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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
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