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Introduction

In 2016, the World Health Organization (WHO) published a revised classification of central nervous system (CNS)
tumors using molecular parameters.[1] In this classification, some tumors previously recognized in the 2007
classification had been renamed or eliminated. The primitive neuroectodermal tumor (PNET) is no longer recognized.
CNS embryonal tumors are now classified using specific genetic/molecular characteristics. Using molecular analysis,
many tumors that were previously reported as PNET are now reclassified into know tumors with specific genetic
characteristics.

Medulloblastomas are the most common embryonal tumors and have their own genetic/molecular defined groups
(SHH-activated TP53-mutant, SHH-activated TP53-wildtype, WNT-activated, non-SHH/WNT group three, and non-
SHH/WNT group four) in addition to their histologically defined groups (classic, desmoplastic/nodular,
medulloblastoma with extensive nodularity, and large cell/anaplastic). A combination of the genetic profile and the
histology determines the prognosis of these tumors.[1] The sonic hedgehog protein, important in cell specialization
and growth, is encoded in the SHH gene at chromosome 7. The WNT gene family in the chromosome 12q13 region
encode for signaling proteins that regulate cell proliferation, cell fate, and embryogenesis.

All other embryonal tumors are classified depending if they have an amplification of the CI9MC region (19q13.42)
on chromosome 19. If they have the amplification, they are called embryonal tumor with multilayered rosettes,
CI9MC-altered (WHO 9478/3*). If they do not have the amplification, they are called embryonal tumor with
multilayered rosettes, NOS (WHO 9478/3). The other embryonal tumors are classified as medulloepithelioma
(9501/3), CNS neuroblastoma (9500/3), CNS ganglioneuroblastoma (9490/3), and atypical teratoid/rhabdoid tumor
(ATRT) with alterations of INI1 or in rare occasions BRG1.

Immunohistochemical staining for INI1 or BRG1 expression is used to distinguish them. Those tumors that do not
have alterations of either INI1 or BRG1 are classified as embryonal tumors with rhabdoid features (WHO 9508/3).
Those embryonal tumors without amplification of the C19MC, no alterations of INI1 or BRG1, and no rosettes, are
called embryonal tumor, NOS (WHO 9473/3). This last group is a wastebasket category for the tumors previously
called PNET, which can not be classified under a genetic/molecular group.[1] In tumors with the “NOS” designation
(not otherwise specified), there is insufficient information for classification. Some of these tumors were previously
named embryonal tumor with abundant neuropil and true rosettes.

Concurrent with the publication of the WHO 2016 classification, a group recognized four new categories for
PNET.[2] They reviewed their previously classified PNET database and found that based on molecular analysis of the
tumor samples, most of them were indistinguishable from known CNS supratentorial tumors and were classified into
those known CNS supratentorial tumors. The small group of other tumors which can not be attributed to known CNS
supratentorial tumors were classified into the four new categories. The new categories include CNS neuroblastoma
with Forkhead Box R2 (FOXR?2) activation, CNS Ewing sarcoma family tumor with CIC alteration, CNS high-grade
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neuroepithelial tumor with meningioma 1 gene (MN1) alteration, and CNS high-grade neuroepithelial tumor

with BCL6 Corepressor (BCOR) alteration. The small number of tumors that did not show any molecular specificity
to be included in a specific category were called CNS embryonal tumors, NOS. This group is similar to

the wastebasket category of the WHO 2016 classification. The significance of these results have yet to be analyzed
and incorporated in a future WHO classification. These four new groups had also been confirmed by a Polish study in
2020.[3]

Etiology

The PNET terminology has been removed from the CNS tumors with the new 2016 WHO revised classification. They
were aggressive tumors from poorly differentiated embryonic cells in young children, but on rare occasions affecting
adolescents and adults.

Tumors are now classified according to their molecular characteristics. Embryonal tumors are primarily classified
depending if they have on chromosome 19 an amplification of the C19MC region (19q13.42). Atypical
teratoid/rhabdoid tumor tumors have an alteration of INI1 or, on rare occasions, BRG1. Other embryonal tumors have
FOXR2 activation, CIC alteration, MN1 alteration, and BCOR alteration. The SMARCBI (also known as INI1,
BAF47, hSNFS5,) located on chromosome 22 at locus 22q11.2 is important for the SWI/SNF chromatin-remodeling
complex.[4] The ATPase subunit SMARCA4 (BRG1) located on chromosome 19p13.2 is another SWI/SNF
chromatin-remodeling complex member.[5]

Those embryonal tumors that no amplification of the C19MC, no alterations of INI1 or BRG1, or no rosettes are
identified, are called embryonal tumor, NOS (WHO 9473/3). At present, there are no molecular or genetic alterations
associated with them. These embryonal tumors have to be well investigated. This is an exclusion diagnosis. They have
to be differentiated from supratentorial ependymoma, high-grade glioma, embryonal tumor with multilayered rosettes,
and ATRT based on their specific genetic alterations.[6]

Epidemiology

Primary CNS tumors are the second most common tumor in children and adolescents after

leukemia.[7] Approximately 20% of pediatric brain tumors are CNS embryonal tumors. This number includes all the
medulloblastomas and all other embryonal tumors.[7][8] Embryonal tumors are the most common CNS tumor in
children aged 0—4 years (13.1%), and the fifth most common in children and adolescents age 0 to 19 years

(10.1%).[9] The CNS embryonal tumors have a preference for children below the age of 4 and are more common in
females.[10][11][12] Supratentorial embryonal tumors are found in older children with a mean age of 8.4 years, with a
2.3:1 female to male predominance.[11][12]

Using the data available for CNS tumors diagnosed in the United States in the years 2012-2016, and excluding
medulloblastoma, the incidence of PNET is 0.15 per 100,000 children age 0 to 4, 0.05 per 100,000 children age 5 to 9,
0.04 per 100,000 children age 10 to 14, and 0.03 per 100,000 adolescents age 15 to 19 years.[9] The 10-year survival
estimates for PNET is 30%.

The incidence of ATRT is 0.32 per 100,000 children ages 0 and 4 and 0.03 per 100,000 children ages 5 to 9 years. Very
few cases are diagnosed after nine years of age. The 10-year survival estimates for ATRT is 37%.[9] There is no
significant difference between males and females for the incidence of ATRT in children age 0 to 14.[9]

The high-grade neuroepithelial tumor with BCOR alteration is an extremely rare tumor, with only 24 cases reported.
The four-year survival is 50%.[13] They are treated similarly to other embryonal tumors.

A study investigating previously histological supratentorial PNET, which reanalyzed them using molecular
parameters, found that the diagnosis changed in 71%.[12] A supratentorial lesion has an increased probability of being
a high-grade glioma or ependymoma if confused with a supratentorial PNET. DNA methylation profile defines the
diagnosis.[14] In infratentorial lesions, medulloblastoma and ependymoma have to be excluded first. They studied
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brain magnetic resonance imaging (MRI) characteristics of embryonal tumors, which distinguished them from other
molecular diagnosed tumors and found the embryonal tumors have similar edema changes, definition of margins, and
size as the non-embryonal tumors and are thus radiologically indistinguishable.

Histopathology

All embryonal tumors are classified as WHO IV.[11] The term PNET is not used anymore. The genetic/molecular
analysis of each tumor is essential. The histopathological changes are still important for the initial recognition of the
tumor and the intraoperative consultation. Immunohistochemical staining shows specific characteristics in each tumor.

Embryonal tumor with multilayered rosettes shows abundant neuropil and true rosettes, and have amplification of the
C19MC region on chromosome 19.[10] They show small multilayered round blue cells with pseudostratified
neuroepithelium around a central lumen, which can be empty or contain eosinophilic debris. The nucleus of cells is
away from the lumen. Histochemistry is positive for vimentin, cytokeratin, and CD99. It can be focally positive for
epithelial membrane antigen (EMA). Synaptophysin, neuron-specific protein, and neurofilament protein are positive
for the neuropil. Those tumors classified as embryonal tumors, NOS, should be closely worked up because they may
be classified into other tumor entities using current diagnostic techniques.[15] The Ki-67 labeling index is very high.

ATRT usually shows a loss of SMARCB1 (INI1) protein immunoreactivity. They have three groups (ATRT-TYR
frequent at infratentorial regions in very young children, ATRTMYC prevalent at the supratentorial area in older
children, ATRT-SHH at both ages).[6] They can be positive for EMA and vimentin.

CNS neuroblastoma with FOXR2 activation is highly cellular with small cells with hyperchromatic nuclei surrounded
by a clear halo. Areas of neuropil, neurocytic cells, or ganglion cells are seen. Vascular pseudorosettes, nuclear
palisades, and Homer Wright rosettes are commonly found. It can have microvascular proliferation.

CNS Ewing sarcoma family tumor with CIC alteration is densely cellular with small round cells. The tumor has both
alveolar and fascicular patterns of growth. It does not have markers of differentiation.[2][3]

CNS high-grade neuroepithelial tumor with MN1 alteration shows a mixture of solid and pseudopapillary patterns
with pericellular hyalinization. Commonly expressed glial fibrillary acidic protein (GFAP).

CNS high-grade neuroepithelial tumor with BCOR alteration shows a combination of spindle to oval cells with
perivascular pseudorosettes and fibrillary processes. Commonly expressed GFAP. They are highly cellular with a thin-
walled capillary network.[2][3]

Medulloepithelioma show neuroepithelial cells with papillary arrangement that may mimic the embryonic neural tube.
It can have necrosis and hemorrhage.

History and Physical

Patients with embryonal tumors usually present with signs of increased intracranial pressure, which may include
headache, nausea, vomiting, irritability, and lethargy in decreasing order of frequency.[8] They can also show visual
problems, seizures, hemiparesis, cerebellar signs, and cranial nerve palsies.

The location of the tumor, supratentorial or infratentorial, is important for the manifestation of symptoms. Those with
an infratentorial location usually develop hydrocephalus with headache, vomiting, irritability, and lethargy. Ataxia or
other cerebellar signs and cranial nerve palsies are common. They rarely have seizures. In supratentorial locations,
vomiting, seizures, and headaches are common. Hemiparesis is present if the tumor affects the cortical motor areas or
the descending tracts. The presentation is also affected by age. Younger patients present irritability, vomiting, and
visual problems. Those older than three years usually show headaches, vomiting, and ataxia.[8]

These aggressive tumors have a short prediagnosis interval between the first symptoms and the radiological diagnosis,
with a median of 20 days.[8] Infratentorial tumors, high-grade tumors, and those in younger patients have the shortest
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intervals.

A complete physical examination with emphasis on the neurological evaluation is essential. The neuro-
ophthalmologist must evaluate visual problems as they are challenging to identify in younger patients.
Evaluation

Brain MRI shows a large, demarcated, solid mass with surrounding edema, often with significant mass effect. On T1-
weighted images, they are hypointense but sometimes can be isointense; on T2-weighted images, they are isointense to
hypertense, and the T1-weighted images with contrast shows patchy contrast enhancement.[10] Some tumors can
show areas with blood products, microcalcifications, and necrotic-cystic components. They have restricted diffusion
due to the high cellularity of the tumor. These characteristics are similar to high-grade gliomas, making molecular
diagnosis very important.

Magnetic resonance spectroscopy shows a choline peak with reduced N-acetyl-aspartate and a high ratio of
choline/aspartate.[10][13]

Spinal MRI is usually required for the detection of seeding and prognosis.

Treatment / Management

The current most effective therapy in these tumors is triple therapy, which is surgical resection plus radiation and
chemotherapy.[7][16] Gross total resection is always attempted as it provides better outcomes.[13] Craniospinal
radiation is usually given due to the high incidence of distant leptomeningeal metastases and spinal seeding. It has
been noted that long radiotherapy treatment produced the worst outcome when compared to a shorter course,
especially in medulloblastomas.[17] This has yet to be proven for other embryonal tumors. This phenomenon is
thought to be due to repopulation in fast-proliferating tumors. Radiotherapy is given in the 50 to 60 Gy range.

Chemotherapy varies with each protocol, but a combination of vincristine, cisplatinum, cyclophosphamide, etoposide
is common. Bevacizumab is used to block the vascular endothelial growth factor. Intrathecal methotrexate and
topotecan can be included in the treatment protocol. Myeloablative chemotherapy has been used in some cases,
followed by hematogenic stem cell rescue.

Differential Diagnosis

ATRT: Usually found in patients under the age of two.

Ependymomas: Usually have no restriction.

High-grade gliomas: The majority are indistinguishable, and diagnosis is based on molecular characteristics. Some can
have vascular endothelial proliferation and pseudopalisading necrosis.

Medulloblastomas: Have their own genetic/molecular defined groups.

Medulloepitheliomas: Usually found in very young patients.

Prognosis

Due to leptomeningeal dissemination and possible extraneural metastasis, prognosis is poor. Approximately 32% of
supratentorial embryonal tumors have metastases to the spine.[12]

Several factors influence a poor prognosis, including delay in the diagnosis, poor general status, inadequate initial
response to treatment.[7][16] More extensive larger tumors and those with poorly defined margins have the worst
overall survival.[12]

Supratentorial high-grade glioma has a 12% five-year overall survival, which is significantly worse compared to
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embryonal tumors (pineoblastomas included) with a 78.5% five-year overall survival.[18] This marked difference is
crucial; therefore, it is imperative to obtain a correct molecular diagnosis to orient the patient and the family about the
prognosis. The ATRT median survival is less than two years.

Complications

These tumors impose a severe burden on the patient, and many significant complications occur as a consequence of
the tumor and the triple therapy received. Surgery is challenging and sometimes tricky. Radiation and chemotherapy
contribute to substantial morbidity due to the ionizing radiation's effects and the adverse effects of the
chemotherapeutic agents.

e Motor deficits

Sensory deficits
o Seizures

¢ Neurocognitive problems

Developmental delay

Learning delays

e Neuroendocrine deficit (delayed puberty, hypothyroidism, low growth hormone levels)

Consultations

Consultations may be required from neuropathologists, pediatricians, neurosurgeons, hematologist-oncologists,
radiation oncologists, and endocrinologists.

Deterrence and Patient Education

The previously called CNS PNET is no longer recognized. Nowadays, most tumors can be assigned to a specific
category based on molecular analysis. A careful histopathological examination is required. As many high-grade
gliomas are now excluded, the prognosis is nowadays better for the patient. Anyhow, the prognosis for these tumors is
poor. Counseling for the patient and the parents is necessary as many of them will suffer the burden of the disease.

Enhancing Healthcare Team Outcomes

Proper diagnosis of the tumor has significant implications in the patient's clinical course and outcome.[7] Treatment
and prognosis are dependent on the molecular classification of the tumor. The neurosurgeon will perform the biopsy or
tumor removal while the neuropathologist and histopathologist are essential for the correct identification and
diagnosis. The information obtained will be shared with the neuro-oncologist and radiation oncologist to provide the
combined treatment that most of these tumors require. Nurses will assist with education and post-operative patient
care, while pharmacists will give the correct and adequate chemotherapy agent to be administered to the patient.

Many patients develop hypopituitarism secondary to chemotherapy and radiotherapy; therefore, the endocrinologist
has an essential role in documenting and correcting these deficiencies. Collaboration shared decision making and
communication are crucial elements for the outcome in these patients. The interprofessional care provided must use an
integrated care pathway combined with an evidence-based approach. Prompt recognition of signs and symptoms of the
disease can aid in the prognosis and outcome.

Questions

To access free multiple choice questions on this topic, click here.

5di7 17/10/2020, 11:19



Primitive Neuroectodermal Tumor - StatPearls - NCBI Bookshelf https://www.ncbi.nlm.nih.gov/books/NBK562165/7report=printable

References

1. Louis DN, Perry A, Reifenberger G, von Deimling A, Figarella-Branger D, Cavenee WK, Ohgaki H, Wiestler OD,
Kleihues P, Ellison DW. The 2016 World Health Organization Classification of Tumors of the Central Nervous
System: a summary. Acta Neuropathol. 2016 Jun;131(6):803-20. [PubMed: 27157931]

2. Sturm D, Orr BA, Toprak UH, Hovestadt V, Jones DTW, Capper D, Sill M, Buchhalter I, Northcott PA, Leis I,
Ryzhova M, Koelsche C, Pfaff E, Allen SJ, Balasubramanian G, Worst BC, Pajtler KW, Brabetz S, Johann PD,
Sahm F, Reimand J, Mackay A, Carvalho DM, Remke M, Phillips JJ, Perry A, Cowdrey C, Drissi R, Fouladi M,
Giangaspero F, Lastowska M, Grajkowska W, Scheurlen W, Pietsch T, Hagel C, Gojo J, Létsch D, Berger W, Slavc
I, Haberler C, Jouvet A, Holm S, Hofer S, Prinz M, Keohane C, Fried I, Mawrin C, Scheie D, Mobley BC,
Schniederjan MJ, Santi M, Buccoliero AM, Dahiya S, Kramm CM, von Bueren AO, von Hoff K, Rutkowski S,
Herold-Mende C, Frithwald MC, Milde T, Hasselblatt M, Wesseling P, Ro8ler J, Schiiller U, Ebinger M,
Schittenhelm J, Frank S, Grobholz R, Vajtai I, Hans V, Schneppenheim R, Zitterbart K, Collins VP, Aronica E,
Varlet P, Puget S, Dufour C, Grill J, Figarella-Branger D, Wolter M, Schuhmann MU, Shalaby T, Grotzer M, van
Meter T, Monoranu CM, Felsberg J, Reifenberger G, Snuderl M, Forrester LA, Koster J, Versteeg R, Volckmann
R, van Sluis P, Wolf S, Mikkelsen T, Gajjar A, Aldape K, Moore AS, Taylor MD, Jones C, Jabado N, Karajannis
MA, Eils R, Schlesner M, Lichter P, von Deimling A, Pfister SM, Ellison DW, Korshunov A, Kool M. New Brain
Tumor Entities Emerge from Molecular Classification of CNS-PNETs. Cell. 2016 Feb 25;164(5):1060-1072.
[PMC free article: PMC5139621] [PubMed: 26919435]

3. Lastowska M, Trubicka J, Sobocinska A, Wojtas B, Niemira M, Szatkowska A, Kretowski A, Karkucinska-
Wigckowska A, Kaleta M, Ejmont M, Perek-Polnik M, Dembowska-Baginska B, Grajkowska W, Matyja E.
Molecular identification of CNS NB-FOXR2, CNS EFT-CIC, CNS HGNET-MN1 and CNS HGNET-BCOR
pediatric brain tumors using tumor-specific signature genes. Acta Neuropathol Commun. 2020 Jul 10;8(1):105.
[PMC free article: PMC7350623] [PubMed: 32650833]

4. Judkins AR. Immunohistochemistry of INI1 expression: a new tool for old challenges in CNS and soft tissue
pathology. Adv Anat Pathol. 2007 Sep;14(5):335-9. [PubMed: 17717433]

5. Hasselblatt M, Gesk S, Oyen F, Rossi S, Viscardi E, Giangaspero F, Giannini C, Judkins AR, Frithwald MC, Obser
T, Schneppenheim R, Siebert R, Paulus W. Nonsense mutation and inactivation of SMARCA4 (BRG1) in an
atypical teratoid/rhabdoid tumor showing retained SMARCB1 (INI1) expression. Am. J. Surg. Pathol. 2011
Jun;35(6):933-5. [PubMed: 21566516]

6. Cacciotti C, Fleming A, Ramaswamy V. Advances in the molecular classification of pediatric brain tumors: a
guide to the galaxy. J. Pathol. 2020 Jul;251(3):249-261. [PubMed: 32391583]

7. Cojocaru E, Mihiila D, Leon-Constantin MM, Cobzaru RG, Ripa CV, Trandafirescu MF, Trandafir LM. Update in
pediatric primary brain tumors - from histology to genetically defined tumors. Rom J Morphol Embryol.
2019;60(3):761-767. [PubMed: 31912084]

8. Maaz AUR, Yousif T, Saleh A, Pople I, Al-Kharazi K, Al-Rayahi J, Elkum N, Malik M. Presenting symptoms and
time to diagnosis for Pediatric Central Nervous System Tumors in Qatar: a report from Pediatric Neuro-Oncology
Service in Qatar. Childs Nerv Syst. 2020 Jul 24; [PubMed: 32710251]

9. Ostrom QT, Cioffi G, Gittleman H, Patil N, Waite K, Kruchko C, Barnholtz-Sloan JS. CBTRUS Statistical Report:
Primary Brain and Other Central Nervous System Tumors Diagnosed in the United States in 2012-2016. Neuro-
oncology. 2019 Nov 01;21(Suppl 5):v1-v100. [PMC free article: PMC6823730] [PubMed: 31675094]

10. Gupta A, Dwivedi T. A Simplified Overview of World Health Organization Classification Update of Central
Nervous System Tumors 2016. J Neurosci Rural Pract. 2017 Oct-Dec;8(4):629-641. [PMC free article:
PMC5709890] [PubMed: 29204027]

11. Banan R, Hartmann C. The new WHO 2016 classification of brain tumors-what neurosurgeons need to know.
Acta Neurochir (Wien). 2017 Mar;159(3):403-418. [PubMed: 28093610]

12. Jaju A, Hwang EI, Kool M, Capper D, Chavez L, Brabetz S, Billups C, Li Y, Fouladi M, Packer RJ, Pfister SM,
Olson JM, Heier LA. MRI Features of Histologically Diagnosed Supratentorial Primitive Neuroectodermal
Tumors and Pineoblastomas in Correlation with Molecular Diagnoses and Outcomes: A Report from the

6di7 17/10/2020, 11:19



Primitive Neuroectodermal Tumor - StatPearls - NCBI Bookshelf https://www.ncbi.nlm.nih.gov/books/NBK562165/7report=printable

Children's Oncology Group ACNS0332 Trial. AJNR Am J Neuroradiol. 2019 Nov;40(11):1796-1803. [PMC free

article: PMC6856443] [PubMed: 31601576]

13. De Lima L, Siirme MB, Gessi M, Mastronuzzi A, Miele E, Tamburrini G, Massimi L. Central nervous system
high-grade neuroepithelial tumor with BCOR alteration (CNS HGNET-BCOR)-case-based reviews. Childs Nerv
Syst. 2020 Aug;36(8):1589-1599. [PubMed: 32542405]

14. Capper D, Jones DTW, Sill M, Hovestadt V, Schrimpf D, Sturm D, Koelsche C, Sahm F, Chavez L, Reuss DE,
Kratz A, Wefers AK, Huang K, Pajtler KW, Schweizer L, Stichel D, Olar A, Engel NW, Lindenberg K, Harter
PN, Braczynski AK, Plate KH, Dohmen H, Garvalov BK, Coras R, Holsken A, Hewer E, Bewerunge-Hudler M,
Schick M, Fischer R, Beschorner R, Schittenhelm J, Staszewski O, Wani K, Varlet P, Pages M, Temming P,
Lohmann D, Selt F, Witt H, Milde T, Witt O, Aronica E, Giangaspero F, Rushing E, Scheurlen W, Geisenberger
C, Rodriguez FJ, Becker A, Preusser M, Haberler C, Bjerkvig R, Cryan J, Farrell M, Deckert M, Hench J, Frank
S, Serrano J, Kannan K, Tsirigos A, Briick W, Hofer S, Brehmer S, Seiz-Rosenhagen M, Hanggi D, Hans V,
Rozsnoki S, Hansford JR, Kohlhof P, Kristensen BW, Lechner M, Lopes B, Mawrin C, Ketter R, Kulozik A,
Khatib Z, Heppner F, Koch A, Jouvet A, Keohane C, Miihleisen H, Mueller W, Pohl U, Prinz M, Benner A,
Zapatka M, Gottardo NG, Driever PH, Kramm CM, Miiller HL, Rutkowski S, von Hoff K, Friihwald MC,
Gnekow A, Fleischhack G, Tippelt S, Calaminus G, Monoranu CM, Perry A, Jones C, Jacques TS, Radlwimmer
B, Gessi M, Pietsch T, Schramm J, Schackert G, Westphal M, Reifenberger G, Wesseling P, Weller M, Collins
VP, Bliimcke I, Bendszus M, Debus J, Huang A, Jabado N, Northcott PA, Paulus W, Gajjar A, Robinson GW,
Taylor MD, Jaunmuktane Z, Ryzhova M, Platten M, Unterberg A, Wick W, Karajannis MA, Mittelbronn M,
Acker T, Hartmann C, Aldape K, Schiiller U, Buslei R, Lichter P, Kool M, Herold-Mende C, Ellison DW,
Hasselblatt M, Snuderl M, Brandner S, Korshunov A, von Deimling A, Pfister SM. DNA methylation-based
classification of central nervous system tumours. Nature. 2018 Mar 22;555(7697):469-474. [PMC free article:
PMC6093218] [PubMed: 29539639]

15. Chhabda S, Carney O, D'Arco F, Jacques TS, Mankad K. The 2016 World Health Organization Classification of
tumours of the Central Nervous System: what the paediatric neuroradiologist needs to know. Quant Imaging Med
Surg. 2016 Oct;6(5):486-489. [PMC free article: PMC5130574] [PubMed: 27942466]

16. Wu WS, Liu JJ, Sun YL, Ren SQ, Qiu XG, DU SX, Li CD, Sun LM. [Clinical effect of surgery combined with
chemotherapy and radiotherapy in children with central primitive neuroectodermal tumor and prognostic
analysis]. Zhongguo Dang Dai Er Ke Za Zhi. 2020 Jun;22(6):589-594. [PMC free article: PMC7390205]
[PubMed: 32571457]

17. Baliga S, Bajaj BVM, Kabarriti R, Grassberger C, Patteson B, Yeap B, Fox JL, Garg MK, Yock TI. Prolongation
of radiotherapy duration is associated with inferior overall survival in patients with pediatric medulloblastoma
and central nervous system primitive neuroectodermal tumors. Pediatr Blood Cancer. 2020 Jul 25;:¢28558.
[PubMed: 32710698]

18. Hwang EI, Kool M, Burger PC, Capper D, Chavez L, Brabetz S, Williams-Hughes C, Billups C, Heier L, Jaju A,
Michalski J, Li Y, Leary S, Zhou T, von Deimling A, Jones DTW, Fouladi M, Pollack IF, Gajjar A, Packer RJ,
Pfister SM, Olson JM. Extensive Molecular and Clinical Heterogeneity in Patients With Histologically
Diagnosed CNS-PNET Treated as a Single Entity: A Report From the Children's Oncology Group Randomized
ACNSO0332 Trial. J. Clin. Oncol. 2018 Oct 17;:JCO2017764720. [PubMed: 30332335]

Copyright © 2020, StatPearls Publishing LLC.

This book is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/),
which permits use, duplication, adaptation, distribution, and reproduction in any medium or format, as long as you give appropriate credit to the original

author(s) and the source, a link is provided to the Creative Commons license, and any changes made are indicated.

Bookshelf ID: NBK562165 PMID: 32965836

7di7 17/10/2020, 11:19



