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ABSTRACT

Central nervous system (CNS) tumors represent one of the most prevalent groups of neoplasms in the pediatric population.
Recent advances in molecular biology and neuro-oncology have led to continuous updates in the classification of these
tumors, which poses significant diagnostic challenges, particularly in low- and middle-income countries, with limited
access to advanced diagnostic tools. The therapeutic approach varies according to tumor subtype, often requiring
complex and resource-intensive protocols. One such strategy involves the use of high-dose chemotherapy followed
by autologous stem cell rescue, which has shown promise in improving outcomes for select pediatric patients with
CNS tumors. However, implementation of this therapy in countries like Brazil faces logistical, financial, and clinical
practice challenges. This article aimed to provide a brief overview and suggestions to use high-dose chemotherapy with
autologous stem cell transplantation in the treatment of pediatric CNS tumors. We discussed practical considerations for
patient selection, and conditioning regimens. Our objectives were to optimize and guide current practices by proposing
strategies that maybe feasible in the Brazilian public and private healthcare systems.
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TUMORS OF THE CENTRAL NERVOUS SYSTEM

The 2021 fifth edition of the World Health Organization (WHO) classification for pediatric central nervous
system (CNS) tumors introduced significant changes by integrating histological, molecular, anatomical,
and clinical data'.

Pediatric gliomas were separated from adult types and subdivided into categories such as low-grade, high-
grade, and circumscribed astrocytic gliomas**. New entities were recognized, and nomenclature was updated
to reflect molecular alterations'*. Ependymomas are now classified by anatomical site and molecular profile,
with key markers including ZFTA and YAP1 fusions for supratentorial tumors, PFA/PFB subtypes for posterior

1 J Bone Marrow Transplant Cell Ther, Vol 6 N1, 6284, 2025


https://creativecommons.org/licenses/by/4.0/deed.en
https://orcid.org/0009-0002-9007-7652
https://orcid.org/0000-0001-6739-062X
https://orcid.org/0009-0002-2511-7208
https://orcid.org/0000-0001-9812-7437
https://orcid.org/0000-0002-6656-2992
https://orcid.org/0000-0003-4578-9423
https://orcid.org/0000-0002-4610-8282
https://ror.org/017qbxe07
https://ror.org/04sgy9050
https://ror.org/02k5swt12
https://ror.org/00var7h03
https://orcid.org/0000-0001-5170-695X
https://doi.org/10.46765/2675-374X.2025v6n1e284

Zamperlini G, Klinger PHS, Zanette A, Kuwahara C, Epelman S, Seber A, Castro Junior CG

fossa, and MYCN amplification for spinal tumors*’. Embryonal tumors, notably medulloblastomas, are now
grouped into four molecular subtypes with prognostic implications®®. The embryonal tumor with multilayered
rosettes (ETMR—with C19MC amplification) and the atypical teratoid/rhabdoid tumors (linked to SMARCB1
loss) are aggressive tumors affecting younger children®'®.

CNS germ cell tumors are split into germinomas and non-germinomatous germ cell tumors (NGGCTs), based
on histological and molecular characteristics’-'*. Germinomas have excellent outcomes with radiotherapy
(RT) and exhibit features like KIT gene activation and isochromosome 12p'. NGGCTs, including teratomas
and yolk sac tumors, require aggressive treatment and may benefit from immunotherapy due to PD-L1/PD-1
expression''"'3, Choroid plexus carcinoma, a grade Ill tumor, remains challenging due to its aggressiveness
and recurrence rate. Total surgical resection improves outcomes, with adjuvant RDT and chemotherapy often
required™. The 2021 WHO classification reinforces the role of molecular diagnostics in guiding therapy and
research inclusion®'',

In Brazil, the SOBOPE CNS Tumors Group and the Molecular Biology and Pathology Department of Santa
Marcelina Hospital, supported by Tucca, provide nationwide support for review pathology and molecular
diagnosis and therapeutic planning, promoting equity in pediatric neuro-oncology.

Other national institutions, including the Ribeirdo Preto Medical School of the Universidade of Sao Paulo
and the Barretos Cancer Hospital, have developed simplified, low-cost laboratory tools aimed at the accurate
diagnosis and molecular classification of medulloblastoma subgroups. These tests are offered within clinical
research settings and are also extended to support patient care in these institutions through Brazil’s public
healthcare system (SUS)'¢".

GLIOMAS

The use of high dose chemotherapy (HDC) autologous stem cell transplant (ASCT) for malignant astrocytomas
and gliomas or even diffuse pontine gliomas has not demonstrated a survival advantage or disease control
over conventional therapy and has been linked to higher treatment-related toxicity. Additionally, etoposide
and thiotepa followed by ASCT in pediatric high-grade gliomas have shown no significant benefits in the
disease control'822,

EPENDYMOMA

Ependymoma is the third most common pediatric brain tumor, typically arising in the infratentorial region
(60-70%), in which complete resection is challenging, and metastatic risk is higher. Supratentorial tumors,
if fully resected, often have better outcomes and may not need further treatment. The standard remains
surgery followed by RDT, which offers the best survival rates®?%. Attempts to replace or delay RDT with
chemotherapy—especially in younger children—have shown limited success. High dose chemotherapy
(HDC) with ASCT has not achieved sustained remission without radiation®.

MEDULLOBLASTOMA

Treatment for medulloblastoma typically involves a multimodal approach, including surgery, radiation therapy,
and chemotherapy. Molecular and histological classification is necessary to establish the risk groups, plus the
traditional with high-risk features, such as metastatic disease (M1-M3), residual tumor post-resection (> 1.5 cm?)*.

Children younger than 3 or in some studies younger than 5 years old should be carefully evaluated, and if
they have high-risk features, they should benefit using high-dose chemotherapy. Using this approach, they
can avoid or delay radiotherapy?*?’. The Head Start Protocols studied this patient population and provided all
the base of autologous transplantation in patients with CNS tumors?. Table 1 summarizes the indications for
autologous transplantations for patients younger than 5 years old.
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Table 1. Transplant indications for patients younger than 5 years old with medulloblastoma.

Category Details

- Metastatic disease (M1-M3): All molecular subtypes with metastatic dissemination at diagnosis are candidates for
high-dose chemotherapy.

Indications - Large residual tumor (> 1.5 cm?): Any molecular subtype with significant residual disease post-surgery should be
considered for HDC with autologous stem cell transplant (ASCT) if chemosensitive.
- Sonic Hedgehog (SHH) subtype: SHH patients with high-risk features (metastatic, residual tumor) are strong
candidates for ASCT.
Molecular subtype-specific - Group 3 and Group 4: More likely to present with metastatic disease and higher risk of relapse. High-risk Group 3/4
indications patients (< 5 years old) are considered for ASCT, though outcomes are less favorable than SHH.
- WNT Subtype: Rare in children under 5; typically favorable prognosis with standard therapy. ASCT generally not
indicated unless high-risk features are present (uncommon).
- Chemoresistant disease
Contraindications / no - Bulky or rapidly progressive disease
indication - Average risk, localized, favorable subtype (e.g., WNT): Children with average-risk, non-metastatic, completely

resected WNT or SHH (desmoplastic/nodular) medulloblastoma with favorable molecular profile do not require ASCT.

Source: Elaborated by the authors.

Patients with late recurrence (more than two years after the end of the previous treatment) are the focus of
debate and may also benefit from autologous transplantation, although not indicated in chemoresistance or
bulky disease. Such unusual cases should be evaluated carefully and in an individual approach to assess the
real benefit of high-dose chemotherapy?®.

A more recent paper showed the role of autologous transplantation in older patients with high-risk
features. All children received postoperative induction chemotherapy (etoposide and carboplatin),
followed by two high-dose thiotepa courses (600 mg/m?) with hematological stem cell support. At the
latest 45 days after the last stem cell rescue, patients received risk-adapted craniospinal radiation therapy.
Maintenance treatment with temozolomide was planned to start between one and three months after the
end of radiotherapy. The five-year progression free survival (PFS) was 76% (63-86), and the 5-year overall
survival (OS) was 76%%.

SUGGESTED REGIMENS AND DOSES

Thiotepa is a medication approved in 1959. It easily penetrates cerebrospinal fluid (CSF), and it has been used
as part of the conditioning regimens in CNS tumors since the very first publications?.

This medication was registered in Brazil to treat solid tumors, but since the end of the 1990 decade it was
unavailable and for a long time it had to be imported. Recently, he was again registered in the Brazilian Health
Regulatory Agency (ANVISA)? named Dipate, so it will be easier to use it.

The most common preferred and classic regimen is thiotepa + carboplatin + etoposide.

For high-risk patients in the first treatment, the publication mentioned the use of three doses of thiotepa 200
mg/m? from day -4 to day -2%.

The regimen is summarized in Table 1.

EMBRYONAL TUMOR WITH MULTILAYERED ROSETTES

There is no standard treatment for ETMR, and multiple protocols are used. These typically involve platinum
and etoposide-based chemotherapy, sometimes with cyclophosphamide, vincristine, and high-dose
methotrexate®>*. Atypical teratoid/rhabdoid tumors protocols show activity, with promising results*.
Gross total resection (GTR), high-dose chemotherapy, and RDT were linked to better survival®’. Better OS
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in carboplatin/etoposide and high-dose chemotherapy, compared to other regimens. Complete resection,
absence of metastases, and supratentorial tumors were favorable factors®. Intrathecal chemotherapy using
methotrexate, cytarabine, etoposide, or topotecan may help control leptomeningeal spread®. RDT improves
outcomes, but it must be used cautiously in young children due to neurocognitive risks?**’.

HDC and ASCT are indicated in patients with GTR, responsive to chemotherapy protocols in complete
remission or partial remission. P-HIT trial proposed a conditioning regimen: carboplatin/etoposide
(carboplatin 500 mg/m?/24 hours, etoposide 250 mg/m?/24 hours, each over 96 hours from day 8 to day 5)
and one course of cyclophosphamide/thiotepa (cyclophosphamide 1,500 mg/m?/1 hour infusion, thiotepa
300 mg/m?/1 hour infusion, each day 4 to day 2). Intraventricular methotrexate (2 mg/d, on four consecutive
days in parallel to the intravenous chemotherapy) for patients without signs for impaired CSF circulation
may be value®.

ATYPICAL TERATOID/RHABDOID TUMORS

Despite survival has improvement with the use of multi-modality therapies, outcomes remain suboptimal,
with OS around 50%. Worse outcomes are linked to younger age (infants under 6 months old) and metastasis
or synchronous tumors®®*2, Prompt tumor resection is critical, and future directions include molecular
subgroups and novel approaches“°,

Based in Children’s Oncology Group Trial ACNS0333 results publication in the European Rhabdoid Registry
2021, HDC and ASCT are indicated in tumor responsive to chemotherapy protocol in complete remission or
partial remission: TANDEM strategy with three sequential transplants, 21 days interval each. Conditioning
regimen is: carboplatin 500 mg/m?/24 hours, from day -6 to day -4; thiotepa 300 mg/m?/1 (> 36 mo) or
10 mg/kg (< 36 mo) 1-hour infusion, each day -6 to day -4*'.

For craniospinal irradiation, according to the European Rhabdoid Registry 2021, children below the age of
18 months should only be irradiated under particular circumstances. In case of primary metastasized disease,
radiotherapy may be delayed until the end of intensive chemotherapy. Age = 18 months irradiated as soon
as possible.

PINEALOBLASTOMA

Pinealoblastoma is an aggressive embryonal tumor of the CNS. Standard therapy for older children and
adolescents includes safe surgical resection, craniospinal irradiation (CSI), and chemotherapy. In infants
and younger children, the disease is more aggressive, with poorer outcomes, especially without RDT.
Conventional chemotherapy by itself has shown limited efficacy in these children, with most survivors
eventually requiring RDT. For older than 4 years old, the use of HDC has not significantly impacted
the survival**=, A subset of younger patients (less than 4 years old) with localized disease benefited
from local RDT combined with HDC, reducing neurotoxicity compared to CSI**~*. For children under 6,
treatment optionsinclude HDC with ASCT in two or three tandem cycles using thiotepa every 21-28 days,
followed by delayed post-transplant CSI or focal irradiation, reducing neurotoxicity and endocrinologic
complications®.

For patients who have previously received radiation therapy, HDC with ASCT support like other embryonal
CNS tumors (like medulloblastoma) is a feasible option*’4&

GERM CELL TUMORS

As first-line treatment, HDC with ASCT is not indicated. For recurrent germinomas, standard-dose
chemotherapy and re-irradiation is preferred. HDC with ASCT is considered if re-irradiation is not feasible*-".
For recurrent non-germinomatous gene activation, poor prognosis, especially with alpha-fetoprotein (AFP)
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secretion. Recommended approach is HDC, surgery, and RT if feasible***°. Conditioning regimens for HSCT are
thiotepa-based with or without platinum derivatives:

- Thiotepa 300 mg/m? (days 1-3) + etoposide 250 mg/m? (days 1-3), repeated after four weeks;

- Thiotepa 200 mg/m? (three days), repeated after four weeks;

- Carboplatin (AUC 7, days 1-3) + thiotepa 300 mg/m? (days 4-6) + etoposide 250 mg/m? (days 4-6);

- Carboplatin (AUC 7, days 1-3) + thiotepa 300 mg/m? (days 4-6) + temozolomide 150-250 mg/m? 3233,

There is no data available to determine the best conditioning regimen. Carbo + thiotepa + etoposide or
thiotepa + etoposide are feasible options.

CHOROID PLEXUS CARCINOMA

Genetic mutations play a crucial role in choroid plexus carcinoma (CPC) tumorigenesis, with TP53 alterations
being the most significant. TP53 mutations are present in up to 50% of CPC cases®* .

Treatment of CPC is centralized on achieving GTR, as complete surgical removal is strongly associated with
better outcomes. Postoperative chemotherapy is the mainstay of treatment in infants and young children,
aiming to delay or avoid RDT due to its long-term neurocognitive and endocrine complications. While
radiotherapy can improve survival, its role remains controversial, especially in young patients. In cases of TP53-
mutated CPC, conventional therapies have limited effectiveness, making HDC with ASCT an alternative. One
course carboplatin / TT / etoposide—head start treatment overcomes chemoresistance and demonstrated
prolonged survival, particularly in patients with radically resected tumors or relapsed tumors, reinforcing the
need for multimodal treatment strategies that integrate surgery, chemotherapy, and, in select cases, RDT to
optimize outcomes>3356,

Table 2 lists the conditioning regimens, and Table 3 summarizes the indications.

Table 2. Conditioning regimen.

Carboplatin etoposide and thiotepa?

Days Drug Route Dose

Patients < 12 kg Patients> 12kg

Carboplatin IV'in four hours AUC = 7/day or maximum 16.7 AUC = 7/day or maximum 500

D-9toD-7 (three days) (once a day) mg/kg (whichever is lower) mg/m? (whichever is lower)

IV in three hours

2
Thiotepa (once a day) 10 mg/kg/day 300 mg/m?/day
D-6 to D-4 (three days) IV in three hours immediately
Etoposide afterTT 8.3 mg/kg/da 250 mg/m?/da
(once a day) > mgrkg/day 9 Y
D-3to D-1 Rest
DO PBSC infusion (48-72 h after the last dose of etoposide)
Tandem with thiotepa?®
Thiotepa IV in three hours
D-5 to D-3 (three days) (once a day) 6.6 mg/kg/day 200 mg/m?*/day
D-2to D-1 Rest
DO Peripheric blood stem cell infusion (48 after the last dose of thiotepa)

Source: Elaborated by the authors.
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Table 3. Indications for transplantation in central nervous system tumors.

Autologous Allogeneic Comments
Pineoblastoma cl NR
Atypical teratoid/rhabdoid tumors and embryonal tumors with a NR
multilayered rosettes
Medulloblastoma high risk Cl NR Please read the text
Medulloblastoma younger than 5 years old cl NR Please read the text
Medulloblastoma relapse Cl NR Special cases
Central nervous system germ cell tumor Cl NR
Glioblastoma multiforme NR NR
Ependymoma NR NR
High grade gliomas NR NR
Brainstem gliomas NR NR
Choroid plexus carcinoma Cl NR

Source: Elaborated by the authors. Cl: clinically indicated; NR: generally not recommended.

CONCLUSION

High-dose chemotherapy followed by autologous stem cell transplantation represents a valuable therapeutic
option for a specific subset of pediatric patients with central nervous system tumors, particularly those
under five years of age with high-risk or recurrent embryonal tumors such as medulloblastoma, atypical
teratoid/rhabdoid tumor, embryonal tumor with multilayered rosettes, and choroid plexus carcinoma.
Despite advances in molecular classification and treatment stratification, survival rates for many high-grade
or relapsed cases remain suboptimal, emphasizing the need for individualized treatment approaches and
multidisciplinary coordination.

The implementation of transplant-based regimens requires careful patient selection, standardized
conditioning protocols, and integration with molecular diagnostics to optimize outcomes while minimizing
long-term toxicity. Thiotepa-based regimens have demonstrated consistent feasibility and efficacy across
several studies and remain a cornerstone for conditioning in pediatric neuro-oncology settings.

In low- and middle-income countries, such as Brazil, expanding access to molecular diagnostics, harmonizing
transplant protocols, and strengthening collaborative national networks are crucial steps to enhance equity
in care and ensure that advanced therapeutic strategies like autologous transplantation can be safely and
effectively incorporated into clinical practice. Ongoing multicenter cooperation and translational research
will be fundamental to refining these therapeutic modalities and improving survival and quality of life in
children with CNS tumors.

CONFLICT OF INTEREST

Nothing to declare.

DATA AVAILABILITY STATEMENT

All dataset were generated or analyzed in the current study.

AUTHORS’ CONTRIBUTIONS

Substantive scientific and intellectual contributions to the study: Zamperlini G, Klinger PHS, Zanette A,
Kuwahara C, Epelman S, Seber A and Castro Junior CG. Conception and design: Zamperlini G, Klinger PHS,
Zanette A, Kuwahara C, Epelman S, Seber A and Castro Junior CG. Manuscript writing: Zamperlini G, Klinger
PHS, Zanette A, Kuwahara C, Epelman S, Seber A and Castro Junior CG. Final approval: Zamperlini G.

J Bone Marrow Transplant Cell Ther, Vol 6 N1, 6284, 2025 6


https://creativecommons.org/licenses/by/4.0/deed.en
https://doi.org/10.1111/bpa.13060
https://doi.org/10.1111/bpa.13060

Central nervous system tumors

FUNDING
Not applicable.

ACKNOWLEDGMENTS

To the Brazilian Pediatric Oncology Society, Brazilian Bone Marrow Transplantation Society (SBTMO), and
Pediatric Scientific Committee of SBTMO.

REFERENCES

1.

10.

Bale TA, Rosenblum MK. The 2021 WHO Classification of Tumors of the Central Nervous System: an update
on pediatric low-grade gliomas and glioneuronal tumors. Brain Pathol. 2022;32(4):e13060. https://doi.
org/10.1111/bpa.13060

Gajjar A, Mahajan A, Abdelbaki M, Anderson C, Antony R, Bale T, Bindra R, Bowers DC, Cohen K, Cole B,
Dorris K, Ermoian R, Franson A, Helgager J, Landi D, Lin C, Metrock L, Nanda R, Palmer J, Partap S, Plant A,
Pruthi S, Reynolds R, Ruggieri P, Stearns D, Storm P, Wang A, Warren K, Whipple N, Zaky W, McMillian NR,
Pluchino LA. Pediatric central nervous system cancers, version 2.2023, NCCN Clinical Practice Guidelines in
Oncology. J Natl Compr Canc Netw. 2022;20(12):1339-62. https://doi.org/10.6004/jnccn.2022.0062

d’Amati A, BargiacchiL, Rossi S, Carai A, Bertero L, BarresiV, Errico ME, Buccoliero AM, Asioli S, Marucci G, Del
Baldo G, Mastronuzzi A, Miele E, D’Antonio F, Schiavello E, Biassoni V, Massimino M, Gessi M, Antonelli M,
Gianno F. Pediatric CNS tumors and 2021 WHO classification: what do oncologists need from pathologists?
Front Mol Neurosci. 2024;17:1268038. https://doi.org/10.3389/fnmol.2024.1268038. Erratum in: Front Mol
Neurosci. 2024;17:1411360. https://doi.org/10.3389/fnmol.2024.1411360

Oztek MA, Noda SM, Romberg EK, Cole BL. Changes to pediatric brain tumors in 2021 WHO classification
of CNS tumors. Pediatr Radiol. 2023;53(3):523-43. https://doi.org/10.1007/s00247-022-05546-w

Park YW, Vollmuth P, Foltyn-Dumitru M, Sahm F, Ahn SS, Chang JH, Kim SH. The 2021 WHO classification
for gliomas and implications on imaging diagnosis: part 1-key points of the fifth edition and summary of
imaging findings on adult-type diffuse gliomas. J Magn Reson Imaging. 2023;58(3):677-89. https://doi.
0rg/10.1002/jmri.28743

Horbinski C, Berger T, Packer RJ, Wen PY. Clinical implications of the 2021 edition of the WHO classification
of central nervous system tumours. Nat Rev Neurol. 2022;18(9):515-29. https://doi.org/10.1038/
s41582-022-00679-w

Soni N, Ora M, Bathla G, Desai A, Gupta V, Agarwal A. Ependymal tumors: overview of the recent World
Health Organization histopathologicand genetic updates with animaging characteristic. Am J Neuroradiol.
2024;45(11):1624-34. https://doi.org/10.3174/ajnr.a8237

Lampros M, Alexiou GA. Brain and spinal cord tumors of embryonic origin. In: Rezaei N, Hanaei S, editors.
Human brain and spinal cord tumors: from bench to bedside (vol. 2). Cham: Springer; 2023. p. 405-20.
https://doi.org/10.1007/978-3-031-23705-8_15

Pinheiro JAF, de Almeida JCM, Lopes JMPB. Embryonal tumors of the central nervous system: the WHO
2016 classification and new insights. J Pediatr Hematol Oncol. 2021;43(3):79-89. https://doi.org/10.1097/
MPH.0000000000001923

Kamenova M, Kaneva R, Genova K, Gabrovsky N. Embryonal tumors of the central nervous system with
multilayered rosettes and atypical teratoid/rhabdoid tumors. In: Rezaei N, Hanaei S, editors. Human brain
and spinal cord tumors: from bench to bedside (vol. 2). Cham: Springer; 2023. p. 225-52. https://doi.
org/10.1007/978-3-031-23705-8_8

J Bone Marrow Transplant Cell Ther, Vol 6 N1, 6284, 2025


https://creativecommons.org/licenses/by/4.0/deed.en
https://doi.org/10.1002/jmri.28743
https://doi.org/10.1097/MPH.0000000000001923
https://doi.org/10.1007/978-3-031-23705-8_8
https://doi.org/10.1007/978-3-031-23705-8_8
https://doi.org/10.1097/MPH.0000000000001923
https://doi.org/10.1038/s41582-022-00679-w
https://doi.org/10.1038/s41582-022-00679-w
https://doi.org/10.1002/jmri.28743

Zamperlini G, Klinger PHS, Zanette A, Kuwahara C, Epelman S, Seber A, Castro Junior CG

11. Wong TT, Tsai ML, Chang H, Hsieh KL, Ho DM, Lin SC, Yen HJ, Chen YW, Lee HL, Yang TF. Brain and
spinal tumors originating from the germ line cells. Adv Exp Med Biol. 2023;1405:421-55. https://doi.
org/10.1007/978-3-031-23705-8_16

12. Woods JK, Lidov HG, Ligon KL, Santagata S, Chi SN, Yeo KK, Alexandrescu S. PD-L1 and PD-1 expression
in pediatric central nervous system germ cell tumors. Mod Pathol. 2022;35(12):1770-4. https://doi.
org/10.1038/s41379-022-01142-3

13. Kong Z, Wang Y, Dai C, Yao Y, Ma W, Wang Y. Central nervous system germ cell tumors: a review of the
literature. J Child Neurol. 2018;33(9):610-20. https://doi.org/10.1177/0883073818772470

14. Yang B, Zhang N, Jiang T, Du J, Liu R, Yu S, Wang S, Li C. Intracranial choroid plexus carcinomas: report
of 11 cases from a single institution. World Neurosurg. 2021;152:e45-e50. https://doi.org/10.1016/j.
wneu.2021.04.049

15. Jamshidi P, Brat DJ. The 2021 WHO classification of central nervous system tumors: what neurologists
need to know. Curr Opin Neurol. 2022;35(6):764-71. https://doi.org/10.1097/WC0.0000000000001109

16. Cruzeiro GAV, Salomao KB, de Biagi CAO Jr., Baumgartner M, Sturm D, Lira RCP, de Almeida Magalhaes T,
Baroni Milan M, da Silva Silveira V, Saggioro FP, de Oliveira RS, Dos Santos Klinger PH, Seidinger AL, Yunes
JA, de Paula Queiroz RG, Oba-Shinjo SM, Scrideli CA, Nagahashi SMK, Tone LG, Valera ET. A simplified
approach using Tagman low-density array for medulloblastoma subgrouping. Acta Neuropathol Commun.
2019;7(1):33. https://doi.org/10.1186/s40478-019-0681-y

17. Leal LF, Evangelista AF, de Paula FE, Caravina Almeida G, Carloni AC, Saggioro F, Stavale JN, Malheiros SMF,
Mancano B, de Oliveira MA, Luu B, Neder L, Taylor MD, Reis RM. Reproducibility of the NanoString 22-gene
molecular subgroup assay for improved prognostic prediction of medulloblastoma. Neuropathology.
2018;38(5):475-83. https://doi.org/10.1111/neup.12508

18. Bouffet E, Raquin M, Doz F, Gentet JC, Rodary C, Demeocq F, Chastagner P, Lutz P, Hartmann O, Kalifa
C. Radiotherapy followed by high dose busulfan and thiotepa: a prospective assessment of high
dose chemotherapy in children with diffuse pontine gliomas. Cancer. 2000;88(3):685-92. https://doi.
org/10.1002/(sici)1097-0142(20000201)88:3<685::aid-cncr27>3.0.co;2-k

19. Osorio DS, Patel N, Ji L, Sposto R, Stanek J, Gardner SL, Allen JC, Cornelius A, McCowage GB, Termuhlen A,
Dunkel lJ, Comito M, Garvin J, Finlay JL. Pre-irradiation intensive induction and marrow-ablative consolidation
chemotherapy in young children with newly diagnosed high-grade brainstem gliomas: report of the “Head-
Start”l and Il clinical trials. J Neurooncol. 2018;140(3):717-25. https://doi.org/10.1007/s11060-018-03003-z

20. Heideman RL, Douglass EC, Krance RA, Fontanesi J, Langston JA, Sanford RA, Kovnar EH, Ochs J, Kuttesch
J, Jenkins JJ. High-dose chemotherapy and autologous bone marrow rescue followed by interstitial
and external-beam radiotherapy in newly diagnosed pediatric malignant gliomas. J Clin Oncol.
1993;11(8):1458-65. https://doi.org/10.1200/jc0.1993.11.8.1458

21. Bouffet E, Mottolese C, Jouvet A, Philip |, Frappaz D, Carrie C, Brunat-Mentigny M. Etoposide and thiotepa
followed by autologous bone marrow transplantation in children and young adults with high-grade
gliomas. Eur J Cancer. 1997;33(1):91-5. https://doi.org/10.1016/50959-8049(96)00369-3

22. Zacharoulis S, Levy A, Chi SN, Gardner S, Dunkel 1J, Garvin JH, et al. Outcome for young children with
intracranial ependymoma treated with the CCG-9921 and CCG-9942 protocols. Pediatr Blood Cancer.
2012;59(6):1144-50. https://doi.org/10.1002/pbc.24260

23. Rajagopal R, Foo JC, Jawin V, Qaddoumi |, Bouffet E. High-dose chemotherapy with autologous stem cell
transplantation in infants and young children with ependymoma: a 10-year experience with the Head
Start Il protocol. Pediatr Transplant. 2019;23(4):e13421. https://doi.org/10.1111/petr.13421

J Bone Marrow Transplant Cell Ther, Vol 6 N1, 6284, 2025 8


https://creativecommons.org/licenses/by/4.0/deed.en
https://doi.org/10.1002/(sici)1097-0142(20000201)88:3<685::aid-cncr27>3.0.co;2-k
https://doi.org/10.1016/s0959-8049(96)00369-3
https://doi.org/10.1002/(sici)1097-0142(20000201)88:3<685::aid-cncr27>3.0.co;2-k
https://doi.org/10.1016/j.wneu.2021.04.049
https://doi.org/10.1016/j.wneu.2021.04.049
https://doi.org/10.1038/s41379-022-01142-3
https://doi.org/10.1038/s41379-022-01142-3
https://doi.org/10.1007/978-3-031-23705-8_16
https://doi.org/10.1007/978-3-031-23705-8_16

Central nervous system tumors

24,

25.

26.

27.

28.

20.

30.

31.

32.

33.

34,

35.

36.

von Bueren AO, von Hoff K, Pietsch T, Gerber NU, Warmuth-Metz M, Deinlein F, Zwiener |, Faldum A, Fleischhack
G, Benesch M, Krauss J, Kuehl J, Kortmann RD, Rutkowski S. Treatment of young children with localized
medulloblastoma by chemotherapy alone: results of the prospective, multicenter trial HIT 2000 confirming
the prognostic impact of histology. Neuro Oncol. 2011;13(6):669-79. https://doi.org/10.1093/neuonc/nor025

PDQ Pediatric Treatment Editorial Board. Childhood medulloblastoma and other central nervous system
embryonal tumors treatment (PDQ®): health professional version. PDQ Cancer Information Summaries.
Bethesda: National Cancer Institute; 2024.

Dhall G, O'Neil SH, Ji L, Haley K, Whitaker AM, Nelson MD, Gilles F, Gardner SL, Allen JC, Cornelius AS,
Pradhan K, Garvin JH, Olshefski RS, Hukin J, Comito M, Goldman S, Atlas MP, Walter AW, Sands S, Sposto
R, Finlay JL. Excellent outcome of young children with nodular desmoplastic medulloblastoma treated
on “Head Start” lll: a multi-institutional, prospective clinical trial. Neuro Oncol. 2020;22(12):1862-72.
https://doi.org/10.1093/neuonc/noaa102

Butturini AM, Jacob M, Aguajo J, Vander-Walde NA, Villablanca J, Jubran R, Erdreich-Epstein A, Marachelian A,
Dhall G, Finlay JL. High-dose chemotherapy and autologous hematopoietic progenitor cell rescue in children
with recurrent medulloblastoma and supratentorial primitive neuroectodermal tumors: the impact of prior
radiotherapy on outcome. Cancer. 2009;115(13):2956-63. https://doi.org/10.1002/cncr.24341

Dufour C, Foulon S, Geoffray A, Masliah-Planchon J, Figarella-Branger D, Bernier-Chastagner V, Padovani L,
Guerrini-Rousseau L, Faure-Conter C, Icher C, Bertozzi Al, Leblond P, Akbaraly T, Bourdeaut F, André N, Chappé
C, Schneider P, De Carli E, Chastagner P, Berger C, Lejeune J, Soler C, Entz-Werlé N, Delisle MB. Prognostic
relevance of clinical and molecular risk factors in children with high-risk medulloblastoma treated in the
phase Il trial PNET HR+5. Neuro Oncol. 2021;23(7):1163-72. https://doi.org/10.1093/neuonc/noaa301

Consultar remédios. Bula do dipate [Internet]. [cited Apr. 3, 2025]. Available at: https://consultaremedios.
com.br/dipate/bula

Rutkowski S, Cohen B, Finlay J, Luksch R, Ridola V, Valteau-Couanet D, Hara J, Garre ML, Grill J. Medulloblastoma
in young children. Pediatr Blood Cancer. 2010;54(4):635-7. https://doi.org/10.1002/pbc.22372

ChaddakKR, Solano-P4ez P, Khan S, Llempén-Lépez M, Phyu P, Horan G, Trotman J, Tarpey P, Erker C, Lindsay H, Addy
D, Jacques TS, Allinson K, Pizer B, Huang A, Murray MJ. Embryonal tumor with multilayered rosettes: Overview of
diagnosis and therapy. Neurooncol Adv. 2023;5(1):vdad052. https://doi.org/10.1093/noajnl/vdad052

Hanson D, Hoffman LM, Nagabushan S, Goumnerova LC, Rathmann A, Vogel T, Ziegler DS, Chi S. A
modified IRS-IIl chemotherapy regimen leads to prolonged survival in children with embryonal tumor
with multilayer rosettes. Neurooncol Adv. 2020;2(1):vdaa120. https://doi.org/10.1093/noajnl/vdaa120

Horwitz M, Dufour C, Leblond P, Bourdeaut F, Faure-Conter C, Bertozzi Al, Delisle MB, Palenzuela G, Jouvet
A, Scavarda D, Vinchon M, Padovani L, Gaudart J, Branger DF, Andre N. Embryonal tumors with multilayered
rosettes in children: the SFCE experience. Childs Nerv Syst. 2016;32(2):299-305. https://doi.org/10.1007/
s00381-015-2920-2

Juhnke BO, Gessi M, Gerber NU, Friedrich C, Mynarek M, von Bueren AO, Haberler C, Schiiller U, Kortmann
RD, Timmermann B, Bison B, Warmuth-Metz M, Kwiecien R, Pfister SM, Spix C, Pietsch T, Kool M, Rutkowski
S, von Hoff K. Treatment of embryonal tumors with multilayered rosettes with carboplatin/etoposide
induction and high-dose chemotherapy within the prospective P-HIT trial. Neuro Oncol. 2022;24(1):
127-37. https://doi.org/10.1093/neuonc/noab100

Bandopadhayay P, Chi SN. The challenges in treating embryonal tumors with multilayered rosettes (ETMR)
and other infant brain tumors. Neuro Oncol. 2022;24(1):138-40. https://doi.org/10.1093/neuonc/noab206

Sugawa M, Fukuoka K, Mori M, Arakawa Y, Tanami Y, Nobusawa S, Hirato J, Nakazawa A, Kurihara J, Koh K.
Prognostic impact of the multimodal treatment approach in patients with C19MC-altered embryonal tumor
with multilayered rosettes.JNeurosurg Pediatr.2022;30(2):232-8. https://doi.org/10.3171/2022.4.PEDS21542

J Bone Marrow Transplant Cell Ther, Vol 6 N1, 6284, 2025


https://creativecommons.org/licenses/by/4.0/deed.en
https://consultaremedios.com.br/dipate/bula
https://doi.org/10.1007/s00381-015-2920-2
https://doi.org/10.1007/s00381-015-2920-2
https://consultaremedios.com.br/dipate/bula

Zamperlini G, Klinger PHS, Zanette A, Kuwahara C, Epelman S, Seber A, Castro Junior CG

37.

38.

39.

40.

41

42.

43.

44,

45.

46.

AlvaE,RubensJ,ChiS,RosenbergT,Reddy A,Raabe EH,Margol A.Recent progressand novel approachestotreating
atypical teratoid rhabdoid tumor. Neoplasia. 2023;37:100880. https://doi.org/10.1016/j.ne0.2023.100880

Tran S, Plant-Fox AS, Chi SN, Narendran A. Current advances in immunotherapy for atypical teratoid
rhabdoid tumor (ATRT). Neurooncol Pract. 2023;10(4):322-34. https://doi.org/10.1093/nop/npad005

Upadhyaya SA, Robinson GW, Onar-Thomas A, Orr BA, Johann P, Wu G, Billups CA, Tatevossian RG, Dhanda
SK, Srinivasan A, Broniscer A, Qaddoumi |, Vinitsky A, Armstrong GT, Bendel AE, Hassall T, Partap S, Fisher
PG, Crawford JR, Chintagumpala M, Bouffet E, Gururangan S, Mostafavi R, Sanders RP, Klimo P Jr, Patay Z,
Indelicato DJ, Nichols KE, Boop FA, Merchant TE, Kool M, Ellison DW, Gajjar A. Relevance of molecular groups
in children with newly diagnosed atypical teratoid rhabdoid tumor: results from prospective St. Jude multi-
institutional trials. Clin Cancer Res. 2021;27(10):2879-89. https://doi.org/10.1158/1078-0432.CCR-20-4731

Reddy AT, Strother DR, Judkins AR, Burger PC, Pollack IF, Krailo MD, Buxton AB, Williams-Hughes C, Fouladi
M, Mahajan A, Merchant TE, Ho B, Mazewski CM, Lewis VA, Gajjar A, Vezina LG, Booth TN, Parsons KW, Poss
VL, Zhou T, Biegel JA, Huang A. Efficacy of high-dose chemotherapy 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):1175-85. https://doi.org/10.1200/JC0O.19.01776

. Nemes K, Johann PD, Steinbligl M, Gruhle M, Bens S, Kachanov D, Teleshova M, Hauser P, Simon T, Tippelt

S, Eberl W, Chada M, Lopez VS, Grigull L, Herndiz-Driever P, Eyrich M, Pears J, Milde T, Reinhard H, Leipold
A, van de Wetering M, Gil-da-Costa MJ, Ebetsberger-Dachs G, Kerl K, Lemmer A, Boztug H, Furtwangler
R, Kordes U, Vokuhl C, Hasselblatt M, Bison B, Kroncke T, Melchior P, Timmermann B, Gerss J, Siebert R,
Friihwald MC. Infants and newborns with atypical teratoid rhabdoid tumors (ATRT) and extracranial
malignant rhabdoid tumors (eMRT) in the EU-RHAB Registry: a unique and challenging population.
Cancers (Basel). 2022;14(9):2185. https://doi.org/10.3390/cancers14092185

Abdelbaki MS, Abu-Arja MH, Davidson TB, Fangusaro JR, Stanek JR, Dunkel 1J, Dhall G, Gardner SL, Finlay
JL. Pineoblastoma in children less than six years of age: The Head Start |, II, and Ill experience. Pediatr
Blood Cancer. 2020;67(6):€28252. https://doi.org/10.1002/pbc.28252

Friedrich C, von Bueren AO, von Hoff K, Gerber NU, Ottensmeier H, Deinlein F, Benesch M, Kwiecien R,
Pietsch T, Warmuth-Metz M, Faldum A, Kuehl J, Kortmann RD, Rutkowski S. Treatment of young children
with CNS-primitive neuroectodermal tumors/pineoblastomas in the prospective multicenter trial
HIT 2000 using different chemotherapy regimens and radiotherapy. Neuro Oncol. 2013;15(2):224-34.
https://doi.org/10.1093/neuonc/nos292

Mynarek M, Pizer B, Dufour C, van Vuurden D, Garami M, Massimino M, Fangusaro J, Davidson T, Gil-da-
Costa MJ, Sterba J, Benesch M, Gerber N, Juhnke BO, Kwiecien R, Pietsch T, Kool M, Clifford S, Ellison DW,
Giangaspero F, Wesseling P, Gilles F, Gottardo N, Finlay JL, Rutkowski S, von Hoff K. Evaluation of age-
dependent treatment strategies for children and young adults with pineoblastoma: analysis of pooled
European Society for Paediatric Oncology (SIOP-E) and US Head Start data. Neuro Oncol. 2017;19(4):
576-85. https://doi.org/10.1093/neuonc/now234

Hansford JR, Huang J, Endersby R, Dodgshun AJ, Li BK, Hwang E, Leary S, Gajjar A, Von Hoff K, Wells O, Wray
A, Kotecha RS, Raleigh DR, Stoller S, Mueller S, Schild SE, Bandopadhayay P, Fouladi M, Bouffet E, Huang A,
Onar-Thomas A, Gottardo NG. Pediatric pineoblastoma: A pooled outcome study of North American and
Australian therapeutic data. Neurooncol Adv. 2022;4(1):vdac056. https://doi.org/10.1093/noajnl/vdac056

Liu APY, Gudenas B, Lin T, Orr BA, Klimo P Jr, Kumar R, Bouffet E, Gururangan S, Crawford JR, Kellie SJ,
Chintagumpala M, Fisher MJ, Bowers DC, Hassall T, Indelicato DJ, Onar-Thomas A, Ellison DW, Boop FA,
Merchant TE, Robinson GW, Northcott PA, Gajjar A. Risk-adapted therapy and biological heterogeneity
in pineoblastoma: integrated clinico-pathological analysis from the prospective, multi-center SJMBO03
and SJYCO7 trials. Acta Neuropathol. 2020;139(2):259-71. https://doi.org/10.1007/s00401-019-02106-9.
Erratum in: Acta Neuropathol. 2020;139(2):273-75. https://doi.org/10.1007/s00401-019-02115-8

J Bone Marrow Transplant Cell Ther, Vol 6 N1, 6284, 2025 10


https://creativecommons.org/licenses/by/4.0/deed.en

Central nervous system tumors

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

n

Shih CS, Hale GA, Gronewold L, Tong X, Laningham FH, Gilger EA, Srivastava DK, Kun LE, Gajjar A, Fouladi
M. High-dose chemotherapy with autologous stem cell rescue for children with recurrent malignant brain
tumors. Cancer. 2008;112(6):1345-53. https://doi.org/10.1002/cncr.23305

Leary SES, Onar-Thomas A, Fangusaro J, Gottardo NG, Cohen K, Smith A, Huang A, Haas-Kogan D, Fouladi M;
COG Central Nervous System Committee. Children’s Oncology Group’s 2023 blueprint for research: Central
nervous system tumors. Pediatr Blood Cancer. 2023;70(Suppl. 6):e30600. https://doi.org/10.1002/pbc.30600

Murray MJ, Bailey S, Heinemann K, Mann J, Gébel UK, Saran F, Hale JP, Calaminus G, Nicholson JC. Treatment
and outcomes of UK and German patients with relapsed intracranial germ cell tumors following uniform
first-line therapy. Int J Cancer. 2017;141(3):621-35. https://doi.org/10.1002/ijc.30755

Callec L, Lardy-Cleaud A, Guerrini-Rousseau L, Alapetite C, Vignon L, Chastagner P, Frappaz D, Faure-
Conter C. Relapsing intracranial germ cell tumours warrant retreatment. Eur J Cancer. 2020;136:186-94.
https://doi.org/10.1016/j.ejca.2020.06.012

Modak S, Gardner SL, Dunkel 1J, Balmaceda C, Finlay JL. Thiotepa-based high-dose chemotherapy with
autologous stem-cell rescue in patients with recurrent or progressive CNS germ cell tumors. J Clin Oncol.
2004;22(10):1934-43. https://doi.org/10.1200/JC0O.2004.11.053

Finlay JL, Goldman S, Wong MC, Cairo M, Garvin J, August C, Cohen BH, Stanley P, Zimmerman RA, Bostrom B,
Geyer JR, Harris RE, Sanders J, Yates AJ, Boyett JM, Packer RJ. Pilot study of high-dose thiotepa and etoposide
with autologous bone marrow rescue in children and young adults with recurrent CNS tumors. The Children’s
Cancer Group. J Clin Oncol. 1996;14(9):2495-503. https://doi.org/10.1200/JCO.1996.14.9.2495

Zaky W, Dhall G, Khatua S, Brown RJ, Ginn KF, Gardner SL, Yildiz VO, Yankelevich M, Finlay JL. Choroid
plexus carcinoma in children: the Head Start experience. Pediatr Blood Cancer. 2015;62(5):784-9.
https://doi.org/10.1002/pbc.25436

Fisher PG, Needle MN, Cnaan A, Zhao H, Geyer JR, Molloy PT, Goldwein JW, Herman-Liu AB, Phillips PC.
Salvage therapy after postoperative chemotherapy for primary brain tumors in infants and very young
children. Cancer. 1998;83(3):566-74. https://doi.org/10.1002/(sici)1097-0142(19980801)83:3<566::aid-
cncr27>3.0.co;2-t

Mosleh O, Tabori U, Bartels U, Huang A, Schechter T, Bouffet E. Successful treatment of a recurrent choroid
plexus carcinoma with surgery followed by high-dose chemotherapy and stem cell rescue. Pediatr
Hematol Oncol. 2013;30(5):386-91. https://doi.org/10.3109/08880018.2012.756089

Tabori U, Shlien A, Baskin B, Levitt S, Ray P, Alon N, Hawkins C, Bouffet E, Pienkowska M, Lafay-Cousin L,
Gozali A, Zhukova N, Shane L, Gonzalez |, Finlay J, Malkin D. TP53 alterations determine clinical subgroups
and survival of patients with choroid plexus tumors. J Clin Oncol. 2010;28(12):1995-2001. https://doi.
0rg/10.1200/JC0O.2009.26.8169

Liu APY, Wu G, Orr BA, Lin T, Ashford JM, Bass JK, Bowers DC, Hassall T, Fisher PG, Indelicato DJ, Klimo P Jr,
Boop F, Conklin H, Onar-Thomas A, Merchant TE, Ellison DW, Gajjar A, Robinson GW. Outcome and molecular
analysis of young children with choroid plexus carcinoma treated with non-myeloablative therapy: results
from the SJYCO7 trial. Neurooncol Adv. 2020;3(1):vdaa168. https://doi.org/10.1093/noajnl/vdaa168

Yankelevich M, Zaky W, Lafay-Cousin L, Osorio D, Adamski J, Kordes U, Finlay JL, Prados M, Mueller S.
Marrow-ablative consolidation chemotherapy and molecular targeted therapy delivered in a risk-adapted
manner for newly diagnosed children with choroid plexus carcinoma: A work in progress. Neurooncol
Adv. 2024;6(1):vdae109. https://doi.org/10.1093/noajnl/vdae109

J Bone Marrow Transplant Cell Ther, Vol 6 N1, 6284, 2025


https://creativecommons.org/licenses/by/4.0/deed.en
https://doi.org/10.1200/JCO.2009.26.8169
https://acsjournals.onlinelibrary.wiley.com/doi/10.1002/(SICI)1097-0142(19980801)83:3%3C566::AID-CNCR27%3E3.0.CO;2-T
https://acsjournals.onlinelibrary.wiley.com/doi/10.1002/(SICI)1097-0142(19980801)83:3%3C566::AID-CNCR27%3E3.0.CO;2-T
https://doi.org/10.1200/JCO.2009.26.8169

	_Hlk194607494
	OLE_LINK1
	_Hlk194583021
	_Hlk203085234
	_Hlk203085015

