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Abstract
Purpose Primary benign and malignant central nervous system (CNS) tumors are the most frequent solid tumors in the 
pediatric age and represent the leading cause of death by cancer in children in high income countries. However, information 
regarding specific causes of death in this population is still limited. The objective of this work was to investigate mortality 
in a large cohort of children diagnosed at our institution.
Methods We identified patients consecutively diagnosed with CNS tumor and treated at a Tertiary Care Canadian Children’s 
Hospital between January 2000 and December 2017. Patient charts were reviewed and different variables such as tumor 
diagnosis, location, gender, age at diagnosis, age at death and cause of death collected.
Results Of 1274 patients, 306 (24%) succumbed to their disease. Mortality rate varied significantly according to tumor 
subtype, ranging from 3.1% in low grade glioma (LGG) to 97.8% in diffuse intrinsic pontine glioma (DIPG). While high 
grade gliomas (HGG) and DIPG represented only 6.3 and 7.1% of total diagnoses respectively, together they accounted for 
49.3% of total deaths (n = 151). Median time from diagnosis to death was 15 months (4 days to 15 years) and shortest for 
DIPG (11 months). Two hundred and ninety patients (94.8%) died as a result of the primary disease, 4 of treatment-related 
toxicity, two patients’ deaths were unrelated to the primary disease (idiopathic encephalopathy and domestic fire) whereas 
10 patients succumbed to a secondary malignancy. Of note, four of these ten patients had a confirmed underlying cancer 
predisposition syndrome.
Conclusion Disease progression is the main cause of death in children with brain tumor, while treatment related mortal-
ity is low in this series. Research should continue to focus on improving treatment strategies for patients whose prognosis 
remains dismal.
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Introduction

Primary central nervous system (CNS) tumors are the most 
common solid tumors in children, and they represent the 
second most common pediatric malignancies after leukemia, 
accounting for almost 25% of all childhood cancers in high 
income countries [1–3]. Yet, they are infrequent, with an 
estimated incidence which varies by country from 1.12 to 
5.57 cases per 100,000 children each year [4].

Although major advances have been made over the last 
decades in the field of pediatric brain tumors, with new 
genetic discoveries, new therapies, and new technologies 
[5] both mortality and morbidity remain a serious concern in 
this population. Unfortunately, improvement in the outcome 
of the pediatric neuro-oncology population has been less 
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favorable when compared to other pediatric malignancies 
[6, 7]. While mortality in children with leukemia and lym-
phoma has remarkably decreased over the recent decades, 
the percentage of cancer deaths due to CNS tumor has pro-
portionally increased making brain tumors the leading cause 
of cancer related death among the 1–19 years old population 
[8, 9].

However, little is known about specific causes of death 
in pediatric neuro-oncology, and this aspect has remained 
under investigated [10]. The aim of this study was to 
describe the causes of deaths in a large cohort of pediatric 
patients treated at a single institution over a 17-year period.

Material and methods

Using our in-hospital neuro-oncology database, we con-
ducted a retrospective chart review of clinical and pathologi-
cal data of children diagnosed and treated for a CNS tumor 
at the Hospital for Sick Children, and who died during the 
course of their treatment or follow up period. Patients were 
eligible if they were 0–18 years old at the time of diagnosis, 
diagnosed from January 1st, 2000 to December 31st, 2017 
and had sufficient data for analysis.

The study entry point was the day of the initial diagno-
sis by either the date of diagnostic imaging or the date of 
biopsy/tumor resection.

General demographics, information on tumor histology 
and location, metastatic status at diagnosis, time from diag-
nosis to death, specific causes of death and place of death 
were collected. Genetic tests were reviewed when available 
to identify patients with predisposing cancer condition. The 
cause of death was obtained either from the medical chart 
or from death certificates and was divided into four subcat-
egories: disease-related, treatment related, secondary malig-
nancy and death due to causes unrelated to the neoplastic 
diagnosis. Since patients are not followed beyond the age of 
18 at our institution, we also reviewed all correspondences 
from adult long-term follow-up clinics in order to identify 
any death that occurred after transfer to adult care.

The study was approved by the institutional research ethic 
board. The need for informed consent and assent was waived 
given the retrospective nature of the study and the study 
cohort of deceased patients.

Statistical analysis

Kaplan Meier survival curves were generated to compare 
survival in the major tumor types and the overall significance 
for the difference between the groups used the log rank test. 
SAS 9.4 & R version 3.6.0 was used for this analysis.

For the comparisons of gender and metastatic/dissemi-
nated disease at diagnosis by major tumor type, a chi-square 

test was used to assess the difference in proportions of males 
and females in the tumor groups. For the comparison of the 
median age at diagnosis, a Kruskal–Wallis test was run to 
test the difference in the major tumor groups.

The cohort was split by diagnosis date (January 1st 
2000–December 31st 2008, January 1st 2009–December 
31st 2017) and comparisons made between the two eras. 
Differences in the proportion of patients deceased, gender, 
cause of death, and location of death were assessed with a 
chi-square test. Differences in the median age at diagnosis 
and the median time until death amongst deceased patients 
between the two eras was assessed using a Kruskal–Wallis 
test. Differences in the survival time after diagnosis between 
the two eras was assessed using a log rank test.

Results

Of the initial cohort of 1349 patients, 75 were excluded for 
lack of sufficient information. Hence, we included 1274 
patients with central nervous system tumors diagnosed 
and treated at our institution during the study period. Of 
them, 306 (24%) died and were included in the study cohort. 
Demographic information of the study cohort is shown in 
Table 1.

The male/female ratio of the entire cohort is 1.19 (693 
males, 581 females) which differed according to tumor 
subtype (p-value = 0.008), and ranged from 0.64 for diffuse 
intrinsic pontine glioma (DIPG) patients, 2.04 for medullo-
blastoma patients to 3.55 for patients with intracranial germ 
cell tumors. The male/female ratio of the deceased cohort 
(n = 306) was 1.04 (156 males, 150 females) and again dif-
fered according to tumor subtype ranging from 0.58 for 
DIPG to 2.38 for medulloblastoma patients.

The median age at diagnosis of the entire neuro-oncology 
population was 7.56 years (1 day to 18 years), and differed 
according to tumor subtype (p-value < 0.0001), ranging from 
1.72 years in children with atypical teratoid rhabdoid tumors 
(AT/RT) to 10.7 years in patients with non-brainstem high 
grade gliomas (HGG).

For the cohort of patients who died, the median age 
at diagnosis was 6.8 years (range 1 day to 18.8 years). 
Median age at death was 8.9 years (13 days to 24.4 years). 
When dividing by age group, the mortality rate was 40.3% 
in patients less than 1 year at the time of diagnosis (25 
deceased / 62 diagnosed), 24.4% in the 1–5 years cohort 
(108 deceased/442 diagnosed), 26.7% in the 6–10 years old 
(102 deceased/382 diagnosed), and 18.3% in patients eleven 
years old and older (71 deceased/388 diagnosed).

The median length of time elapsed from diagnosis to 
death was 15 months. It was significantly different according 
to tumor type (p-value < 0.0001), the shortest (11 months, 
range 12 days to 5 years) in children with DIPG, and the 
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longest in those with ependymoma (4 years, range 4 days to 
15.1 years) (Table 1).

Table 2 depicts prevalence and mortality rates of all 
tumor types of the study cohort. While HGG and DIPG rep-
resented only 6.3% and 7.1% of total diagnoses, respectively, 
together they accounted for 49.3% of total deaths (n = 151). 
Medulloblastoma (MB) was the third most common cause 
of death (n = 44, 14.4%), followed by ependymoma (n = 30, 
9.8%), other embryonal tumors (including “primitive neu-
roectodermal tumors”, n = 25, 8.2%) and AT/RT (n = 15, 
4.9%). Mortality rate varied significantly according to tumor 
type, ranging from 3.1% in low grade glioma (LGG) (16 
death of 508 patients), to 97.8% in DIPG (89 deaths of 91 
patients). Other tumor types with high mortality rate were 
AT/RT (50%), and embryonal tumor other than AT/RT and 
medulloblastoma (58.1%). Of note, all patients with melano-
cytic tumors (n = 5) succumbed to the disease. Other tumors 
in our cohort, such as craniopharyngioma and germ cell 
tumors, were characterized by a lower mortality (Table 2). 
Importantly, for some brain tumors categories, no mortali-
ties were observed (i.e.: SEGA, n = 24, meningioma, n = 15, 
spinal cord ependymomas, n = 14, hemangioblastoma, n = 6, 
pituitary adenoma, n = 6). Figure 1 depicts the Kaplan Meier 
curves for each of the most frequent brain tumors demon-
strating a significant difference between survival curves for 
the different tumor types (p-value < 0.0001).

The main cause of death was disease related (n = 290; 
94.8%). Most of these patients died of progressive disease 
(n = 282; 92.2%); 5 patients (1.6%) died as a result of intra-
tumoral hemorrhage which was the presenting symptom of 
their tumor (3 HGG, 2 Medulloblastoma). All 3 deaths in 

the craniopharyngioma cohort were related to metabolic 
and endocrine disorders secondary to severe hypothalamic 
damage resulting from the tumor and/or its management. 
Of the 16 patients with LGG, 14 died as a result of disease 
progression and two passed due to other causes (domestic 
fire, hematological malignancy). Five patients had histo-
logically confirmed malignant transformation, while the 
remaining 9 patients were either not biopsied more than 
once or showed low grade features in a second biopsy and/
or post mortem examination. Importantly, none of the five 
patients with pathological evidence of malignant trans-
formation had neither received prior radiation, nor was 
identified with a cancer predisposition syndrome

Treatment-related mortality in our cohort was 1.3% 
(n = 4), all of whom occurred in patients with embryonal 
tumor following sequential high dose chemotherapy and 
autologous stem cell rescue (HD/ASCR). Specifically, 
two patients died of pulmonary hypertension (1 AT/RT, 
1 medulloblastoma) while 2 patients (1 pineoblastoma, 
1 medulloblastoma) developed overwhelming sepsis and 
multiorgan failure. The mortality rate following HD/ASCR 
in our series was 3.1% (4/129 patients) for a total number 
of 412 transplants (median 3, range 1–5).

Ten patients (3.2%) of the deceased cohort suc-
cumbed to a secondary tumor (Glioblastoma multiforme 
n = 5, Lymphoma n = 2, Myelodysplastic syndrome = 1, 
DIPG = 1, Osteosarcoma n = 1). Mean time to second 
cancer was 5 years (range 1.8–10.9 years). In two cases, 
the cause of death was unrelated to the primary disease 
(idiopathic encephalopathy and domestic fire).

Table 1  Demographic information of the study cohort

*Minor tumor types are depicted in Table 2

All patient 
(n = 1274)

Major tumor types* P value

LGG (n = 511) HGG (n = 80) DIPG (n = 91) MB (n = 164) EP (n = 106) AT/RT 
(n = 30)

M/F ratio 1.19 1.12 1.32 0.64 2.04 1.47 1.14 0.0008
Median Age at 

diagnosis in 
years (range)

7.56 (1 day to 
18.8 years)

7.49 (1 month 
to 17.8 
years)

10.7 
(40 days to 
18.8 years)

6.57 (1 day to 
16.9 years)

7.24 (1.1–
17.2)

6.65 (3 months 
to 17. years7)

1.72 (10 days 
to 9.2 years)

 < 0.0001

Metastatic/ 
disseminated 
at diagnosis 
(%)

92 (7.2%) 20 (3.9%) 7 (8.8%) 2 (2.2%) 48 (29.2%) 2 (1.9%) 11 (36.7%)  < 0.0001

Median time 
from diagno-
sis to death 
of deceased 
patients 
in months 
(range days 
to years)

15 (1 day to 
15.1 years)

36 (74 days to 
10.2 years)

16 (4 day to 
8.3 years)

11 (12 days to 
5 years)

23 (1 day to 
12.9 years)

48 (4 days to 
15.1 years)

12 (8 days to 
3.1 years)

 < 0.0001



184 Journal of Neuro-Oncology (2020) 149:181–189

1 3

Twenty patients (6.5%) in the deceased patient cohort 
were known to harbor a pathogenic cancer predisposing 
germline mutation. TP53 germline mutation, confirming a 
diagnosis of Li-Fraumeni syndrome, was the most prevalent, 
and was identified in 6 patients. Rhabdoid predisposition 
syndrome type 1 (germline mutation of SMARCB1) was 
identified in 5 cases of AT/RT. Constitutional (bi-allelic) 
mismatch repair deficiency was confirmed in two cases of 
HGG, while in one patient with HGG, only one allele of 
mismatch repair gene was found to be mutated (heterozy-
gous), in keeping with the diagnosis of Lynch syndrome. 3 
patients had Neurofibromatosis type 1, and one patient each 
had DICER1 mutation, Ataxia telangiectasia and CHEK2 
germline mutation. The rate of cancer genetic predisposition 
was higher in the high grade glioma group (n = 8/62, 13%). 
Cancer predisposition syndrome was confirmed in 40% 
(n = 4) of patients who were diagnosed with a secondary 
tumor; of them, one had a glioblastoma multiforme, whereas 
the 3 other patients developed extracranial secondary tumor 
(Table 3).

The location of death could be identified for 277 patients. 
Location was almost equally balanced between hospital 
(n = 135, 48.4%), and home (n = 133, 47.6%). Nine patients 

died at the local pediatric hospice in downtown Toronto 
(3.6%), since its opening in 2013 and one at a hospice in 
another province.

Amongst hospital deaths, most occurred on the oncology 
ward/palliative care room but 25 children died in the Inten-
sive Care Unit (ICU).

When dividing the entire cohort of patients into two 
groups according to the period of treatment (before or after 
January 1st, 2009), differences with regards to death rate 
(29.6% versus 19.1%) and median survival since diagnosis 
(16 versus 14 months) were noted (Table 4).

Discussion

This study describes a cohort of pediatric patients who died 
following a diagnosis of brain tumors in a large tertiary hos-
pital. The overall mortality rate of 24% is in keeping with 
previous reports and CTBRUS and SEER data with 5 and 
10 years survival rates of 73.3 and 69.9%, respectively, in the 
pediatric age range (0–14 years) for the period 2000–2015 
[11]. Although significant improvement in survival was 

Table 2  Prevalence and mortality rates by tumor type

DIPG diffuse intrinsic pontine glioma, HGG high grade glioma, AT/RT atypical teratoid rhabdoid tumor, MB medulloblastoma, LGG low grade 
glioma, CPC choroid plexus carcinoma, CPP choroid plexus papilloma, CNS-GCT  central nervous system-Germ Cell Tumor, N/A non-applica-
ble, SEGA subependymal giant cell astrocytoma, PNET primitive neuroectodermal tumor

Tumor type Number of 
mortality cases 
(N)

Percentage of all 
mortality cases 
(%)

Total number of patients diag-
nosed with the disease during the 
study period (N)

Percentage of all neuro-onco-
logical diagnoses during study 
period (%)

Mortal-
ity rate 
(%)

DIPG 89 29.1 91 7.1 97.8
HGG 62 20.3 80 6.3 77.5
MB 44 14.4 164 12.9 26.8
Ependymoma 30 9.8 106 8.3 28.3
Other embryonal tumors 

including Pinealoblas-
toma

25 8.2 43 3.4 58.1

LGG 16 5.2 511 40.1 3.1
AT/RT 15 4.9 30 2.4 50
Melanocytic tumor 5 1.6 5 0.4 100
Chordoma 4 1.3 10 0.8 40
CNS Sarcoma 4 1.3 13 1 30.7
CPC 3 1 10 0.8 30
CPP 0 0 17 1.3 0
Craniopharyngioma 3 1 60 4.7 5
CNS-GCT 3 1 59 4.6 5.1
Meningioma 0 0 15 1.2 0
Schwannoma 0 0 13 1 0
SEGA 0 0 24 1.9 0
others 3 1 23 1.8 13
All tumors 306 100 1274 100 24
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observed in the years 1970–2000, there has been no obvi-
ous change in survival rates over the last 2 decades [12, 13].

Not surprisingly, while representing only 7.2% of total 
diagnoses, DIPG were characterized by the highest mortal-
ity (n = 89/91, 97.8%); all DIPG patients died of progressive 
disease, with a median survival time of 11 months. This is 
comparable to an overall median survival of 11.2 months 
reported in a retrospective study by Cooney et al., who ana-
lyzed survival endpoints in a large cohort of patients diag-
nosed with DIPG (n = 372) [14]. Similar to other series, we 
observed 2 long-term survivors in the DIPG cohort. Both 
patients had classical clinical-radiological features and were 
treated with focal radiotherapy only. Although rare, similar 
outcomes have been reported in the literature [15].

The influence of age is noticeable. As expected, our 
data show a higher mortality rate among children diag-
nosed during the first year of life (40%). There are large 
variations observed in the literature regarding infants and 
comparisons are difficult due to differences in eligibility 
criteria. However, our results compare with the recent 
report from Toescu et al. who analyzed a series of 98 
children less than 1 year of age treated at a large tertiary 
UK institution over the period 1997–2014. In this series, 
42 patients died during the study period and the 5- and 
10-years survival rates were 44 and 28%, respectively [16]. 

This underscores the multiple challenges—in particular 
technical and ethical—associated with the management 
of central nervous system tumors in this very young age 
group.

Notably in less than 5% of cases, the cause of death was 
unrelated to disease progression. In particular, treatment-
related mortality (TRM) as defined by death caused by 
treatment toxicity and not related to disease was low (n = 4, 
1.3%). The difference of TRM to data recently reported 
relates to the difference in definition. The authors defined 
TRM as “any death occurring in the absence of progressive 
cancer” and stated a TRM in pediatric neuro-oncology as 
high as 13% [17, 18]. In a review of the causes of death in 
pediatric cancer patients in the Netherlands between 2003 
and 2012, Loeffen et al. identified 8 out of 121 (6.6%) deaths 
as TRM in the pediatric brain tumor population [19]. Dif-
ferences in the rate of toxic deaths between reports relate 
to a lack of consensus on the definition of TRM [18]. All 
toxic deaths in our cohort occurred in the context of high 
dose chemotherapy. Current prospective randomized trials 
comparing single and sequential high dose chemotherapy 
protocols may aid to better delineate risk of toxicity versus 
increased survival chances.

No intraoperative death occurred in our series. Five 
patients died due to massive intratumoral hemorrhage at 

Fig. 1  Survival according to tumor subtype
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Table 3  Clinical features of patients who died of a second malignancy

HGG high grade glioma, LGG low grade glioma, CSI craniospinal irradiation, N/A not applicable (hematopoietic malignancies), CNS central 
nervous system, GBM glioblastoma multiforme
* Radiation given at age 3.2 years for recurrent medulloblastoma

Patient 
number

1st malignancy Age of 
diagnosis 
(years)

2nd malignancy Time between first 
and second cancer 
(years)

Was the site of 2nd 
cancer previously 
irradiated?

Diagnosed cancer 
predisposition?

1 HGG (GBM) 8.8 Lymphoma 1.8 N/A Constitutional 
mismatch repair 
deficiency

2 Medulloblastoma 10.2 Lymphoblastic lym-
phoma

3.2 N/A Unknown

3 HGG (Anaplastic 
astrocytoma)

13.5 Myelo Dysplastic 
syndrome

4.2 N/A Li Fraumeni syndrome

4 Medulloblastoma 1.7 Brainstem lesion sus-
pected as DIPG

5.3 *Yes (CSI 18/54 Gy) No

5 Medulloblastoma 5.9 GBM 5.6 Yes (CSI 
24.3/55.8 Gy)

Germline pathogenic 
CHEK2 variant

6 Choroid plexus carci-
noma (plus concur-
rent adrenal cortical 
carcinoma)

1.1 Osteosarcoma 6.8 No Li Fraumeni syndrome

7 CNS Sarcoma 14.7 GBM 7.0 Yes (focal 59 Gy) Unknown
8 Medulloblastoma 9.3 GBM 8.1 Yes (CSI 36/54 Gy) Unknown
9 Ependymoma (poste-

rior fossa)
1.2 Brainstem HGG (infil-

trative astrocytoma)
9.1 Yes (focal 54 Gy) Unknown

10 LGG- leptomeningeal 
gliomatosis

9.6 Leukemia 10.9 N/A Unknown

Table 4  Study population 
according to the treatment 
period

*P-value tests the difference in proportion of hospital vs home deaths between the two eras, hospice and 
unknown death locations not included

January 1st 2000–
December 31st, 2008

January 1st, 2009–
December 31st, 2017

P values

Number of patients deceased 175 131  < 0.03
Total number of patients diagnosed 591 683
Median survival since diagnosis 16 months 14 months  0.05
Median age at diagnosis 6.3 years 7.4 years  0.2
M/F ratio 1.21 0.85  0.11
Cause of death (n)
a: primary disease
b: treatment related mortality
c: secondary tumors
d: unrelated to the primary disease

 0.20

Primary disease 162 128
Treatment related mortality 3 1
Secondary tumors 9 1
Unrelated to the primary disease 1 1
Location of death (n) 155 122  0.55*
Hospital 76 60
Home 78 53
Hospice 1 9
Unknown 19 9
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initial presentation; while all underwent emergency surgery, 
none of the children was rescuable.

Interestingly, the mortality rate in the low-grade glioma 
cohort (3.1%) in this study compares favorably to numbers 
in the literature which range higher from 5–20%. Bando-
padhayay et al.described the long term outcome of 4,040 
patients diagnosed with low grade glioma in the pediatric 
age and found a 20-year overall survival (OS) of 87% and a 
20 year cumulative incidence of death related to the glioma 
of 12% [20]. The major risk factor for death in her multivari-
ate analysis was treatment with radiation (hazard ratio = 3.9) 
associated with increased risk of transformation and/or sec-
ondary malignancies, as observed by others [21, 22]. Indeed, 
in contrast to adults, malignant transformation of pediatric 
low-grade glioma is a rare event in pediatrics [23, 24] and 
linked to genetically distinct subtypes [25]. Of note, none of 
the 5 LGG patients showing transformation received radio-
therapy upfront, as avoidance of radiation in pediatric LGG 
patients has been a guiding principle at our institution.

A germline cancer gene mutation was identified in 6.5% 
(n = 20) of our study population, confirming a cancer predis-
position syndrome. However, this figure maybe an underes-
timation, as a large proportion of patients were not tested or 
families opted against genetic testing despite a previous his-
tory highly suggestive of a cancer predisposition syndrome. 
Screening for cancer predisposition has become more estab-
lished over recent years but accurate numbers relating to 
patients undergoing screening over the whole study period 
couldn’t reliably determined. Our cohort’s profile is con-
sistent with previous reports which identified Li-Fraumeni 
syndrome as the most common cancer predisposing condi-
tion [26−28]. Similarly, the proportion of ATRT children 
with SMARCB1 germline mutation (5 out of 15 patients) 
is in keeping with the 35% predisposing rate reported by 
Bourdeaut et al. [29].

Importantly, for almost half of the patients who experi-
enced a secondary malignancy (4/10), a genetic cancer sus-
ceptibility was identified. Regrettably, the other six patients 
did not undergo genetic testing. This strengthens the need 
for the implementation of screening for cancer genetic sus-
ceptibility in this population, as identifying an underlying 
genetic predisposition can ultimately improve the outcome 
of these patients and their families through surveillance for 
new and secondary tumors [30] [31] and may also affect 
treatment strategies [32, 33]. The observation of secondary 
high grade gliomas in 3 medulloblastoma patients at 5.3, 
5.6 and 8.1 years confirms the importance of histological 
confirmation of late relapses in this tumor type [34].

Finally, almost half of the children passed away either at 
the hospital or at home (135 vs. 133 patients respectively), 
which was in most cases in accordance to families’ wishes. 
Of the 10 patients who died in hospice, nine were supported 
at the local facility which opened in 2013 and has since had 

an increased utilization by patients and families. These 
results are in keeping with a result of a recent Canadian 
study [17]. Of note, location of death was evenly distributed 
among the different brain tumors, with only a slight pre-
dominance of death at home in the DIPG group (44 patients 
died at home and 36 at the hospital, while location of death 
was unknown for 9 patients). Only 8% (25) of all deaths took 
place in the ICU, and half of these ICU admissions were 
related to acute complications such as intracranial hemor-
rhage or therapy refractory seizures. Albeit thorough “do 
not resuscitate” reviews with parents are a standard practice 
when curative chances have been exhausted, transfer to ICU 
has not always been preventable despite treating team’s pal-
liative intentions [35].

Our study has several limitations. The major one is the 
retrospective nature of the study with its inherent difficulties 
related to incomplete and missing data. Furthermore, data 
from a large tertiary center may have intrinsic bias, such as 
the risk of an enrichment secondary to provincial referrals 
of harder to treat patients. One should also mention that data 
on the presence of metastatic disease at diagnosis could be 
an underestimation, particularly for LGG.

In conclusion, our data show that the cause of death in 
an overwhelming percentage of our patients was disease-
related. Additionally, our study confirms the high proportion 
of deaths in patients with HGG (including DIPG) and to a 
lower extent in the AT/RT population. For patients affected 
by these diagnoses, new treatment approaches are urgently 
needed. In contrast, only a small proportion of patients with 
LGG succumbed to their disease, and in this patient popula-
tion, clinicians should focus on maintaining quality of life 
and aim to minimize treatment burden and sequalae.
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