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Abstract
Introduction  Adult brainstem gliomas (BSGs) are rare central nervous system tumours characterized by a highly heterogene-
ous clinical course. Median survival times range from 11 to 84 months. Beyond surgery, no treatment standard has been estab-
lished. We investigated clinical and radiological data to assess prognostic features providing support for treatment decisions.
Methods  34 BSG patients treated between 2000 and 2019 and aged ≥ 18 years at the time of diagnosis were retrospectively 
identified from the databases of the two largest Austrian Neuro-Oncology centres. Clinical data including baseline charac-
teristics, clinical disease course, applied therapies, the outcome as well as neuroradiological and neuropathological findings 
were gathered and analysed. The tumour apparent diffusion coefficient (ADC), volumetry of contrast-enhancing and non-
contrast-enhancing lesions were determined on magnetic resonance imaging scans performed at diagnosis.
Results  The median age at diagnosis was 38.5 years (range 18–71 years). Tumour progression occurred in 26/34 (76.5%) 
patients after a median follow up time of 19 months (range 0.9–236.2). Median overall survival (OS) and progression-free 
survival (PFS) was 24.1 months (range 0.9–236.2; 95% CI 18.1–30.1) and 14.5 months (range 0.7–178.5; 95% CI 5.1–23.9), 
respectively. Low-performance status, high body mass index (BMI) at diagnosis and WHO grading were associated with 
shorter PFS and OS at univariate analysis (p < 0.05, log rank test, respectively). ADC values below the median were signifi-
cantly associated with shorter OS (14.9 vs 44.2 months, p = 0.018).
Conclusion  ECOG, BMI, WHO grade and ADC values were associated with the survival prognosis of BSG patients and 
should be included in the prognostic assessment.
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Introduction

Brainstem gliomas (BSGs) are rare primary tumours of 
the central nervous system (CNS) in adults accounting 
only for 1–2% of all primary malignant CNS tumours. In 
contrast, BSGs are a more common tumour entity in pae-
diatric patients accounting for 10–20% of all brain tumours 
in children with a peak age of 7–9 years [1–3].

BSGs are characterized by a heterogeneous progno-
sis with survival times ranging from 1 month to 7 years, 
resulting in median overall survival (mOS) time of 
30–40 months and 5-years survival rates of 45–58% [4–7]. 
Unlike other tumour entities in children which tend to have 
better clinical outcomes than adults, those suffering from 
BSG clinically present homogeneously with quite short 
mOS rates. The mOS in paediatric BSG ranges from 10 to 
12 months with a 5-years survival rate < 5% [8]. Therefore, 
prognostic assessment is crucial to provide the basis for 
treatment decisions in this incurable disease. Importantly, 
treatment modalities have to be chosen with caution due 
to their localisation to avoid collateral damage resulting 
from local therapies like radiation or surgery worsening 
the clinical condition of the patient. Previously, BSGs have 
been classified according to various aspects including clin-
icopathologic characteristics, radiographic appearance, 
tumour location, histologic grading and molecular profil-
ing. In the following, we analysed a cohort from two large 
tertiary care centres and reviewed the current literature on 
prognostic parameters in BSG.

Pathological prognostic factors in brainstem glioma

BSGs categorization is performed by neuropathological 
grading (II–IV) according to the World Health Organiza-
tion (WHO). Thereof, WHO grade II gliomas amount to 
the majority of BSG in adults (70%) compared to their 
paediatric counterpart, in which reversely WHO Grade 
IV glioma are more common (50–60%) [9]. Tumour grad-
ing (WHO II–IV) significantly impacts clinical outcomes 
in adult BSGs as overall survival (OS) rates decline with 
increasing tumour grade. The latter was specified as an 
independent prognostic factor in several multivariate anal-
ysis [5, 6, 10–12].

Established molecular biomarkers in supratentorial 
glioma, such as IDH-1 mutation and the loss of heterozy-
gosity of 1p19q (LOH 1p19q) are of high importance in 
the diagnostic and prognostic assessment [4]. Of note, in 
contrast to WHO II and III supratentorial glial tumours, 
IDH-1 mutations are suggested to be less common in 
infratentorial gliomas, even in lower grades (WHO II and 
III 8%) and LOH 1p19q is almost absent [4, 13]. H3K27m 

mutation in histone 3 is an important diagnostic and prog-
nostic molecular marker introduced by the WHO classifi-
cation of 2016 [14]. Its presence defines a distinct tumour 
entity called “diffuse midline glioma”. Gliomas harbour-
ing this mutation are graded automatically as WHO grade 
IV tumours and are associated with a poor prognosis. 
Among adult BSGs, H3K27M mutation was reported as an 
independent negative prognostic factor (hazard ratio = 3, 
95% confidence interval 1.57–5.74) [15].

To further characterize BSGs based on molecular altera-
tions a recent series investigated different methylation pat-
terns in paediatric and adult BSGs [16]. In line with previous 
attempts in neuro-oncology utilizing methylation charac-
teristics to refine the diagnostic and prognostic discrimi-
nation, four distinct subgroups based on the methylation 
profile could be defined. These clusters termed H3-Pons, 
H3-Medulla, IDH and PA-like displayed differences in clini-
cal outcome and genomic profiles. Methylation patterns of 
H3-Pons and H3-Medulla correlated with tumour localiza-
tion within the pons or medulla, respectively.

Clinical prognostic parameters in brainstem glioma

Higher age ( ≥ 40 years) is associated with worse clinical 
outcome [5, 6, 10], probably attributed to a higher preva-
lence of high-grade lesions (WHO grade III and IV) in this 
age group compared to younger patients [6, 17].

A lower Karnofsky Performance Scale (KPS ≤ 70), a 
duration of symptoms < 3 months and non-Caucasian eth-
nicity were stated as an unfavourable prognostic factor in 
several trials as well [5, 6, 10, 17]. A recently published 
study illustrated an association of direct involvement of cra-
nial nerve V with poor prognosis [18].

Radiological prognostic factors

Considering radiological factors, BSGs are defined as 
lesions primarily originating in the brainstem, whereof these 
tumours are most frequently located in the pons (60%), fol-
lowed by medulla oblongata (25%) and midbrain (12–15%) 
[4, 6]. The presence of contrast enhancement or necrosis on 
magnetic resonance imaging (MRI) were associated with 
significantly decreased survival rates [6, 10, 19].

Apparent diffusion coefficient (ADC) values are derived 
from diffusion-weighted tensor imaging (DWI). Several 
studies reported an inverse correlation between ADC val-
ues and tumour cellularity in gliomas, serving as an indica-
tor of tumour cell density and proliferative potential [20, 
21]. Thus, quantitative ADC measurements may be used 
to discriminate between high and low-grade lesions and to 
predict patients’ outcome [22, 23]. Series of glioma and 
meningioma reported an association of higher ADC values 
with better outcome data and vice versa [24–26].
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Treatment of brainstem glioma

Treatment of BSGs is challenging due to the so far limited 
evidence mainly based on retrospective case series. Prospec-
tive clinical trials dedicated only to BSGs do not exist. In 
clinical practice, treatment decisions are made in multidis-
ciplinary tumour boards on an individual basis as no inter-
national treatment guidelines for BSGs exist.

Maximal safe tumour resection is the first treatment 
approach as the extent of tumour resection is one of the 
most important favourable prognostic factor in supratentorial 
gliomas, however, this approach is not feasible in BSGs [27]. 
Almost no significant reduction of a tumour mass can be 
achieved in the brainstem due to its composition of eloquent 
areas. At best, a stereotactic biopsy of brainstem tumours 
is feasible by which a definite neuropathological diagnosis 
can be attained in over 95%. The procedure is stated to be 
safe with low complication rates resulting in persistent dis-
ability and mortality at 1.7% and 0.9% respectively [28]. 
However, the material available from stereotactic biopsies 
is diagnostically challenging as heterogeneity of the tumour 
is not displayed and due to the small amount of material 
additional molecular work up is complicated or restricted.

Radiation therapy is suggested as first-line therapy in 
adult BSGs, but ambiguity exists regarding the appropri-
ate irradiation dosage and timing of therapy initiation [10, 
17, 29, 30]. According to existing guidelines, radiotherapy 
should start within 3–5 weeks after surgery/diagnosis with 
a commonly administered dosage of 50–60 Gy in 1.8–2 Gy 
daily fractions [31]. Treatment-related toxicities include 
radiation necrosis, hydrocephalus due to aqueduct steno-
sis, neurovascular compromise, neuroendocrine deficiency 
and permanent or transient neurological deficits [32]. In 
BSGs the role of hypofractionated or proton therapy with 
the potential advantage to spare structures at higher risk of 
toxicity from radiotherapy is unknown [31].

Treatment options beyond radiotherapy including chemo-
therapy are not established. Recently, a study by Panagiotis 
et al. addressed the role of chemotherapy in combination 
with radiotherapy in high-grade adult BSGs (WHO III, IV). 
The results indicated that the addition of chemotherapy to 
irradiation has a significant positive impact on outcome 
among WHO grade IV tumours, but not clearly among 
WHO III tumours [33]. Another retrospective single-arm 
institutional series of adult BSGs demonstrated a survival 
benefit for patients with WHO grade III and IV tumours 
treated in accordance with combined radiochemotherapy fol-
lowed by adjuvant treatment with temozolomide compared 
to patients receiving radiation therapy alone [4]. Of note, 
in H3-K27M-mutant diffuse midline glioma WHO grade 
IV, the MGMT (O6-methylguanine–DNA methyltrans-
ferase) promotor as an established prognostic and predictive 

biomarker is usually unmethylated indicating less efficacy of 
alkylating chemotherapy.

The efficacy of antiangiogenic therapies such as bevaci-
zumab is unclear due to the paucity of evidence but might 
be a therapy strategy for progressive BSGs showing malig-
nant features on MRI. A reduction of tumour volume and 
improved or maintained KPS after bevacizumab adminis-
tration was reported in case series and case reports. Impor-
tantly, these patients received other therapies additionally, 
which lowers the probability of a single effect of this agent 
[34–36].

Materials and methods

Patients and data collection

In this study, 34 adult patients (≥ 18 years) with BSGs 
treated at two neurooncological centres in Austria between 
2000 and 2019 were included. For inclusion in this study, 
primary tumour location in the brainstem (midbrain, pons 
and/or medulla oblongata) at initial diagnosis was manda-
tory. Other infratentorial located tumours, which affected 
dominantly the spinal cord or the cerebellum, or supraten-
torial tumours with secondary infiltration of the brainstem 
were excluded. Tumours with components at multifo-
cal regions of the brain, which one of whom sited in the 
brainstem was one more exclusion criterion. Ependymoma, 
medulloblastoma and pilocytic astrocytoma were excluded 
due to their distinct tumour biology.

Clinical data comprised the baseline characteristics of 
the patients (sex, age at diagnosis, BMI), lesion location, 
symptoms at initial diagnosis, the clinical course of the 
disease, neuroimaging, neuropathologic diagnosis, applied 
treatments including dosage and timing in the first-line set-
ting and at recurrence and clinical outcome. Highly symp-
tomatic disease was defined by the presence of at least two 
symptoms.

MRI sequences were acquired at two different sites with a 
1.5 or 3 Tesla MRI scanner. MR imaging protocols included 
non-contrast-enhanced and contrast-enhanced T1-weighted 
images, T2-weighted images and fluid-attenuated inversion 
recovery (FLAIR) sequences in all cases. Diffusion-weighted 
images were available in 29 patients at initial diagnosis. 
The non-contrast-enhanced and contrast-enhanced tumour 
volume was manually assessed on Flair MR sequences and 
T1-weighted MR contrast-enhanced sequences, respectively, 
by two radiologists using the open-source segmentation soft-
ware ITK-SNAP (version 3.6.0). To obtain the ADC values, 
tumour regions of interest (ROI) were manually drawn, at 
each imaging slice, and the minimum (lowest) ADC value 
of each patient was used for further analysis.
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Progression-free survival (PFS) was defined as the period 
from the date of diagnosis, determined by date of the first 
MRI showing a brainstem tumour, until radiological pro-
gression defined by RANO-criteria and respectively overall 
survival (OS) until death or last follow up.

Patient data were collected in a password-secured data-
base (FileMaker Pro® Advanced 17, FileMaker Inc., Santa 
Clara, CA, USA) and were handled anonymously. The local 
ethic committees of the participating institutions enrolling 
patients (Vienna, Linz) approved the study (protocol num-
bers 1166/2019 and 1274/2019).

Statistical analysis

Descriptive analysis was performed to illustrate the 
patients clinical and tumour related characteristics. The 
Kaplan–Meier method was conducted to estimate OS and 
PFS.

Survival curves among analysed subgroups were com-
pared with the log-rank test. Univariate analyses of different 
variables were received with 95% confidence intervals (CIs). 
A p value ≤ 0.05 was considered significant. All statistical 
analyses were computed using IBM SPSS (Version 15).

Results

Patients’ characteristics

The median age at initial diagnosis was 38.5 years (range 
18–71 years). 16/34 patients (47.1%) were female, 18/34 
were male (52.9%), resulting in a female-to-male ratio of 
1:1.125. The median BMI of the patients was 25.6 kg/m2 
(range 17.4–38.1). More details of patients’ characteristics 
are summarized in Table 1.

Clinical presentation

Median KPS at diagnosis was 80% (range 50–100%), median 
ECOG was 1 (range 0–2). Clinical symptoms at presentation 
pre-surgical included motor deficits (14/34, 41.2%), sensory 
symptoms (13/24, 38.2%) and headache (12/34, 35.3%), 
followed by diplopia (10/34, 29.4%), ataxia 8/34 (23.5%), 
symptoms of elevated intracranial pressure (4/34, 11.8%), 
neuropsychological deficits (3/34, 8.8%), visual disturbances 
(2/34, 5.9%) and dysarthria (1/34, 2.9%) (Fig. 1).

The majority of patients showed a combination of symp-
toms. The median number of symptoms at initial presen-
tation was 2 (range 0–4). 30 patients (88.2%) presented 
simultaneously with two or more symptoms at first diagno-
sis. Notably, in one patient (2.9%) diagnosis of brainstem 
glioma was an incidental finding.

Pathology characteristics

4 (11.8%) patients were classified to have a WHO grade II, 
14 (41.2%) a WHO III and 9 (26.5%) a WHO IV tumour. 
Molecular workup was not possible in all cases due to low 
or missing tumour tissue. H3K27M-mutation was available 
in 8/27 (29.6%) patients. IDH status was obtained in 19/27 
(70.4%) cases by immunohistochemistry and sequencing. 
Results of histopathological diagnosis according to the 
WHO classification 2016, 4th revised edition [14] of 27/34 
(79.4%) patients is outlined in Table 1 and yielded the fol-
lowing results: 2 (5.9%) diffuse astrocytoma IDH-wt, 2 
(5.9%) diffuse astrocytoma IDH-mut, 4 (11.8%) anaplastic 

Table 1   Baseline and treatment characteristics

n = 34 %

Gender
 Male 18 52.9
 Female 16 47.1

Median age at diagnosis, years (range) 38.5 (18–71)
Median BMI at diagnosis, kg/m2 (range) 25.6 (17.4–38.1)
Clinical presentation at diagnosis
  < 2 symptoms 4 11.8
 2 or more symptoms 30 88.2

Histological confirmation (biopsy performed)
 Yes 27 79.4
 No 7 20.6

Histopathological diagnosis
 WHO II 4 11.8
 WHO III 14 41.2
 WHO IV 9 26.5

Integrated Diagnosis (WHO 2016)
 Diffuse astrocytoma
  IDH wildtype 2
  IDH mutated 2

 Anaplastic astrocytoma
  IDH wildtype 8
  IDH mutated 2
  Not otherwise specified 4

 Glioblastoma multiforme
  IDH wildtype 1
  IDH mutated 1
  Not otherwise specified 4

 Diffuse midline glioma (H3K17M-mut) 3
First-line treatment
 Combined radio/chemotherapy 20 58.8
 Chemotherapy alone 3 8.8
 Radiotherapy alone 5 14.7
 Wait and see 2 5.9
 No therapy due to rapid disease progres-

sion
3 8.8
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astrocytoma NOS, 2 (5.9%) anaplastic astrocytoma IDH-
mut, 8 (23.5%) anaplastic astrocytoma IDH-wt, 6 (17.6%) 
GBMs IDH-wt and 3 (8.8%) diffuse midline gliomas (H3 
K27M-mut). In seven patients no histological examination 
was possible. Thus, in these cases diagnosis was based on 
radiological features only. Regarding the patients without 
histological workup, positron emission tomography (PET) 
imaging with 18F-fluoroethyltuorosine (FET) was addition-
ally available in four of seven patients at initial diagnosis. 
3 tumours showed increased FET-uptake (SUVmax rang-
ing from 2.1 to 2.9). One tumour which was located in the 
medulla oblangata showed no metabolic activity.

Tumour location and radiological characteristics

Radiological data were available of 31 patients at initial 
diagnosis and in addition over the course of the disease as 
part of follow-up examinations in 15 patients. The tumour 
location was restricted to the brainstem in 14/31 (45.2%) 
patients (Fig. 2a), whereas extension into the cerebellum 
and/or thalamus was observed in 17/31 (54.8%) cases 
(Fig. 2b).

The tumour was located solely in one part of the brain-
stem in 6/31 (19.4%) patients, whereof 2 were situated in the 
mesencephalon, 3 in the pons and 1 in the medulla oblan-
gata. Involvement of two parts of the brainstem occurred in 
17/31 (54.8%) patients. Among them, concurrent tumour 
infiltration of mesencephalon/pons was observed in 11 cases 
and of medulla oblongata/pons in 6 cases. In the remainder 
(8/31 patients, 25.8%) tumour was radiologically present in 
all 3 anatomical parts of the brainstem.

Tumour location and tumour extension into the cerebel-
lum and/or thalamus (tumour location only brainstem vs. 
involvement of cerebellum and/or thalamus) did not corre-
late with the symptomatic burden (p = 0.242, χ2-test).

Tumour lesions were contrast-enhanced in 13/31 (41.9%) 
patients and non-contrast-enhanced in 18/31 (58.1%) patients 
(Fig. 2c–f). The non-contrast and contrast-enhancing tumour 
volume varied within a range of 1.947–62.390  cm3 and 
0.083–13.840 cm3 respectively. Radiologically, the major-
ity of the patients (21/31, 67.7%) showed no necrotic parts 
within the tumour.

Fig. 1   Variety and frequencies 
(%) of symptoms in the present 
adult brainstem glioma cohort at 
diagnosis prior to surgery
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Fig. 2   Sagittal T2-weighted MR 
image representing a brain stem 
glioma located in the pons and 
medulla oblongata (a) Axial 
FLAIR image depicting a brain 
steam glioma located in the 
pons, the left middle cerebellar 
peduncle and the left cerebel-
lar hemisphere (b) brain stem 
glioma located in the pons with-
out contrast enhancement on 
T1-weighted MR images before 
(c) and after (d) contrast media 
application. Brain stem glioma 
located in the pons with mark-
edly contrast enhancement and 
central necrosis on T1-weighted 
MR images before (e) and after 
(f) contrast media application
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Surgery and first‑line treatment

Stereotactic biopsy was performed in 20/34 patients (58.8%), 
extended biopsy in 4/34 (11.8%) and subtotal resection in 
3/34 (8.8%) patients. No patient underwent gross total resec-
tion. 7/34 (20.6%) patients had no surgery.

Initial treatments after surgery were chemotherapy with 
temozolomide, radiation therapy, a combination of both 
or a wait and see strategy. The majority of patients 20/34 
(58.8%) received combined radiochemotherapy, 3/34 
(8.8%) patients were treated with chemotherapy alone, 
5/34 (14.7%) patients with radiotherapy alone, whereof 
two of them underwent proton radiotherapy. A wait and 
see approach was chosen in 2/34 (5.9%) patients. In 3/34 
(8.8%) patients adjuvant treatment was planned but was 
not initiated due to rapid clinical deterioration and disease 
progression. 1/34 (2.9%) patient was lost to follow-up after 
surgery.

In total, radiotherapy was completed in 25 patients. 
The median dosage of radiotherapy was 56  Gy (range 
40.05–66 Gy).

Outcome and survival analysis

Median follow-up time of the whole population was 
19 months (range 0.9–236.2 months).

Local tumour progression was seen in 26/34 (76.5%) 
patients. Among them, eight patients experienced two or 
more tumour progressions. Median progression-free survival 
was 14.5 months (range 0.7–178.5 months).

Median overall survival was 24.1 months with 95% CI 
from 18.078 to 30.12 (1-year-OS-rate 79.4%, 2-year-OS rate 
41.2%, 5-years-OS rate 11.8%) (Fig. 3a, b). Patients with 
lower ECOG (0 vs 1 vs 2) showed significantly longer over-
all survival rates (median OS: 33.0 vs 21.4 vs 1.6, p = 0.000; 
log-rank test) and progression-free survival rates (median 
PFS: 10.1 vs 16.3 vs 1.6, p = 0.004; log-rank test) than 
patients with higher ECOG (Fig. 3c, d).

Although not statistically significant, patients with 
more than two symptoms at initial diagnosis showed a 
trend towards shorter OS (median OS: 33 vs. 14.1 months, 
p = 0.081; log-rank test) and PFS (16.3 vs. 8.8, p = 0.238; 
log-rank test) than individuals with 0 or only 1 symptom.

Moreover, an age younger than 60 years (age groups 
18–39 vs. 40–60 vs. > 60 years) showed a trend towards 
longer PFS (median PFS: 16.3 vs. 21.9 vs. 4  months, 
p = 0.100; log-rank test) in comparison with elderly patients 
with a shorter PFS.

Patients with a BMI higher than the median (≥ 25.56 kg/
m2) had significantly shorter OS (44.2 vs. 14.9 months, 

p = 0.005; log-rank test) and PFS-rates (18.7 vs 7.0 months, 
p = 0.015; log rank-test) (Fig. 3e, f).

The median OS by WHO grade was not reached because 
all patients with WHO II tumours got censored (p = 0.011; 
log-rank test). The median PFS by WHO grade was as fol-
lows: WHO II 178.5 months, WHO III 8.8 months and 
WHO IV 6.7 months (p = 0.045; log rank-test) (Fig. 3g, h).

Radiological data including tumour location, the pres-
ence of contrast-enhancement or necrosis on MRI and the 
tumour volume on FLAIR sequences showed no significant 
results in terms of OS and PFS (p > 0.05) (Fig. 4a–f). Nev-
ertheless, higher ADC values than the median (776 10–6 
mm2/s) were significantly associated with longer OS (14.9 
vs 44.2 months, p = 0.018; log-rank test) and showed a trend 
towards a longer PFS (6.9 vs 18.7, p = 0.053) (Fig. 4g, h). 
ADC levels did not vary between WHO grading (p-value 
0.865, χ2-test).

Discussion

BSGs in adults represent a rare group of CNS-tumours 
with varying prognosis and a lack of standardized treat-
ment. Further limitations of surgery due to the localization 
of these tumours lead to difficulties in reaching a histologi-
cal and integrated diagnosis according to WHO 2016 clas-
sification. In the present study, we sought to investigate 
clinical and neuroradiological characteristics in a well-
defined bicentric BSG cohort aiming to provide prognostic 
features as support in treatment-decision making. Overall, 
we observed that WHO grade, ECOG, BMI and ADC-
values were significant predictors of survival.

The median OS of 24.1 months and 5-years-OS rate of 
11.8% are more favourable than the one reported in paediat-
ric BSG patients (mOS 10–12 months, 5-years-OS rate < 5%, 
Fig. 5) [8]. In the present cohort, progression and overall 
survival times presented with a wide range extending from 
a few months to years. These results reflect the heterogene-
ous clinical course of the disease and are in line with exist-
ing outcome data of previous studies in adult BSGs (Fig. 5) 
[4–7]. Previous retrospective series included between 7 and 
240 adult BSG patients and reported mOS times from 1 to 
85 months (Table 2). Notably, the longest survival data were 
reported among the studies with an additional enrolment of 
WHO I tumours [5] and the shortest with the inclusion of 
only WHO III and IV tumours [12, 37]. Likewise, increasing 
tumour grade was significantly associated with decreased 
OS and PFS in our cohort.

Consistent with findings in other glioma subtypes 
and in previous BSG series [10, 37, 38], lower perfor-
mance status at initial diagnosis was associated with poor 
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Fig. 3   Overall and progression-free survival analysis. a OS and b PFS of the entire cohort. c, d OS/PFS according to ECOG at first diagnosis. 
e, f OS/PFS according to BMI at initial diagnosis (< median versus ≥ median). g, h OS/PFS according to WHO grading (II versus III versus IV)
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Fig. 4   Overall survival and progression-free survival of brain-
stem gliomas according to radiological characteristics. a, b Con-
trast-enhancement (yes versus no). c, d FLAIR-volume (≤ median 

vs > median). e, f Appearance of necrosis on MRI (yes versus no). g,h 
ADC values (≤ median vs > median)
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prognosis. However, age as an established prognostic fac-
tor in gliomas was not associated with OS and PFS in the 
present cohort. Therefore, clinical characteristics need to 
be included in the prognostic assessment of BSG.

Our analysis suggested that BMI at diagnosis correlates 
with outcome in BSGs. Prior studies regarding BMI as a 
prognostic factor in glioma are sparse and showed contro-
versial results [39–41], whereby a higher BMI was addressed 
as an independent prognostic factor in a spectrum of other 
cancer types including breast cancer, prostate cancer and 
oral cancer [42–46]. Recent studies postulated an association 
between pre-diagnostic obesity and poor patient outcome in 
high-grade gliomas and pilocytic astrocytoma [39, 47]. Sev-
eral theories of the biology determining the poor prognosis 
of cancer patients with high BMI were postulated including 
increased serum insulin-like growth factor-1 and involve-
ment of fatty acid synthase (FASN) pathways [48]. However, 
so far no biological data exist for glioma.

Prior studies suggested contrast-enhancement and 
necrosis on imaging as negative prognostic factors in 
BSGs [4, 6, 9]. By contrast, we did not observe signifi-
cant differences in outcome regarding these two factors 
at initial diagnosis in our cohort. A reason for the non-
significant findings of contrast-enhancement and necrosis 
as prognostic factors might be insufficient statistical power 
due to the small sample size in the present study. Further, 
an impact on prognosis must be assumed due to the highly 
diverse molecular landscape of these tumours.

However and consistent with prior findings, lower ADC 
values below the median were significantly associated with 
shorter overall survival rates in our analysis. Previous stud-
ies in children and in adults reported the correlation between 
ADC values and outcome [20, 21]. ADC values inversely 
represent tumour cellularity as the underlying biological 
condition [24–26]. As cellular density and pleomorphism 
increases with tumour malignancy, ADC maps were sug-
gested as a useful and non-invasive tool to differentiate 
between high-grade and low-grade gliomas [49, 50].

There are several limitations when interpreting the avail-
able data of our study. The retrospective design has to be 
taken into account as well as a small sample size, wherefore 
analysis did not allow to select factors into a multivariable 
model. Another limitation is the usage of different MRI 
scans, which potentially limits the accuracy of ADC value 
analysis [51]. However, a previous study of our group facing 
a similar limitation could show despite imaging at different 
scanners an independent prognostic impact of ADC values 
in single brain metastasis [52].

Molecular data such as IDH mutation and MGMT pro-
motor status as known prognostic and predictive param-
eters in supratentorial gliomas were not available in all 
cases. Due to the midline location especially the preva-
lence of H3K27M-mutation would be of interest as well 
but was not routinely performed before the year 2016. 
Further, our cohort also included patients in which biopsy 
was not feasible and the diagnosis was solely based on 
radiological features. Hence, in these cases, histological 
grading and molecular data are totally missing. This sce-
nario occasionally represents a real-life situation and phy-
sicians are thrown back to gather clinical and radiological 
aspects to estimate prognosis and make treatment deci-
sions. However, in histologically verified BSGs adjuvant 
treatment guidelines do not exist either. This underlines 
the importance to assess clinical and radiological prognos-
tic features in this tumour entity. Prior retrospective series 
derived from larger national databases mainly concentrate 
on survival analysis. In contrast, our study provided real-
life data with a high data density of an adult BSG cohort. 
MRI data at initial diagnosis and a completive follow-up 
for the whole cohort was available.

In conclusion, the present analysis of a multicentric adult 
BSG cohort poses the variable clinical course and the chal-
lenge of prognostic evaluation in the disease. Our findings 
underline previously reported prognostic features such as 
performance status and WHO grading. Further ADC values 
and BMI were associated with survival prognosis and might 
be included in the prognostic assessment.

Fig. 5   Median age, median overall and progression-free survival and its ranges in the present cohort, previous cohorts (adults) and in children



1584	 Journal of Neurology (2022) 269:1574–1590

1 3

Ta
bl

e 
2  

P
re

vi
ou

s r
et

ro
sp

ec
tiv

e 
stu

di
es

 a
nd

 it
s r

es
ul

ts
 c

on
ce

rn
in

g 
th

e 
ou

tc
om

e 
an

d 
pr

og
no

sti
c 

fa
ct

or
s

St
ud

y
M

ed
ia

n 
ag

e 
[r

an
ge

]
Ti

m
e 

fr
am

e
Tu

m
ou

r h
ist

ol
og

y
W

H
O

 g
ra

de
M

ol
ec

ul
ar

 m
ar

ke
rs

Th
er

ap
y

m
PF

S 
[r

an
ge

]
(m

on
th

s)
m

O
S 

[r
an

ge
]

(m
on

th
s)

Pr
og

no
sti

c 
fa

c-
to

rs
 (m

ul
tiv

ar
ia

te
 

an
al

ys
is

)

Th
ee

le
r e

t a
l. 

[4
], 

n =
 14

3
36

19
90

–2
01

2
G

B
M

 (2
8)

, A
A

 
(4

3)
, D

A
 (1

5)
, 

gl
io

m
as

 N
O

S 
(1

1)
, r

ad
io

gr
ap

hi
-

ca
lly

 d
ia

gn
os

ed
 

(4
6)

II
–I

V
M

ut
at

io
n 

pr
ofi

lin
g 

(9
): 

B
R

A
FV

60
0E

 
(1

), 
2 

PI
K

3C
A

 
m

ut
at

io
n 

(2
); 

im
m

un
oh

ist
o-

ch
em

ist
ry

 (I
D

H
1 

m
ut

at
io

n:
 2

 o
f 2

5 
gr

ad
e 

II
 a

nd
 II

I 
tu

m
ou

rs
, 1

 o
f 1

7 
gl

io
bl

as
to

m
as

), 
M

G
M

T 
an

d 
hi

sto
ne

 H
3.

3 
no

t 
te

ste
d

R
ad

ia
tio

n 
(1

18
), 

ch
em

ot
he

ra
py

 
(2

7;
 te

m
oz

ol
o-

m
id

e,
 c

yt
ot

ox
ic

 
ch

em
ot

he
ra

py
, 

an
d/

or
 b

ev
ac

i-
zu

m
ab

)

N
A

32
.1

In
cr

ea
si

ng
 tu

m
ou

r 
gr

ad
e 

(-
)

C
on

tra
st 

en
ha

nc
e-

m
en

t (
-)

Re
ith

m
ei

er
 e

t a
l. 

[1
0]

 n
 =

 10
4

40
 [1

8–
89

]
19

97
–2

00
7

D
O

A
 (1

), 
A

O
A

 
(1

), 
D

A
 (2

3)
, A

A
 

(3
9)

, G
B

M
 (1

4)
, 

PA
 (1

7)
, E

P 
(2

), 
FA

 (4
);

I (
16

)
II

 (3
1)

II
I (

42
)

IV
 (1

4)

N
A

R
ad

ia
tio

n 
(4

4)
, 

ra
di

o/
-c

he
m

o-
th

er
ap

y 
(2

2)
, 

ch
em

ot
he

ra
py

 
(4

), 
in

te
rs

tit
ia

l 
ra

di
os

ur
ge

ry
 w

ith
 

br
ac

hy
th

er
ap

y 
(I

-1
25

 se
ed

s)
 (7

), 
or

 n
o 

tu
m

ou
r-

sp
ec

ifi
c 

th
er

ap
y 

(2
3)

N
A

18
.8

K
PS

 ≤
 70

 (–
)

A
ge

 ≥
 40

 y
 (–

)
H

ig
he

r t
um

ou
r g

ra
de

 
(I

II
-I

V
) (

–)
R

ad
ia

tio
n 

th
er

ap
y 

or
 

ra
di

oc
he

m
ot

he
ra

py
 

( +
)

D
ey

 e
t a

l. 
[1

2]
 

n =
 24

0
48

.7
19

73
–2

00
8

A
A

 (7
5)

, G
B

M
 

(1
65

)
II

I–
IV

N
A

R
ad

ia
tio

n 
(2

04
; 

83
,8

%
), 

da
ta

 
re

ga
rd

in
g 

ch
em

ot
he

ra
py

 a
nd

 
ot

he
r t

re
at

m
en

t 
re

gi
m

en
s N

A

N
A

7
A

ge
 >

 50
 y

ea
rs

 (–
) 

H
R

 1
.9

8,
 9

5%
 

co
nfi

de
nc

e
in

te
rv

al
 [C

I]
 1

.4
5–

2.
70

, p
 <

 0.
00

1)
W

H
O

 g
ra

de
 IV

 (-
) 

H
R

 1
.6

1,
 9

5%
 

C
I 1

.1
5–

2.
26

, 
p =

 0.
00

6
R

ad
ia

tio
n 

– 
no

 
be

ne
fit



1585Journal of Neurology (2022) 269:1574–1590	

1 3

Ta
bl

e 
2  

(c
on

tin
ue

d)

St
ud

y
M

ed
ia

n 
ag

e 
[r

an
ge

]
Ti

m
e 

fr
am

e
Tu

m
ou

r h
ist

ol
og

y
W

H
O

 g
ra

de
M

ol
ec

ul
ar

 m
ar

ke
rs

Th
er

ap
y

m
PF

S 
[r

an
ge

]
(m

on
th

s)
m

O
S 

[r
an

ge
]

(m
on

th
s)

Pr
og

no
sti

c 
fa

c-
to

rs
 (m

ul
tiv

ar
ia

te
 

an
al

ys
is

)

H
un

ds
be

rg
er

 e
t a

l. 
[7

], 
n =

 21
41

 [2
0–

81
]

20
04

–2
01

2
PA

 (2
), 

D
A

 (6
), 

A
A

 
(7

), 
G

B
M

 (6
)

I–
II

 (8
)

II
I–

IV
 (1

3)
M

G
M

T 
pr

om
o-

to
r m

et
hy

la
tio

n 
(2

): 
ne

ga
tiv

e;
 

ID
H

1/
2 

m
ut

a-
tio

n(
4)

: w
ild

ty
pe

; 
P5

3 
m

ut
at

io
n 

(3
): 

1 
w

ild
ty

pe
, 

2 
m

ut
an

t; 
1p

19
q 

co
de

le
tio

n 
(1

): 
in

ta
ct

)

R
ad

io
th

er
ap

y 
al

on
e 

(L
G

 3
, H

G
 3

), 
ra

di
oc

he
m

ot
he

r-
ap

y 
(L

G
 2

, H
G

 
6)

, c
he

m
ot

he
ra

py
 

al
on

e 
(L

G
 0

, H
G

 
2)

, n
o 

po
sto

pe
ra

-
tiv

e 
th

er
ap

y 
(L

G
 

3,
 H

G
 1

)

LG
 2

4.
1

H
G

 5
.8

LG
 3

0.
5

H
G

 1
1.

5
LG

 ( 
+

), 
H

G
 (–

)

B
ab

u 
et

 a
l. 

[3
7]

, 
n =

 34
42

.5
 [1

8–
71

]
19

98
–2

01
1

A
A

 (2
2)

, G
B

M
 (1

2)
II

I–
IV

ID
H

 m
ut

at
io

n 
(5

): 
2 

m
ut

M
G

M
T 

pr
om

ot
or

 
m

et
hy

la
tio

n 
(1

7)
: 

11
 p

os
iti

ve
1p

19
q 

N
A

; G
FA

P 
(2

8)
: 2

8;
 m

ea
n 

K
i-6

7 
pr

ol
if-

er
at

io
n 

in
de

x:
 

14
%

; E
G

FR
 

ex
pr

es
si

on
 (1

5)
: 

14
; E

G
FR

vI
II

 
ex

pr
es

si
on

 (1
6)

: 
2;

 V
EG

F 
(4

): 
3;

 
Pl

at
el

et
 d

er
iv

ed
 

gr
ow

th
 fa

c-
to

r r
ec

ep
to

r-A
 

(P
D

G
FR

-A
) (

3)
: 

3;
 P

D
G

FR
-B

 (3
): 

3;
 h

yp
ox

ia
-in

du
c-

ib
le

 fa
ct

or
 2

-a
lp

ha
 

(H
IF

-2
-a

lp
ha

) 
(1

): 
1;

 C
A

IX
 (7

): 
3;

 K
D

R
 (4

): 
2;

 
H

A
M

56
 (7

): 
4

R
ad

io
th

er
ap

y 
(9

7%
), 

co
nc

ur
re

nt
 

te
m

oz
ol

om
id

e 
(9

7%
), 

up
on

 
tu

m
ou

r p
ro

gr
es

-
si

on
: I

rin
ot

ec
an

 
37

%
, L

om
us

tin
ge

 
14

.8
%

, E
to

po
si

de
 

14
.8

%
, B

ev
ac

i-
zu

m
ab

 3
3.

3%

6.
7

II
I 6

.1
IV

 6
.7

25
.8

II
I 7

7
IV

 1
2.

1

W
H

O
 g

ra
de

 IV
 (-

) 
(H

R
 4

.8
0;

 9
5%

 
C

I 1
.8

6–
12

.4
; 

p =
 0.

00
12

K
PS

 <
 80

 (–
)

D
ur

at
io

n 
of

 sy
m

p-
to

m
s >

 2 
m

on
th

s 
( +

)



1586	 Journal of Neurology (2022) 269:1574–1590

1 3

Ta
bl

e 
2  

(c
on

tin
ue

d)

St
ud

y
M

ed
ia

n 
ag

e 
[r

an
ge

]
Ti

m
e 

fr
am

e
Tu

m
ou

r h
ist

ol
og

y
W

H
O

 g
ra

de
M

ol
ec

ul
ar

 m
ar

ke
rs

Th
er

ap
y

m
PF

S 
[r

an
ge

]
(m

on
th

s)
m

O
S 

[r
an

ge
]

(m
on

th
s)

Pr
og

no
sti

c 
fa

c-
to

rs
 (m

ul
tiv

ar
ia

te
 

an
al

ys
is

)

B
ab

u 
et

 a
l. 

53
65

 [6
0–

69
]

19
98

–2
01

1
A

A
 (3

), 
G

B
M

 (4
)

II
I–

IV
M

ea
n 

K
i-6

7 
pr

ol
if-

er
at

io
n 

nd
ex

: 9
.6

M
G

M
T 

pr
om

ot
or

 
m

et
hy

la
tio

n 
(5

): 
5;

 E
G

FR
 (4

): 
2;

 
EG

FR
V

II
I (

4)
: 1

N
o 

th
er

ap
y 

(1
), 

R
ad

io
th

er
ap

y 
an

d 
co

nc
ur

re
nt

 T
M

Z 
(6

)
U

po
n 

tu
m

ou
r 

pr
og

re
ss

io
n:

 
Lo

m
us

tin
e 

(3
), 

B
ev

ac
iz

um
ab

 (2
), 

Ir
in

ot
ec

an
 (2

), 
To

po
te

ca
n 

(1
)

6.
7 

[1
.3

–1
3]

13
.5

 [1
.9

–4
5.

7]
N

A

Re
ye

s-
B

ot
er

o 
et

 a
l. 

[5
4]

, n
 =

 17
41

 (1
8–

65
)

20
00

–2
01

2
D

O
A

 (4
), 

A
O

A
 (2

), 
D

O
 (2

), 
A

A
 (2

), 
G

B
M

 (3
), 

G
B

M
-

PN
ET

 (3
)

II
 (6

)
II

I (
4)

IV
 (7

)

G
en

om
ic

 a
rr

ay
 

pe
rfo

rm
ed

 (5
 

gr
ad

e 
II

I, 
6 

gr
ad

e 
IV

); 
ID

H
1s

e-
qu

en
ci

ng
 (1

7)
: 1

 
ID

H
1 

(R
13

2H
) 

m
ut

at
io

n;
 H

ist
on

e 
ge

ne
 H

3F
3A

 
en

co
di

ng
 H

3.
3.

 
an

d 
H

IS
T1

3B
 

en
co

di
ng

 H
3.

1.
 

(8
): 

3
EG

FR
 a

m
pl

ifi
ca

-
tio

n:
 0

B
R

A
F6

00
E 

m
ut

a-
tio

n:
 0

N
o 

th
er

ap
y 

(2
), 

ra
di

ot
he

ra
py

 (9
): 

5 
gr

ad
e 

II
, 2

 g
ra

de
 

II
I, 

2 
gr

ad
e 

IV
, 

co
nc

ur
re

nt
 ra

di
o-

ch
em

ot
he

ra
py

 (5
): 

2 
gr

ad
e 

II
I a

nd
 3

 
gr

ad
e 

IV
), 

ne
oa

d-
ju

va
nt

 c
he

m
o-

th
er

ap
y 

fo
llo

w
ed

 
by

 ra
di

ot
he

ra
py

 
(1

): 
gr

ad
e 

II

31
.8

LG
 3

8.
1

H
G

 7
.6

48
.7

LG
 5

7
H

G
 1

6

H
ig

he
r h

ist
ol

og
ic

al
 

gr
ad

e 
(-

)
C

on
tra

st 
en

ha
nc

e-
m

en
t (

-)

D
el

la
re

tti
 e

t a
l. 

[5
5]

, 
n =

 10
0 

(6
3 

ad
ul

ts
, 

37
 c

hi
ld

re
n)

41
 (1

8–
75

)
6.

9 
(2

–1
2)

19
84

–2
00

7
N

A
II

 (4
9)

II
I +

 IV
 (5

1)
N

A
N

A
N

A
H

ig
he

r h
ist

ol
og

ic
al

 
gr

ad
e 

(-
)



1587Journal of Neurology (2022) 269:1574–1590	

1 3

Ta
bl

e 
2  

(c
on

tin
ue

d)

St
ud

y
M

ed
ia

n 
ag

e 
[r

an
ge

]
Ti

m
e 

fr
am

e
Tu

m
ou

r h
ist

ol
og

y
W

H
O

 g
ra

de
M

ol
ec

ul
ar

 m
ar

ke
rs

Th
er

ap
y

m
PF

S 
[r

an
ge

]
(m

on
th

s)
m

O
S 

[r
an

ge
]

(m
on

th
s)

Pr
og

no
sti

c 
fa

c-
to

rs
 (m

ul
tiv

ar
ia

te
 

an
al

ys
is

)

Sa
lm

ag
gi

 e
t a

l. 
[3

0]
, 

n =
 32

31
 (1

4–
78

)
19

91
–2

00
3

PA
 (2

), 
D

A
 (9

), 
A

A
 

(8
), 

G
B

M
 (1

), 
G

lio
m

a 
N

os
 (1

)

I-
IV

N
A

Fi
rs

t l
in

e 
str

at
eg

y:
 

W
ai

t a
nd

 se
e 

(8
)

In
iti

al
 tr

ea
tm

en
t 

(2
4)

: R
ad

io
-

th
er

ap
y 

al
on

e 
(4

), 
co

nc
ur

re
nt

 
ra

di
o-

ch
em

ot
he

r-
ap

y +
 ad

ju
va

nt
 

ch
em

ot
he

ra
py

 
(2

0:
 1

8 
TM

Z,
 2

 
PC

V
)

U
po

n 
tu

m
ou

r p
ro

-
gr

es
si

on
: s

ec
on

d-
lin

e 
ch

em
ot

he
ra

py
 

– 
ci

sp
la

tin
 +

 T
M

Z 
(3

), 
PC

V
 (2

), 
TM

Z 
(1

), 
A

C
N

U
 +

 pr
oc

ar
-

ba
zi

ne
 (1

)

10
59

O
ns

et
 o

f s
ym

pt
om

s/
si

gn
s a

nd
 d

ia
gn

o-
si

s ≤
 4 

m
on

th
s (

-)

K
es

ar
i e

t a
l. 

[5
], 

n =
 10

1
36

 (1
8–

79
)

19
87

–2
00

5
N

A
, R

ad
io

gr
ap

hi
-

ca
lly

 d
ia

gn
os

ed
 

(4
7)

I (
16

)
II

 (1
5)

II
I (

12
)

IV
 (3

)

N
A

Fi
rs

t l
in

e 
th

er
ap

y:
 

R
ad

io
th

er
ap

y 
(8

2)
, c

he
m

ot
he

r-
ap

y 
(0

)
A

t r
ec

ur
re

nc
e:

 
C

he
m

ot
he

ra
py

 
(4

0)
 –

 P
C

V,
 

Lo
m

us
tin

e,
 

V
in

cr
ist

in
e,

 C
ar

-
bo

pl
at

in
, B

C
N

U
, 

TM
Z,

 Ir
in

ot
ec

an
; 

Et
op

os
id

e,
 P

ac
li-

ta
xe

l, 
Ta

m
ox

ife
n,

 
H

yd
ro

xy
ur

ea
, 

ra
di

ol
ab

el
le

d 
A

nt
i-E

G
F 

an
ti-

bo
di

es

48
 [1

–2
61

]
I 4

4
II

 4
8

II
I 1

0
IV

 1
0

85
 [1

–2
28

]
I 8

3
II

 1
68

II
I 1

7
IV

 1
6

N
on

-c
au

ca
si

an
 

et
hn

ic
ity

 (-
); 

hi
gh

er
 

hi
sto

lo
gi

ca
l g

ra
de

 
(-

); 
po

nt
in

e 
tu

m
ou

r 
lo

ca
tio

n 
(-

) v
s 

tu
m

ou
r l

oc
at

ed
 a

t 
th

e 
ce

rv
ic

om
ed

-
ul

la
ry

 ju
nc

tio
n;

 
ag

e >
 40

 y
ea

rs
 (-

)



1588	 Journal of Neurology (2022) 269:1574–1590

1 3

Author contributions  AL: study design, data analysis, data interpreta-
tion, manuscript writing and editing, approval of the final manuscript 
version. ASB: study design, data analysis, data interpretation, manu-
script writing and editing, approval of the final manuscript version. 
MP: study design, data analysis, data interpretation, manuscript writ-
ing and editing, approval of the final manuscript version. JAH: study 
design, data analysis, data interpretation, manuscript writing, approval 
of the final manuscript version. GW: data analysis, data interpreta-
tion manuscript writing, approval of the final manuscript version. SW: 
study design, data collection, data interpretation, manuscript writing, 
approval of the final manuscript version. JP: study design, data col-
lection, data interpretation, manuscript writing, approval of the final 
manuscript version. KD: data analysis, data interpretation, manuscript 
writing, approval of the final manuscript version. TO: study design, 
data analysis, data interpretation, manuscript writing and editing, 
approval of the final manuscript version. MA: data analysis, data inter-
pretation, manuscript writing, approval of the final manuscript version. 
MJM: study design, data analysis, data interpretation, manuscript writ-
ing and editing, approval of the final manuscript version. JF: study 
design, data analysis, data interpretation, imaging analysis, manuscript 
writing and editing, approval of the final manuscript version. JL: study 
design, data analysis, data interpretation, imaging analysis, manuscript 
writing and editing, approval of the final manuscript version. SM: data 
analysis, data interpretation, manuscript writing, approval of the final 
manuscript version.

Funding  Open access funding provided by Medical University of 
Vienna.

Data availability  The datasets generated during and/or analysed dur-
ing the current study are available from the corresponding author on 
reasonable request.

Declarations 

Conflicts of interests  MP has received honoraria for lectures, consulta-
tion or advisory board participation from the following for-profit com-
panies: Bayer, Bristol-Myers Squibb, Novartis, Gerson Lehrman Group 
(GLG), CMC Contrast, GlaxoSmithKline, Mundipharma, Roche, BMJ 
Journals, MedMedia, Astra Zeneca, AbbVie, Lilly, Medahead, Daiichi 
Sankyo, Sanofi, Merck Sharp & Dome, Tocagen. The following for-
profit companies have supported clinical trials and contracted research 
conducted by MP with payments made to his institution: Böhringer-In-
gelheim, Bristol-Myers Squibb, Roche, Daiichi Sankyo, Merck Sharp 
& Dome, Novocure, GlaxoSmithKline, AbbVie. ASB has research 
support from Daiichi Sankyo (≤ 10,000€), Roche (> 10,000€) and hon-
oraria for lectures, consultation or advisory board participation from 
Roche Bristol-Meyers Squibb, Merck, Daiichi Sankyo (all < 5,000€) 
as well as travel support from Roche, Amgen and AbbVie. Tim von 
Oertzen reports grants, personal fees and non-financial support from 
Novartis Phama, personal fees from Roche Pharma, Biogen Idec Aus-
tria, Liva Nova, Arvelle and GW Pharma, grants from Grossegger & 
Drbal GmbH, grants from Merck, personal fees from Indivior Austria 
GmbH, personal fees and non-financial support from gtec GmbH Aus-
tria, grants and non-financial support from Boehringer-Ingelheim, per-
sonal fees from Philips, personal fees and non-financial support from 
UCB Pharma, personal fees from Almirall, personal fees from Eisai, 
outside the submitted work; and he is co-chair of the Communication 
Committee of the European Academy of Neurology (EAN), co-chair 
of the EAN scientific panel for epilepsy, and president of the Öster-
reichische Gesellschaft für Epileptologie (Austrian ILAE chapter). All 
other authors report no conflicts of interest related to the study.

Ethics approval  This retrospective chart review study was performed 
in accordance with the ethical standards of the Ethics Committee of Ta

bl
e 

2  
(c

on
tin

ue
d)

St
ud

y
M

ed
ia

n 
ag

e 
[r

an
ge

]
Ti

m
e 

fr
am

e
Tu

m
ou

r h
ist

ol
og

y
W

H
O

 g
ra

de
M

ol
ec

ul
ar

 m
ar

ke
rs

Th
er

ap
y

m
PF

S 
[r

an
ge

]
(m

on
th

s)
m

O
S 

[r
an

ge
]

(m
on

th
s)

Pr
og

no
sti

c 
fa

c-
to

rs
 (m

ul
tiv

ar
ia

te
 

an
al

ys
is

)

G
ui

lla
m

o 
et

 a
l. 

[6
], 

n =
 48

34
 (1

6–
70

)
19

85
–1

99
9

PA
 (1

), 
D

A
 (6

), 
A

A
 

(7
), 

G
B

M
 (4

), 
D

O
A

 (4
), 

D
O

 (1
), 

A
O

 (3
), 

gl
io

m
a 

N
O

S 
(6

)

I (
1)

II
 (1

4)
II

I +
 IV

 (1
7)

N
A

Fi
rs

t-L
in

e:
 N

o 
th

er
ap

y 
(2

), 
ra

di
o-

th
er

ap
y 

(4
5)

A
t r

ec
ur

re
nc

e:
 

ch
em

ot
he

ra
py

 
– 

B
C

N
U

 (1
2)

, 
B

C
N

U
 +

 P
ro

-
ca

rb
az

in
e 

(1
), 

pl
at

in
-b

as
ed

 
ch

em
ot

he
ra

py
 

(1
2)

, I
fo

sf
am

id
e 

(1
), 

Pr
oc

ar
ba

zi
-

ne
V

P1
6 

(1
), 

te
m

oz
ol

om
id

e 
(1

)

N
A

5.
4

D
ur

at
io

n 
of

 sy
m

p-
to

m
s <

 3 
m

on
th

s (
-)

H
ig

he
r h

ist
ol

og
ic

al
 

gr
ad

e 
(-

)
N

ec
ro

si
s o

n 
M

R
I (

-)



1589Journal of Neurology (2022) 269:1574–1590	

1 3

the Medical University of Vienna and Johannes Kepler University Linz 
(Approval No. 1166/2019 and 1274/2019) and with the Helsinki Dec-
laration of 1964 and its later amendment.

Consent to participate  No informed consent was obtained in accord-
ance with the local ethics committees due to the retrospective design 
of the study.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 White HH (1963) Brain stem tumors occurring in adults. Neurol-
ogy 13:292–300

	 2.	 Ostrom QT, Gittleman H, Truitt G, Boscia A, Kruchko C, Barn-
holtz-Sloan JS (2018) CBTRUS statistical report: primary brain 
and other central nervous system tumors diagnosed in the United 
States in 2011–2015. Neuro Oncol 20:iv1–iv86

	 3.	 Panditharatna E, Yaeger K, Kilburn LB, Packer RJ, Nazarian J 
(2015) Clinicopathology of diffuse intrinsic pontine glioma and 
its redefined genomic and epigenomic landscape. Cancer Genet 
208:367–373

	 4.	 Theeler BJ, Ellezam B, Melguizo-gavilanes I et al (2016) Adult 
brainstem gliomas: correlation of clinical and molecular features. 
J Neurol Sci. https://​doi.​org/​10.​1016/j.​jns.​2015.​04.​014.​Adult

	 5.	 Kesari S, Kim RS, Markos V, Drappatz J, Wen PY, Pruitt AA 
(2008) Prognostic factors in adult brainstem gliomas: a multi-
center, retrospective analysis of 101 cases. J Neurooncol. https://​
doi.​org/​10.​1007/​s11060-​008-​9545-1

	 6.	 Guillamo J-S (2001) Brainstem gliomas in adults: prognostic fac-
tors and classification. Brain. https://​doi.​org/​10.​1093/​brain/​124.​
12.​2528

	 7.	 Hundsberger T, Tonder M, Hottinger A, Brügge D, Roelcke U, 
Putora PM, Stupp R, Weller M (2014) Clinical management and 
outcome of histologically verified adult brainstem gliomas in 
Switzerland: a retrospective analysis of 21 patients. J Neurooncol. 
https://​doi.​org/​10.​1007/​s11060-​014-​1434-1

	 8.	 Maxwell R, Luksik AS, Garzon-Muvdi T, Yang W, Huang J, 
Bettegowda C, Jallo GI, Terezakis SA, Groves ML (2018) Pop-
ulation-based study determining predictors of cancer-specific 
mortality and survival in pediatric high-grade brainstem glioma. 
World Neurosurg 119:e1006–e1015

	 9.	 Reyes-Botero G, Mokhtari K, Martin-Duverneuil N, Delattre J, 
Laigle-Donadey F (2012) Adult brainstem gliomas. Oncologist. 
https://​doi.​org/​10.​1634/​theon​colog​ist.​2011-​0335

	10.	 Reithmeier T, Kuzeawu A, Hentschel B, Loeffler M, Trippel M, 
Nikkhah G (2014) Retrospective analysis of 104 histologically 
proven adult brainstem gliomas: clinical symptoms, therapeutic 
approaches and prognostic factors. BMC Cancer. https://​doi.​org/​
10.​1186/​1471-​2407-​14-​115

	11.	 Barnard ZR, Drazin D, Bannykh SI, Rudnick JD, Chu RM (2015) 
Adult brainstem glioblastoma multiforme: long-term survivor. 
Cureus 7:e434

	12.	 Dey M, Lin Y, Melkonian S, Lam S (2014) Prognostic factors 
and survival in primary adult high grade brainstem astrocytoma: 
a population based study from 1973–2008. J Clin Neurosci 
21:1298–1303

	13.	 Ellezam B, Theeler BJ, Walbert T et al (2012) Low rate of R132H 
IDH1 mutation in infratentorial and spinal cord grade II and III 
diffuse gliomas. Acta Neuropathol. https://​doi.​org/​10.​1007/​
s00401-​012-​1011-7

	14.	 Louis DN, Perry A, Reifenberger G, von Deimling A, Figarella-
Branger D, Cavenee WK, Ohgaki H, Wiestler OD, Kleihues P, 
Ellison DW (2016) The 2016 World Health Organization clas-
sification of tumors of the central nervous system: a summary. 
Acta Neuropathol 131:803–820

	15.	 Pan C-C, Liu J, Tang J et al (2019) A machine learning-based 
prediction model of H3K27M mutations in brainstem gliomas 
using conventional MRI and clinical features. Radiother Oncol 
130:172–179

	16.	 Chen LH, Pan C, Diplas BH et al (2020) The integrated genomic 
and epigenomic landscape of brainstem glioma. Nat Commun. 
https://​doi.​org/​10.​1038/​s41467-​020-​16682-y

	17.	 Landolfi JC, Thaler HT, DeAngelis LM (1998) Adult brainstem 
gliomas. Neurology. https://​doi.​org/​10.​1212/​WNL.​51.4.​1136

	18.	 Colafati GS, Voicu IP, Carducci C et al (2019) Direct involvement 
of cranial nerve V at diagnosis in patients with diffuse intrinsic 
pontine glioma: a potential magnetic resonance predictor of short-
term survival. Front Oncol 9:204

	19.	 Grigsby PW, Garcia DM, Simpson JR, Fineberg BB, Schwartz 
HG (1989) Prognostic factors and results of therapy for adult 
thalamic and brainstem tumors. Cancer. https://​doi.​org/​10.​1002/​
1097-​0142(19890​601)​63:​11%​3c212​4::​AID-​CNCR2​82063​1109%​
3e3.0.​CO;2-9

	20.	 Romano A, Calabria LF, Tavanti F et al (2013) Apparent dif-
fusion coefficient obtained by magnetic resonance imaging as 
a prognostic marker in glioblastomas: correlation with MGMT 
promoter methylation status. Eur Radiol. https://​doi.​org/​10.​1007/​
s00330-​012-​2601-4

	21.	 Clerk-Lamalice O, Reddick WE, Li X, Li Y, Edwards A, Glass JO, 
Patay Z (2016) MRI evaluation of non-necrotic T2-hyperintense 
foci in pediatric diffuse intrinsic pontine glioma. Am J Neurora-
diol. https://​doi.​org/​10.​3174/​ajnr.​A4814

	22.	 Wang Q, Zhang JS, Xu X, Chen XL, Xu BN (2018) Diagnos-
tic performance of apparent diffusion coefficient parameters 
for glioma grading. J Neurooncol. https://​doi.​org/​10.​1007/​
s11060-​018-​2841-5

	23.	 Maynard J, Okuchi S, Wastling S et al (2020) World health 
organization grade ii/iii glioma molecular status: prediction by 
MRI morphologic features and apparent diffusion coefficient. 
Radiology. https://​doi.​org/​10.​1148/​radiol.​20201​91832

	24.	 Sugahara T, Korogi Y, Kochi M et al (1999) Usefulness of diffu-
sion-weighted MRI with echo-planar technique in the evaluation 
of cellularity in gliomas. J Magn Reson Imaging. https://​doi.​org/​
10.​1002/​(SICI)​1522-​2586(199901)​9:1%​3c53::​AID-​JMRI7%​
3e3.0.​CO;2-2

	25.	 Kono K, Inoue Y, Nakayama K, Shakudo M, Morino M, Ohata 
K, Wakasa K, Yamada R (2001) The role of diffusion-weighted 
imaging in patients with brain tumors. Am J Neuroradiol. 
https://​doi.​org/​10.​18535/​jmscr/​v6i2.​95

	26.	 Tien RD, Felsberg GJ, Friedman H, Brown M, MacFall J (1994) 
MR imaging of high-grade cerebral gliomas: value of diffusion-
weighted echoplanar pulse sequences. Am J Roentgenol. https://​
doi.​org/​10.​2214/​ajr.​162.3.​81095​20

	27.	 Eseonu CI, Eguia F, ReFaey K, Garcia O, Rodriguez FJ, Chai-
chana K, Quinones-Hinojosa A (2017) Comparative volumetric 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jns.2015.04.014.Adult
https://doi.org/10.1007/s11060-008-9545-1
https://doi.org/10.1007/s11060-008-9545-1
https://doi.org/10.1093/brain/124.12.2528
https://doi.org/10.1093/brain/124.12.2528
https://doi.org/10.1007/s11060-014-1434-1
https://doi.org/10.1634/theoncologist.2011-0335
https://doi.org/10.1186/1471-2407-14-115
https://doi.org/10.1186/1471-2407-14-115
https://doi.org/10.1007/s00401-012-1011-7
https://doi.org/10.1007/s00401-012-1011-7
https://doi.org/10.1038/s41467-020-16682-y
https://doi.org/10.1212/WNL.51.4.1136
https://doi.org/10.1002/1097-0142(19890601)63:11%3c2124::AID-CNCR2820631109%3e3.0.CO;2-9
https://doi.org/10.1002/1097-0142(19890601)63:11%3c2124::AID-CNCR2820631109%3e3.0.CO;2-9
https://doi.org/10.1002/1097-0142(19890601)63:11%3c2124::AID-CNCR2820631109%3e3.0.CO;2-9
https://doi.org/10.1007/s00330-012-2601-4
https://doi.org/10.1007/s00330-012-2601-4
https://doi.org/10.3174/ajnr.A4814
https://doi.org/10.1007/s11060-018-2841-5
https://doi.org/10.1007/s11060-018-2841-5
https://doi.org/10.1148/radiol.2020191832
https://doi.org/10.1002/(SICI)1522-2586(199901)9:1%3c53::AID-JMRI7%3e3.0.CO;2-2
https://doi.org/10.1002/(SICI)1522-2586(199901)9:1%3c53::AID-JMRI7%3e3.0.CO;2-2
https://doi.org/10.1002/(SICI)1522-2586(199901)9:1%3c53::AID-JMRI7%3e3.0.CO;2-2
https://doi.org/10.18535/jmscr/v6i2.95
https://doi.org/10.2214/ajr.162.3.8109520
https://doi.org/10.2214/ajr.162.3.8109520


1590	 Journal of Neurology (2022) 269:1574–1590

1 3

analysis of the extent of resection of molecularly and histo-
logically distinct low grade gliomas and its role on survival. J 
Neurooncol 134:65–74

	28.	 Kickingereder P, Willeit P, Simon T, Ruge MI (2013) Diagnostic 
value and safety of stereotactic biopsy for brainstem tumors: a 
systematic review and meta-analysis of 1480 cases. Neurosur-
gery. https://​doi.​org/​10.​1227/​NEU.​0b013​e3182​8bf445

	29.	 Ueoka DI, Nogueira J, Campos JC, Filho PM, Ferman S, Lima 
MA (2009) Brainstem gliomas—retrospective analysis of 86 
patients. J Neurol Sci. https://​doi.​org/​10.​1016/j.​jns.​2009.​03.​009

	30.	 Salmaggi A, Fariselli L, Milanesi I et al (2008) Natural his-
tory and management of brainstem gliomas in adults: a ret-
rospective Italian study. J Neurol. https://​doi.​org/​10.​1007/​
s00415-​008-​0589-0

	31.	 Weller M, van den Bent M, Preusser M et  al (2020) EANO 
guidelines on the diagnosis and treatment of diffuse gliomas 
of adulthood. Nat Rev Clin Oncol. https://​doi.​org/​10.​1038/​
s41571-​020-​00447-z

	32.	 Williams NL, Rotondo RL, Bradley JA, Pincus DW, Fort JA, 
Wynn T, Morris CG, Mendenhall NP, Indelicato DJ (2018) Late 
effects after radiotherapy for childhood low-grade glioma. Am 
J Clin Oncol Cancer Clin Trials. https://​doi.​org/​10.​1097/​COC.​
00000​00000​000267

	33.	 Kerezoudis P, Goyal A, Lu VM, Alvi MA, Bydon M, Kizilbash 
SH, Burns TC (2020) The role of radiation and chemotherapy in 
adult patients with high-grade brainstem gliomas: results from the 
National Cancer Database. J Neurooncol 146:303–310

	34.	 Torcuator R, Zuniga R, Loutfi R, Mikkelsen T (2009) Bevaci-
zumab and irinotecan treatment for progressive diffuse brainstem 
glioma: case report. J Neurooncol 93:409–412

	35.	 Moriya S, Ohba S, Adachi K, Nishiyama Y, Hayashi T, Nagahisa 
S, Kaito T, Nakae S, Hirose Y (2018) A retrospective study of 
bevacizumab for treatment of brainstem glioma with malignant 
features. J Clin Neurosci. https://​doi.​org/​10.​1016/j.​jocn.​2017.​10.​
002

	36.	 Yu D, Han G, Liu H, Gao L, Verma V (2019) Treatment of adult 
brainstem glioma with combined antiangiogenic therapy: a case 
report and literature review. Onco Targets Ther. https://​doi.​org/​
10.​2147/​OTT.​S1957​83

	37.	 Babu R, Kranz PG, Agarwal V, McLendon RE, Thomas S, Fried-
man AH, Bigner DD, Adamson C (2014) Malignant brainstem gli-
omas in adults: clinicopathological characteristics and prognostic 
factors. J Neurooncol. https://​doi.​org/​10.​1007/​s11060-​014-​1471-9

	38.	 Gorlia T, Wu W, Wang M et al (2013) New validated prognostic 
models and prognostic calculators in patients with low-grade glio-
mas. Neuro Oncol 15:1568–1579

	39.	 Siegel EM, Nabors LB, Thompson RC, Olson JJ, Browning JE, 
Madden MH, Han G, Egan KM (2013) Prediagnostic body weight 
and survival in high grade glioma. J Neurooncol. https://​doi.​org/​
10.​1007/​s11060-​013-​1150-2

	40.	 Jones LW, Ali-Osman F, Lipp E, Marcello JE, McCarthy B, 
McCoy L, Rice T, Wrensch M, Il’Yasova D (2010) Association 
between body mass index and mortality in patients with glioblas-
toma mutliforme. Cancer Causes Control. https://​doi.​org/​10.​1007/​
s10552-​010-​9639-x

	41.	 Chambless LB, Parker SL, Hassam-Malani L, McGirt MJ, Thomp-
son RC (2012) Type 2 diabetes mellitus and obesity are inde-
pendent risk factors for poor outcome in patients with high-grade 
glioma. J Neurooncol. https://​doi.​org/​10.​1007/​s11060-​011-​0676-4

	42.	 Greenlee H, Unger JM, LeBlanc M, Ramsey S, Hershman DL 
(2017) Association between body mass index and cancer survival 
in a pooled analysis of 22 clinical trials. Cancer Epidemiol Bio-
markers Prev. https://​doi.​org/​10.​1158/​1055-​9965.​EPI-​15-​1336

	43.	 Bhaskaran K, dos-Santos-Silva I, Leon DA, Douglas IJ, Smeeth L 
(2018) Association of BMI with overall and cause-specific mortal-
ity: a population-based cohort study of 3·6 million adults in the 
UK. Lancet Diabetes Endocrinol. https://​doi.​org/​10.​1016/​S2213-​
8587(18)​30288-2

	44.	 Iyengar NM, Kochhar A, Morris PG et al (2014) Impact of obesity 
on the survival of patients with early-stage squamous cell car-
cinoma of the oral tongue. Cancer. https://​doi.​org/​10.​1002/​cncr.​
28532

	45.	 Wright ME, Chang SC, Schatzkin A, Albanes D, Kipnis V, Mouw 
T, Hurwitz P, Hollenbeck A, Leitzmann MF (2007) Prospective 
study of adiposity and weight change in relation to prostate can-
cer incidence and mortality. Cancer. https://​doi.​org/​10.​1002/​cncr.​
22443

	46.	 Sparano JA, Wang M, Zhao F et al (2012) Obesity at diagnosis is 
associated with inferior outcomes in hormone receptor-positive 
operable breast cancer. Cancer. https://​doi.​org/​10.​1002/​cncr.​27527

	47.	 Mair MJ, Wöhrer A, Furtner J et al (2020) Clinical characteristics 
and prognostic factors of adult patients with pilocytic astrocy-
toma. J Neurooncol. https://​doi.​org/​10.​1007/​s11060-​020-​03513-9

	48.	 Rysz J, Franczyk B, Ławiński J, Olszewski R, Gluba-Brzózka A 
(2020) The role of metabolic factors in renal cancers. Int J Mol 
Sci. https://​doi.​org/​10.​3390/​ijms2​11972​46

	49.	 Arevalo-Perez J, Peck KK, Young RJ, Holodny AI, Karimi S, 
Lyo JK (2015) Dynamic contrast-enhanced perfusion MRI and 
diffusion-weighted imaging in grading of gliomas. J Neuroimag-
ing. https://​doi.​org/​10.​1111/​jon.​12239

	50.	 Zhang L, Min Z, Tang M, Chen S, Lei X, Zhang X (2017) The 
utility of diffusion MRI with quantitative ADC measurements 
for differentiating high-grade from low-grade cerebral gliomas: 
evidence from a meta-analysis. J Neurol Sci. https://​doi.​org/​10.​
1016/j.​jns.​2016.​12.​008

	51.	 Sasaki M, Yamada K, Watanabe Y, Matsui M, Ida M, Fujiwara 
S, Shibata E (2008) Variability in absolute apparent diffusion 
coefficient values across different platforms may be substantial: 
a multivendor, multi-institutional comparison study. Radiology. 
https://​doi.​org/​10.​1148/​radiol.​24920​71681

	52.	 Berghoff AS, Spanberger T, Ilhan-Mutlu A et al (2013) Preopera-
tive diffusion-weighted imaging of single brain metastases cor-
relates with patient survival times. PLoS One. https://​doi.​org/​10.​
1371/​journ​al.​pone.​00554​64

	53.	 Babu R, Kranz PG, Karikari IO, Friedman AH, Adamson C 
(2013) Clinical characteristics and treatment of malignant brain-
stem gliomas in elderly patients. J Clin Neurosci. https://​doi.​org/​
10.​1016/j.​jocn.​2012.​12.​011

	54.	 Reyes-Botero G, Giry M, Mokhtari K, Labussière M, Idbaih A, 
Delattre JY, Laigle-Donadey F, Sanson M (2014) Molecular anal-
ysis of diffuse intrinsic brainstem gliomas in adults. J Neurooncol. 
https://​doi.​org/​10.​1007/​s11060-​013-​1312-2

	55.	 Dellaretti M, Reyns N, Touzet G, Dubois F, Gusmão S, Pereira 
JLB, Blond S (2012) Diffuse brainstem glioma: Prognostic fac-
tors. J Neurosurg. https://​doi.​org/​10.​3171/​2012.7.​JNS11​1992

https://doi.org/10.1227/NEU.0b013e31828bf445
https://doi.org/10.1016/j.jns.2009.03.009
https://doi.org/10.1007/s00415-008-0589-0
https://doi.org/10.1007/s00415-008-0589-0
https://doi.org/10.1038/s41571-020-00447-z
https://doi.org/10.1038/s41571-020-00447-z
https://doi.org/10.1097/COC.0000000000000267
https://doi.org/10.1097/COC.0000000000000267
https://doi.org/10.1016/j.jocn.2017.10.002
https://doi.org/10.1016/j.jocn.2017.10.002
https://doi.org/10.2147/OTT.S195783
https://doi.org/10.2147/OTT.S195783
https://doi.org/10.1007/s11060-014-1471-9
https://doi.org/10.1007/s11060-013-1150-2
https://doi.org/10.1007/s11060-013-1150-2
https://doi.org/10.1007/s10552-010-9639-x
https://doi.org/10.1007/s10552-010-9639-x
https://doi.org/10.1007/s11060-011-0676-4
https://doi.org/10.1158/1055-9965.EPI-15-1336
https://doi.org/10.1016/S2213-8587(18)30288-2
https://doi.org/10.1016/S2213-8587(18)30288-2
https://doi.org/10.1002/cncr.28532
https://doi.org/10.1002/cncr.28532
https://doi.org/10.1002/cncr.22443
https://doi.org/10.1002/cncr.22443
https://doi.org/10.1002/cncr.27527
https://doi.org/10.1007/s11060-020-03513-9
https://doi.org/10.3390/ijms21197246
https://doi.org/10.1111/jon.12239
https://doi.org/10.1016/j.jns.2016.12.008
https://doi.org/10.1016/j.jns.2016.12.008
https://doi.org/10.1148/radiol.2492071681
https://doi.org/10.1371/journal.pone.0055464
https://doi.org/10.1371/journal.pone.0055464
https://doi.org/10.1016/j.jocn.2012.12.011
https://doi.org/10.1016/j.jocn.2012.12.011
https://doi.org/10.1007/s11060-013-1312-2
https://doi.org/10.3171/2012.7.JNS111992

	Prognostic factors in adult brainstem glioma: a tertiary care center analysis and review of the literature
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 

	Introduction
	Pathological prognostic factors in brainstem glioma
	Clinical prognostic parameters in brainstem glioma
	Radiological prognostic factors
	Treatment of brainstem glioma


	Materials and methods
	Patients and data collection
	Statistical analysis

	Results
	Patients’ characteristics
	Clinical presentation
	Pathology characteristics
	Tumour location and radiological characteristics
	Surgery and first-line treatment
	Outcome and survival analysis

	Discussion
	References




