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Primary pediatric central nervous system
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Multi-omics dissection of MAPK-driven senescence unveils therapeutic vulnerabilities in
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Years of life lost due to central nervous system tumor subtypes in the United States
Patterns, clinical presentations, and time to diagnosis in pediatric central nervous system
tumors: insights from a pediatric neuro-oncology tumor board team at a tertiary referral
hospital in Ethiopia

see also Pediatric spinal cord tumor.

Central nervous system tumors represent the most common solid tumors in children and are a
leading cause of cancer-related fatalities in this age group.

Genomics of medulloblastoma, ependymoma, and diffuse intrinsic pontine glioma (diffuse midline
glioma, with H3-K27M mutation), have refined, if not redefined, the diagnostic classification and
therapeutic stratification of patients with these tumors. They detail the substantial genetic
heterogeneity across each disease type and, importantly, link genotypic information to clinical course.
The most aggressive, treatment-resistant (and also treatment-sensitive) forms within each disease
entity are identified, and their potentially actionable targets.

Molecularly based classification of pediatric brain tumors provides a critical framework for the more
precise stratification and treatment of children with brain tumors 1).

High-grade pediatric brain tumors display higher CBF in Arterial Spin Labeling than do low-grade
tumors, and they may be accurately graded by using presented values. CBF is correlated with tumor
microvascular density 2).

Classification

Central nervous system tumor classification
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Diagnosis

Primary brain tumors are the most common cause of cancer-related deaths in children and pose
difficult questions for the treating physician regarding issues such as the risk/benefit of performing a
biopsy, the accuracy of monitoring methods, and the availability of prognostic indicators. It has been
recently shown that tumor-specific DNA and proteins can be successfully isolated in liquid biopsies,
and it may be possible to exploit this potential as a particularly useful tool for the clinician in
addressing these issues.

A review of the current literature was conducted by searching PubMed and Scopus. MeSH terms for
the search included “liquid biopsy,” “brain,” “tumor,” and “pediatrics” in all fields. Articles were
reviewed to identify the type of brain tumor involved, the method of tumor DNA/protein analysis, and
the potential clinical utility. All articles involving primary studies of pediatric brain tumors were
included, but reviews were excluded.

The successful isolation of circulating tumor DNA (ctDNA), extracellular vesicles and tumor-specific
proteins from liquid biopsies have been consistently demonstrated. This most commonly occurs
through CSF analysis, but it has also been successfully demonstrated using plasma and urine
samples. Tumor-related gene mutations and alterations in protein expression are identifiable and, in
some cases, have been correlated to specific neoplasms. The quantity of ctDNA isolated also appears
to have a direct relationship with tumor progression and response to treatment.

The use of liquid biopsies for the diagnosis and monitoring of primary pediatric brain tumors is a
foreseeable possibility, as the requisite developmental steps have largely been demonstrated.
Increasingly advanced molecular methods are being developed to improve the identification of tumor
subtypes and tumor grades, and they may offer a method for monitoring treatment response. These
minimally invasive markers will likely be used in the clinical treatment of pediatric brain tumors in the
future 3).

Treatment

Primary pediatric central nervous system tumor treatment.

Outcome

Survivors of paediatric Central Nervous System tumours experience cognitive sequelae characterized
by significant impairments in the attention domain (52.3%), but also in the other cognitive functions.
Future studies in this research field need to implement more cognitive interventions and effective, but
less neurotoxic, tumour therapies to preserve or improve neurocognitive functioning and quality of life
of this population 4)

Thirty day mortality is increasingly a reference metric regarding surgical outcomes.
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Data estimate a 30-day mortality rate of 1.4-2.7% after craniotomy for pediatric central nervous
system tumor. No detailed analysis of short-term mortality following a diagnostic neurosurgical
procedure (e.g., resection or tissue biopsy) for tumor in the US pediatric population has been
conducted.

The Surveillance, Epidemiology and End Results (SEER) data sets identified patients ≤ 21 years who
underwent a diagnostic neurosurgical procedure for primary intracranial tumor from 2004 to 2011.
One- and two-month mortality was estimated. Standard statistical methods estimated associations
between independent variables and mortality.

A total of 5533 patients met criteria for inclusion. Death occurred within the calendar month of
surgery in 64 patients (1.16%) and by the conclusion of the calendar month following surgery in 95
patients (1.72%). Within the first calendar month, patients < 1 year of age (n = 318) had a risk of
death of 5.66%, while those from 1 to 21 years (n = 5215) had a risk of 0.88% (p < 0.0001). By the
end of the calendar month following surgery, patients < 1 year (n = 318) had a risk of death of
7.23%, while those from 1 to 21 years (n = 5215) had a risk of 1.38% (p < 0.0001). Children < 1 year
at diagnosis were more likely to harbor a high-grade lesion than older children (OR 1.9, 95% CI
1.5-2.4).

In the SEER data sets, the risk of death within 30 days of a diagnostic neurosurgical procedure for a
primary pediatric brain tumor is between 1.16% and 1.72%, consistent with contemporary data from
European populations. The risk of mortality in infants is considerably higher, between 5.66% and
7.23%, and they harbor more aggressive lesions 5).

Case series

Nabbi et al. performed an immunogenomic analysis of RNA-seq data from 925 treatment-naïve
pediatric nervous system tumors (pedNST) spanning 12 cancer types from three publicly available
data sets.

Within pedNST, they uncovered four broad immune clusters: Paediatric Inflamed (10%), Myeloid
Predominant (30%), Immune Neutral (43%) and Immune Desert (17%). We validated these clusters
using immunohistochemistry, methylation immune inference, and segmentation analysis of tissue
images. They report the shared biology of these immune clusters within and across cancer types and
characterization of specific immune cell frequencies as well as T- and B-cell repertoires. We found no
associations between immune infiltration levels and tumor mutational burden, although molecular
cancer entities were enriched within specific immune clusters.

Given the heterogeneity of immune infiltration within pedNST, the findings suggest personalized
immunogenomic profiling is needed to guide the selection of immunotherapeutic strategies 6).

Using a cross-sectional design, young adults (18-39 years) previously treated for pediatric CNS tumors
and followed in a survivorship clinic during 2016-2021 were examined. Demographic, BMI, and
diagnosis information were extracted from medical records of the most recent clinic visit. Data were
assessed using a two-sample t-test, Fisher's exact test, and multivariable logistical regression. 198
survivors (53% female, 84.3% White) with a BMI status of underweight (4.0%), healthy weight
(40.9%), overweight (26.8%), obesity (20.2%), and severe obesity (8.1%) were examined. Male sex
(OR, 2.414; 95% CI, 1.321 to 4.414), older age at follow-up (OR, 1.103; 95% CI, 1.037 to 1.173), and
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craniopharyngioma diagnosis (OR, 5.764; 95% CI, 1.197 to 27.751) were identified as significant (p <
0.05) obesity-related (≥25.0 kg/m2) risk factors. The majority of patients were overweight or obese.
As such, universal screening efforts with more precise determinants of body composition than BMI,
risk stratification, and targeted lifestyle interventions are warranted during survivorship care 7).

2016

27 patients with drug resistant epilepsy and brain tumor, aged up to 19 years at the time of surgery,
were studied between 1996 and 2013 and followed up for at least one year. The mean interval
between the onset of seizures and the diagnosis of the tumor was 3.6 years, and from diagnosis to
the surgery, 18 months. The location of the tumor was in the temporal lobe in 16, with ganglioglioma
and dysembryoplastic neuroepithelial tumors being the most frequent. Among the patients, 92.5%
and 90.4% were seizure-free in the first and fifth year after surgery, respectively. Twelve of 16
children were successful in becoming drug-free, with complete withdrawal by 3.2 years. Surgery
proved to be potentially curative and safe in these cases, suggesting that the tumor diagnosis and
surgery cannot be postponed 8).
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