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Liquid biopsy detection of genomic alterations in 
pediatric brain tumors from cell-free DNA in peripheral 
blood, CSF, and urine
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Abstract
Background. The ability to identify genetic alterations in cancers is essential for precision medicine; however, surgical 
approaches to obtain brain tumor tissue are invasive. Profiling circulating tumor DNA (ctDNA) in liquid biopsies has 
emerged as a promising approach to avoid invasive procedures. Here, we systematically evaluated the feasibility of pro-
filing pediatric brain tumors using ctDNA obtained from plasma, cerebrospinal fluid (CSF), and urine.
Methods. We prospectively collected 564 specimens (257 blood, 240 urine, and 67 CSF samples) from 258 patients 
across all histopathologies. We performed ultra-low-pass whole-genome sequencing (ULP-WGS) to assess copy 
number variations and estimate tumor fraction and developed a pediatric CNS tumor hybrid capture panel for deep 
sequencing of specific mutations and fusions.
Results.  ULP-WGS detected copy number alterations in 9/46 (20%) CSF, 3/230 (1.3%) plasma, and 0/153 urine sam-
ples. Sequencing detected alterations in 3/10 (30%) CSF, 2/74 (2.7%) plasma, and 0/2 urine samples. The only pos-
itive results were in high-grade tumors. However, most samples had insufficient somatic mutations (median 1, 
range 0-39) discoverable by the sequencing panel to provide sufficient power to detect tumor fractions of greater 
than 0.1%.
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Conclusions.  Children with brain tumors harbor very low levels of ctDNA in blood, CSF, and urine, with CSF 
having the most DNA detectable. Molecular profiling is feasible in a small subset of high-grade tumors. The 
level of clonal aberrations per genome is low in most of the tumors, posing a challenge for detection using 
whole-genome or even targeted sequencing methods. Substantial challenges therefore remain to geneti-
cally characterize pediatric brain tumors from liquid biopsies.

Key Points

•	 The use of ctDNA for molecular profiling of pediatric CNS tumors is feasible in a 
restricted subset of patients.

•	 Analysis of false-positive rates of methods developed to detect ctDNA is 
mandatory due to high rates of sequencing artifacts.

The analysis of circulating tumor DNA (ctDNA) has rapidly 
emerged as a noninvasive alternative to molecular testing1–4 
to facilitate precision medicine approaches. Similar ap-
proaches in pediatric neurooncology, however, face major 
challenges, largely due to low burdens of ctDNA relative to 
that associated with extra-cranial cancers.5 Compared to 
adult cancers, pediatric tumors often harbor “quiet” cancer 
genomes with fewer somatic genetic alterations to detect.6

Here, we assessed the feasibility of ctDNA collection and 
assessment using methodologies tailored to detect ctDNA 
from pediatric brain tumors over 500 liquid biopsies (ce-
rebrospinal fluid [CSF], plasma, and/or urine) from more 
than 250 children with primary central nervous system 
(CNS) tumors.

Materials and Methods

Patient Cohort and Sample Processing

Pediatric patients with primary CNS tumors over a 2-year 
period from the Dana-Farber Cancer Institute/Boston 
Children’s Hospital were prospectively identified.

Venous blood (1-10 mL) and CSF were collected in Streck 
Cell-Free DNA BCT collection tubes (Streck Inc., Omaha, 
NE, USA) or Vacutainer EDTA tubes (Becton Dickinson, 
Oakville, ON, Canada). Tubes were either processed within 
4 hours of collection or stored at 4°C and processed within 
24 hours. Whole blood was centrifuged at 1900g for 10 
minutes. After discarding the red blood cells, plasma was 

centrifuged a second time at 15  000g for 10 minutes in 
low-bind tubes to remove residual cells from plasma. The 
supernatant was then frozen at −80°C until ready for fur-
ther processing. Germline DNA was extracted from corre-
sponding buffy coats.

Urine was collected in a sterile collection cup and either 
stored at 4°C for less than 2 hours or urine preservative 
was added (10%-20% volume of Streck Cell-Free DNA urine 
preservative) for storage at room temperature for up to 24 
hours. Urine was then centrifuged as described above.

Between 0.5-1 mL CSF was collected in Streck Cell-Free 
DNA BCT (Streck Inc., Omaha, NE, USA) or in a sterile col-
lection tube and stored at either room temperature or 4°C. 
CSF was centrifuged within 24 hours of collection (or 2 
hours if no preservative) at 1900g for 10 minutes at room 
temperature and then the supernatant was collected and 
stored at −80°C.

DNA Extraction and Sequencing

Cell-free DNA (cfDNA) was extracted using the Qiagen 
Circulating DNA kit (Qiagen, Hilden, Germany) and quan-
tified using the PicoGreen assay on a Hamilton STAR-line 
liquid handling system. Sequencing libraries were con-
structed from cfDNA input ranging from 5 to 50 ng using 
a Kapa Hyper Prep kit and short duplex adapters (IDT, 
Coralville, IA, USA and Broad Institute) as previously 
described.7

A total of 5-20 ng of cfDNA input was used for ultra-low-
pass whole-genome sequencing (ULP-WGS). Sequencing 

Importance of the Study

We present the largest prospective analysis of the 
utility of cell-free DNA (cfDNA) detection for children 
with primary brain tumors across all histological sub-
types and systematically evaluate the sensitivity and 
specificity of our approaches. Our results demonstrate 
that the detection of circulating tumor DNA (ctDNA) 
is limited in the majority of children with brain tu-
mors by low yields of cfDNA and a paucity of genomic 

alterations that can be detected by sequencing as-
says. Moreover, we find a high rate of false-positive 
results, highlighting the necessity to carefully deter-
mine the sensitivity and specificity of assays devel-
oped to detect ctDNA in children with brain tumors. 
We find that substantial challenges currently limit the 
clinical utility of ctDNA detection in the majority of 
children diagnosed with pediatric brain tumors.
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libraries were pooled and sequenced using 100-bp paired-
end runs over 1× lane on a HiSeq 2500 (Illumina, San 
Diego, CA, USA) to an average genome-wide fold coverage 
of 0.1×.

Hybrid capture sequencing on germline DNA and cfDNA 
was performed using solution-based hybrid selection (IDT 
lockdown protocol) and biotinylated 80 bp DNA probes de-
signed by Illumina and synthesized by Twist Bioscience. 
Libraries were sequenced using 150  bp paired-end runs 
on an Illumina HiSeq 4000 with a targeted coverage of 
10  000×, using a targeted panel designed to cover loci 
where alterations have been detected in pediatric brain tu-
mors (Supplementary Table 1).

Genomic Analyses

Copy number alterations (CNAs) and mutations in tu-
mors were identified from OncoPanel sequencing data 
or OncoCopy microarray data generated in the course of 
clinical care6 (Supplementary Table 2). OncoPanel is a tar-
geted sequencing panel that includes 300 cancer-related 
genes and 113 introns over 35 genes for the detection of 
rearrangements.8 OncoCopy is an array CGH platform with 
a resolution of 2.1 kb across the genome.9

Tumor fractions (TF) from ULP-WGS were estimated 
using ichorCNA.7 ichorCNA determines read counts 
per 1  Mb bins across the genome and normalizes them 
to correct for GC-content biases and gender effects on 
chromosomes X and Y.  It then feeds these into a Hidden 
Markov Model, whose parameters are determined using 
a Bayesian statistical framework, to estimate both TF and 
copy number states across the genome.

Pairwise sample comparisons were carried out using 
Pearson correlations. To account for experimental artifacts 
(back noise in coverage data that could be interpreted as 
CNA), we used a more stringent test that the cfDNA copy 
number profile should be correlated with its matched 
tumor to a greater degree than to unmatched tumors. We 
therefore determined the threshold for significant correla-
tion to be r = 0.41 by comparing copy number levels from 
all cfDNA samples against copy number levels from all 
non-matched tumors. r values that were above 0.41 were 
only observed in >5% of these control comparisons (ie, 
P = .05). We also visually examined the similarity between 
every copy number profile generated from ULP-WGS with 
the matched tumor profile.

CNAs were called from hybrid capture sequencing 
data using GATK on Firecloud. Somatic mutations were 
called using duplex consensus called bams produced 
by our pipeline that incorporates duplex unique molec-
ular identifiers (UMI). Custom analytical scripts were 
used to identify unique families of parental molecules 
in the originating samples based on the UMIs. This 
pipeline makes use of UMIs for increasing the avail-
able depth of reads and reduces error. Somatic muta-
tions were identified as sequences that did not match 
the germline reference, were shared among all reads 
with the same duplex unique molecular identifiers, and 
were also mutated in the paired tumor. All candidate 
somatic mutations and structural alterations including 
CNAs were manually reviewed using the Integrative 
Genomics Viewer.10

Plots were generated using the ggplot2 package in R 
(v.3.4.3) and Prism (v.8.2.1). All statistical analyses were 
performed in R (v.3.4.3).

Ethics Statement

Patients were enrolled after informed consent under IRB-
approved Dana-Farber Cancer Institute protocol N° 10-417.

Results

Systematic Processing of cfDNA in Pediatric 
Primary CNS Tumor Patients

We prospectively collected 564 liquid biopsies from 258 
pediatric patients who were evaluated for a primary pedi-
atric CNS tumor. These samples were processed and ana-
lyzed as depicted in Figure 1A. The cohort encompassed 
over 13 tumor types (Figure 1B; Supplementary Table 2), 
primarily low-grade gliomas or glioneuronal tumors (LGGs 
or LGNTs; n = 102), high-grade gliomas or glioneuronal 
tumors (HGGs or HGNTs, n = 35), and embryonal tumors 
including medulloblastomas (n = 27), atypical teratoid/
rhabdoid tumors (AT/RTs, n = 5), and others (n = 7).

The samples consisted of 67 CSF samples from 54 pa-
tients, 257 plasma samples from 243 patients, and 240 
urine samples from 224 patients. We obtained more 
than one of these samples from 227 patients (Figure 1C; 
Supplementary Table 2). For 139 patients, CSF, blood, or 
urine was collected prior to tumor resection; for 33 pa-
tients we obtained these samples during or within 24 
hours of surgery; and for 86 patients, we obtained these 
samples at subsequent time points. Ninety-one samples 
were obtained at recurrence. Across all samples, 225 were 
collected prior to or immediately after tumor resection 
(Supplementary Table 2).

We extracted cfDNA from 509 CSF, plasma, and urine 
samples using methodologies that we had previously es-
tablished (see Methods). This yielded a median of 18.3 
nanograms of DNA (6.4 ng from CSF, 20.9 ng from plasma, 
and 15.5  ng from urine; range 0-3043; Supplementary 
Figure 1A–C; Supplementary Table 2), with a median frag-
ment size of 169.7 base pairs (Supplementary Figure 2).

ULP-WGS for Copy Number Detection in ctDNA

We and others have previously used ULP-WGS to detect 
large-scale CNAs and estimate TF in cfDNA.7 We therefore 
sought to determine whether ULP-WGS could uncover 
high levels of tumor DNA (eg, >10%) in plasma, CSF, or 
urine samples from patients such that copy number anal-
ysis could be done non-invasively. However, many CNS tu-
mors in children harbor few or no large-scale CNAs, and 
CNS tumors in both children and adults have been associ-
ated with low fractions of ctDNA.

We successfully constructed ULP-WGS libraries and 
obtained evaluable sequencing data for 429 samples (84% 
of the processed cfDNA samples) from 240 patients (46 
CSF, 230 plasma, and 153 urine samples) (Supplementary 
Table 2).
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Across all plasma samples, we detected low amounts 
of ctDNA in our cohort applying the ichorCNA algorithm.7 
The TF was estimated to be above 10% in only 5 samples 
(2%) (4 patients from patients with a high-grade tumor and 
1 patient with a LGG) (Supplementary Table 2) with a me-
dian TF estimation of 0.9% (range 0%-98%). Matched tumor 
copy number data were available for 132 plasma samples 
and concordance was found for 3 samples (Supplementary 
Table 2) with TF estimation of 4.9%, 3.5%, and 2.7%.

As an alternative approach taking advantage of matched 
tumor data (which ichorCNA does not have) to get to 
lower TF, we examined the similarity between the 261 
copy number profiles generated from ULP-WGS of cfDNA 
with their matched tumor data (Figure 2A). Among the 

240 patients with ULP-WGS data, copy number profiles of 
the matched tumors were available for 132 tumors corre-
sponding to 261 cfDNA samples (31 CSF, 132 plasma, and 
98 urine). Only 78/132 (59%) samples exhibited at least one 
CNA at a chromosome arm level (chromosome arm gain or 
loss) (Figure 2B) in the bulk tumor biopsies.

We first performed a systematic Pearson correlation 
analysis of the 261 cfDNA samples vs their 132 matched 
tumors. Our previous analyses had shown that CNA detec-
tion is most reliable when TF is above 0.10.7 We determined 
the threshold for significant correlation at r = 0.41 for 
P = .05 by computing copy number levels from all cfDNA 
samples against copy number levels from all non-matched 
tumors. Examples of copy number profiles from paired 
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cfDNA and tumor samples with a range of r values (0.007-
0.9) are shown in Supplementary Figure 3.

We then performed a Pearson correlation on 151 cfDNA 
samples and their 78 matched tumors that exhibited at 
least one CNA at a chromosome arm level (chromosome 
arm gain or loss). We obtained positive correlations for 
only 16 samples (10.6%). After manual review, four sam-
ples were not clearly conclusive (r range [0.43-0.53]), 
leaving 12 positive samples, obtained from 9 patients, in-
cluding 9 CSF and 3 plasma samples (no positive urine 
sample) (Figure 2A and C; Supplementary Tables 2 and 3).

The histological diagnoses that yielded positive results 
comprised only WHO grade III and IV tumors, including 3 
medulloblastomas, 1 pineoblastoma, 1 ependymoma, 2 
embryonal tumors, and 2 DIPGs (Supplementary Figure 4; 
Supplementary Table 3). An example of positive CSF sam-
ples from two time points and a positive plasma sample 
from a patient with ependymoma is shown in Figure 2D 
and E.

We validated the low rates of detection of ctDNA in 
our cohort by applying an orthogonal approach. Our 
team has previously developed ichorCNA has a method 
to detect ctDNA, which we have extensively validated 
to be sufficient to reliably detect CNAs in tumor-derived 
DNA present at thresholds of at least 10%.7 Among 
the 12 samples that we had deemed to be positive for 
ctDNA because of matching copy number profiles with 
matched tumors, ichorCNA classified nine as having 
more than 10% tumor DNA. Among the other 249 sam-
ples, ichorCNA classified only 7 as having more than 
10% ctDNA.

Taken together, these results suggest low levels of 
ctDNA detection in samples obtained from children with 
primary brain tumors.

Design and Validation of a Hybrid Capture 
Sequencing Panel

We next evaluated whether we could improve ctDNA de-
tection by interrogating point mutations, rearrangements, 
and copy number events using a hybrid capture panel 
designed to cover mutation hotspots in pediatric CNS 
tumors. We initially identified all genes that had been re-
ported to harbor mutations or rearrangements to a sta-
tistically significant level within 25 published cohorts of 
pediatric CNS tumors.11–35 This survey initially generated 
a list of 91 genes (Supplementary Table 1, panel V1); we 
included 46 of these genes that were most frequently 
mutated and were predicted to have the highest speci-
ficity for capturing on-target DNA (Supplementary Table 
1, panel V2). Using DNA mixing experiments (we used 
two healthy donors; one was spiked into the other one 
to create our benchmark samples at 1 pct, 2.5 pct, and 5 
pct. This provided us with 0.5 pct, 1.25 pct, and 2.5 pct al-
lele fraction variants) and sequencing to 10 000× average 
depth at the covered bases, we found that this assay 
provided a sensitivity above 80% for the detection of a 
single-nucleotide variant (SNV) at an allele fraction above 
0.01% (Supplementary Figure 5) and 70% for the detec-
tion of a structural variant (SV) at an allele fraction above 
0.5% (Supplementary Figure 6).

Hybrid Capture Sequencing for ctDNA Detection 
in Low-Purity or Diploid Samples

We applied this panel to 86 cfDNA samples from 75 pa-
tients, comprising 10 CSF, 74 plasma, and 2 urine sam-
ples, along with their germline DNA. Among this cohort, 
28 samples were collected at least 24 hours after surgical 
resection, with gross residual tumor present in 22 of these 
28 patients. This sample set was chosen to enrich for high-
grade tumors (47% of those sequenced) which harbor a 
larger number of copy number or mutations. Nevertheless, 
our first determination was that, despite covering the most 
commonly altered sites in pediatric CNS tumors, tumors 
from only 42 of these patients, corresponding to 47 sam-
ples, harbored somatic genetic SNVs or rearrangements 
that could be called by our capture panel (Figure 3A), with a 
median of 1 mutation per primary tumor overall. The 42 re-
maining tumors harbored from 1 to 39 callable events, for 
a total of 95 somatic SNVs and 11 somatic rearrangements 
across the cohort. Given these findings, we conclude that 
alternate panel designs will be required to achieve high 
levels of sensitivity for ctDNA from pediatric CNS tumors.

Occasional Matches in Raw Reads Reflect 
False-Positives

Prior studies have reported detection of somatic variants 
from deep targeted sequencing based on single reads that 
have not been error corrected. We first evaluated whether 
the accuracy of this approach.

We initially focused on evaluating 88 mutations found in 
34 tumors and manually reviewed sequence reads at corre-
sponding loci in the cfDNA samples. Using this approach, 
we found cfDNA reads with the appropriate mutation in 56 
cases (64%). The average allelic fraction (AF) of these mu-
tations was 0.15%. We also evaluated 11 rearrangements in 
11 tumors but did not detect cfDNA reads corresponding to 
any of these rearrangements.

To determine the extent to which these apparent pos-
itive results reflect sequencing artifact rather than true 
alterations in ctDNA, we examined negative controls. 
Specifically, we selected 6 loci for which no mutation was 
detected across our 75 tumors and evaluated the cfDNA 
corresponding to 8 of those tumors at each of these 
loci (48 cfDNA locus pairs examined). We detected indi-
vidual positive mutation reads in 32/48 (67%) of these 
locus cfDNA pairs, with an average AF of 0.08%. These AF 
rates are similar to the rates at which we detected true 
tumor-specific mutations in individual reads in cfDNA. We 
conclude that assessing individual reads at pre-selected 
loci results in high false-positive rates. We extended this 
analysis to four glioma hotspot driver mutations: H3F3A 
K27M, HIST1H3B K27M, IDH1R132H, and BRAFV600E in 
two cfDNA samples from tumors that were wildtype for 
these genes. Both of these tumors were of types (one 
medulloblastoma and one AT/RT) that rarely harbor 
these mutations. Consistent with our prior analyses, we 
found these samples to also harbor five mutation reads 
that were false-positives (5 out of 8 alleles were positive, 
63%). When we looked for individual positive reads at 
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these four positions in cfDNA samples from all patients 
with gliomas, we detected a similarly high fraction of 
likely false-positive reads (Figure 3B).

We conclude that calling mutations based on the pres-
ence of individual positive reads compromises specificity 
to an unacceptable degree due to sequencing artifact.

Standard Analysis of Duplex Reads

To address the issue of false-positive results, we applied a 
workflow that detected germline variants and callable so-
matic alterations, including mutations and gene rearrange-
ments, using a pipeline that relies on barcoding DNA 
fragments prior to amplification to reconstruct double-
stranded DNA molecules (the “unique molecular identifier”, 
or UMI, pipeline).36 The UMIs allowed us to leverage ana-
lytical methods that take advantage of duplex reads to im-
prove the sensitivity and specificity of mutation detection 
in our targeted sequencing analysis below.37 Moreover, we 

were able to demonstrate the feasibility to perform ULP-
WGS sequencing on these libraries incorporating unique 
molecular identifiers (UMI).

We then restricted variant calls to alterations that are 
present in both DNA strands, to filter artifacts that affected 
only reads from one strand.36 This procedure also enables 
us to determine the number of DNA fragments contrib-
uting at each genomic locus to determine whether we are 
limited by sequencing depth or DNA yield.

Across the 106 somatically altered genomic loci in our 
cohort, we obtained a median coverage of 1143 duplex 
consensus reads per locus. Median of duplex reads at 
the analyzed somatic point mutation in CSF was 199.5 
(range 82-2189) and 1202 (range 34-7886) in plasma. On 
a per-sample basis (summing across altered loci within 
each sample), the median coverage of somatically al-
tered bases was 991 duplex consensus reads (range 
42-75 353) (Figure 4A). Known mutation points as well 
as rearrangement breakpoints were manually reviewed 
in comparison with the matched tumor profile. Among 
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the 106 mutation points analyzed, we detected 7 muta-
tions in ctDNA from 4 patients, all presenting with HGG 
(Figure 4A; Supplementary Figure 7; Supplementary 
Table 4). The median mutant allele fraction (MAF) of 
these somatic variants was 0.48% (range 0.07%-4%). 
None of the gene fusions identified in matched tumors 
(n = 11) were detected in cfDNA. Finally, we also ana-
lyzed CNAs in 68 samples from 59 patients which al-
lowed us to detect two positive samples. One of these 
was also detected by ULP-WGS. However, the CNA in 
the second tumor was a focal homozygous SMARCB1 
deletion (Supplementary Table 3) and therefore not de-
tected by our prior ULP-WGS pipeline which incorpor-
ates arm level gains and losses.

Comparison of results obtained by incorporating duplex 
reads and UMI to those obtained by detecting alterations 
in single reads highlight the false-positive rate associ-
ated with the latter method. Among the 56 cases in which 
evaluating single reads had detected the presence of a 
mutation, none were called positive using the UMI pipe-
line. Moreover, when we extended this analysis to include 
the four glioma hotspot driver mutations: H3F3A K27M, 
HIST1H3B K27M, IDH1R132H, and BRAFV600E from the 
two cfDNA samples with tumors that did not harbor these 
alterations and that we had used to benchmark specificity 
of mutation detection in single reads, our UMI approach 
did not detect any reads suggestive of the presence of any 
these mutations.

Furthermore, to illustrate the benefit of the UMI pipeline 
in reducing background error, we compared raw bam files 
to duplex consensus bam files for one sample at three mu-
tated loci (Figure 4B). Each of these mutations was clearly 
detected above background error using the UMI pipeline 
(top panels), but raw-read data exhibited only slightly 
higher allelic fractions to false-positive mutations in sur-
rounding bases (bottom panels).

Tumor Fraction Is Less Than 1% in Most 
cfDNA Samples

One use of cfDNA profiling is simply tumor detection. 
However, detection power is a function of the number of 
cfDNA molecules per sample tested for potential muta-
tions. Considering most patients only had 1 or 2 tumor mu-
tations within the region targeted in cfDNA, we expected 
detection power to be limited.

We evaluated this by estimating the maximum tumor 
purity of our cfDNA samples, given the rates of somatic 
mutation detection we observed (Figure 5). Specifically, 
we calculated the probability to detect ctDNA for every 
patient across a range of TF (0.01%, 0.1%, and 1%). 
We expected our power to detect ctDNA would scale 
with the total number of duplex reads encompassing 
sites with mutations in the tumor (Figure 5, horizontal 
axis). Note that this scales with both the number of 
detectable mutations and the number of duplex reads 
encompassing each mutation. At a 1% TF (blue curve), 
we estimate >90% power to detect ctDNA across 
80% of the patients (vertical lines); however, we de-
tected ctDNA in only four patients (vertical pink lines), 
indicating that the actual TF were lower than 1% in most 

cases. Our power to detect a TF of 0.1% (orange curve), 
was only >50% for 37% of the samples. We conclude 
that detection of ctDNA from pediatric CNS tumors is 
limited by low TF in cfDNA and low mutation counts 
per tumor.

Discussion

The feasibility of detecting ctDNA in plasma or CSF from 
pediatric patients with primary CNS tumors—across all 
types of tumors—has not been systematically evaluated 
in large cohort of children. Indeed, among 12 previously 
published studies reporting on cfDNA approaches for 
patients with primary brain tumors, only four focused 
on pediatric tumors, while another five manuscripts 
presented combined pediatric and adult patient co-
hort, and the largest pediatric brain tumor cohort in-
cluded less than 30 patients (Supplementary Table 5). 
Moreover, in brain tumors, results have varied, possibly 
due to limitations in ctDNA circulation due to the blood-
brain barrier.1,3,5,38–45 Our study presents the largest pro-
spective cohort of cfDNA collected from children with 
CNS tumors across multiple histologies and uses both 
genome-wide SCNA (somatic copy number alteration) 
detection through ULP-WGS and hotspot mutation 
and rearrangement detection through hybrid capture 
sequencing to 10 000× depth, on a platform previously 
shown to be highly sensitive and specific in tracking 
ctDNA in many types of extra-cranial cancers including 
in patients with minimal residual disease.2,7,46,47 The 
low sensitivity rates we detect despite these tech-
nical strengths and separate assays for both SNVs and 
SCNAs indicate the challenges faced in ctDNA detection 
from pediatric brain tumors.

Although we find that systematically collecting cfDNA 
and constructing libraries, including labeling of individual 
duplex molecules, is feasible in a clinical setting, ctDNA 
detection from pediatric CNS tumors is limited both by 
the low TF of cfDNA and the small number of detectable 
somatic genetic events in these tumors. High-grade tu-
mors can harbor both SNVs and SCNAs, and we specifi-
cally designed our hybrid sequencing panel to encompass 
mutations frequently observed in pediatric CNS tumors, 
covering 40 genes. However, many pediatric brain tumors, 
particularly LGGs, harbor single rearrangements which 
were not detected by our panel, despite deep sequencing 
coverage.

Other groups have reported yields of cfDNA to be 
higher in CSF than plasma.41–45 While we also find a 
higher detection rate in CSF and high-grade tumors, due 
to higher TF in CSF and more genomic disruption, we re-
port a lower detection rate in CSF than a published co-
hort of 85 adult gliomas. This could be due to the higher 
rate of detectable genomic events in adult gliomas.48 
Previous efforts to detect cfDNA in CSF from patients 
with brain tumors have leveraged methods such as dig-
ital droplet PCR to detect histone mutations.3,49 Further 
studies are required in pediatric brain tumor patients, 
encompassing larger numbers of patients and careful de-
termination of sensitivity and specificity rates of targeted 

sequencing panels, focusing in particular false-positive 
rates, to allow for the determination of the true feasibility 
of genotyping pediatric high-grade tumors from CSF 
samples.

Increased power to detect ctDNA would require either col-
lecting more cfDNA or tracking larger numbers of tumor muta-
tions. To increase the number of mutations covered, one could 
focus on tumors with larger mutation burdens, design patient-
specific sequencing panels, or sequence larger fractions of 
the genome. In the case of low-grade tumors, few mutations 
exist genome-wide,6,19,20 limiting the possibilities of improving 
ctDNA detection in this manner. Moreover, if the intention in 
profiling cfDNA is to genotype at individually significant loci, 
either substantially more cfDNA, routine collection of CSF, or 
a tumor biopsy would be required. However, the collection of 
more cfDNA is challenging in children, from whom large blood 
volumes cannot safely be drawn.

Our results highlight methodological challenges in the 
analysis of cfDNA sequencing results. With such low TF, 
it is tempting to search for individual reads that suggest 
the presence of a somatic mutation. However, our results 
show that such attempts to detect pre-defined alterations 
in single sequencing reads often result in artifact, and are 
prone to high false-positive rates unless substantial effort 
is made to ensure specificity of results, such as by UMI 
technology to filter out background error.

The systematic use of cfDNA to genotype CNS tumors 
in children remains problematic with current technolo-
gies. This is due to limitations on sensitivity resulting 
from the low purity of ctDNA in circulating cfDNA, the 
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sequencing panels, focusing in particular false-positive 
rates, to allow for the determination of the true feasibility 
of genotyping pediatric high-grade tumors from CSF 
samples.

Increased power to detect ctDNA would require either col-
lecting more cfDNA or tracking larger numbers of tumor muta-
tions. To increase the number of mutations covered, one could 
focus on tumors with larger mutation burdens, design patient-
specific sequencing panels, or sequence larger fractions of 
the genome. In the case of low-grade tumors, few mutations 
exist genome-wide,6,19,20 limiting the possibilities of improving 
ctDNA detection in this manner. Moreover, if the intention in 
profiling cfDNA is to genotype at individually significant loci, 
either substantially more cfDNA, routine collection of CSF, or 
a tumor biopsy would be required. However, the collection of 
more cfDNA is challenging in children, from whom large blood 
volumes cannot safely be drawn.

Our results highlight methodological challenges in the 
analysis of cfDNA sequencing results. With such low TF, 
it is tempting to search for individual reads that suggest 
the presence of a somatic mutation. However, our results 
show that such attempts to detect pre-defined alterations 
in single sequencing reads often result in artifact, and are 
prone to high false-positive rates unless substantial effort 
is made to ensure specificity of results, such as by UMI 
technology to filter out background error.

The systematic use of cfDNA to genotype CNS tumors 
in children remains problematic with current technolo-
gies. This is due to limitations on sensitivity resulting 
from the low purity of ctDNA in circulating cfDNA, the 

small numbers of alterations that can be detected, and 
the small amounts of blood and CSF that can be safely 
drawn from small children, limiting the amounts of input 
DNA that are available. Further work is required to over-
come these obstacles before assays for ctDNA can be 
systematically introduced into the clinical setting for 
children with brain tumors.
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Supplementary material is available at Neuro-Oncology 
online.
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