable,
resulting in poorer cytoreductive disease control,
glioblastoma studies have traditionally excluded
patients with deep-seated tumors.1-4 Treatment
of thalamic glioblastomas (GBMs) is challenging

ABBREVIATIONS: CSF, cerebrospinal fluid; EGFR,
epidermal growth factor receptor; GBM, glio-
blastoma; IRB, Institutional Review Board; KPS,
Karnofsky Performance Scale; MRI, magnetic
resonance imaging;OS, overall survival

due to their deep location within the brain,
making them rarely amenable to radical surgical
resection. Management strategies range from
needle biopsy, to partial or more aggressive
resections, and even empiric treatment without
histological confirmation.5-7 Despite recent
evidence that spatial location may dictate the
biological behavior of gliomas such as pediatric
GBM and diffuse intrinsic pontine glioma,8-10
thalamic GBMs have rarely been studied in
isolation or in significant numbers.11,12 Thus,
their natural history remains poorly defined, and
treatment paradigms have historically tracked
with supratentorial lobar GBM. In this study,
we retrospectively evaluated adult patients
with thalamic glioblastoma presenting to our
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institution over a 10-yr period. The goals of this study are to
describe the clinical presentation and natural history and to
determine prognostic factors that may influence outcome to
clarify the behavior and response to treatment of this rare subset
of tumors.13,14

METHODS

An Institutional Review Board (IRB)-approved, retrospective chart
review of all adult patients with pathologically confirmed thalamic
glioblastoma at our institution between 2005 and 2015 was performed.
Additional patient consent was not sought per the standards of practice
outlined by our institution. Patients were identified via a search of a
prospectively collected brain tumor registry database, and all tumors
affecting the thalamus and adjacent structures were included in the study.
Because in many cases it was challenging to define whether the main bulk
of the tumor had arisen from the thalamus or other adjacent structures,
all tumors affecting the thalamus were included. Tumors involving only
basal ganglia, midbrain, hypothalamus, optic pathways, pineal region, or
ventricles without thalamic involvement; patients with previous histo-
logically confirmed lower grade gliomas; and patients younger than age
18 were excluded. Diagnosis of glioblastoma was made by a neuropathol-
ogist according to theWorldHealthOrganization classification system.15
Clinical, radiological, and outcome data were collected from medical
records, telephone interviews, and the Social Security Death Index.
Compiled data fields included demographic data, Karnofsky Perfor-
mance Scale (KPS) attributes, presenting symptoms, preoperative tumor
magnetic resonance imaging (MRI) characteristics, surgical intervention
with extent of resection, histopathologic and molecular data, and
adjuvant therapy. Outcome data included postoperative surgical compli-
cations, need for cerebrospinal fluid (CSF) diversion, and overall survival
(OS). Patients whose deaths were unconfirmed were censored at the time
of their last clinic encounter.

Follow-up imaging, when available, was used to evaluate patterns of
tumor progression. In patients undergoing craniotomy, the degree of
resection was classified as gross total when no residual enhancement
was noted on MRI, near total if only rim enhancement of the resection
cavity was noted, or subtotal if residual nodular enhancement was noted,
in accordance with previously published conventions.3 Volumetric
measurements were obtained using iPlan Net 3.0.0 software (BrainLAB
AG, Germany). Regions of interest were manually drawn on each
postcontrast axial T1-weighted image and used to compute the volume
of the tumor in cubic centimeters. For tumors with no or minimal
enhancement, axial T2-Flair images were used for analysis.

Statistical Analysis
Descriptive statistics such as frequencies, medians, means, and

standard deviations were used to characterize the population under study.
OSwas calculated from surgery until death or last follow-up. Cox propor-
tional hazard models were utilized to univariately investigate variables
of interest with regard to OS. Variables that reached a significance level
of α < 0.05 univariately were included in a multivariate Cox propor-
tional hazards model. Results of interest were graphically presented with
Kaplan–Meier curves. Comparisons of categorical variables by shunt
status at presentation were performed using Fisher’s exact test or chi-
squared test where appropriate. Comparisons of continuous variables by
shunt status at presentation were performed using the Wilcoxon rank
sum test. All P values were 2-sided with a level of significance less than

TABLE 1. Population Demographics and Clinical Characteristics
and Presentation of Thalamic Glioblastomas at Memorial Sloan
Kettering Cancer Center

Variable Level n %

Location Bilateral 3 5
Left 25 44
Right 29 51

Hydro No 30 53
Yes 27 47

Hemorrhagic No 52 91
Yes 5 9

Seizures No 53 93
Yes 3 7

Headache No 30 53
Yes 27 47

N/V No 44 77
Yes 13 23

Motor symptoms No 22 39
Yes 35 61

Sensory symptoms No 37 65
Yes 20 35

Language symptoms No 45 79
Yes 12 21

Visual symptoms No 43 75
Yes 14 25

Confusion No 29 51
Yes 28 49

Memory loss No 33 58
Yes 24 42

Midbrain No 39 68
Yes 18 32

Gender Female 26 46
Male 31 54

.05. All statistical analyses were performed in SAS version 9.4 (SAS
Institute Inc, Cary, North Carolina).

RESULTS

Patient Demographics and Clinical Presentation
Fifty-seven patients (31 men and 26 women), ranging from

18 to 83 yr in age (median 53 yr), were included. Forty-nine
(86%) patients underwent initial biopsy/craniotomy at outside
institutions and referred to our center for further management.
Eight patients underwent surgical intervention (stereotactic
needle biopsy) at our center. Median preoperative KPS for all
patients was 80, and presenting symptoms included hemiparesis
(61%), confusion (49%), headache (47%), memory loss (42%),
nausea/emesis (23%), and seizure (7%). The median preoper-
ative tumor volume was 13 cm3 (range 0.14-69.75). Twenty-nine
tumors were right-sided, 25 were left-sided, and 3 bilateral. Motor
(weakness), sensory (numbness/tingling), language (naming diffi-
culties, apraxia, and slowness of speech), and visual (blurry/double
vision) symptoms were found in 35, 20, 12, and 14 patients,
respectively. All but one of the patients presenting with language
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TABLE 2. Cox Regression for Overall Survival of Thalamic Glioblastomas at Memorial Sloan Kettering Cancer Center

Univariate Multivariate

Variable Level n % HR 95% CI P-value HR 95% CI P-value

Location Right 29 54 ref – –
(bilateral excluded due to small N Left 25 46 1.17 0.66-2.10 .59
Surgery Biopsy 47 82 ref – –

Craniotomy 10 18 0.94 0.47-1.88 .86
Hydro No 30 53 ref – –

Yes 27 47 0.98 0.56-1.73 .94
Headache No 30 53 ref – –

Yes 27 47 0.69 0.39-1.23 .21
N/V No 44 77 ref – –

Yes 13 23 1.18 0.60-2.33 .63
Motor symptoms No 22 39 ref – –

Yes 35 61 1.63 0.89-2.98 .12
Sensory symptoms No 37 65 ref – –

Yes 20 35 1.10 0.62-1.95 .73
Language symptoms No 45 79 ref – – ref – –

Yes 12 21 2.36 1.17-4.73 .02 1.61 0.76-3.41 .21
Visual symptoms No 43 75 ref – –

Yes 14 25 0.79 0.42-1.50 .47
Confusion No 29 51 ref – –

Yes 28 49 1.03 0.59-1.80 .93
Memory loss No 33 58 ref – –

Yes 24 42 1.01 0.58-1.77 .97
VPS No 37 65 ref – – ref – –

Yes 20 35 0.43 0.23-0.80 .008 0.58 0.29-1.13 .11
Midbrain No 39 68 ref – –

Yes 18 32 0.86 0.48-1.57 .63
Gender Female 26 46 ref – –

Male 31 54 1.18 0.67-2.08 .58
Volumetrics – – – 1.01 0.99-1.03 .22
Age at surgery–continuous – – – 1.02 1.002-1.042 .03 1.02 0.996-1.04 .11
Preop KPS–continuous – – – 0.96 0.94-0.99 .0009 0.97 0.95-0.99 .01

symptoms had left-sided tumors. Confusion and memory loss
were found in 28 and 24 patients, respectively (Table 1). Twenty-
seven cases had molecular profiling data available: 1 of 12 were
IDH1 mutant (8%) and 0 of 5 harbored epidermal growth
factor receptor (EGFR) variant III. Nine of 13 cases were EGFR
amplified (69%, notably not including the IDH1 mutant case),
and 7 of 9 were MGMT unmethylated (78%). The IDH mutant
case was EGFR wild type, unamplified and MGMT unmethy-
lated. Immunohistochemistry for histone H3-K27M mutant
protein was performed only on 4 patients in whom available tissue
was available. There was no convincing evidence of the mutation
in any of the 4 patients.

Management
Management strategies are outlined in Table 2. Stereo-

tactic biopsy was performed in 47 cases and craniotomy
in 10 (7 transcortical and 3 interhemispheric transcallosal
approaches) patients. Postoperative imaging in patients under-
going craniotomy demonstrated subtotal resection in all cases. Of

8 patients sampled at our institution (14%), all underwent stereo-
tactic needle biopsy. Among 27 patients with hydrocephalus,
2 required emergent external ventriculostomy placement upon
presentation, and 20 required sustained CSF diversion via
ventriculoperitoneal shunting, one of whom had failed prior
endoscopic third ventriculostomy. Immediate postoperative
surgical complications occurred in 9 patients (16%): 7 (15%)
suffered fixed neurological deficits following stereotactic biopsy
(worsened hemiparesis in 5, hemiplegia in 1, and visual field
decline in 1), and 2 cases of asymptomatic intratumoral hemor-
rhage occurred. New permanent deficits occurred in 2 of 10
(20%) patients undergoing craniotomy (1 paresis, 1 plegia).
Fifty patients received adjuvant temozolamide and conventional
external radiation therapy (88%). Three patients were referred
to hospice early in their diagnosis and did not receive adjuvant
therapy. Thirteen patients received bevacizumab (22%) at recur-
rence. Data regarding duration of bevacizumab treatment was
available on 12 patients (median 3 mo). Records from outside
institutions for adjuvant therapy on 4 patients were not available.
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FIGURE 1. Kaplan–Meier survival curve for all 57 patients with thalamic
GBM, demonstrating a median overall survival of 1.02 yr. Numbers on the y
axis represent percent survival throughout.

Outcomes
Median overall OS was 1.02 yr (95% CI: 0.84-1.28 yr), with

51.5% and 21.1% 1- and 2-yr OS, respectively (Figure 1). At the
time of study completion, 51 patients had died. There were statis-
tically significant associations of survival with higher KPS (HR
[95% CI] 0.96 [0.94-0.99], P < .05), younger age (HR [95%
CI] 1.02 [1.002-1.03], P < .05), and freedom from language
symptoms at presentation on univariate analysis (Table 2). Perfor-
mance of palliative CSF diversion was also significantly corre-
lated with survival (HR [95% CI] 0.43 [0.23-0.80], P = .008).
The median OS for patients with KPS < 80 was 0.75 vs
1.28 yr for those with KPS > 80 (P = .008; Figure 2A).
Younger patients had significantly better OS (HR [95% CI] 1.02
[1.002-1.042], P = .03). The median OS of patients presenting
with and without language symptoms upon initial diagnosis was
0.88 and 1.11 yr, respectively (HR [95% CI] 2.36 [1.17-4.73],
P = .02; Figure 2). The median OS in patients with or without
ventriculoperitoneal shunt was 1.64 and 0.85 yr, respectively (HR
[95%CI] 0.43 [0.23-0.80], P= .008; Figure 2C). In multivariate
analysis, however, the only significant predictor of survival was
KPS (HR [95%CI] 0.97 [0.95-0.99], P= .01), although age and
CSF diversion remain of clinical significance (Table 2). There was
no statistical significant difference in age, KPS, or tumor volume
between shunted and nonshunted patients. Shunted patients
had higher statistically significant rates of symptoms (headaches,
nausea, and vomiting) and radiographic hydrocephalus as well as
midbrain involvement.

Radiographic Characteristics and Growth Patterns
In 53 (93%) patients, MRI demonstrated features consistent

with high-grade tumors such as heterogeneous and/or ring-

enhancement with necrosis.16 Four cases (7%) presented with
T2-Flair changes and no or minimal enhancement. Tumors were
confined to the thalamus (ventral, medial, lateral, and pulvinar)
in 15 (28%) cases. The thalamus and the midbrain (cerebral
peduncle, tegmentum, and tectum) were involved in 9 (17%)
cases. While the bulk of the tumor was located in the thalamus in
the rest of the cases, in 30 (56%) cases, there was also extension
of tumor into adjacent lateral or superior extrathalamic structures
such as the periventricular frontal or parietal white matter, mesial
temporal structures, the periatrial area, the basal ganglia, or the
internal capsule. Bilateral thalamic involvement was present in
3 patients. In 6 cases, tumors extended medially into the third
ventricular wall; however, none of these exhibited ependymal
violation. Twenty-seven patients (47%) presented with radio-
graphic hydrocephalus and 5 (9%) with acute tumoral hemor-
rhage. Midbrain involvement was seen in 18 patients (32%;
Table 1).

Follow-up imaging (>2 mo) was available in 24 patients
(42%). In general, tumors growing medially distorted the
ventricular wall but did not violate the ependyma, and there was
no evidence of intraventricular extension in any case. Tumors
growing superiorly displaced and distorted the corpus callosum;
ventricular extension was rare (1 case). Laterally and superiorly
extending tumors expanded into the subpallial white matter
of an adjacent lobe or gyrus such as the frontal and parietal
lobes. Tumors restricted to the thalamus tended to remain in
the compartment of origin without progression on subsequent
imaging, although inferior extension into the midbrain upon
progression was seen in a few cases. Thalamic tumors with
midbrain involvement remained within the confines of this
structure, with local progression in the majority of cases. Bilateral
occurrence was observed only rarely (3 cases), as most tumors had
unilateral involvement, and none progressed to the contralateral
thalamus. CSF dissemination during the course of the disease
occurred only in 2 of the 24 patients in whom follow-up imaging
was available.

DISCUSSION

Thalamic glioblastomas are rare, and their natural history and
treatment are only infrequently the focus of published liter-
ature.5-7,17 Due to their deep and eloquent location, these rare
tumors are not amenable to extensive surgical resection, removing
the option of surgical cytoreduction—one of the few effica-
cious therapies in glioblastoma—and contributing to unfavorable
prognosis. Recent studies have evaluated the role of extent of
resection in glioblastoma surgery, most commonly excluding
patients with deep-seated tumors, who typically undergo needle
biopsy without resection.1,2,18 Consequently, data regarding the
natural history and prognostic factors in thalamic glioblastoma
is lacking. We report the largest series of patients with thalamic
glioblastoma described to date. The findings of our study
suggest that while these tumors have previously been considered
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FIGURE 2. A, Kaplan–Meier survival curve representing patients stratified by KPS. Survival was 0.75 and 1.28 yr for patients with KPS< 80 and≥80, respectively
(P = .008). B, representing patients with or without presence of language symptoms at presentation, overall survival was 0.88 and 1.11 yr, respectively (P = .02). C,
representing patients with or without ventriculoperitoneal shunt during the course of the disease, the overall survival was 1.64 and 0.85 yr, respectively (P = .008).

uniformly poor, these patients may have survival outcomes that
are comparable to those seen in historic controls of supratentorial
lobar glioblastomawho undergo subtotal resection.1-3,19 As previ-
ously described in GBM studies, we also found that age and KPS
were prognostic factors.1,19-21 While the association of age with
OS is not unexpected, it did not remain significant in the multi-
variable model in our study.
As expected, and due to their deep location, symptoma-

tology in our cohort was distinct relative to tumors that arise
in the cerebral hemispheres. The most common symptoms were
motor deficits and/or symptoms of intracranial hypertension, as
a consequence of involvement of the motor pathways and CSF
obstruction leading to hydrocephalus. Memory loss was also a
common symptom. The thalamus represents a major relay center
for integrating sensory and motor pathways that originate from

distinct cortical and cerebellar regions. It also plays an important
role in language and memory, and prior evidence in children with
thalamic tumors suggests that specific alterations in neuropsycho-
logical profiles might occur with pathology in different thalamic
regions. Language comprehension, naming deficits, poor recall,
speech apraxia, and oculomotor incoordination have all been
described in children with thalamic tumors.22 Interestingly, the
presence of language symptoms upon diagnosis (naming diffi-
culties, fluency, articulation apraxia, and slowness of speech) was
associated with an increased risk of death (P < .02) in our study.
Language dysfunction and impaired social interaction are likely
contributors of worse functional outcomes, and the deficits that
occur as a result of tumor infiltration and mass effect are unlikely
to improve following surgical or medical treatment in thalamic
tumors.
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While 47% of patients presented with evidence of obstructive
hydrocephalus, only 20 patients (35%) underwent cerebrospinal
fluid diversion. The majority of these patients had CSF diversion
soon after their presentation, and this variable was treated
as a baseline covariate. Univariate analysis demonstrated that
patients undergoing placement of ventriculoperitoneal shunt have
increased survival (1.64 yr) when compared to patients not under-
going CSF diversion (0.85 yr, P = .008). This finding suggests
either a protective effect of CSF diversion or selection bias
for patients with small-volume disease or better age/functional
status at presentation, although the protective effect of CSF
diversion was not significant after controlling for KPS, age,
and language symptoms. While no longer statistically significant
because of event size (51 deaths), the magnitude and direction
of the effect of CSF diversion on OS remained consistent
in the multivariable setting. Shunted patients had significantly
higher rates of hydrocephalus and midbrain involvement by
the tumor, but there was no statistical significant difference in
age, KPS, or tumor volume between shunted and nonshunted
patients. Considering the cognitive changes that occur following
adjuvant therapy and disease progression, the long-term effects
of hydrocephalus may be unrecognized during the course of
the disease, possibly leading to functional deterioration and
shorter survival outcomes. Therefore, a low threshold for CSF
diversion may have an impact in those patients in whom
even small tumors could obstruct CSF egress, and should be
considered.
Although higher complications are known to occur following

stereotactic biopsy in deeply located lesions, the complication rate
observed in our series (16%) was higher than prior reports.23,24
Despite unremarkable postoperative imaging and lack of tumoral
hemorrhage, postoperative deficits can occur following biopsy in
deeply located tumors. The close relationship of the thalamus to
major functional areas in the setting of tumor edema can lead
to neurological deficits following biopsy or surgical debulking. It

should also be noted that this complication rate (16%) is likely
biased favorably, as many other patients may have been treated
elsewhere and developed severe complications, making referral
to this tertiary care center less likely. While extensive reports are
available assessing the role of surgical resection in thalamic and
thalamopeduncular lower grade tumors in children, the extent to
which resection should be pursued in adult thalamic high-grade
gliomas is unclear.25-28 Considering that incomplete resection
and higher grade histology are known to be poor prognostic
factors in thalamic tumors, a more conservative approach with a
goal of obtaining histological confirmation followed by prompt
and aggressive adjuvant therapy should be considered.7,25,29
Ten (17%) patients in our cohort underwent craniotomy for
attempted resection. Postoperative imaging in patients under-
going craniotomy revealed that, as might be expected, all resec-
tions were subtotal. Although a presumptive diagnosis of GBM
is likely highly accurate in many cases, it has been our practice to
obtain tissue diagnosis whenever feasible, not only for diagnostic
purposes but also for molecular analysis and trial eligibility.
While we do not embrace a strategy of treatment without tissue
confirmation, empiric treatment in this population may not be
unreasonable considering recent advances in diagnostic brain
tumor imaging30 as well as a high rate of complications that can
result from a needle biopsy (15%). While extent of resection
remains a key prognostic factor in glioblastoma, we did not
find a difference in survival outcomes in patients undergoing
stereotactic biopsy vs craniotomy, but this is confounded by
the small number of patients and the retrospective nature of
our study. Although only a small group of patients underwent
surgical debulking, our limited data do not support surgery
in the management of thalamic glioblastoma beyond biopsy to
obtain a histologic diagnosis. However, 3 patients undergoing
surgical resection had large cystic intratumoral components with
symptoms of raised intracranial pressure, and 1 patient had a
large component of the tumor extending into the frontal lobe

FIGURE 3. A, Axial and B, coronal postcontrast MRI of the brain demonstrating a large heterogeneously enhancing mass with central necrosis and a
large cystic component. C, Originating in the left thalamus and expanding into the surrounding frontal white mater. This patient underwent craniotomy
due to the large size of the tumor/cystic component. D, Axial postcontrast MRI demonstrates decompression of the cystic and subtotal resection of the
enhancing nodular component.
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FIGURE 4. Postcontrast axial A, sagittal B, and coronal CMRI of the brain demonstrating a glioblastoma (IDH wild type/MGMT methylated)
originating in the left thalamus. This patient underwent stereotactic biopsy and conventional adjuvant chemo-radiation therapy. The tumor remains
controlled D-F, and the patient is functional with no evidence of progression 46 mo following initial diagnosis. This tumor is wild type for IDH
and MGMT methylated.

(Figure 3). It is possible that these patients with significant mass
effect from their large tumors might have had worse outcomes
without surgical decompression. Thus, surgical judgment is still
important, and in a small number of highly selected patients,
some form of resection may be appropriate. While the thalamus
can be accessed surgically through several different routes, patients
undergoing craniotomy in the current study underwent either
a transcortical (transtemporal, 4; transfrontal, 3) or interhemi-
spheric transcallosal approach in the rest. Further surgical and
decision-making details for these particular cases are not available,
as none of these patients were primarily treated in our institution.
A recent study by Cao et al31 evaluated the outcomes of surgical
resection in a large series of adult patients with thalamic tumors.
The OS of patients with high-grade tumors in this study was
12 mo, which is similar to the findings in our GBM cohort. Of
note, high-grade tumors in this study included anaplastic astro-
cytomas, oligodendrogliomas, oligoastrocytomas, and anaplastic
ependymomas, which are known to have a better OS than GBM.
Additionally, a perioperative mortality rate of 4.5% was reported,
and transient hemiparesis occurred in about half of the patients.
Other complications, such as sensory and visual deterioration,
occurred in 15.1% and 5.7%, respectively, in addition to cerebral

edema and speech deterioration, which were not uncommon. Sai
Kiran et al6 reported 12 patients with thalamic GBM under-
going aggressive resection. Near total resection was achieved in
more than half of them. OS was reported in 3 patients at 1,
1 and 5 mo. The rest of the patients were lost to follow-up,
which is likely a reflection of the poor postoperative outcome in
these cases. Steiger et al32 reported 14 cases of thalamic astrocy-
tomas in which maximum microsurgical removal was performed.
Three of the cases were GBMs, and in 1 case a postoperative
visual deficit occurred. One patient died 4 mo following surgery,
and the follow-up for the other 2 cases was limited to 6 and
10 mo. The results of these studies suggest that aggressive
resection of thalamic glioblastoma may be questionable consid-
ering the aggressive nature of the disease and the limited time that
might be available for rehabilitation prior to initiation of adjuvant
therapy. Future advances in surgical technology, coupled with
intraoperative neurophysiological monitoring, might improve the
risk profile of surgical interventions in the thalamus, although the
function and anatomic location of this area will remain as inherent
challenges. Laser interstitial thermal ablation, a current subject of
clinical trials, is another alternative that can be performed after
stereotactic biopsy and should be considered.
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FIGURE5. Postcontrast axial A, sagittal B, and coronalCMRI of the brain demonstrating a glioblastoma originating in the right lateral thalamus
and expanding beyond the thalamus into the periatrial region with compressing of the posterior limb of the internal capsule. Progression D-F into
the fornix, parahippocampal gyrus, and mesial structures is appreciated 6 mo following initial diagnosis and adjuvant chemoradiation therapy.

Recent genomic analyses have revealed that specific genetic
variations drive distinct subgroups of glial neoplasms and depend
not only on the tumor type but also on the patient age and
site of origin. Novel histone mutations in thalamic tumors have
been described, but with a high preponderance in children
and young adults.33,34 Because molecular analysis is lacking in
this study, it is unclear whether the genomic profile of the
tumors plays a significant role in their outcome. Studies have
revealed that diffuse midline gliomas with histone H3-K27M
mutation have an aggressive clinical behavior and poor prognosis;
however, recent studies have also shown that thalamic gliomas
in adult patients with histone H3-K27M mutation might not
be associated with worse prognosis than histone H3 wild-type
thalamic gliomas.12,33-36 This suggests heterogeneity within this
molecular subgroup, and larger studies should be performed to
evaluate the efficacy of histone-modifying enzymes as potential
treatment options in adult thalamic glioblastoma.10,37,38
Age and KPS were key criteria that impacted survival in

this study, a pattern that is similar to that seen in hemispheric
gliomas.19,20 Adding to the fact that thalamic gliomas do not
undergo a significant debulking, outcomes of thalamic tumors
seem indeed to follow the general pattern of lobar glioblastomas.
Considering the deep and eloquent location of these tumors in
which resection would lead to significant neurological deficits,
novel technologies such as laser interstitial thermal ablation aimed

at maximal local cytoreductive therapy could potentially have a
role in a select group of patients (tumors smaller than 3 cm) and
should be evaluated.39

Patterns of Progression
Similar to Yasargil’s40 observations, tumor enlargement

demonstrated displacement of the surrounding structures such as
the internal and external capsules and adjacent nuclei, although,
despite growth, they respected their anatomic fiber tract borders
during the initial stage of the tumor. Prior studies using virtual
tumor modeling have demonstrated that glioma cells migrate
slower in grey matter than in white matter, perhaps consistent
with our radiographic observations in many cases in which
tumors remained localized for a long period of time.41 This
was mostly seen among patients with tumors restricted to the
thalamus, which tended to remain in the compartment of origin
for extended periods of time (Figure 4) as opposed to patients
with tumors involving white matter structures at presentation
that progressed rapidly (Figure 5). There was no statistical signif-
icant difference in OS between patients with or without midbrain
involvement. These findings suggest that tumor extension into
the midbrain should not be considered a worse prognostic factor,
as survival in these patients does not appear to be worse than
tumors without brainstem involvement. It is important to clarify
that in view of the limited number of patients with follow-up

NEUROSURGERY VOLUME 83 | NUMBER 1 | JULY 2018 | 83



ESQUENAZI ET AL

imaging, strong conclusions about patterns of recurrence cannot
be drawn.

Limitations
This study is limited by its retrospective design and the fact

that the majority of patients (88%) were not managed primarily
at our institution. Additionally, we were unable to analyze the role
of chemotherapy on survival, as adequate treatment data were not
available.42 Molecular profiling for clinically relevant parameters
in GBM, including isocitrate dehydrogenase and histone H3F3A
K27 genotyping, known to drive a subset of pediatric high-grade
gliomas, as well as epigenetic changes such as O6–methylguanine-
DNAmethyltransferase status, was only rarely available.43,44 Lack
of long-term imaging data precluded growth pattern analysis for
many patients.

CONCLUSION

This study represents a large and unique series of patients
with thalamic glioblastoma. The OS of these patients is compa-
rable to historic data of incompletely resected supratentorial
lobar glioblastoma. Younger patients and those with improved
initial functional status (KPS > 80) have better outcomes. CSF
diversion should be considered early in patients with symptomatic
or radiographic hydrocephalus. Midbrain involvement by the
tumor is not in and of itself a negative prognostic factor. In
the setting of high morbidity and mortality, improved therapies
are needed, and patients should be considered for early trial
involvement and upfront aggressive therapies upon histological
confirmation. The results of our study may serve as benchmarks
for the natural history of thalamic glioblastoma and can be useful
to compare outcomes in patients in whom novel strategies are
employed. Future study is needed to further characterize thalamic
glioblastoma molecularly and to develop more effective therapies
for this patient population.
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COMMENT

T he authors review outcomes of 57 patients with thalamic glioblas-
tomas over an approximately 10-year period. This is an important

study to help better understand the natural history and response to
therapy of glioblastomas that involve the thalamus.

The authors in general recommend biopsy in all cases for diagnostic
purposes, but also for molecular analysis and clinical trial eligibility.
Certainly, one must take with caution the recommendation for any
type of surgery for patients with suspected thalamic glioblastoma, as the
authors report that 7 (15%) of the 47 patients that underwent stereotactic
biopsy suffered fixed neurological deficits, and additionally, 2 (20%)
of the 10 patients that underwent craniotomy suffered new permanent
deficits. In some circumstances, I believe that empiric treatment based
upon imaging alone, particularly for hypervascular lesions, may be
reasonable.

Higher Karnofsky Performance Scores (KPS), younger age, and
cerebrospinal fluid (CSF) diversion were correlated with better overall
survival with univariate analysis, while the presence of language deficits
at initial presentation was associated with poorer survival. Only KPS
was predictive of survival in the multivariate analysis. The significance
of CSF diversion was not a significant predictor of survival in the
based on multivariate analysis, but perhaps trended towards signifi-
cance. The authors suggest that CSF shunting may be an independent
predictor of better outcome, and the neurosurgeon managing patients
with thalamic glioblastoma therefore should consider whether to pursue a
shunt.

The authors’ analyses of outcomes for patients with glioblastomas
involving the thalamus serve as a new benchmark for comparison
as new treatments such as laser interstitial thermal ablation (LITT)
and other systemic therapies are explored. The issue of which tumors
should be deemed suitable for surgical resection even with minimally
invasive tubular retractors for example, or for stereotactic biopsy, or
perhaps even for empiric treatment without tissue diagnosis remains
unsolved.

Michael R. Chicoine
St. Louis, Missouri
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