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Abstract

Introduction In pediatric population (0—18 years), low-grade
gliomas (PLGG) are the most frequent brain tumors and ma-
jority are amenable for surgical removal.

Patients and methods A retrospective review of 198 children
diagnosed with PLGG between 1980 and 2010 at HSJD was
carried out. Several variables were studied to find prognostic
factors related to the outcomes (progression-free survival
(PFS) and overall survival (OS)).

Results Median age at onset was 88.8 months (3.1 to
214.5 months, SD 53). Surgery was performed in 175 patients
(88.4 %), achieving gross total resection (GTR) in 77 (44 %),
subtotal resection (STR) in 87 (49.7 %), and 11 (6.3 %) biop-
sies. Pathological review classified 84 tumors as WHO grade I
(48 %) and 89 as grade II (50.8 %). Adjuvant therapy (AT)
was given to 75 patients (37.9 %), radiotherapy in 24
(12.1 %), chemotherapy in 33 (16.7 %), and combined in 18
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(9.1 %). Sixteen patients (8.1 %) died, 89 (43.4 %) are alive
with no evidence of disease, and 93 (47 %) alive with disease,
median follow-up 65.2 months. Outcome is significantly cor-
related with age (p = 0001, worse OS for patients younger
than 12 months) and extent of tumor resection (p < 0001).
OS for GTR/STR/biopsy was >200, 154.3, and 101.9 months,
respectively. Patients treated with AT presented worse OS/
PFS (p < 0.001) than those not treated. Histology was
non significantly related to outcomes.

Conclusion In our series of PLGG, the best prognostic
markers are tumor location (cerebellar) and the extent of tu-
mor resection (GTR). Infants and patients who require adju-
vant therapy because of tumor progression or recurrence have
worse outcome.

Keywords Pediatric brain tumors - Pediatric low-grade
glioma - Outcome studies - Pediatric neurosurgery -
Chemotherapy - Radiotherapy

Introduction

Pediatric low-grade gliomas (PLGG) constitute a wide variety
of tumors with diverse histology for which the mainstay of
treatment is surgical excision. The feasibility to achieve a
gross total resection (GTR) has been widely reported as the
most relevant prognostic factor. Different rates of progression
in residual tumors or recurrence after GTR have been reported
[9, 15, 32, 33, 42, 45]. Besides location and extent of tumor
resection, other clinical variables, radiological characteristics
(such as tumor extent and brain infiltration), and histologic
and biological features have been used in the past in an at-
tempt to predict long-term outcomes. Our aim retrospectively
reviewing this large cohort of children with PLGG was to
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analyze the outcomes correlating with potential prognostic
variables.

Patients and methods

A retrospective review of the medical and image records for
all children and adolescents (0 to 18 years) diagnosed with
PLGG at Hospital St. Joan de Drds for all children and ado-
lescents (0 to 18 outcomes. Our aim retrospectively reviewing
this large cohort of children with PLGG was to analy [29].
Only when strict criteria had been met, like optic pathway
tumors (OPT) in clinically confirmed neurofibromatosis-1
(NF1) patients, tumors were diagnosed solely by neuroimag-
ing. Only patients managed from diagnosis at HSJD were
included.

Analyzed variables included demographics (gender and
age at diagnosis), clinical (signs and symptoms at presentation
and examination findings) association with genetic disorders
like NF1 or tuberous sclerosis complex (TSC), neuroimaging
(anatomical location, tumor characteristics, and hydrocepha-
lus), pathological (histology and related WHO grade), surgical
(extent of resection, hydrocephalus treatment, surgery-related
complications), adjuvant therapy (chemotherapy or radiother-
apy), and outcome (evidence of recurrence or progression,
current status, follow-up time). Informed consent was obtain-
ed for all therapies provided, and the HSJD Institutional Re-
view Board approved this study.

Descriptive statistics were used to characterize PLGG pa-
tients, and the data is presented in Table 1. Nominal categor-
ical variables were descriptively analyzed regarding the ob-
served frequencies. Numerical variables were evaluated using
central tendency and dispersion measures. The co-variables
were analyzed using the log-rank test. Date of last clinical
assessment was used when onset of event date could not be
clearly ascertained. Age at diagnosis, sex, NF1 diagnosis, tu-
mor location, and history of surgery, radiotherapy (RT), or
chemotherapy (CT) were all included as candidate indepen-
dent variables.

Results of Cox multiple regression models within the pro-
portional hazards framework were reported as hazard ratios
with 95 % intervals. We evaluated overall survival (OS) and
progression-free survival (PFS). An event was defined as
death, relapse if previous complete remission was achieved,
or progression in patients with a previous partial remission.
Progression was defined as evidence of clinical deterioration
not related to other causes or increase in the size of the lesion
by imaging. OS was defined as the time from diagnosis to date
of death and if death had not occurred at the time of analyses
were censored at the date of last contact. Similarly, PFS was
defined as the time from diagnosis to date of progression,
recurrence or death, and all patients surviving at the time of
analyses were censored at the date of last contact. For
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patients who underwent GTR, PFS was defined as the time
free of disease since the surgical procedure. Kaplan-
Meier plots and estimates were used to describe the surviv-
al distributions. Survival was assessed using Kaplan-Meier
curves. The results were statistically significant if p < 0.05.
All information was analyzed and recorded using the Sta-
tistical Package for the Social Sciences (SPSS) version
20.0 and R Curve.

Results

The cumulative incidence of tumors and leukemia in our in-
stitution between 1980 and 2010 was 2027 cases; of these,
513 were brain tumors (25.3 %). This cohort of 198 PLGG
accounts for 9.77 % of all tumors and 38.4 % of all brain
tumors in our institution during this period.

Among brain tumors, PLGG were diagnosed in 226 cases
(11.1 % of all tumors and 44 % of brain tumors). Data from
198 patients were fully available for analysis and included 98
females (49.5 %) and 100 males (50.5 %). The median age at
diagnosis was 88.8 months (range, 3.1 to 214.5 months).
Twenty-nine patients (14.6 %) had associated neurocutaneous
syndromes (21 NF1 and 8 TSC).

Clinical presentation and radiological features

In our series, by neuroimaging, the anatomical distribution of
tumors was 67 cerebellar (33.8 %), 43 hemispheric (21.7 %),
36 optic pathways (OPW) (18.2 %), 32 brainstem (BsT)
(16.2 %), 12 spinal (6.1 %), and 8 intraventricular (4 %).
Eighty tumors (40 %) were located at the midline (24 OPW,
20 BsT, 11 spinal, and 25 midline cerebellar), 152 (76.7 %)
tumors presented with contrast enhancement, and the mean
tumor size for the whole cohort was 37 x 33 mm.

The clinical characteristics, like medical history, type and
duration of symptoms, and the presence of hydrocephalus at
onset are summarized in Table 1.

Histology

Tumor specimen was available in 175 cases (88.4 %), but in 2
cases, histology was inconclusive. The distribution by histol-
ogy and location is presented in Fig. 1. The WHO classifica-
tion for the 173 confirmed PLGG was WHO I in 84 cases and
WHO II in 89 cases. All the other patients were diagnosed on
the basis of neuroimaging (as OPW in patients with NF1 and
BsT).). In total, we have diagnosed 70 LGG “nos”, 54
pylocytic astrocytomas, 31 other LGG (12 gangliogliomas, 8
SEGA, 3 DNET, 3 oligodendrogliomas, 1 oligoastrocytoma, 1
pylomixoid astrocytoma), 14 fibrillary astrocytomas, 4 pleo-
morphic astrocytomas, and 2 inconclusive (1 BsT and 1
OPW).
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Fig. 1 Histology of the PLGG in
our series of 175 tumor specimens
analyzed
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Hydrocephalus was present at diagnosis in 88 patients (44.4 %
of all PLGG), but only 69 patients presented with signs of
acute intracranial hyper pressure and 54 (27.3 %) required a
definitive shunt (data summarized in Table 1).

All the PLGG were potential candidates for surgical exci-
sion but not all underwent surgery, and the timing of tumor
removal was defined by the severity of the neurological com-
promise. The anatomical location of the tumor and its relation-
ship with eloquent structures were carefully considered before
surgical attempt.

Surgical tumor removal

An attempt of surgical tumor removal or biopsy was per-
formed in 175 (88.4 %) patients, achieving gross total resec-
tion (GTR) in 77 cases (44 %), subtotal resection (STR) in 87
cases (49.7 %), and biopsy in 11 cases (6.3 %). Table 2

HISTOLOGY
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CILGG "nos"

Ml Pleomorphic Astrocytoma
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TUMOR LOCATION

presents the extent of tumor resection related to the anatomical
location. Of the 175 patients surgically treated, 109 did not
require further treatment (62.3 %).

Infratentorial and hemispheric tumors had the most suitable
location for tumor removal. The suboccipital midline was the
more frequent surgical approach to remove cerebellar tumors.
As expected, the supratentorial midline tumors were the most
challenging surgically. However, we encountered a small frac-
tion of cerebellar tumors with a tendency to infiltrate the BsT
in which a near total/STR was preferred to avoid functional
impairment.

With the aim of improving the amount of tumor removal
and reduce morbidity and mortality, over the period of time
analyzed newer technical devices like endoscopes, intraoper-
ative ultrasound, ultrasonic aspirator, neurophysiology moni-
toring, and neuronavigation were progressively incorporated.

Surgical morbidity Intra-operative complications were not
assessed. Systemic complications unrelated to the neurosurgi-
cal procedure were observed in 28 patients and did not ac-
count for the surgical morbidity following the consensus

Table 2 Extent of tumor removal

related by tumor location Location Extent of tumor removal Total
(p <0.001 in univariate analysis,
log rank test) Gross total resection Subtotal resection Biopsy
Cerebellum (67 cases) 49 (754 %) 16 (24.6 %) 0 65
Hemispheres (46 cases) 23 (57.5 %) 17 (42.5 %) 0 40
OPW (36 cases) 2(8 %) 20 (80 %) 3 (12 %) 25
BsT (32 cases) 0 20 (76.9 %) 6 (23.1 %) 26
Spinal (12 cases) 2 (18.2 %) 7 (63.6 %) 2 (18.2 %) 11
IV (8 cases) 1 (12.5 %) 7 (87.5 %) 0 8
Total (198 cases) 77 (44 %) 87 (49.7 %) 11 (6.3 %) 175 (88.4 %)
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guidance and definitions of complications made by the Cana-
dian Pediatric Neurosurgery Study Group [10], but in many
instances caused delayed discharges.

Post-operative local complications or new neurological
deficits were observed in a total of 68 (38.8 %) patients; 41
(23.4 %) presented with local complications such as
pseudomeningocele, CSF shunt blockage, CSF leak, or
wound infection; those complications were all treated success-
fully and did not lead into long-term sequelae. New neurolog-
ical deficits were found in 44 (25.1 %) patients, 28 were tran-
sient, and 16 (9.1 %) permanent. Intra-operative neurophysi-
ology monitoring was used in some OPW and BsT; however,
in this group, a significant number of patients presented new
neurological compromise. By location, surgical morbidity
was found in 63 % of cerebellar tumors (41/65), 12.5 % of
hemispheric (5/40) tumors, 16 % of OPW (4/25), 50 % of BsT
(13/26), 27.3 % of spinal cord (3/11), and 25 % of intraven-
tricular tumors (2/8). Tumor location and extent of tumor re-
moval significantly correlated with development of neurolog-
ical complications (p < 0.001). Cerebellar tumors had the
highest rate of complications (63 %, majority were local and

transient), but also achieved the highest rate of GTR (75.4 %).

Adjuvant treatment

Seventy-five (37.9 %) patients received adjuvant therapy. Af-
ter surgical removal, 25 patients received chemotherapy, 24
radiotherapy, and 17 combined radio-chemotherapy. Eight pa-
tients received single-agent chemotherapy with no previous
surgery, and one patient received combined therapy with no
previous attempt of tumor removal. The age at onset, anatom-
ical location, and extension of tumor removal were signifi-
cantly correlated (p < 0.0001) with the use of adjuvant
therapy.

Chemotherapy

As mentioned, chemotherapy was given as single agent in 8
cases with no previous histological confirmation (5 OPT, 2
hemispheric, and 1 spinal). In other 25 cases, chemotherapy
was prescribed after tumor removal, when patients presented
with evidence of neurological deterioration or radiological
progression. Chemotherapy was the first line of choice and
was given with the objective of delaying/avoiding the use of
radiotherapy. Many regimens were used including the SIOP
LGG protocol [23] or irinotecan + cisplatin according to our
institutional protocol [35].

Radiotherapy
Standard fractionated radiotherapy with a varying dose be-

tween 45 and 52 Gy was indicated in 24 (12.1 %) patients
all with histological confirmation of diagnosis. The mean age

for this group was 7.5 years (range, 21.9-191.8 months). Ra-
diotherapy was most frequently used in midline tumors with
subtotal resection and recurrent cases. Twelve patients re-
ceived radiotherapy immediately after tumor removal, and
for the rest, radiotherapy was indicated at progression (6
BsT, 4 hemispheric, 1 spinal, 1 OPT, and 1 cerebellar). The
use of radiotherapy statistically correlated with anatomical
location (p < 0.001; log-rank test), since it was indicated in 9
BsT, 7 hemispheric, 3 OPW, 3 cerebellar, and 2 spinal tumors.
Histology of those tumors was 12 LGG “nos”, 3 fibrillary
astrocytomas, 3 pilocytic astrocytomas, 2 pleomorphic astro-
cytomas, and 1 ganglioglioma.

Combined therapy

A combination of radiotherapy and chemotherapy was indi-
cated in 18 cases (9.1 %) with evidence of progression after
tumor removal (6 BsT, 11 OPW, 2 hemispheric, and 2 cere-
bellar tumors). Seventeen cases were confirmed by histology
(15 STR and 2 biopsies), but 1 BsT received treatment with no
histological confirmation.

The age (older than 3 years, p = 0.001), location (midline
tumors, p < 0.0001), histology (fibrillary astrocytomas,
p = 0.048), extent of resection (subtotal or biopsied,
p <0.0001), and progression or recurrence (p = 0.023) statis-
tically correlated with the use of combined therapy.

Conservative management

Twelve patients did not receive any antitumoral treatment, and
2 BsT cases only accepted palliative treatment. Nine (6 OPW
with NF1 and 1 TSC) of the 12 had stable visual deficits and
never experienced progression. The remaining 3 patients pre-
sented with radiological progression but declined further treat-
ment and were lost to follow up.

Long-term follow-up

The median follow-up for all the series was 65.2 months (SD
0.15, CI% 0.39-0.99). Events such as recurrence, relapse, or
progression (local or metastatic) are summarized in Table 3.

Progression

Fifty-seven patients (28.8 %) experienced progression; 47
(82.4 %) after partial (43 STR and 4 biopsies) tumor removal.
In those cases, histology did not correlate with progression
(p = 0.411; log-rank test). The other 10 were among the 23
cases in which no surgical removal was attempted in the outset
(p <0.001). Anatomical location (mainly OPW and BsT) and
the antecedent of phacomatosis statistically correlated with the
occurrence of adverse events (p = 0.001 and p = 0.006;
respectively).

@ Springer
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Table 3 Adverse events such as

progression, metastases, and Tumor location Number of cases Progression Metastases Recurrence

recurrence observed in all PLGG

regarding the anatomical location Cerebellum 67 7(10.4 %) 2(3 %) 1 (1.5 %)
Hemispheres 43 12 (27.9 %) 0 2 (4.6 %)
OPW 36 17(48.6 %) 0 2 (5.7 %)
BsT 32 13 (40.6 %) 2 (6.25 %) 0
Spinal 12 5(41.7 %) 1(83 %) 2 (16.7 %)
Intraventricular 8 3 (37.5 %) 1(12.5 %) -
Total 198 57 (28.8 %) 63 %) 7 (3.5 %)

Fifty-five patients (27.7 %) were transferred to adult care
once they were over 18 years old, and further follow-up infor-
mation was not available.

Metastases and multiple lesions

Metastases and/or multiple lesions were found in 12 (6.1 %)
patients. Multiple lesions were found in 6 OPW and metasta-
ses in 2 primary cerebellar tumors, 2 BsT, 1 spinal, and 1 TV
case. All those cases received adjuvant treatment achieving
stabilization in 7 (6 OPW and 1 cerebellar). In 5 patients,
further tumor debulking was necessary (twice in 3 cases and
thrice in 2 cases). The extent of tumor resection (STR and
biopsy, p < 0.001)) and recurrence (p = 0.01) statistically
correlated with the presence of metastases.

Recurrence

Recurrence was defined as new evidence of disease after a
period with no evidence of disease whatsoever, clinically or
by imaging, during follow-up or after receiving adjuvant or
surgical treatment. In our cohort, 7 patients (3.5 % of all
PLGG) presented with recurrence. The anatomical location
(1 cerebellar, 2 OPW with NF1, 2 hemispheric, and 2 spinal
tumors) and the antecedent of NF1 correlated with higher
chances of recurrence (p = 0.006 and p = 0.022).

Mortality

At the end of the study, 16 patients were dead, giving a mor-
tality rate of 8.1 % for all series. The longest follow-up in this
group relates to a patient with an OS of 174.2 months. The age
at diagnosis and the location of the tumor statistically corre-
lated with mortality (p < 0.001; log-rank test). In patients
younger than 12 months, mortality was 62.5 % (5 of § patients
died). By location, mortality was OPW 7/36 cases, BsT 6/32
cases, hemispheric 1/43, spinal 1/12, and intraventricular 1/8.
Histology did not correlate with mortality (p = 0.702). Fifteen
of the 16 patients underwent operations, 11 had a STR, and 4
were biopsied, a second attempt of tumor removal was per-
formed in 5 cases, and a third attempt was performed in 2
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cases. Fourteen of those patients received adjuvant therapy,
8 radiotherapy, 4 chemotherapy, and 4 CT.

Survival and sequelae

Quality of life (QOL) is a critical outcome measure that de-
pends on survival and sequelae, determined after years of
follow-up. Identification and detailed measurements of the
sequelae are limited by time and economic and human re-
sources [3]. Retrospective studies are not ideal to assess accu-
rately this outcome; however, at the end of our study, 182
patients were alive and long-term sequelae (symptoms or neu-
rological deficits) were observed in 93 (46. 9 %). The sequelae
were classified as minor in 68, moderate in 21, and severe in 4
cases. Minor sequelae consisted in motor alterations (24/34
cases), sensory/cranial nerve defects (14/18 cases), cognitive
impairment (14/17 cases), and others like endocrine disorders,
pain, or seizures in 16/24 cases.

The type of sequela distributed by the type of treatment is
presented in Table 4. Sixty-nine (63.3 %) of 109 patients treat-
ed surgically with no need for further treatment were alive free
of disease, 38 presented sequelae, and 2 died as a result of
tumor progression; while in the group of 75 patients treated
with adjuvant therapy, 14 died, 16 (21.3 %) were alive free of
sequelae, and 45 (60 %) presented sequelae. Of the group
treated conservatively, no deaths occurred, 10 were alive with
sequelae, and 4 were completely asymptomatic.

Neurological sequelae can be related to the tumor itself, but
it has been reported that treatment can also generate long-term
sequelae [3, 5, 22, 30, 33, 34]. In our series, surgery and the
extent of resection were the most important variables correlat-
ing with less sequelae (p < 0.001; log-rank test), since 72
patients that underwent GTR and 13 with subtotal resection
were alive with no evidence of sequelae.

Outcome analysis

With a median follow-up of 65.2 months (SD 0.15 CI 95 %
0.39-0.99), the OS for all patients was 96 % at 3 years, 94.2 %
at 5 years, and 89.5 % at 10 years. The estimation of the mean
time of OS for the cohort was 168 months, (CI at 95 %, 156.7—



Childs Nerv Syst (2015) 31:1447-1459

1453

Table 4 Long-term sequelae

observed in 93 on 182 patients Type of treatment Sensory Motor Cognitive Other" Total

alive at the end of the study,

distributed the type of treatment SURG 4 13 8 13 38 (40.8 %)
SURG + RT 1 8 3 2 14 (15 %)
SURG + Ch 1 1 0 2 4 (4.3 %)
SURG + CT 5 8 1 2 16 (17.2 %)
Ch 0 0 0 1 1 (1.1 %)
CT 4 3 2 1 10 (10.7 %)
Conservative 3 1 3 3 10 (10.7 %)
Total 18 (19.3 %) 34 (36.6 %) 17 (18.3 %) 24 (25.8 %) 93 (100 %)

Other sequels registered were pain, seizures, and endocrine disorders

SURG surgical tumor removal, RT radiotherapy, Ch chemotherapy, CT combined therapy (RT + Che)

179.3 months). The mean PFS for the global cohort was
121.3 months, (CI at 95 %, 107-135.61 months).

Progression was observed in 57 patients and most occurred
during the first 60 months after diagnosis. Kaplan—-Meier
curves and statistics are shown in Fig. 2.

In the univariate analysis, tumor location correlated with
the clinical variables and was the most important variable to
predict outcome (p = 0.001, log-rank test). The majority of the
tumors located in the midline (e.g., OPW and BsT) were
pilocytic astrocytomas and LGG “nos,” in which a more be-
nign behavior should be expected; however, the location made
complete resection unattainable, worsening the prognosis.
The cerebellar tumors had the most suitable location for com-
plete tumor removal but presented the highest rate of surgical
complications. Altogether, 76.1 % of patients with cerebellar
tumors were alive and with no evidence of disease, with a
mean follow-up of 93 months. Only 9.1 % (8/67) required
adjuvant treatment.

The histological features did not correlate with prognosis in
any of the analysis. The need for adjuvant therapy correlated
with worse PFS and OS.

Fig. 2 The Kaplan—Meier curves
of OS and PFS for all the cohort.

Multivariate analysis is shown in Table 5. Age was one of
the most important variables that correlated with prognosis,
worse outcomes observed in children younger than 1 year
(KM curves and data presented in Fig. 3). History of NF1
and location different of cerebellum were significantly corre-
lated with worse PFS (Fig. 4).

We performed a secondary statistical analysis trying to find
the effect of NF1 association with some PLGG like OPW and
found a statistically significant relationship between NF1 and
the development of progression (p = 0.047) and multiple le-
sions (p = 0.006), independent of the type of treatment re-
ceived. Although this finding is contradictory with other re-
ports, the outcomes for the NF1 subset of patients were similar
to other large series published [9, 27].

Shunt dependency, type of treatment, extent of tumor re-
section, metastases, progression/recurrence, and presence of
sequelae correlated with worse outcomes. Treatment-related
variables that impacted favorably on outcome were GTR, sin-
gle modality if adjuvant therapy was given (either radiation or
chemotherapy), or no need for any kind of surgical or medical
intervention. Patients who underwent a GTR had better OS

OS & PFS

PFS: 60 months 0.7 (SD 0.037, CI
95 % 0.65-0.8), 120 months 0.55
(SD 0.058, CI1 95 % 0.55-0.58).
0OS: 60 months 0.942 (SD 0.019
CI 95 % 0.906-0.980),

120 months 0.895 (SD 0.033 CI
95 % 0.833-0.962)

Survival Probability

0.2

0.0+

— 0s
— PFS

T
50 100 150 200

Time (months)
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Progression-free survival according to age group
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0,1] 1 0.62 0.17 037 1.00
3 0.33 0.18 0.12 0.96
5 0.17 0.15 0.03 095
10 0.17 0.15 0.03 095
(1,3] 1 0.93 0.05 0.84 1.00
3 0.80 0.08 0.65 0.98
5 074 0.10 0.57 095
10 0.41 0.16 020 0.87
(3,5] 1 0.89 0.06 0.78 1.00
3 0.82 0.07 0.68 0.98
5 0.77 0.08 0.63 095
10 0.61 0.12 041 090
(5,12 1 092 0.03 087 098
3 0.81 0.04 0.73 0.90
5 0.73 0.05 0.63 0.84
10 0.60 0.07 047 0.5
>12 1 097 0.03 091 1.00
3 0.87 0.06 0.76 1.00
5 080 0.09 0.65 0.99

Fig. 3 The dates and Kaplan—Meier curves of PFS and OS by age at
onset distributed in groups. In the group of patients aged over 12, the 10-
year survival could not be computed since the follow-up in this group was

than those who required adjuvant therapy after a partial surgi-
cal tumor removal (p < 0.0001; log-rank test). Patients who
required adjuvant therapy with previous surgery had longer
PFS than patients who did not underwent surgical removal of
tumor (86.5 and 78.5 months, respectively, p < 0.0001; log-
rank test). Survival curves are shown in Fig. 4. No differences
in OS or PFS were found regarding the type of chemotherapy
given.

Discussion
We analyzed an institutional cohort of 198 patients with

PLGG over a three-decade period and a median follow-up of
5.2 years. This is one of the largest series of PLGG ever
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below 120 months and the last observation is censored. Log-rank test,
p=0.0032

reported, and although the retrospective design of the study
and the non-unique form of treatment along the years could
obscure the analysis, we were able to identify features that
exhibited statistically significant associations with OS and
PFS.

This cohort of PLGG accounted for 38.4 % of the brain
tumors managed at our institution during this period,
supporting the fact that PLGG are the most common brain
tumors in children, in agreement with the incidence previously
reported in Spain and USA [5, 41, 43, 46].

Since the implementation of MRI, more accurate anatom-
ical diagnosis has contributed to a better definition of the
characteristics of brain tumors and specifically PLGG, im-
proving their management and prognosis. PLGG distributed
by their precise anatomical location present diverse but well-
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defined clinical and radiological characteristics including the
age at onset, type and duration of symptoms, and the presence
of hydrocephalus. In our series we confirm this finding since
cerebellar, hemispheric, optic pathways, brainstem, spinal,
and intraventricular tumors presented similarly to previously
reported studies [4, 5, 19, 20, 24, 35, 37, 41]. In our series,
spinal cord tumors presented at the youngest median age.
Patients younger than 12 months presented with tumors main-
ly located in the hemispheres or the optic pathways, with
significantly poorer outcomes.

Regarding histology, in our series, more than 60 % of the
tumors were pilocytic astrocytomas or LGG “nos”, but we
found a trend over time of a decreasing incidence of “nos”
astrocytoma. For the last decade, this generic diagnosis has

been progresively replaced by more specific entities like
pilocytic or fibrillary astrocytoma by adding immunohisto-
chemical markers such as GFAP, Ki 67, and p53 [2, 6, 17,
21, 25, 26, 32, 40]. However, in an attempt to standardize the
cohort, for this study, we used the basic WHO criteria recom-
mendations as other researchers have previously reported [2,
6, 17, 20, 29, 37, 46, 47].

Despite their potentially common origin, PLGG presented
a rather diverse clinical behavior. Recently, a new classifica-
tion has been proposed considering the categories diffuse and
non-diffuse tumors according to the infiltrative nature during
growth [31, 46]. This behavior could explain the tendency to
progression, recurrence, or metastases. It is now well
established that the biology of these tumors is different than
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the adult counterpart and is characterized by the MAPK path-
way activation (mainly BRAF alterations) predominant in
pilocytic astrocytoma and mixed neuronal neuronal-glial tu-
mors; the rarity of malignant transformation, and the uncom-
monness of other biological characteristics such as IDH1 mu-
tations [31, 37].

The technological advances introduced during the period
studied have changed significantly the surgical approach of
brain tumors in children, allowing for an increase in the extent
of tumor resection and decrease in morbidity and mortality,

with a very positive impact on outcome [5, 7, 8, 11, 13, 14, 16,
19,20, 23, 24,37, 39, 41, 47, 48]. Currently, surgical excision
is the standard of treatment for PLGG; 95.5 % of our patients
with cerebellar or hemispheric tumors (105 cases) were of-
fered immediate surgery after diagnosis. However, for select-
ed patients, like those with midline tumors, surgery was de-
ferred until progression or neurological deterioration, as other
authors recommend [9, 12, 15, 24, 27, 28]. The extent of
tumor removal in our series is similar to data reported in other
surgical series [7, 9, 12, 15, 19, 20, 28, 31, 42, 46].

Table 5  List of variables with significant impact on the long-term outcomes (PFS and OS) in patients with PLGG. Multivariate analysis

Variable PFS oS
p value Time in HR (lower CI95%—  p value Time in HR (lower C195%—
months higher CI1 95 %) months higher CI 95 %)
Age >12 months p <0.0001 121.9 1(108.4-135.4) p <0.0001 170.1 1(159.7-180.5)
<12 months 98 4.49(0-89.2) 98.02 6.6 (41.85-154.19)
Phacomatoses NO p <0.0001 127.7 1 n/s
NF1 46.7 3.04 (1.65-5.6)
TSC 41.8 0.64 (0.09-4.81)
Anatomical location Cerebellar p <0.0001 164.6 0.15 (0.06-0.36) p = 0.0006 <200 0
OPT 79.5 1 1353 1
Hemispheres 92.3 0.53 (0.25-1.12) 162.2 0.11 (0.013-0.89)
BsT 86.4 0.85(0.41-1.75) 125.8 1.25(0.41-3.85)
Spinal 75.3 0.7 (0.255-1.89) 155.2 0.44 (0.05-3.64)
Intraventricular 56.3 0.76 (0.22-2.6) 118.3 0.75 (0.09-6.22)
Tentorium location Infratentorial p = 0.008 139.2 1 p=0.323 170.3 1
Supratentorial 85.2 2(1.18-3.4) 154.9 1.64 (0.61-4.42)
Surgical tumor removal Biopsy p <0.0001 91.3 1 p < 0.0001 101.9 1
STR 85.7 0.25 (0.08-0.81) 154.3 0.25 (0.08-0.81)
GTR 159.4 0 >200 0
Not Surgery 100.6 0.125 (0.01-1.18) 163.2 0.125 (0.013-1.18)
CSF shunt dependence No p=0.015 106.7 1 p=0.018 178.6 1
Yes 126.7 1.93 (1.125-3.3) 147.3 3.12(1.16-8.4)
Adjuvant therapy No p <0.0001 144.7 1 p <0.0001 184.8 1
Yes 84.9 2.88 (1.67-4.94) 143.0 9.1 (2.06-40.2)
Radiotherapy No p =0.004 137.3 1 p=0.023 1779 1
Yes 89.9 2.24 (1.28-3.92) 142.6 3.11 (1.116-8.66)
Chemotherapy No p=0.02 132.2 1 p=0.012 173.2 1
Yes 80.6 1.95(1.10-3.43) 139.9 3.38(1.24-9.21)
Metastases No p =0.005 124 1 p=10.079 168.8 1
Yes 66.3 2.82(1.33-5.99) 147.8 2.98 (0.83-10.69)
Recurrence No p <0.0001 123.4 n/s
Yes 31.1
Long-term sequels No p=0.08 131.8 1 n/s
Yes 95.4 1.76 (0.92-3.37)
Progression No n/s n/s p <0.0001 188 1
Yes n/s 138.2 24.6 (3.22-188.5)

p is the value of the multivariate Cox regression model for PFS and OS (category “NO” as reference)

HR hazard ratio, n/s non-significant,
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In our experience, surgical tumor removal was a valid prog-
nostic factor. When possible, GTR was the treatment of
choice, but in cases with partial resection, a positive prognos-
tic impact was also found for tumor excision and outcome. A
satisfactory surgical mortality of zero was encountered but
also a surgical morbidity of 38.8 %. Complications, as expect-
ed, were related to tumor location and extent of surgical re-
section. It must be taken into account that this study was not
designed to assess complications or sequels, and it was not
possible to identify a clear relationship between post-operative
complications and long term-sequels. However, the neurolog-
ical recovery after surgical tumor removal was generally sat-
isfactory. As other authors, we might suggest that the extent of
surgical resection is an important factor that should be taken
into consideration when trying to avoid functional sequels in
those patients with expected long-term survival [10, 11, 15,
33, 34, 36, 41].

The incidence of progression and recurrence in PLGG were
particularly high in OPW, BsT, and spinal tumors, since 47
tumors progressed after STR or biopsy; in 77 % of those cases,
progression was observed within 60 months from surgery.
Other 10 cases of progression were observed in patients treat-
ed conservatively at onset, all but one progressed within
25 months from diagnosis [1, 2, 22, 31, 47].

Until 10 years ago, radiation therapy was used in PLGG
tumors not amenable for surgical removal. Currently, howev-
er, radiotherapy is avoided in all PLGG because of the efficacy
of chemotherapy to control the disease and thus prevent the
long-term side effects associated with radiation. In some cases,
the indication cannot be excluded and more conformational
techniques are recommended [9, 12, 18, 20, 22, 30, 33, 42].

Chemotherapy was used upfront to treat BsT and OPW and
was indicated to treat recurrence, metastases, or progression in
order to delay or avoid radiotherapy [38, 44]. The association
of OPW and BsT with NF1 was a factor taken into consider-
ation to delay or avoid radiotherapy or even adjuvant treat-
ment because of its relatively better overall survival [9, 12, 15,
18, 19, 23, 28].

For all the PLGG, age at diagnosis, anatomical tumor lo-
cation, and extent of surgical resection were highly predictive
of PFS and OS (significantly longer OS for cerebellar tumors
and those with GTR and shorter for BsT and patients younger
than 12 months at diagnosis). The outcomes of our surgical
series are similar to other national referral centers in Europe
and North America [7, 12, 13, 16, 18, 19, 20, 39, 41, 42, 47].
Satisfactorily, we were able to determinate the PFS and OS,
despite the inherent limitations of a retrospective, single insti-
tution analysis, with a limited number of cases in comparison
to larger multi-institutional series. The p value was not signif-
icant, when we discriminated the PFS and OS decade by de-
cade, but both measures have improved over time likely due to
refinements in diagnosis, surgical techniques, and treatment
modalities (Table 6, supplementary material).

Conclusion

PLGG are the most common brain tumors in childhood. His-
tologically, they comprise a variety of gliomas, the most fre-
quent type being pilocytic astrocytoma. For these tumors, sur-
gical removal is the treatment of choice. The feasibility of
achieving a GTR relates to tumor location and is the strongest
prognostic variable. The extent of tumor resection and the
neurological risk in case of progression constitutes the basis
to prescribe further treatments.

For recurrent or residual tumors located in surgically non-
resectable areas and tumors with a tendency to progression,
biological studies are expected to provide in the near future
with new therapeutic strategies.
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