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Introduction

Diffuse midline glioma (DMG) is the most common brainstem
cancer among children [1]. It is a fatal disease with less than
5% of patients alive 2years from diagnosis [2]. Despite
numerous trials, tumour response has only been demon-
strated following radiotherapy (RT). Re-irradiation has been
suggested to enhance tumour control and symptom relief,
however, the literature regarding re-irradiation is limited as
DMG is a rare disease [3-6]. Janssens et al. reported an
increased survival benefit for re-irradiated patients with DMG
compared to non-re-irradiated patients in a retrospectively
matched cohort (3). Likewise, a meta-analysis showed that
87% of the re-irradiated patients had clinical improvement
and radiologic response (7) and concluded that re-irradiation
appeared safe for patients with DMG, with a caveat on the
risk of radionecrosis following re-irradiation.

The European Society for Radiation Oncology and
European Organisation for Research and Treatment of Cancer
recently published a consensus statement defining re-irradi-
ation as ‘(1) a new course of radiotherapy, (2) overlap of irradi-
ated volumes, or (3) having a concern for toxicity from
cumulative doses’ [7]. The paper proposes an improved meth-
odology for evaluating re-irradiation assessing clinical effect,
anatomical localisation of the irradiated tumour, and the
cumulative doses delivered even for palliative care.

For patients with DMG, with their limited overall survival,
any treatment should ensure palliation, have limited toxicity,
as well as reduce the overall burden of disease for patients
and their families. In this, retrospective case series, we aim to
evaluate the clinical efficacy and early toxicity in relation to a
dosimetric analysis of re-irradiated patients with DMG.

Method and materials

This study is a retrospective review of DMG patients receiv-
ing re-irradiation at our institution. It was conducted in

accordance with ethical regulations and permission from the
regional ethical board and data approvals were obtained
prior to the study (ID: R-21025615).

Patients

Paediatric patients with DMG disease, <18years at diagnosis,
were identified from our databases at Copenhagen University
Hospital. Patients had been diagnosed and treated between
January 2011 and May 2021. Patients were included for analysis
if they had received two radiation treatments. Health records
were systematically reviewed for baseline characteristics (age,
gender, treatments), time to progression, symptoms at progres-
sion, toxicity from treatments, and clinical improvement/deterio-
ration of symptoms at progression at 6weeks following re-
irradiation. All radiotherapy plans were collected.

Radiotherapy

The radiotherapy was delivered as volumetric-modulated arc
therapy using a linear accelerator. Dose and fractionation
schedules for first treatment (course 1) and re-irradiation
(course 2) were retrieved. Treatment plans were evaluated in
Varian Eclipse™ (ver. 16.00.00, ©1996-2017 Varian Medical
Systems Inc.) and Velocity (ver. 4.0 Varian Medical Systems
Inc.). Tumour volume (clinical target volume (CTV)) and sur-
rounding critical organs (OARs) were defined (i.e., brainstem,
chiasm, pituitary, cochleae, hippocampi, optic nerves, eyes,
lenses, and lacrimal glands) and contoured on relevant imag-
ing scans in accordance with national guidelines [8,9]. The
computed tomography (CT) scans used for radiotherapy
planning in course 1 and 2, respectively, were fused for each
re-irradiated patient using rigid registration. The anatomical
overlap, if any, of each treatment’s CTV was visually assessed.
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Dose-volume histogram

Biologically, equieffective (EQD,) dose-volume histograms
(DHV) were plotted for all OARs and CTVs for course 1 and 2,
respectively, using the package ‘DVHmetrics’ in Rstudio (ver.
4.1.2) [10]. Withers formula was used to calculate the bio-
logically, equieffective DVHs in 2 Gy fractions for each voxel:

o

EQD, = D 9+
2 = 2+%

D is the total dose, d is the dose per fraction, and the
o/ ratio is a constant defining fractionation sensitivity. The
o/P ratio was chosen to 2Gy based on available literature
[11,12].

For the patients with an overlapping CTV, dose summa-
tion was done in Velocity with a Dy, and Dy, for the brain-
stem, chiasm, pituitary, cochlear and optic nerve,
respectively. EQD2 from the two courses were then summed
using manual rigid registration. Dy,,, refers to the dose to
0,03cc (3x3x3mm?>) of the structure and D,,, to the min-
imum dose of a voxel.

Results
Patients

We identified 19 patients with DMG and, among these, seven
patients had been re-irradiated. All patients received
54 Gy/30F in course 1, and patients were evaluated for re-
irradiation if they had effect of their primary treatment, were
6 months from primary treatment, and had a life expectancy
which justified re-irradiation. The median age of the re-irradi-
ated patients was six years (range: 2-13years), and the
median overall survival was 20 months (range: 9-30 months).
The median time from course 1 to course 2 was 10 months
(range: 8-17months) and median time from course 2 to
death was four months (range: 3-10 months).

After re-irradiation, four patients had clinical improvement
of symptoms, one patient had stable disease, and one
patient had progression of symptoms. No imaging was per-
formed for this patient, and progression of symptoms
occurred during re-irradiation. For one patient no follow-up
data were available. Toxicities were minor and reported at a
maximum of 6weeks following start of re-irradiation. Three
patients had to be anaesthetised during radiation. For more
details, cf. Table 1.

Complete overlap of the CTVs in the first and the second
course of radiotherapy was observed for all but one patient
(cf Figure A1 for example of overlapping CTVs). This patient
had metastatic progression in the medulla and was treated
with focal radiotherapy (25Gy/5F) to the involved spinal
cord.

Cumulative dose analysis

The DVH plots of the OARs demonstrate the similar dose dis-
tribution between course 1 and course 2 (cf. Figure 1). Also,
the plots show how anatomical structures close to the CTV,
i.e., the chiasm, pituitary, hippocampi, and cochleae, receive

Table 1. Re-irradiation of DMG.

Time from reRT

Clinical improvement
6 weeks after reRT*

Yes
No

Time to
progression (m)

Tumour

to death (m)

Early toxicity after reRT

Symptoms prior to re-irradiation

Gy/F

location

Gender/age

F/6

ID

Fatigue, somnolence

Tiredness, sialorre, cognitive affection, neurological affection

Headache, sight disturbance, neurological affection

Neurological affection, pain

30/15
27/9%*

Pons

Headache, affected speech
Skin erythema, light pain
Fatigue, headache

Missing data

None

Pons

M/6
M/8
F/6
F/2

Yes
Yes

25/5
30/10
30/10
24/12
30/10

1"

Thalamus
Pons

Sight disturbance, neurological affection

Missing data

Headache, nausea, tiredness, sialorre, pain, neurological affection

Headache, tiredness, neurological affection, cognitive affection
Headache, tiredness, neurological affection, cognitive affection

Pons

Thalamus
Thalamus

M/12

F/13
Age: age at diagnosis, F: female, M: male, Dx: diagnosis, y: years, m: months, Gy: gray, F: fractions.

*Clinical improvement defined as Yes/No/Stable/NA at 6 weeks post re-irradiation.

6
7

Fatigue, sight disturbance

Stable

**Patient no. 2 never had his last fraction due to progression during re-irradiation.
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Figure 1. The individual DVHs for two organs at risk (OAR), one OAR close to (brainstem) and one OAR (left eye) far from the CTV. The colours represent the indi-
vidual patients. The y-axis is percentage of irradiated volume, and the x-axis is the absolute dose in gray (Gy). The dashed line represents the median DVH of all
patients. (a) Dose to the brainstem from course 1, (b) dose to the brainstem from course 2. (c) Dose to the left eye from course 1. (d) Dose to the left eye from
course 2. This figure shows how OAR close to the CTV received a high dose to a large volume compared to OAR further away from the CTV.

a high percentage of dose to a high percentage of volume.
Conversely, for OAR further away from the CTV, ie., the
lenses, eyes, and lacrimal glands, a smaller volume is irradi-
ated to relatively low doses (cf. Appendix Figure A2 for all
DVHs).

Figure 2 shows the cumulative Dmax and demonstrates
high cumulative doses to the pituitary gland, the chiasm,
cochleae, and brainstem (for more details cf. Appendix Table
A1). The red line represents the maximal recommended
Dmax according to the DNOG guidelines [9]. As illustrated,
the existing dose constraints used in cerebral radiotherapy
are, for some patients, clearly violated during re-irradiation.

Discussion

In this retrospective study with seven patients, we found re-
irradiation of DMG to be a potentially relevant and accept-
able palliative treatment. Four patients experienced clinical
improvement and one patient had stable disease at 6 weeks
following re-irradiation. Toxicity was minor and no

radionecrosis was reported. There was a complete anatomical
overlap of the CTVs between the first and second course for
all but one patient. Consequently, the cumulated Dmax to
the brainstem, chiasm, cochleae, and optic nerves exceeded
recommended dose constraints [13-17].

Other studies of re-irradiation for DMG have been pub-
lished, yet, none have included an analysis of the cumulated
doses to the OAR in a paediatric setting [3-5,18-20]. In a
study by Stiefel et al. cumulative doses after re-irradiation of
brain tumours were assessed, though, the patients were
adults and had a longer median OS compared to our
patients [21]; acute toxicity and late effects were limited,
however, one patient died from radionecrosis (no report of
cumulative dose). Re-irradiation appeared to be safe with
cumulated doses below 100Gy (EQD,) to the brainstem and
below 75Gy (EQD,) to the chiasm and optic nerves. In the
paediatric setting, Tsang et al. have showed a similar toler-
ance to high doses in re-irradiation for children with ependy-
moma, hence an extrapolation of the cumulated D,,., levels
suggested by Steifel et al. might be applicable to children
[22]. Likewise, Lu et al. concluded that re-irradiation is an
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Figure 2. EQD, dose (Gy), each dot represents a patient and each colours represents a structure in the brain defined as an OAR. The colour code is shown in the
legend. The dashed red line is equal to 60 Gy and represents the DNOG recommended D5, to the brainstem, chiasm, and optic nerves [9].

effective treatment with minimal toxicities in a well-selected
population of patients with DMG [23].

Using re-irradiation in a palliative setting should be
weighed against the risk of late effects, symptom relief,
weaning of steroids, and acute toxicity [7]. Patients with
DMG have limited survival, hence palliative efficacy is of
importance. As a third course of radiotherapy to patients
with DMG have been suggested [24,25], this will introduce
new clinical dilemmas concerning dose and efficacy. Our
study demonstrated that dose constraints to avoid late
effects were violated, but maybe this should play a smaller
role for patients with DMG disease?

In our study, four patients were treated with a hypofrac-
tionated schedule (3 Gy/F) and two patients with normo-frac-
tionation (2 Gy/F). For all but one patient, symptom relief or
stabilization was reported. One patient progressed clinically
during re-irradiation and died shortly thereafter.
Unfortunately, it was not possible to conclude from the
health records if the progression was due to progressive dis-
ease or if RT toxicity may have played a role, as no imaging
was performed. In the literature, the recommended re-irradi-
ation schedule is often 2 Gy/F, but in clinical practice there is
a great variability in re-irradiation regimens for this patient
group [19,23].

A few limitations to the study should be acknowledged.
First, only seven patients out of 19 were re-irradiated, and
only six were included for our dosimetric analysis. The low
number of patients included in the dosimetric analysis limits
the ability to generalize our results, however, our patients
are comparable to patients in other DMG re-irradiation

studies with regards to age, toxicities and OS [3,4,26-28].
Secondly, we were unable to compare our patients to those
not selected for re-irradiated. This obvious risk of selection
bias has also been reported by others, but has not been sys-
tematically addressed in any studies [23]. Likewise, due to
the retrospective design of the study there is a risk of inter-
pretation bias from the retrospective evaluation of health
records.

In conclusion, most patients had symptom relief and tox-
icity was reported to be minor. Importantly, the cumulated
doses to OAR close to the re-irradiated target were high and
above the recommended dose constraints. Hence, re-irradi-
ation is a relevant palliative treatment in DMG. The heter-
ogenous and retrospective data in this small group - like
previous studies — highlight the need for a protocolled treat-
ment to ensure comparable evidence for palliative efficacy
from re-irradiation. We plan to address this in the REMIT
protocol.
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