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Background: Low-grade glioma (LGG) and glioneuronal tumors (LGGNTS) diagnosed during
the first year of life carry unique clinical characteristics and challenges in management. However,
data on treatment burden, outcome, and morbidities are lacking.

Methods: A retrospective study (1986-2015) of LGG/LGGNT diagnosed in patients younger
than 12 months at St. Jude Children’s Research Hospital was conducted.

Results: For the 51 patients (31 males), the mean age at diagnosis was 6.47 months (range, 0.17-
11.76), and the mean follow-up period was 11.8 years (range, 0.21-29.19). Tumor locations were
hypothalamic/optic pathway (61%), hemispheric (12%), brainstem (12%), cerebellar (8%), and
spinal (8%). Of the 41 patients with histologic diagnoses, 28 had WHO grade | tumors; 6, grade Il
tumors; and 7, LGG/LGGNT not definitively graded. Forty-one patients required active
intervention at diagnosis: 41 eventually underwent tumor-directed surgeries (median, 2 surgeries;
range, 1-6); 39 received chemotherapy (median, 2 regimens; range, 1-13), and 21 received
radiotherapy. Forty patients experienced disease progression (median, 2 progressions; range, 1—-
18). Ten patients died due to progression (n=5), malignant transformation (n=2), second cancer
(n=2), or shunt infection (n=1). Ten-year overall survival, progression-free survival, and radiation-
free survival rates were 85+5.3%, 16.9+5.3%, and 51.2+7.5%, respectively. Forty-nine patients
experienced health deficits (e.g., endocrinopathies, obesity, seizure, visual/hearing impairment,
neurocognitive impairment, and cerebrovascular disease). Predictors of progression and toxicities
were defined.

Conclusion: Infantile LGG/LGGNT is a chronic, progressive disease universally associated with
long-term morbidities and requires multidisciplinary intervention.

Precis:
Low-grade gliomas and glioneuronal tumors diagnosed during the first year of life carry a high

risk of progression, requiring repeated interventions. Chronic health deficits are universal in
survivors, warranting preemptive counseling, systematic surveillance, and early intervention.
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INTRODUCTION

Low-grade gliomas (LGGs) and glioneuronal tumors (LGGNTS) are the most common
central nervous system (CNS) tumors in childhood. These histologically benign tumors are
associated with excellent outcome, especially if completely removed.2* However, survivors
are at risk of tumor- and treatment-related long-term health deficits.#-1 In infants, LGG/
LGGNT carries a unique clinical profile and additional management challenges. Infant
LGG/LGGNTSs are more common in the hypothalamic or optic pathway (HT/OP) area,
limiting resectability, and more likely to be metastatic and progressive than are LGG/
LGGNTs in older children.11-20 Immature nervous systems of infants increase vulnerability
to tumor- and treatment-induced toxicities.> 16: 21 Radiation therapy (RT) is frequently
deferred due to possible neurocognitive, neurodevelopmental, and endocrine complications.
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22-26 Tymor resection and systemic therapeutic agents also carry their own adverse effects.
27-29

Studies on treatment burden, outcome, and chronic morbidities in LGG/LGGNT patients
during the first year of life are lacking, despite their relevance to prognostication, family
counseling, and design of multidisciplinary follow-up. We hypothesized that infants with
LGG/LGGNTSs experience significant health deficits and reviewed our institutional
experience over 3 decades in managing LGG/LGGNTSs diagnosed during the first year of
life.

METHODS

Patient Characteristics and Treatment Outcome

This retrospective review included patients with LGG/LGGNT diagnosed during the first
year of life at St. Jude Children’s Research Hospital (SJCRH) between January 1986 and
July 2015. Eight patients were seen at SICRH at diagnosis; 43 were referred from outside
institutions (at median 3.1 months after diagnosis; range, 0-8.32 years). LGGs and
glioneuronal tumors were diagnosed histologically (WHO grade I-I1 astrocytic, neuronal,
and mixed neuronal-glial tumors; diagnosis extracted from histopathological reports issued
by SJIRCH) or radiographically (e.g., typical cases of optic pathway and brainstem glioma).
Date of diagnosis was defined as date of first diagnostic neuroimaging. Medical records
were reviewed for demographics, imaging, pathology, neurofibromatosis type 1 (NF1)
status, treatment, progression, survival, and chronic morbidities. The study was approved by
the Institutional Review Board; the need for informed consent was waived.

Treatment Burden

Tumor-directed surgery included attempted tumor resection or biopsy for diagnostic
purposes and was classified as gross-total resection (GTR), subtotal resection (STR), or
biopsy according to the operative record and post-operative radiographic findings. Data on
use of chemotherapy and targeted agents, including duration and regimen, and on RT use,
extent, and dosage were retrieved. Intervention at diagnosis was described; patients receiving
no tumor-directed therapy or only biopsy were designated as being “observed only”.
Treatment for transformed or secondary high-grade gliomas was also evaluated. Progression
was defined as radiographic and/or clinical progression necessitating treatment initiation or
modification.

Long-term Health Deficits

Endocrinopathy and obesity: Diagnosed abnormal hormonal tests with/without
corresponding treatment. The most recent body mass index (BMI) documented at age >2
years was used as marker for overweight and obese, defined as age- and sex-specific BMI
percentiles =85% and =95%, respectively.

Neurological deficit and seizure: Respectively defined as motor weakness at most
recent clinical evaluation by an oncologist and/or neurologist and seizure and/or abnormal
electroencephalogram requiring treatment.
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Visual and hearing loss: Most recent ophthalmological examination focusing on visual
acuity (VA) and visual field (VF) assessment was evaluated, and most recent auditory
evaluation by pure-tone audiometry or auditory brainstem responses was assigned an
ototoxicity grade for each ear, according to the International Society of Pediatric Oncology
(SIOP) ototoxicity scale.

Neurocognitive impairment: Results from the most recent neurocognitive assessment
were extracted when available. Intelligence quotient (IQ) was used as a performance
measure of global cognitive functioning, and adaptive (real-world) functioning was assessed
by parent ratings on the Vineland Adaptive Behavior Scales or Adaptive Behavior
Assessment System.30-34 Normative scores were interpreted as continuous variables and
divided into 2 groups, with 1 standard deviation (SD) from the population mean score used
as threshold (1Q=85).

Cerebrovascular disease: History of transient ischemic attack, ischemic stroke, cerebral
hemorrhage, radiographic evidence of vascular stenosis, or moyamoya disease was included.

Scoliosis: Clinically significant scoliosis requiring evaluation and follow-up by an
orthopedic surgeon was included.

Statistical Analysis

Statistical analysis was performed using SAS v.14 and R v.3.5.0. Associations between
demographic/diagnostic parameters and treatment burden were analyzed by the Wilcoxon
test. Overall survival (OS) was calculated from date of diagnosis to date of death or last
follow-up; progression-free survival (PFS) was calculated from date of diagnosis to date of
disease progression (including malignant transformation of primary LGG/LGGNT), death
from any cause, or last follow-up, whereas radiation-free survival (RFS) was calculated from
date of diagnosis to start of RT, death from any cause, or last follow-up. The log-rank test
was adopted to evaluate the relationship between survival and categorical predictor variables
(age at diagnosis [<6 months/>6 months], sex, period of diagnosis [1986—-2000/2001-2015]),
NF1 status, diencephalic syndrome, tumor location, metastasis at diagnosis, initial treatment
modality, extent of upfront surgery, need for CSF diversion, RT [except in analysis of RFS])
and Cox regression to evaluate the impact of continuous predictor variables (number of
tumor-directed surgeries, number of different chemotherapeutic regimens) on survival and in
multivariate analysis. Associations between demographic (age at diagnosis [<6 months/=6
months], sex, period of diagnosis [1986-2000/2001-2015]), diagnostic (NF1 status, tumor
location, metastasis at diagnosis) /treatment (initial treatment modality, extent of upfront
surgery, need for CSF diversion, RT, number of tumor-directed surgeries, number of
different chemotherapeutic regimens) variables and long-term toxicities were studied by
Chi-square or Fisher’s exact test for categorical variables and a non-parametric Wilcoxon
test for continuous variables. Data on neuropsychological evaluation were compared with
normative scores; the impact of potential demographic/diagnostic/treatment variables on
neuropsychological outcomes was explored by the general univariate linear model.
Multivariate regression was performed on predictor variables significant in univariate
analysis.
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Patient Demographics, Imaging, and Histological Characteristics

Intervention

Of the 51 patients, 31 (61%) were male; mean age at diagnosis was 6.47 months (range,
0.17-11.76; Figure 1). Mean duration of follow-up was 11.8 years (range, 0.21-29.19), and
mean age at last follow-up was 12.3 years (range, 0.57-29.80). Five patients were lost to
follow-up. Seven patients (14%) had NF1 (Table 1); 12 had features of diencephalic
syndrome at diagnosis. All patients underwent magnetic resonance imaging at diagnosis.
Primary tumors were in the HT/OP (n=31, 61%), cerebral hemispheres (n=6, 12%),
brainstem (n=6, 12%), cerebellum (n=4, 8%), or spinal cord (n=4, 8%). Five of 22 patients
(23%) with complete radiographic staging at diagnosis had metastatic disease. Among the
41 patients who underwent tumor-directed surgery throughout the course of treatment, 28
(68%) had WHO grade I tumors (pilocytic astrocytoma=23; desmoplastic infantile
ganglioglioma=5); 6 (15%), grade Il tumors (fibrillary astrocytoma=5; extraventricular
neurocytoma=1); and 7 (17%), LGG/LGGNT that could not be definitively graded
(pilomyxoid astrocytoma=3; LGG/low-grade neuroepithelial tumor=4). BRAF duplication (a
surrogate for BRAF KIAA1549fusion) was present in 6 of 9 patients in whom the test was
performed, and BRAFV600E mutation, in 2 of 6. Patients with a diagnosis based on
imaging alone included 8 with HT/OP tumors and 2 with brainstem tumors (involving pons/
medulla and tectal plate); 5 had NF1.

and Treatment Burden

Forty-one patients required active intervention at diagnosis, and 10 were observed (4 with
biopsy only; Figure 2). Intervention at diagnosis included tumor resection in 23 (8 also
received adjuvant chemotherapy), chemotherapy alone in 16, RT alone in 1, and combined
chemotherapy and radiation in 1. Of the 10 patients observed upfront, 7 received treatment
for progression (at median 2.61 years from diagnosis; range, 1.09-5.33). Treatment was
recommended in 2 patients but refused by family: one patient died of disease and the other
remained alive with disease. One patient with tectal glioma remained stable without
progression with observation alone.

Throughout follow-up, 41 patients underwent tumor resection (median, 2 surgeries; range,
1-6). Maximal extent of surgery was biopsy in 11, STR in 19, and GTR in 11 patients.
Patients with NF1 had fewer tumor-directed surgeries than those without (P=0.001). Thirty-
nine patients received chemotherapy (median, 2 regimens; range, 1-13), and 21 received RT
(focal radiation, 19; craniospinal irradiation [CSI], 2). Mean age of cohort at RT was 4.54
years (median, 3.07; range, 0.45-18.71); mean duration from diagnosis to RT was 4.01 years
(median, 2.46; range, 0-18.19). Absence of GTR at diagnosis (P=0.001) and presence of
tumors in the HT/OP (P<0.001) predicted a higher number of chemotherapy regimens than
did absence of tumors. CSF diversion was required in 28 patients (55%).

Progression, Survival, and Predictors of Outcome

Forty patients (78%) experienced progression during follow-up: single progression in 13,
and multiple progressions in 27. Median number of progressions requiring initiation or
change of intervention was 2 (range, 1-18). Five patients not undergoing complete staging at
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diagnosis had metastasis at progression. At latest assessment, 8 patients had no evidence of
disease, 30 had stable disease, and 3 had progressive disease (PD). Ten patients (20%) died
due to progression (n=5), malignant transformation (n=2), second cancer (n=2), or shunt
infection (n=1). Respective 5-year/10-year/20-year OS were 89.9+4.3%/85+5.3%/
71.748.4%, PFS 25.3+6.1%/16.945.3%/16.9+5.3%, and RFS rates 59.4+7.1%/51.2+7.5%/
28.5+11.1% (Figure 3). Among the 21 patients who received RT, 11 experienced
progression afterwards, with 5-year/10-year PFS after RT being 60.8+11.6%/42.6+12%
respectively.

Patients receiving GTR upfront (vs all other patients, log rank £=0.025, Cox regression
P=0.085) and those not experiencing diencephalic syndrome had better PFS on univariate
analysis, with the latter also being significant in multivariate analysis (log rank £=0.007,
Cox regression £=0.036). Receiving GTR upfront (vs all other patients, £~=0.023), having a
more recent diagnosis (2001-2015) (~=0.005), or having non-HT/OP tumors (~=0.021)
predicted better RFS in univariate analysis, with diagnosis period remaining significant in
multivariate analysis (P=0.008; Table Al). No predictor variable was significantly associated
with OS. Cerebellar or HT/OP lesions (£=0.009) and initial resection other than GTR
(P=0.005) were associated with a higher number of progressions. Table 2 lists malignant
transformation and second cancers in patients (n=7).

Burden of and Risk Factors for Chronic Health Deficits

Survivors experienced several tumor- and treatment-related sequelae requiring medical
attention, which affected their daily lives. Almost all patients (49/51, 96%) experienced =1
health deficits given below. Table A2 summarizes significant predictors of health deficits in
univariate and multivariate analyses.

Endocrinopathy and obesity: Twenty-six patients (51%) had endocrinopathies:
precocious puberty (n=19, 37%), hypothyroidism (n=15, 29%); including 1 patient
undergoing thyroidectomy for thyroid cancer), growth hormone deficiency (n=15, 29%),
hypogonadism (n=6, 12%), and adrenocortical deficiency (n=3, 6%). Twenty of 43 patients
(47%) with BMI data were overweight, of whom 12 (28%) were obese. RT use was
significantly associated with development of any endocrine problem in multivariate analysis
(p=0.032), and tumor location (HT/OP) was the only predictor of obesity (p=0.037).

Neurological deficit and seizure: Residual weakness occurred in 22 patients (43%):
hemiparesis (n=21, 41%) and paraplegia (n=1, 2%). Thirty-five patients (69%) had seizure
disorder or abnormal electroencephalogram requiring anti-epileptic medications; among
them, 7 had seizures at or before presentation, and 28 had seizures after presentation.
Twenty-one (41%) required anti-epileptic agent(s) at latest follow-up; the median time
between diagnosis and seizure development in those who presented after diagnosis among
these 21 patients (n=15) was 3.98 years (range, 0.03-17.5). Higher number of chemotherapy
regimens was significantly associated with occurrence of seizure (p=0.014).

Visual and hearing loss: VA was decreased in 27 of 48 patients (56%), of whom 13
(27%) were legally blind. VF defect occurred in 14 of 31 patients (45%), including 4 having
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normal VA. Of 39 patients with audiological test results, 17 (44%) had some degree of
hearing loss (unilateral=6, bilateral=11). Considering hearing impairment in the better ear, 5
patients had SIOP grade 1, 1 had grade 2, 3 had grade 3, and 2 had grade 4 impairment.
Hearing aids were recommended for 7 patients (18%). Tumor location (HT/OP) was
significantly associated with decreased VA (p=0.002) and more episodes of tumor-directed
surgeries was the only predictor for hearing loss (p=0.007).

Neurocognitive impairment: Twenty-five patients (49%) had data from neurocognitive
evaluations. Mean age at testing was 10.5 years (range, 1.9-17.9), and mean duration from
diagnosis to assessment was 9.9 years (range, 1-17.6). Patients with neurocognitive data
were significantly older at first treatment than those without neurocognitive data (P=0.003).
However, no other demographic and treatment parameters differed significantly between
both groups. Patients” mean 1Q score was significantly lower than the normative score
(n=21; mean=75.5, median=77; SD=20.6; range, 40-115; £<0.001), with 16/21 patients
(76.2%) having 1Q scores <85. Ten of 21 patients with 1Q scores available received RT
(median age, 3.3 years; range, 1.6-18.7 years): 9 of them received focal RT (HT/OP=7,
posterior fossa=1, brainstem=1); 1 received CSI (HT/OP primary). Median 1Q scores were
75.5 (range, 40-115) for those who received RT and 79 (range, 45-109) for those who did
not. Five of 21 patients with 1Q scores available had NF1: the median 1Q scores were 76
(range, 65-89) for those with NF1 and 77 (range, 40-115) for those without. Receiving
more chemotherapy regimens was significantly associated with lower 1Q (p=0.0116) in
multivariate analysis. Adaptive functioning (n=17; mean=71.3, median=72; SD=23.6;
range=26-110; £<0.001) was significantly lower in 12/17 patients (70.6%) having scores
<85. Per parental report, IEP was required in 32 (62.7%) patients.

Cerebrovascular disease and scoliosis: Fourteen patients (27%) had cerebrovascular
disease: stroke (n=9; 3 with moyamoya disease), vascular stenosis (n=3), arteriovenous
malformation (n=1), and cerebral venous thrombosis (n=1). Seven of 14 patients presented
after RT (all had HT/OP primaries; median 1.21 years after RT; range, 0.26-26.29 years);
the remaining patients had cerebrovascular events attributed to operative complication (n=5),
congenital lesion (n=1), or uncertain cause (n=1). Scoliosis occurred in 18 patients (35%).
RT use was significantly associated with cerebrovascular disease (only significant factor,
P=0.011) and scoliosis (multivariate analysis, £=0.015). Cerebrovascular complications
(stroke=2, moyamoya disease=1) developed in 3 of 7 patients with NF1, all of whom had
received RT.

DISCUSSION

We report long-term outcomes of LGG/LGGNT patients diagnosed during the first year of
life. Poor PFS, multiple interventions, and universal occurrence of chronic health deficits
define disease in these infants. Compared with outcomes of 361 children with LGGs (<21
years at diagnosis),* PFS of our cohort was significantly worse, with 10-year PFS rates of
16.9% (vs 58%) despite similar 10-year OS rates (85% vs 87%). The drastically lower PFS
observed is in keeping with previous reports by SIOP and GPOH on LGG diagnosed during
the first year of life.19 20 Inability to achieve GTR of tumor upfront, diencephalic syndrome
and, possibly HT/OP tumor location were associated with inferior PFS in our cohort, similar
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to observations in pediatric LGG over the entire age spectrum.k: 4 35 Consistent with
previous studies, the proportion of infants with metastasis in our cohort was higher than in

pediatric LGG, but unlike in older patients, metastasis in infant LGG did not affect survival.
36, 37

Three-quarters of patients experienced disease progression after LGG/LGGNT diagnosis
during infancy, which increased treatment burden and treatment-related toxicities in patients.
Half our patients diagnosed during infancy experienced multiple progressions, with 1 patient
experiencing 18 progressions requiring interventions; in comparison with multiple
progressions in 20% of children with LGG in previous studies.* In our cohort, up to 6 tumor-
directed surgeries per patient and up to 13 systemic therapy regimens per patient were
required. NF-1 status predicted fewer surgeries, consistent with the more benign course of
glioma in these patients, but tumors not completely resectable at diagnosis and those in the
HT/OP—commonly found in infants—resulted in increased chemotherapy/systemic therapy.
38 Common LGG regimens (e.g., carboplatin/vincristine and vinblastine) involve weekly
hospital attendance over months, disrupting daily lives and family routines. Radiation
therapy, which can often achieve tumor control in lesions that are not completely resectable,
was required in almost half our patients, with a mean deferral of 4 years from diagnosis. The
better RFS in patients receiving diagnoses more recently (2001-2005) likely reflects a
change in practice towards RT avoidance in patients with LGG diagnosed at a very young
age.39 Although this change in practice means that efficacy of RT in our infant cohort cannot
be compared directly with that in older children due to differences in the timing of RT
administration, tumors progressed further in half of our patients who were irradiated (5-year
PFS after RT ~60%), whom also had an increased risk of long-term morbidities, including
endocrinopathy, cerebrovascular disease, and scoliosis.?

Chronic health conditions are prevalent in childhood cancer survivors and affect their well-
being.%? In a Childhood Cancer Survivor Study (CCSS), 62% of survivors at a mean age of
26.6 years had at least 1 chronic condition, with survivors of CNS tumors at second-highest
risk of severe or life-threatening events. A recent CCSS study revealed a 66% prevalence of
chronic health conditions in survivors as young as 5 years, with prevalence increasing to
88% in survivors aged 40-49 years.*1 Survivors of CNS tumors had endocrinopathy,
neurological deficits, seizure, sensory conditions, cognitive impairment, and vascular events;

these findings formed the basis for collecting data on health deficits in our infant cohort.
42-44

Endocrine disorders occurred in half our patients, with RT use being the only significant
predictor in multivariate analysis. Hormonal deficiencies and osteoporosis characterize the
spectrum of endocrine disorders in survivors of CNS tumors.** However, precocious puberty
was the most common endocrinopathy in our cohort, likely due to the common
hypothalamic tumor location and pre-pubertal age at diagnosis and treatment, including RT.
3.45,46 A previous study from our institution revealed precocious puberty in 15.2% of
patients with CNS tumors and 29.2% with hypothalamic/pituitary tumors.4” Documenting
pubertal stage, growth velocity, and if necessary, radiographic bone age, is essential in
addition to hormonal profiles during follow-up for timely intervention. As for older patients,
4,45, 47 excessive weight gain remained problematic in infants with hypothalamic LGG.
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Visual impairment is common in infant LGG/LGGNT, given its predilection for occurring in
the HT/OP and the inability to deliver RT upfront.48: 48 More than half our cohort had
reduced VA, of whom approximately one-quarter were legally blind. VF defect also
occurred in half of those who could be reliably assessed. Six patients had dual sensory
impairment (reduced VA and hearing), increasing their vulnerability to neurodevelopmental
deficiencies. Overall, the prevalence of significant (SIOP grade 3/4) ototoxicity in our cohort
was lower than in patients with embryonal tumors, because of using carboplatin rather than
cisplatin in LGG/LGGNT and only few patients receiving significant RT doses to the
posterior fossa, which are both predictors of hearing impairment in pediatric brain tumor
survivors.8 43.49 However, infant LGG/LGGNT survivors still require regular, age-
appropriate auditory evaluations, as both surgery itself and carboplatin use are associated
with hearing loss, especially if initiated before 6 months of age for the latter.59: 51

Neurocognitive outcome is central to studies of childhood cancer survivors and affects their
quality of life, functionality, educational attainment, job opportunities, and psychosocial
well-being.# 42: 52-56 Deficits in survivors vary by CNS tumor type, with poorer outcomes in
medulloblastoma than in LGG.5” Medulloblastoma survivors display a universal, steady
decline in 1Q, with younger age at RT and higher CSI doses being risk factors for faster
deterioration.>6-58 Other factors include mass effect from tumor, tumor-directed surgery,
chemotherapy, hydrocephalus, and posterior fossa syndrome. In one study, one-third of
pediatric LGG survivors had an 1Q <85, with a mean 1Q of 92.5 at an average of 6 years post
diagnosis.? Epilepsy, need for CSF shunting, and age <3 years are significantly associated
with lower 1Q.4 10 In our cohort, mean 1Q was 75.5, with three-quarters of tested patients
having an 1Q lower than 85. Predictors of lower 1Q included supratentorial location of
primary tumor and more chemotherapy regimens but not RT use. RT use in infants with
LGG/LGGNT, often focal in extent and delivered after surgery and chemotherapy, could
thus had less impact on neurocognitive outcomes of survivors.® 10 Other domains of
functionality and psychosocial well-being are also important in the follow-up of LGG/
LGGNT survivors.29-%2 In our study, adaptive functioning or the child’s ability to complete
age-appropriate tasks of daily living was as affected as was 1Q.

Our study has several limitations. First, due to its retrospective design, morbidity data were
not collected in a standardized manner, and some assessments were performed at other
facilities, restricting accurate determination of morbidity incidence and possibly
underestimating health deficits. Regardless, the documented high prevalence of morbidities
confirmed our hypothesis that survivors of infant LGG/LGGNT commonly experience
chronic health deficits. Second, the treatment approach for patients was heterogeneous,
precluding evaluation of the efficacy of individual therapeutic regimens and confirmation of
causality between treatment factors and observed morbidities. Third, histopathologic
diagnoses in our cohort should be interpreted considering the evolution of tumor biology,
diagnostic tests, and classification terminology over the past decades. Molecular alterations
that have recently been shown to be of prognostic significance, such as BRAFV600E
mutation and CDKNZA deletion, were not tested for in most patients and could not be
factored into the current analysis.53 Notwithstanding these shortcomings, the natural history
and clinical profile of LGG/LGGNT diagnosed during the first year of life has been
described at a granular level in a cohort with long-term follow-up, illustrating the uniqueness
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of LGG/LGGNT and highlighting the need to develop specific consensus guidelines in
management.54

CONCLUSION

Low-grade glioma and glioneuronal tumors diagnosed during the first year of life are
clinically unique and associated with multiple progressions and repeated interventions.
Treatment recommendations should be made with anticipation of possible toxicities.
Chronic health deficits are highly prevalent and multi-systemic in survivors, warranting pre-
emptive counseling and dedicated multidisciplinary management.
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(a,b,d) Demographic, clinical, (c) histologic, and (e) treatment characteristics of infants with
low-grade gliomas and glioneuronal tumors.
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Treatment burden for infants with low-grade gliomas and glioneuronal tumors.
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(i) RFS by tumor location
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(a—c) Overall, progression-free, and radiation-free survival of the cohort and (d-i) significant
predictors of survival.
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