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ABSTRACT

Background. Diffuse leptomeningeal glioneuronal tumors (DLGNTSs) are rare pediatric central nervous system
neoplasms with poorly defined treatment strategies and prognostic factors. Although chemotherapy (CHT) is
frequently used, the role of radiotherapy (RT), particularly craniospinal irradiation (CSI), remains unclear.

Case Presentations. We present a case series of three pediatric patients diagnosed with DLGNTs and treated with
CSI at an initial dose of 36 Gy, with an additional boost to 54 Gy. Patients were evaluated for early radiological
response post-CSI and its potential prognostic implications, alongside their clinical and histological features.
Two patients demonstrated significant radiological regression after 36 Gy of CSI, with continued improvement
1.5 months post-treatment. These patients remained stable for 88 and 27 months, respectively, without further
disease progression. The third patient exhibited disease progression despite CSI and concurrent temozolomide,
ultimately succumbing to the disease within 10 months. Notably, this patient had a Ki-67/MIB-1 index of 70%,
while surviving patients had lower proliferation indices.

Conclusions. Our findings suggest that an early favorable response to 36 Gy of CSI may serve as a prognostic
indicator in DLGNTs. This study highlights the potential value of CSIin managing these tumors and underscores
the need for further research to establish standardized treatment approaches.

Key words: craniospinal irradiation, diffuse leptomeningeal glioneuronal tumor, pediatrics, central nervous
system neoplasms, prognosis.

Diffuse leptomeningeal glioneuronal tumors
(DLGNTs), previously known as primary
diffuse leptomeningeal oligodendroglioma
or disseminated oligodendroglial-like

Organization (WHO) classification, DLGNTs
arenow included in the 2021 WHO classification
under glioneuronal and neuronal tumors.*
Although some molecular alterations associated

leptomeningeal tumors of childhood, have
gained recognition over the past decade.'?
First introduced in the 2016 World Health

with the disease such as KIAA1549-BRAF
fusion and 1p deletion have been identified, a
formal grading system for these tumors has yet
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to be established??, and additional molecular
changes are still under investigation.’

DLGNTs are more commonly observed in
the pediatric population.* Patients often
present with hydrocephalus and may require
ventriculoperitoneal (VP) shunt surgery.® Other
symptoms include headache, confusion, ataxia,
focalneurological deficits, and symptomsrelated
to spinal cord compression.” Typical magnetic
resonance imaging (MRI) findings in DLGNT
include diffuse leptomeningeal enhancement
along the surfaces of the brain and spinal
cord, often described as a “sugar-coating” or
“cobweb-like” pattern.” T2-hyperintense cystic
or nodular deposits are frequently found along
the parenchymal surface, particularly in areas
such as the cerebellum, brainstem, temporal
lobes near the Sylvian fissures, hippocampi,
and medial occipital lobes.>*

DLGNT lacks established treatment guidelines,
with approaches varying across cases.®!
Surgical resection is mainly for biopsy or
symptom relief, not cure, due to the disease’s
disseminated nature.®'® Chemotherapy (CHT)
is first-line, but responses are often partial or
stable.® Radiotherapy (RT) has unclear efficacy,
with mixed outcomes reported®™, and is
typically reserved for progressive disease,
especially in pediatric patients, due to potential
side effects.?*%> Given DLGNT's slow
progression, RT is rarely used initially.

Here, we aim to present three cases of DLGNT
treated with craniospinal irradiation (CSI)
as the primary approach, with an additional
tumor bed boost. This is anticipated to be the
first publication of its kind in literature.

Case Presentations

The present study was approved by the Ege
University Medical Research Ethics Committee
(approval number: 24-81/52). All participants
provided informed consent. The three cases of
DLGNT presented here were managed at the
Ege University Faculty of Medicine, Department
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of Radiation Oncology between 2017 and 2023.
They were treated with craniospinal irradiation
(CSI)asthe primary approach, withanadditional
tumor bed boost, reaching a cumulative dose
of 54 Gy. Radiological response to CSI was
assessed based on the Response Assessment
in Neuro-Oncology (RANO) criteria, which
evaluates changes in contrast enhancement,
non-enhancing lesions, and clinical status.'
CHT was specifically selected for the patient
based on the tumor board’s decision. We
evaluated the patients’ responses to treatment
and believe that the early favorable response
to 36 Gy of CSI carries a potential prognostic
significance.

The overview of clinical presentations and
interventions for 3 cases of DLGNTs is
summarized in Supplementary Table S1.

Case 1

A 3-year-old girl was referred to our hospital
with a 5-month history of imbalance and
gait disturbances. During the neurological
examination, she presented with lethargy,
bilateral nystagmus, ataxia, and exaggerated
deep tendon reflexes. A computed tomography
(CT) scan revealed hydrocephalus, cisternal
dilatation, and hypodense nodular lesions in the
posterior fossa. VP shunt was performed, and a
cerebrospinal fluid (CSF) sample was collected.
- CSF analysis was unremarkable. Subsequent
cranial MRI revealed extensive T2-hyperintense
cystic lesions along the subarachnoid spaces
in the posterior fossa, as well as in the inferior
frontal and temporal lobes (Fig. 1A). Spinal
MRI exhibited similar T2-hyperintense and
T1-hypointense cystic lesions, accompanied by
leptomeningeal thickening and enhancement
(Fig. 1B, Fig. 1C).

A cerebellar biopsy was performed.
Histopathological examination revealed low
to moderate cellularity, consisting of uniform
tumor cells (Fig. 2A). Immunohistochemistry
was consistent with DLGNT, with a Ki-67/MIB-
1 index of 10% (Supplementary Table S2).
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Fig. 1. Initial radiological images and post-treatment radiological changes for Case 1.

Axial cranial magnetic resonance imaging (MRI) revealed extensive T2-hyperintense cystic lesions located along the
subarachnoid spaces in the posterior fossa, inferior frontal lobes, and temporal lobes (A). The sagittal T2-weighted images
of the spinal cord displayed hyperintense cystic lesions (B), while the sagittal T1-weighted post-contrast sequences
indicated basal and diffuse leptomeningeal enhancement (C, red arrows). Following 36 Gy of craniospinal irradiation,
significant regression of the lesions was observed in most areas of the brain (D) and similarly in the T2-hyperintense spinal
cystic lesions (E). However, a nodule at the C3 level remained visible on both the sagittal T2-weighted and T1-weighted
post-contrast images (E, F, green arrows). Imaging conducted 1.5 months after radiotherapy (RT) demonstrated further
regression of leptomeningeal enhancement in both the cranial and spinal regions (G, H, I). The C3 spinal nodule showed
regression in the sagittal T2-weighted images (H) and disappeared in the sagittal T1-weighted post-contrast images (I). The

most recent MRI images indicate stable disease (J, K, L).

The patient received RT (36 Gy CSI and
54 Gy to the tumor bed) without concurrent
CHT, showing significant cranial and spinal
lesion regression on MRI (Fig. 1D-I). Post-RT,
she underwent carboplatin and vincristine
chemotherapy for 6 years and 3 months, which

The Turkish Journal of Pediatrics = September-October 2025

was stopped due to stable disease. She has
remained off treatment and stable for the past
8 months, with a total survival of 88 months
(Fig. 1J-L). Follow-up revealed short stature and
mild periventricular leukoencephalopathy, but
no other clinical or neurological issues.
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Fig. 2. Tumor histopathology (hematoxylin & eosin, original magnification x10.

e y

(A) Case 1, cerebellum. Oligodendrocyte-like tumor cells with perinuclear haloes in nested pattern. (B) Case 2, cerebellum.
Uniform, oligodendrocyte like tumor cells with perinuclear haloes in diffuse pattern. (C) Case 3, lumbar spine.
Monomorphous tumor showing low to moderate cellularity, cells with hyperchromatic nuclei and scant cytoplasms. No
neurocytic rosettes, mitotic figures, necrotic foci, or microvascular proliferation were observed in any of the patients.

Case 2

A 4-year-old boy presented to our hospital with
symptoms of seizure, lethargy, nausea, and
vomiting, which had started 1.5 months prior to
admission. Neurological examination revealed
inward deviation of the right eye and bilateral
lower extremity weakness. It was learned that
he had been diagnosed with hydrocephalus
and underwent VP shunt placement at the age
of 3, approximately one year ago. The cranial
MR images from one year ago showed no
additional findings aside from hydrocephalus.
Current imaging shows no signs of VP shunt
dysfunction. Current MRI demonstrated
multiple T1 hypointense/T2 hyperintense
cystic lesions in the posterior fossa, frontal, and
temporal lobes, with leptomeningeal thickening
and enhancement in the brainstem, cerebellum,
and hemispheres (Fig. 3A). Spinal MRI revealed
diffuse leptomeningeal enhancement and
multicystic lesions, the largest 1 cm at T5
(Fig. 3B, Fig. 3C).

Cerebellar biopsy showed oligodendrocyte-like
cellswith perinuclear halos withlow tomoderate
cellularity (Fig. 2B). Inmunohistochemistry was
consistent with DLGNT (Supplementary Table
52), with a Ki-67/MIB-1 proliferation index of
1%, and benign CSF cytology.
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Radiotherapy (36 Gy craniospinal irradiation
and 54 Gy to the tumor bed) was administered
without concurrent CHT. Significant regression
was observed in both cranial and spinal lesions
after 36 Gy (Fig. 3D-F). An MRI performed
1.5 months post-RT revealed reduced
leptomeningeal enhancement and decreased
size and number of cystic lesions (Fig. 3G-I). The
patient’s neurological symptoms at the time of
diagnosis have since completely resolved, and
there is no history of seizures. Subsequently, he
received carboplatin and vincristine for 1-year
post-RT with the disease stabilizing.

Atthelatestfollow-up, 27 monthsfromdiagnosis,
he remains stable off therapy for 8 months,
seizure-free, with no neurological deficits,
developmental delay, or endocrinological
abnormalities (Fig. 3]-L).

Case 3

A 4-year-old boy presented with a 6-month
history of seizures and headaches. Cranial MRI
findings revealed leptomeningeal thickening
and enhancement around the brainstem, in
the basal cisterns, within the cerebellar folia,
and in the sulci of both cerebral hemispheres,
accompanied by occasional nodular tumor
implants (Fig. 4A). Along the spinal cord,
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Fig. 3. Initial radiological images and post-treatment radiological changes for Case 1.

Axial cranial magnetic resonance imaging (MRI) revealed extensive T2-hyperintense cystic lesions located along the subpial
areas and perivascular spaces in the posterior fossa, inferior frontal lobes, and temporal lobes. Leptomeningeal thickening
and enhancement were observed in the brainstem, cerebellar region, and cerebral hemispheres (A). In the spinal cord, T2-
hyperintense nodular leptomeningeal contrast enhancements with multicystic lesions were identified at all levels (B). The
largest nodular lesion measured 1 cm in the long axis at the T5 vertebral body level, as seen in both sagittal T2-weighted

(B) and T1-weighted post-contrast images (C, red arrows). Following 36 Gy of craniospinal irradiation (CSI), significant
regression of lesions was noted in most areas of the brain (D) and the T2-hyperintense spinal cystic lesions (E). Additionally,
regression of leptomeningeal enhancement was observed in the sagittal T1-weighted post-contrast images (F). Imaging
conducted 1.5 months after radiotherapy (RT) demonstrated further regression of leptomeningeal enhancement in both the
cranial and spinal regions, as well as in the cystic lesions (G, H, I). The most recent MRI images indicate stable disease (], K,

L).

particularly at the L4-5 level, nodular tumor
implants with leptomeningeal enhancement
were identified (Fig. 4B, Fig. 4C).

Lumbar spinal biopsy revealed low to moderate
proliferative activity, with a focal tumor area
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exhibiting a Ki-67/MIB-1 proliferation index
of 70%, characterized by hyperchromatic
nuclei and scant cytoplasm (Fig. 2C).
Immunohistochemistry was consistent with
DLGNT (Supplementary Table S2). CSF
cytology was benign.
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Fig. 4. Initial radiological images and post-treatment radiological changes for Case 3.

Axial cranial magnetic resonance imaging (MRI) revealed leptomeningeal thickening and enhancement surrounding the
brainstem, in the basal cisterns, within the cerebellar folia, and in the sulci of both cerebral hemispheres. These findings
were accompanied by occasional cystic lesions (yellow arrow) and nodular tumor implants (A, pink arrow). Along

the spinal cord, particularly at the L4-5 level (red arrows), nodular tumor implants with leptomeningeal enhancement
were identified (B, C). After administering 36 Gy of craniospinal irradiation, progression was observed in both the
leptomeningeal thickening and enhancement in the brain (D) and spine (E, F), as well as at the L4-5 level nodules in both
sagittal T2-weighted and T1-weighted post-contrast images (E, F, green arrows). The sagittal T1-weighted post-contrast
images also showed the occurrence of spinal nodular lesions (F, blue arrows). At 1.5 months post-radiotherapy, MRI
indicated slight regression of the leptomeningeal enhancement and the nodular and cystic lesions (G-1). However, the last
follow-up MRI, taken 7 months after completing RT, showed significant progression in the thoracic and lumbar regions

J-b-

The patient was treated with RT consisting of continued with a boost to the tumor bed up to
36 Gy CSI and a 54 Gy boost to the tumor bed, 54 Gy alongside temozolomide. At 1.5 months
administered concurrently with temozolomide. post-RT, MRI revealed slight regression of
Unfortunately, after the initial 36 Gy of CSI, leptomeningeal enhancement and cystic lesions
MRI scans showed progression in both cranial (Fig. 4G-I). Despite ongoing temozolomide

and spinal regions (Fig. 4D-F). Treatment  therapy, the patient experienced clinical
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and radiological progression 7 months after
completing RT, particularly characterized
by increased leptomeningeal thickening and
enhancement in the thoracic and lumbar regions
on post-contrast sequences (Fig. 4J-L). He was
switched to ICE (ifosfamide, carboplatin, and
etoposide) chemotherapy but died of febrile
neutropenia after the first cycle. Survival after
the diagnosis was 10 months.

Discussion

We report three cases of DLGNT initially treated
with CSI. Two showed significant radiological
response after 36 Gy without concurrent CHT,
while the third progressed despite treatment
and died within seven months. To our
knowledge, this is the first report indicating
that early radiological response to 36 Gy CSI
may represent a prognostic marker in DLGNT.

The biological nature of DLGNT remains poorly
understood. Consistent with several studies*",
cytological evaluation of CSF in our series was
not informative, with all CSF samples negative
for tumor cells despite extensive radiological
evidence of leptomeningeal involvement.
DLGNTs are typically classified as low-grade
gliomas (LGG) and often follow an indolent
course characterized by stability or slow
progression.’ In some instances, stability has
been observed even without treatment.’® A
study by Lu et al., involving 54 cases, reported a
10-year survival rate of 69%, with rates reaching
78% and 75% for patients treated with CHT
alone and RT alone, respectively.”” Despite these
favorable outcomes, DLGNT differs markedly
from other LGGs due to its disseminated nature
and unique clinical spectrum. Aggressive cases
are also commonly reported, often associated
with significant morbidity and long-term
functional impairments.'? Xiao et al. noted that
untreated cases had a survival range of 4 to 6
weeks, primarily due to cranial hypertension,
underscoring the need for early intervention.”
Gardiman et al. reported 9 fatalities among 36
patients, with survival times ranging from 3
months to 21 years post-biopsy.' Furthermore,
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a systematic review by Wisniewski et al.
reported a median overall survival (OS) of just
19 months, emphasizing the poor prognosis
in certain cases.”? These findings underscore
the heterogeneous nature of DLGNT, with
outcomes influenced by early treatment and
individual tumor characteristics.

There is currently no standardized treatment
guideline for DLGNTs. Prior studies have
highlighted CHT as a cornerstone in
management, showing statistically significant
improvements in OS.” Common treatment
protocols incorporate carboplatin, vincristine,
temozolomide, cyclophosphamide, cisplatin,
and/or etoposide—agents typically used
in treating LGG.*'? While CHT appears
crucial, it may not suffice as monotherapy,
often necessitating lifelong, multi-regimen
treatment. Reports of radiological regression
following CHT alone are limited, with most
patients either remaining stable'** or
showing progression.®?'*224» This variability
underscores the need for additional or combined
treatment approaches to optimize outcomes for
DLGNT patients.

The role of RT in treating DLGNTs is
complex, with mixed findings on its clinical
and radiological efficacy. In a case series by
Schniederjan et al., a patient who received CSI
with temozolomide remained stable at 137
months, while another case treated with CSI
alone showed progression.'” Lyle et al. reported
a l4-year-old girl who, after receiving CSI
with temozolomide as a first-line treatment,
showed complete clinical and radiological
response within six weeks, except for a residual
nodule in the spine.?® Conversely, other studies
suggest limited RT efficacy. Policicchio et al.
indicated that the mean OS was comparable
between patients treated with CHT and RT and
those who were not treated (51 months vs. 53
months). Their findings also highlighted that
CHT was more commonly administered in
patients with better outcomes, whereas RT was
slightly more prevalent in those with poorer
prognoses. Among RT treated patients, 25%
had poor prognostic factors, compared to only
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8% in untreated patients, suggesting that RT
may often be selected for patients with worse
clinical characteristics.® Supporting this, many
studies employ RT primarily in cases of disease
progression.'>"** This may be due tolimited data
and the perception of DLGNTs as LGGs, which
has led to an expectation of limited response
to RT. Furthermore, RT for DLGNT typically
involves CSI, which raises concerns about
potential long-term side effects, particularly for
pediatric patients. In a series by Rebella et al.,
one case initially showed regression following
CSI  but subsequently developed severe
leukoencephalopathy 1.5 years after treatment
completion.” - Our surviving patients, Case
1 and Case 2, exhibited a favorable response
to RT and did not experience any significant
side effects. Although Case 1 exhibited slight
periventricular  leukoencephalopathy,  the
patient remains asymptomatic.

Concurrent CHT with RT may be considered
for aggressive cases, though risks should
be individualized. Lyle et al. combined
CHT and CSI based on rapid, sustained
responses.”® In contrast, our Case 3 progressed
despite concurrent temozolomide with CSI,
highlighting the need for biomarkers to identify
aggressive subtypes.

To better identify patients at risk for aggressive
disease, preliminary data suggest prioritizing
molecular features over traditional clinical
approaches. A review by Policicchio et al.,
covering both adult and pediatric populations,
found that Ki-67/MIB-1 levels in pediatric
studies typically ranged from 1% to 30%.
Karlowee et al. reported a Ki-67/MIB-1 index
of 40%, while Swetye et al. observed focal Ki-
67/MIB-1 levels reaching 53% in this review.
A cutoff of 5% has also been suggested. An
average OS of 46 months was observed for
patients with Ki-67/MIB-1 levels between 0%
and 5%. In contrast, those with Ki-67/MIB-1
levels exceeding 5% experienced a mortality rate
of 36% (7 out of 19 patients) and an average OS
of only 8.8 months.® Additionally, Wisniewski
etal. identified a Ki-67/MIB-1 index greater than
7% as the most significant prognostic factor
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for OS in patients with DLGNT.? Rodriguez
et al. further identified that a Ki-67/MIB-1
index over 4%, mitotic activity exceeding 4
mitoses per high-power field, or the presence of
glomeruloid vasculature correlated with poor
survival, collectively suggesting anaplasia when
any of these criteria are present.? Schniederjan
et al. described aggressive histologic features,
including necrosis, mitotic figures, nuclear
pleomorphism, and microvascular proliferation,
as indicators of anaplastic behavior.” Another
study alsonoted polar spongioblastoma patterns
and tumor invasion into brain parenchyma as
indicators of anaplasia, though identified only
in postmortem tissue.®® According to Swetye
et al.’s case, with a Ki-67/MIB-1 proliferative
index of 53% and increased mitotic activity,
aligned with the anaplastic features defined
by Rodriguez et al. and demonstrated rapid
progression within 6 months.* It can be inferred
from this literature that a reported Ki-67/MIB-1
level of 4% does not reliably indicate anaplasia,
particularly when compared to studies that
use differing cutoff values. Also, it remains
uncertain whether these anaplastic features are
linked to more aggressive clinical behavior. In
our study, - Case 3 did not exhibit glomeruloid
vasculature, high mitotic activity, necrosis, or
microvascular proliferation, though a focal Ki-
67/MIB-1 index of 70% —the highest reported
in the literature— might suggest anaplasia. The
patient showed only a transient response after
CSI, with progression by 7 months and eventual
death. This suggests a link between anaplastic
features, lack of early radiological response,
and poor prognosis.

Currently, additional immunohistochemical
and molecular markers for DLGNTs are still
under investigation. While MAP-2 has been
linked to poor survival, our Cases 1 and 2
showed favorable outcomes, highlighting
variability among patients.”? The role of
molecular alterations, such as BRAF mutations,
in prognosis remains under examination’
notably, our Case 1 and Case 3 did not
demonstrate these mutations. Deng et al.
proposed two methylation subtypes (DLGNT-
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MC-1 with 1p/19q codeletion and DLGNT-
MC-2 with 1p deletion/1q gain), suggesting a
grading system resembling CNS WHO grades I
and III.> However, data on these classifications
remain limited, and our inability to perform
such analyses is a key limitation, emphasizing
the need for further research to refine prognosis
and treatment strategies in DLGNT.

Our study emphasizes the importance of CSI in
treating DLGNTs. Although the small sample
size of three cases limits statistical power,
this study serves as a valuable reference for
future research in this rare tumor entity. We
believe that an early favorable response to RT
may be associated with a better prognosis.
We emphasize the need for future research to
establish more reliable prognostic markers and
to refine therapeutic strategies.
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