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Thalamic high-grade gliomas in children:
a distinct clinical subset?

Christof M. Kramm, Sandra Butenhoff, Ulrike Rausche, Monika Warmuth-Metz,
Rolf-Dieter Kortmann, Torsten Pietsch, Astrid Gnekow, Norbert Jorch, Gisela Janssen,

Frank Berthold, and Johannes E. Wolff

University Children's Hospital, Halle (C.M.K., S.B., U.R.), Department of Neuroradiology, University Hospital
Wuerzburg, Wuerzburg (M.W.-M.), Department of Radiotherapy, University Hospital Leipzig, Leipzig
(R.-D.K.), Department of Neuropathology, University of Bonn, Bonn (T.P.), Children’s Hospital I, Augsburg
Medical Center, Augsburg (A.G.), Department of Pediatrics, Krankenanstalten Gilead,Bielefeld (N.J.), Pediatric
Oncology, Hematology, and Immunology, University Children's Hospital, Duesseldorf (G.J.), Department of
Pediatric Oncology, University Children's Hospital, Cologne (F.B.), Germany, Pediatric Oncology, The
University of Texas MD Anderson Cancer Center, Houston, Texas (J.E.W.)

Pediatric high-grade gliomas (HGGs) of the thalamic
region account for up to 13% of pediatric HGGs and
usually result in only anecdotal long-term survival.
Because very little is known about these tumors, we
aimed to further characterize them. In our series of 99
pediatric thalamic HGGs, there were no significant
differences in survival between patients with tumors
affecting the thalamus alone (including bithalamic
lesions) and patients with tumors affecting the thalamus
plus adjacent structures. Tumor resection (event-free
survival /overall survival) and an early treatment
response to radiotherapy/chemotherapy (event-free sur-
vival) had independent prognostic significance, as shown
by Kaplan-Meier and multivariate Cox regression ana-
lyses. When we compared clinical characteristics and
outcomes of pediatric thalamic HGG with those of pedi-
atric (nonthalamic) supratentorial (nz = 177) as well as
pediatric pontine HGG (including diffuse intrinsic
pontine gliomas; 7 = 234), we found that thalamic
HGG shared more similarities with pontine than with
supratentorial HGG, but overall, it appeared to rep-
resent a clinically distinct subgroup of pediatric HGG.
The varying extent of tumor resection in the different
tumor localizations may play some role in the observed
clinical differences, as shown by multivariate Cox
regression analyses, but the tumor site itself was also
identified as an independent prognostic parameter.
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Thus, an additional location-specific effect on survival
and/or tumor biology, despite different neurosurgical
accessibility, has to be considered. Therefore, future
investigations should try to further characterize the
obviously site-specific heterogeneity of pediatric HGG
on a molecular genetic basis.
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g pproximately 5% of pediatric brain tumors arise

in the thalamic region."* Usually, these brain
tumors are of glial origin, with up to 50%
showing a high-grade histology.>~® Thalamic gliomas
are not easily accessible for subtotal or total tumor resec-
tion, thereby suggesting a rather unfavorable prognosis.
However, even with significant residual tumor after neu-
rosurgery, children with low-grade thalamic gliomas of
childhood can have a 5-year overall survival (OS) rate
of >80% after additional radiotherapy and/or che-
motherapy.”® Unfortunately, similar outcomes do not
apply to children with high-grade gliomas (HGGs) in
the thalamic region. Although reports of survival among
children with these tumors are scarce and often difficult
to interpret because the studies mix data for adults and
children with low-grade and high-grade gliomas and
with tumors of other locations and non-glial histology,
the overall prognosis appears to be extremely poor,
with only anecdotal long-term survival,'->>¢%10
Thus, in the current study, we further characterized
thalamic HGGs in children and adolescents, with
special emphasis on potential prognostic factors,
thereby investigating whether these tumors represent a
clinically distinct subset of pediatric HGGs clearly
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differing from pontine gliomas on the one hand and
(non-thalamic) supratentorial HGG on the other.

Patients and Methods

Patient Characteristics and Inclusion/Exclusion Criteria

Patient data were obtained from the HIT-GBM data
base of the Brain Tumor Study Group of the Society of
Pediatric Oncology and Hematology in Germany,
Austria, and  Switzerland  (Gesellschaft  fiir
Paediatrische Haematologie und Onkologie [GPOH]).
The HIT-GBM database contains clinical data for all
patients enrolled in the various HIT-GBM trials during
the period 1994-2007.11-14

Our current study used the following inclusion
criteria: (1) histopathological diagnosis of a HGG
(ie, World Health Organization [WHO] grade III ana-
plastic pilocytic astrocytoma, WHO grade III anaplastic
ganglioglioma, pleomorphic xanthoastrocytoma with
anaplasia, WHO grade III anaplastic oligodendro-
glioma/oligoastrocytoma, WHO grade III anaplastic
astrocytoma, WHO grade IV gliosarcoma, WHO
grade IV giant cell glioblastoma, and WHO grade IV
glioblastoma multiforme),'® confirmed by central neuro-
pathological review (The German Brain Tumor
Reference Center, Department of Neuropathology,
University of Bonn, Bonn, Germany); (2) neuroradiolo-
gical diagnosis of a diffuse intrinsic pontine glioma
(DIPG) confirmed by central neuroradiological review
(Department of Neuroradiology, University Hospital
Wuerzburg, Wuerzburg, Germany) and typical clinical
symptoms of brainstem affection;'® and (3) patient age
of 0—17 years at the time of initial diagnosis.

In addition, thalamic HGGs were defined as HGGs
affecting either the thalamus alone (including bithalamic
lesions), thalamus plus adjacent diencephalic/mesence-
phalic structures, or thalamus plus cortical and/or cere-
bellar and/or pontine structures. Pontine gliomas
were defined either as DIPG confirmed by central neu-
roradiological review (thus, also including pontine
tumors without histology or with WHO grade 1T
histology) or as any pontine lesion with an underlying
histopathological diagnosis of HGG confirmed by
central neuropathological review. Non-thalamic supra-
tentorial HGGs (hereafter referred to as supratentorial
HGGs) were defined as any pediatric supratentorial
HGG without thalamic affection. Any HGGs with a
diencephalic or mesencephalic location otherwise not
specified as thalamic or pontine tumor were excluded
from this group.

On the basis of these criteria, we identified 510 pedi-
atric patients; 99 had thalamic HGG, 234 had pontine
gliomas, and 177 had supratentorial HGG. The clinical
and treatment characteristics of these patients are listed
in Tables 1 and 2. Additional information on the compo-
sition of the different groups of pediatric HGGs is given
in Table 3. Informed consent for statistical analyses was
provided by all patients and/or their parents at the time
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of enrolment in the various HIT-GBM trials, in accord-
ance with the Declaration of Helsinki.

HIT-GBM Treatment Protocols

Eligible pediatric patients aged >3 years but <18 years
with HGG and/or DIPG had been enrolled in the
various HIT-GBM trials during the period 1994-2007.
In all of these trials, the best feasible tumor resection
was recommended before the commencement of che-
motherapy and/or radiotherapy. Standard fractionated
radiotherapy (54-59.4 Gy total dose; daily fractions of
1.8 Gy over 6-7 weeks) was also common for all
HIT-GBM trials. In HIT-GBM-A, oral etoposide and tro-
fosfamide were given during radiotherapy and continued
for 1 additional vyear after radiotherapy.!' In
HIT-GBM-B, cisplatin, etoposide, and ifosfamide were
given in 2 cycles concomitantly with radiotherapy, fol-
lowed by intravenous low-dose cyclophosphamide and
subcutaneous interferon-y.'* In HIT-GBM-C, weekly vin-
cristine injections were added to the concomitant
HIT-GBM-B radiochemotherapy. Chemotherapy with
cisplatin, etoposide, ifosfamide, and vincristine was con-
tinued during maintenance treatment.'® The concomitant
radiochemotherapy of HIT-GBM-C was also adopted for
HIT-GBM-D, followed by maintenance therapy with pre-
dnisolone, vincristine, and lomustine (CCNU). The thera-
peutic efficiency of 2 courses of high-dose methotrexate
before radiotherapy was studied for feasibility in a pilot
study (HIT-GBM pilot D)'* and then as a randomized
question in HIT-GBM-D. Children aged <3 years were
treated primarily with surgery and chemotherapy alone,
in accordance with the HIT-SKK chemotherapy protocol
for infant patients with brain tumors.'”

Central neuropathological and central neuroradiolo-
gical reviews were highly recommended in
HIT-GBM-A and HIT-GBM-B and became mandatory
for the HIT-GBM-C and HIT-GBM-D trials.

The extent of tumor resection was determined on the
basis of early postsurgical imaging and/or the neurosur-
gical report. Gross total tumor resection was defined as
100% macroscopic removal of the tumor mass.
Subtotal tumor resection was defined as removal of
<100% but >90% of the tumor mass, and partial
tumor resection was defined as <90% resection.
Biopsies were performed as either open or stereotactic
biopsies without tumor debulking.

Definition of Treatment Response

Complete response (CR) was defined as no radiological
evidence of tumor on contrast-enhanced CT or MRI
scan, with disappearance of multifocal lesions and
tumor cells from the cerebrospinal fluid in cases of disse-
minated disease.

Partial response (PR) was defined as a radiologically
determined (by CT or MRI) decrease in the size of
solid tumor parts by >50%, as determined by the
product of the 2 largest perpendicular diameters and/
or tumor volume, as calculated by using the formula
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Table 1. Clinical characteristics of pediatric high-grade glioma patients with thalamic, pontine, and supratentorial tumors

Characteristic

Thalamic high-grade

Pontine gliomas

Supratentorial high-grade

gliomas gliomas
No. of pediatric patients 99 234 177
Age at diagnosis, years
Median 11.5 8.0 11.7
Mean 10.8 8.6 10.7
Range 0-17.7 1.3-17.9 0-17.9
<11 years 47 (47.5) 170 (72.6) 81 (45.8)
>11 years 52 (52.5) 64 (27.4) 96 (54.2)
Sex
Female 45 (45.5) 104 (44.4) 76 (42.9)
Male 54 (54.5) 130 (55.6) 101 (57.1)
Histological tumor grading
WHO I NA 9 (8.8) NA
WHO llI 67 (67.7) 55 (53.9) 64 (36.2)
WHO IV 32 (32.3) 38 (37.3) 113 (63.8)
No histology NA 132 (56.4% of total)® NA
Histological diagnosis
Astrocytoma Il NA 9 (8.8) NA
Anaplastic ganglioglioma 111 0 1(1) 4 (2.3)
Pleomorphic xanthoastrocytoma with anaplasia 0 0 4(2.3)
Anaplastic pilocytic astrocytoma IlI 3(3) 0 7(4)
Anaplastic oligodendroglioma/oligoastrocytoma Il 3(3) 0 8 (4.5)
Anaplastic astrocytoma Il 61 (61.6) 54 (52.9) 41 (23.1)
Gliosarcoma IV 1(1) 0 4 (2.3)
Giant cell glioblastoma IV 1(1) 1(1) 14 (7.8)
Glioblastoma multiforme IV 30 (30.3) 37 (36.3) 95 (53.7)
No histology NA 132 (56.4% of total)* NA
Secondary high-grade glioma
Yes 5(5.6) 2(0.9) 13 (7.9)
No 84 (94.4) 211 (99.1) 151 (92.1)
Unknown 5 (5.1% of total)? 21 (9% of total)? 13 (7.3% of total)?

Tumor-predisposing syndromes
Yes
No
Unknown
Syndrome

Primary metastases
Yes
No
Unknown

22.1)
95 (97.9)
2 (2% of total)?
NF1 (n=2)

6 (6.4)
88(93.6)
5 (5.1% of total)®

2(0.9)
226 (99.1)
6 (2.6% of total)?
NF1 (n=1)
Li Fraumeni (n = 1)

3(1.4)
217 (98.6)
14 (6% of total)®

7 (4.1)
164 (95.9)
6 (3.4% of total)®
NF1 (n = 5)
Li Fraumeni (n = 1)
Turcot (n=1)

13 (7.7)
155 (92.3)
9 (5.1 of total)®

Data are no. (%) of patients, unless otherwise indicated. NA indicates not applicable; NF1 indicates neurofibromatosis type 1, WHO

indicates World Health Organization.

Each percentage of unknown data sets always refers for comparison reasons to the total patient numbers of each group (100%).

axial x coronal x sagittal/2 (referring to the largest
diameters). If the tumor consisted of solid and cystic
parts, both parts were evaluated separately. In dissemi-
nated disease, the distant tumor lesions showed either
a reduction in size or a stable appearance, and no new

tumor lesions were detectable.

Stable disease was defined as a radiologically deter-
mined decrease in the size of solid tumor parts by
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<50% or an increase of <20%, determined as described
above for PR. In disseminated disease, the distant tumor
lesions showed no progression of >20%, and no new
tumor lesions were detectable.

Progressive disease was defined as a radiologically

determined increase in the size of solid tumor parts by

>20% (determined as described above for PR) and/or
the development of new tumor lesions.



Table 2. Treatment characteristics of pediatric patients with
thalamic, pontine, and supratentorial high-grade gliomas

Characteristic No. (%) of patients

Thalamic  Pontine  Supratentorial
high-grade  glioma high-grade
glioma glioma
Extent of surgical
resection
Gross total tumor 0 0 68 (38.4)
resection
Subtotal tumor 19 (19.2) 10 (4.2) 36 (20.3)
resection
Partial tumor 3131.3) 219 44 (24.9)
resection
Biopsy/no tumor 49 (49.5) 203 (86.8) 29 (16.6)
surgery
Radiotherapy
Yes 95 (96) 218 (93.2) 157 (88.7)
No 4. (4) 16 (6.8) 20 (11.3)
Chemotherapy
No 1(1) 22 (9.4) 10 (5.6)
HIT-GBM-A 1(1) 14 (6) 11 (6.2)
HIT-GBM-B 7(7.1) 26 (11.1) 13 (7.3)
HIT-GBM-C 26 (26.3) 54 (23.1) 37 (20.9)
HIT-GBM-D 53 (53.5) 83 (35.5) 71 (40.1)
Other chemotherapy 11 (11.1) 29 (12.4) 35(19.9)

Table 3. Composition of the different pediatric high-grade
glioma groups with regard to tumor extension (thalamic group),
diagnostic verification (pontine group), or affected sites
(supratentorial group)

Group No. (%) of
patients
Thalamic high-grade gliomas (n = 99)
Thalamus alone (including bithalamic lesions) 31 (31.3)
Thalamus plus adjacent diencephalic/ 38 (38.4)
mesencephalic structures
Thalamus plus cortical and/or cerebellar and/ 30 (30.3)
or pontine structures
Pontine gliomas (n = 234)
Diffuse intrinsic pontine glioma confirmed by 168 (71.8)
neuroradiological review
Brainstem high-grade glioma confirmed by 66 (28.2)
neuropathological review
Supratentorial high-grade gliomas (n = 177)
Predominantly cortical lesions 156 (88.1)
Non-cortical supratentorial lesions 21 (11.9)

Statistical Analysis

Statistical analysis was retrospectively performed using
the SPSS statistical package (SPSS Inc). OS and event-
free (EFS) survival were determined by Kaplan-Meier
analysis and log-rank testing. An event was defined as
tumor relapse or progression, occurrence of a secondary
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malignancy, or death due to any cause. Thalamic and
supratentorial HGG and pontine gliomas were all
defined by the following parameters: histological
tumor grading (WHO grade III or WHO grade IV),
sex (male vs female), age at diagnosis (<11 vs >11
years), and extent of tumor resection (total resection,
subtotal resection, partial resection, or biopsy and no
resection). Furthermore, thalamic HGGs were also
characterized by initial/postsurgical and week 8 tumor
size (largest tumor diameter and/or tumor volume), as
well as by evaluation of treatment response at week 8
and patterns of relapsed or progressive disease (only
local relapse or progression and/or secondary
metastases).

The prognostic relevance regarding EFS and OS of the
different pediatric HGG groups was compared for the
subgroups of age, grading, sex, tumor location, and
extent of tumor resection, as defined above. The survival
analysis was completed for each histological subtype by
a Cox regression analysis for the same subgroups, with
the exception that “extent of tumor resection” was
characterized by the parameters “tumor resection” and
“no tumor resection.” To compare the epidemiological
distribution of disease and treatment characteristics
between the different HGG groups, we performed the
2-sided chi-square test to determine significant differ-
ences regarding sex ratio, distribution of grade III and
IV tumors, age <11 versus >11 years, tumor resection,
primary metastases, predisposing tumor syndromes, and
secondary HGG.

For all statistical analyses, the significance level was
set at P < .0S.

Results

Clinical Characteristics and Prognostic Factors of
Pediatric Thalamic HGG

Clinical and histological characteristics of the pediatric
thalamic HGGs in this study are listed in Tables 1 and
3. Common initial symptoms of patients involved signs
of increased intracranial pressure, motor weakness
(including hemiparesis), and gait disturbance. The
median duration of symptoms until tumor diagnosis
was only 1.3 months.

Gross total tumor resection could not be achieved in
any patient. Subtotal and partial tumor resection were
performed in only ~50% of patients but implied signifi-
cantly better 5-year EFS and OS than did tumor biopsy
(Tables 2 and 4). There were no significant differences
in frequencies of subtotal or partial tumor resection
between the different subgroups of pediatric thalamic
HGGs affecting either thalamus alone or extending
into the different adjacent structures (Table 5).

Treatment response evaluation at week 8 showed sig-
nificantly better OS and EFS for patients with CR after
radiotherapy (Fig. 1 and Table 4). This was in concor-
dance with the observation that a lower residual tumor
volume at week 8 resulted in a significantly prolonged
EFS (Table 4).
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Table 4. Clinical characteristics of pediatric thalamic high-grade gliomas

Characteristic Value Event-free survival Overall survival
5-year EFS P? 5-year OS P?
% +SD % +SD
Tumor extension NS NS
Thalamus alone (including bithalamic lesions) 31 73+5 74+5
Thalamus plus adjacent diencephalic/mesencephalic =38 54+37 6.9+59
structures
Thalamus plus cortical and/or cerebellar and/or pontine n=30 103 +5.7 159+7.7
structures
Extent of surgical resection .0479 .0272
Tumor resection n =50 104+ 4.6 13.6 +5.9
No tumor resection n=149 42429 92+4.6
Grading NS .0462
WHO Il n==67 .8+ 3. 14.6 + 5.6
WHO IV n=32 32+32 3.8+3.8
Sex NS NS
Male n=45 25+24 6+4
Female n=>54 11.6 +4.9 173+ 6.3
Age at diagnosis NS NS
<11 years n=47 6.8 + 6.8 +3.8
>11 years n=>52 6.5+ 3 6.5+ 3.9
Initial /postsurgical tumor size
Maximum tumor diameter n=2384
Range 0.6-8.9cm
Mean 4.3 cm
<4.3 cm (mean) n=42 +45 NS 87 +5.2 NS
>4.3 cm (mean) n=42 5+45 80+5
Tumor volume n=>51
Range 0.3-224.3cm?
Mean 36.3cm?
<36.3 cm® (mean) n=25 122+77 NS 9.7 +83 NS
>36.3 cm® (mean) n=26 39+38
Tumor volume at week 8 (after radiotherapy)
Maximum tumor diameter n=>53
Range 0.3-8.0cm
Mean 4.0cm
<4.0 cm (mean) n=25 63+5 NS NS
>4.0 cm (mean) n=28 3.6+ 43+4+4.2
Tumor volume n=41
Range 0-195.4 cm?
Mean 22.1cm?
<22.1 cm?® (mean) n=20 14.2 + 8.5 .0263 142 +115 NS
>22.1 ¢cm® (mean) n=21 0 0
Response at week 8 (after radiotherapy) < .0001 NS
CR =7 429 +18.7 50.0 + 20.4
PD n=10 0 0
PR n=30 10.0 + 4.5 20.0 +12.6
SD n=43 7.0+3.9 153+ 6.7
Unknown n=9 0 0
Pattern of relapsed/progressive disease NS NS
Only local relapse/progression n=72 8.8+35 14.7 £ 5.1
Continued
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Table 4. Continued

Kramm et al.: Pediatric thalamic high-grade gliomas

Characteristic Value Event-free survival Overall survival
5-year EFS P 5-year OS P
% +SD % +SD
With or without secondary metastases n=27 374+36 0
Cerebrospinal fluid/leptomeningeal metastases n=18
intracerebral metastases n==6
Cerebrospinal fluid/leptomeningeal and intracerebral n=3
metastases
Cox regression analysis NA NA NA
Tumor extension NS NS
Tumor resection .015 .002
Grading .013 .009
Sex NS NS
Age NS NS
Response at week 8 .001 NS

CR indicates complete response; EFS indicates event-free survival; NA indicates not applicable; NS indicates not significant; OS indicates
overall survival; PD indicates progressive disease; PR indicates partial response; SD indicates stable disease.

“Determined by log-rank test.

Table 5. Tumor surgery in relation to extension of pediatric
thalamic high-grade gliomas

Characteristic No. (%) of patients

Subtotal Partial Biopsy
resection resection
Thalamus alone 5(16) 11 (36) 15 (48)
Thalamus plus adjacent 10 (26) 14 (37) 14 (37)
diencephalic/
mesencephalic structures
Thalamus plus cortical and/or 4 (13) 6 (20) 20 (67)

cerebellar and/or pontine
structures

There were no significant differences between the different
extents of surgery as determined by the chi-square test.

Patients with WHO grade III thalamic HGG also
demonstrated a significantly prolonged OS but not EFS
(Table 4).

Other parameters such as tumor extension, initial/
postsurgical tumor size (largest tumor diameter and/or
tumor volume), patterns of relapsed/progressive
disease (only local relapse/progression and/or second-
ary metastases), age, and sex did not result in any signifi-
cant differences in EFS or OS in univariate analyses
(Table 4).

By multivariate Cox regression analysis, histological
grading and tumor resection were both identified as
independent prognostic factors for EFS and OS, with
tumor response at week 8 being a factor only for EFS
(Table 4).

Comparison of Thalamic HGGs with Supratentorial
HGGs or Pontine Gliomas

Considering the distribution of clinical parameters and
tumor characteristics, it appeared that thalamic and

supratentorial HGGs share a similar mean/median
patient age at diagnosis, percentage of secondary HGG,
presence of a tumor predisposing syndrome, and
primary metastases at time of diagnosis (Tables 1 and
6). However, significant differences were found regarding
the frequency of total tumor resection and biopsy or no
surgery (no total tumor resection, but 49.5% tumor
biopsy only in thalamic HGG versus 38.4% total tumor
resection and 16.6% tumor biopsy in supratentorial
HGG; Tables 2 and 6). Furthermore, the distribution of
WHO grade III and IV gliomas was reversed between
thalamic and supratentorial HGGs in our pediatric
series: although approximately two-thirds of thalamic
HGGs showed a grade III histology and one-third
showed a grade IV histology, for supratentorial HGGs,
nearly two-thirds were grade IV, and slightly more than
one-third were grade III tumors (Tables 1 and 6).

When we compared thalamic HGGs and pontine
gliomas, we found significant differences in the mean
patient age at diagnosis and the percentage of secondary
HGGs and primary metastases (Tables 1 and 6).
However, the distributions of grade III and IV tumors
were similar in the 2 subpopulations.

Regarding survival, thalamic and supratentorial
HGGs showed significantly different EFS and OS;
thalamic HGG and pontine gliomas differed signifi-
cantly with regard to OS but not EFS (Fig. 2 and
Table 6).

The mean OS rates (+ standard deviation) at 1, 2,
and §5 years differed between the 3 patient subgroups.
The 1-year OS rates were 53.8% + 5.2% for thalamic,
46.9% + 3.4% for pontine, and 76.6% + 3.3% for
supratentorial HGGs. The 2-year OS rates were
20.7% + 4.4% for thalamic, 13.8% +2.5% for
pontine, and 51.5% 4 4.1% for supratentorial HGGs.
The 5-year OS rates were 10.8% + 3.8% for thalamic,
1.7% 4+ 1.1% for pontine, and 31.8% + 4.6% for
supratentorial HGGs.
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—— Complete response (CR) week 8 (n=7)
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Fig. 1. Kaplan-Meier analysis of event-free survival (A) and overall survival (B) in pediatric patients with thalamic high-grade gliomas, with
respect to their treatment response evaluation at week 8. Differences between the various subgroups were significant for the comparison of
event-free survival between the patient group with complete response (CR) versus the one with progressive disease (PD), the one with PD
versus the one with partial response (PR), and the one with PD versus the one with stable disease (SD). There was also a significant difference
for the comparison of overall survival between the patient group with CR versus the one with PD.

In contrast, EFS rates between thalamic HGG and
pontine gliomas seemed quite similar for the first year
but also appeared to differ more over time; EFS in supra-
tentorial HGG differed at all time points from EFS in
thalamic HGG or pontine gliomas. The 1-year EFS
rates were 18.2% + 4% for thalamic, 17.3% + 2.6%
for pontine, and 46.8% + 3.9% for supratentorial
HGGs. The 2-year EFS rates were 8.3% 4+ 2.9% for
thalamic, 5.0% + 1.5% for pontine, and 29.9% +
3.6% for supratentorial HGGs. The 5-year EFS rates
were 6.9% + 2.7% for thalamic, 1.1% + 0.8% for
pontine, and 23.3% + 3.7% for supratentorial HGGs.

Subgroup analysis of EFS revealed significant differ-
ences between thalamic and supratentorial HGGs in
nearly all subgroups investigated (“partial tumor resec-
tion,” “biopsy only/no tumor surgery,” “WHO III
tumors,” “WHO IV tumors,” “male patients,”
“female patients,” “age at diagnosis <11 years,” “age
at diagnosis >11 years”); only the subgroup of patients
who underwent subtotal tumor resection showed a
similar EFS (Table 6).

In contrast, there were no significant differences in
EFS between the different subgroups of thalamic
HGGs and pontine gliomas.

Subgroup analysis of OS showed a more complex
pattern: although thalamic and supratentorial HGG
had almost no significant differences in OS between
the various neurosurgical subgroups with a different
extent of tumor resection (with the exception of partial
resection), the subgroups “WHO III tumors,” “WHO
IV tumors,” “male patients,” “female patients,” “age
at diagnosis <11 years,” and “age at diagnosis >11
years” had a significantly longer OS among patients
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with supratentorial HGGs than those with thalamic
HGG (Table 6). When we compared OS in thalamic
HGG and pontine gliomas, we found that female
patients and patients with a grade III tumor had a
longer duration of survival in the thalamic group than
in the pontine group; all other subgroups had similar
OS (Table 6).

Multivariate Cox regression analysis revealed that
tumor resection was the only identifiable independent
prognostic factor for EFS and OS between thalamic
HGG and pontine gliomas, whereas “tumor site” (EFS
and OS), “tumor resection” (EFS and OS), “tumor
grading” (EFS and OS), and “sex” (only OS) were all
independent prognostic factors for survival between
thalamic and supratentorial HGGs; “age” was not a
prognostic factor in any of the analyses.

Discussion

HGGs in children represent a nonhomogenous group of
glial tumors characterized by WHO grade III or IV his-
tology and/or an unfavorable clinical outcome.
Pediatric HGGs of the thalamic region account for up
to 13% of pediatric HGGs'® and are associated with
only anecdotal long-term survival, supposedly owing
to the fact that these tumors are not completely resect-
able."*>%%19 However, pediatric thalamic HGGs are
not very well characterized in general, because reports
are very scarce and often unspecific. Thus, the current
study aimed at further characterizing pediatric thalamic
HGGs and also investigated whether thalamic HGG
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Table 6. Comparison of clinical characteristics of thalamic high-grade gliomas (HGGs) with supratentorial HGGs or pontine gliomas in

pediatric patients

Distribution Event-free survival Overall survival
Thalamic vs Thalamic vs Thalamic vs Thalamic vs Thalamic vs. Thalamic vs
pontine supratentorial pontine supratentorial pontine supratentorial
Total population NA NA NS <.0001 .0079 <.0001
Extent of NA
surgery
Total <.001? NA NA NA NA
Subtotal NS* NS NS NS NS
Partial NS? NS L0131 NS .0499
Biopsy/no <.001* NS .0357 NS NS
surgery
Grading NS? <.001*
WHO Il NS <.0001 .0133 <.0001
WHO IV NS .0031 NS .0035
Sex NS? NS?
Male NS <.0001 NS .0003
Female NS .0002 .0141 .0028
Age at diagnosis
Mean <.001° NS® NA NA NA NA
<11 years NS? NS? NS .0001 NS .0016
>11 years NS .0045 NS .006
Secondary HGG .014% NS? NA NA NA NA
Tumor NS* NS? NA NA NA NA
syndrome
Primary .015% NS# NA NA NA NA
metastasis
Cox regression NA NA
analysis
Tumor site NS <.001 NS <.001
Tumor .016 <.001 .007 <.001
resection
Grading NS <.001 NS <.001
Sex NS NS NS .035
Age NS NS NS NS

NA indicates not applicable; NS indicates not significant; pontine indicates pediatric pontine gliomas; supratentorial indicates pediatric

supratentorial HGGs; thalamic indicates pediatric HGG.

Statistical significance was determined by the two-sided chi-square test (a) or by Student's t-test (b). All other testing for statistical

significance was performed by using the log rank test.

may represent a distinct clinical subset in comparison
with supratentorial and pontine HGGs in children.

The HIT-GBM database'®'” was screened for pedi-
atric patients with thalamic, supratentorial, and
pontine HGGs. Definitions of the different subsets of
pediatric HGGs are given in Table 3. To compare
clearly defined clinical subsets, we excluded HGGs that
affected only basal ganglia and/or midbrain without
thalamic involvement and that may also imply a
poorer prognosis.”’ This was in concordance with pre-
vious studies of thalamic tumors that even excluded all
tumors that may have arisen from other structures and
only subsequently invaded the thalamus.>” Because, in
many of our cases, it was difficult to determine
whether the main tumor bulk had arisen from the thala-
mus or adjacent structures, all tumors that affected the
thalamus were included in the present study, with the

exception of confirmed DIPG obviously secondarily
affecting the thalamus.

In our study, we found no significant differences in
survival rates between pediatric patients with HGGs
affecting the thalamus alone, thalamus plus adjacent
diencephalic/mesencephalic = structures, or thalamus
plus cortical and/or cerebellar and/or pontine structures
(Table 4). These findings suggest that all pediatric HGGs
affecting either thalamus alone or thalamus and adjacent
structures do not represent different clinical entities or
imply a different clinical outcome.

Although gross total tumor resection could not be
achieved in any patient with thalamic HGG, tumor
resection had an independent prognostic significance
regarding EFS and OS, as shown by Kaplan-Meier and
multivariate Cox regression analyses. This finding is in
contrast to that of a previous study in which the extent
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Fig. 2. Kaplan-Meier analysis of event-free survival (A) and overall survival (B) in pediatric patients with thalamic, pontine, and
(nonthalamic) supratentorial high-grade gliomas (HGGs). Differences between the various subgroups were all significant, except for the
comparison of event-free survival between the thalamic and pontine HGGs.

of surgical resection did not affect progression-free sur-
vival of pediatric patients with thalamic HGG.?
Interestingly, the positive effect of tumor resection on
survival seems to represent a more complex treatment
situation than just tumor debulking (ie, reduction of
tumor size alone), because initial/postsurgical tumor
size could not be shown as a prognostic factor itself
(Table 4). In addition, there was also no significant cor-
relation between the observed frequencies of tumor
resection and affection of either thalamus alone and/or
adjacent structures (Table 5).

Regarding the possible role of additional treatment
strategies for pediatric thalamic HGG, the statistical
evaluation of radiological treatment response at week
8 (ie, after radiotherapy and, in most cases, concomitant
with chemotherapy) produced interesting results. There
was a significantly prolonged EFS in all patients with
some treatment response (CR, PR, or stable disease)
(Fig. 1). This finding was in concordance with the obser-
vation that a lower residual tumor volume at week 8
resulted in a significantly prolonged EFS (Table 4).
Furthermore, the small number of patients (z = 7) who
were in CR at week 8 (Fig. 1) showed an impressive
S-year OS (mean +SD 42.9% =+ 18.7%). Because no
patient had started radiotherapy and/or chemotherapy
in CR (no gross total tumor resection), these patients
appeared to have an additional benefit from radio-
therapy and/or chemotherapy. Future studies will have
to confirm this interesting finding. Nevertheless, in our
patient series, treatment response at week 8 was an
independent prognostic factor for EFS, as shown by
multivariate Cox regression analysis (Table 4).

Comparing the clinical characteristics and potential
prognostic parameters of pediatric thalamic HGGs
with pediatric supratentorial HGGs and pediatric
pontine gliomas, the current study showed that thalamic
and pontine HGGs do share more similarities than
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thalamic and supratentorial HGGs, as shown schemati-
cally in Table 6. However, there were also still significant
clinical differences between thalamic and pontine
HGG—for example, the different mean age at diagnosis
(11.5 vs 8.0 years) and the different long-term OS (mean
S-year OS rate +SD, 10.8% + 3.8% vs 1.7% + 1.1%).
Thus, all results strongly suggest that thalamic HGG
may represent a clinically distinct subgroup of pediatric
HGG, with defined clinical differences from both supra-
tentorial and pontine pediatric HGG.

The varying extent of tumor resection in the different
tumor localizations may play some role in explaining the
different clinical outcomes between thalamic, pontine,
and supratentorial HGGs in pediatric patients. By multi-
variate Cox regression analyses, the effect of tumor
resection showed an independent prognostic value
between thalamic and pontine HGGs and between thal-
amic and supratentorial HGGs.

Because the tumor site itself was also identified as an
independent prognostic parameter, at least between thal-
amic and supratentorial HGGs, any detailed expla-
nation for the observed clinical differences might have
to go beyond the pure differences in neurosurgical acces-
sibility in the different tumor localizations. Varying
tumor biology may also explain clinical differences
between the investigated tumor sites. This hypothesis is
supported by growing evidence that pediatric DIPG
and pediatric supratentorial HGGs have clearly distinct
molecular genetic signatures, suggesting that the clinical
differences between these HGG populations might
indeed be based on different tumor biologies.
Furthermore, limited data from adult patients with glio-
blastoma multiforme (GBM) suggest that thalamic GBM
might show a distinct molecular genetic profile, with
TP53 mutations and lack of EGFR amplifications other-
wise found predominantly in tumor subsets of secondary
and younger adult GBM patients.*'



Unfortunately, similar findings are not yet available
for a representative number of clearly defined pediatric
thalamic HGGs. Thus, no comparison with other clini-
cal subsets of pediatric HGGs is yet possible. Future
investigations should therefore focus on this interesting
issue to further characterize the obviously site-specific
heterogeneity of pediatric HGG on a molecular genetic
basis.
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