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The Hirntumorstudien (HIT)-LGG-1996 protocol
offered a comprehensive treatment strategy for pediatric
patients with low-grade glioma (LGG), ie, observation,
surgery, adjuvant radiotherapy, and chemotherapy to
defer the start of irradiation in young children. In this
current study, we sought to determine clinical factors
for progression and survival. Between October 1, 1996
and March 31, 2004, 1031 patients were prospectively
recruited into an observation arm (n 5 668) and a
nonsurgical arm stratifying 12 months of vincristine-
carboplatin chemotherapy (n 5 216) and conventional
radiotherapy/brachytherapy (n 5 147) in an age-depen-
dent manner. Median patient age was 6.9 years; 28
patients had diencephalic syndrome, 44 had dissemina-
tion, and 108 had neurofibromatosis type 1(NF-1).

Main tumor location was the supratentorial midline
(40.4%), and the main histology was pilocytic astrocyto-
ma (67.9%). Following a median observation of 9.3
years, 10-year overall survival (OS) was 0.94 and 10-
year event-free survival (EFS) was 0.47. Ten-year pro-
gression-free survival was 0.62 following radiotherapy
and 0.44 following chemotherapy. Sixty-one of 216 che-
motherapy patients received radiotherapy 0.3–8.7 years
after initial diagnosis. By multivariate analysis, dience-
phalic syndrome and incomplete resection were found
to be unfavorable factors for OS and EFS, age ≥11
years for OS, and supratentorial midline location for
EFS. Dissemination, age <1 year, and nonpilocytic his-
tology were unfavorable factors for progression follow-
ing radiotherapy (138 patients); and diencephalic
syndrome, dissemination, and age ≥11 years were unfa-
vorable factors following chemotherapy (210 patients).
NF-1 patients and boys experienced prolonged tumor
stabilization with chemotherapy. A nationwide multi-
modal treatment strategy is feasible for pediatric LGG.
Extended follow-up yielded results comparable to
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single-institution series for the treatment groups. Three-
quarters of surviving chemotherapy patients have not yet
received radiation therapy. Infants with or without dien-
cephalic syndrome and dissemination bear the highest
risk for death and progression following diagnosis or
treatment.

Keywords: chemotherapy, extended follow-up,
low-grade glioma, radiotherapy.

L
ow-grade gliomas (LGGs) of childhood and ado-
lescence are the most common pediatric brain
tumors and represent a spectrum of diseases. The

effects of anatomic location, histology, underlying ge-
netics, and age upon natural history and treatment are
not yet fully understood.

A variety of medical disciplines contribute to the care
of these children, and each discipline favors its main
treatment approach. Surgical resection is considered
the treatment of choice for most LGGs.1–8 A relevant
proportion of tumors are not amenable to complete re-
section due to anatomic location or metastatic disease.
Preceding our study, multiple publications reported the
efficacy of radiotherapy and chemotherapy for selected
groups of pediatric LGG cases of unresectable
tumors.9–15 Indications for therapy differed and treat-
ment algorithms were based on retrospective studies
with limited patient numbers.16–19 Survival of pediatric
LGG patients was high in these smaller series, but the
significance of risk factor analysis for death or progres-
sion remained restricted.

The German multicenter, cooperative
Hirntumorstudien (HIT)-LGG-1996 study was the first
nationwide comprehensive treatment strategy for diag-
nosis, decision making, and therapy for children and ad-
olescents with LGG with a framework of requirements
mandatory for all patients. It had no pilot study. It in-
cluded an observation arm as well as options for contem-
porary radiotherapy and chemotherapy. We aimed to
prospectively study the feasibility of such an approach,
as well as the efficacy of treatment with radiotherapy
or chemotherapy, and to identify clinical risk factors
for death and progression. The primary function of the
chemotherapy arm was to defer the start of irradiation
in young children.

To our knowledge, we here report the largest
population-based and prospectively followed cohort
with extended follow-up, comprising children and ado-
lescents with LGG of all histologies and locations,
testing the acceptability of a multidisciplinary treatment
strategy.

Patients and Methods

Eligibility

Eligibility criteria included patient age ,17 years with or
without a clinical diagnosis of neurofibromatosis type 1
(NF-1) or other phakomatoses. Eligible diagnoses

included LGG grade I or II according to World Health
Organization (WHO)20,21 criteria at all CNS sites.
Radiologic diagnosis was accepted for hypothalamic-
chiasmatic tumors associated with NF-1 or for tumors ex-
tending along visual pathways (VPs) and demonstrating
hypodensity on CT without application of contrast
medium. MRI with defined sequences was requested as
the appropriate modality for neuroimaging. Initial
staging for cerebral primary tumors included spinal in-
vestigation in case of symptoms. If signs of seeding in
the upper spinal area (upper cervical cord) were detected,
whole-spine imaging was indicated.

Patients either had newly diagnosed disease during
the time of the active study or had had their disease iden-
tified and observed prior to October 1, 1996, but had
not received nonsurgical therapy and entered the treat-
ment arms of the trial at the time of progression.

Informed consent was obtained from parents or
guardians. Children or adolescents gave consent for
themselves if they had appropriate understanding.

During the study period, no other trial for LGG was
active in German-speaking countries. The German
Speaking Society of Pediatric Oncology and Hematology
(GPOH) approved the study. Central ethical approval
was obtained, and the study was assigned the Gütesiegel
A (Certificate of Quality) of the German Cancer Society,
which includes a review for good clinical practice guide-
lines. Institutional review and approval followed local
guidelines at the participating institutions.

Study Strategy

At diagnosis, best safe resection of the primary tumor
was recommended. Patients with completely resected
tumors were to be observed. Similarly, following incom-
plete resection/biopsy or radiologic diagnosis, an
observation-only strategy was scheduled for children
without threatening symptoms. Adjuvant radiotherapy
or chemotherapy (“nonsurgical treatment”) was
offered in case of severe or progressive symptoms or ra-
diologic progression. A chemotherapy arm was institut-
ed with the aim of deferring or even avoiding
radiotherapy in young patients. This treatment arm
was initially shared with the UK and Italian national
study groups22 but continued until the end of the
HIT-LGG-1996 recruitment period. At the beginning
of the trial, it was planned that only children ,5 years
of age were to receive chemotherapy. However, during
the study period a growing number of older children
were primarily treated with chemotherapy, although ir-
radiation was recommended as standard treatment in
this age group. Regular clinical and radiologic assess-
ments were scheduled.

Chemotherapy.—Chemotherapy consisted of a 10-week
induction phase with intravenous vincristine (1.5 mg/m2,
maximum 2 mg) given on day 1 of weeks 1–10 and single-
dose carboplatin (550 mg/m2) as intravenous 1-hr infu-
sions given on day 1 of weeks 1, 4, 7, and 10. During
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consolidation (wk 13–53), both drugs were given con-
comitantly every 4 weeks.23

Drug dosing was modified for children with body
weight ,10 kg (calculation per kg). Further reductions
of one-third were recommended for children ,6 months
of age. Dose reductions were prescribed in cases of hema-
tologic or organ toxicities. In case of an allergy to carbo-
platin, individual strategies were recommended
depending upon the time point and severity of manifesta-
tion and the condition of the patient.

Radiotherapy.—Local radiotherapy of the primary
tumor region included safety margins of 1.0 cm (MRI
based) or 2.0 cm (CT based), and ≤54 Gy and
≤50.4 Gy were given to cerebral and spinal tumors, re-
spectively, in 1.8-Gy fractions following computer-
assisted 3-D planning. In the event that irradiation of
younger (,5 y) children was unavoidable, total doses
of 40–45.2 Gy were assigned in fractions of 1.6 Gy.
Patients of any age with tumors suitable for brachyther-
apy (well-delineated small tumors at all sites) were
treated with this modality.24,25

Salvage treatment.—In case of progression during or
after first nonsurgical therapy, salvage treatment was
recommended with the hitherto “other” modality; that
is, children who progressed after having had primary
chemotherapy received radiotherapy as second-line
treatment, and children who progressed after radiother-
apy then received chemotherapy.

Methods

All patients with an LGG diagnosed between October 1,
1996, and March 31, 2004, were included in this report,
along with their follow-up data until June 2011. Data con-
cerning patient age, sex, NF-1 status, tumor location,
extent of resection, and treatment, as well as follow-up in-
formation, were reviewed and verified at the trial center.
Central pathologic review was strongly recommended
and performed at the German Reference Center for
Brain Tumors, Institute of Neuropathology, University
of Bonn. Central radiologic review was offered during
the latter part of the trial and performed at the Reference
Center for Neuroradiologyof the GPOH. Review of radio-
therapy was offered for individual patients.

The distributions of overall survival (OS), event-free
survival (EFS), and progression-free survival (PFS)
were calculated according to the Kaplan–Meier
method.26,27 As defined in this report, OS was calculated
from date of diagnosis until death of the patient from
any cause, and EFS was calculated from date of diagno-
sis until an “event,” ie, relapse, progression, the necessi-
ty to start nonsurgical treatment, or death from any
cause. To evaluate the variables of resection and histol-
ogy, OS and EFS were defined from date of resection
until death/event or until last follow-up if no event oc-
curred. PFS following nonsurgical treatment (either che-
motherapy or radiotherapy) was calculated from start of

therapy until an event, defined as progression of residual
tumor, relapse following previous complete remission,
appearance of new or progression of existing metastases,
or death from any cause. To evaluate the variable re-
sponse after week 24, PFS was defined from date of re-
sponse until event or until last follow-up if no event
occurred.

No survival analyses were performed for the observa-
tion group, since membership in the observation group
changed over time—that is, each patient started as a
member of the observation group and switched poten-
tially to the chemotherapy or radiotherapy group—and
Kaplan–Meier curves were applicable to only groups
that did not change and were consistent over time.

Cox regression models with forward stepwise selec-
tion (inclusion criterion: score test P ≤ .05; exclusion
criterion: likelihood ratio test P ≥ .10) were used to
analyze the prognostic and predictive values of clinical
and biologic variables on OS, EFS, and PFS. Such selec-
tion of variables has well-known advantages and disad-
vantages.28 Nevertheless, these methods are well
accepted in exploratory analyses.

Variables included age (y) at diagnosis (both continu-
ous and categorical: ,1, 1–4, 5–10, and ≥ 11),
sex, NF-1 status, presence of diencephalic syndrome
(DS), dissemination, tumor location (hypothalamic-
chiasmatic/vs other diencephalic/mesencephalic vs
other; diencephalic vs all other; diencephalic vs brain-
stem vs spinal vs other), extent of resection, and histolo-
gy (pilocytic astrocytoma grade I [PA] vs diffuse
astrocytoma grade II vs nonpilocytic grade I/nondiffuse
grade II vs no/before histology).

For PFS we also analyzed the time from diagnosis to
start of therapy and dissemination even before start of
therapy. Because resections were not always performed
directly after diagnosis, the extents of resection and
histology were included as time-dependent variables
for OS and EFS. Nearly all resections took place
before the start of adjuvant therapy. For PFS, we ana-
lyzed the extent of resection and histology as
non-time-dependent variables. Thus patients with re-
sections after start of therapy (n ¼ 13) were considered
as being without resections at the beginning of
therapy. Interactions of main effects with time-
dependent variables were tested in a second block.
For OS, the model with interactions did not converge
(as there were only 59 events), and no interaction
term showed further influence on EFS.

Given for the final models are estimated hazard ratios
of the selected explanatory variables with their respec-
tive 95% confidence intervals and likelihood ratio test
P values. All children meeting the eligibility criteria of
the HIT-LGG-1996 study were planned to be included
in this trial to assess the feasibility of a comprehensive
treatment strategy. Thus, all analyses were regarded as
explorative, and P values are given descriptively to
detect and study meaningful effects. Therefore, no sig-
nificance level was fixed. Analyses were performed by
the Institute for Medical Biostatistics, Epidemiology,
and Informatics.
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Response Assessment

Neuroradiologic assessment of tumor response by MRI
was scheduled at weeks 12, 24, 36, and 48 and after
week 53 following the start of chemotherapy. During
primary observation as well as after the completion of
radiotherapy and chemotherapy, regular surveillance
imaging was recommended with gradually increasing in-
tervals. Radiologic assessment of tumor response by
MRI followed recommended criteria.29 Considered pos-
itive were complete response (CR), partial response
(PR), objective response (OR), and stable disease (SD).

Clinical and ophthalmologic assessments were rec-
ommended on a comparable time frame. Their results
were not recorded systematically.

Results

Patients

One hundred five institutions took part in the study: 91
in Germany, 7 in Austria, 6 in Switzerland, and 1 in
Belgium, registering 1182 patients between October 1,
1996, and March 31, 2004. Fifty-five patients had
been diagnosed prior to the start of the trial (October
3, 1988, to September 9, 1996) but had not been
treated and were included in the trial for observation
(26) or for treatment of progression during the trial
period (29). Ninety-nine patients were excluded for the
following reasons: prior nonsurgical treatment (55),
lack of consent (19), nontrial diagnoses (14), age .17
years (8), and LGG as second tumor (3). An additional
30 patients were excluded for missing data. Following
tumor progression after the end of the recruitment
phase, 22 patients from the observation group started
nonsurgical therapy according to the SIOP
(International Society of Pediatric Oncology)-LGG
2004 protocol and were excluded from analysis.

Thus, this report included 1031 patients (902 from
Germany, 92 from Austria, 30 from Switzerland, and
7 from Belgium). The last follow-up was obtained in
June 2011. Countrywide registration had its limitations
in documenting details of initial symptoms and their
evolutions during long-term follow-up.

Patient data are detailed in Table 1. Median age at
diagnosis was 6.9 years (Fig. 1). The sex ratio showed
a slight male preponderance (1.12). Of the 1031 chil-
dren, 108 (10.5%) met the diagnostic criteria of the
US National Institutes Health for NF-1, and 17 (1.6%)
had signs of tuberous sclerosis complex (TSC). Patients
with NF-1 had comparable age at diagnosis (median,
5.1 y; range, 1.0–15.4 y) and a sex ratio of 56
females: 52 males. By clinical definition, 28 children
had DS,30–32 with hypothalamic-chiasmatic glioma
(26/28) and a high frequency of primary dissemination
(6/28). Their median age at diagnosis was 6.5 months
(range, 2.4–27.1 mo; 23/28 ,1 y).

The majority of tumors (40.4%) were located in the
supratentorial midline (SML). Number of VP gliomas

(22.4%) exceeded that of lesions from other regions of
the diencephalon and mesencephalon. Associated with
TSC were 9/13 tumors (1.3%) of the lateral ventricles.
One tumor had no definable localization.

Primary tumor dissemination was found in 22 chil-
dren and secondary tumor dissemination was found in
another 22, and 2 were not defined. Children with
primary dissemination were young (median age 2.6
years) with an age range up to 15.6 years. The majority
of primary tumors were PAs (17/22) located in the
hypothalamic-chiasmatic and other diencephalic
regions (16/22). Nodules or laminar layers were found
in the spinal (21) or cerebral subarachnoid spaces (13)
or both (9) (with 1 not known).33

Initial surgical intervention achieved complete resec-
tion in 34.8% of patients, 204 tumors underwent
biopsy only (19.8%), and 115 children received a diag-
nosis of tumor on the basis of neuroradiologic findings
(11.2%), with 65 being NF-1. Of the 115 diagnoses,
106 were located in the SML (79/115 in VPs, 18/79
in the optic nerve only), 7 in the posterior fossa, and 1
in the cerebral hemispheres, with 1 not definable.
Radiologic review was conducted in 108 cases. Extent
of resection interacted with tumor location (Table 2).

The majority of histologic diagnoses were PAs
(67.9%). Among 101 grade II tumors (9.8%), diffuse as-
trocytoma prevailed (59). Mixed glioneuronal histology
was identified in 92 tumors (8.9%). The distribution of
histologies within the CNS regions is detailed in Table 2.

For 539 (58.8%) of 916 cases, histologies were cen-
trally reviewed, with a growing compliance over the
years. In 68 (12.6%) of these 539 cases, variable
degrees of discrepancy within the category of LGG
were noted, being lowest for the group of hypothalamic-
chiasmatic tumors (6/95, 6.3%). Pilomyxoid astrocyto-
ma grade II was retrospectively identified in 5 specimens
of PA.

Distribution among the Strategy Groups

Following first surgical intervention in 916 children and
radiologic diagnosis in 115 children, 847 patients were
observed and 184 proceeded to nonsurgical treatment
at diagnosis (1 without exact date). Indications for im-
mediate therapy were severe neurologic symptoms
(67), visual impairment (74), and risk for tumor progres-
sion at a critical site (10); several patients (5) had tumors
suitable for brachytherapy; for patients (16) without
symptoms or progression, therapy was initiated at the
discretion of the treatment center; a small number of
cases (12) were not detailed.

While on observation, 346 children had relapse or
progression. Nonsurgical therapy was indicated in 179
children; and 167 remained in the observation arm, of
whom 12 died early from progression. Following surgi-
cal intervention, 94 of the 167 patients survived with
(40) or without (54) residual tumor, and 5 later died
(3 not known). The remaining patients were observed
without intervention, and 45 survived with (39) or
without (6) residual tumor, while 8 later died.
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Table 1. Patient data detailed for the complete trial cohort and observation as well as chemotherapy and radiotherapy treatment groups

All Patients Observation Treatment Category (363/1031 5 35.2%)

Chemotherapy Radiotherapy

Number of patients 1031 668 216 147

Sex

Male 545 370 100 75

Female 486 298 116 72

Phakomatoses

No 903 606 161 136

NF-1 108 43 55 10

TSC 17 16 – 1

Not known 3 3 – –

Age at diagnosis (y)

Median 6.9 7.8 3.2 8.7

Range 0.04–17.02a 0.04–17.02a 0.2–16.3 0.6–16.9

Localization

Cerebral hemisphere 187 157 10 20

Supratentorial midline 417 156 171 90

Optic nerve 28 14 12 2

Chiasm+dorsal extension 203 44 129 30

Diencephalon 114 58 21 35

Mesencephalon 70 39 8 23

Not determined 2 1 1 –

Posterior fossa 377 320 22 35

Cerebellum 291 267 8 16

Caudal brainstem 86 53 14 19

Spinal cord 36 22 13 1

Lateral ventricle 13 12 – 1

Not determined 1b 1b – –

Histology

Astrocytic tumors 801 520 154 127

PA I8,
c

700 455 137 108

SEGA I8 15 14 – 1

A II8 59 33 12 14

PXA II8 13 12 – 1

LGG NOS 14 6 5 3

O II8 10 7 2 1

OA II8 5 4 – 1

GG I8, DNT, other 92 77 7 8

Histology not clarified 8 5 1 2

No histology 115 55 52 8

Extent of first resection

Complete resection 359 343 8 8

Subtotal resection 195 141 30 24

Partial resection 158 75 53 30

Biopsy 204 54 73 77

Open 106 36 51 19

Stereotactic 98 18 22 58

No resection 115d 55 52d 8

Histology according to WHO classification48,49. Abbreviations: PA I8, pilocytic astrocytoma I8; SEGA I8, subependymal giant cell
astrocytoma I8; A II8, astrocytoma II8 (diffuse); LGG NOS, low-grade astrocytic glioma not otherwise specified; PXA, pleomorphic
xanthoastrocytoma II8; O II8, oligodendroglioma II8; OA II8, oligoastrocytoma II8; GG I8, DNT, other, ganglioglioma I8, dysembryoplastic
neuroepithelial tumor, and other mixed glioneuronal tumors.
a One patient was radiologically diagnosed prior to age 17 y but had confirmatory histology at age 17.02 y.
b One patient had no definable site of tumor origin.
c Retrospectively, 5 patients with pilomyxoid astrocytoma were identified among PAs.
d One patient had a stereotactic biopsy yielding no tumor tissue and therefore was counted as having no histology.
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Among 359 patients with initially completely re-
sected tumors, 54 had relapse. Twelve patients received
nonsurgical treatment (3.3%). The others remained

observed with (26) or without (16) secondary surgical
intervention, all surviving with SD. The completeness
of initial resection and the extent of relapse were not cen-
trally reviewed.

At the close of the study, 668 children were under ob-
servation and 363 had started adjuvant treatment, as
either chemotherapy or radiotherapy (Fig. 2).
Compared with the radiotherapy group, patients in the
chemotherapy group were younger and more often had
NF-1, any resection but fewer biopsies, and more fre-
quent SML lesions but fewer lesions of the hemispheres
or of the posterior fossa. Thus, further results are pre-
sented separately for the nonsurgical treatment groups.

Radiotherapy.—Of the 147 children (including 10 with
NF-1 and 1 with TSC) who received radiotherapy for
their primary tumor, 96 were treated with external
beam fractionated radiotherapy (including gamma-knife
in 1), and 51 underwent brachytherapy with iodine-125

Fig. 1. Age distribution (y) at diagnosis (n ¼ 1031). Median patient

age is 6.9 y; interquartile range, 3.2–11.1 y.

Table 2. Distribution of patients, according to tumor localization with respect to extent of resection and to histology

Localization

Cerebral
Hemisphere

Supratentorial
Midline

Cerebellum Caudal
Brainstem

Spinal
Cord

Lateral Ventricle/
other

Extent of resection

Complete 100 35 191 16 10 7
96/1/3 29/4/2 188/1/2 15/-/1 8/2/- 7/-/-

Subtotal 41 51 66 30 3 4
34/3/4 25/20/6 55/2/9 21/4/5 2/1/- 4/-/-

Partial 20 86 21 15 15 1
12/3/5 30/38/18 14/3/4 8/4/3 10/5/- 1/-/-

Biopsy 25 139 11 20 8 1
14/3/8 25/58/56 8/2/1 5/5/10 2/5/1 1/-/1

Radiologic diagnosis 1 106 2 5b - 1c

1/-/- 47/51/8 2/-/- 4/1b/- -/-/- 1c/-/-

Histology

Pilocytic astrocytoma I8 62 262 270 72 31 3
47/5/10 89/105/68 251/5/14 45/12/15 20/10/1 3/-/-

Giant cell astrocytoma I8 2 3 - - - 10
2/-/- 3/-/- -/-/- -/-/- -/-/- 9/-/1

Diffuse astrocytoma II8 23 24 8 3 1 -
18/2/3 8/6/10 5/3/- 2/-/1 -/1/- -/-/-

LGG not otherwise specified 4 5 1 2 2 -
3/-/1 1/2/2 1/-/- 1/1/- -/2/- -/-/-

Oligoastrocytoma II8 4 - 1 - - -
3/-/1 -/-/- 1/-/- -/-/- -/-/- -/-/-

Oligodendroglioma II8 7 3 - - - -
7/-/- -/2/1 -/-/- -/-/- -/-/- -/-/-

Pleomorphic
xanthoastrocytoma II8

13 - - - - -
12/-/1 -/-/- -/-/- -/-/- -/-/- -/-/-

Glioneuronal tumors 68 11 8 3 2 -
61/3/4 6/4/1 6/-/1 1/-/2 2/-/- -/-/-

Radiologic diagnosis 1 106 2 5 - 1c

1/-/- 47/51/8 2/-/- 4/1/- -/-/- 1c/-/-

Histology not clarified 3 3 1 1 - -
3/-/- 2/1/- -/-/1 -/-/1 -/-/- -/-/-

a First line: all cases; second line: observation/chemotherapy/radiotherapy group.
b One patient had a stereotactic biopsy yielding no tumor tissue and therefore is counted as having no histology.
c One patient had no definable site of tumor origin.
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seeds (including 3 with NF-1 and 1 with TSC).
Treatment started within 3 months of diagnosis in 67 pa-
tients and following observation for 3–141 months in 80
patients (median, 9.4 mo). Median patient age was 8.7
years (range, 0.6–16.9 y) at diagnosis and 9.8 years
(0.7–18.8) at start of therapy. Six children were ,1
year of age, 4 had disseminated disease, and 2 had DS.

Best tumor responses to irradiation were CR in
13.7%, PR in 34.4%, and OR/SD in 42.7%, while
9.2% of tumors progressed (131/147 evaluable). Best
radiologic responses were documented after a median in-
terval of 5.7 months (range, 1–37.3 mo).

During follow-up there were 50 events. Progression
within the first year was seen in 3/4 children with
primary disseminated LGG. Tumor progressions oc-
curred in 16/51 after iodine-seed brachytherapy and in
32/96 subsequent to external beam radiotherapy (9/
48 died). One child died of tumor-related complications
and 1 from a lethal accident. Thus 11/50 children died
in the radiotherapy group. Progression or death occurred
after a median interval of 1.1 years (range, 0.1–7.3 y,
n ¼ 49) after the start of treatment.

Chemotherapy.—Vincristine + carboplatin chemother-
apy was administered to 216 children (55 with NF-1).
Treatment started within 3 months of diagnosis in 115
and following observation for 3–158 months (median,
14.0 mo) in 99, with 2 not documented. Median age
was 3.2 years (range, 0.2–16.3 y) at diagnosis and 4.3
years (range, 0.3–19.8) at start of therapy for those ini-
tially observed.

Best tumor responses were CR in 3.8%, PR in 31.6%,
and OR/SD in 56.5%, while 8.1% had tumor progres-
sion (209/216 evaluable). Best radiologic responses
were documented after a median interval of 3.4
months (range, 0.8–33.4 mo, n ¼ 209).

During follow-up there were 130 events. Progression
or death occurred after a median interval of 1.9 years
(range, 0.1–11.8 y) from the start of treatment, with
33 events developing during the 1-year treatment time.

There was 1 toxic death during chemotherapy and 1
infectious death during salvage chemotherapy. Death
from tumor progression occurred to 18 patients, and 2
died from tumor-related complications (one after prior
progression). For 1 child who had multiple progressions,

Fig. 2. Study strategy and distribution of patients throughout the course of the trial.
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the exact cause of death is not known. Thus 23/130 chil-
dren died in the chemotherapy arm.

Treatment toxicity

Treatment-associated toxicity was not recorded for the
radiotherapy group but was documented for the chemo-
therapy group in the major categories.

Although half of the 216 chemotherapy patients
experienced grade III and IV hematotoxicity, only a
few had relevant ototoxicity or nephrotoxicity. Allergy
to carboplatin was reported in 78 (53%) of the 147
evaluable patients in the chemotherapy group and was
managed individually, but 30 (38%) of these 78 children
continued treatment without any change. In 39 patients,
treatment was switched to cyclophosphamide, cisplatin,
or other agents at various time points, and 6 terminated
treatment early (no information for 3 patients).

Survival analysis

Overall survival.—At a median observation time of 9.3
years (range, 0–20.8 y), 5- and 10-year OS values were
0.96 and 0.94 (59 events) (Fig. 3A). Death occurred to
43 children from tumor progression, to 7 from tumor-
related complications, and to 2 from unrelated acci-
dents. There was 1 death due to toxicity (in the chemo-
therapy group), and 6 patients died at home without
documented cause.

OS was lower for children ,1 year of age compared
with the other age groups, in cases of dissemination at
diagnosis, of DS, and of partial resection or biopsy
only. Patients with tumors in the spinal cord or SML
and with nonpilocytic histology had a slightly inferior
prognosis (Table 3).

Multivariate analysis indicated that age .11 years
and DS, which segregates with infants, were unfavorable
factors, as was incomplete resection (Table 4).

Event-free survival.—Of the 1031 children, 531 had
events resulting in 5- and 10-year EFS values of 0.51
and 0.47, respectively (Fig. 3A). Events were observed
as late as 12.3 years postdiagnosis.

EFS was determined by the extent of resection and
primary tumor location. It was best following complete
resection and worst after biopsy (P , .001) (Fig. 3B).
Patients with SML lesions or lesions of the spinal cord
had lower EFS than patients with tumors in the cerebral
hemispheres, the posterior fossa, or other sites
(P , .001) (Fig. 3C). Tumor site interacted with resec-
tion even for extent of complete resection, resulting in
10-year EFS values of 0.92 at the cerebellum, 0.80 at
hemispheres, 0.69 at SML, and 0.58 at spinal cord
(Table 5).

NF-1 status conferred a high risk for progression
postdiagnosis (10-year EFS of 0.24 vs 0.50 for
non–NF-1 patients). Patients with dissemination, DS,
or non-PA histology or children aged ,1 year at diagno-
sis had significantly impaired EFS (Table 3).

Multivariate analysis confirmed that the risk for event
was determined by site (unfavorable were all SML loca-
tions, P , .001), extent of first surgical resection
(favorable was complete resection; unfavorable was
partial resection or biopsy, P , .001), and presence of
DS (P , .001), while no influence was found for age,
sex, NF-1 status, histology, or dissemination (Table 4).

Progression-free survival: efficacy of adjuvant treat-
ment.—Radiotherapy. After a median observation
time from diagnosis of 9.5 years (range, 0.1–19.9 y)
and time from end of therapy of 8.3 years (range, 0.0–
13.5), 5- and 10-year PFS values following the start of
treatment were 0.65 and 0.62 (n ¼ 147) (Fig. 4A).

Univariate analysis showed that age (Fig. 4C),
DS, dissemination, and histology modulated PFS. All
children aged ,1 year and those with DS had progres-
sion, as did 3/4 patients with metastases at diagnosis
(P ¼ .027). PFS was higher for patients with PAs and
diffuse astrocytomas grade II but lower for patients
with nonpilocytic grade I/nondiffuse grade II lesions
(P , .001) (Table 6).

Multivariate analysis included 138 patients (48
events). The risk for tumor progression following radio-
therapy was increased in cases of nonpilocytic grade I/
nondiffuse grade II lesions, of patient age ,1 year, and
of dissemination at diagnosis. Sex, NF-1 status, location,
extent of resection, and presence of DS had no indepen-
dent influence (Table 4). The unfavorable results for chil-
dren with disseminated LGG required individual case
analysis.33

Chemotherapy. After a median observation time from
diagnosis of 10.4 years (range, 0.2–18.6 y) and of 8.6
years (range, 0.1–13.4) from end of therapy, 5- and
10-year PFS values following the start of treatment
were 0.47 and 0.44 (Fig. 4A).

For 128 patients with VP gliomas, 10-year PFS was
0.35. PFS was better for patients with NF-1 than for
those without (0.46 vs 0.30) and for patients aged .1
year than for younger patients (0.41 vs 0.18).

Univariate analysis showed numerous influential
factors for risk for progression or death following che-
motherapy (Table 6). Ten-year PFS values were 0.19
for children aged ,1 year and 0.36 for children aged
1–4 years. Best PFS of 0.61 was found in the group of
5- to 10-year-old patients, dropping to 0.31 for patients
≥11 years (P , .001) (Fig. 4B). Lack of tumor dissemi-
nation at start of therapy was associated with a higher
PFS than was proof of it (P , .001). Similarly, cases
without DS had a better PFS than cases with DS
(P , .001). NF-1 patients had a better prognosis follow-
ing treatment than non–NF-1 patients (P ¼ .001); they
lacked dissemination or DS and were age .1 year. PFS
in the NF-1 cohort remained better, even when we ex-
cluded patients with these criteria in the non–NF-1
group (P , .0001, Fig. 4D).

Despite the protocol recommendation, only 110 chil-
dren had an MRI study at 24 weeks following the start of
chemotherapy. The extent of response at week 24
(CR/PR vs OR/SD) was not prognostic.
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Multivariate analysis included 210 patients (126
events). Unfavorable independent prognostic variables
for risk for tumor progression or death postchemother-
apy were age .11 years, presence of tumor dissemina-
tion, and DS. Favorable factors were NF-1 status, age
5–10 years, and male sex. Location, histology, and
extent of resection had no influence on PFS (Table 4).

Salvage Treatment

Among the 48 children with progression postradiother-
apy (including 3/10 cases of NF-1), 26 went on to
receive vincristine + carboplatin (22) or other (4)

chemotherapy, 4 had second radiotherapy as brachyther-
apy (3) or local irradiation (1), and 6 remained under ob-
servation after surgical intervention (3 CR, 3 SD). A
biopsy disclosed that 1 patient had glioblastoma multi-
forme (initial diagnosis had been pleomorphic xanthoas-
trocytoma with signs of anaplasia). Ten children had
no intervention, 3 died, and the others attained SD
(1 NF-1). There was no information for 1 patient.

For 8 patients, third-line chemotherapy was docu-
mented, and 3 received repeat radiotherapy as fourth-
line treatment.

Among the 128 children with progression postche-
motherapy (including 22/55 NF-1), 4 continued with

Fig. 3. (A) Overall survival (OS) and event-free survival (EFS) for all patients (n ¼ 1031). (B) EFS in relation to the extent of first resection.

(c) EFS in relation to primary tumor site.
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vincristine + carboplatin, 52 received alternative che-
motherapy regimens, and 45 (35.1%) went on to
receive salvage radiotherapy with conventional external
beam radiation; 10 children underwent surgery, with 7
attaining CR/PR and 3 SD. One of these progressed
again and died; 14 children had no further treatment.
While 9 tumors stopped growing and stabilized
(2 NF-1), 5 children died from relentless progression
(no NF-1). There was no information for 3 children.

Third-line treatment for 37 patients included irradia-
tion in 11 and chemotherapy in 26, while fourth-line
therapy was documented as drug treatment in 8 and
irradiation in 7 (with 2 receiving second radiotherapy),
and 2 cases were without details.

Following first or further progressions, 61 (28.2%) of
216 patients eventually received radiotherapy. For them,
salvage radiotherapy had been delayed for 0.3–8.7 years
(median, 2.7 y; n ¼ 51). At the start of radiation, they

Table 3. Ten-year overall and event-free survival (univariate analysis)

Overall Survival Event-free Survival

No. 10-y OS Log-rank P value No. 10-y EFS Log-rank P value

All 1031 0.94 - 1031 0.49

Chemotherapyb 215 0.88

Radiotherapy 147 0.91

Sex 0.296 0.23

Female 486 0.95 486 0.45

Male 545 0.93 545 0.49

NF-1a 0.587 ,0.001

No 903 0.94 903 0.5

Yes 108 0.95 108 0.24

Age, y ,0.001 ,0.001

,1 67 0.73 67 0.19

1–4 317 0.95 317 0.42

5–10 381 0.98 381 0.5

≥11 266 0.92 266 0.57

Histologya 0.04 ,0.001

Pilocytic astrocytoma I8 697 0.94 671 0.5

Diffuse astrocytoma II8 59 0.87 59 0.4

Nonpilocytic 8I/nondiffuse 8II 149 0.92 146 0.61

Disseminated LGGa ,0.001 ,0.001

Present 22 0.67 22 0

Absent 1007 0.94 1007 0.49

DS ,0.001 ,0.001

Present 28 0.47 28 0

Absent 1003 0.95 1003 0.49

Localizationa 0.002 ,0.001

Cerebral hemispheres 187 0.95 187 0.63

Supratentorial midline 415 0.9 415 0.22

Posterior fossa 377 0.98 377 0.69

Spinal cord 36 0.91 36 0.23

Lateral ventricle 13 0.9 13 0.62

Extent of resectiona ,0.0001 ,0.001

Complete 351 0.99 354 0.85

Subtotal 194 0.94 197 0.48

Partial 149 0.87 152 0.18

Biopsy 190 0.88 192 0.16

No resection 115 c 115 c

OS and EFS calculated from date of diagnosis (to evaluate the variable extent of resection and histology: calculated from date of
resection; to evaluate therapy groups: calculated from date of start of therapy.)
a Missing values to add up to 1031: NF-1: 20 patients had other phakomatoses, or NF-status was not clarified; all other categories:
missing information.
b Chemotherapy group: for 1 patient the exact date of start of treatment is not known.
c Estimate for OS/EFS from date of resection not evaluable due to no resection.
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Table 4. Results of the multivariate analysis

Comparison Hazard Ratio (95% CI) P value*

Overall survival (n ¼ 987; 57 deaths)

Diencephalic syndrome Present vs absent 4.58 (1.84; 11.40) 0.001

Age at diagnosis ,1 vs 1–4 y 2.10 (0.85; 5.18) 0.002

5–10 vs 1–4 y 0.53 (0.22; 1.32)

≥11 vs 1–4 y 2.32 (1.84; 11.40)

Extent of resection Complete vs no/before resection 0.18 (0.04; 0.94) <0.001

Subtotal vs no/before resection 1.49 (0.54; 4.42)

Partial vs no/before resection 2.88 (1.06; 7.84)

Biopsy vs no/before resection 2.42 (0.90; 6.49)

Event-free survival (n ¼ 996; 514 events)

Diencephalic syndrome Present vs absent 3.15 (2.08; 4.75) <0.001

Extent of resection Complete vs no/before resection 0.30 (0.21; 0.44) <0.001

Subtotal vs no/before resection 1.23 (0.92; 1.65)

Partial vs no/before resection 2.37 (1.80; 3.11)

Biopsy vs no/before resection 3.48 (2.68; 4.53)

Localization Hypothalamic-chiasmatic vs other 2.91 (2.35; 3.69) <0.001

Other di/mesencephalic vs other 1.66 (1.27; 2.16)

Progression-free survival postradiotherapy (n ¼ 138; 48 events)

Dissemination at diagnosis Present vs absent 19.57 0.006

(4.06; 94.50)

Histology at start of therapy No histology vs PA I8 1.18 (0.27; 5.14) <0.001

Diffuse A II8 vs PA I8 0.87 (0.30; 2.54)

Nonpilocytic I8/nondiffuse A II8 vs PA I8 6.80 (3.20; 14.42)

Age at diagnosis ,1 vs 1–4 y 4.91 (1.60; 15.10) 0.007

5–10 vs 1–4 y 0.76 (0.31; 1.86)

≥11 vs 1–4 y 1.53 (0.61; 3.84)

Progression-free survival postchemotherapy (n ¼ 210; 126 events)

Diencephalic syndrome Present vs absent 1.96 (1.09; 3.54) 0.032

Dissemination prior to therapy Present vs absent 2.03 (1.22; 3.37) 0.010

Sex Boys vs girls 0.62 (0.43; 0.89) 0.009

Age at diagnosis ,1 vs 1–4 y 1.12 (0.68; 1.87) 0.004

5–10 vs 1–4 y 0.52 (0.31; 0.88)

≥11 vs 1–4 y 1.85 (1.01; 3.38)

NF1 Present vs absent 0.58 (0.36; 0.89) 0.021

Boldface indicates hazard ratios with confidence intervals not including 1.0.
*P value of the likelihood ratio test.

Table 5. Ten-year event-free survival, univariate analysis

Localization Extent of Resection Log-rank

Complete
Resection

Subtotal/Partial
Resection

Biopsy

Cerebral hemisphere (n ¼ 183) (1 no biopsy, 3 missing) 0.80 (n ¼ 99) 0.52 (n ¼ 61) 0.28 (n ¼ 23) ,0.001

Supratentorial midline (n ¼ 284) (106 no biopsy, 27 missing) 0.69 (n ¼ 29) 0.18 (n ¼ 129) 0.11 (n ¼ 126) ,0.001

Cerebellum (n ¼ 286) (2 no biopsy, 3 missing) 0.92 (n ¼ 188) 0.48 (n ¼ 87) 0.55 (n ¼ 11) ,0.001

Caudal brainstem (n ¼ 80) (5 no biopsy, 1 missing) 0.87 (n ¼ 16) 0.41 (n ¼ 44) 0.16 (n ¼ 20) ,0.001

Spinal cord (n ¼ 33) (3 missing) 0.58 (n ¼ 10) 0.00 (n ¼ 16) 0.14 (n ¼ 7) 0.068

For extent of resection as related to localization, calculated from date of resection.
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had attained a median age of 7.2 years (range, 1.2–16.7
y, n ¼ 45).

Discussion

Our cohort of pediatric LGG patients was unique in that
at the time, no representative cohort of comparable size
including LGGs of all locations and histologies was pro-
spectively followed in a multicenter and multidisciplin-
ary treatment strategy. Only the British series is now
comparable.34 Inclusion of all centers reduces selection
bias and documents the acceptability of our approach.

Epidemiology and comparability of the study cohort

Our observations of a slight male preponderance and a
median age of 6.9 years with a peak at ages 2–5 are in
line with previous studies.8,35–37

NF-1 children represented 10.5% of our cohort and
these patients were reported elsewhere.38 The percentage
of such patients is higher in some reports,34,39 whereas
Fisher et al35 found only 5% in a retrospective review.
NF-1 children have constituted 19.2%–31.7%40–43 of
recent treatment series, which compares well with
25.5% of NF-1 patients in the chemotherapy arm of
our study. TSC patients, who develop subependymal
giant cell astrocytomas,44 represented 1.6% of our

Fig. 4. (A) Progression-free survival (PFS) for the radiotherapy and chemotherapy groups. (B) PFS within the chemotherapy group according

to age subgroup (,1, 1–4, 5–10, and ≥11 y). (C) PFS within the radiotherapy group according to age subgroup (,1, 1–4, 5–10, and ≥11 y).

(D) PFS within the chemotherapy group in relation to NF-1 status and risk factors: NF-1 patients (n ¼ 55) vs non–NF-1 patients aged .1 y

at diagnosis, no dissemination, no DS (n ¼ 104) vs non–NF-1 patients ,1 y, or with dissemination or with DS (n ¼ 54), 10-y PFS: 0.56 vs

0.41 vs 0.16. Abbreviations: NF-1, neurofibromatosis type I; DS, diencephalic syndrome; DLGG, disseminated low-grade glioma.
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cohort. For both phakomatoses, we assume a referral
bias, as only patients with tumors needing nonsurgical
therapy may have been registered.

Cerebellar location, generally considered to be the
most frequent site,5,8,18,34 ranked second to the SML
region in our series. SML tumors accounted for 40.4%
of cases, a proportion similar to that in the British
cohort (39.1%),34 whereas 18%–25% were found in
other series.6,37 This comes close to our 22.4% for VP
glioma. However, in large infiltrative SML tumors, ra-
diographic determination of the site of origin is often

arbitrary.45 The relative incidence of tumors of other lo-
cations corroborates previous reports.46–49

We included LGGs of WHO grade I or II of astrocytic
or oligodendrocytic origin20,21 and mixed glioneuronal
tumors, if their glial component appeared relevant for
diagnosis. As in most series,8,34,35,42 PAs constituted
the majority of histologies. Pilomyxoid astrocytoma
was described in 199950 but not included in the WHO
classification prior to 2007.21,51 We retrospectively iden-
tified 5 patients originally diagnosed with PA variants in
the SML and with median age at diagnosis of 0.46 year.

Table 6. Ten-year progression-free survival: chemotherapy and radiotherapy group

Risk Factor Chemotherapy* Radiotherapy

No. 10-y PFS Log-rank
P value

No. 10-y PFS Log-rank
P value

Sex* 0.27 0.209

Male 99 0.47 75 0.54

Female 116 0.3 72 0.7

NF 1* 0.001 0.764

No 160 0.32 136 0.62

Yes 55 0.56 10 0.66

Age* ,0.001 0.005

,1 y 36 0.19 6 0

1–4 y 111 0.36 25 0.68

5–10 y 47 0.61 72 0.69

≥11 y 21 0.31 44 0.59

Histology 0.673 ,0.001

Pilocytic astrocytoma 8I 126 0.32 104 0.65

Diffuse astrocytoma 8II 12 0.42 14 0.7

Nonpilocytic 8I/nondiffuse 8II histology 13 0.39 15 0.27

Disseminated LGG (at diagnosis) ,0.001 0.027

Present 22 0.1 4 0.25

Absent 190 0.41 141 0.64

Diencephalic syndrome ,0.001 0.054

Present 21 0.1 2 0

Absent 194 0.41 145 0.63

Localization 0.322 0.866

Hypothalamic-chiasmatic 128 0.38 30 0.7

Other diencephalon 26 0.42 53 0.61

Cerebral hemispheres/cerebellum/caudal brainstem/spinal cord 42 0.33 50 0.63

Extent of resection at start of therapy* 0.201 0.809

Complete 7 0.38 6 0.44

Subtotal 29 0.35 23 0.69

Partial 47 0.32 28 0.65

Biopsy 69 0.33 75 0.66

No histology or preresponse 62 0.5 10 0.75

Response week 24 0.2

PR/CR 18 0.6 Not done

OR/SD 92 0.45

Calculated from the date of start of therapy (in case of response at week 24: calculated from date of response) (univariate analysis).
*Missing values to add up to 216 in the chemotherapy and 147 in the radiotherapy group: NF-1: 1 patient had TSC; all other categories:
missing information; in the chemotherapy group: 1 patient without date for start of therapy.
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Tumor progression caused death to 3 patients, indicating
an aggressive subtype.

Distribution of histologies varies within the CNS
(Table 2). In our cohort, glioneuronal tumors occurred
at the same frequency as PAs in the cerebral hemispheres,
and grade II gliomas made up almost 30%, whereas
Pollack et al5 reported no glioneuronal tumors, and oc-
currence of grade II gliomas twice as frequently as PAs.
Reports on the incidence of other histologies are compa-
rable to our figures.36 Diffuse astrocytoma is the predom-
inant entity within the group of infiltrating gliomas of
WHO grade II, and its biologic behavior differs from
that of the adult counterpart.52

Central histopathologic review at the German Brain
Tumor Reference Center for Neuropathology was
highly recommended, especially in difficult cases, and
was performed in almost 60% of cases in our study.
Shifts of diagnoses were frequent (12.6%). Concordance
rates were even lower in other series37 or were not
detailed.34

High-grade glioma was excluded, although 8 patients
with an initial LGG developed high-grade glioma
without (5) and with (3) prior nonsurgical treatment.
Except for 1 initial astrocytoma not otherwise specified,
all histologies were centrally reviewed. Malignant
transformation is highlighted postradiotherapy,53 has
been observed even without prior treatment,54–56 and
is not restricted to the older age group57 or initial astro-
cytoma grade II.55 The frequency of ,1% in our cohort
is lower than incidence rates in smaller series.56

Malignant evolution may be linked to molecular
genetic subtypes.52,58

In our study, no biopsy was performed in 11.2% of
cases. For VP gliomas, MRI criteria combined with clin-
ical information, such as NF-1 status, allowed diagnosis
of the presence of an LGG and justified dispensing with a
biopsy.59 Up to 40% unbiopsied LGGs were included in
previous series of VP gliomas,34,39–42,60 with lower per-
centages reported in other locations, although outside
the VPs, LGG histology should be confirmed.61

Initial Surgical Management and Events Postdiagnosis

Primary safe tumor resection is the treatment of choice
for LGG.8,49 The distribution of tumor sites in our
study contributed to a rather low portion of complete re-
sections, confirmed by postoperative imaging
(Table 2).62 Complete resection rates ranged 30%–
95% for hemispheric tumors5,8,9,15 and up to 80%–
90% for cerebellar locations.1,9,63 Complete resection
rates in other locations have been much lower, justifica-
tion for which is debated in view of long-term morbidi-
ty.6,37,49,64–66 Observation was recommended following
complete tumor resection, as well as in cases of incom-
plete or no surgery, if presented without significant clin-
ical symptoms or progression.8,34,37,39,67

EFS declined to 0.47 at 10 years for our patients, a
value comparable to those seen in retrospective
series.37,39 Our definition of events postdiagnosis prior
to any treatment included the necessity to start

nonsurgical treatment for severe or progressive symp-
toms, as first introduced by Janss et al60 in 1995. This
makes it difficult to equate EFS with the natural
history of LGG as postulated by Stokland et al.34 DS
ranks among the most severe clinical conditions at diag-
nosis; chemotherapy is recommended as immediate
treatment30–32,68 and was given to 21/28 patients
from our series.

Predominantly, EFS is a function of tumor site and
extent of resection, remaining high after complete resec-
tion in our series, especially at the cerebellar (0.92) and
cerebral hemispheric (0.80) sites. While 10-year EFS was
0.48 following subtotal resection, EFS values following
partial resection and biopsy were similar, at 0.18 and
0.16, respectively. This finding is in line with results
from other reports.5,8,37,69,70

We observed a higher progression rate for diffuse as-
trocytoma grade II. Still, histology was not predictive at
multivariate analysis, as confirmed for LGGs within the
cerebral hemispheres by Pollack et al.5 However, in the
Children’s Oncology Group (COG)/Pediatric
Oncology Group study,70 as in the series by Fisher
et al37 and Stokland et al,34 PFS was significantly unfa-
vorable for diffuse astrocytoma. As the PFS analyses of
Fisher et al and Stokland et al combined the period of
observation prior to treatment and subsequent manage-
ment,34,37 their findings are not comparable to the sepa-
rate EFS and PFS definitions of our trial. Progression was
frequent at the SML locations, with 91.6% of tumors in-
completely resected or unbiopsied, specifically for
NF-1–associated extensive VP gliomas, as opposed to
small, anteriorly located tumors.39,67 The presence of
DS acts as an additional, unfavorable factor.30–32,68

Indication for Nonsurgical Treatment and
Age-dependent Stratification

Assignment of patients to adjuvant treatment has always
considered clinical symptoms, since the biology of LGG
remains unpredictable.19 However, attitudes toward ini-
tiation of treatment have changed over time.

During observation after complete resection, 15% of
our patients relapsed, and 3.3% of this group ultimately
underwent nonsurgical treatment. No comparable
figures can be drawn from other large cohorts.34,37,39,71

Initially, unresectable residual tumor was the main in-
dication for adjuvant therapy.5,70,72 Later, a tumor
residue was not considered an indication per se, since
overall survival was not impaired in patient series with
delayed irradiation.35,73 Our and other proto-
cols40,60,67,74 foresaw threatening neurologic and/or
ophthalmologic symptoms as indications for nonsurgi-
cal treatment at diagnosis, particularly for small children
and cases of SML lesions or NF-1. After initial observa-
tion, progression occurred in 40.9% of cases within 10
years and indicated nonsurgical therapy in 51.7%.

Ultimately, 35.2% of patients in our study received
nonsurgical treatment. Within the British cohort,
25.8% started nonsurgical therapy,34 while a single
center retrospectively reported a rate of 37.6%.39 In a
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French series,67 80% of 32 hypothalamic-chiasmatic
tumors were eventually treated, a proportion compara-
ble to the 62.6% for our SML tumors.

In accord with others, we aimed to define the efficacy
of chemotherapy to delay or avoid radiotherapy for
young children and reduce neurocognitive and endocrine
impairment.11,65,72,75–79 We chose age .5 years as
stratification for irradiation.11,60,80 Meanwhile, several
reports published during the study period confirmed
this approach.40–42,74 During recruitment, an increasing
number of children aged .5 years received primary che-
motherapy as a first-line option, and those patients even-
tually represented 31% of the chemotherapy cohort,
corresponding to 40% of children aged .5 years in
the COG protocol A9952.43

Even at progression, salvage chemotherapy was pre-
ferred for younger patients, as in other reports.19,71

Modern radiation equipment and especially brachyther-
apy, with its brain-sparing effect, 24,25,81–83 might
permit safer treatment of younger patients with radio-
therapy, depending upon tumor size and location.

Efficacy of Vincristine + Carboplatin Chemotherapy
and Risk Factors for Progression

At the start of HIT-LGG-1996, various chemotherapeu-
tic agents had been tested in small patient series for
newly diagnosed or recurrent LGGs.11,40 In parallel
with the British and Italian national groups,22 the
GPOH adopted a regimen based on vincristine and
single-dose carboplatin for a treatment duration of 1
year. The most bothersome unwanted effect of
carboplatin-based regimens is allergy, which has oc-
curred in 7%–78% of patients,23,84,85 whereas hemato-
logic and nonhematologic toxicities appear tolerable.

As in other patient series, the response to nonsurgical
treatment was assessed by radiologic criteria. One of the
weaknesses of this series is lack of compulsory visual
and/or neurologic documentation. Data concerning
long-term ophthalmologic outcome postchemotherapy
remain scant.42,86–88

The immediate response rate including disease stabili-
sation was high (91.9%) for our cohort, as also found by
others.40–42,74 The “early” progression rate within the
first year (33/216 patients) corroborated the findings of
the contemporary series of Packer et al40 and Laithier
et al.42 Supporting other reports, satisfactory PFS in the
first years steadily declined without plateau (Fig. 4A), in
contrast to an OS of 0.88 at 10 years (Table 3).42,43,60

Subsequent multiple-line salvage therapies, including
surgery, chemotherapy, or radiotherapy for 86.7% of pa-
tients with progression in our study, were again effective
in corroborating the findings of others.39,71,89,90 The
intent to delay or avoid radiotherapy was successful.
Radiotherapy was deferred for 0.3–8.7 years.
Irradiated patients had a median age well above 5 years.
Almost three-quarters of surviving chemotherapy-treated
patients (141/193) have not yet received radiation treat-
ment. No other cohort has been observed prospectively
for so long. Radiotherapy was deferred for the majority

of children in a retrospective Canadian report,71 but no
timeline was provided. Radiation-free survival of 61%
at 5 years’ follow-up was reported for the French
cohort of 84 patients by Laithier et al.42

Disease progression postchemotherapy has been
analyzed by only univariate analysis in previous reports
with smaller patient numbers or heterogeneous
cohorts.40–42,74,91 Multivariate analysis of our data iden-
tified DS and tumor dissemination as unfavorable risk
factors. While age group of 5–10 years, presence of
NF-1, and male sex proved to be favorable, patients ≥11
years old had an increased risk for disease progression.

Young age, with variable cutoffs, has been identified
as unfavorable in several recent reports.34,41–43,73 DS
and leptomeningeal spread indicated a differing
biology in smaller series.30,31,33,92 None of the 13 chil-
dren with DS in the French Society of Pediatric
Oncology study42 remained progression-free, and 5/9
children in the series by Poussaint et al30 developed re-
currence. In contrast, in the series by Packer et al,40

only 2/7 children with DS had progression at short
follow-up of 13–45 months. In our study, DS was the
only parameter showing relevance in the Cox regression
analysis for OS, EFS, and PFS after chemotherapy.

Leptomeningeal dissemination was documented in
�5% of our patients, with dissemination present at
initial diagnosis in 3%, confirming the findings of
smaller cohorts.93–95 Details of this cohort are discussed
separately.33

Very young children with hypothalamic-chiasmatic
glioma seem to have the highest risk for tumor dissemi-
nation, with the risk even greater in cases of concurrent
DS.33,92 In our chemotherapy group, the most
unfavorable PFS was seen in cases of non-NF-1 with me-
tastases at the start of treatment, or DS, or of age ,1
year (n ¼ 54) (Fig. 4D).

In contrast, children aged 5–10 years fared most fa-
vorably postchemotherapy, as recently confirmed for
non–NF-1 patients in a randomized COG trial.43 PFS
was even significantly superior, compared with that in
children aged 1–4 years. Thus, arguments in favor of
primary chemotherapy apply to both age groups.43

Age ≥11 years has not been addressed in prior che-
motherapy reports. The cohort of Packer et al40 included
patients ≤16 years and identified older age (.5 y) as an
unfavorable prognostic parameter, though without
giving the number of older children. Smaller series of
31 and 42 patients41,73,74 included adolescents ≤21
years and identified older age as favorable, though with-
holding details for children aged .10 years. Our cohort
of children ≥11 years of age received primary chemo-
therapy, instead of radiotherapy, at the discretion of
the treatment center. While tumor locations correspond-
ed to the younger age groups (1–4 and 5–10 years) there
were more infiltrating gliomas (5/20). However,
numbers did not allow identification of histology as an
independent unfavorable risk factor.

Similarly, no conclusions should be drawn from the
more favorable prognosis for boys unless a sex-related
prognosis is reproduced in other trials at long-term
follow-up.
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Multivariate analysis identified NF-1 status as a fa-
vorable factor in the chemotherapy arm, comprising
25.5% of patients. In concurrent reports, NF-1 disease
was reported as unrelated to prognosis,40 as a positive
predictor,41–43,60 and as unrelated to patient age.43 In
our chemotherapy group, NF-1 status remained favor-
able in univariate analysis, even if children aged ,1
year and those with dissemination or DS were excluded
in the non–NF-1 subgroup. Neither of these risk factors
segregated into the NF-1 cohort.38 NF-1 disease seems
to confer a prolonged positive treatment response to che-
motherapy despite a higher proportion of patients
having progression postdiagnosis.

Efficacy of Radiotherapy and Risk Factors
for Progression

Radiotherapy has been the mainstay of nonsurgical
treatment of pediatric LGG for decades.19,82,83,96,97

Our radiotherapy cohort achieved a 5-year PFS of
only 0.65, with a plateau of 0.62 at 10 years. PFS rates
for brachytherapy and external beam radiotherapy
were comparable.24,25 PFS remained at 0.72 for the sub-
group of 132 children aged .1 year without dissemina-
tion or DS. Our results are inferior to those of other
series reporting 5-year PFS rates of 80%, which included
children with nonprogressive tumors.72,81,98,99

Multivariate analysis identified nonpilocytic grade I/
nondiffuse grade II histology and dissemination at diag-
nosis as negative risk factors for PFS nonpilocytic grade
I/nondiffuse grade II tumors had lower progression rates
postdiagnosis, but if they did have progression, then
their response to nonsurgical therapy was less favorable,
and thus the outcome unfavorable. As this group harbors
a variety of different histologies, the outcome has to be
interpreted with caution.

No PFS difference was detected between cases of PA
and of diffuse astrocytoma grade II (10-y PFS, 0.65 vs
0.70). This supports the recent analysis by Merchant
et al72 (0.64 at 10 y). Mishra et al73 found 10-year PFS
of 0.52 in patients treated between 1970 and 1995. The
specific aspect of unsuccessful radiation treatment for dis-
seminated tumors is detailed elsewhere.33 NF-1 patients
had not been excluded from radiotherapy, as they would
be today to avoid the undesirable effects on neuropsycho-
logical development72,77 or vascular integrity.79,100,101

Fatal moyamoya occurred 3 years postradiotherapy in 1
non–NF-1 patient, who had a diagnosis of a
hypothalamic-chiasmatic PA at age 4 years and received
chemotherapy at age 5 years and radiotherapy at age 10
years. So far, we lack further informationon the long-term
sequelae of our radiotherapy group.

In comprehensive LGG strategies, the role of modern
radiation therapy has to be redefined to preserve func-
tionally relevant areas within the brain and avoid
adverse side effects.47

Overall Survival

OS was 0.94 in this prospectively followed cohort from a
multicenter study, with a median follow-up of almost 10

years. In larger, retrospective series, OS ranged from
83% at 10 years (63% of children observed, 32% radio-
therapy, 5% chemotherapy)37 to 97.6% and 94.6% at
10 years for observed and treated patients.39 Despite un-
satisfactory progression rates in subgroups, OS remained
high in the treatment arms (Table 3). In the recent COG
trial series, only NF-1 status was positively predictive for
OS in children treated with chemotherapy.43 In the
British series,34 patients aged ,1 year had less favorable
survival, but possible other influential variables were not
addressed. We stress the relevance of age and add DS
and incomplete resection as unfavorable factors after
multivariate analysis. On the other hand, surgical mor-
bidity should always be kept in mind,102,103 especially
considering that at most sites even subtotal resection
does not seem to be advantageous.

We are the first group to report inferior survival for
children aged .11 years. These patients often have
grade II gliomas (13.3%), and the negative effects of
these tumors have variably been related to location, re-
section, or biologic properties.37,52,58,104,105 In our
study, however, only 5 patients died of progressive
grade II tumors, whereas 8 had grade I, and 4/17
deaths in this age group were not related to progression.
Larger trials than ours will be needed to elucidate the
role of age.

Recent retrospective reviews, spanning some decades,
have demonstrated that progression of pediatric LGGs
following initial surgical intervention can continue well
beyond 10 years,36,37 and thus survival analysis requires
prolonged follow-up.

In conclusion, children with LGG merit comprehen-
sive, multidisciplinary treatment strategies with a focus
on age, NF-1 status, tumor site, histology, and extent
of resection. The HIT-LGG-1996 algorithm has met
this need. A nationwide multimodal treatment strategy
was feasible and broadly accepted for pediatric LGG pa-
tients, and extended follow-up yielded results for OS,
EFS, and PFS comparable to those of single-institution
series. Specifically, the start of radiotherapy was deferred
by a vincristine-carboplatin chemotherapy approach for
the majority of those needing nonsurgical treatment.
Evidence of the efficacy of chemotherapy for saving
vision in the young has yet to be produced.88

We identified patients aged ,1 year or with DS or
dissemination as a high-risk group with poor prognosis.
These patients need early treatment for severe symptoms
and/or progression, as well as multiple treatments due to
repeated progression. To meet their demands, future
trials need risk-adapted strategies, considering conven-
tional89,106 as well as new approaches.107,108

Information on the molecular signature of LGGs is im-
perative,109,110 since different genetic changes may
drive their behavior, as has been recently shown for
childhood medulloblastoma.111,112
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