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A B S T R A C T

Introduction: Diffuse intrinsic pontine glioma (DIPG) is the most common malignant brainstem tumour in chil-
dren. Despite advances in understanding its biology, current treatments have shown minimal impact on overall
survival in this fatal disease. Focal radiotherapy (RT) is the only treatment proven to improve symptoms and
extend progression-free survival. Albeit palliative, re-irradiation (rRT) has emerged as the best alternative for
progressive disease. This study presents the Spanish experience with re-irradiation in DIPG.
Results: Between April 2015 and December 2023, 44 paediatric patients with progressive DIPG underwent rRT in
16 Spanish institutions. Median time from diagnosis to progression was 9.9 months (range, 4.2–24.3 months).
Median dose of rRT was 20 Gy (range, 18–40 Gy) in 2 Gy fractions (range, 1.3–4 Gy). Twenty-two patients (50 %)
received other treatments besides RT. Clinical improvement was seen in 77.3 %, and radiological improvement in
60 %. Treatment was well tolerated (1 case toxicity >grade 2 related to rRT). Median overall survival was 15.5
months (range, 8.2–63.2 months), with a median time from rRT to death of 4.2 months (range, 0.6–10.3 months).
Longer time between diagnosis and rRT (>10 months) and dose of rRT >20 Gy were statistically significantly
correlated with better overall survival. There was no survival benefit in patients receiving additional treatments.
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Conclusions: Re-irradiation is safe and effective in progressive DIPG patients, not only improving symptoms but
also prolonging survival. However, the ideal candidates for rRT remain undefined, as well as the best irradiation
scheme. Prospective studies are needed.

1. Introduction

Diffuse intrinsic pontine glioma (DIPG), according to the current
WHO classification called Diffuse Midline Glioma, H3 K27 – altered,
represents 10 % of all paediatric brain tumours [1]. It is the commonest
tumour that appears in the brainstem and its outcome is very poor, with
an overall survival below 10 % at 2 years [2,3]. Despite an improved
understanding of its biology and the use of classical and novel ap-
proaches, such as conventional radio-sensitising agents (alkylating
agents, topoisomerase inhibitors, anti-microtubular agents, platinum
agents, anti-metabolic agents), targeted therapies (EGFR inhibitors,
VEGF inhibitors, PDGFRA inhibitors, ONC201), epigenetic-targeted
therapy (HDACi, H3K27 demethylase inhibitors, EZH2 inhibitors) and
immunotherapy (oncolytic viruses, checkpoint inhibitors, CAR-T cells,
vaccines), survival rates remain poor [4–11]. In recent years, there have
been efforts to bypass the blood-brain barrier using techniques such as
convection-enhanced delivery or focused ultrasound (FUS), but these
methods are still under investigation [12,13].

To date, radiation therapy is the only treatment that seems to alter
the course of this devastating and aggressive tumour. After upfront focal
radiotherapy with a dose of 54–60 Gy with conventional fractionation
(1.8–2.0 Gy daily, 5 days/week) or hypofractionated schedules over
2.5–3 weeks (e.g. doses of 39–45 Gy in 3 Gy daily fractions), nearly 80 %
of patients experience a temporary amelioration in their neurological
symptoms, followed by an improvement in their quality of life [14–16].
However, the vast majority of patients progress in a median time of 6
months [2,17]. After progression, there are no standard of care guide-
lines for treatment. Re-irradiation (rRT), with or without chemotherapy
and other drugs, has shown some promising results in prolonging sur-
vival [9,17–28].

In the published series, rRT extends the time from progression to
death and improves neurological symptoms and quality of life, although
it is considered a palliative measure [29]. However, there is currently no
standardisation in timing, doses or fractionation of this approach [19,
26,29–31].

The aim of this study is to collect the Spanish experience of rRT of
children with progressive DIPG.

2. Material and methods

A retrospective multicentre study was conducted across Spain,
including patients under 21 years of age with progressive DIPG treated
with re-irradiation therapy (rRT). A survey was conducted to collect
demographic and clinical data for each patient. It was distributed via e-
mail through the Brain Tumour Group of the Spanish Society of Paedi-
atric Haematology Oncology (SEHOP), which includes professionals
from 30 different hospitals that collectively treat the majority of Spanish
paediatric brain tumor patients.

DIPG diagnosis was based on internationally recognized clinical and
radiological criteria. Disease progression was defined as neurological
decline confirmed by magnetic resonance imaging (MRI). All prior and
subsequent therapies, especially corticosteroids, were documented, and
any radiotherapy protocol was acceptable.

The primary aim was to assess the impact of rRT on time from pro-
gression to death (measured from MRI-confirmed progression to death)
and overall survival (from the date of first diagnosis to the date of
death). Secondary goals included outlining patient demographics, doc-
umenting radiotherapy doses and methods, evaluating adverse effects,
and analysing the clinical effects on neurological symptoms (the clinical
improvement was assessed by the responsible physicians based on their

professional judgment and in accordance with local medical practices).
Descriptive statistics summarized patient and treatment character-

istics. Survival distribution was assessed with the Kaplan-Meier method,
and differences between groups were analysed using the Log-rank test.
Statistical analysis was performed with SPSS version 20 (SPSS Inc.,
Chicago, IL).

The study was approved by the Ethics Committee for Research with
Medicinal Products of the Hospital Infantil Universitario Niño Jesús
(HIUNJ), approval number R-0047/21.

3. Results

Between April 2015 and September 2023, 44 patients, all under 21
years of age, diagnosed with progressive DIPG had received rRT in 16 of
the 30 Spanish hospitals contacted (3 hospitals did not have re-
irradiated any patient with DIPG, and 11 institutions did not respond
the survey, probably because no patients were re-irradiated in those
institutions). The median age at first diagnosis was 7.8 years (range,
3.4–18.8 years), with a median time to progression of 10 months (range:
4.2–24.3). Local progression was predominant (95.5 %), with two cases
of disseminated progression (4.5 %). Table 1 outlines the most signifi-
cant characteristics of the patients.

Re-irradiation started within a median of 25 days (range, 3–285)
following progression. rRT doses varied across institutions and patient
conditions, ranging from 18 to 40 Gy, with a median dose of 20 Gy. Daily
fractions ranged from 1.3 Gy to 4 Gy with a median daily dose of 2 Gy.
Due to progressive disease-related neurological impairment, two pa-
tients did not receive the planned 20 Gy. Additionally, another patient
underwent craniospinal irradiation with 21.6 Gy due to neuroaxis
dissemination. Two patients received two courses of radiotherapy for
successive progressions, in addition to the initial treatment.

Re-irradiation was generally well-tolerated. Only eight patients
experienced adverse effects during treatment, with most radiation-
related toxicity being mild (asthenia, nausea, and hearing impair-
ment). Only one case had toxicity greater than grade 2, which was hy-
drocephalus requiring shunt placement. There were two other serious
adverse effects unrelated to rRT: bronchial aspiration leading to respi-
ratory failure, one of which was caused by a respiratory infection. Only
three patients had to discontinue treatment: two due to bronchial aspi-
ration and one due to disease progression.

At the time of rRT, all patients experienced neurological deteriora-
tion. Following rRT, neurological symptoms improved in 34 patients
(77.3 %). MRI was conducted in 35 patients (79.5 %) to assess tumour
response, showing improvement in 21 patients (60 %). Among those
without response, three had radiological stability, while two experi-
enced tumour growth, initially interpreted as pseudo-progression.

Regarding concurrent treatment, corticosteroids were the main
medication prescribed. At the start of rRT, 41 patients (93.2 %) were on
dexamethasone. Eight patients (19.5 %) were able to stop treatment by
the end of rRT, while data for two patients is unavailable.

Twenty-two patients (50 %) underwent treatments other than radi-
ation or corticosteroids. Sixteen patients received additional treatment
after the first RT course. Fifteen patients received therapy during or after
rRT. Details are provided in Table 1. After a median observation period
of 15.5 months post-diagnosis, 40 patients (93 %) passed away, three
were alive at the time of data analysis (Fig. 1), and one was lost to
follow-up. The median time from rRT to death was 4.2 months (range,
0.6–10.3 months).

We found differences in survival according to the time of progres-
sion. Patients who progressed before 10 months from diagnosis had
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Table 1
Patient and treatments characteristics.

Age at
diagnosis
(years)

Months
from
diagnosis to
relapse

Time from
firsRT to
rRT
(months)

Days
from
relapse
to rRT

rRT total
dose
(fraction)

MRI
improvement

DEX
pre &
post
rRT

Symptoms
improvements

Adverse
effects

Months
from rRT
to death

Follow
up (OS)
(months)

Pre/post
rRT
treatments

Additional treatment
after the first RT
course

Treatments during rRT
or follow up

1 8.95 13.8 14.10 20 20 (2) NO YES/
YES

YES NO 7.23 21.70 NO/NO

2 4.35 12.2 14.97 106 20 (1.3) YES YES/
NO

YES NO 6.17 21.87 NO/NO

3 6.31 9.9 11.03 58 21 (3) YES YES/
NO

YES NO 10.33 22.20 NO/NO

4 5.04 7.1 7.57 31 18 (1.8) NA. YES/
YES

YES NO 1.10 9.23 YES/YES Lomustine Thalidomide, celecoxib,
etoposide,
cyclophosphamide,
vemurafenib

5 6.20 6.8 8.00 70 20 (2) NA. YES/
n.a

NO NO 3.50 12.63 NO/NO

6 6.94 7.7 6.53 33 19.8 (1.8) YES YES/
YES

YES NO 5.53 14.37 YES/NO Pomalidomide

7 3.35 11.7 14.10 110 20 (2) YES YES/
YES

YES NO 6.83 22.20 NO/NO

8 7.63 19.3 19.23 22 20 (2) NO YES/
YES

YES NO 2.97 23.00 YES/NO “Angiocomb protocol”
(topotecan,
thalidomide,
etoposide, celecoxib)

9 9.60 8.4 8.67 43 6 (2) NO YES/
YES

NO NO 2.23 12.07 YES/NO Oncolytic virus

10 8.56 11.6 12.17 27 24 (1.6) YES YES/
NO

YES YES 8.53 21.07 NO/NO

11 5.33 10.3 9.97 27 24 (1.6) YES YES/
NO

YES NO 2.20 13.37 NO/NO

12 9.17 22.2 21.93 24 24 (1.6) YES YES/
NO

YES NO 6.07 29.10 NO/NO

13 6.05 6.6 5.87 5 20 (2) YES NO/
NO

YES NO 5.03 11.77 NO/YES Rapamicyn, irinotecan

14 10.75 11.0 10.70 15 20 (2) YES YES/
n.a

YES NO 6.93 18.43 NO/NO

15 8.55 12.0 17.37 175 21.6 (1.8) YES YES/
NO

YES NO 6.17 23.97 NO/NO

16 5.32 8.5 8.50 16 20 (2) NO YES/
YES

YES NO 4.00 13.07 NO/NO

17 6.16 8.1 8.67 36 20 (2) NA. YES/
YES

YES YES 2.67 11.93 NO/NO

18 4.16 10.5 10.20 15 20 (2) YES NO/
NO

YES NO 4.20 15.20 NO/NO

19 13.85 9.4 8.63 7 20 (2) NA. YES/
YES

NO NO 0.63 10.23 NO/NO

20 12.86 10.0 9.67 3 20 (2) NA. YES/
YES

NA. NO 5.6. 15.73 NO/NO

21 7.37 9.2 11.03 62 30.6 (1.8) NO YES/
YES

YES NO 7 18.27 NO/NO

22 9.48 9.6 9.67 21 20 (2) YES YES/
YES

YES NO 3.77 14.07 NO/NO

23 6.32 10.8 9.83 14 40 (2) YES YES/
YES

YES NO 3.10 14.40 NO/NO

(continued on next page)
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Table 1 (continued )

Age at
diagnosis
(years)

Months
from
diagnosis to
relapse

Time from
firsRT to
rRT
(months)

Days
from
relapse
to rRT

rRT total
dose
(fraction)

MRI
improvement

DEX
pre &
post
rRT

Symptoms
improvements

Adverse
effects

Months
from rRT
to death

Follow
up (OS)
(months)

Pre/post
rRT
treatments

Additional treatment
after the first RT
course

Treatments during rRT
or follow up

24 14.9 10.7 10.30 14 20 (2) NO YES/
YES

NO YES 3.80 14.93 NO/NO

25 7.9 6.9 7.00 20 19.8 (1.8) NA. YES/
YES

YES NO 4.17 11.77 NO/NO

26 4.6 17.4 18.00 34 20 (2) NO YES/
YES

NO NO 8.50 27.03 NO/YES Oncolytic virus,
irinotecan,
temozolomide,
bevacizumab,
pembrolizumab

27 10.7 9.3 9.80 63 20(2) NO YES/
YES

YES NO 4.57 15.93 NO/YES Clinical trial not
specified

28 3.5 13.4 13.33 8 30 (2) YES YES/
YES

YES NO 8.33 22.03 NO/YES Everolimus

29 8.6 6.3 6.97 25 30(2) NA YES/
YES

NO NO 1.03 8.17 YES/YES Nivolumab,
ipilimumab

Oncolytic virus

30 17.0 18.7 17.40 20 30 (2) YES YES/
YES

YES NO 9.20 28.53 YES/YES Dasatinib ONC201

31 11.3 18.1 17.83 13 20(2) YES YES/
YES

YES NO 6.43 24.93 YES/YES Pomalidomide Oncolytic virus

32 7.7 7.1 7.07 28 30(2) YES YES/
YES

NO NO 3.80 11.80 YES/YES Nivolumab Oncolytic virus

33 7.6 11.07 11.07 70 20.0 (1.9) NO YES/
YES

YES NO 6.83 18.43 YES/NO ONC201,
bevacizumab

34 11.1 11.73 11.73 8 30.60 (1.8) YES YES/
YES

YES NO n/a 20.67
(lost)

NO/NO

35 8.3 8.43 8.43 8 23.40 (1.8) NO YES/
YES

YES NO 5.03 14.60 NO/NO

36 4.5 12.53 12.53 285 25.20 (1.8) NO YES/
YES

NO YES 1.00 14.70 YES/YES Nimotuzumab,
irinotecan,
temozolomide,
bevacizumab,
etoposide, valproic
acid

Dasatinib

37 12.7 8.83 8.83 204 20.00 (2.5) NA. YES/
YES

NO YES 0.70 14.93 YES/NO Vinorelbine,
nimotuzumab,
irinotecan,
bevacizumab,
etoposide, valproic
acid

38 3.8 7.10 7.10 8 25.00 (2.5) NO YES/
YES

NO NO 55.2 63.17
(alive)

YES/YES Oncolytic virus,
bevacizumab,
pembrolizumab,
irinotecan,
temozolomide

Bevacizumab, etoposide,
valproic acid

39 12.5 7.43 7.43 19 20.00 (2.5) NA YES/
YES

YES NO 2.77 11.40 NO/YES Etoposide, valproic acid

40 18.8 24.40 24.40 20 40.00 (4) YES YES/
YES

YES NO 6.30 31.30 NO/YES Bevacizumab,
carboplatin, etoposide

41 11.7 12.03 12.03 26 30.00 (2) YES YES/
YES

YES YES 3.47 16.17 YES/NO Oncolytic virus,
bevacizumab

42 15.0 9.20 9.20 33 30.00 (2) NO YES/
YES

YES NO 2.63 12.67 YES/YES Everolimus Dabrafenib

(continued on next page)

E.Panizo-M
orgado

etal.



EJC Paediatric Oncology 4 (2024) 100183

5

shorter survival than those who progressed after 10 months (13.1
months vs. 22 months, p<0.001) (Fig. 2). Similar disparities were
observed in the time from rRT to death. The median time from rRT to
death was 3.8 months (range, 0.6–10.3 months) for patients who pro-
gressed early (less than 10 months) and 6.2 months (range, 2.2–9.2
months) for those who progressed later (p=0.041) (Fig. 2). Furthermore,
higher radiotherapy doses during rRT were associated with prolonged
survival. Patients who received>20 Gy had a median estimated survival
of 21.1 months, in comparison to 14.9 months for those who received
≤20 Gy (p=0.017) (Fig. 1).

However, there was no evidence of a significant difference in overall
survival between patients who received concomitant treatment and
those who did not.
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Fig. 1. (A) Overall survival. (B) Overall survival in patients who received
>20 Gy (green) versus patients who received ≤20 Gy in rRT (blue) (P = 0.017).
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4. Discussion

In recent years, progress has been made in understanding the biology
of DIPG through patient biopsies and autopsies. However, this has not
been translated into curative therapies or improved survival rates.
Radiotherapy remains the most effective method of disease control, both
initially and during progressions.

A limited number of studies have reported the outcomes of rRT for
recurrent DIPG. Lu et al. analysed some in a meta-analysis [19]. Authors
concluded that rRT at progression, when performed safely and appro-
priately, may offer potential benefits. However, current evidence is
scarce. Additionally, the specific subgroup of DIPG patients who would
benefit most from re-irradiation remains unidentified. Table 2 provides
a summary of the most pertinent literature on rRT in DIPG.

This study presents results from the largest series of a multi-
institutional register of rRT in DIPG patients. Consistent with other re-
ports (see Table 2), the median radiotherapy dose is 20 Gy, with no
significant toxicities observed. Most patients show clinical and/or

radiological improvement and the overall survival rate aligns with ex-
pectations for this tumour type (15.5 months). However, our survival
results are below average, possibly due to a larger sample size, reduced
use of additional therapies, and a shorter duration of response after the
first radiotherapy course; the median time from initial RT to rRT in our
group is 10.2 months (range, 5.9–24.4 months), while other studies
report approximately 12.5 months. This phenomenon can be attributed
to two factors: either our patients exhibited amore aggressive disease, or
progression was identified faster than other series. Given that patients
were treated at different centres, it is likely a combination of both ex-
planations. In any case, consistent with previous findings, we observed
that longer intervals between initial radiation and disease progression
correlate with extended intervals between re-irradiation and subsequent
progression or death [23,26].

Recently in Spain, the SEHOP Brain Tumour Working Group stan-
dardized DIPG management with therapeutic guidelines. Diagnosis is
based on clinical and radiological findings, with biopsies recommended
based on individual risk assessment. First-line treatment involves
radiotherapy, either 50–60 Gy over 6 weeks or a hypofractionated
33–40 Gy over 3 weeks. Additional chemotherapies or biologic thera-
pies are at each center’s discretion due to lack of proven effectiveness. At
progression, re-irradiation (20–30.6 Gy) is recommended for patients
with a sustained response for at least 6 months, with further therapies or
clinical trials suggested.

A detailed examination of the data reveals notable discrepancies
between patients. Twenty patients (45 %) received doses higher than
20 Gy, correlating with better outcomes. Only half of the patients (22)
underwent supplementary treatment, and 13 patients (39 %) partici-
pated in clinical trials. Although additional treatments did not improve
survival rates, they may enhance progression-free survival. The Spanish
healthcare system may contribute to the observed differences. With
universal and decentralised access, each autonomous community man-
ages healthcare within Health Areas, including one tertiary hospital per
20,000 inhabitants [32]. This structure improves access but can lead to
varying levels of specialisation and an unequal distribution of resources
for rare conditions like childhood cancer. The SEHOP Brain Tumour
Group develops easy-to-follow clinical guidelines and provides expert
case assessments. However, management practices are expected to differ
among the 30 hospitals surveyed.

In recent years, several clinical trials for diffuse midline tumours
have emerged in Spain, including the BIOMEDE TRIAL (Biological
medicines for diffuse intrinsic pontine glioma eradication) and immuno-
therapy approaches [8,34–36]. Despite some promising preliminary
results, no specific first- or second-line trials are currently open. Until
new trials begin, treatments are guided by biopsy findings or access to
ONC201 (a selective antagonist of the dopamine receptor DRD2 that can
cross the blood-brain barrier), which is available on first and subsequent
lines within the expanded use programme [6].

Given the lack of alternative strategies and ethical concerns about
relocating palliative patients for early trials abroad, re-irradiation re-
mains the best option at progression. Efforts should focus on improving
outcomes. The optimal dose of rRT is still unknown. Chavaz et al., have
published their results of better neurological improvement in re-
irradiated patients with 20 Gy [29]. Lassaletta et al. and Krishnatry et
al. also reported the safety of doses of 30 Gy [26,33]. Recently, Dassi
et al. have shared preliminary results using doses above 30 Gy (13 pa-
tients with a good clinical status received over 50 Gy), without reporting
serious adverse effects. However, more information is needed about the
cohort, which opens new horizons [37]. Our data indicate that a dose
above 20 Gy confers better overall survival. Therefore, it may be
reasonable to reach higher doses in order to maximise the radiation
effect without increasing risks, based on these results.

It is also necessary to review the current fractionation regimen.
Mankuzhy et al. have published excellent results with a hypofractiona-
tion programme, which shortens hospital visits and anaesthesia pro-
cedures [20]. This is a compelling rationale for considering this

Fig. 2. Outcomes according to time to progression(A) Overall survival in pa-
tients who progressed before 10 months (blue) versus patients who progressed
after 10 months (green) (P = 0.001). (B) Time from rRT to death in patients
who progressed before 10 months (blue) versus patients who progressed after
10 months (green) (P = 0.041).
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approach in patients where quality of life is of paramount importance,
particularly in patients with a poor performance status.

Research into new radiotherapy (RT) techniques like proton beam
therapy and RT-Flash is needed. Currently, proton beam therapy is not
recommended for high-grade gliomas, including DIPG, due to poor
outcomes and limited survival benefits. However, Muroi et al. found that
while proton therapy did not improve survival compared to conven-
tional photon radiotherapy, it was well tolerated [38]. The neuro-
cognitive effects of ionising radiation, which can manifest within six
months and are age and dose-dependent, make proton therapy a viable
option for young children with large tumours due to its better tolerance
and growing availability. Furthermore, evidence supports the benefits of
re-irradiation with heavy particles like protons, as they allow dose
escalation while sparing healthy tissue. In our cohort, one patient
received proton therapy during rRT without complications. However,
caution is needed to limit brainstem exposure, considering the relative
biological effectiveness (RBE) and linear energy transfer (LET) of pro-
tons compared to photons [39]. The experimental FLASH radiotherapy
technique uses an ultra-high dose rate for less toxicity andmore effective
tumour control. Preliminary data on its effects on the immune micro-
environment of diffuse midline glioma tumours are promising, poten-
tially enabling new synergistic treatment combinations [40].

Nevertheless, while rRT has demonstrated limited efficacy as a
standalone treatment, it is imperative to identify the best combination
therapy with radiation. Our study did not identify a correlation between
any treatment and improved survival. However, due to varying meth-
odologies and the retrospective nature of our study, it is challenging to
determine the true benefit of additional treatments.

Our study has limitations. As a retrospective analysis, data reliability
depends on the accuracy of clinical histories. While details like radiation
dates, doses, and severe toxicities are well-documented, mild side effects
and diagnostic nuances (doubts in situations of radio-necrosis and/or
progression) may be less clear. We also did not capture certain relevant

data, such as initial radiation course details and biopsy availability, due
to our focus on re-irradiation. This might mean variations in the initial
treatment were missed. Additionally, the study lacks a control group.
Despite observing similar survival rates and median survival gains with
rRT as reported by other groups (ranging from 13.7 to 19.8 months and
2.7–4.1 months, respectively), the absence of a control group precludes
guaranteeing the intervention’s benefit [22,23,25,26]. It must also be
noted that only 19 of 30 centres provided cases, resulting in potential
data gaps. However, major national paediatric oncology reference hos-
pitals are represented. Finally, the lack of molecular data may have
limited our ability to interpret outcomes. Correlating survival with pa-
tient genomics could have revealed valuable insights into responses to
radiotherapy, but this data was not collected.

In conclusion, this series presents the Spanish experience with 44
DIPG patients who underwent re-irradiation. The treatment was feasible
and safe, with most patients showing clinical improvements and reduced
dexamethasone use. Re-irradiation can extend lifespan by several
months and maintain a satisfactory functional status. However, opti-
mizing re-irradiation doses and fractions, and combining it with other
therapies, is still necessary.
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