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LETTER TO TH E EDITOR

Genomic information of children with malignant brain
tumors for the prediction of length of hospitalization

Dear Editor:
Central nervous system tumors in the brain or spine are the
most common solid tumors in children, which accounts
for about 25% of cancers in children younger than 15 years
of age, and are the most common cause of cancer deaths
in children [1]. The 5-year survival rate for central ner-
vous system neoplasms has increased dramatically to 74%
for patients under 18 years old (97% for benign/borderline
malignant tumors) in 2022, compared to 20% in the 1970s
[1]. Without cure treatments and specific medications for
many brain cancers, the dramatic increase of survival rate
is largely due to improved hospital care and availabil-
ity of clinical resources. The length of hospitalization of
pediatric patients with brain cancer is an important indi-
cator of prognosis as it reflects the required medical effort
needed to care for these patients. The length of hospital-
ization is also critical for the healthcare system as hospital
admission is a part of the care trajectory of the respective
patients, related to the cost ofmedical care [2, 3]. According
to the recent data released by the Association of Ameri-
can Medical Colleges (AAMC) in 2020/2021, an estimated
physician shortage in the United States will be between
37,800 and 124,000 by 2034, including shortfalls in both
primary and specialty care [4]. Global crisis of physician
shortage has become a challenge for hospital management
that cannot be ignored, which emphasizes the importance
of the length of hospitalization prediction because it is a
significant factor for hospital resource utilization.
Due to difficulties with biopsy, researchers have been

making efforts in recent decades to identify predictive
biomarkers for the disease prognosis and the length of
hospitalization by minimal or non-invasive methods, such
as blood biomarkers. Although some promising candi-
dates have been reported, including panels of proteins
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and single biomarkers such as the genes glial fibrillary
acidic protein (GFAP), interleukin-10 (IL10) and individ-
ual microRNAs (miRNAs), no robust and widely used
blood-based biomarkers for malignant brain tumors were
identified so far for clinical applications [5]. Due to the
availability of advanced genomic technologies, genomic
information is attracting extensive research attention to
assist early and accurate diagnosis, clinical decision for
treatment procedures, prognosis prediction, and efficient
application of hospital resources. In this study, we con-
ducted a genomic study on genome-wide DNA variants
and length of hospitalization related to malignant brain
tumor, leveraging one of the most powerful pediatric
oncology resources assembled to date, i.e., whole-genome
sequencing (WGS) of bloodDNA from 1,243 children in the
Gabriella Miller Kids First project (https://commonfund.
nih.gov/kidsfirst). The goal of this study was to investigate
the feasibility of predicting the length of hospitalization for
cancer care by genomic information.
In this study, pediatric patients with birth defects (BD)

were recruited by the Center for Applied Genomics (CAG)
at the Children’s Hospital of Philadelphia (CHOP) (Sup-
plementary Methods). A total of 12 patients with both
malignant brain tumors and leukemia/other malignant
blood diseases were excluded to remove the noise from
chromosome aberrations of cancer cells before the anal-
ysis. For further analysis, we included 157 BD probands
who were diagnosed with at least one type of malig-
nant brain tumors and at least one type of BD, while
767 patients with BD but cancer-free (BD-only) were used
as the benign disease control group besides 319 healthy
control subjects. Clinical information, such as age at diag-
nosis, gender/ethnicity ratios, and tumor locations, are
described in Supplementary Figures S1-S2 and Supplemen-
tary Tables S1-S2. As disease comorbidity is commonly
seen in children with both brain tumor and BD, we used
BD-only samples as background level to reduce false pos-
itive signals unrelated to brain tumor in children without
BD. The length of hospitalization in the brain tumor sub-
jects was determined based on detailed information from
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F IGURE 1 Correlation coefficient plots between the load of variants of interest and brain tumor-related length of hospitalization (A) or
life (B) spans of 15 deceased patients with malignant brain tumors. The variants of interest are the same in Figure 1A and 1B.

electronic medical records (EMR) for each of the Cen-
ter for Applied Genomics (CAG) recruited patients, as
described in the Supplementary Methods, to ensure the
length of hospitalization was attributed to the malignant
brain tumor, but not due to other medical conditions.

WGS was done at 30 × coverage for all the individu-
als using the genomics platform at the Broad Institute of
Massachusetts Institute of Technology and Harvard Uni-
versity (Cambridge, MA, USA). The annotations for the
variants were generated using the ANNOVAR software
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developed by our group [6]. Recurrent variants exclusively
occurred in the patients with malignant brain tumor were
identified. The genomic variants were filtered based on
their signal strengths associated with length of hospital-
ization using recursive feature elimination (RFE) model
with random forest regressor as the estimator. A total of
1,760 variants were selected by the RFE algorithm selec-
tion processes andmapped to 695 genes/non-coding RNAs
(Supplementary Table S3).
From the recurrent variants identified in children with

brain tumors, markers related to the development and pro-
gression of cancers, including chloride channel accessory
4 (CLCA4), mucin 21, cell surface associated (MUC21),
perforin 1 (PRF1), Galactosylceramidase (GALC), and fuco-
syltransferase 3 (FUT3), were identified (Supplementary
Table S4). Meanwhile, consistent functional enrichment
was identified from the Wnt signaling pathway of cancer,
which was suggested by multiple modules with signif-
icantly adjusted P value, using the RNA-seq/proteome
profiling co-expression networks for glioblastoma multi-
forme and glioma data from The Cancer Genome Atlas
Program and The Clinical Proteomic Tumor Analysis Con-
sortium [7]. The Wnt signaling regulates key cellular
events during the development of the central nervous sys-
tem [8] and is a key signaling pathway in glioblastoma
targeted by multiple clinical trial drugs [9]. Another inter-
esting finding was that long non-coding RNAs (lncRNAs)
account for a significant portion of the variants of inter-
est and corresponding genes. Among the 1,760 variants of
interest, 404 (23%) fall into lncRNA loci, corresponding
to 116 lncRNAs. These results suggested that non-coding
RNAs, especially lncRNAs, might play more significant
roles in determining the prognosis of malignant brain
tumor than previously reported. A recent study has shown
abnormal expression of lncRNAs in brain tumors, and
lncRNA-related molecular mechanisms may guide brain
tumor therapy [10].
Using an independent dataset for validation is essen-

tial to evaluate the reliability of the prediction model. For
this purpose, we selected 15 deceased patients with malig-
nant brain tumor who were genetically unrelated to the
157 children with brain cancer (Supplementary Table S5).
Variants of interests identified in these 15 deceased patients
are described in Supplementary Table S6. The life span
was counted from the year of birth to the deceased year.
Load of variants of interest showed a positive correlation
to brain tumor-related length of hospitalization in the 15
patients (correlation coefficient= 0.3), indicating thatwith
the more variants identified in our model, the longer time
the patientswere likely to be hospitalized due to their brain
tumor-related medical conditions. Therefore, the reported
variants of interest, especially those in genomic coding
regions, could serve as predictor variables for the length

of hospitalization. Our results demonstrated that the load
of variants of interest was associated with brain tumor-
related length of hospitalization (Figure 1A). However, no
correlationwas found between the load of variants of inter-
est and life span (correlation coefficient= 0.06, Figure 1B).
The lifespan is influenced by a complex interplay of genetic
and clinical factors. Therefore, predicting it using genetic
variants may be more challenging compared to predicting
the length of hospitalization.
In summary, this study disclosed the correlation

between genome wide variants and the length of hospital-
ization related to malignant brain tumor in children. We
leveraged one of the largest pediatric oncology resources
assembled to date. We demonstrated that the load of
genetic variants of interest could predict the length of
hospitalization of these patients. The predictive capability
was supported by an independent validation dataset. The
variants of interest identified in this study could serve as
predictor variables for the length of hospitalization and to
inform clinical decision making. In addition, our results
highlighted the importance of lncRNAs related to prog-
nosis of brain tumors. Additional data, including in-depth
phenotypic information, may further improve the current
predictionmodel with genomic information alone andwill
gain more power for this unique research resource to cap-
ture genetic variants with biological and clinical relevance.
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