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Incidence and clinical 
course of radionecrosis in 
children with brain tumors
A 20-year longitudinal observational study

Radiation therapy (RT) is a mainstay in 
the treatment of tumors of the central ner-
vous system (CNS). Besides its unques-
tionable positive impact on survival, it is 
associated with a wide range of acute and 
late side effects [2, 6, 17]. Cerebral radio-
necrosis (RN) after treatment of brain tu-
mors represents a severe and potentially 
devastating long-term complication that 
may be associated with considerable mor-
bidity and even mortality [24]. The inci-
dence of RN in patients treated for prima-
ry brain tumors is poorly defined. Stud-
ies in adults report incidence rates rang-
ing from 3 up to 24% [7, 24]. The sever-
ity of symptoms due to focal necrosis is 
not only based on the size, but also on the 
location of the injury. If the necrotic vol-
ume is small and does not include regions 
like the motor cortex or the brain stem, 
this damage might go unobserved and re-
main clinically asymptomatic. On the oth-
er hand, the same-sized volume of necro-
sis located in one of the aforementioned 
sensitive regions can lead to significant 
morbidity. For details on histopathologi-
cal and pathophysiological characteristics 
of brain necrosis we would refer to Bara-
ni et al. [4].

Clinically, the appearance of new le-
sions after treatment of brain tumors still 

poses a significant diagnostic challenge, 
since magnetic resonance imaging (MRI) 
cannot clearly distinguish between tumor 
recurrence and RN [16, 23]. Even sec-
ond malignant neoplasms have to be tak-
en into account. The importance of func-
tional imaging, including FDG positron-
emission tomography (FDG-PET) and 
MR spectroscopy, for discrimination be-
tween tumor progression and pseudopro-
gression remains to be discussed [7, 8, 16, 
23]. The total RT dose and subsequent use 
of chemotherapy seem to be the most im-
portant risk factors for the development 
of RN in adults [24]. In adults, the clinical 
course of RN is variable, ranging from as-
ymptomatic lesions with spontaneous re-
covery to rapid progression with devel-
opment of neurological deterioration [7]. 
Little is known about the incidence and 
clinical course of RN in children treated 
for brain tumors. A spectrum of clinical 
syndromes after cancer treatment direct-
ed to the CNS in childhood has been de-
scribed and includes radionecrosis, nec-
rotizing leukoencephalopathy, mineraliz-
ing microangiopathy, cavernous heman-
gioma and secondary brain tumors [22, 
27]. Asymptomatic MRI-detected chang-
es have been reported in children treat-
ed for various brain tumors [3, 12, 13, 21].  

Fouladi et al. [13] reported on asymptom-
atic and transient white matter lesions in 
22 out of 134 children with medulloblasto-
ma or primitive neuroectodermal tumor, 
two of whom developed RN. The aim of 
this retrospective, observational study was 
to describe a single-center’s experience 
with RN in children treated for brain tu-
mors over a period of 20 years.

Patients and methods

Study population

Between 1 January 1992 and 1 April 2012, a 
total of 107 consecutive children (62 male 
and 45 female, median age 9.4 years) 
underwent external photon beam RT 
for various brain tumors at the Dept. of 
Therapeutic Radiology and Oncology of 
the Medical University Graz. Patients ad-
ditionally treated with gamma knife and/
or reirradiation for relapse or progression 
were excluded from the analysis. Chemo-
therapeutic treatment and follow-up ex-
aminations were performed at the Dept. 
of Pediatric Hematology/Oncology Graz. 
The underlying diseases suffered by the 
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patients were primitive neuroectodermal 
tumor (PNET)/medulloblastoma (n=32), 
PNET (supratentorial) (n=13), ependy-
moma (n=10), pontine glioma (n=14), as-
trocytoma (n=16), glioblastoma (n=5), 
craniopharyngeoma (n=3), intracranial 
germ cell tumor (n=10) and others (n=4). 
Patients were treated with adjuvant che-
motherapy according to the internation-
al study protocols HIT 91, HIT 2000, 
HIT LGG 1996, MAKEI 89, SIOP-CNS-
GCT-96 and COSS-96, or with temozolo-
mide monotherapy [5, 9, 15, 28]. Median 
follow-up duration is currently 4.6 years 
(range 0.29–20.1 years). Suspicion of RN 
arose if MRI revealed new lesions in cas-
es where signs of RN were already evident, 
as previously described [7, 16, 23]. Suspi-
cions were subsequently confirmed by bi-
opsy (n=1) or substantiated by FDG-PET 
or MR spectroscopy. In all cases of RN in-
cluded in this study, relapse or progression 
of the underlying disease was ruled out by 
resolution of the lesions during follow-up.

Analysis of EQD2

Over the decades, patients were treated 
according to different study protocols, 
with irradiation treatment schemes that 
differed in terms of total dose, fraction 
dose and the number of fractions. To fa-
cilitate comparison of data from the dif-
ferent studies, the tolerance dose of nor-
mal brain tissue is presented as the biolog-
ically equivalent total dose as applied in 
2 Gy fractions (EQD2), as opposed to the 
“physical” dose. The EQD2 values were 
calculated according to the linear-qua-
dratic (LQ) formula. An α/β ratio of 2 Gy 
was selected for the late response of nor-
mal nervous tissue as previously described 
[20]. The LQ model is generally accepted 
for dose-fractionation analyses in clinical 
RT [4, 14, 25].

The study was approved by the eth-
ics committee of the Medical University 
of Graz.

Results

Out of 107 patients treated with external 
brain irradiation during the analyzed pe-
riod, 5 (4.7%) developed RN (. Tab. 1). 
Prior to development of RN, all 5 pa-
tients had received cytotoxic chemother-Ta
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apy in addition to RT. An anthracycline 
containing protocol (COSS 96 with a cu-
mulative doxorubicin dosage of 450 mg/
m2) was administered in patient num-
ber 5. In addition to standard treatment 
protocols, 2 patients had received chemo-
therapy for progression or relapse. Medi-
an irradiation doses to the brain expressed 

in EQD2 values were similar in the 5 pa-
tients with signs of RN (median 51.7 Gy, 
range 51.0–60.0 Gy) and the 102 patients 
who did not show signs of RN (median 
51.3 Gy, range 50.0–60.0 Gy. In those pa-
tients with RN, the median age at irradi-
ation was 6.9 years (range 5.2–15.4 years); 
the underlying diagnoses were astrocy-

toma (n=1), medulloblastoma (n=2), ep-
endymoma (n=1) and brain metastasis of 
osteosarcoma (n=1). The median inter-
val between irradiation and the onset of 
RN was 11 months (range 5–131 months). 
Four of the 5 patients developed neuro-
logical symptoms before diagnosis of RN. 
MRI showed suspicious new lesions in 
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Abstract
Radionecrosis (RN) in children treated for 
brain tumors represents a potentially severe 
long-term complication. Its diagnosis is chal-
lenging, since magnetic resonance imaging 
(MRI) cannot clearly discriminate between RN 
and tumor recurrence. A retrospective single-
center study was undertaken to describe the 
incidence and clinical course of RN in a co-
hort of 107 children treated with external ra-
diotherapy (RT) for various brain tumors be-
tween 1992 and 2012. During a median fol-
low-up of 4.6 years (range 0.29–20.1 years), 
RN was implied by suspicious MRI findings 
in in 5 children (4.7%), 5–131 months af-
ter RT. Suspicion was confirmed histological-
ly (1 patient) or substantiated by FDG posi-
tron-emission tomography (FDG-PET, 2 pa-
tients) or by FDG-PET and MR spectrosco-

py (1 patient). Before developing RN, all 5 pa-
tients had received cytotoxic chemothera-
py in addition to RT. In addition to standard 
treatment protocols, 2 patients had received 
further chemotherapy for progression or re-
lapse. Median radiation dose expressed as 
the biologically equivalent total dose applied 
in 2 Gy fractions (EQD2) was 51.7 Gy (range 
51.0–60.0 Gy). At RN onset, 4 children pre-
sented with neurological symptoms. Treat-
ment of RN included resection (n=1), cortico-
steroids (n=2) and a combination of cortico-
steroids, hyperbaric oxygen (HBO) and beva-
cizumab (n=1). One patient with asymptom-
atic RN was not treated. Complete radiologi-
cal regression of the lesions was observed in 
all patients. Clinical symptoms normalized in 
3 patients, whereas 2 developed permanent 

severe neurological deficits. RN represents a 
severe long-term treatment complication in 
children with brain tumors. The spectrum of 
clinical presentation is wide; ranging from as-
ymptomatic lesions to progressive neuro-
logical deterioration. FDG-PET and MR spec-
troscopy may be useful for distinguishing be-
tween RN and tumor recurrence. Treatment 
options in patients with symptomatic RN in-
clude conservative management (steroids, 
HBO, bevacizumab) and surgical resection.

Keywords
Paediatric oncology · Radiotherapy · 
Chemotherapy · Late effects · Cerebral 
radionecrosis

Inzidenz und klinischer Verlauf von Radionekrosen bei Kindern mit 
Schädeltumoren. Eine 20-Jahres-Langzeit-Beobachtungsstudie

Zusammenfassung
Radionekrosen (RN) bei Kindern nach Be-
handlung von Schädeltumoren stellen eine 
schwerwiegende Komplikation mit teil-
weise lebenslangen Spätfolgen dar. Die Un-
terscheidung zwischen RN und Tumorre-
zidiv oder -progression ist mittels Magnet
resonanztomographie (MRT) nicht im-
mer eindeutig möglich. In einer retrospek
tiven Single-Center-Studie beschreiben wir 
Inzidenz und klinischen Verlauf der RN. Bei 
5 (4,7%) von 107 Kindern, die in den Jahren 
1992 bis 2012 wegen unterschiedlicher 
Schädeltumoren eine Strahlentherapie er-
halten hatten, erhärtete sich während des 
medianen Nachbeobachtungszeitraums von 
4,6 (0,29–20,1) Jahren 5–131 Monate nach 
Bestrahlung der Verdacht auf eine RN. Die
ser wurde entweder histologisch (1 Patient) 
oder mittels FDG-Positronenemissionstomo
graphie (FDG-PET; 2 Patienten) oder mittels 

MR-Spektroskopie und FDG-PET (1 Patient) 
bestätigt. Alle 5 Patienten waren vor Auftre-
ten der RN mit einer zytotoxischen Chemo
therapie behandelt worden. Wegen Relaps 
bzw. Progression wurden bei 2 Patienten 
weitere Chemotherapeutika – zusätzlich zum 
jeweiligen Standardtherapieprotokoll – ver
abreicht. Die mediane Strahlendosis, aus-
gedrückt als Bioequivalenzdosis EQD2, be-
trug 51,7 Gy (51,0–60,0 Gy). Neurologische 
Symptome beim Auftreten der RN zeigten 
4 Kinder. Die Behandlung bestand aus Resek-
tion (n=1), Kortikosteroiden (n=2) oder ein-
er Kombination aus Kortikosteroiden, hyper-
barer Oxigenierung und Bevacizumab (n=1). 
Ein asymptomatischer Patienten erhielt keine 
Therapie. Bei allen Patienten kam es zu einer 
kompletten radiologischen Rückbildung 
der Läsionen. Bei 3 Patienten reduzierte sich 
die Symptomatik; 2 Patienten leiden weiter

hin an schweren neurologischen Defiziten. 
RN stellen eine schwerwiegende Langzeit-
komplikation bei Kindern nach Behand-
lung eines Schädeltumors dar. Die Band
breite der klinischen Symptomatik reicht von 
asymptomatischen Läsionen bis hin zu fort
schreitender neurologischer Symptomatik. 
FDG-PET und MR-Spektroskopie helfen, RN 
von Tumorrezidiv oder -progression zu unter-
scheiden. Die Behandlungsmöglichkeiten bei 
symptomatischen Patienten umfassen kon-
servatives Management (Kortikosteroide, hy-
perbare Oxygenierung, Bevacizumab) sowie 
die chirurgische Resektion.

Schlüsselwörter
Pädiatrische Onkologie · Strahlentherapie · 
Chemotherapie · Spätkomplikation · 
Zerebrale Radionekrose
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all patients. In 3 out of 5 patients, subse-
quently performed FDG-PET showed de-
creased FDG uptake and in one of these 
patients, additional MR spectroscopy 
showed decreased levels of choline. De-
creased FDG uptake and decreased cho-
line levels are both indicative of RN. In 
1 patient with unclear lesions highly sus-
picious for tumor recurrence, the new le-
sion was resected and a histological diag-
nosis of RN was made. Treatment of RN 
included complete resection in 1 patient, 
dexamethasone in 2 patients and a com-
bination of dexamethasone, bevacizum-
ab and hyperbaric oxygen (HBO) thera-
py in 1 patient [1, 11, 18]. One patient with 
asymptomatic lesions received no specif-
ic treatment. MRI lesions resolved in all 
patients (. Fig. 1), although 2 patients 
(numbers 3 and 5) still require intensive 
physical rehabilitation due to severe per-
sistent neurological deficits.

Discussion

There is little known about the incidence 
of RN in children treated for brain tu-
mors. Among adult patients, the report-
ed incidence rates range from 3 to 24% [7, 
24]. Ruben et al. [24] reported a 4.9% in-
cidence of RN in a series of 426 adult pa-
tients treated for glioma, with a mean in-

terval between RT and the onset of RN 
of 11.6 months. These data are compara-
ble to those of our study, where RN was 
documented in 4.67% of 107 children, af-
ter a median interval of 11 months follow-
ing external photon beam RT. Known risk 
factors for the development of RN are the 
total RT dose delivered and the subse-
quent application of chemotherapy [7, 24]. 
In our group of pediatric patients, no sig-
nificant difference in the applied dose cal-
culated as EQD2 was found, possibly due 
to the small size of the cohort. The EQD2 
biological dose estimation permits com-
parison of different RT schemes [20, 26].

Chemotherapy in addition to RT 
might support the development of RN 
[24]. In our series, chemotherapeutic 
treatment for relapse or progression was 
given after initial radiochemotherapy in 
two patients. One patient had received an 
anthracycline containing protocol as the 
initial treatment. The spectrum of clin-
ical manifestations of RN is extremely 
wide, ranging from asymptomatic lesions 
to spontaneous recovery and progressive 
neurological deficits that may be irrevers-
ible, and sometimes even cause death [23, 
24]. Some authors have provocatively pos-
tulated that survival of patients with glio-
blastoma may be more favorable after the 
development of RN [7, 24]. In our study, 

one of the 5 patients with RN suffered no 
symptoms. The other 4 patients presented 
with neurological symptoms and in two 
of these cases, the patients developed per-
sistent deficits despite multimodal thera-
py. Diagnosis of RN and discrimination 
between tumor progression and pseu-
doprogression is still a challenging issue 
[7, 8]. MRI-based RN findings are often 
nonspecific and frequently indistinguish-
able from tumor recurrence [23]. The le-
sions are described as a ring-enhancing 
mass with variable edema and mass ef-
fect [23], or lesions with a soap bubble or 
Swiss cheese pattern [16] closely mimick-
ing the pattern of recurrent brain tumor. 
In lesions highly suspicious for tumor re-
currence, biopsy still remains the diagnos-
tic gold standard; however, its use is lim-
ited by its invasive nature and the poten-
tial heterogeneity of the lesions. Func-
tional imaging, including FDG-PET or 
MR spectroscopy is considered increas-
ingly useful for differentiating RN from 
tumor recurrence [7, 10, 16, 23]. FDG-
PET in patients with RN usually shows 
decreased uptake of radionuclide in rela-
tion to normal brain tissue [7, 10, 23]. MR 
spectroscopy demonstrates low levels of 
choline in RN and high levels of choline 
in the presence of tumor progression [7, 
23]. In our series, diagnosis of RN was es-
tablished histologically in 1 patient, sus-
picion of RN was substantiated by FDG-
PET showing decreased uptake of radio-
nuclide in 3 patients and MR spectrosco-
py showed decreased levels of choline in 
one of the patients who was also examined 
by PDG-PET. However, we also have ex-
perience of a 12-year-old girl with PNET 
who developed neurological deterioration 
after radiochemotherapy. MRI showed le-
sions suspicious for RN, and FDG-PET 
was negative. The neurological symptoms 
in this patient progressively increased, 
leading to death despite treatment for 
RN including steroids, bevacizumab and 
HBO. Autopsy revealed recurrent disease. 
Therefore, it must be stated that function-
al imaging is always associated with a re-
sidual risk of misdiagnosis.

Regarding the dose–response relation-
ship, the risk of RN was reported to in-
crease with increased total dose and dose 
per fraction, as well as with increasing tis-
sue volume [4]. In a review by Brands-

Fig. 1 8 Magnetic resonance imaging (MRI) of patient 3 at diagnosis, after radiotherapy and during 
follow-up. PET positron-emission tomography
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ma et al. based on several clinical stud-
ies of childhood brain tumors, a thresh-
old EQD2 value of approximately 45 Gy 
was estimated for the development of 
RN, with a steep increase in the risk of 
RN above 60 Gy. Our data show an inci-
dence of 4.7% following EQD2 doses in 
the range of 50–60 Gy and thus agree with 
this analysis. The latency period associat-
ed with RN is highly variable, with a mini-
mum latency of about 3 months after radi-
ation exposure [4]. The pathophysiology 
of RN is not completely understood. Ku-
mar et al. [16] postulate mechanisms in-
cluding vascular injury, glial and white 
matter damage, effects on the fibrinolyt-
ic enzyme system and immune mecha-
nisms. Management of patients with RN 
is variable and depends on the clinical 
presentation. In patients with asymptom-
atic lesions, a wait-and-see strategy seems 
to be justified. In patients with neurolog-
ical symptoms, several conservative treat-
ment options are advocated, including 
corticosteroids, HBO and more recent-
ly, bevacizumab, a monoclonal antibody 
against vascular endothelial growth fac-
tor (VEGF) [1, 7, 11, 18]. The rationale for 
the use of HBO is the hypothesis that it 
might increase the partial pressure of ox-
ygen (pO2) in the tissue and thus enhance 
angiogenesis [1, 7, 11, 19]. The use of beva-
cizumab is based on the current hypothe-
sis that RN might result from endothelial 
dysfunction leading to tissue hypoxia with 
concomitant liberation of VEGF. Levin et 
al. [18] hypothesized that blocking VEGF 
might reduce the movement of plasma 
and water through leaky capillary endo-
thelium into the extracellular space. Surgi-
cal resection may be necessary in the case 
of raised intracranial pressure, if symp-
toms require rapid control or if symp-
toms show progression under conserva-
tive treatment [24]. In our series, 1 patient 
remained untreated, the lesion was resect-
ed in 1 patient, corticosteroids were given 
to 2 patients and 1 patient received com-
bination treatment with dexamethasone, 
bevacizumab and HBO.

Conclusion

RN in children treated for brain tumors 
can be a potentially severe long-term 
complication. The discrimination be-

tween RN and tumor recurrence still pos-
es a significant diagnostic challenge. 
Clinical presentation of RN varies from 
asymptomatic lesions to the develop-
ment of neurological deficits, which 
sometimes progress to persistent defi-
cits. Conservative therapeutic manage-
ment including corticosteroids, HBO or 
bevacizumab is indicated in patients 
with neurological symptoms. Surgical 
intervention might be necessary in pa-
tients with life threatening symptoms 
or those not responding to conservative 
treatment. There is an urgent need for 
prospective cooperative group trials to 
evaluate clinical and functional radioim-
aging parameters during long-term care 
of children with brain tumors.
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