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A B S T R A C T

Purpose
The use of radiotherapy in pediatric low-grade glioma (LGG) is controversial, especially for young
patients. We conducted a phase II trial of conformal radiation therapy (CRT) to estimate disease
control by using a 10-mm clinical target volume (CTV) margin.

Materials and Methods
Between August 1997 and August 2006, 78 pediatric patients with LGG and a median age of 8.9
years (range, 2.2 to 19.8 years) received 54 Gy CRT by using a 10-mm CTV and by targeting with
systematic magnetic resonance imaging (MRI) registration. Tumor locations were diencephalon
(n � 58), cerebral hemisphere (n � 3), and cerebellum (n � 17). Sixty-seven patients had
documented or presumed WHO grade 1 tumors, 25 patients had prior chemotherapy, and 13
patients had neurofibromatosis type 1.

Results
During a median follow-up of 89 months, 13 patients experienced disease progression. One
patient experienced marginal treatment failure, eight experienced local failures, and four experi-
enced metastatic failure. The mean and standard error 5- and 10-year event-free (87.4% � 4.4%
and 74.3% � 15.4%, respectively) and overall (98.5% � 1.6% and 95.9% � 5.8%, respectively)
survival rates were determined. The mean and standard error cumulative incidences of local failure
at 5 and 10 years were 8.7% � 3.5% and 16.4% � 5.4%, respectively. The mean and standard
error cumulative incidence of vasculopathy was 4.79% � 2.73% at 6 years, and it was higher for
those younger than 5 years of age (P � .0105) at the time of CRT.

Conclusion
This large, prospective series of irradiated children with LGG demonstrates that CRT with a 10-mm
CTV does not compromise disease control. The results suggest that CRT should be delayed in
young patients to reduce the risk of vasculopathy.

J Clin Oncol 27:3598-3604. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Pediatric low-grade glioma (LGG) represents a spec-
trum of conditions for which radiation therapy (RT)
is indicated at the time of diagnosis or of progression
after prior therapy. The recommended age varies by
institution, and the current threshold for primary
RT in multi-institutional protocols is set at 8 years of
age for European trials1 and at 10 years of age for
North American studies.2 Fear of radiation-related
adverse effects3-5 has been used to justify this thresh-
old despite the paucity of data,6 questions about the
relative effectiveness of RT,7 and questions about the
appropriate dose and target volume.8-10 The unclear
role of RT in malignant transformation,11,12 the
modifying effect of neurofibromatosis type 1 (NF-
1),13-15 and the observance that early RT does not
conferasurvivalbenefit16 havecontributedtochem-
otherapy trials or observation for selected patients.

A number of chemotherapy regimens have
been used to delay the need for RT, including those
regimens that deploy carboplatin and vincristine17;
procarbazine, thioguanine, lomustine, and vincris-
tine18; cisplatin and etoposide19; and carboplatin,
vincristine, and etoposide (Table 1).20 Early studies
suggested 2- to 3-year progression-free survival
(PFS) rates of 50% to 78%, and one series re-
ported a 5-year PFS rate of 61% for the combina-
tion of carboplatin and vincristine, depending on
patient age and histologic subtype.20 Results from a
recent, randomized trial that compared the regimen
of carboplatin and vincristine to the regimen of pro-
carbazine, thioguanine, lomustine, and vincristine
showed no difference in 5-year event-free survival
rates, which were 35% and 48%, respectively.21 Al-
though second-line chemotherapy may be consid-
ered, RT is often required, which introduces the
possibility that some patients would benefit from RT
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earlier in their disease management if the benefits and risks were more
clearly understood. The long-term functional outcome for patients
initially managed with chemotherapy has not been reported.

Observation after surgery also has been pursued as an alternative.
Observation was first considered for completely resected tumors,22

and consideration was expanded later to include incompletely re-
sected tumors23; during this time, much has been learned about the
natural history of LGG. In a prospective study of more than 726
patients, extent of resection, tumor location, and histologic subtype
predicted early progression: midline and optic pathway tumors had
the highest progression rates. Those patients treated with less than
gross total resection had 5-year PFS rates of only 50% to 60%.23 A
subset of patients from the same trial were tested and were found at
risk for cognitive and adaptive impairment regardless of tumor loca-
tion.24 These findings suggested that factors other than RT impact
long-term functional outcomes. Recent assessment of 76 survivors
who underwent surgery only at a single institution revealed normal
intelligence quotients and adaptive skills for most patients; however,
when patients were assessed individually, 30% were functioning in the
clinically deficient range. Executive functioning accounted for 32% of
the difference.25 On the basis of these findings, there is firm evidence to
support the concept that deficits observed in long-term survivors are
not entirely attributable to RT.

Modern RT methods have been used in pediatric patients to
target tumor by using three-dimensional imaging. One series that
included 14 patients reported local PFS rates of 87% at 3 years.26

Another series, which included 50 patients with target volumes that
measured less than 60 mm in greatest dimension, reported PFS rates of
82.5% at 5 years and 65% at 8 years.27 These data compare favorably to
historic series that have PFS rates of 82% when measured at 5 years and
of 69% to 77% when measured at 10 years.28,29 Because of the high rate
of disease control with RT, the relatively limited duration of chemo-
therapy response, and emerging data that suggest that patients with
LGG are at risk for adverse effects independent of RT, the role of RT
and the timing for pediatric patients should be reappraised to maxi-
mize disease control and functional outcome.

We initiated a phase II trial in 1997 of conformal RT (CRT) for
pediatric patients with localized primary brain tumors. Our goal was
to prospectively study a wide range of adverse effects in pediatric LGG,
the rate of disease control, and the patterns of failure with CRT. We
adopted the International Commission on Radiation Units and Mea-
surements report-50 definitions30 for targeting, and we selected our
clinical target volume (CTV) margin on the basis of our intention to
treat patients regardless of tumor size, including patients with large or
infiltrative tumors.31 This report includes disease control and acute
effects of CRT in this patient population.

MATERIALS AND METHODS

Patients

Between August 1997 and August 2006, 78 pediatric patients diagnosed
with LGG were enrolled on a phase II study of CRT at St Jude Children’s
Research Hospital. The median age was 8.9 years (range, 2.2 to 19.8 years).
There were 39 female and 39 male patients. Patients were additionally charac-
terized before CRT according to specific clinical and treatment-related factors,
including tumor location (diencephalic, n � 58; cerebral hemisphere, n � 3;
cerebellum, n � 17), prior chemotherapy (n � 25), number of surgical
procedures (none, n � 13; one, n � 42; two, n � 18; three, n � 5), and extent
of resection before CRT (no biopsy, n � 13; biopsy, n � 30; subtotal resection,
n � 35). Histologic diagnosis was reviewed for each patient on the basis of
WHO tumor grade classification, as follows32: WHO grade 1 (juvenile pilo-
cytic astrocytoma, n � 50; unbiopsied optic pathway glioma, n � 13; ganglio-
glioma, n � 3; and pleomorphic xanthroastrocytoma, n � 1) and WHO grade
2 (astrocytoma not otherwise specified, n � 4; pilomyxoid astrocytoma, n � 4;
neurocytoma, n � 2; and oligogendroglioma, n � 1) tumors. Hydrocephalus
was present at diagnosis in 31 patients, ventriculoperitoneal shunts were re-
quired for 29 patients, and NF-1 was documented for 13 patients.

CRT

CRT was indicated for the study patients on the basis of symptoms at the
time of initial evaluation, neuroimaging evidence of tumor progression, or risk
of residual tumor progression at a critical site after decompressive surgery.
Among the patients treated primarily with CRT, 27 of 43 received treatment
within 90 days of diagnosis, including four of seven patients who were diag-
nosed by magnetic resonance imaging (MRI), 22 of 33 who underwent one
surgical procedure, and one of 13 who underwent more than one surgical
procedure. None of the patients in this series were treated with CRT after
progression that occurred after presumed prior gross tumor resection. All
patients had imaging-measurable disease at the time of CRT. The protocol
used the International Commission on Radiation Units and Measurements
report-5030 definitions for gross tumor (ie, gross tumor volume [GTV]), CTV,
and planning target volume (PTV) margins. The GTV was the cystic and solid
tumor present on multisequence MRI before RT. To define the GTV, MRI
studies from the time of diagnosis (before any therapy) and within 2 weeks of
RT were registered to the treatment-planning CT. MRI registration was used
to plan treatment in all but seven patients. The CTV margin was 10 mm and
was modified at tissue interfaces where invasion was unlikely. The PTV margin
was 3 to 5 mm, depending on the integrity of immobilization. The methods of
CRT (n � 75) and intensity-modulated RT (n � 3) for these patients have
been previously described.31 A dose of 54 Gy was prescribed as 1.8-Gy fractions
during a period of 6 weeks. One patient with optic nerve glioma received 50.4
Gy. There were no dose constraints. MRI was performed during weeks 3 and 5
to monitor for tumor enlargement. Target adjustments were made when
clinically significant. The supratentorial target volumes were statistically larger
than infratentorial target volumes (P � .012, P � .003, and P � .004; Table 2).

Pre- and Post-Treatment Evaluations

All patients were prospectively assessed for deficits in neurologic, endo-
crine, and cognitive function. The results from this testing will be reported

Table 1. Target Volumes for Pediatric Patients With Low-Grade Glioma

Tumor Location�

Target Volumes (mL)

GTV CTV PTV

Mean SD Mean SD Mean SD

Infratentorial 11.82 12.53 46.78 73.82 82.10 26.87
Supratentorial 21.03 32.97 73.82 81.27 119.00 114.33

Abbreviations: GTV, gross tumor volume; CTV, clinical target volume; PTV, planning target volume; SD, standard deviation.
�Infratentorial, No. of patients � 17; supratentorial, No. of patients � 61.
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separately in a companion manuscript.33 Clinical and imaging examinations
were performed every 3 months for the first 2 years, every 6 months through 5
years, and then yearly through 10 years. Magnetic resonance (MR) angiogra-
phy was performed yearly to monitor for the development or progression
of vasculopathy.

Statistical Analysis

The Kaplan-Meier34 estimates of event-free and overall survival rates
since CRT administration were reported. Event-free survival and overall sur-
vival were measured from the CRT start date to the date of any event, death, or
follow-up. The log-rank test was used to compare the difference between the
survival curves. The cumulative incidence of local failure was defined as the
incidence of local failure in which any other event or distant failure were
competing risks. The incidence of local failure was measured from the CRT
start date to the date of local failure by using Gray’s method.35 The same
methods were used to determine the incidence of vasculopathy. The t test was
used to compare the mean difference between two groups. The significance
level for statistical tests was .05.

RESULTS

Disease Control

The mean and standard error (SE) 5- and 10-year event-free
(87.4% � 4.4% and 74.3% � 15.4%, respectively) and overall
(98.5% � 1.6% and 95.9% � 5.8%, respectively) survival estimates
were determined for all 78 patients (Fig 1). Thirteen patients experi-
enced disease progression within a median time of 83 months (range,
24 to 130 months) according to last MRI and within 89 months
(range, 28 to 137 months) according to last contact. Four patients
experienced treatment failure and developed metastatic disease at 4, 5,
12, and 85 months. One patient experienced marginal failure, which
occurred at 7 months; of the remaining eight patients who experi-
enced treatment failures, the failures were infield and local and oc-
curred at 18, 35, 43, 45, 55, 61, 85, and 86 months. The marginal failure
occurred near the optic chiasm in the lone patient with optic nerve
glioma who was included in this series. The cumulative incidence of
local failure was determined with distant failure as a competing risk.
The 5-, 8-, and 10-year cumulative incidences (� SEs) of local failure
were 8.7% � 3.5%, 16.4% � 5.4%, and 16.4% � 5.4%, respectively.

By tumor grade (WHO 1 v 2), the 5- and 10-year estimates for
event-free survival were 87% � 5% and 77% � 17% for WHO grade
1 versus 91% � 9% and 64% � 27% for WHO grade 2 (P � .37).
These differences were not significant. The cumulative incidence of
local failure by tumor grade was not statistically significant (P � .43).
The incidences (� SEs) at 5, 8, and 10 years were 8.7% � 3.8%,
15.2% � 5.7%, and 15.2% � 5.7%, respectively, for patients with
WHO grade 1 and were 9.1% � 9.1%, 20.5% � 13.9%, and 20.5% �
13.9%, respectively, for patients with WHO grade 2 tumors (Fig 2).
None of the patients with NF-1 experienced disease progression or
secondary malignancy. There was one male patient who experienced
secondary malignancy. He was 16 years old at the time of CRT, which
was administered for a centrally located, WHO grade 2 glioma. He
developed high-grade glioma within the high-dose volume 78 months
after CRT.

Table 2. Pediatric Low-Grade Glioma Chemotherapy and Radiotherapy Series

Author by Type
of Treatment Year of Study Treatment Regimen No. of Patients

Event- or Progression-Free Survival (%)

2-Year 3-Year 5-Year 8-Year 10-Year

Chemotherapy
Ater21 2008 CV 137 35

TPCV 137 48
Gnekow20 2004 CV 198 61
Massimino19 2002 CisVP 31 78
Prados18 1997 TPCV 42 50
Packer17 1997 CV 78 68

Radiation therapy
Marcus27 2005 52.2 Gy 50 82 65
Saran26 2002 50-55 Gy 14 87
Grabenbauer29 2000 45-60 Gy 25 69
Erkal28 1997 50 Gy 30 82 77
Merchant 2008 54 Gy 78 85 74

C, carboplatin; V, vincristine; T, thioguanine; P, procarbazine; Cis, cisplatin; VP, etoposide.
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Fig 1. Event-free survival (EFS; gold line) and overall survival (OS; blue line) for
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conformal radiation therapy.
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Symptoms During and 12 Months After CRT

Patient symptoms were monitored and managed during and
after CRT by the treating radiation oncologist. We considered three
categories of symptoms. The first included nausea, vomiting, loss of
appetite, and fatigue. The second included headache and pain other
than headache. The third included visual impairment, cranial nerve
deficits, motor weakness, and ataxic gait. Figure 3 shows the propor-
tion of patients who were absent of symptoms before, during, and after
CRT. There was improvement in symptoms in nearly every category,
and the greatest improvement was noted for vomiting, headache, and
visual complaints. Modest gains were noted for other categories, ex-
cept for appetite and fatigue, for which the proportion of patients with
symptoms increased with time. Appetite decrease during RT and did
not improve or worsen during the ensuing 12 months, whereas fatigue

continued to increase. Despite worsening fatigue, the proportion of
patients with school-related difficulties reportedly increased from
10% at baseline to only 15% at 12 months. Antiemetic therapy was
offered routinely to patients, and 69% (54 of 78) used a 5-
hydroxytryptamine 3 receptor antagonist. Corticosteroids were not
prescribed for asymptomatic patients but, when used, were carefully
tapered at a rate to minimize exposure without compromising symp-
tom control or neurologic function. Nevertheless, 50% (39 of 78)
required corticosteroids at some point in time before, during, or after
RT for ongoing symptoms related to tumor progression, pseudopro-
gression, and unexpected adverse events, including cyst expansion
that required intervention. Expansion of a midbrain cyst in one pa-
tient required placement of a permanent ventriculoperitoneal shunt
and intracystic catheter/reservoir that was used once for aspiration.
This patient acquired a permanent unilateral cranial nerve III deficit
from the event. On-treatment imaging at weeks 3 and 5 of CRT
demonstrated active cyst expansion in 19 (24%) of 78 patients; two
patients required modification of their treatment plans. At the com-
pletion of CRT and during the intervening 12 months, corticosteroids
were required for 20 (26%) of 78 patients. Three patients had signifi-
cant cyst expansion after CRT that required surgical intervention. Six
patients required hospitalization, three during RT. One patient re-
quired a gastrostomy tube because of intractable nausea and anorexia
after CRT. She recovered after 1 year. Figure 4 shows the proportion of
patients who had increasing symptoms during and after CRT.

Cerebral Vasculopathy

MR angiography revealed evidence of cerebral vasculopathy in
four patients before CRT. Two of these patients, who both had NF-1,
required revascularization surgery 9.5 and 68.5 months after CRT
because of symptomatic ischemia and stroke. The other two, who were
without NF-1, had no progression of vasculopathy 36 and 58 months
after CRT.
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Fig 2. The cumulative incidence of local failure by tumor grade for pediatric
patients with low-grade glioma. Numbers indicate patients at risk. CRT, confor-
mal radiation therapy.
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When the patients were considered separately, five additional
patients, including one with NF-1, developed MR angiographic evi-
dence of vasculopathy 12, 26, 31, 85, and 99 months after CRT. Three
required revascularization surgery at 21, 28, and 91 months. The
shortest interval from CRT to revascularization surgery was noted for
the lone patient with NF-1. CRT was indicated for this patient, who
was 2.7 years old, because of her inability to tolerate chemotherapy.
When treatment failure was a competing risk and when patients with
pre-CRT vasculopathy were excluded, the cumulative incidence
(� SE) of vasculopathy was 4.79% � 2.73% at 7 years. We considered
NF-1 status, sex, and age as covariates for prediction of the incidence.
Only age proved clinically significant (P � .0105). The risk (� SE) at 6
years was 12.5% � 12.6% for patients younger than 5 years of age
(n � 8) compared with 3.8% � 2.6% for those older than 5 years
(n � 66) at the time of CRT.

DISCUSSION

Low-grade glioma (LGG) is the most common central nervous
system neoplasm in children. It affects all ages and intracranial
sites. Surgery alone is curative for focal, resectable tumors, which
most often involve the cerebellum. Tumors that develop in central
locations, including the diencephalon and optic pathways, often
require a multimodality approach that uses surgery to decompress
normal tissue structures and alleviate symptoms36 and adjuvant
therapy in the form of chemotherapy or RT— depending on pa-
tient age, severity of symptoms, risks associated with additional
progression, and other factors coincident with the overall treat-
ment plan. The use of RT in children with LGG is controversial and
is reserved for older children or for those who experience disease
progression after combination chemotherapy. Fear of cognitive
effects, endocrine deficiencies, hearing loss, secondary malignan-
cies, neurovascular damage, and abnormalities in growth and de-
velopment have led to the avoidance of RT and to a search for

alternatives, especially for the youngest children who are most
vulnerable. With the advent of three-dimensional treatment plan-
ning and delivery, there is an opportunity to reassess the role of RT
and to address the controversy surrounding the age at which it
might be considered safe or at which the benefits of treatment
outweigh the potential risks.

Contrary to large, retrospective series that have reported 5-year
PFS rates as low as 48%,37 recent institutional studies of focal irradia-
tion for pediatric LGG have reported disease control rates that ex-
ceeded 80% when estimated at 5 years (Table 1); however, lacking is
the evidence that function outcomes are preserved or improved. With
the objective of reducing the adverse effects of irradiation in pediatric
LGG, we designed a trial to test the hypothesis that irradiation with a
10-mm CTV margin would reduce adverse effects without affecting
the rate of treatment failure in pediatric LGG.

Local control and PFS rates reported in series of pediatric LGG
depend on the relative proportion of patients with WHO grade 1 and
2 tumors as well as with NF-1. The latter typically have better overall
survival but a higher risk of complications. For series that include all
types of patients, PFS is expected to be greater than 80% when mea-
sured at 5 years.26-29 Recent series that used highly focused conformal
treatment methods have not reported their results separately on the
basis of tumor grade. Those patients with WHO grade 2 tumors are
expected to have lower PFS rates, as shown in a recent series of 52
patients with WHO grade 2 glioma who received irradiation as part of
their initial management.16 The 5-year PFS rate was reported in a
series of 52 patients who received irradiation by using conventional
RT. The results (mean � SE) at 5 and 10 years were 56% � 5% and
42% � 6%, respectively.

RT for optic pathway tumors in the setting of NF-1 was associ-
ated with vascular complications (ie, ischemic strokes) in 32% of
patients in one series.38 Among those who had pre-CRT vasculopathy
in the series in this study, only those with NF-1 worsened, which
suggested that these patients had severe disease, whereas those without

Nau
se

a

Vom
iti

ng

Appet
ite

Fa
tig

ue
Pain

Hea
dac

he

Visi
on

W
ea

kn
es

s

Hem
ip

ar
es

is

Cra
nial

 n
er

ve
s

Am
bulat

io
n

Increased during RT
Increased at 12 months

Pa
tie

nt
s 

W
ith

 In
cr

ea
si

ng
 S

ym
pt

om
s 

(%
)

Symptoms

0

5

10

15

20

25

30

35

40

Fig 4. Proportion of patients with in-
creasing symptoms during and after
conformal radiation therapy (RT) for pe-
diatric patients with low-grade glioma.

Merchant et al

3602 © 2009 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY



NF-1 did not; this difference implied that the anomalies may be
attributed to tumor or surgery. The literature is lacking on the inci-
dence of pre-irradiation vasculopathy in LGG.

The incidences of vasculopathy and revascularization proce-
dures are of concern. Surveillance is important with consideration
to early intervention. Late onset of vasculopathy indicates that, de-
spite the median follow-up in this study of 89 months, additional
events should be expected. Vasculopathy is a late complication39,40

and is more common in younger patients and in those with NF-1.6,41

Only one patient with NF-1 in this series was younger than 5 years
of age; vasculopathy developed 1 year after CRT. There were seven
patients with NF-1 who were older than 5 years who did not
develop vasculopathy.

An array of techniques have been used to treat pediatric LGG,
including CRT, intensity-modulated RT,31 stereotactic RT,27 and
proton-beam RT.42 Hypofractionated irradiation43 also has been used
along with stereotactic radiosurgery44 in selected instances. Although
the technical requirements for treatment planning may be similar,45

the margins used to define the treatment volume vary widely. We now
consider the CTV margin used for this study to be large and have
reduced it to 5 mm.2 On the basis of our experience, in which changes
in the PTV during treatment are common, vigilance is required.

This series confirms the rate of disease control expected from
RT in the treatment of LGG. This series prospectively defines a
targeting benchmark for disease control on the basis of a 10-mm

CTV and associated treatment effects during the first year. We
remain concerned about late treatment failures, vasculopathy and
secondary malignancy. We recommend vigilance in baseline evalua-
tion and follow-up. Patients with NF-1 appear to have a higher rate of
baseline vasculopathy, and patients younger than 5 years of age are
more susceptible.
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