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Abstract

Introduction
Diffuse intrinsic pontine glioma is a rare disease with a high mortality. Our primary aim was to determine
the incidence of this disease in Belgium. Secondly, we wanted to compare the treatment approach of
Belgian pediatric oncology centres, to investigate possibilities for improvement.

Methods
We retrospectively collected and analysed data on DIPG-patients diagnosed between 1994 and 2018 and
recorded in the Belgian Cancer Registry.
We included patients ≤ 18 years who were followed in one of the eight Belgian pediatric oncology
centres.

Results
We included 100 patients over a period of 25 years with a median age at diagnosis of 7 years. We
observed an increase in diagnoses with an incidence of 3.1 per 1,000,000 persons (aged 0-≤18) per year
over the last 5 years compared to an overall incidence of 1.8. Forty- ve patients (51.7%) were biopsied at
diagnosis. In ten (22%), this was study-related. H3 K27M-mutation was present in 75% of biopsied
patients. Fifty-one patients (59.3%) received chemotherapy, without a signi cant survival bene t. Eleven
patients (21.2%) were included in a clinical trial. Biopsy rate and the use of chemotherapy differed widely
between centres. Mean OS and PFS were 10.49 and 4.87 months respectively. We observed an improved
survival over time.

Conclusions
Over the past 25 years, we observed an increase of new DIPG-diagnoses. Outcome in our cohort is
comparable with literature ndings. We demonstrate an important heterogeneity in treatment approach
between different centres and limited inclusion in clinical trials. Therefore, collaboration between centres
and inclusion of patients in clinical trials is much needed.

Introduction
Diffuse intrinsic pontine glioma (DIPG) is a rare pediatric brain stem malignancy with an unfavourable
prognosis. Because of its location, surgical resection is not feasible. To date, there is no treatment able to
cure this disease.(1, 2) The yearly incidence is 2.32 per 1,000,000 inhabitants aged 0–20 years, with a
median age at diagnosis of approximately 7 years. The median overall survival (OS) ranges from 8 to 11
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months with an OS of less than 10% at 2 years. Male and female are equally affected.(3–5) Onset of the
disease mostly is acute and common symptoms include cerebellar signs, pyramidal signs and cranial
nerve palsy (especially abducens nerve palsy).(5, 6) Currently diagnosis mainly relies on magnetic
resonance imaging (MRI).(7) The lack of tissue for diagnosis impeded research on the underlying
molecular pathogenesis.(6) As a result, the treatment for DIPG was largely based on the treatment of
adult high-grade gliomas. With the emergence of surgical biopsy as a safe procedure with acceptable
risks,(8, 9) our knowledge about the molecular roots of this disease has increased and DIPG has been
individualized as a distinct entity.(10, 11) An important discovery is the presence of the K27M driving
mutation in histone H3 genes H3F3A, HIST2H3C and HIST1H3B/C, present in almost 80% of all DIPGs.(4,
11–13) This led to reclassi cation of most DIPGs as diffuse midline glioma H3 K27M-mutant in the last
World Health Organization classi cation of the central nervous system tumours. This entity
encompasses a phenotypically and molecularly de ned set of tumours which share their diffuse growth
pattern and location in the brain midline, including thalamus, brain stem and spinal cord.(14) Currently,
about 42% of the medical practitioners state to biopsy all or most of their patients,(15) mainly in case of
atypical imaging or in the setting of a clinical trial.(16) Focal radiotherapy is the only treatment with a
proven survival bene t and remains the standard of care. Conventional fractionation (54-59.4 Gy in
1.8 Gy fractions) increases OS with approximately 3 months. Hypofractionation schemes (39 Gy in 3 Gy
fractions) can offer comparable results with a smaller treatment burden. A hyperfractionation (6678 Gy in
1-1.26 Gy fractions) scheme does not improve survival but is more inconvenient and has a higher risk of
acute toxicity.(6, 15, 17) In selected patients, reirradiation at progression can provide symptom relief and
a modest survival bene t with acceptable toxicity. (18, 19) Numerous chemotherapeutic agents have
been tested in multiple clinical trials, although none of these could improve survival.(6) In Belgium, all
oncologic patients are registered in the Belgian Cancer Registry. DIPG however, is not registered as a
separate entity and no data on incidence, epidemiology, treatment and prognosis are available.
We retrospectively collected data on all Belgian DIPG-patients diagnosed over the past 25 years. Our
primary aim was to determine the incidence of this speci c entity in Belgium, along with other
epidemiological and clinical data. Secondly, we intended to gather information on the treatment approach
used in Belgian oncology centres. Comparing our current practice to recent evidence, we aimed to nd
possibilities to improve our approach.

Material And Methods

Patients
We retrospectively collected data on patients diagnosed with DIPG between 1994 and 2018, with an age
at diagnosis between 0 and 18 years (age 18 included) who were followed in one of the recognised
Belgian pediatric oncology centres. Patients were retrieved from local registries by means of following
search terms: ‘DIPG’ and ‘pontine glioma’. Inclusion in each centre was performed analogously, with
minor variations according to local data registry. Patients were included in the study if the MRI reports
Page 3/11

were conclusive of a DIPG. Patients were excluded if they had a pathological diagnosis of a pilocytic
astrocytoma (WHO grade 1). Patients who were followed in two or more centres were only included once.
Data collection was conducted in compliance with the declaration of Helsinki. Approval by The Ethical
Committee of all participating sites was acquired before data collection. All data were anonymized and
access to the data was restricted to individuals directly linked to the study.
Since it concerned retrospective data collection, informed consent was not required.
All data were treated con dentially by the investigator and all participating sites.

Data collection and analysis
Information was collected on epidemiological and clinical characteristics (medical history and physical
examination at time of diagnosis and during follow-up), tumour- and treatment-related data, as well as
outcome parameters. We visited all eight recognized Belgian pediatric oncology centres (i.e. CHC
Clinique de l’Espérance, CHU Liège, HUDERF, Cliniques Universitaires Saint-Luc, UZ Antwerpen, UZ Brussel,
UZ Gent, UZ Leuven) to retrospectively collect data. In UZ Brussel, data were only available from 2000
onwards. All data were coded and transferred to a database with a patient speci c number. If speci c
data were lacking, the patient was omitted for the regarding analysis. Incidence and survival analyses
were performed on the total cohort, whereas all other analyses were performed on 87 patients (unless
otherwise stated) due to incompleteness of speci c les.

Statistical methods
The collected data were analysed using IBM SPSS Statistics (version 26) and SAS software (Version 9.4).
We mainly applied descriptive statistics. A linear regression analysis was used to estimate evolution of
incidence over time. A logistic regression model was used with biopsy as a binary variable and the year of
diagnosis as a covariate to evaluate biopsy rate over time. Survival analyses were performed using the
Kaplan-Meier method. The evolution of survival over time was analysed using a Cox model with year of
diagnosis as a continuous predictor variable. A Cox proportional hazards model was used to compare OS
and PFS in different treatment groups. A multivariate analysis was used to correct for possible
confounders. All tests were performed using a 5% two-sided signi cance level. No correction for
multiplicity was performed given the exploratory nature of the study

Results

Demographics
In total, 100 patients were included over a period of 25 years. The median age at diagnosis was 7 years
(range 1–16), the mean age at diagnosis was 7.7 years (standard deviation 3.5). The male/female ratio
was 0.82. We calculated an incidence of 1.8 per 1,000,000 persons (aged 0-≤18) per year. The yearly
incidence calculated over the last 10 and 5 years (respectively from 2009 and 2014 up to and including
2018) were 2.7 and 3.1 respectively. Figure 1 shows new diagnosed cases over time. A linear regression
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analysis was used to estimate evolution of new diagnosed cases per year over time. Two separate
estimates were made: one including all years and excluding patients from the centre with data only
available from 2000 onwards, another including all patients from 2000 onwards. Both estimates show a
statistically signi cant increase of diagnosed cases over time (slope 1 0.210 (95% CI 0.132; 0.288, p <
0.0001), slope 2 0.314 (95% CI 0.125; 0.504, p = 0.0029).

Patient characteristics
The mean time between onset of symptoms and diagnosis was approximately 8 weeks with 83.8% (n =
67, time of onset of symptoms known for n = 80) of patients presenting less than 12 weeks after onset of
symptoms. Cranial nerve de cit, cerebellar signs and long tract signs were present in 80.5, 78.2 and
67.8% of patients respectively. An abducens or facial nerve palsy were present in 50.6% and 48.3% of
patients respectively. Symptoms consistent with raised intracranial pressure (i.e. headache, vomiting
and/or papilledema) were present in 54% of the patients compared to hydrocephalus being present in
29.9% of the patients. Results of histopathological examination of cerebrospinal uid (CSF) was
documented in 7 patients (all of them underwent CSF drainage for hydrocephalus). Tumour cells were
present in the CSF of one patient. No spinal metastases were detected in patients that underwent a spinal
MRI (n = 24). A biopsy was performed at diagnosis in 51.7% (n = 45) of patients. Depending on the centre,
a biopsy was performed in 32-83.3% of patients. The reason to perform a biopsy was con rmation of the
diagnosis in 77.8% (n = 35) of patients, compared to 22.2% (n = 10) where this was done as part of a
clinical trial. A logistic regression model was used to evaluate biopsy rate over time. There is no evidence
for a decrease or increase in biopsy rate (odds ratio 0.994, 95% CI 0.939; 1.052, p = 0.8372). Histological
information was retrievable for 34 of 45 biopsies. All tumours were WHO-grade 2 or higher with no
predominance of either grade. A mutation analysis was documented in 12 patients. There were ve cases
of H3.3K27M mutation, one case of HIST1H3B mutation and one case of ACVR1 mutation. One patient
showed three mutations, namely in the PIK3CA-, PTEN- and ASXL1-gene. In four patients results were not
available.

Treatment characteristics
Treatment data are summarised in Table 1. Of all patients, 81.6% (n = 71) received radiotherapy. In 77.5%
(n = 55) a conventional schedule was used, while a hypofractionation schedule was used in 19.7% (n =
14). Chemotherapy (cytotoxic or targeted therapy) was given to 59.3% (n = 51) of patients. Only 12.6% (n
= 11) got included in a clinical trial. The rst reported clinical trial in Europe dates from 2010. From
patients diagnosed in 2010 or later, 21.2% got included in a clinical trial. Of the patients who underwent
radiotherapy, 7 patients (9.9%) were reirradiated at progression. In total 17 different chemotherapeutic
agents and regimens were used (Table 2). Temozolomide and the mTOR-inhibitors
Everolimus and Sirolimus were the agents used most frequently, in 21 and 15 patients respectively. When
comparing biopsy rate and the use of chemotherapy between the different centres, we found a broad
range, even after omitting the centres with only a few patients. The use of chemotherapy ranged from
42.1 to 75%.
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Survival analyses
At last follow-up, 91 patients had died. For one patient, survival could not be calculated due to lacking
date of diagnosis. Progression was recorded in 69 patients. Of the remaining 22 patients, PFS could not
be calculated either because the patient showed primary progression or because date of diagnosis or
date of progression were not retrievable. Figure 2 shows the Kaplan-Meier plots of the estimated OS and
PFS rate of study patients. The median OS was 10.49 months (95% CI 9.1; 11.7). OS rates at 1 and 2
years were 36.9% (95% CI 27.4; 46.5) and 4.3% (95% CI 1.2; 10.5) respectively. The median PFS was 4.87
months (95% CI 4.1; 6.0). A Cox model was used to analyse the evolution of survival over time, with year
of diagnosis as a continuous predictor variable. The hazard ratio (HR) for a one-year increase was
estimated. This showed a HR of 0.951 (95% CI 0.924; 0.978, p 0.0006), corresponding to an improved
survival over time. Survival rates in different treatment groups were compared. Figure 3a shows OS rates
of patients treated with radiotherapy alone versus treatment with a combination of radiotherapy and
chemotherapy. Survival rates in the group that received both treatments are higher at most time points,
but the difference in OS between the two treatment groups was not statistically signi cant (HR 1.635, CI
0.955; 2.799, p 0.0729). We also compared PFS between both treatment groups, but likewise no
statistically signi cant difference could be shown (HR 1.26, CI 0.697; 2.28, p 0.443). Figure 3b shows OS
rates of patients treated with radiotherapy alone versus treatment with a combination of radiotherapy
and cytotoxic or targeted therapy or both. There was a better OS in the group treated with radiotherapy
and both cytotoxic and targeted therapy (HR 3.106, CI 1.039; 9.281, p 0.0424). When comparing the
groups treated with radiotherapy and a combination of radiotherapy and targeted therapy, there is a trend
towards better OS, although this difference was not statistically signi cant (HR 1.951, CI 0.968; 3.932, p
0.0617). We also observed an improved OS in the group treated with radiotherapy and targeted therapy
as compared to the group treated with radiotherapy and cytotoxic therapy, but again this was not
statistically signi cant (HR 1.672, CI 0.865; 3.232, p 0.1265). There was no statistically signi cant
difference on PFS between treatment groups. Because most of the patients treated with targeted therapy
received mTOR-inhibitors, we compared OS between patients who were treated with mTOR-inhibitors and
those treated with other targeted therapies. No difference in OS could be detected (HR 1.108, CI 0.386;
3.182, p 0.8485). To investigate the effect of age at diagnosis on OS, we applied a Cox proportional
hazards model to compare OS rates of patients aged less than 5 years or 5 years and more at diagnosis.
No statistical difference could be demonstrated (HR
0.749, 95% CI 0.465; 1.208, p 0.2363).

Discussion
DIPG is an aggressive disease associated with high morbidity and mortality for which no curative
treatment exists. Since this disease is not registered as a separate entity within the Belgian Cancer
Registry, we aimed at broadening our knowledge regarding DIPG, by gathering data on all known Belgian
DIPG patients over the past 25 years.
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The demographics of our study population are in line with those described in literature. Interestingly, we
nd a statistically signi cant increase in the number of new diagnosed cases per year. This can re ect a
true increase in incidence, possibly relating to environmental contributing factors. On the other hand, this
increase can also re ect previous underreporting. In both cases, this could mean that the actual incidence
of DIPG is higher than estimated previously. When we calculate the incidence over the last ten and ve
years for example, we nd an incidence of 2.7 and 3.1 per 1,000,000 persons (aged 0-≤18) per year
respectively. Assuming that all DIPG cases between 2009 and 2018 were correctly registered, the
difference between these incidences cannot be attributed to underreporting. These incidences are
somewhat higher than the incidence reported in the Netherlands (i.e. 2.32 per 1,000,000 persons aged 0–
20 per year).(3)
Most patients presented with cerebellar signs and/or a cranial nerve de cit. In addition to the frequent
presence of an abducens nerve palsy at diagnosis,(6, 20) more than half of the patients presented with a
facial nerve palsy. Tumour cells were present in the CSF of one patient. Because there were only few
cases of documented histopathology examination of CSF, the importance of this nding is unclear.
Considering the nding that H3 mutations can be detected through analysis of circulating tumour DNA in
CSF of patients with a diffuse midline glioma, our nding could further advocate for the use of liquid
biopsies to diagnose and monitor this disease.(21, 22) This could offer the possibility to replace invasive
biopsy, in selected patients. About half of the patients were biopsied at time of diagnosis. The main
reason for biopsy was to con rm diagnosis, which is surprising since the mainstay of diagnosis remains
MRI ndings.(7) We believe that biopsy should not be a routine part of the diagnostic work-up and that
biopsy should be reserved for patients who can be included in clinical trials, or for those cases where
biopsy results would in uence therapeutical decisions. We could not objectivate a change in biopsy rate
over time, despite the fact that during the past decade, several studies supported the safety of biopsy in
DIPG patients.(8, 9) In contrast to this high biopsy rate, a mutation analysis was only performed in 12
patients (26.7%). Results of 8 analyses were available and of these, 75% (n = 6) had the H3 K27M
mutation. This nding is in keeping with literature ndings.(6)
Only a minority of patients was included in clinical trials, a result comparable to a similar study
performed in the Netherlands.(3) Given the urgent need for more effective treatments, we underscore the
importance of inclusion in prospective clinical trials. The majority of patients received radiotherapy. The
main reason for not receiving radiotherapy was advanced disease at diagnosis. Only a minority of
patients who received radiotherapy were treated with a hypo-fractionation schedule. However, research
demonstrated that hypo-fractionation schedules offer comparable survival.(13) Since hypo-fractionation
schedules are associated with a smaller treatment burden, the choice for the latter could positively impact
on quality of life. Strikingly, nearly 70% of patients who started treatment (radiotherapy and/or
chemotherapy), received chemotherapy. This is surprising, since there is no proven survival bene t for
chemotherapy.(6) Therefore, we think that chemotherapy should only be used in the setting of a clinical
trial. When comparing practices between centres, we observe a broad range in biopsy rate and the use of
chemotherapy (including the type of agent used). This diversity reveals a lack of uniform treatment
guidelines and underscores the need for a common treatment approach.
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OS and PFS in our cohort match literature ndings. There were no long-term survivors in our cohort. We
observed a statistically signi cant improvement in OS over time. A possible explanation for this could be
the introduction of reirradiation, with 6 of the 7 patients that underwent reirradiation being diagnosed
from 2016 onwards. No statistical difference in OS could be demonstrated between patients treated with
radiotherapy and chemotherapy compared to radiotherapy alone. This may be related to a true lack of
response to chemotherapy or to the fact that all types of chemotherapy were considered collectively. The
most likely explanation for the observed improvement in OS of patients treated with radiotherapy and
both cytotoxic and targeted therapy, is the fact that patients with a longer survival have a higher chance
of receiving more than one line of treatment. In our study population, there was no prognostic
signi cance of age at diagnosis or symptom duration before diagnosis. This is in contrast with literature
ndings.(23, 24)
Because of comparable survival results and less toxicity, we think that targeted treatment is preferred
over cytotoxic therapy. Combination of radiotherapy and targeted therapy in the setting of a clinical trial
most likely is the way forward in search for a better treatment for DIPG. Biopsy could be helpful in this
setting to guide treatment.
Limitations of this study are the lack of central imaging review and the fact that not all les were
complete, inherent to the retrospective design. Another limitation is the fact that we could not correct for
the general condition of the patient at diagnosis when performing survival analyses.
In conclusion, we were able to gather data on 100 DIPG-patients diagnosed in Belgium over the past 25
years. Since patients with DIPG were not separately registered at the Belgian Cancer Registry, this
provides important new information. We determined an incidence of DIPG in Belgium of 1.8 per 1,000,000
persons (aged 0-≤18) with a statistically signi cant increase in incidence over time. OS and PFS in our
cohort are comparable with the literature. We observed an important heterogeneity in treatment approach
between the different centres and a limited inclusion in clinical trials. Through better cooperation of the
different centres within the BSPHO (Belgian Society of Pediatric Haematology Oncology), important steps
are already taken in attracting more clinical studies to our country. We emphasise the need not only to
further elaborate this, but also to establish early-phase clinical trials within this collaboration.
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