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Abstract

Pineoblastomas (PBs) are rare, aggressive tumors of the pineal region. They usually present with signs of increased intracranial
pressure, whereas psychiatric manifestations are exceedingly uncommon. Despite multimodal treatment, the prognosis remains
poor. We describe a 9-year-old girl who presented in 2016 with headache and diplopia. Brain computed tomography revealed
a 16x16 mm mass in the posterior third ventricle associated with obstructive hydrocephalus. She underwent endoscopic third
ventriculostomy, followed by gross total resection via an infratentorial supracerebellar approach. Histopathology confirmed
pineoblastoma (World Health Organization Central Nervous System 2021 grade 4), which showed synaptophysin and cluster of
differentiation 56 positivity with a Ki-67 index of 70-80%. Postoperatively, she received cranial radiotherapy and chemotherapy,
the latter later modified due to hypersensitivity reactions. Recurrences and metastases were treated with bevacizumab, irinotecan,
and temozolomide. In 2019, oncological treatment was discontinued at the family’s request. The patient subsequently developed
psychiatric manifestations, including mutism, agitation, and self-injurious behavior. Electroencephalography demonstrated frontal
delta paroxysms. Serial magnetic resonance imagings revealed stable, non-enhancing nodules and periventricular gliosis without
progression. Advanced imaging modalities and molecular subgrouping were not available; therefore, the differentiation between
viable tumor and treatment-related changes remains uncertain. Remarkably, she has survived for more than seven years since
diagnosis, with persistent radiological quiescence without ongoing oncological therapy. This case illustrates an exceptional clinical
course of pediatric pineoblastoma, combining long-term survival and psychiatric symptoms that may reflect complex structural and
treatment-related neurotoxicity rather than a confirmed paraneoplastic process. It underscores the importance of multidisciplinary
management and highlights the diagnostic challenges in distinguishing tumor recurrence from post-treatment effects in long-term
survivors.
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Introduction

Pineoblastomas (PBs) are rare, highly aggressive
neoplasms of the pineal parenchyma, accounting for less
than 0.1% of allintracranial tumors and approximately 5%
of childhood brain tumors'2. According to the 2021 World
Health Organization (WHO) Classification of Tumors of
the Central Nervous System (CNS), pineoblastoma is
categorized as a grade 4 pineal parenchymal tumor,
distinct from pineocytoma (grade 1), pineal parenchymal
tumor of intermediate differentiation (grade 2 or 3), and
papillary tumor of the pineal region (grade 2 or 3)%. PBs
most commonly occur in the first two decades of life,
with a predilection for children and adolescents®.

These tumors are characterized by rapid growth, a
tendency for cerebrospinal fluid (CSF) dissemination,
and poor prognosis despite aggressive multimodal
treatment®. Standard management generally consists of
maximal safe surgical resection followed by craniospinal
irradiation (CSI) and multi-agent chemotherapy,
frequently employing regimens originally developed
for high-risk medulloblastoma. Nevertheless, even
with intensive therapy, survival outcomes remain
suboptimal®”.

Clinically, PBs usually present with symptoms of
increased intracranial pressure, such as headache,
nausea, vomiting, and visual disturbances, which result
from obstructive hydrocephalus. Rarely, they may also
manifest with neuropsychiatric features, which could
result from tumor localization, hydrocephalus-related
cognitive dysfunction, circadian rhythm disturbances,
treatment-related neurotoxicity, structural brain injury,
or, less commonly, paraneoplastic processes®®.

The present case is notable for prolonged survival
and persistent radiological quiescence following
treatment discontinuation, accompanied by complex
neuropsychiatric manifestations. Given the absence
of molecular subgrouping and advanced imaging
confirmation of viable tumor, interpretation of the
radiological findings requires caution. This report aims
to highlight the diagnostic challenges in differentiating
tumor recurrence from post-treatment effects in long-
term survivors of pediatric pineoblastoma.

Case Report

A 9-year-old girl presented in September 2016 with a
one-week history of headache and diplopia. Computed
tomography of the brain revealed a lobulated,
hyperdense mass measuring 16x16 mm in the posterior
region of the third ventricle, associated with obstructive
hydrocephalus.

On 1 October 2016, the patient underwent endoscopic
third ventriculostomy (ETV) via a right Kocher’s point
burr hole, which provided effective CSF diversion. On
26 October 2016, gross total resection of the tumor was
performed through an infratentorial supracerebellar
approach  without intraoperative = complications.
Histopathological analysis confirmed pineoblastoma
(WHO CNS 2021 grade 4), with synaptophysin and
cluster of differentiation 56 positivity and a Ki-67
proliferation index of 70-80%. Postoperative magnetic
resonance imaging (MRI) showed no residual tumor.

During follow-up, MRI revealed a 12x10 mm recurrent
lesion posterior to the third ventricle. Given the high
risk of morbidity associated with reoperation, the
multidisciplinary tumor board recommended adjuvant
radiotherapy followed by chemotherapy. The patient
received fractionated radiotherapy (2 Gy per fraction)
totaling 40 Gy to the fourth ventricular region, with
a sequential boost to 60 Gy to the surgical bed.
Chemotherapy was initiated with vincristine, carboplatin,
and etoposide, but was modified to cisplatin and
etoposide after an anaphylactic reaction. Six cycles
were completed, and a subsequent craniospinal MRI
showed no evidence of residual or recurrent disease.

Eight months after completing adjuvant therapy,
surveillance imaging revealed new radiological findings
suggestive of disease recurrence. A salvage regimen
of bevacizumab, irinotecan, and temozolomide was
started. Despite initial stabilization, the regimen was
discontinued after MRI demonstrated metastatic spread
to the medial thalamus, rather than being continued
despite progression.

In 2019, oncological treatment was discontinued at
the family’s request. Approximately six months later,
the patient developed new psychiatric manifestations,
including mutism, agitation, aggression, and repetitive
self-injurious behaviors such as lip and hand biting.
An electroencephalography performed at that time
demonstrated recurrent frontal delta paroxysms,
consistent with cortical irritability, but without epileptiform
activity. No clinical seizures were observed.

She was referred to child psychiatry and treated with
haloperidol (0.5 mg/day), olanzapine (2.5 mg/day), and
quetiapine (25 mg/day). Partial clinical improvement
was achieved, with reduced agitation and self-harming
behaviors, although mutism persisted.

Serial follow-up MRIs showed a stable non-enhancing
heterogeneous lesion (~1x2 cm) at the floor of the third
ventricle, periventricular T2 hyperintensities compatible
with gliosis, and small non-enhancing thalamic nodules.
No pathological contrast enhancement or diffusion
restriction suggestive of an active tumor were observed
on serial examinations. Advanced imaging modalities
[such as MR perfusion, MR spectroscopy, and positron
emission tomography (PET) imaging] and repeat biopsy
were not performed. Over subsequent years, despite
the absence of oncological treatment, these lesions
remained radiologically stable, with partial regression
in some nodules. At the time of reporting in 2025, the
patient had survived for more than seven years since
the initial diagnosis. Representative neuroimaging
findings at diagnosis, recurrence, and follow-up are
shown in Figure 1. A summary of the patient’s clinical
course is presented in Table 1. Written informed
consent for publication was obtained from the patient’s
legal guardians.

Discussion

PB are high-grade (WHO CNS 2021, grade 4) tumors
of the pineal parenchyma, mainly affecting children
and young adults**. Despite advances in neurosurgery,
radiotherapy, and chemotherapy, outcomes remain poor
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Figure 1. Neuroimaging findings of a pediatric patient with recurrent pineoblastoma (2016-2025)
(a) Non-contrast axial CT (October 2016) showing a hyperdense mass (16x16 mm) in the posterior third ventricle causing obstructive hydrocephalus. (b-e) MRI at
initial diagnosis (2016): axial post-contrast T1 and coronal post-contrast T1 images demonstrate a well-defined enhancing pineal mass, while axial T2 and sagittal

T2 sequences reveal a heterogeneous hyperintense mass. (f) Axial CT scan during follow-up showing a new thalamic lesion radiologically suggestive of disease
involvement. (g) Axial FLAIR MRI, (h) axial T2 MRI, and (i) ADC map demonstrate a thalamic lesion, without definite diffusion restriction. (j) Coronal T1 MRI showing

stable residual nodules along the third ventricular without pathological contrast enhancement, compatible with radiological quiescence or post-treatment changes
CT: Computed tomography, MRI: Magnetic resonance imaging, ADC: Apparent diffusion coefficient

Table 1.

Timeline of diagnosis, treatment, recurrence, psychiatric manifestations, and follow-up (2016-2025)

Date/year

Clinical event

Intervention/findings

Outcome

September 2016
October 1, 2016

October 26, 2016

November 2016-early
2017

Mid 2017
2017-2018

Late 2018

2019

~6 months later
(2019)

2019-2025

2025 (current)

Initial presentation with headache
and diplopia

Hydrocephalus management

Definitive surgery

Adjuvant therapy

Radiological lesion suggestive of
recurrence

Salvage treatment

New radiological findings including
thalamic involvement

Oncological treatment
discontinued (family decision)
Psychiatric manifestations

Follow-up

Ongoing outcome

Brain CT: 16%16 mm mass in posterior third
ventricle with obstructive hydrocephalus

Endoscopic third ventriculostomy

Gross total resection via infratentorial
supracerebellar approach

Radiotherapy (40 Gy 4" ventricle, 60 Gy boost
surgical bed); chemotherapy with vincristine,
carboplatin, etoposide — switched to cisplatin +
etoposide after anaphylaxis

MRI: 12x10 mm lesion posterior to 3" ventricle
Bevacizumab+irinotecan+temozolomide

MRI: thalamic spread, neurological decline

Mutism, agitation, aggression, self-injurious
behavior; EEG: frontal delta paroxysms

Serial MRIs: stable or partially regressing non-
enhancing nodules; gliosis

>7 years survival since diagnosis

Diagnosis of pineoblastoma
suspected

Symptomatic relief

No residual tumor

Completed 6 cycles; initial
remission

Considered inoperable
Temporary stabilization

Worsening gait and speech

No active therapy

Treated with haloperidol,
olanzapine, quetiapine —
partial improvement

Persistent radiological
quiescence without definitive
evidence of active tumor

Stable clinical condition with
persistent neuropsychiatric
symptoms

CT: Computed tomography, MRI: Magnetic resonance imaging, EEG: Electroencephalography

because of their aggressive nature and high risk of CSF

dissemination®”.

The current standard of care is maximal safe resection,
followed by CSI and multi-agent chemotherapy?®®.
Reported five-year overall survival rates range from 40%
to 60%. Younger age at diagnosis, metastatic disease,

factors*101,
Our

patient first underwent
hydrocephalus, followed by a gross total resection via
an infratentorial supracerebellar approach. This strategy
relieved intracranial pressure and enabled definitive

and incomplete resection are known adverse prognostic

ETV for obstructive
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tumor removal. She then received focal radiotherapy
and chemotherapy, which were later modified due to
hypersensitivity reactions.

The patient subsequently developed radiological
findings interpreted as recurrence with possible
metastatic involvement and was treated with
bevacizumab, irinotecan, and temozolomide.
Remarkably, after stopping oncological treatment for
more than a year, follow-up MRIs showed persistent
non-enhancing lesions with long-term radiological
quiescence. Overall survival has now exceeded seven
years. True spontaneous regression of pineoblastoma
is exceedingly rare; however, in the absence of repeat
biopsy, advanced imaging, or molecular confirmation,
differentiation between viable tumor and post-treatment
changes remains uncertain'?.

Importantly, the observed radiological findings may

subtypes] was not available in this case. Given the
known prognostic heterogeneity among molecular
subgroups of pineoblastoma, prolonged survival
may reflect a less aggressive biological subtype
rather than atypical tumor behavior. The absence of
molecular characterization, therefore, limits prognostic
interpretation.

In previously published cases, apparent regression or
stabilization was most often observed in germinomas
or cystic lesions, typically after shunting, biopsy, or
corticosteroid use*''. Truly treatment-free regression
remains exceptional and has been only rarely reported
in the literature'. By contrast, long-term survival in
pineoblastoma usually requires aggressive multimodal
therapy. Population-based studies report five-year
overall survival rates of 56-66% and 10-year overall
survival rates of approximately 40%. A summary of such

instead reflect treatment-related gliosis, radiation- cases is provided in Table 2, highlighting the unique
induced vascular injury, or immune-mediated course of our patient’®".
tumor dormancy rather than genuine tumor  Another unusual feature in this case was the onset

regression. Advanced imaging modalities, such as of
MR perfusion, MR spectroscopy, and PET imaging, as
well as repeat histopathological confirmation, were not
performed, which represents a significant limitation in
the interpretation of radiological stability.

Furthermore, molecular subgrouping [e.g., RB1-
altered, DICER71-altered, MYC/FOXRZ2-altered, or
micro Ribonucleic Acid (miRNA)-processing-altered

psychiatric ~ symptoms—mutism,  self-injurious
behavior, and aggression—during disease progression.
These manifestations could be explained by tumor
location,  hydrocephalus-related  dysfunction, or
neuroendocrine disturbances. In addition, serial
neuroimaging demonstrated diffuse periventricular
white matter changes, cortical and cerebellar atrophy,
and lacunar infarctions; all of which may contribute to

Table 2.

Reported cases of long-term survival and atypical radiological stability in pineal region tumors and pineoblastoma

Observed Prior

Study (year) Tumor type CETETIer intervention Follow-up/survival Notes
Radiological Yes (steroids, AI! cases h = some
. . . b . . prior medical/surgical
Schipmann Pineal region regression or diagnostic . » . o
. PR . o Variable; index case stable  manipulation; true
2017, World lesions (mostly 13 stabilization irradiation,
- ] . - up to 30 months treatment-free
Neurosurg germinoma) described as ETV, biopsy, . .
« » regression remains
spontaneous etc.) .
uncertain.
1 cyst shrinkage
Mattogno 3 pediatric B hemp rrhage, Mostly yes . . Mechanisms proposed:
. - 1 regression : . Radiological . L
2016, World pineal lesions 3 : (ETV/biopsy); . b apoplexy/ischemia;
B . after biopsy, 1 disappearance/stabilization .
Neurosurg (cyst+solid) . 1 case none uncertain.
disappearance
without intervention
Regression possibly
) . . . related to CSF
Murai 2000, J Pineal Regression after VP Yes (VP Later chemo + RT; long- : - .
- ) 1 diversion and prior
Neurosurg germinoma shunt shunt) term follow-up . L .
interventions; causality
remains speculative.
Patriarca 2016, . Tregtment-free Resolved on follow-up Very rare; highlights
A1 (B Pineal mass 1 vanishing pineal No " . ] -
Neuroradiol J lesion imaging diagnostic challenges.
Oy Aggressive surger
Velasquez n Long-term survival Yes (surgery, 2 patients alive >12 years; ggress gery
L Pineoblastoma 3| . . can achieve extended
2019, Interdiscip (surgery+adjuvant) adjuvant) 1 deceased after 14 years .
Neurosurg? survival.
9
Kerezoudis 2022, Pineoblastoma O . 5-yr OS ~66%, 10-yr Multimodal therapy
Neuro-Oncol (NCDB, >3 106 ) y Various OS ~42%; benefit with improves survival
= (national database) .
Pract years old) chemoradiotherapy outcomes.

Gross total resection
and RT absence
associated with poor
outcome.

5-yr OS post-2012: 56.1%;
worse for <3 years and
metastatic disease

Pineoblastoma .
(IPD meta- 29g mproved prognosis
analysis) in recent era

Nandoliya 2023,
Cancers?

Radiological stabilization or regression reported in these studies frequently occurred following surgical, radiotherapeutic, or medical interventions and should not be interpreted as definitive
evidence of spontaneous tumor regression

CSF: Cerebrospinal fluid, ETV: Endoscopic third ventriculostomy, VP: Ventriculoperitoneal, RT: Radiotherapy, OS: Overall survival, NCDB: National Cancer Database, IPD: Individual patient
data
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neuropsychiatric dysfunction in long-term survivors of
pediatric brain tumors'

A paraneoplastic mechanism was considered;
however, no serum or CSF onconeural antibody panel,
inflammatory markers, or autoimmune encephalitis
work-up was performed. Therefore, a definitive
paraneoplastic diagnosis cannot be established, and this
hypothesis remains speculative™. It is equally important
to recognize that psychiatric manifestations may also be
attributable to radiation-related neurotoxicity rather than
paraneoplastic autoimmunity.

Neuropsychiatric symptoms in pineoblastoma are rarely
reported, making this case particularly distinctive. Given
the role of the pineal gland in circadian rhythm regulation
through melatonin secretion, a possible link between
pineal pathology and psychiatric features is plausible'®.
Similar associations have been described in pineal cysts
and germinomas with mood or behavioral changes'®".
Although immune-mediated tumor control has been
described in selected malignancies, particularly in
the context of immune checkpoint modulation, such
mechanisms remain speculative in the present case and
were not directly investigated™®.

Rather than representing confirmed spontaneous tumor
control, this case may illustrate the complex interplay
between post-treatment structural brain changes and
prolonged radiological quiescence in a pediatric survivor.
The mechanisms underlying the sustained absence of
contrast-enhancing progression remain uncertain.

Nevertheless, this is a single case report, and
its generalizability is inherently limited. Imaging
documentation is limited; inclusion of more extensive
longitudinal MRI follow-up would further strengthen the
scientific and educational value of this observation.

Consideration of the differential diagnosis of pineal
region tumors is also important. Pineal germinomas,
pineal cysts, and pineal parenchymal tumors of
intermediate differentiation may present with overlapping
radiological or clinical features. Germinomas often
respond dramatically to radiotherapy, while pineal cysts
are usually benign and discovered incidentally. Papillary
tumors of the pineal region and pineocytomas, though
less aggressive, should also be considered in the
differential diagnosis. In our case, histopathological and
immunohistochemical findings confirmed the diagnosis
of pineoblastoma.

Study Limitations

This case report has certain limitations. Although a
paraneoplastic mechanism was considered for the
psychiatric manifestations, confirmatory laboratory
studies, such as serum or CSF autoantibody testing
(e.g., anti-Hu, anti-Ma?2), were not performed; thus, this
hypothesis remains speculative. Therefore, a definitive
diagnosis of paraneoplastic syndrome could not be
established.

Advanced imaging modalities, such as MR perfusion,
MR spectroscopy and PET imaging, as well as repeat
histopathological confirmation, were not available,
limiting the ability to distinguish viable tumor from post-
treatment changes.

In addition, molecular subgrouping (e.g., RB7-,
DICER1-, MYC/FOXR2-, or miRNA-processing-altered
subtypes) was not performed, thereby restricting
prognostic interpretation and preventing the assessment
of potential biological heterogeneity.

Furthermore, as this is a single case report, the
generalizability of the findings is inherently limited.
The imaging documentation is also limited; inclusion of
additional longitudinal MRI images would have further
strengthened the scientific and educational value of this
observation.

Patient Perspective

The patient's family expressed that, although
discontinuation of therapy was a difficult decision, they
were relieved to observe continued clinical stability and
the absence of overt radiological progression over time, as
well as partial improvement of psychiatric symptoms. They
emphasized the importance of ongoing psychological and
multidisciplinary support during prolonged follow-up.

Conclusion

PB are rare and aggressive pediatric brain tumors that
generally carry a poor prognosis. This case highlights
an unusual longitudinal clinical course characterized by
prolonged survival and persistentradiological quiescence
following treatment discontinuation. The concurrent
emergence of psychiatric manifestations, likely
multifactorial in origin and occurring in the context
of significant structural and treatment-related brain
changes, further underscores the complexity of long-
term survivorship in pineal region tumors.

Recognition of such clinical scenarios emphasizes
the importance of a comprehensive multidisciplinary
approach, integrating neuro-oncological and
neuropsychiatric expertise in the management and
follow-up of pediatric brain tumor survivors. Rather than
representing confirmed spontaneous tumor regression,
this case illustrates the diagnostic challenges in
distinguishing viable tumor from post-treatment effects
using conventional imaging alone.

Nevertheless, this report describes a single case, and
its findings should be interpreted cautiously because
of limited generalizability. The absence of molecular
subgrouping and advanced imaging confirmation
represents an additional limitation in prognostic
interpretation. The inclusion of more extensive
longitudinal MRI follow-up would further enhance the
scientific value of similar future reports.

Ethics
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