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Abstract

Objectives Diffuse intrinsic pontine glioma (DIPG) is the leading cause of death from CNS tumors in children. Multiple clinical
trials have failed to show any benefit from systemic therapy in DIPG, and radiation therapy (RT) alone remains the standard of
care. Re-irradiation (rRT) for symptomatic relief is an option at disease progression. However, published data on treatment details
and outcomes are limited. The objective of this study was to review and report our institutional experience with re-irradiation of
patients with biopsy-proven DIPG.

Methods We identified a cohort of pediatric patients with biopsy-proven DIPG with clinical disease progression after initial
radiotherapy who received a second course of radiotherapy at our institution. We reviewed patient and treatment characteristics
and outcomes.

Results Between January 2014 and July 2018, we identified five patients with progressive DIPG who received re-irradiation. Re-
irradiation was well tolerated with no serious adverse events reported and all patients experiencing stable to improved neurologic
function during treatment. Median survival from completion of re-irradiation was 116 days (range 62 to 159 days). Median
overall survival from time of diagnosis was 16.3 months (range 13.0 to 18.0 months), which is longer than the historical average
of less than 12 months. In patients with available postmortem neuropathology, common findings were Wallerian degeneration
and necrosis.

Conclusions In our experience, re-irradiation is safe and feasible for patients with DIPG with symptomatic disease progression
following initial radiotherapy treatment.
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Introduction

Diffuse intrinsic pontine glioma (DIPG) is a highly ag-
gressive pediatric brain tumor. With a 5-year survival rate
of less than 3%, DIPG is also the leading cause of death
among pediatric CNS cancers [1]. Arising from the struc-
tures of pons, these tumors are not amenable to surgery.
Radiotherapy alone remains the standard of care as the
only treatment modality with sufficient evidence to sug-
gest it can alter the clinical course of the disease [2].
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However, the role of radiotherapy in this disease is still
ultimately palliative despite multiple clinical trials inves-
tigating dose escalation, altered fractionation, and
radiosensitizing agents [3-9]. Due to the aggressive na-
ture of this disease, CNS progression after initial RT is
common and re-irradiation has been shown to be safe and
effective in providing additional palliation [10, 11].

Owing to difficulty obtaining a tissue biopsy of the
brainstem, diagnosis of DIPG has to this point been
largely based on clinical and radiographic findings.
However, with advances in neurosurgical techniques
and a need for greater study of the biological basis of
the disease, stereotactic brainstem biopsies are becoming
more common [12]. While previous case series in re-
irradiation of DIPG in the literature have relied on ra-
diographic diagnosis, in this paper we provide treatment
details and outcomes data after re-irradiation for five
patients with biopsy-proven DIPG.
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Methods

We identified a cohort of all pediatric patients with DIPG
treated with re-irradiation at our institution between 2015
and 2018 for a total of five patients. All five patients were
biopsied at the time of diagnosis. Pathologic confirmation
was based on pre-WHO 2016 histologic appearance of infil-
trating gliomas as H3-K27M testing was not routinely per-
formed at our institution at the time of biopsy for this patient
cohort. We reviewed patient characteristics, treatment details,
postmortem pathology, and laboratory results to identify any
possible correlates with clinical outcomes.

Results

We identified five patients with progressive DIPG who re-
ceived re-irradiation between January 2014 and July 2018
(Table 1). All patients were treated in our department with
intensity modulated 6 MV photons delivered with a helical
tomotherapy unit. Disease progression was documented ra-
diographically in all cases prior to re-irradiation (Fig. 1). All
patients had progressive neurologic symptoms at the time of
documented radiographic progression. The median time from
initial treatment to re-irradiation was 10 months, with a range
between 8.4 and 12 months. Three of the five patients received
systemic chemotherapy concurrent with re-irradiation (erloti-
nib plus bevacizumab). All patients with the exception of one
(aged 10 years at time of diagnosis) were treated under anes-
thesia. Re-irradiation was well tolerated in all patients with no
serious treatment-related toxicity reported. Improved neuro-
logic function was reported in four of the five patients during
re-irradiation. One patient saw stable neurologic function
without overt improvement during re-irradiation. All patients
received corticosteroids concurrent with re-irradiation.

Mean initial RT dose was 55 Gy delivered in 1.8 Gy daily
fractions (range 50.4 to 59.4 Gy). Re-irradiation doses ranged
between 20 and 24 Gy in 2.0 Gy daily fractions. Median
survival from time from re-irradiation was 116 days (range
62 to 159 days). Mean and median survival from time of initial
diagnosis were 15.6 months and 16.3 months, respectively
(range 13.0 to 18.0 months). Serum LDH levels increased in
all patients during the course of re-irradiation (Table 1).
Cumulative radiation dose, reported as equivalent dose in
2.0 Gy fractions or EQD2 (a way to correct for the biological
impact of different fraction sizes), did not appear to correlate
with survival (Table 1). In patients with available postmortem
neuropathology (three of five patients), common findings
were treatment-induced Wallerian degeneration and focal ne-
crosis within the pontine tumor volume without overt necrosis
involving normal structures (Table 1). All patients with avail-
able postmortem neuropathology demonstrated extensive pro-
gressive DIPG.
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Patient and treatment characteristics. yrs, years; Gy, Gray; fX, fractions; mos, months; EQD2, equivalent dose in 2 Gray fractions; «/f3, alpha/beta ratio; LDH, lactate dehydrogenase; u/L, units/
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Fig. 1 T2 FLAIR sequence MRI studies captured prior to first treatment (top row), after first radiation treatment completion (middle row), and prior to re-

irradiation (bottom row) for each patient one through five
Discussion

Diffuse intrinsic pontine glioma (DIPG) is a pediatric cancer
that carries a universally poor prognosis. Symptoms from
DIPG, especially neurological symptoms, can severely affect
the patient’s quality of life. Radiation therapy has been the
mainstay of therapy used to treat these children as the only
modality shown to prolong survival while providing meaning-
ful palliation of symptoms.

Outside of therapeutic radiation, limited options exist for
the treatment of DIPG. Studies evaluating the addition of the
chemotherapeutic agent temozolomide to radiation therapy
have failed to show a significant improvement in overall sur-
vival [7-9]. In fact, to date, no systemic therapy regimen has
been shown to improve survival in DIPG. As such, efforts
have been made to further optimize radiation regimens for this
disease. Multiple studies have compared hypofractionated ra-
diation therapy to conventionally fractionated radiation

therapy with no significant improvement in survival [3—6].
To date conventionally fractionated radiation (1.8 to 2 Gy
per fraction) therefore remains the standard of care for this
disease. However, many patients with DIPG will show symp-
toms of CNS progression months following initial irradiation
and may benefit from a second course of radiation therapy.
Radiation alone remains the sole treatment modality prov-
en to alter the clinical course of DIPG, and there is mounting
evidence in the literature supporting the use of re-irradiation in
select patients. Lassaletta et al. retrospectively reviewed data
of patients with DIPG treated with re-irradiation at Canadian
centers. Re-irradiation was given focally in fourteen patients
with doses ranging from 21.6 Gy to 36 Gy with conventional
fractionation. All but three patients showed neurological im-
provement [10]. When compared to a historic cohort of forty-
six consecutive patients, the median time from progression to
death was 92 days in the non-irradiated group versus 218 days
in the re-irradiated group. The re-irradiated group also had a
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median overall survival from time of diagnosis of 19.6
months, which is significantly longer than historical controls
and is also longer than the median overall survival for our
cohort of patients by several months.

It is worth noting again that our study included only pa-
tients with biopsy findings consistent with DIPG.
Additionally, our cohort included only African American
and Hispanic patients—demographics consistently shown to
have poorer outcomes in childhood cancer [13]. Despite these
possible adverse prognostic features, the median survival from
time of diagnosis in our cohort was 16.3 months, which is
higher than the 10-11 months typically cited in the literature
for patients largely treated without re-irradiation [1, 14]. This
finding is consistent with several other retrospective studies
demonstrating effective palliation and a trend towards im-
proved survival with re-irradiation. In a more recent example,
Janssens et al. published a matched-cohort analysis of 85 pa-
tients with DIPG treated at multiple European centers with
and without re-irradiation, with a finding of significantly im-
proved median survival at 13.7 months for patients treated
with re-irradiation versus 10.4 months for those not treated
with a second course [15]. Consistent with other retrospec-
tives studies, our patient cohort also demonstrated stable to
improved neurological function during re-irradiation with no
serious treatment-related adverse events reported.

Four of the five patients in our cohort were treated with re-
irradiation to 24 Gy with conventional fractionation, a regi-
men shown to be safe and effective in a phase 1/2 study of
dose escalation in DIPG re-irradiation [16]. However, unlike
in the dose escalation study, most of our patients received
concurrent chemotherapy and all three of the patients for
whom postmortem pathology was available demonstrated
some degree of focal pontine necrosis. Whether this is attrib-
utable to the concurrent use of chemotherapy is uncertain.
However, given the already controversial role of chemothera-
py in the management of DIPG, it may be prudent to avoid
concurrent administration at the time of re-irradiation until
additional data are available to support this practice.

The observation of rising serum LDH during the course of
re-irradiation in our patients is purely a hypothesis-generating
observation. There are data in adult cancer patients with brain
metastases to suggest that serum LDH is a potentially useful
prognosticator [17]. In one retrospective study of small cell
lung cancer patients with brain metastases undergoing treat-
ment with whole-brain radiation, after controlling for con-
founding clinical factors such as performance status, patients
with serum LDH in the normal range had significantly higher
median survival than patient with elevated serum LDH [18]. It
is possible that monitoring serum LDH kinetics in DIPG pa-
tients may aid in clinical decision-making particularly when it
comes to re-irradiation; however, more research in the area is
clearly needed. It is also worth noting that the three patients
who received systemic therapy concurrent with re-irradiation
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had relatively higher increases in serum LDH compared to the
patients not receiving systemic therapy.

In summary, our experience based on our small patient
cohort is that re-irradiation is safe and feasible for patients
with DIPG with symptomatic disease progression following
initial radiotherapy treatment. This adds to a growing body of
evidence on the safety and efficacy of re-irradiation. Re-
irradiation should continue to be offered in select patients with
symptomatic progression after initial treatment.

Declarations

Conflict of interest On behalf of all authors, the corresponding author
states that there is no conflict of interest.

References

1. Hoffman LM, Veldhuijzen van Zanten SEM, Colditz N et al (2018)
Clinical, radiologic, pathologic, and molecular characteristics of
long-term survivors of diffuse intrinsic pontine glioma (DIPG): a
collaborative report from the International and European Society
for Pediatric Oncology DIPG Registries. J Clin Oncol 36(19):
1963-1972

2. Schild SE, Stafford SL, Brown PD, Wood CP, Scheithauer BW,
Schomberg PJ, Wong WW, Lyons MK, Shaw EG (1998) The
results of radiotherapy for brainstem tumors. J Neuro-Oncol
40(2):171-177

3. Janssens GO, Gidding CE, Van Lindert EJ et al (2009) The role of
hypofractionation radiotherapy for diffuse intrinsic brainstem glio-
ma in children: a pilot study. Int J Radiat Oncol Biol Phys 73(3):
722-726

4. Negretti L, Bouchireb K, Levy-piedbois C et al (2011)
Hypofractionated radiotherapy in the treatment of diffuse intrinsic
pontine glioma in children: a single institution's experience. J
Neuro-Oncol 104(3):773-777

5. Janssens GO, Jansen MH, Lauwers SJ et al (2013)
Hypofractionation vs conventional radiation therapy for newly di-
agnosed diffuse intrinsic pontine glioma: a matched-cohort analy-
sis. Int J Radiat Oncol Biol Phys 85(2):315-320

6. Zaghloul MS, Eldebawy E, Ahmed S, Mousa AG, Amin A, Refaat
A, Zaky I, Elkhateeb N, Sabry M Hypofractionated conformal ra-
diotherapy for pediatric diffuse intrinsic pontine glioma (DIPG): a
randomized controlled trial. Radiother Oncol 2014;111(1):35-40.

7. Cohen KJ, Heideman RL, Zhou T, Holmes EJ, Lavey RS, Bouffet
E, Pollack IF (2011) Temozolomide in the treatment of children
with newly diagnosed diffuse intrinsic pontine gliomas: a report
from the Children’s Oncology Group. Neuro-oncology 13(4):
410416

8. Bailey S, Howman A, Wheatley K, Wherton D, Boota N, Pizer B,
Fisher D, Kearns P, Picton S, Saran F, Gibson M, Glaser A,
Connolly DJA, Hargrave D (2013) Diffuse intrinsic pontine glioma
treated with prolonged temozolomide and radiotherapy—results of a
United Kingdom phase II trial (CNS 2007 04). Eur J Cancer 49(18):
3856-3862

9. lzzuddeen Y, Gupta S, Haresh KP, Sharma D, Giridhar P, Rath GK
(2020) Hypofractionated radiotherapy with temozolomide in dif-
fuse intrinsic pontine gliomas: a randomized controlled trial. J
Neuro-Oncol 146(1):91-95



Childs Nerv Syst

10.

11.

12.

13.

Lassaletta A, Strother D, Laperriere N, Hukin J, Vanan MI,
Goddard K, Lafay-Cousin L, Johnston DL, Zelcer S, Zapotocky
M, Rajagopal R, Ramaswamy V, Hawkins C, Tabori U, Huang A,
Bartels U, Bouffet E (2018) Reirradiation in patients with diffuse
intrinsic pontine gliomas: the Canadian experience. Pediatr Blood
Cancer 65(6):¢26988

Fontanilla HP, Pinnix CC, Ketonen LM, Woo SY, Vats TS, Rytting
ME, Wolff JE, Mahajan A (2012) Palliative reirradiation for pro-
gressive diffuse intrinsic pontine glioma. Am J Clin Oncol 35(1):
51-57

Gupta N, Goumnerova LC, Manley P, Chi SN, Neuberg D,
Puligandla M, Fangusaro J, Goldman S, Tomita T, Alden T,
DiPatri A, Rubin JB, Gauvain K, Limbrick D, Leonard J, Geyer
JR, Leary S, Browd S, Wang Z, Sood S, Bendel A, Nagib M,
Gardner S, Karajannis MA, Harter D, Ayyanar K, Gump W,
Bowers DC, Weprin B, MacDonald TJ, Aguilera D, Brahma B,
Robison NJ, Kiehna E, Krieger M, Sandler E, Aldana P, Khatib
Z, Ragheb J, Bhatia S, Mueller S, Banerjee A, Bredlau AL,
Gururangan S, Fuchs H, Cohen KIJ, Jallo G, Dorris K, Handler
M, Comito M, Dias M, Nazemi K, Baird L, Murray J, Lindeman
N, Hornick JL, Malkin H, Sinai C, Greenspan L, Wright KD,
Prados M, Bandopadhayay P, Ligon KL, Kieran MW (2018)
Prospective feasibility and safety assessment of surgical biopsy
for patients with newly diagnosed diffuse intrinsic pontine glioma.
Neuro-oncology 20(11):1547-1555

Kehm RD, Spector LG, Poynter JN, Vock DM, Altekruse SF,
Osypuk TL (2018) Does socioeconomic status account for racial
and ethnic disparities in childhood cancer survival? Cancer.
124(20):4090-4097

14.

15.

16.

17.

18.

Massimino M, Spreafico F, Biassoni V, Simonetti F, Riva D,
Trecate G, Giombini S, Poggi G, Pecori E, Pignoli E, Casanova
M, Ferrari A, Meazza C, Luksch R, Terenziani M, Cefalo G, Podda
M, Polastri D, Clerici CA, Fossati-Bellani F, Gandola L (2008)
Diffuse pontine gliomas in children: changing strategies, changing
results? A mono-institutional 20-year experience. J Neuro-Oncol
87(3):355-361

Janssens GO, Gandola L, Bolle S, Mandeville H, Ramos-Albiac M,
van Beek K, Benghiat H, Hoeben B, Morales la Madrid A,
Kortmann RD, Hargrave D, Menten J, Pecori E, Biassoni V, von
Bueren AO, van Vuurden DG, Massimino M, Sturm D, Peters M,
Kramm CM (2017) Survival benefit for patients with diffuse intrin-
sic pontine glioma (DIPG) undergoing re-irradiation at first pro-
gression: a matched-cohort analysis on behalf of the SIOP-E-
HGG/DIPG working group. Eur J Cancer 73:38-47

Amsbaugh MJ, Mahajan A, Thall PF, McAleer MF, Paulino AC,
Grosshans D, Khatua S, Ketonen L, Fontanilla H, McGovern SL
(2019) A phase 1/2 trial of reirradiation for diffuse intrinsic pontine
glioma. Int J Radiat Oncol Biol Phys 104(1):144—-148

Nieder C, Dalhaug A, Pawinski A (2019) Serum lactate dehydro-
genase contributes to prognostic assessment in patients with
oligometastatic cancer and brain involvement. In Vivo 33(1):229—
232

Anami S, Doi H, Nakamatsu K, et al. Serum lactate dehydrogenase
predicts survival in small-cell lung cancer patients with brain me-
tastases that were treated with whole

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

@ Springer



	Single institution experience in re-irradiation of biopsy-proven diffuse intrinsic pontine gliomas
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References


