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Infant brain cancers encompass a heterogenous group of tumors
with distinct genetic drivers and are associated with significant ther-
apeutic challenges and poor overall survival (Figure 1). Embryonal
tumors with multilayered rosettes (ETMR), characterized by ampli-
fication of the chromosome 19 miRNA cluster (C19MC), represent a
particularly aggressive infant brain tumor with a dismal prognosis.
In this issue of Neuro-Oncology, Juhnke et al report the outcomes
of the largest cohort of children diagnosed with ETMR." Their re-
sults confirm tumor location, extent of resection, and the presence
of metastasis as independent prognostic factors, with superior
outcomes in children with completely resected, non-metastatic,
and supratentorial disease. Importantly, the authors demonstrate
the significant improvement in overall survival for patients with
supratentorial disease employing intensified high-dose multi-agent
chemotherapy approaches compared to those treated with other
approaches.

ETMRs were first identified to be a specific disease entity in the
early 2000s?? and epitomize the challenges faced when treating in-
fants with malignant brain tumors.The current study highlights the
importance of treatment strategies that optimize local control while
preventing and/or treating disseminated disease. One of the most
effective anti-tumor modalities of treatment, radiation therapy, is
prohibitive for infants and young children. While craniospinal ir
radiation is often used to control or prevent metastatic disease in
older children, similar treatment in the youngest of children results
in devastating effects on neurocognition and growth. Thus, alter-
nate anti-tumor approaches to target the entire craniospinal axis
are leveraged, frequently including intensified and high-dose multi-
agent chemotherapy as described by Juhnke et al. Indeed, similar
approaches have also been shown to improve outcomes in other
infant diseases, including medulloblastoma®*® and atypical teratoid
rhabdoid tumors (ATRT).%7 Yet, intensive chemotherapy regimens
are also associated with dose-limiting toxicities. Direct injection of
chemotherapy into the intrathecal space through an in-dwelling

ventricular catheter represents an alternate approach for the pre-
vention and/or treatment of leptomeningeal spread of disease.The
use of intrathecal administration of agents such as methotrexate,
cytarabine, etoposide, and topotecan has been explored, however,
the relative efficacies of each of these drugs have not been system-
atically evaluated.

Unique cancers like ETMR, ATRT, and gliomas harboring somatic
gene alterations in neurotrophic tyrosine receptor kinase (NTRK),
MET proto-oncogene (MET), ROS1, or anaplastic lymphoma ki-
nase (ALK)2® ependymomas, medulloblastoma, pineoblastomas,
and choroid plexus tumors, represent the majority of infant tumors.
Each of these entities is extremely rare, representing the challenge
of accrual of sufficient numbers of patients to evaluate specific treat-
ment approaches in the context of clinical trials. To overcome this
challenge, Juhnke et al retrospectively identified patients with mo-
lecularly defined ETMR that were treated in the context of either the
P-HIT clinical trial or HIT2000-interim-registry, allowing them to com-
bine the clinical features of 35 ETMR patients treated on these proto-
cols. Multi-institutional and international collaboration through
consortia have proven essential to the ability to perform clinical
trials to prospectively assess efficacy of treatment approaches in
these rare populations.

Recent landmark genomic profiling efforts have revealed
multiple somatic drivers of infant brain tumors,®® creating
optimism for precision medicine approaches. As an example,
small molecule inhibitors targeting NTRK and ALK have been
developed and have received FDA approval for the treat-
ment of pediatric solid tumors with NTRK rearrangements.
However, strategies to target other alterations, including the
C19MC amplicon that define ETMRs, remain elusive. While
significant efforts are underway across laboratories to identify
novel therapeutic approaches for these unique tumors, op-
timal strategies to incorporate and assess these new agents
rapidly in clinical trials remain challenging.
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Fig. 1 Infant brain tumors are rare (<1000 total annual diagnoses/
year which varies by subtype) and encompass a heterogeneous
group of tumors, including embryonal tumors with multilayered ros-
ettes (ETMR). Their treatment is associated with a number of treat-
ment challenges that are shown.

Conducting clinical trials including infants also re-
quires specific considerations. First, drug formulations
are often restrictive in their use in children who are un-
able to swallow intact tablets or capsules. Determining
release and absorption of crushed tablets, or developing
powder or liquid formulations, keeping in mind potential
enteral tube dependency, may help overcome this bar-
rier. Second, drug metabolism is unique in infants and
often results in clinical trial eligibility to restrict enroll-
ment to children who are at least 1 year of age. Dose-
finding and toxicity-defining phase 1 trials should thus
include infants, allowing pharmacokinetic assessment
of each compound in this age group. Third, trials should
include assessments of longer-term growth and develop-
ment to allow for the identification of the late effects of
treatment. Moreover, it is important to anticipate poten-
tial side effects of all new targeted inhibitors on normal
developmental programs in vital organs while tracking
associated long-term toxicity.

Finally, while the majority of childhood cancers arise spo-
radically, recent studies have implicated germline alterations
in 5%-15% of children.® This is particularly important as a
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diagnosis of cancer in the early years of life may signal the
presence of a familial cancer predisposition syndrome. For ex-
ample, choroid plexus carcinomas are often associated with a
diagnosis of Li-Fraumeni Syndrome; ATRT is associated with a
rhabdoid tumor predisposition. Clinical germline sequencing,
coupled with genetic counseling, should be included in the care
of all infants, if not all children, diagnosed with brain tumors.

Brain tumors are difficult to cure across all age groups.
The additional obstacles in treating infants due to the size
and locations from which tumors arise, the surgical risks
of such large complex operations, the considerations of
therapy administration as well as the potential devas-
tating morbidities from the many treatment approaches,
all contribute to the need for specialized multidisciplinary
teams experienced in treating infants with brain tumors
in order to optimize their safe and meaningful survival.

We would like to thank and acknowledge Eric Smith for his as-
sistance with generating and illustrating Figure 1. We thank Dr.
Jill Barnholtz-Sloan for her expertise on the incidence of child-
hood cancers across different age groups.

Conflict of interest statement. P.B. received grants funding from
Novartis Institute of Biomedical Research and Deerfield, and
consults for QED Therapeutics, for unrelated projects. S.N.C. is
a consultant for Epizyme, Inc.

Authorship statement. The text is the sole product of the authors
and that no third party had input or gave support to its writing.

References

1. Juhnke BO, Gessi M, Gerber NU, et al. Treatment of embryonal tumours
with multilayered rosettes with carboplatin/etoposide induction and
high-dose chematherapy within the prospective P-HIT trial. Neuro Oncol.
2022;24(1):127-137.

2. Li M, Lee KF, Lu Y, et al. Frequent amplification of a chr19q13.41 mi-
croRNA polycistron in aggressive primitive neuroectodermal brain tu-
mors. Cancer Cell. 2009;16(6):533-546.

3. Korshunov A, Sturm D, Ryzhova M, et al. Embryonal tumor with abun-
dant neuropil and true rosettes (ETANTR), ependymoblastoma, and
medulloepithelioma share molecular similarity and comprise a single
clinicopathological entity. Acta Neuropathol. 2014;128(2):279-289.

4. Rutkowski S, Gerber NU, von Hoff K, et al.; German Pediatric Brain Tumor
Study Group. Treatment of early childhood medulloblastoma by postoperative
chematherapy and deferred radiotherapy. Neuro Oncol. 2009;11(2):201-210.

5. Zaky W, Dhall G, Ji L, et al. Intensive induction chemotherapy followed
by myeloablative chemotherapy with autologous hematopoietic progen-
itor cell rescue for young children newly-diagnosed with central nervous

W)
9]
3
3
o
o
aQ
@
a
=
o
3
>
=
S
w
2
©
Q
©
Q
@
3
o
o
c
©
Q
o]
3
=
>3
@
c
S
Q
o
>
Q
o
o
Q
<
<
o
=
Q
9
@
N
N
=
=
=
=
w
Ies)
X
S
@
o)
@
o)
5]
o
o
<
=
9]
=
o
QL
©
>3
o
@)
o
=3
o
c
@
1]
gt
o
=}
o
N
>
©
3.
N
o
N
N



Editorial

system atypical teratoid/rhabdoid tumors: the Head Start Il experience.
Pediatr Blood Cancer. 2014;61(1):95-101.

Chi SN, Zimmerman MA, Yao X, et al. Intensive multimodality treatment
for children with newly diagnosed CNS atypical teratoid rhabdoid tumor.
J Clin Oncol. 2009;27(3):385-389.

Reddy AT, Strother DR, Judkins AR, et al. Efficacy of high-dose chemo-
therapy and three-dimensional conformal radiation for atypical teratoid/
rhabdoid tumor: a report from the Children’s Oncology Group Trial
ACNS0333. J Clin Oncol. 2020;38(11):1175-1185.

8.

Stucklin ASG, Ryall S, Fukuoka K, et al. Alterations in ALK/ROS1/NTRK/
MET drive a group of infantile hemispheric gliomas. Nat Commun.
2019;10:4343.

Clarke M, Mackay A, Ismer B, et al. Infant high-grade gliomas comprise
multiple subgroups characterized by novel targetable gene fusions and
favorable outcomes. Cancer Discov. 2020;10(7):942-963.

Fiala EM, Jayakumaran G, Mauguen A, et al. Prospective pan-cancer
germline testing using MSK-IMPACT informs clinical translation in 751
patients with pediatric solid tumors. Nat Cancer. 2021;2:357-365.

2202 |udy z0 uo Jasn ou| 0D pue YaI9|\ Aq GG9€£9€9/8€ L/ L/ g/o1onue/ABojoouo-01nau/woo dno-ojwapeoe//:sdiy wolj papeojumoq




