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Abstract

The papillary tumor of the pineal region (PTPRaisare grade II-1ll pineal lesion with peculiar toi®gic and
immunohistochemical features. These tumors mosttyioin adults, rarely in children (19 cases reguip to
now).

We present a 3-year-old boy who was re-operated f@current PTPR (grade II). The gross total tgzeof
the lesion, through an occipital interhemispherppraach in sitting position, was followed by adjova
radiochemotherapy. Histological examination revéalemor progression (grade Ill), and the MIB-1
proliferation index was higher than 25%. The pat®ontinues to do well with no evidence of recucemore
than 3 years following surgery.

A comprehensive literature review regarding the RThcluding the current management in children, is
reported.

PTPR are extremely rare in children, and immunobtstmistry is needed for their differentiation frather
pineal tumors. These tumors present a big rateafrrence, and a multidisciplinary management @sigrgical
resection followed by radio- and/or chemo-theraps/)needed in most of the cases to achieve favorable

outcomes.
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Children, Immunohistochemistry, Multidisciplinaryamagement, Microneurosurgery, Papillary tumor & th

pineal region, Pineal region lesions, Radiochenraiie
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Introduction

The papillary tumor of the pineal region (PTPR)asnew entity introduced in the 2007 World Health
Organization nomenclature to describe a rare gradB pineal lesion with particular histologic and
immunohistochemical features. These tumors mostbuoin the adult population, and are extremely riar
children’=

Herein, we present the case of a 3-year-old boywdminitially operated abroad for acute hydrocéyphdue to

a PTPR, and then, after few months, was admitteditalepartment for a tumor recurrence.

Our purpose is to report the multidisciplinary mgaaent of this case, which presented a good reepaifier
the gross total resection of the lesion and adjuvaiotherapy and chemotherapy, with no recurreafter 3
years.

Moreover, we present a comprehensive literaturéevevegarding the PTPR while describing the current

management of this new entity in children.

Case presentation
A three-year-old boy with a grade Il PTPR was athdito our department for re-evaluation. Nine mengtor,
he presented with acute hydrocephalus, and undémsuiiotal resection of the lesion abroad. Follgnbuain
MRI revealed the persistence of a giant heterogesigcenhancing pineal region lesion with a smabticy
component (Fig. 1). Ventriculomegaly was also pnesthe boy did not present neurological deficits.
The patient underwent an occipital interhemisphapiproach in sitting position with gross total tumesection
(Fig. 1). The postoperative course was uneventful.
Based on the operative video analysis, microsurgispects may be detailed as follows:
- after a left occipital craniotomy, the dura is opgnunder the microscope based on the superior
longitudinal sinus;
e strong dural retraction with vicryl stitches alotite opening provides a hemostasis of the epidural
space;
« the cerebrospinal fluid is released from the pomténterhemispheric cistern along the interhemésph
approach;
« after a careful access the tumor is recognized, @mdkr a high magnification, tissue samples deerta

for immediate histological studies;
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« internal debulking of the tumor is performed usiimy forceps and long bipolar forceps as well;

« small vessels running on the surface of the tumercaagulated and cut. After a careful dissectiath a
devascularization of the lesion, the tumor is goftiut constantly pulled out using long ring
microforceps in the right hand and thumb regulatection tube in the left hand;

« the tumor is shrunk with bipolar coagulation, anpiecemeal reduction of the tumor is performed,;

e water dissection is used to separate deep bordetBeolesion from the surrounding tissue, and
continuos irrigation as well is used to keep arlgargical field;

< the final steps include a painstaking detachmertunforal remnants from the inferior sagittal sinus,
and a meticulous hemostasis of the surgical site.

After surgery, the histologic diagnosis was grdéi®TPR. According to immunohistochemistry, theldeswas
positive for pancytokeratins (Cytokeratin 5,6,8,Mjnentin, microtubule associated protein 2 (MAR 2100
protein, integrase interactor 1 (INI-1), CD99, s#ayretin, CD56, epithelial membrane antigen (EMdcal
positivity), and synaptophysin (weak focal postiiyi On the other hand, the lesion was negative for
neurofilament protein (SMI-32), glial fibrillary &lic protein (GFAP), and chromogranin A (Fig. 2).

The MIB-1 proliferation index was higher than 25%nd the mitosis-specific marker phosphohistone-H3
(PHH3) determined 15 mitosis/mimCompared with the previous histologic result frém first surgery, this
tumor recurrence had more necrosis, more mitosistlze MIB-1 proliferation index was higher too.

Four weeks after the surgery, the patient recefvedl fractionated radiotherapy of the pineal turbed. A total

of 54Gy was divided in a daily dose of 1,8Gy. IrbReary 2015, the patient started chemotherapy baseth
ependymoma protocol of cisplatin-cyclophosphamibtenistine-etoposide, which was delivered in four
intravenous cycles, each lasting 21 days: 1) dags and 15 for the first three cycles: vincristiied mg/mz, 2)
days 1, 2, 3: etoposide, 100 mg/mz?, 3) day 1: atspl 100 mg/m?, and 4) days 2, 3: cyclophosphai@e0
mg/m2? The cisplatin dose had to be reduced from 100rmgom80mg/mi because the patient had only one
kidney for a congenital malformation.

The patient continues to do clinically well with agidence of developmental delay and without remae more

than 3 years following surgery (Fig.1).

Discussion and literaturereview
The PTPR is a grade llI-Ill pineal lesion introdudedhe 2007 World Health Organization homenclatuvith

no major changes in the last 2016 World Health @iegaion classification of brain tumots
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According to the French Register of pineal tumarse pineal tumors represent: pineal parenchymabts
(27%), germ cell tumors (27%), gliomas (17%), arapilbary tumors (8%). Pineal parenchymal tumors are
represented by: pineocytomas (13%), pineal paranahyumors with intermediary differentiation (66%8nd
pinealoblastomas (2193).

The first pineal tumor with a papillary aspect,aogpd as papillary pineocytoma, was described mjahiowski

in 1982° In 2003, Jouvet et al. introduced the term “PTPR”.

Other pineal region tumors with expression of gapjlfeatures comprise: ependymoma, choroid pléxosor,
papillary meningioma, germ cell tumor, and papjllaretastatic carcinorfia

It is currently believed that the PTPR could defiram the subcommissural organ; thus, PTPR, as agethe

ependymal cells arising from the subcommissurahoiitself, highly express cytokeratin 18 (CK18).

Histology

PTPR are tumors characterized by an epithelialdii@vth pattern in which vessels are covered bgyarl of
tumor cells forming perivascular pseudorosettéSLight microscopy shows a papillary architecturaseular
connective tissue is composed of several layeriargle cuboidal or columnar epithelial-like growthtigrn
cells? Cells’ cytoplasm is clear, and sometimes vacudlaiuclei are small and rounded. Mitotic figures ar
rare and areas of tumor necrosis are very frequenf.PTPR cannot be diagnosed by light microscope, thus

immunohistochemical tumor profiles must be acquifed

I mmunohistochemistry

Cytokeratin KL1 and cytokeratin 18 are constanttpressed by PTPR. PS100, vimentin, and neuron{gpeci
enolase are frequently positive as well. Transtityresynaptophysin, and chromogranin immunolabekng
inconstantly positive. Tumor cells do not expre$sA8 nor EMA, but GFAP expression would be recogtiire
the perivascular areas of the tumdf.Immunolabeling for antineural cell adhesin molecaind nestin is
frequently positive, but immunolabeling for anti-N&nti-antigen S, anti-tau protein, aati-fetoprotein, and
anti-placental alkaline phosphatase antibodiegigtive’

Some studies determined that phosphatase and thoesiolog (PTEN) mutations and activation of the
PI3K/Akt/mTOR signaling pathway may play a roletive biology of PTPR, thus opening the possibilitythe

use of PI3K/AkmTOR inhibitors in therapy for petts with PTPR>
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Studies in serum and cerebrospinal fluid were negdbr the tumor markers alpha-fetoprotein and aom

chorionic gonadotropiff

Genetics

Regarding chromosomal alterations, losses of cheome 10 were very frequent in different studiesdas of
chromosomes 3, 14, 22, and X were also identifédt gains of chromosomes 8, 9, and 12 were comason,
well. Other chromosomal alterations include a hoygors PTEN deletion, and 2 point mutations in eXaof
PTEN (G251D and Q261stop)** Févre-Montange reported that PTPRs showed highessipn of SPDEF,
KRT18, and genes encoding proteins reported toxXpeessed in the subcommissural organ, such as ZFH4,

RFX3, transthyretin, and CGRP.

Imaging

Chang et al. reported an intrinsic T1 hyperintgnséntered on the posterior commissure, associaiidT?2
hyperintensity and gadolinium enhancement as daeguesentation in 4 PTPRSHowever, fat content related
to teratomas, as well as melanin, calcification &amxttacellular methemoglobin, usually seen in metign
tumors, and hemorrhagic metastases, choriocarci@méeratomas, must also be exclufe@pposite to this

description, other authors just reported MRI heger®ous mass isointense on'¥1.

The biological behavior of PTPRs

PTPRs grading and prognosis are still unclear safad reports of long survival cases contrast Witse with
local tumor recurrence. Histological grading of RERcorrespond to WHO grade 1 or if:*® Variables related
to decreased progression-free survival are repreddry: more than 3 mitoses per 10 high-powerdddijer a
Ki-67 proliferation index of more than 108! Some authors reported the isocitrate dehydrogehased 2

mutations in PTPR cells as a predictor of wild-tg@sotypes, as similarly described in gliorffas.

Differential diagnosis

Regarding to the differential diagnosis, as memtbmbove, different tumors present papillary aeditre.
However, the two main differential diagnoses a@piltary ependymomas, and choroid plexus tumorarait

plexus tumors share with PTPR a comparable immgtmthiemical profile, but with a different morphaiog

appearance. On the other hand, ependymomas pseselar morphologic appearance with different aetig
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expression. Choroid plexus tumors present exclisipapillary architecture lined by a single celyda without

the massive component, and, unlike PTPR, areasabsis are extremely rare. Choroid plexus carcasare
well differentiated and with higher degree of ajafkegarding the immunohistochemical analysisagsitim
inwardly-rectifying channel Kir 7.1 and stanniodald are only expressed by choroid plexus tumbrs.
Ependimomas show a constant expression of EMA @#IFGwith no expression of cytokeratin KE4Finally,
only papillary tumors express MAP*2.

Papillary meningiomas, in contrast with PTPR, pnése dense membrane expression of EMA. Vimentin and
protein S100 are expressed by papillary meningioimnag0% of cases. Papillary tumors of the pineal
parenchyma, such as papillary pineocytoma, presassive expression of synaptophysin and antigevhie
cytokeratins and vimentin are not expressed.

DNA methylation profiling using lllumina 450k arrayreliably distinguished PTPR from ependimomas and
pineal parenchymal tumors of intermediate diffeisi@n. The group of PTPR with a higher global nyédtion

had a tendency toward shorter progression-freé\@ir/ The overexpressed SPDEF gene, known to be present
in the rodent subcommissural organ, has a remal@igression in PTPR compared with ependymal tumors
choroid plexus tumors, and samples of other cenealous system tumor entiti€sSome papillary tumors of
the midline, such us papillary thyroid carcinomad guapillary craniopharyngioma, conceal BRAF-V600E

mutations. However, PTPR demonstrated negativitBRAF-V600E?

Management

In a multicentric retrospective study of 31 patiehy Fevre-Montange et al., gross total resectian thie only
factor that tended to have a significant positiffed on disease progression. A complete open tiesewas
achieved in 21 cases and, after heterogeneous sshefiradiotherapy after complete (9) or incompi@e
resection, 21 patients presented local (19), laodl spinal (1), or only spinal (1) progression im@an follow
up of 4.2 years (range, 0.2—-16.5 years). The ovaalival was 73% at 5 years, and 58% at 10 y¥ars.
Regarding to the radiotherapy, based on the ab@rmiomed study, this tumor appears to have a higénpial
for local recurrence during the 5 years after ahisurgery, suggesting the need for tumor bed haasbtherapy
after surgical resection. However, no strong ewiges available. On the other hand, spinal dissatinin seems
to be raré*?

Radiotherapy may consist of craniospinal irradiaticith a boost to the primary site, whole brainio#tterapy

with a boost to the primary site, focal irradiatiohthe pineal area only, and radiosurgery. Inua\stpublished
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by Fauchon, the median pineal dose in 22 of thera@iated cases was 54 Gy (ClI 95 %: 12.0-60.0 Bggpite
relatively high cumulative doses (more than 100iG8 cases), only 2 cases presented irradiatiateglside
effects: a thalamic radionecrosis associated wiplodia and hypersomnia, and a thalamo-tectal retioosis
associated with motor deficiency and Parinaud’slayme?®?

Some authors reported favorable outcomes aftersiipppcedures followed by radiotherapy. In a caperted

by Smruti, an endoscopic third ventriculostomy with simultaneous endoscopic biopsy followed by
postoperative radiotherapy (50.4 Gy) resulted icomplete regression of the tumor with no evidente o
recurrence at 25 monthsSimilarly, Riis et al. described a case of a PTR®ted with stereotactic radiosurgery
in a Gamma Knife unit after stereotactic biopsyhaf tumor. Five years after treatment with a ddsE20Gy on
the 50% isodose, the tumor size was still decrgdsin

Ishida et al. studied the safety and efficacy efesttactic 125iodine brachytherapy for the treatnoéPTPRs.
100% local tumor control was achieved with a medaiow-up of more than four years. No significatinical

nor radiological side effects of 125iodine bracleydpy were detected during the follow-up period] afi
symptoms improved significantfy:*

Chemotherapy has been proposed in specific caapil spinal dissemination, first-line radiotherdpgsed
treatment, and in patients with local recurrenttswyever, the evidence remains weak to supportriudality
treatment® Adjuvant chemotherapy is mainly based on cisplatirand etoposide protocols. Those referred in
the literature include: carboplatin-VP16- vincrgj carboplatin plus either etoposide or vincrestin
temozolomide and, ACNU (3-[(4-amino-2-methyl-5-pwidlinyl) methyl]- I-(chloroethyl)-I-nitrosourea)
chemotherapy’?*?"~?* Bevacizumab, a humanized monoclonal antibody ataiascular endothelial growth
factor, which has demonstrated activity in ependyrmposhould be considered for inoperable recurré®Re or

in those amenable/responsive to radiation or stancigotoxic treatment®:>*

Papillary tumor of the pineal region in children

Regarding to the management of PTPRs in childregn) ¢hough the proportion of PTPRs between chil@ah
adult population is suggested to be between 16-18®biterature is scar¢é? Table 1 lists the published
caseg?1##2233234\je found 19 cases in children younger than 17syelt. Although some information was
not available in this small population of casesnsoconclusions from all 20 patients could be oatinNo
difference regarding the sex was found, and thenmdégmeter of the tumor was 30 mm. In 3 cases, ailable

information was found regarding the follow up. Timean follow up of the rest 17 cases was 67.5 (3-180
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months. 8/17 (47%) patients had a tumor recurrencegrowth during the follow up. The mean timehu first
recurrence was 34.5 (10-60) months. At the lasdbfolip, 15/17 (88%) patients were alive and symptaa or
with controlled disease, while one patient had @ypssive disease after 115 months, and anothienpdied

61 months after starting the treatment. A grosal tatsection along the course of the disease wdsrped in
15/17 (88%) cases, while in the remaining two cafEXb6) a partial resection followed by radio and
chemotherapy was carried out, with stable disetise 25 and 21 months. Only 3 (20%) of the 15 pasiavho
underwent a gross total resection did not receimmptementary therapy during the course of the disea
Concurrently, those cases did not recur during23ahd 15 months of follow uf3.*#222%32-%7

Summarizing our results, 17 out of 20 pediatridgyds in the literature had follow-up informaticand a gross
total resection was achieved in 15 of them alorggadburse of the disease. Only one of the two pstienth
partial resection had a non-recurrent stable déseaBour of the 8 patients who presented a local
recurrence/regrowth during the follow-up, had aosecrecurrence (3 local recurrences, and one spimdl
ventricular recurrence). Three cases recurred ttinees (a repeated spinal recurrence, a local recce, and
another ventricular recurrence). One patient hddcdl recurrences of the disease. The unique patiith
spinal disease digd1#%22332-37

Compared to the epidemiology in the general pomratvhere 68% of PTPR recurred in a mean followofip
4.2 years (with an overall survival of 73% at 5ngeand 58% at 10 years), in children populatioly ¢ime 47%
of PTPR recurred in a mean follow up of 6,5 yeaBhe survival rate of the entire children group ®4%6 with
only one dead patient 5 years after starting thattnent. However, only 40% of the kids had a follgwover 5
years'! This difference could be explained by the fact thaross total resection was achieved in 88.24%ef
pediatric cases and only in the 68% of the adtltavever, the reason could be also found in a diffgrmore
aggressive and infiltrative biological behaviortbé tumor in adults. In this regard, measuremehthedDNA
methylation, determination of the isocitrate delmggmase 1 and 2 mutations in PTPR cells, over thié w
known mitotic and Ki-67 proliferation index, couldpresent important tools for evaluating the pregian-free
survival rate. Moreover, future perspectives onegienfeatures will be essential to determine thdignancy
grade of the lesiot:*%%°

Surgery was performed by different approaches:otwpital interhemisferic, the suboccipital supratellar,
the traschoroidal, and the endoscopic translamieaminalis represented the main used rotfté§#22%32-37

Regarding the posterior routes to the pineal regitime sitting position may offer several advansageer the

horizontal position, and several protocols may fiecévely used in the clinical setting in order pioevent its
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major complication$®™ Biopsy through an endoscopic approach, associatttd a third ventriculostomy,
followed by radiotherapy was an option too. Whatewpproach is selected, skillful and clean
microneurosurgery preserving the normal anatonipjerative during pineal region operatiorrs:**’

Common radiotherapy schemes included external lradiotherapy, and proton beam radiotherapy withedos
of 50-54 Gy as a part of the initial treatment &megitment for the recurrencé$:*2%22332=3] |ocal recurrence in
a 13 years old boy (who initially underwent a grassl resection, craniospinal radiation, and chém@@py)
was controlled by a partial resection followed rsotactic radiosurgery (20 Gy). The patient haassequently
other two local resections that were managed wigheetactic radiosurgery alone (22, and 20Gy). 80 1
months follow-up the patient is able to work aseputer scientist’

The main schemes of chemotherapy were based on AGDHbboplatine-VP16-vincristine, 9 cycles of
gemcitabine—oxaliplatine as second line chemothefap the case with the spinal recurrence, andlaisp

cyclophosphamide-vincristine-etoposide in our ¢dsg22332-37

Conclusion

Even though PTPRs in children have a big rate @immence during the first 5 years, they have a gaodrol of
the disease. Radiotherapy and chemotherapy aratampdools in the management of the disease, dsawef
their recurrences after gross total resection.eStactic radiosurgery might be an important toal foe

management of local recurrences of the tumor waitdgcognitive function at long term follow-up.

Disclosure
Prof. Juha Hernesniemi is an Aesculap counseloe. ThEhrnrooth Foundation partially supports thespnt
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Figure Legends

Fig.1 Sagittal cerebral MRI scans. Preoperative MRI shgva pineal lesion (A), which underwent a subtotal
resection abroad (B). The histologic diagnosis avgsade Il papillary tumor of the pineal regiormenths MRI
revealing a regrowth of the tumor (C). The patiemiierwent an occipital interhemispheric approadh gross
total removal at our department (D), followed byjuadnt radiochemotherapy. Histological examination
revealed tumor progression (grade Ill). The patmnmitinues to do well with no evidence of recuremcore

than 3 years following surgery (E)

Fig.2 Photomicrographs of surgical specimens. Hematoxgld eosin staining showing an epithelial-like
growth pattern with vessels covered by a layeruafdr cells forming perivascular pseudorosettes Ggme
necrotic areas were present (B). Immunohistocheynigas positive for pancytokeratins (C), cytokerdiB (D),

S100 protein (E), CD56 (F), and negative for diladillary acidic protein (G)
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3rd

Follow recurren
Age Surgical up ceand 4th
(years) | Size treatmen Radiothera | Chemother (Month | 1st recurrenceand 2nd recurrence and treatme | recurren | Final
Author Sex mm t Histopathology py apy 9) treatment treatment nt ce status
Yes, 50 Gy,
Buffenoir, ETV+B, bed and
2008? 13 M 31 GTR MI: 1-10/10HPF ventricles 24 No Alive
PR, VPS,
GTR (3
Nakamura, months Yes, 50,4
2009° 11 M ~20 | later) MIB-1: 2.6% Gy Yes, ACNU 180 No Alive
Fevre-
Montange,
2006 14 M NAI GTR NAI | NAI NAI
LR at 21 months: VR+SR: 9 cycles of
5F* 28 GTR Yes 61 | GTR+RT GEMOX SR Death
ETV+B,
13 M* NAI GTR Yes, 50 Gy 33 No Alive
LR at 88
14 M* 50 GTR Yes 122 LR at 44 months: RT  %3a months months LR Alive
LR at 72months: Alive,
B+RT, GTR+RT progressi
11 F* 32 GTR Yes 115 LR: GTR+CMT (54Gy)+CMT ve disease
GTR
(SOTA),
Hua, 2018 10F ~20 | ETV Ki67 ~5% 15 No Alive
ETV, B Alive, left
(TFCA), oculomot
B+PR Local regrowth (after or nerve
(TFCA), Yes, 4 cycles| 2 cycles of CMT): deficit,
ETV, MIB-1: 5%—8%; MI: of PR+ CMT+PBRT (6 stable
Li, 2011 1,25 M 10 | VPS 3/10HPF. VMECYCi 15 weeks) disease
Alive,
Parinaud’
s
syndrome
GTR Ki67 10-15%, MI: 4- LR at 3 year: PR+ , Stable
Abela, 2018* | 3F 35 (SCIT) 6/10HPF 39 PBRT 54Gy disease




Fauchon,

201338 7F GTR Yes, 54Gy| Yes 95 No Alive
Alive,
stable

16 F PR Yes Yes 21 No disease
15M 30 B, GTR 3 No Alive

Cimino, Ki67: 6%; MI:

20152 1F 23 GTR 1/10HPF 12 No Alive

Ki67:3%; MI:
10F <1/10HPF NAI NAI NAI
Ki67:19,6%; MI:
11F 7/10HPF NAI NAI NAI
GTR
24 (SCIM)+ LR at 3 year: GTR
lacoangeli, (recurre | TEV, (microscopic+endosc
2017° 10M nce) | VPS MIB-1: 5% Yes, 54Gy 120 | opic technique) Alive
Yes
(lateral
ventricle
close to
the
foramen
of Monro
after 8
VPS, Yes, months): Alive,
Gutent;erg, GTR Craniospina LR at 60 months: LR at 96 months: GKRT symptom
2017 13 M 50 | (OC) Low mitotic activity | | Yes, CaEV 180 | PR+SRS(20GY) GKRT (22Gy) (20Gy) free
VPS, Alive,
Marcol, GTR symptom
20077# 10F ~20-30 | (SCIT) MI: 10/10HPF Yes Yes 72 No free
Yes, LR at 10
WHO Grade I, LR: months: GTR (OIH) Alive,
PR MIB-1>25%; 15 + RT: 54Gy + CMT: symptom
Present Case 2M (SOA) mitosis/mm2 40 | CiCyVE free

"These cases were published initially by Févre-Mogéset al’, and later updated by Fauchon efal.

0One case was also reported by Jeruc and Popovimwiavailable information in the literature
"Initially reported as an anaplastic plexus papitofWHO grade 1)




*Reported as a papillary pineocytoma

ACNU, nimustina; B, biopsy; Ca, carboplatine; Ggptatin; CMT, chemotherapy; Cy, cyclophosphami@igetoposide; ETV, endoscopic third ventriculostop@BEMOX, gemcitabine—
oxaliplatine; GKRT, gamma knife radiation theragyTR, gross-total resection; HPF, high-power fieldR, local recurrence; M, methotrexate; MI, mitosi$Al, not available
information; OC, occipital craniotomy; OIH, occigitinterhemispheric approach; PBRT, proton-beanmtiaah therapy; PR, partial resection; RT, radiosipy; SCIT, supracerebellar

infratentorial approach; SOA, suboccipital approé@®TA, suboccipital transtentorial approach; Sinal recurrence; SRS, stereotactic radiosurgelRG A, transfrontal transchoroidal
approach; V, vincristine; VPS, ventriculo-peritohslaunt; VR, ventricular recurrence; WHO, World Hkea&rganization
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