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Clinically Integrated Sequencing 
Alters Therapy in Children and 
Young Adults With High-Risk Glial 
Brain Tumors

INTRODUCTION

Outcomes for younger patients with brain 
tumors remain poor, and these tumors have 
become the leading cause of cancer-related mor-
tality in the young.1 This is due, in large part, 
to barriers of using many of the effective oncol-
ogy treatments to this patient population.1-3 The 
location of many pediatric brain tumors in the 
thalamus and brainstem constrains the surgeon 
from performing a safe surgical resection or 
even a biopsy in some cases.4,5 Finally, the blood-
brain barrier (BBB) restricts access to the CNS 

to all but 5% of chemical compounds screened 
for drug development.6

At the molecular level, pediatric and adult brain 
tumors are dissimilar.2,4 Recurrent mutations 
and gene expression profiles of pediatric brain 
tumors are clearly distinct from their adult 
counterparts.2,7,8 Moreover, molecular charac-
terization of pediatric brain tumors has disclosed 
key differences in tumors with the same pathol-
ogy, among their subgroups defined by age and 
location.2,4,9 Younger patients with high-risk or 
refractory brain tumors are in urgent need of 
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novel effective therapies that are based, ideally, 
on the unique biology of each tumor.

In contrast to adult tumors, recent surveys of 
pediatric tumors have shown that most are 
driven by relatively few mutational events, many 
of which may be targetable with personalized 
clinically available agents.2,10 Although precision 
medicine is an exciting potential therapeutic 
avenue for younger patients with brain tumors, 
this approach requires substantial optimization 
to successfully improve outcomes for children 
with these aggressive tumors. Our group has 
successfully shown the feasibility and potential 
clinical utility of integrative clinical sequencing 
in the practice of precision oncology in pediat-
ric and adult patients with relapsed and refrac-
tory disease,11,12 and other pediatric groups have 
recently reported similar findings.13,14 Two recent 
studies have reported targeted DNA sequencing 
in pediatric patients with brain tumors.15,16 How-
ever, to our knowledge, no studies have been pri-
marily designed to study the role of DNA and 
RNA sequencing of children and adolescents 
with high-risk brain tumors, with a focus on 
their treatment and follow-up.

We therefore launched a clinical sequencing 
study to better understand the role of person-
alized genomic characterization and precision 
oncology in the management of these patients. 
We performed clinically integrated tumor (DNA/
RNA) and germline (DNA) sequencing and 
genetic counseling for a prospective cohort of 
children and young adults with high-risk brain 
tumors. As part of this study, we discussed 
these results in a multidisciplinary and multi- 
institutional brain tumor precision medicine 
conference, with a special emphasis on discus-
sion of the CNS penetration of potential tar-
geted agents.

PATIENTS AND METHODS

Patients

We performed a single-site prospective, obser-
vational consecutive case series of patients 
younger than 40 years with a diagnosis of a 
high-risk primary brain tumor believed to have 
at least a 25% chance of treatment failure by 
the treating oncologist (including patients with 
tumors with unclear diagnosis or grading—if 
one of the diagnostic possibilities met our cri-
teria for high risk). The Pediatric MiOncoSeq 

study was approved by the Institutional Review 
Board of the University of Michigan Medical 
School, and all patients or their parents or legal 
guardians provided informed consent (written 
assent if > 10 years). All patients were seen by a 
physician investigator and a genetic counselor. 
Clinically integrated sequencing was performed 
according to previous published methodol-
ogy (Data Supplement).11,12,17 Our study began 
using a whole-exome gene panel, as previously 
described. Partway through the study of our 
cohort, the MiOncoseq sequencing laboratory 
(Michigan Center for Translational Pathology) 
adjusted their panel from whole exome to a  
panel of 1,700 genes (OncoSeq1700) that cov-
ered all cancer consensus genes and fusion part-
ners seen in their initially sequenced cohort  
(> 1,000 tumors). The Michigan Center for 
Translational Pathology prospectively performed 
paired whole exome and 1,700 gene panel on a 
prospective cohort of tumors and confirmed no 
notable difference in reporting of cancer con-
sensus gene alterations to clinicians.

As previously described,11 potentially actionable 
findings were defined as any genomic finding 
that could lead to a change in patient manage-
ment by providing a targetable tumor molecular 
aberration, a change in diagnosis or risk stratifi-
cation (leading to an immediate potential ther-
apeutic application), or a change in patient or 
family counseling by identifying cancer-related 
germline findings. For medulloblastoma, sonic 
hedgehog (SHH) was the only subgroup desig-
nation considered actionable by itself.

Brain Tumor Precision Medicine 
Conference

Tumor sequencing results were reviewed in a 
multi-institutional brain tumor precision med-
icine teleconference held at the University of 
Michigan and attended by Seattle Children’s 
Hospital, University of California, San Fran-
cisco, Baylor, Colorado Children’s Hospital, 
Lurie Children’s, Children’s National, and Chil-
dren’s Hospital of Michigan. Clinical sequenc-
ing results and potential treatment options 
were discussed with a multidisciplinary team 
including clinicians from pediatric and adult 
neuro-oncology, pediatric neurosurgery, neuro-
pathology, pathology/cytogenetics, pharmacol-
ogy, bioinformaticians, genetic counselors, and 
study coordinators, to reach a consensus treatment 
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opinion and to generate discussion of clinical 
trial availability.

For discussion of targeted agents to be consid-
ered for patients, special attention was paid to 
likelihood of their penetration of BBB. For all 
agents (available on or off trial), the University 
of Michigan CNS Targeted Agent Prediction 
(CNS-TAP) rating system was developed, with 
seven criteria to score utility of the agent, includ-
ing targeted pathway/relevance to sequencing 
results, preclinical data, pediatric phase I data, 
clinical data in CNS tumors, active clinical trials 
for which patient is eligible, CNS/BBB penetra-
tion, and relevant formulation (pill v suspension; 
see Data Supplement for sample checkbox eval-
uation of everolimus for a PIK3CA mutation in 
a patient with diffuse intrinsic pontine glioma 
[DIPG]). Scores are given as total number of 
checks for each agent. For patients with mul-
tiple targetable lesions, preference was given 
to lesions with higher variant allele fraction in 
tumor, when known.

RESULTS

Feasibility of Clinically Integrated 
Sequencing for Children and Young Adults 
With Brain Tumors

We screened 52 patients and enrolled 50 patients 
with high-risk primary brain tumors (mean age, 
10.2 years; median age, 9.0 years; range, 1 to 
39 years) between January 2014 and March 2017 
(Fig 1). Two families of patients with DIPG 
declined participation because of the need for 
biopsy (offered for clinical and research pur-
poses). Patients were referred with a wide variety 
of brain tumor diagnoses, as long as their treat-
ing neuro-oncologist denoted high-risk status 
(> 25% risk of progression or treatment failure).

Eighteen patients (36%) had relapsed or refrac-
tory tumors (of which we sequenced the orig-
inal tumor in 12 cases), and 13 patients (26%) 
had metastatic tumors at the time of enrollment 
(Table 1). Thirty-two patients were enrolled at 
the time of their original diagnoses, when they 
presented with either a high-risk neoplasm or 
a possible diagnosis that met criteria for high-
risk neoplasm after pathology review. For all 
patients, tissue was obtained by standard-of-care 
diagnostic or therapeutic surgical procedures 
done either at the time of enrollment or at the 
time of an earlier procedure. Of the 50 enrolled 
patients, 40 (80%) had adequate tumor specimen 

for DNA/RNA sequencing, including 20 (50%)  
glial tumors, 15 (38%) embryonal tumors, and 
five (13%) other tumors. Frozen samples were 
more often adequate than formalin-fixed paraffin- 
embedded (94% v 74%). In one case, paraffin- 
embedded tissue on two slides was sufficient to 
provide tissue for DNA, but not RNA, isolation. 
The 40 tumors with adequate specimen were 
used as a denominator for all subsequent anal-
yses. For these tumors, results were provided 
to the clinician/family at a median of 78 days. 
A cause of delay for some cases was obtaining 
formalin-fixed paraffin-embedded tissue from 
patients at outside institutions. Patients with fro-
zen tumor samples had a median time to results 
of 49 days.

Twenty-six tumors (65%) underwent DNA 
sequencing with a panel of 1,700 cancer-related 
genes (OncoSeq1700), rather than whole-exome 
sequencing. Rates of actionable findings were 
similar between both methodologies.

Clinical Utility of Integrated Sequencing 
for Children and Young Adults With Brain 
Tumors

Sequencing revealed a potentially actionable ger-
mline or tumor alteration in 25 (63%) tumors, 
including five germline and 22 somatic tumor 
alterations (two patients with both a distinct ger-
mline and tumor alteration; Table 1). For these 
patients, the results led to a change in clinical 
management/treatment in 21 patients (53%). 
This included 18 patients (45%) who underwent 
a change in therapy on the basis of sequencing 
results and three patients (8%) who received 
new genetic counseling for germline finding 
and future cancer risk. During the course of 
this study, none of these patients were found to 
have additional malignancies, although three of 
five of these patients (and the sibling of one of 
these patients) remain on annual surveillance 
programs for additional associated malignancies 
(Data Supplement).

We graded the actionable potential of the somatic 
mutations into category I to IV (Table A1)  
as described previously.13 Category I included 
somatic mutations of established clinical utility; 
category II: mutations of potential utility; cat-
egory III: other consensus cancer gene muta-
tions; and category IV: other genes. On the basis 
of this grading system, these brain tumors har-
bored an average of 2.3 grade I to III potentially 
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actionable mutations per tumor (range, 0 to 8; 
median, 2). Glial tumors showed more grade I  
to III mutations per tumor (average, 3.0; range, 
0 to 8; median, 3) than embryonal tumors (average, 
1.6; range, 0 to 5; median, 1; Data Supplement).

Most targeted therapeutic interventions included 
use of tyrosine kinase inhibitors, histone deacty-
lase inhibitors, or mechanistic target of rapamy-
cin inhibitors. Fifteen patients (38%) underwent 
precision medicine–based therapy with agents 
selected through the CNS-TAP program, includ-
ing 10 patients who also underwent radiation 
and one patient who underwent surgery and 
radiation (Data Supplement). Our group was 
heterogeneous in terms of tumor type, time of 

enrollment (diagnosis or relapse), and whether 
targeted therapy was given in isolation or was 
followed by radiation therapy, thus limiting our 
ability to analyze whether targeted treatments 
improved treatment outcomes. With the lim-
its of our heterogeneous group, patients with 
recurrent/refractory brain tumors on targeted 
therapy had a median progression-free survival 
(from time on therapy) of 4 months (95% CI, 
0.25 to 4 months; Data Supplement).

Despite persistent efforts and referrals to multi-
ple centers with ongoing pediatric brain tumor 
clinical trials, no patient was able to enroll in 
a clinical trial on the basis of their sequencing 
results, and all targeted therapies were used on 
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Fig 1. Study enrollment 
schematic. Children and 
their families were offered 
enrollment if they had 
a diagnosis of a primary 
brain tumor believed to 
have at least a 25% chance 
of treatment failure by 
their treating oncologist. 
Approximately half of tu-
mors enrolled were glial by 
histology. AT/RT, atypical 
teratoid/rhabdoid tumor; 
DIPG, diffuse intrinsic 
pontine glioma; ETMR, 
embryonal tumor with 
multilayered rosettes; GBM, 
glioblastoma multiforme.
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an off-trial basis. The most frequent reasons 
cited by clinicians or families of the five patients 
(of 22) for not pursuing treatment on the basis of 
potentially actionable findings included selecting 
a nontargeted salvage chemotherapy regimen  
(n = 3) or pursuing no therapy in the absence of 
clear clinical or radiologic progression (n = 1). 
For one patient with a recurrent medulloblas-
toma and SHH pathway upregulation, consider-
ation of therapy with a targeted SHH inhibitor, 
such as vismodegib, was considered, but no 
clinical trial was available, and the provider and 
family decided not to pursue off-trial use of the 
agent.

Actionable Findings

Sequencing was of highest utility in glial tumors. 
Seventeen of 20 patients (85%) with glial 
tumors were found to have a potentially action-
able result. Fourteen of these patients (70%) 
underwent a change in therapy on the basis of 
sequencing results (Table A1). As an example, 
patient PO-3151 is a 5-year-old with a unilateral 

thalamic glioblastoma who originally underwent 
partial resection and focal radiation. He was 
treated with adjuvant temozolomide and lomus-
tine (CCNU), but magnetic resonance imaging 
obtained before third cycle (including magnetic 
resonance spectroscopy) was consistent with 
tumor progression before third cycle. Sequenc-
ing of his tumor revealed H3F3A K27M muta-
tion, TP53 mutation and copy loss, and CDK4 
amplification and outlier expression (all category 
III; Figs 2A to 2C). After discussion in our pre-
cision medicine conference, he was treated with 
monotherapy on the histone deactylase inhibitor 
panobinostat three times per week every other 
week, on the basis of preclinical data support-
ing its use for DIPG with H3.3 mutations.18 
After establishing that he tolerated this ther-
apy, the cyclin-dependent kinase 4/6 (CDK 4/6) 
inhibitor palbociclib was added (three times per 
week, 2 weeks on/2 weeks off), which previously 
showed efficacy in a pediatric CNS teratoma.19 
He has had an ongoing partial response now 
for 18 months (25 months from diagnosis; 
Fig 2D). He has tolerated therapy well, with the 
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Table 1. Feasibility and Actionability of Clinically Integrated Sequencing, by Brain Tumor Subtype

Patient Demographics and Clinical 
Characteristics (N = 50) No. (%) Actionability No. (%)

Mean age, years 10.2 Tumors with adequate tissue, No. 40   

Median age, years 9.0 Germline finding 5 (13)

Histology Therapy/diagnostic finding 22 (55)

Glial tumors 25 (50) Any actionable finding 25 (63)

Embyronal 18 (36) Action taken 21 (53)

Other 7 (14) Glial tumors, No. 20 

Clinical characteristics Germline finding 1 (5)

Metastatic 13 (26) Therapy/diagnostic finding 17 (85)

Local 37 (74) Any actionable finding 17 (85)

At diagnosis 32 (64) Action taken 14 (70)

At relapse or progression 18 (36) Embryona, No. 15 

Tissue used for sequencing Germline finding 2 (13)

Original diagnostic material 44 (88) Therapy/diagnostic finding 3 (20)

Sample obtained at relapse 6 (12) Any actionable finding 5 (33)

FFPE 36 (72) Action taken 3 (20)

Frozen tissue 14 (28) Other tumors, No. 5 

Feasibility Germline finding 2 (40)

Adequate tissue 40 of 50 (80) Therapy/diagnostic finding 2 (40)

FFPE adequate 26 of 36 (72) Any actionable finding 3 (60)

Frozen tissue adequate 14 of 15 (96) Action taken 2 (40)

NOTE: Data presented as No. (%) unless otherwise noted.
Abbreviation: FFPE, formalin-fixed paraffin-embedded.
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exception of mild hyperbilirubinemia and count 
suppression.

As another example, a 1-year old girl presented 
with a recurrent posterior fossa glioblastoma multi-
forme. She originally underwent a gross total resec-
tion at 8 months of age, multiagent chemotherapy 
according to Children's Cancer Group protocol 
99703,20 and then focal radiation therapy with con-
comitant temozolomide (after initial relapse). The 
patient developed additional progression 4 months 
after radiation therapy. Sequencing of her initial 
tumor revealed significant focal amplification 
of PDGFB (19 copies; Data Supplement), outlier 
expression of PDGFB and PDGFRA (Data Sup-
plement), and somatic mutations in SETD2, with 
the loss-of-function mutation in SETD2 com-
prising 42% of the sequenced tumor fraction. She 

was treated with dasatinib for 6 months with no 
toxicity and resolution of her enhancing lesion on 
magnetic resonance imaging (Data Supplement). 
Unfortunately, she developed additional pro-
gression and changed to a phase I trial.

Embryonal tumors were found to have poten-
tially actionable results in five of 15 patients 
(33%). Only two of these patients (13%) under-
went a change in their therapy on the basis of 
sequencing results (Table A1) both cases involved 
clarification or revision of the original diagnosis.

Thirty-eight (95%) participating patients received 
germline sequencing results. These patients 
had both agreed to receive incidental genetic 
findings and had an adequate tumor sample 
to complete sequencing. Pathogenic germ-
line findings identified in five patients (13%) 
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are listed in Table A1. These included mutations 
associated with established syndromes (DICER1 
syndrome, Li-Fraumeni syndrome, and familial 
SMARCB1/INI1 deficiency). All patients with 
a new actionable pathogenic germline variant 
were seen in a cancer genetics clinic for coun-
seling and additional testing in family members.

Molecular Landscape of Brain Tumors in 
Cohort

Tumor DNA and RNA sequencing allowed us 
to explore the molecular landscape of a diverse 
group of high-risk brain tumors from children 
and young adults. Activating alterations (muta-
tion, amplification, or fusion) in platelet-derived 
growth factor receptor (PDGFR) or fibroblast 
growth factor receptor (FGFR) pathways was 
seen in nine (45%) of 20 glial tumors (Fig 3), 
which is higher than previously published in any 
of these tumor subtypes.21-23 In addition, we saw 
potential tumor-driving RNA fusions in eight 
(20%) tumors, including novel fusions in three 
tumors (LRP6-ETV6 fusion in a pediatric glio-
blastoma [PO-3089], an FGFR3-PHGDH fusion 
in a thalamic anaplastic oligodendroglioma [PO-
3124], and an ELF4-SMARCA fusion in a bitha-
lamic pediatric glioblastoma [PO-3195]). All 
genes involved in these two fusions are expressed 
at approximately 99th percentile in comparison 

to 1,700 MI-ONCOSEQ samples. The FGFR3-
PHGDH fusion results in the fusion of FGFR3 
exon 17 to exon 9 of PHGDH. The location of 
the FGFR3 breakpoint in this fusion is similar to 
that of reported FGFR3-TACC3 fusions in adult 
glioblastoma multiforme.24 Of note, overexpres-
sion of phosphoglycerate dehydrogenase has 
been shown to be a negative prognostic funding 
in adult glioma, possibly related to increase in 
glioma invasion and proliferation.25

Sequencing allowed for medulloblastoma molecu-
lar group analysis in nine of 10 medulloblastomas 
with tissue suitable for RNA library formation, 
by comparison with established groups of highly 
expressed genes in each group.26 Our population 
of medulloblastomas was from all four groups 
but was enriched for group 4 tumors (Table A1; 
Data Supplement). One tumor (PO-3063) had 
expression and copy number attributes of three 
subgroups (WNT, SHH, and group 3).

DISCUSSION

Younger patients with brain tumor diagnoses die 
as a result of their disease more commonly than 
those with any other tumor type.1 In an effort to 
tackle this problem, we sought to study a com-
prehensive integration of precision medicine 
into the management of this patient population. 
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landscape of high-risk 
pediatric and young adult 
patients with brain tumors 
at diagnosis and recurrence. 
Activating DNA lesions 
(mutation, amplification, or 
fusion) were seen in 19 tu-
mors (48%), most frequently 
in the mitogen-activated 
protein kinase signaling 
and mechanistic target of 
rapamycin/phosphoinositide 
3-kinase pathways. Tumor 
suppressor mutations or 
deletions (germline and/or  
somatic) were seen in 
32 tumors (80%), most 
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or apoptotic signaling 
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A few recent studies have assessed the utility of 
sequencing pediatric cancers,11,13,14 including tar-
geted DNA sequencing at diagnosis in pediatric 
patients with brain tumors.15 To our knowledge, 
our study is the first to report on the feasibility of 
integrating DNA and RNA sequencing into the 
clinical management of children and young adults 
with high-risk brain tumors at both diagnosis and 
relapse, along with their treatment and response. 
We performed DNA and RNA sequencing and 
systematic selection of targeted therapies on the 
basis of discussions in a multi-institutional brain 
tumor precision medicine conference. Sequenc-
ing revealed a potentially actionable germline or 
somatic alteration in two thirds of brain tumors, 
of which one third resulted in an impact on treat-
ment or change of diagnosis.

Our results demonstrate the utility of combining 
tumor exome DNA and RNA sequencing with 
germline DNA sequencing in pediatric brain 
tumors. We usually achieved more than 150× to 
750× coverage of the tumor exome or 1,700 gene 
panel, which allowed us to detect subclonal pop-
ulations < 5%. The brain tumors in our cohort 
harbored driving tumor mutations not previously 
known for their tumor type or seen only in a small 
number (< 5%) of tumors. This finding reinforces 
the need for broad (exome or > 1,000 gene panel) 
coverage for tumor profiling in younger patients 
with brain tumors. In addition, this series supports 
the use of RNA-seq, which identified fusions in 
20% of tumors, allowed us study gene expression 
levels, and also helped us with identification of 
medulloblastoma subgroups. Germline sequenc-
ing revealed germline cancer predisposition 
alterations in 13% of tumors, which is consistent 
with previous studies of pediatric malignancies 
that have included germline sequencing.11,13 Our 
median turnaround time was suboptimal. Future 
efforts for molecular profiling will be clinically 
more relevant if available within 1 to 2 weeks, and 
novel platforms have been able to bring the time 
down to days.27

The brain tumors in our younger patient cohort 
were found to have relatively few somatic muta-
tional events, as compared with mutational sur-
veys of adult brain tumors, which are more heavily 
mutated.28,29 As seen in previous surveys of pedi-
atric cancer,2,12 the somatic mutations that were 
present in our tumors, especially in our gliomas, 
were frequently targetable with personalized clin-
ically available agents. Of note, 14 of 17 (83%) 

of our patients who underwent therapy changes 
on the basis of sequencing had a high-grade 
glial tumor, whereas only one of 23 (4%) of our 
patients who did not undergo therapy change had 
a high-grade glial tumor. The lack of efficacious 
treatments or available clinical trials for many of 
our patients with brain tumors influenced clini-
cians’ interest in pursuit of targeted therapies in 
this patient population. The multidisciplinary 
and multi-institutional conference also provided 
a consensus opinion that improved clinician and 
patient/family comfort with nonstandard therapy. 
Although no formal survey was performed on this 
topic, multiple families expressed comfort with 
pursuing a targeted therapy without a formal sec-
ond opinion because of the attendance and input 
from clinicians from multiple other children’s 
hospitals around the country.

Pediatric and young adult patients with GBM and 
DIPG highlight the unique opportunities and 
drawbacks of precision medicine in this patient 
population. In our 12 patients with these diagno-
ses (and adequate tissue), all harbored potentially 
actionable mutations by our criteria, for which 
therapy was altered in 11. However, all of these 
tumors harbored multiple consensus cancer gene 
alterations (category I to III), with an average of 
3.8 per tumor, and one with eight consensus can-
cer gene alterations. The selected targeted ther-
apy may have led to the evolution of resistant 
subclonal tumor cell populations in tumors that 
progressed.30 Recent studies have shown a vari-
able degree of heterogeneity within pediatric and 
adult high-grade gliomas, which could account for 
treatment failure with the use of a single agent.31,32 
Current and future clinical trials will approach 
some of these issues by starting with multiple 
agents targeting nonredundant pathways.30

The timing of the biopsy is also likely important, 
because gliomas have also been shown to develop 
numerous mutations in response to cytotoxic 
chemotherapy and radiation.9 As a limitation of 
our study, a minority of our patients with pro-
gressive tumors underwent biopsy or resection 
at progression. Nevertheless, targeted therapies 
chosen for some of these patients in our study 
contributed to potential clinical benefit (although 
response attribution is uncertain because of pre-
vious irradiation in many cases). Therapies were 
generally administered orally and on an outpa-
tient basis. Targeted agents were monitored for 
toxicity by standard-of-care guidelines (off study), 
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with reduction or holding dose for grade 3 or 4 
adverse events. None of the patients receiving 
targeted therapy had grade 3 or 4 adverse events, 
cytopenia requiring transfusion, or admission for 
fever and neutropenia.

The CNS-TAP tool provided a useful frame-
work for selection of targeted agents on the basis 
of previously published data and the likelihood 
of BBB penetration. Despite this, the molecular 
tumor board was often conflicted after discussion 
of multiple promising agents, and the reproduc-
ibility of the board’s recommendations was not 
always fully consistent. Our group is currently 
optimizing the tool to provide a numerical score 
for all relevant agents that will be available to 
clinical researchers as a Web-based tool. We are 
also developing a prospective trial, which will 
compare CNS-TAP–selected therapy to clinician 
choice, as well as measuring outcomes for a more 

homogenous cohort prospectively compared with 
historical controls. These studies will be crucial 
to our understanding of the true value of targeted 
therapy for children with brain tumors.

In summary, selection of personalized agents on 
the basis of integrative clinical sequencing of 
high-risk brain tumors of children and young 
adults is feasible and frequently results in change 
of management. Our study highlights the util-
ity of this approach, particularly in glial tumors. 
Going forward, continuing efforts to match 
therapies to the molecular profile of individual 
tumors should lead to improved outcomes for 
younger patients with brain tumors. Our results 
demonstrate the promise of this approach.

DOI: https://doi.org/10.1200/PO.17.00133 
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