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Background: Treatment of childhood low-grade gliomas is a challenging issue owing to their low incidence and the lack of con-
sensus about “optimal” treatment approach.
Material and Methods: Reports in the literature spanning 60 years of radiation therapy, including orthovoltage, megavoltage
and recently modern high-precision treatments, were reviewed with respect to visual function, survival, prognostic factors, dose
prescriptions, target volumes, and treatment techniques. Based on these experiences, future strategies in the management of
childhood low-grade glioma are presented.
Results: Evaluation of published reports is difficult because of inconsistencies in data presentation, relatively short follow-up in
some series and failure to present findings and results in a comparable way. Even with the shortcomings of the reports available
in the literature, primarily concerning indications, age at treatment, dose response, timing and use of “optimal” treatment fields,
radiation therapy continues to play an important role in the management of these tumors achieving long-term survival rates up
to 80% or more. Particularly in gliomas of the visual pathway, high local tumor control and improved or stable visual function is
achieved in approximately 90% of cases. Data on dose-response relationships recommend dose prescriptions between 45 and
54 Gy with standard fractionation. There is consensus now to employ radiation therapy in older children in case of progressive
disease only, regardless of tumor location and histologic subtype. In younger children, the role of radiotherapy is unclear. Recent
advances in treatment techniques, such as 3-D treatment planning and various “high-precision” treatments achieved promising
initial outcome, however with limited patient numbers and short follow-ups. 
Conclusions: Radiation therapy is an effective treatment modality in children with low-grade glioma regarding tumor control and
improvement and/or preservation of neurologic function or vision, respectively. More prospective studies are needed to address
the impact of modern radiation therapy technologies (including intensity-modulated radiotherapy) on outcome especially in the
very young and to define the role of radiation therapy as a part of a comprehensive treatment approach. The forthcoming prospec-
tive trial SIOP/GPOH LGG RT 2003 is addressing this issue. 
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Aktuelle und zukünftige Strategien bei der Bestrahlung von niedrigmalignen Gliomen des Gehirns im Kindesalter. 
Teil I: Strahlentherapeutische Behandlungsmodalitäten 

Hintergrund: Die Behandlung maligner Gliome im Kindesalter ist wegen deren geringer Häufigkeit und Kontroversen über opti-
male Behandlungsstrategien eine Herausforderung an den Radioonkologen.
Material und Methodik: Es wurden Berichte in der Literatur, die 60 Jahre Strahlentherapie von Orthovolt- sowie Megavolttech-
niken bis zu den heute modernen Präzisionstechniken umfassen, analysiert. Basierend auf diesen Erfahrungen werden zukünftige
Strategien bei der Behandlung niedrigmaligner Gliome im Kindesalter vorgelegt.
Ergebnisse: Die Evaluierung publizierter Berichte ist aufgrund heterogener Aufarbeitung der Daten, teilweise kurzer Nachbeob-
achtungszeiträume und fehlender Darstellung der Ergebnisse in vergleichbarer Form erschwert. Trotz begrenzter Aussagekraft der
Literaturangaben, die in erster Linie die Indikationen, das Behandlungsalter, Dosis-Wirkungs-Beziehungen, den Zeitpunkt der Be-
strahlung und die Anwendung optimaler Bestrahlungsfelder betreffen, spielt die Strahlentherapie unverändert eine wichtige Rol-
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Introduction 
Low-grade gliomas in children predominantly arise along the
visual pathway with or without involvement of the hypothala-
mus, followed in frequency by the cerebral hemispheres and
the posterior fossa. Their biological behavior varies greatly:
even small chiasmatic tumors may display an aggressive, ma-
lignant growth pattern causing rapid visual deterioration,
progressive neurologic deficits and diencephalic syndrome,
whereas larger tumors may remain quiescent for years. 

Recent advances in neurosurgery, radiation techniques
and the introduction of chemotherapy have opened up new
possibilities but have also introduced controversies in the op-
timal management of childhood low-grade gliomas. Numer-
ous reports addressed these questions favoring one or another
approach, identified possible prognostic factors and suggested
“optimal” treatment approach based on these factors [3, 5, 8,
14–18, 31–33, 35, 36, 40, 52–55, 57, 74, 76, 77]. Unfortunately, all
of these studies were retrospective, spanning long time peri-
ods during which diagnostic and therapeutic variables changed
considerably. 

This review is, therefore, undertaken to offer better in-
sight in the radiotherapy treatment parameters and treatment
outcome, while the second part of this review will focus on ra-
diotherapy-related toxicity. Medline search was performed for
publications including case reports and supplements on radio-
therapy in the management of gliomas of the visual pathway
from 1956 and 2001. The literature was reviewed with respect
to visual function, survival, prognostic factors, dose prescrip-
tions, target volumes, and treatment techniques. Conclusions
were drawn from the data on future radiotherapeutic treat-
ment strategies. 

Hemispheric Gliomas 
Low-grade gliomas of the cerebral hemispheres in children
generally carry an excellent long-time prognosis, because dis-

ease progression is rarely observed after complete resection
[16, 18, 55, 68]. Extent of resection is the factor associated
most strongly with progression-free survival favoring com-
plete tumor removal. Pollack et al. [55] observed no disease
progression in 21 patients who underwent a complete tumor
resection, compared to two of twelve (17%) undergoing near-
ly complete resections and eleven of 37 (30%) undergoing
subtotal resections. However, even with incomplete tumor
removal prolonged progression-free survival is commonly
achieved [18]. In an analysis of 51 patients with supratentor-
ial pilocytic astrocytoma, for 16 patients undergoing com-
plete resection the 10-year survival rate was 100%, while it
was 74% for 35 patients who had subtotal removal or biopsy
[18]. Fisher et al. [16] observed a 5- and 10-year progression-
free survival rate of 100% in 25 children in whom a complete
tumor resection was possible. Radiotherapy offers an addi-
tional benefit by improving focal neurologic deficits. In the
series of Fischer et al. [15], nine of 15 children demonstrat-
ed focal neurologic disorders before receiving radiotherapy,
and seven of these nine patients showed significant improve-
ment. 

Gliomas of the Cerebellum 
Among the 45–60% of infratentorial pediatric brain tumors,
cerebellar astrocytoma ranks second to medulloblastoma in
frequency [50]. Surgery plays the key role. Complete surgical
resection, as judged by postoperative neuroimaging and oper-
ative record, appears possible in 84–90% of all patients [21].
Extended periods of stable disease, and sporadic cases of tu-
mor regression, following partial resection are reported for
small numbers of patients [10, 27, 61]. However, for the ma-
jority of cases residual tumor tends to progress over long pe-
riods of time, mostly within 4–5 years after initial operation,
and progression-free survival rates are between 29–80% and
0–79% at 5 and 10 years [10, 24, 27, 61, 64]. 
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le bei der Therapie dieser Tumoren und erreicht langfristige Überlebensraten von 80% und mehr. Insbesondere bei Gliomen der
Sehbahn werden in annähernd 90% der Fälle eine hohe lokale Tumorkontrolle und ein verbessertes oder stabilisiertes Sehvermö-
gen erreicht. Nach Erfahrungen über Dosis-Wirkungs-Beziehungen werden Dosierungen zwischen 45 und 54 Gy in konventioneller
Fraktionierung empfohlen. Es besteht heute Übereinstimmung, bei älteren Kindern die Strahlentherapie nur im Fall einer Tumor-
progression unabhängig von Tumorlokalisation oder histologischem Subtyp zu beginnen. Bei jüngeren Kindern ist die Rolle der
Strahlentherapie unklar. Aktuell werden chemotherapeutische Protokolle untersucht, um die Strahlentherapie mit dem Ziel hin-
auszuzögern, potentiell schwerwiegende Therapiefolgen zu reduzieren. Aktuelle Fortschritte bei Bestrahlungstechniken wie 3-D-
Bestrahlungplanung und unterschiedlichen Hochpräzisionstechniken erreichten viel versprechende klinische Ergebnisse bei je-
doch begrenzten Patientenzahlen und kurzen Nachbeobachtungszeiträumen.
Schlussfolgerungen: Die Strahlentherapie ist eine effektive Behandlungsmodalität bei Kindern mit niedrigmalignen Gliomen hin-
sichtlich Tumorkontrolle und Verbesserung oder Erhalt neurologischer Funktionen oder des Sehvermögens. Prospektive Studien, die
die Bedeutung moderner Bestrahlungstechniken (unter Einschluss intensitätsmodulierter Bestrahlung) für das klinische Ergebnis,
besonders bei kleinen Kindern, beinhalten, sind notwendig, um den Stellenwert der Strahlentherapie innerhalb eines umfassenden
Behandlungskonzeptes zu untersuchen. Die zukünftige prospektive Studie der SIOP/GPOH LGG RT 2003 greift dieses Thema auf.

Schlüsselwörter: Niedrigmaligne Gliome · Kinder · Strahlentherapie · Operation 
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Gliomas of the Supratentorial Midline (Visual Pathway
and Hypothalamus) 

These usually grow slowly but their pathobiological behavior
may vary considerably. The infiltrating growth pattern and in-
volvement of functionally significant areas may result in pro-
gressive loss of vision and hypothalamic damage precluding
radical surgery. Several series have demonstrated a poor out-
come in patients with chiasmal tumor managed conservative-
ly without radiation. In the report by Tenny et al. [71] only
three of 14 (21%) survived after biopsy or exploration only,
compared to 28 of 44 (64%) who received radiotherapy. In the
series of Montgomery et al. [52] of 16 patients undergoing ra-
diation therapy, twelve patients were alive without evidence of

disease at a mean follow-up of 6.3 years. The importance of
histologic confirmation of optic gliomas must be weighed
against the potential morbidity from surgery for obtaining tis-
sue. A decrease in visual function was reported after surgical
procedure in 43% of patients by Danoff et al. [8] and 75% by
Montgomery et al. [52]. Histologic confirmation may not be
necessary, if course of disease and imaging provide evidence
for a diagnosis of a glioma. 

Impact on Visual Function 
Radiotherapy has become a standard treatment of optic nerve
and chiasmal gliomas since Taveras et al. [70] reported im-
provement in visual acuity in eleven of 22 patients without

noting any morbidity associated with ir-
radiation. Numerous reports over the
years consistently support the high effi-
cacy (90%) of radiotherapy in stabiliza-
tion and improvement of visual function
[3, 6, 8, 11, 14, 17, 31–33, 37, 52, 54, 57, 69,
70, 76, 77] (Table 1). In contrast to these
studies, Dutton in his analysis of 1,136
patients failed to confirm a benefit of ra-
diotherapy [13]. Among 511 patients
treated with radiotherapy and followed
for up to 10 years, 354 (69%) showed sta-
ble or improved vision. 203 similar pa-
tients were followed without radiother-
apy. 156 (77%) showed visual stability
or improvement. However, the compar-
isons are biased because a conservative
approach without treatment can be as-
sumed in the majority of patients with
clinically stable tumors, whereas the pro-
portion of patients with progressive tu-
mors will probably be higher in the co-
hort undergoing radiotherapy. 

Prognostic Factors 
Tumor Location. Impact of tumor loca-
tion within the visual pathway on sur-
vival has been frequently investigated.
In the study of Wong et al. [77], 38 cases
of optic gliomas were reviewed. 24 pa-
tients had radiotherapy as part of the ini-
tial treatment. 10-year survival and re-
lapse-free survival rates were 87% and
55%, respectively. Gliomas of the optic
chiasm had a poorer prognosis with a
56% recurrence rate for chiasmal tu-
mors versus 22% for tumors confined to
the optic nerve. Rush et al. [58] demon-
strated adverse influence of tumor in-
volvement of optic chiasm and/or hypo-
thalamus. The long-term survival rate
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Author n Total dosea Improved Stable Worse 

Taveras et al., 1956 [70] 22 8–15 Gy Vision
11 8 3

Montgomery et al., 1977 [52] 12 35–65 Gy Vision
(allmost all 50 Gy). 3 9 0

Hoyt & Baghdassarian, 1969 [33] 28 n.m. Acuity
4 18 6

Dosoretz et al., 1980 [11] 9 37–55.8 Gy Vision
1 8 0

Kalifa et al., 1981 [37] 39 50–60 Gy Vision
7 30 2

Horwich & Bloom, 1985 [32] 23 45–50 Gy Acuity (23)
10 11 2
Vis. field (23)
4 19 0

Danoff et al., 1980 [8] 18 50–60 Gy Vision
6 8 4

Weiss et al., 1987 [76] 12 40–56 Gy Vision
3 9 0

Flickinger et al., 1988 [17]b 22 38–56.86 Gy 2 14 3 
Wong et al., 1987 [77] 17 35–61 Gy 6 9 2
Pierce et al., 1990 [54]b 23 45–56.6 Gy 23 14 2
Rodriguez et al., 1990 [57]b 15 43–60 Gy Vision

3 8 1 
Bataini et al., 1991 [3]b 44 40–60 Gy Acuity

25 16 3
Vis. field
19 11 1 

Tao et al., 1997 [69]b 29 50.4–55.8 Gy Vision
7 14 5 

Erkal et al., 1997 [14]b 13 40–60 Gy 9 14 3 
Cappelli et al., 1998 [6] 54 n.m. Vision

18 29 7
Grabenbauer et al., 2000 [31] 25 45–60 Gy Acuity (25)

9 13 3
Vis. field (20)
3 16 1

aIn the majority of cases, the fractionated dose ranged between 1.5 and 2.0 Gy; bno data for remaining patients

Table 1. Visual function/visual field (Vis. field) after radiotherapy of gliomas of the optic path-
way. n.m.: not mentioned. 
Tabelle 1. Visusfunktion/Gesichtsfeld (Vis. field) nach Bestrahlung von niedrigmalignen Glio-
men im Kindesalter. n.m.: nicht erwähnt. 



was 85% for 33 patients with tumors of the optic nerve, com-
pared to 44% in 52 patients with tumors involving the optic
chiasm. Almost all patients (93%) with chiasmal tumors died
of tumor progression. 

Kovalic et al. [45] treated 33 patients with optic nerve and
chiasmal gliomas. Tumor-related mortality rate was 6% at 5
years, 19% at 10 years, and 26% at 15 years. Posttreatment
progression over 15 years was not observed in patients with tu-
mors confined to the optic nerve, but was noted in five patients
(14%) with chiasmal tumors, and in 14 patients (43%) with
chiasmal lesions with invasion of the adjacent midbrain. Sur-
vival rates at 5, 10, and 15 years were 94%, 81%, and 74%, re-
spectively, and corresponding progression-free survival rates
were 85%, 75%, and 75%, respectively. There was no differ-
ence between children undergoing surgery followed by radio-
therapy and those receiving radiotherapy alone. 

In the series of Bataini et al. [3], 57 patients with optic
gliomas received radiation therapy. Local control of disease
was obtained in 45 patients (85%). The overall actuarial sur-
vival rate was 83.5% at 5 and 10 years. Corresponding relapse-
free survival rates were 89% and 82%. In gliomas involving
the anterior chiasm (21 patients), relapse-free survival rates
were 100% and 88% at 5 and 10 years, respectively. In gliomas
extending beyond the chiasm and accompanying involvement
of hypothalamic structures (36 patients), the corresponding
relapse free survival rates were 82% and 72%. Other authors,
however, could not confirm these observations. Erkal et al.
[14] followed 33 children with gliomas of the anterior optic
pathway and hypothalamus treated with radiotherapy at time
of diagnosis. Progression-free and overall survival rates at 5
and 10 years were 82%/93% and 77%/79%, respectively. No
difference between gliomas of the anterior visual pathway and
gliomas with involvement of the hypothalamus could be de-
tected, which was confirmed by Grabenbauer et al. [31]. 

Neurofibromatosis. The prognostic value of neurofibro-
matosis (NF) is unclear. The contribution of patients with NF
undergoing radiation therapy varies in the literature between
10% and > 50% [3, 6, 8, 14, 31, 35, 36, 45, 54, 57, 69, 77]. Fre-
quently, survival of patients with NF was not separately ana-
lyzed, and often results are inconclusive. 

Kovalic et al. [45] treated eleven patients with NF and
compared outcome with 22 patients without NF. The 5-, 10-,
and 15-year progression-free survival rates for the NF patients
were 90%, 70%, and 70%, respectively, as compared to 76%
for all time intervals for the NF-negative cohort without find-
ing a statistical difference. Jenkin et al. [36] compared 38 NF
patients with 49 patients without NF and found a statistically
significant difference in relapse-free survival rates in favor of
NF patients (89%, 89%, and 84% at 5, 10, and 15 years, re-
spectively) as compared to NF-negative patients (56%, 50%,
and 47%, respectively). However, the advantage in relapse-
free survival was not translated into overall survival. Cappelli
et al. [6] found a better survival in NF patients, but without
noting a statistically significant difference. In the series of

Chan et al. [7], the presence of NF was associated with an in-
creased relapse-free survival. In the series of Janss et al. [35],
tumor progression was less common in NF-positive patients
who underwent first-line chemotherapy followed by radio-
therapy in case of failure of chemotherapy. Tumors of two of
15 patients with NF progressed during follow-up as compared
to 21 cases in 31 patients without NF. The differences were sta-
tistically significant. Grabenbauer et al. [31] could confirm this
observation, however, in three patients only. No progression
was noted after 10 years in patients with NF as compared to
82% progression-free survival in 22 patients without NF. 

Other authors, however, did not find a survival advantage
for patients with NF [14]. 

Other Prognostic Factors. Detrimental effects of tumor on
neurologic function appear to be of prognostic relevance. In
the series of Bataini et al. [3], patients with neurologic signs at
time of treatment achieved poorer survival rates: 57% versus
92% in the absence of neurologic signs at 5 and 10 years, re-
spectively. Grabenbauer et al. [31] noted a significant impact
on progression-free survival for age at diagnosis. For patients
≤ 10 years of age at the time of radiotherapy, a 10-year pro-
gression-free survival of 51% was found as compared to 91%
for patients > 10 years. Kovalic et al. [45] found a significantly
better progression-free survival rate for patients > 15 years
(71% vs. 88% at 10 years). Jenkin et al. [36] in their large series,
however, could not confirm these observations. Other possible
prognostic factors such as presence of hydrocephalus and ex-
tent of resection could not be confirmed in uni- or multivariate
analysis in series of other authors [31, 36, 45]. 

Timing of Postoperative Radiotherapy 
Several retrospective studies have indicated an advantage for
immediate postoperative radiotherapy regarding overall sur-
vival and progression-free survival in adults [23, 62, 63], al-
though there are opposite observations [30]. Recent results of
an EORTC/MRC study have shown that immediate postop-
erative radiotherapy in low-grade glioma improved progres-
sion-free survival over that seen with observation only (5-year
progression-free survival rates: 44% vs. 37%; p = 0.02). This
benefit, however, was not translated into an improvement in
overall survival [38]. 

Hemispheric and Cerebellar Low-Grade Gliomas 
In children, in the series of Pollack et al. [55]., immediate post-
operative radiotherapy after subtotal resection in 33 patients
yielded a 10-year progression-free survival rate of 82% as com-
pared to 40% in 16 patients not receiving immediate postop-
erative radiotherapy (p = 0.014). Forsyth et al. [18] observed
that immediate postoperative radiotherapy had an impact on
overall survival in 39 patients with supratentorial pilocytic as-
trocytoma who received postoperative radiation therapy.
Fisher et al. [16] retrospectively analyzed the policy of surveil-
lance alone after surgery in 128 children. The median follow-
up was 7.3 years. After complete resection no recurrence was
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observed. 48 patients received immediate postoperative irra-
diation after incomplete resection and twelve (25%) relapsed,
whereas the rate of tumor progression among 55 patients in
whom radiotherapy was deferred was 42%. The correspond-
ing 5- and 10-year progression-free survival rates were
81%/68% versus 69%/55%. However, as noted in adults, the
results were not translated into overall survival with rates at 5
and 10 years of 81%/73% versus 87%/83% for those patients
not receiving immediate radiotherapy. 

Postoperative radiotherapy has been employed for pa-
tients with residual, progressive or recurrent cerebellar astro-
cytoma in a rather unsystematic pattern. Garcia et al. [24]
noted that of 21 patients locally controlled after incomplete
resection 16 were irradiated. In a previous analysis on the
same patients, the cohort of 26 patients receiving immediate
radiotherapy experienced a prolonged progression-free sur-
vival which was translated into a trend toward a better overall
survival as compared to 16 patients undergoing surgery alone
(70% vs. 60% survival rate) [25]. In other series, however, this
observation could not be confirmed [10, 27, 61, 64]. 

Low-Grade Gliomas of the Supratentorial Midline 
(Visual Pathway) 

Jenkin et al. [36] addressed this question in a retrospective
analysis. 38 patients received postoperative radiotherapy while
49 underwent surveillance. No difference in progression-free
and overall survival rates could be detected (65% vs. 65% and
69% vs. 80% at 15 years), although more residual disease in
the radiotherapy group may have adversely influenced out-
come. In the study from St. Jude’s hospital, radiotherapy was
used only in case of progressive disease [21]. 107 out of 142
children with tumors of all sites were observed, while 31 pa-
tients received radiotherapy and four chemotherapy (they
were < 5 years of age), respectively, when showing progres-
sive disease. The progression-free survival and overall sur-
vival rates of all patients were 70% and 90%, respectively,
whereas the overall survival rate was only 65% at 4 years in
children after treatment for progressive disease. By con-
trast, in the series of 29 patients reported by Tao et al. [69],
the policy to treat with radiation therapy as determined by
clinical progression or increase in tumor size on imaging
achieved a better result with a 15-year progression-free sur-
vival rate of 82.1% and overall survival rate of 85.1%. The
strategy to postpone the necessity for radiotherapy until time
to progression is investigated in the ongoing prospective
SIOP/GPOH LGG trial (Figure 1). Children ≥ 5 years of age
receive radiotherapy as first-line nonsurgical treatment,
whereas children aged < 5 years receive chemotherapy in pro-
gressive disease. The dose prescription for radiotherapy is 54
Gy with 1.8 Gy fractionated dose to the tumor site. Chemo-
therapy consists of carboplatin and vincristine. Preliminary
data in 96 patients show that a 3-year progression-free survival
rate of 87.1% and an overall survival rate of 95.7% can be ob-
tained by radiotherapy at a median follow-up of 90 months

[44] as compared to 48.7% and 88.7%, respectively, after first-
line chemotherapy [73]. 

Chemotherapy 
The effect of radiotherapy after chemotherapy has failed is
unclear. In the series of Janss et al. [35], 46 children < 5 years
of age received first-line chemotherapy. 17 children finally re-
ceived radiotherapy because of progressive disease. Seven of
17 children who required radiation after chemotherapy have
incurred a third progression, and the second progression-free
survival rate was 29% at 10 years. It appears that this subset of
patients represents a cohort with biologically more aggressive
tumors and the additional question of whether chemotherapy
renders the tumors radioresistant must be considered. By con-
trast, in an interim analysis of the SIOP LGG trial, a reduced
efficacy after chemotherapy could not be observed [44]. In this
study, 23 of 96 patients received radiotherapy when chemo-
therapy had failed. Although the follow-up was too short to
draw reliable conclusions, the progression-free survival and
overall survival rates did not differ from patients having re-
ceived radiotherapy as first-line treatment (91.3% vs. 87.3%
and 100% vs. 96.8%). 

Dose-Response Effects 
The optimum dose for radiation therapy in childhood low-
grade glioma has not been well established [1, 17, 25, 31, 36,
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Figure 1. Design of the ongoing SIOP/GPOH LGG trial (GPOH: Deutsche
Gesellschaft für Pädiatrische Hämatologie und Onkologie [German
Society for Pediatric Hematology and Oncology]; LGG: low-grade
glioma; SIOP: International Society for Pediatric Oncology). 
Abbildung 1. Übersicht der laufenden Studie SIOP/GPOH LGG (GPOH:
Deutsche Gesellschaft für Pädiatrische Hämatologie und Onkologie;
LGG: niedrigmalignes Gliom; SIOP: Internationale Gesellschaft für Pä-
diatrische Onkologie). 
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38, 45, 52, 67] (Table 2). In children, no prospective random-
ized studies of radiotherapy dose/response have been per-
formed. Retrospective analyses are rare, comprising small
patient numbers and very heterogeneous dose prescriptions.
Additionally, it can be assumed that the selection of dose
prescriptions was strongly influenced by patient age, extent
and site of tumor with a tendency to a lower dose in younger
children with larger tumors (larger treatment portals), and
consequently, the reported results were conflicting. Although
it is difficult to define an adequate dose prescription, the re-
cently recommended and generally accepted dose prescrip-
tion ranges between 45 and 54 Gy in 1.8-Gy fractions de-
pending on age at treatment, extent of disease, and location of
tumor. 

Tumor Volume Response 
to Radiation 

Radiographically determined response of optic gliomas to ra-
diotherapy has not been well documented, because it has been
assumed that low-grade gliomas in children are indolent and
unresponsive to radiotherapy. Gould et al. [28] performed se-
quential CT scans in 20 children with optic glioma who had
received radiotherapy. The authors found tumor regression
in ten, a stable tumor in nine, and a treatment failure in one
patient. Furuya et al. [20] reported serial CT evidence of de-
creasing size of a large chiasmal
glioma over 2.5 years following
irradiation with 51.4 Gy. In the
analysis of Bataini et al. [3], a com-
plete remission was observed 6
months after therapy in three of
57 patients. Grabenbauer et al. [31]
described six of 25 patients who ex-
perienced a tumor regression after
radiotherapy by > 50% seen on
imaging studies. The response oc-
curred between 6 and 24 months af-
ter completion of therapy. In the se-
ries of Fisher et al. [15] of 80 pa-
tients with a low-grade glioma, 19
patients with residual macroscopic
lesions who received radiation ther-
apy were selected for volumetric
analysis of tumor response to treat-
ment. The median time to response
was 3.3 months. A ≥ 25% reduction
in volume was seen in eight (43%)
of the 19 patients. A ≥ 50% reduc-
tion was noted in five (26%) of
the patients. A complete response
was demonstrated at 7, 12, and 15
months, and 5 years, respectively, in
four patients (21%). Tao et al. [69]
observed a great variability in time

to maximal response. Stable disease as assessed on imaging
was seen in 56% over the whole period of follow-up. It took a
median time of 62 months until maximal response in terms of
a partial remission (in 24% of cases) and a complete remission
(16%), which was in sharp contrast to the rapid clinical re-
sponse. In four of these patients, a documented complete re-
mission with normal visual pathways was noted > 10 years
after treatment. 

Bakardjiev et al. [2] followed patients with MRI at close
time intervals between 3 and 26 months after stereotactic frac-
tionated radiotherapy with a total dose between 52.2 and
60 Gy. Twelve of 28 patients developed an increased size of the
lesions between 9 and 12 months after radiotherapy, which
was not accompanied by clinical symptoms. The changes re-
solved or decreased by 15–21 months. 

Treatment Fields 
In childhood low-grade gliomas, local failure is the predomi-
nant feature in progressive or recurrent disease, and leptome-
ningeal spread is a rare event (< 5%) [56]. This implies that
treatment fields encompassing the tumor are appropriate. To-
day, computer-assisted (preferable 3-D) treatment planning is
mandatory in order to reduce possible acute morbidity and
late sequelae. This technique allows a 30–40% reduction in the
volume of normal brain tissue exposed to high-dose irradia-
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Author Patients Total Fractionated PFS PFS p-value
dose dose (5 years) (10 years) 

Karim et al., 1996 171 45.0 Gy 1.8 Gy 47% Not reached n.s.
[38] 172 59.4 Gy 50%
Montgomery et al., 1977 n.m. Overall n.m. n.m.
[52] 7 ≤ 42 Gy 43%

9 ≥ 50 Gy 100%
Sung, 1982 [67] n.m. Relapse rate: n.m. n.m.

13 35–45 Gy 11/13
29 50–60 Gy 8/29 

Alvord & Lofton, 1988 [1] 52 > 45.0 Gy n.m. 80% 65% n.m.
62 < 45.0 Gy 65% 55%

Flickinger et al., 1988 12 > 45.0 Gy Calculation 100% 0.045
[17] 12 < 45.0 Gy according 75%

to nominal 
standard dose 

Kovalic et al., 1990 3 < 40.0 Gy n.m. 0 0% < 0.0001
[45] 30 > 40.0 Gy 90% 79%
Garcia et al., 1990 8 < 40 Gy n.m. 4/8 recurred n.m. n.m.
[25] 17 ≥ 40 Gy 2/17 recurred
Jenkin et al., 1993 [36] 19 > 50.0Gy n. m. 88% 88% 0.37, n.s.

15 < 50.0 Gy 72% 57%
Grabenbauer et al., 2000 9 44–45 Gy 1.6–2.0 Gy 87% 36% 0.04
[31] 16 45.1–60 Gy 90% 85%

Table 2. Progression-free survival (PFS) in children and adults with low-grade glioma. Dose-response
relationship. n.m.: not mentioned; n.s.: not significant. 
Tabelle 2. Progressionsfreies Überleben (PFS) bei Kindern und Erwachsenen mit niedrigmalignen
Gliomen. Dosis-Wirkungs-Beziehung. n.m.: nicht erwähnt; n.s.: nicht signifikant. 
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tion as compared to conventional 2-D treatment planning
[42]. Debus et al. [9] used 3-D conformal external-beam ra-
diotherapy in ten patients. The clinical target volume (CTV)
included the visible tumor in CT and MRI plus 5 mm, the plan-
ning target volume (PTV) consisted of the CTV plus 2 mm
safety margin. No treatment failure was observed suggesting
that limiting the high-dose volume did not cause an increase
in marginal or out-of-field failure rate. Merchant et al. [49] al-
so employed fractionated conformal radiotherapy in 38 pedi-
atric patients with low-grade glioma. The CTV was more gen-
erous and extended 1.0 cm beyond the gross tumor volume
(GTV) as visible on MRI. The PTV encompassed the CTV
with an additional 5-mm safety margin. Three patients failed
within the CTV and one immediately outside. Saran et al. [60]
defined the PTV as the visible tumor plus a safety margin of
5–10 mm. Only one out of 14 patients progressed at the prima-
ry tumor site. 

New Approaches in Radiotherapy 
Stereotactic Radiotherapy 

Stereotactic irradiation techniques in conjunction with rigid
head fixation systems comprising single high-dose delivery
(“radiosurgery”), fractionated convergence therapy, and frac-
tionated 3-D conformal therapy are well established in adults,
but data for childhood central nervous system malignancies, in
particular low-grade glioma, are scarce. Preliminary data re-
veal low acute toxicity and promising results in recurrent tu-
mors as well as in primary treatment [2, 4, 9, 12, 19, 22, 29, 34,
47, 65, 66]. 

Stereotactic Convergence Therapy (“Radiosurgery”). Since
survival rates have correlated with the degree of resection sug-
gesting the necessity for radical local treatment [18, 55], long-
term outcome might be improved if radiosurgery can convert
a subtotal excision to a complete excision. Application may be
restricted to selected hemispheric lesions < 5 cm in order to
limit the risk for serious morbidity due to increasing dose in-
homogeneity combined with an increased exposure of normal
brain to high doses. Additionally, the large single fraction gen-
erally employed may induce necrosis and this often precludes
the use of this technique in functionally significant areas with-
in the visual pathway. 

Grabb et al. [29] investigated the role of radiosurgery in a
series of 25 children, 13 of whom had pilocytic and low-grade
astrocytomas (Table 3). Of the latter, eleven had received frac-
tionated irradiation before stereotactic radiosurgery. During a
median follow-up of 21 months, eleven of the 13 children with
benign glial neoplasms had tumor control, and all of them
have remained alive. In the series of Ganz et al. [22], eight tu-
mors in seven patients were treated with “gamma-knife radio-
surgery”. In one child a complete remission on imaging could
be obtained, four showed a reduction in size, three were stable
at a mean follow-up of 21 months. These results were con-
firmed by Somaza et al. [65]. Since patients treated in these se-
ries represent a very inhomogeneous cohort, due to often slow

growth rates of low-grade glioma and possible late toxicity, it
is necessary to evaluate a much longer follow-up, before a
definite conclusion regarding the role of radiosurgery will be
reached. 

Fractionated Stereotactic Convergence Therapy. Stereo-
tactic fractionated radiotherapy combines the advantages of
the precise “focal approach” of stereotactic radiosurgery with
the benefits of fractionation of conventional external-beam ir-
radiation. Souhami et al. [66] used 6.3- to 7.5-Gy fractions on
alternate days up to 37.8 and to 45.5 Gy in 2 weeks in 15 pa-
tients, including several children, treated at recurrence or pri-
mary presentation of astrocytoma, craniopharyngeoma or
chordoma. Early results were encouraging, as were those by
Dunbar et al. [12] (Table 3). Freeman et al. [19] reported on
ten patients with previously untreated primary brain tumors
who were managed with stereotactic hypofractionated con-
vergence radiotherapy using rigid head fixation. Clinical and
radiologic improvement was achieved in all patients, as well as
an almost complete remission in two patients at a follow-up
between 5 and 47 months. In the subsequent series from the
same institution by Benk et al. [4], the outcome in eight chil-
dren with low-grade astrocytoma was reported. The actuarial
5-year overall survival rate was 100%, and the progression-
free survival rate was 60%. 

Fractionated Conformal Radiotherapy. Radiotherapy us-
ing multiple static fields conformed to the irregular shape of
glioma of the optic pathway achieves a maximum dose within
the lesion while sparing normal surrounding structures. In
contrast to convergence therapy, tumors of virtually all sizes
and shapes can be treated, and the geometric accuracy is
equivalent [41, 75]. At present, however, clinical data are
scarce for childhood low-grade glioma. Debus et al. [9] treated
ten patients with optic gliomas. The median prescribed dose
was 52.4 Gy with daily fractions between 1.6 and 2.0 Gy. All
patients remained free from local tumor progression during a
follow-up period of 12–72 months. Merchant et al. [49] treated
38 children with fractionated conformal radiotherapy be-
tween 54 and 59.4 Gy, 1.8 Gy fractionated dose. The patients
were followed for a median of 17 months, and four experi-
enced recurrent disease at the primary tumor site. Acute toxi-
city was reported to be low. Saran et al. [60] treated 14 children
and achieved a 3-year local progression-free survival and
overall survival rate of 87% and 100%, respectively, compared
with 89% and 98% for a historic control treated with conven-
tional radiotherapy. Four of twelve children with neurologic
deficits improved, and five remained stable. 

Proton Therapy 
The major advantage of proton therapy over conventional ra-
diation techniques is the high degree of dose conformity
around the tumor that can be achieved, since protons have no
exit dose beyond the target. Only one report has been pub-
lished. The working group of Loma Linda treated 27 pediatric
patients with progressive or recurrent gliomas at various sites
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[34] (Table 3). Target doses were between 50.4 and 63.0 CGE
(Cobalt Gray Equivalent) at 1.8 Gy per fraction. At a mean
follow-up period of 3.3 years, six patients experienced local
failure and four died of disease. By anatomic sites, these data
translated into rates of local control and survival of 87%/93%
for midline tumors, 71%/86% for hemispheric tumors, and
60%/60% for brain stem tumors. The authors stated that their
results were very encouraging especially for larger, irregularly

shaped tumors along the visual pathway, where dose confor-
mity is of particular importance. 

Brachytherapy 
Interstitial brachytherapy is a useful alternative in selected cas-
es. The purpose of interstitial brachytherapy is to deliver a fo-
cal necrotizing radiation dose within the tumor while sparing
normal surrounding tissue. There is a steep dose gradient at the
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Author Technique Patients Outcome Follow-up

Dunbar et al., 1994 [12] Fractionated convergence 11 No acute side effects 16 months
therapy (initial RT) 1 CR, 19 PR/SD
5 � 1.8–2.0 Gy/45–54 Gy 9 Overall survival 100%
+ dose escalation 60 Gy (recurrence)

Ganz et al., 1994 [22] High single dose 7 pat. No acute side effects 21 months
(“radiosurgery”) 8 tumors 1 CR, 4 PR, 3 SD
Dose : 12 Gy Overall survival 100% 

Grabb et al., 1996 [29] High single dose 13 4 transient edemas 21 months
(“radiosurgery”) 4 CR, 5 PR, 2 SD, 2 PD
Dose : 11–20 Gy Overall survival 100% 

Somaza et al., 1996 [65] High single dose 9 Progression-free survival 100%
(“radiosurgery”)
Dose: 15 Gy

Overall survival 100% 19 months
Lim & Leem, 1996 [47] High single dose 2 No side effects 24–43 months

(“radiosurgery”) Decrease in tumor size and improvement 
Dose: 12–14.4 Gy of vision in both patients

Bakardjiev et al., 1996 [2] Fractionated convergence 28 Overall survival 100% 24 months
therapy 15 pat. decreased tumor size
5 � 1.8–2.0 Gy/52.2–60.0 Gy 1 pat. stable tumor size

13 pat. increased tumor size (transient
[15–21 months])

Benk et al., 1999 [4] Hypofractionated convergence 1 edema, 1 edema + tumor necrosis, 42 months
therapy 1 tumor necrosis
Median total dose 39 Gy (18.0– 8 5-year progression-free survival 60%
42.0 Gy) in 6–10 fractions Overall survival 100%

Debus et al., 1999 [9] Fractionated conformal 10 Progression-free survival at 5 years 12–72 months
radiotherapy 90%
Median total dose Overall survival 100%
52.4 Gy/1.6–2.0 Gy fractionated dose No acute toxicity

Merchant et al., 2002 [49] Fractionated conformal 38 4 failures 17 months
radiotherapy (3 within CTV and one immediately outside) (3–44 months)
Median total dose
54–59.4 Gy/1.8 Gy fractionated dose

Saran et al., 2002 [60] Fractionated conformal radiotherapy 14 Progression-free survival at 3 years 87% 33 months
Median total dose Overall survival 100% (2–53 months)
50–55 Gy in 30–33 fractions

Hug et al., 2002 [34] Proton therapy Total 27 pat. Local control                Survival rate 3.3 years
50.4–63.0 CGE Hemispheric Hemispheric (0.6–6.8 years)
(Cobalt Gray Equivalent), 7 pat. 71%                             86%
1.8 Gy fractionated dose Dienceph. Dienceph.

15 pat. 87%                             93%
Brain stem Brain stem
5 pat. 60%                             60%

Table 3. Stereotactic fractionated, proton therapy and high single-dose radiotherapy (“radiosurgery”) in childhood low-grade gliomas (hemi-
spheric and midline location). 
Tabelle 3. Stereotaktische fraktionierte und Einzeitbestrahlung („Radiochirurgie“) bei niedrigmalignen Gliomen im Kindesalter (hemisphärische
und Mittellinienlokalisation). 
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periphery thereby leaving a high cumulative dose around the
implanted radioactive seeds, most commonly Iodine-125. The
largest series of interstitial brachytherapy in childhood and
adult low-grade glioma was published by Kreth et al. [46]. A to-
tal of 455 patients with low-grade glioma were treated by using
125I either as permanent or temporary implants. The 5- and 10-
year survival rates in 97 patients with pilocytic astrocytoma were
85% and 83% and in patients with WHO grade II astrocytomas
(250 patients) 61% and 51%, respectively. 124 of 455 patients
were children and adolescents, 54 had a WHO grade II glioma,
70 a pilocytic astrocytoma. A 5-year survival rate of 84% was
obtained in astrocytoma WHO II and 90% in pilocytic astro-
cytomas. Clinical stability was reported to be maintained
throughout the survival time in all children. However, the data
were not specifically analyzed with respect to the pediatric co-
hort within this series. It seems that small, circumscribed tumors
witha diameter of < 4 cm in locations other than the optic nerve
and chiasm are preferred cases for interstitial radiosurgery. 

Radiotherapy in Recurrent Disease 
Reoperation and, recently, chemotherapy are generally ac-
cepted as the mainstay of any salvage treatment in recurrent
glioma. There are very few cases in the literature in which reir-
radiation was performed, the major demand being a sparing of
normal tissue thus requiring a precise and focused radiothera-
py. Stereotactic approaches may be useful, but experience of
this endeavour is limited to case reports. Grabb et al. [29]
treated one child using radiosurgery at a reduced dose of 12
Gy to the tumor margin. Despite treatment, tumor progres-
sion continued and was evident on imaging 6 months after
therapy. Pollack et al. [55] reported on a circumscribed lesion
at the margin of the initial radiation field that was treated
with radiosurgery. The tumor regressed completely, and the
child remained free of further progression 48 months after ra-
diosurgery. Alvord & Lofton [1] analyzed 69 patients with
gliomas of the optic pathway who underwent a second treat-
ment. 32 of the patients received a second course of radiother-
apy. All patients were < 20 years of age. Failures occurred more
rapidly after the second treatment. In the report of Weiss et al.
[76], one patient was reirradiated 8 years after primary treat-
ment because of recurrent disease at a dose prescription of
30 Gy given in 3 weeks. He was reported to remain alive and
well at 20 years with stable, although poor vision. 

Disseminated Low-Grade Glioma 
The occurrence of metastatic disease from pylocytic astrocy-
toma is a rare event, estimated to occur in 4% of cases. With
improvements in neuroimaging, this phenomenon is being
identified with increasing frequency, and as a consequence,
craniospinal irradiation needs to be considered for these pa-
tients. In the report of Pollack et al. [56], 76 patients with low-
grade astrocytomas were reviewed who had a biopsy-proven
tumor diagnosed between 1982 and 1991. Three of them were
found to have disseminated disease either at presentation or

during the course of the disease. All three patients had a pilo-
cytic astrocytoma. In one child craniospinal irradiation was
administered with 30 Gy to the spinal canal followed by a
boost to the thoracolumbosacral spine with 14 Gy. The whole
brain received a total dose of 60 Gy. A hyperfractionated
schedule was performed administering 1 Gy per fraction twice
daily. 30 months after treatment, no evidence of recurrence or
persistent tumor was detectable on MRI. The patient’s en-
docrine function was normal, and school performance re-
mained excellent at 51/2 years of age. The two other children
received various treatments consisting of chemotherapy and
involved-field irradiation at a dose prescription between 45
and 54 Gy. At last follow-up, they were in continuous complete
remission. Late effects were acceptable. Mishima et al. [51] re-
ported the case of a 6-year-old boy who underwent surgery
followed by radiotherapy of the affected regions of the brain
and spinal canal. The child was free of recurrence at a follow-
up of 6 years after treatment. The question remains open as to
whether to proceed with radiotherapy or chemotherapy. 

Conclusions 
Treatment of childhood low-grade glioma is still a challenging
issue in pediatric neurooncology. Surgery is widely accepted as
the treatment of choice in hemispheric and cerebellar low-
grade gliomas that can be safely resected. The role of surgery
in gliomas of the visual pathway has to be seen in the light of
preservation of neurologic and visual function and is therefore
limited to biopsy in the majority of cases to obtain histologic
confirmation [26, 48, 68]. If imaging is sufficient for diagnosis,
a biopsy is not necessary [26, 48, 68]. In tumors confined to the
optic nerve, in a blind eye radical surgery achieves cure and
can be justified if cosmetically acceptable [11, 32]. 

The timing of postoperative radiotherapy in childhood
hemispheric and cerebellar low-grade glioma now appears
clearer following a report from the EORTC study in adults
showing that an improvement in progression-free but not
overall survival is obtained after immediate postoperative ra-
diotherapy [39], a fact which can also be seen in children [16].
However, a reliable identification of prognostic factors sup-
porting the use of immediate postoperative radiotherapy is
still lacking for children [16]. Low-grade gliomas of the supra-
tentorial midline (visual pathway) are a separate issue. Visual
function is an important measure of treatment success. Visual
improvement is rarely seen with an observation policy. A clin-
ically relevant success rate in maintaining or improving vision
is only possible, if treatment is initiated before severe visual
damage has occurred. Therefore, documented visual deterio-
ration is a major indication to initiate radiation therapy
promptly. Approximately 90% of patients experience either
improvement or stabilization of visual function (Table 1).
However, a clear description of visual function in the litera-
ture is often lacking requiring the introduction of repro-
ducible and comparable neuroophthalmologic methods to
precisely assess visual function, especially in the very young.
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Presently, it is recommended to employ radiotherapy for pa-
tients with progressive disease only, regardless of tumor loca-
tion [16, 26, 48]. In younger children (e.g., < 5 years old), the
role of chemotherapy is under investigation (SIOP/GPOH
LGG trial), deferring radiotherapy until further progression.

Tumors located in the anterior visual pathway have a bet-
ter prognosis than hypothalamic tumors [3, 36, 45, 58, 77]. It
appears that the latter benefit most from radiotherapy [3, 36,
77]. The impact of NF on clinical outcome is unclear. In some
series, NF appears to be associated with a better survival and a
better response rate to radiotherapy as compared to the ab-
sence of NF [6, 31, 35, 36, 45].

Although data for a clear dose-response relationship are
lacking, there is consent today to apply total doses between 45
and 54 Gy (1.8 Gy fractionated dose) depending on the loca-
tion and extent of tumors as well as age at treatment [1, 17, 31,
32, 52]. Low-grade gliomas in children can demonstrate
shrinkage on radiographic studies in response on radiothera-
py, but such shrinkage is not directly related to tumor control
or improvement of symptoms. Treatment-related changes on
MRI might be misleading and should be distinguished from
tumor progression [2]. 

Modern treatment techniques based on fractionated 3-D
(conformal) techniques have become standard today to pre-
cisely treat tumors of the visual pathway while sparing normal
tissue. The currently recommended standardized approach is
based on the ICRU 50/62 Report. The CTV encompasses the
visible tumor as seen on MR (T2-weighted images) with an ad-
ditional margin between 0.5 and 1.0 cm considering anatomic
borders [9, 49, 60]. It can be concluded that normal tissue spar-
ing through the use of advanced radiation therapy treatment
planning and delivery techniques should be beneficial to pedi-
atric patients if the rate and patterns of failure are similar to
conventional techniques at a longer follow-up. Proton therapy
is excellent in achieving high dose conformity, however, the
access to this modality is limited [34]. Possibly, the recent ad-
vances in intensity-modulated radiotherapy will be able to
achieve a similar dose conformity even in larger tumors.
Brachytherapy might be a useful alternative, but is applicable
only in selected tumors [46]. Likewise, radiosurgery is playing
a limited role as first-line treatment [22, 29, 47]. Reirradiation
might be feasible in selected cases by using modern treatment
techniques [1, 55, 76].

The role of radiation therapy in disseminated low-grade
glioma is largely unknown and mandates further investiga-
tions [51, 56].

Today, prospective trials in childhood brain tumors are in-
dispensable to assess the role of radiotherapy both in terms of
survival and late effects [43, 59, 72]. Based on these experi-
ences, the following aims will be addressed in the future SIOP
LGG 2003 radiotherapy protocol: 
a) utilizing modern treatment techniques to reduce the inte-

gral radiation dose given to normal tissue compared with
the previous protocol; 

b) to record and monitor the integral dose to tumor and nor-
mal tissue as a basis for future assessment of late effects and
quality of life of long-term survivors (see part II); 

c) to assess response of tumor and clinical symptoms to radio-
therapy; 

d) to assess the pattern of relapse when using modern treat-
ment techniques; 

e) to assess the role of craniospinal irradiation in children with
disseminated low-grade glioma (phase II trial). 
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