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BACKGROUND Relapsed medulloblastoma (MB) remains a significant cause of pediatric cancer mortality, accounting for approximately 10% of all
childhood cancer deaths. Despite advances in molecular characterization and treatment of primary MB, no standardized protocol currently exists for
managing recurrence. This case highlights a novel approach to treating relapsed MB and aims to contribute to the evolving understanding of optimal
strategies in this setting.

OBSERVATIONS The authors describe the case of a pediatric patient with relapsed MB, characterized as group 4 MB, managed with a personalized
treatment approach involving repeat craniospinal irradiation, chemotherapy, and bone marrow transplant. In parallel, they review current literature
and ongoing clinical trials to contextualize this strategy within the broader landscape of relapsed MB management. The case underscores the
heterogeneity in treatment approaches and the lack of consensus regarding best practices. At the time of this report, the patient is approximately

6 months post-bone marrow transplant and continues to be monitored for signs of disease recurrence.

LESSONS This case illustrates the importance of an individualized, multidisciplinary approach to relapsed MB, accounting for prior therapies, tumor
biology, and patient goals. Ongoing research and collaboration are essential to establishing more effective, evidence-based standards of care for this

challenging diagnosis.

https://thejns.org/doi/abs/10.3171/CASE25612
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Medulloblastoma (MB) is the most common embryonal tumor in
children. Treatment typically involves resection followed by radia-
tion therapy (RT) and chemotherapy, resulting in a median long-term
survival rate of approximately 70%-80%."? However, outcomes vary
significantly among patient subsets. In particular, individuals with
recurrent or metastatic MB face a poor prognosis, with a median sur-
vival of less than 6 months.®

Extensive research has focused on the molecular mechanisms
driving MB recurrence and metastasis, with substantial research
into the impact of MB subgroups on disease progression. The four
primary MB subgroups include Wingless-activated (WNT) (MB,,;),
Sonic Hedgehog-activated (SHH) (MBg,,), and non-WNT-/non-SHH-
expressing tumors including group 3 (MB,,, ;) and group 4 (MB,,, ;)
MB. Specific molecular subgroups of MB are associated with a greater
risk of metastasis and recurrence, with MBg,,, (TP53 mutant type) and
MB,,, ; tumors demonstrating the highest risk, and MB,; subgroup
demonstrating the lowest risk.* Despite a growing understanding of

mechanisms behind relapsed MB, no standardized treatment protocol
exists. The poor prognosis of these tumors, coupled with the lack of
clear therapeutic guidelines on how to treat recurrent/metastatic dis-
ease, underscores the need for further research into effective manage-
ment strategies of these tumors.

This report aims to offer insights into the characteristics of relapsed
MB, including both metastatic and local recurrences, summarize cur-
rent treatment approaches, and provide evidence-based recommen-
dations for optimizing the management of these recurrent tumors,
drawing on both existing literature and the illustrative case.

lllustrative Case

Case Description

An 11-year-old male presented with a 2-month history of intermit-
tent headaches, 2 weeks of diplopia, and 1 week of eye deviation.
Additional symptoms included early morning nausea and vomiting,

ABBREVIATIONS CSl=craniospinal irradiation; GVT =graft versus tumor; MB =medulloblastoma; OS =overall survival; PFS = progression-free survival; re-RT=
reirradiation therapy; RT =radiation therapy; SHH = Sonic Hedgehog-activated; TMZ =temozolomide; WNT =Wingless-activated.
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along with significant weight loss (30 pounds) over 8-10 months. On
examination, he exhibited bilateral cranial nerve VI palsy without other
neurological deficits. MRI revealed a metastatic MB with leptomenin-
geal enhancement (Fig. 1A). Biopsy confirmed grade 4 MB with both
intracranial and intraspinal metastases, and methylation profiling con-
firmed the tumor as MB,, . .

The patient underwent a successful gross-total resection of the
primary tumor via suboccipital craniotomy, placement of an external
ventricular drain, and subsequent placement of a ventriculoperitoneal
shunt for hydrocephalus management. Postresection, the patient was
started on chemotherapy as per ACNS0332 regimen A, combined
with proton beam craniospinal irradiation (CSI) therapy. This treat-
ment course consisted of weekly vincristine alongside concurrent CSI
therapy with multiple boosts to the resection cavity and gross disease
(36-Gy whole brain and spinal axis, 39.6-Gy focal spinal irradiation,
and 54-Gy cranial tumor bed boosts); and maintenance chemotherapy
including cisplatin, vincristine, and cyclophosphamide. The treatment
course was complicated by several adverse events, including grade
| high-frequency hearing loss, necessitating a 25% cisplatin dose
reduction; colitis and proctitis secondary to pancytopenia with subse-
quent sepsis requiring intravenous antibiotics; and significant anemia
necessitating routine blood transfusions.

The patient returned to his baseline functional status 3 months
posttreatment, and follow-up imaging showed no evidence of disease
(Fig. 1B).

Twelve months after completing therapy, routine surveillance MR
detected a new focal enhancing nodule within the supramarginal gyrus
(Fig. 1C). Lumbar puncture was negative for tumor cells. Resection
of the new lesion revealed rapid tumor growth between detection
and surgery, indicative of the aggressive phenotype characteristic
of relapsed MB. Of note, molecular profiling remained consistent
between the primary and secondary tumors, and methylation profiling
confirmed the relapsed tumor as MB, .
Informed Consent

The necessary informed consent was obtained in this study.

Discussion

Epidemiology of MB

CNS tumors account for approximately 25% of all childhood can-
cers, and of these tumors, 15% are MB.® MB is an embryonal tumor
arising from the cerebellum that primarily affects the pediatric popula-
tion (70% of cases), with peak incidence between ages 5 and 7 years.

FIG. 1. MR images obtained preoperatively (A), postoperatively (B), at an interval follow-up showing tumor progression (C), and at the most recent
posttransplant study (D).
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There are around 0.74 cases per 100,000 children per year, and the
disease is more prevalent in males than females.”

Approximately one-third of pediatric MB becomes recurrent/
metastatic.? In 20%-30% of affected patients, metastasis is evident
atinitial presentation, while rates of metastasis are significantly higher
in MB relapse compared to primary diagnosis.® In contrast to the
5-year survival rates for primary MB, recurrent/metastatic MB carries
a high mortality rate, accounting for around 10% of all pediatric cancer
deaths.!

Correlations Between MB Characteristics and Metastasis
Subtype

Tumor characteristics, prognosis, and likelihood of metastasis vary
by molecular subgroup (WNT, SHH, MB,,, ;, and MB_ ), which
tends to remain consistent at time of recurrence. Briefly, MB,, , is
the most common MB subtype (> SHH > MB_,,,, > WNT); MB
and SHH (TP53 mutant type) have the poorest prognosis (> MB,
> SHH (wildtype) > WNT); and MB,, ,, and MB
rates of metastasis (> SHH > WNT)."0"!

group 3
group 4

have the highest

group 4

Location

Primary MB tumors commonly arise in the posterior fossa, and
more specifically within the cerebellar vermis.'2 Metastases most com-
monly (33% of the time) localize to the leptomeninges via hematog-
enous dissemination, although extraneural metastases can occur on
the bone (78% of extraneural metastases), lymph nodes (33%), liver
(15%), and lungs (11%).2"

Residual Disease
Studies have shown that patients who have > 1.5 cm of residual
disease postresection are at higher risk of recurrence.™

Imaging Studies

Several imaging findings are characteristic of MB. Broadly, MB
appears hyperdense on CT imaging and demonstrates reduced diffu-
sion on diffusion-weighted imaging. Tumors are isointense or hypoin-
tense on T1-weighted imaging and hyperintense on T2/FLAIR imaging.
Metastases may appear as nodular leptomeningeal enhancement
with nerve root thickening on MRI."

Imaging can also be used to distinguish MB subtypes based on
tumor location (e.g., MBg,, tumors are frequently found in the lateral
cerebellum); enhancement patterns (e.g., minimal or no enhancement
of midline/fourth ventricle is characteristic of MB,,, ,); and apparent
diffusion coefficient, which is higher with large cell/anaplastic variants
(associated with MB, 5 and MB_,,,) compared to classic variants
(associated with MB,,;)."® While imaging can help differentiate sub-
types, thereby helping to further predict prognosis and likelihood of
relapse, it cannot replace surgical biopsy.

Symptoms

Symptoms of MB can differ between initial presentation and recur-
rence. At initial presentation, common symptoms are typically related
to elevated intracranial pressure, including headache, nausea, vom-
iting, and diplopia, or to mass effect, such as ataxia. These clinical
features often reflect obstructive hydrocephalus caused by the tumor,
in addition to its direct effects. In contrast, relapsed MB is frequently
asymptomatic and detected incidentally on routine surveillance imag-
ing, although some patients may present with new or progressive neu-
rological symptoms.®

Observations

Treatment for primary MB tumors is well delineated and commonly
involves resection followed by a combination of CSI therapy and che-
motherapy.? Unlike primary MB, no standardized treatment protocol
exists for relapsed MB. Current management strategies include re-
resection, reirradiation therapy (re-RT), conventional and high-dose
chemotherapy, and metronomic antiangiogenic multiagent therapy
(Tables 1 and 2)." Unfortunately, many of these salvage therapies
have proven to be ineffective and relapsed MB remains highly fatal in
the pediatric population. Current research and clinical trials are ongo-
ing to uncover novel therapies that may effectively treat these recur-
rent tumors."®

Utilizing the case at hand, and informed by the existing literature,
this paper aims to synthesize evidence-based recommendations for
improving management of relapsed MB, in hopes that it can help
further guide treatment approaches and serve as a basis for future
research into these lethal childhood tumors.

Treatment Strategies Used in This Case

Following identification and resection of the recurrent MB, the
patient was restarted on CSI (18 Gy) with a boost to the resection cav-
ity (54 Gy). He tolerated this treatment well aside from minimal cytope-
nia not requiring transfusions and mild nausea/anorexia that resolved
with supportive care. The decision to reinitiate CSI was guided by
existing literature supporting the efficacy and relative safety of re-RT
in relapsed MB. Compared to focal re-RT or no retreatment, many
retrospective studies have demonstrated improved survival outcomes
with repeat CSI, along with acceptable toxicity profiles and a low inci-
dence of symptomatic radionecrosis.'*? While no standardized guide-
lines exist for the optimal interval between radiation courses, a nearly
2-year gap in this case was considered sufficient for neural recovery,
based on evidence from prior reports. Given that the patient had pre-
viously received a higher than standard spinal dose during his initial
treatment (39.6 Gy), the repeat course was delivered at a reduced
CSI dose (18 Gy) to mitigate the risk of long-term radiation-related
complications while maintaining therapeutic efficacy.

Re-RT was followed by a course of chemotherapy according to
protocol ACNS0821,2" which involved the administration of three
cycles of irinotecan 50 mg/m? and temozolomide (TMZ) 150 mg/m?
over the course of 5 days per cycle. Guided by current literature, the
oncology team considered adding bevacizumab to the patient’s regi-
men as it has been shown to significantly reduce mortality in children
with recurrent MB, when compared to irinotecan and TMZ and without
bevacizumab.?? However, it was omitted from this patient's treatment
due to a paucity of safety data in the setting of re-RT and potential
future allogeneic stem cell transplant, in addition to provider concerns
regarding the associated risk of intracranial hemorrhage in patients
with brain metastases. The decision to provide 3 months of therapy
was made to bridge the patient between repeat CSI and transplant
with systemic therapy.?

Following completion of chemotherapy and RT, repeat imag-
ing showed no evidence of disease recurrence and the patient was
deemed to be in radiographic remission.

Given the poor outcomes associated with standard therapies for
recurrent MB, the neuro-oncology team determined that enrollment
in a clinical trial was warranted. At present, a curative approach is
being pursued. The patient was enrolled in two tandem clinical tri-
als, Reduced Intensity Conditioning and Partially HLA-Mismatched
(HLA-Haploidentical) Related Donor Bone Marrow Transplantation
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TABLE 1. Overview of re-RT approaches for treatment of relapsed MB

No. of CSl/
Authors & Year Patients  Age, yrs Re-RT Dose/Protocol Focal RT Outcomes
Iribas et al., 2024% 27 <18 Unknown 19/8 1- & 2-yr PFS rates of 57% & 33% & 1- & 2-yr
OS rates of 67% & 44%, respectively
Relapse significantly higher in males, those who
relapsed 24 mos after diagnosis, & those who
received chemotherapy after re-RT
No difference in survival btwn focal RT & CSI
Adolph et al., 2024% 293 <18 Patients stratified by whether they had NA Re-RT improved median PFS & OS, but had
had RT, initial irradiation (of primary minimal effects on long-term survival
tumor), & re-RT; outcomes were Re-RT improved survival in most w/o re-resection
assessed CSl greatly improved median & long-term
survival in RT-naive patients
In patients too young to receive RT as 1st-line
treatment, primary RT at recurrence associated
w/ markedly improved survival
Massimino et al., 20235 25 Median Re-RT was administered at median 5120 Median PFS post-re-RT 8.2 mos; OS 23.9 mos
1.4 32 mos after 1st RT Metastatic status at diagnosis/relapse negatively
affected outcomes
Baroni et al., 2021 24 <18 Re-RT field & dose were not systematic 15/9 3-yr post-1st failure & post-re-RT PFS & OS
& were determined based on disease higher for children who received re-CSlI
characteristics compared w/ children who received focal re-RT
Tsang et al., 2019% 14 <18 Median total doses of 58.5 (range 7 Overall median survival 12.4 mos
50.5-82.9) Gy & 60.6 (range 51.8-82.9) Those w/ focally recurrent disease had better 0S
Gy at spinal level & brain, respectively
Gupta et al., 2019% 28 Median18  Dose & vol of re-RT based on site & 7121 2-yr post—re-RT PFS & OS rates 46% & 51%,
atindex patterns of relapse, w/ median cumulative respectively
diagnosis  biologically effective dose of 117 (range Younger age (<18 yrs) at initial diagnosis,
78-132) Gy; all patients received primary risk stratification (SR), & molecular
platinum-based salvage chemotherapy subgrouping (group 4) associated w/ significantly
either before or after re-RT better post-re-RT outcomes
Farnia et al., 2016% 12 <18 Median total dose of 40 (range 20-54) 57 Median PFS 22.7 mos from last day of 2nd
Gy (RBE) radiation course
Wetmore et al., 20142 14 Median dose of 36 (range 18-54) Gy & 8/6 For relapsed SR & HR patients (SR > HR),
median cumulative dose of 91.9 (range use of additional irradiation resulted in
73.8-109.8) Gy statistically significant improvement in OS from
initial diagnosis
5- & 10-yr OS rates of 55% * 14% vs 33% +
16% & 46% + 14% vs 0%, respectively, for re-RT
patients vs others
Bakst et al., 2011% 13 Median dose of 30 (19.8-45) Gy & 112 Overall disease-free survival of 46% 5 yrs after
median cumulative dose of 84 (range initial recurrence
65-98.4) Gy; intensity-modulated RT Median survival since time of initial recurrence
used in 54% of cases 45 (range 13-186) mos
Padovani et al., 2011% 5 Range Re-RT focused on relapsed disease w/ — 5-yr event-free survival ranged from 70% to 83%
10-27 median dose of 28 Gy (20-36 Gy;

1.8 Gyl/fraction) & concomitant TMZ
(75 mg/m/day) alone or as part of
multidrug metronomic regimen

HR =high risk; NA=not applicable; SR =standard risk.

for High-Risk Solid Tumors (NCT01804634) and Nivolumab Therapy
Following Partially HLA Mismatched (Haploidentical) Bone Marrow
Transplant in Children and Young Adults with High Risk, Recurrent or
Refractory Sarcomas (NCT03465592).%% As part of these protocols,
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the patient received a haploidentical bone marrow transplant intended
to reconstitute the immune system and induce a graft versus tumor
(GVT) response. While the “graft versus leukemia” effect has been
well documented in hematological malignancies, there is emerging



TABLE 2. Overview of chemotherapy/alternative approaches for treatment of relapsed MB

No.of  Age,
Authors & Year Patients  yrs Protocol Outcomes
O’Halloran et al., 2024% 9 <18  Novel reinduction chemotherapy regimen consisting Overall response rate after 2 cycles 78%
of irinotecan, cyclophosphamide, TMZ, & etoposide
Peyrl et al., 2023% 40 <20 Metronomic antiangiogenic regimen consisting of 57.5% of patients achieved disease control after
daily oral thalidomide, fenofibrate, celecoxib, & 6 mos of treatment, w/ a response detected in
alternating 21-day cycles of low-dose (metronomic) 45% of patients
oral etoposide & cyclophosphamide, supplemented  Median OS 25.5 (10.9-40.0) mos & median PFS
by intravenous bevacizumab & intraventricular 8.5 (1.7-15.4) mos
therapy consisting of altgrnating etoposide & Mean (SD) PFS at both 3 & 5 yrs 24.6% (7.9%),
cytarabine while mean (SD) OS at 3 & 5 yrs 43.6% (8.5%) &
22.6% (8.8%), respectively
In patients demonstrating a response, mean (SD)
overall 5-yr PFS 49.7% (14.3%), & for patients
who remained progression free for the 1st 12 mos
of treatment, mean (SD) 5-yr PFS 66.7% (16.1%)
No significant differences in PFS or OS were
evident based on molecular subgroup analysis or
no. of prior recurrences
Slavc et al., 2022% 29 <18  MEMMAT-like metronomic antiangiogenic approach:  This treatment approach may increase median
modified 5-drug oral regimen that includes daily oral OS & PFS
thalidomide (3 mg/kg), daily oral fenofibrate Median OS after recurrence 29.5 mos w/ OS of
(90 mg/m?), twice daily oral celecoxib (dosed by 48.3% + 9.3% at 3 yrs & PFS of 42.0% + 9.5%
weight), & alternating 21-day cycles of low-dose oral at3yrs
etoposide (35-50 mg/m’) & cyclophosphamide  \yhen broken down by subgroup, OS at 5 yrs was
(2.5 mglkg); supplemented by IV bevacizumab 60 g9, + 21.9% for MB,,, & 31.3% + 11.6% for
(10 mg/kg) every 2 wks & intraventricular therapy ~ \i8 & PFS at5 yr%orl?/as 80.0% + 17.9% for
consisting of alternating etoposide (0.5 mg daily for VB & 22.6% + 11.3% for MB
5 days, <1 yr 0.25 mg) & liposomal cytarabine gows TEEEET T gow s
(0-3 yrs: 25 mg, 3-9 yrs: 35 mg, >9 yrs: 50 mg)
Levy et al., 2021% 105 <21 Protocol ACNS0821: TMZ (150 mg/m? PO for 5 days) Addition of bevacizumab to TMZ/irinotecan
& irinotecan (50 mg/m? IV for 5 days) w/ or w/o significantly reduced risk of death in children
bevacizumab (10 mg/kg IV on days 1 & 15); w/ recurrent MB
repeated every 28 days for a total of up to 12 cycles  Median OS 13 mos in standard arm & 19 mos
w/ addition of bevacizumab; median event-
free survival 6 mos in standard arm & 9 mos
w/ addition of bevacizumab
ClinicalTrials.gov, Currently Clinical trial PNOC027 (NCT05057702): utilizes Trial ongoing
NCT05057702% recruiting genomic testing & real-time drug screening to come

up w/ individualized treatment plans for patients

Prados, 2023': —
Robinson et al., 2015
Kieran et al., 20174

Subgroup-specific treatments: several studies
looking at subgroup-specific small-molecule targeted
strategies

Currently no studies have successfully
demonstrated the efficacy of these treatments

Vitanza et al., 20214, —
Gholamin et al., 20174;
Fernandez et al., 2013%

Immune modulation strategies: studies looking at the Research ongoing w/ anecdotal reports of success

efficacy of CAR T cells, modified measles virus
(MV-NIS), monoclonal antibodies, intratumoral
injections, NK cells, & TGFf

MV-NIS =measles virus encoding the human thyroidal sodium iodide symporter; IV =intravenous; PO =by mouth; RBE =relative biological effectiveness.

theoretical and preclinical evidence to support a similar GVT effect
in solid tumors.25% The patient then received maintenance nivolumab
following his haploidentical bone marrow transplant to reduce relapse
in the posttransplant setting. Although nivolumab, a PD-L1 inhibitor,
has shown limited efficacy in relapsed MB, likely due to low PD-L1
expression in these tumors, its use has not been previously evaluated
in the context of posttransplant immunological modulation.?

Our patient is approximately 6 months posttransplant at the time
of this report and is clinically doing well. The treatments utilized in
his case likely worked both individually and in combination to treat
his condition through precise targeting of the tumor itself, as well as
through immunomodulation, although the efficacy of these treatments
will continue to be assessed over the next few months and years.
He will continue to be monitored over the coming months. The trials
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are actively enrolling patients, and complete results will be published
separately. No definitive conclusions can be drawn regarding the effi-
cacy of these treatments based on a singular case, and outcomes
may only be evaluated following completion of these trials. Permission
to include clinical trial information in this report was granted by the
research team.

Enrollment in both clinical trials occurred sequentially and was
approved by the institutional IRB, with each trial addressing distinct
therapeutic arms. Data reporting was conducted per trial protocol to
prevent overlap or bias. The treatment approach utilized in this case
contrasts with those described in the current literature and highlights a
novel strategy under investigation.

Case Reports

To conduct this review, we searched the PubMed database for
articles published between 1999 and 2024, with an emphasis on more
recent publications containing up-to-date information on relapsed MB.
Search terms included “relapsed medulloblastoma,” “radiation ther-
apy,” “chemotherapy,” “pediatric medulloblastoma,” “salvage therapy,”
and “clinical trials.” A total of 25 papers were identified and included in
the review, consisting of 4 case reports and 21 studies or trials.

There are few case reports on relapsed MB in the pediatric popula-
tion. Of these, several case reports have studied the administration of
both re-RT and chemotherapy for relapsed MB. Kline et al. discussed
the case of a patient with a WHO grade 4 MB,,, who at the time of
recurrence received repeat CSI alongside chemotherapy, as per
protocol ACNS0332." They concluded that existing salvage therapy
strategies may be inadequate for long-term disease control, except
for patients with an isolated primary site relapse and in those who
have not received upfront RT."? A case series from Yue et al. presented
4 patients who at the time of recurrence each received local RT and
TMZ chemotherapy, with all 4 patients dying from tumor metastasis
or regrowth.? In contrast, a case report by Giakoumettis et al. on a
patient treated with concurrent re-RT and TMZ chemotherapy found
that a combination of approaches and re-RT may lead to good sur-
vival outcomes in patients with relapsed MB.% Another case series
from Dominari et al. found that resection of the recurrent lesion and
repeat irradiation may benefit patients, with satisfactory short-term
results.?

"« "«

Studies and Ongoing Trials

Current management protocols and ongoing trials for relapsed MB
can be divided into two categories: RT and chemotherapy/alternative
strategies (Tables 1 and 2).

Re-RT options involve either repeat CSl or focal RT, with dosages
and timing based on individual disease characteristics. Many studies
have shown promising results of re-RT, showing marked improvement
in progression-free survival (PFS) and overall survival (OS) rates in
relapsed MB patients. Multiple factors have been implicated in the
efficacy of re-RT, including but not limited to biological sex, type of RT
(CSI vs focal RT), prior RT, and disease qualities (stage, subgroup,
and risk profile).

Several notable salvage chemotherapy or alternative approaches
include protocol ACNS0821 (used in this case study) and a metronomic
antiangiogenic regimen or MEMMAT (Medulloblastoma European
Multitarget Metronomic Anti-Angiogenic Trial)-like approach, both
of which have shown some promise in improving survival rates in
patients with relapsed MB. Research into alternative approaches
involving genomics, subgroup-specific treatments, and immune modu-
lation is ongoing.
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Lessons

The patient received a sibling haploidentical bone marrow trans-
plant as a participant in clinical trial NCT01804634 and continues
to receive maintenance nivolumab while enrolled in clinical trial
NCT03465592. He is approximately 6 months posttransplant at the
time of this report. Repeat brain and spine imaging have continued
to show no evidence of disease, and he is in sustained remission.
Although follow-up MRI revealed a FLAIR abnormality in the right
ventral thalamus, the abnormality overlapped with the re-RT field and
was deemed to be a treatment effect from RT rather than recurrence.
His posttransplant course was complicated by seizures during engraft-
ment, multipathogen viremia (cytomegalovirus, Epstein-Barr virus,
adenovirus, and human herpesvirus 6 [HHV-6]), herpes simplex virus
1 gingivostomatitis, and medication or infection-related renal toxicity.
These complications have since resolved, and the patient is doing well
and at his neurological baseline. He will continue to be monitored over
the coming months.

Summarizing the current literature, individualized, multimodal strat-
egies are central to managing relapsed MB. High-dose chemotherapy
followed by autologous or allogeneic stem cell transplant and post-
transplant checkpoint inhibition remains a key component in appropri-
ately selected patients. When feasible, re-RT can offer additional local
control. Metronomic antiangiogenic regimens, such as the MEMMAT
protocol, have demonstrated potential in prolonging PFS. Molecular
profiling now plays an increasing role in guiding targeted therapy, and
checkpoint inhibitors (e.g., PD-1 blockade with nivolumab) are gaining
traction as maintenance or salvage options. While these approaches
continue to evolve, clinical trial participation remains essential to opti-
mize outcomes in this heterogeneous and challenging disease.

References

1. Hill RM, Kuijper S, Lindsey JC, et al. Combined MYC and P53
defects emerge at medulloblastoma relapse and define rapidly pro-
gressive, therapeutically targetable disease. Cancer Cell. 2015;
27(1):72-84. doi:10.1016/j.ccell.2014.11.002

2. Mahapatra S, Amsbaugh MJ. Medulloblastoma. In: StatPearls.
StatPearls Publishing; 2025. Accessed February 25, 2025. https://
pubmed.ncbi.nim.nih.gov/28613723/

3. Aref D, Croul S. Medulloblastoma: recurrence and metastasis.
CNS Oncol. 2013;2(4):377-385. doi:10.2217/cns.13.30

4. Holmberg KO, Borgenvik A, Zhao M, Giraud G, Swartling FJ. Driv-
ers underlying metastasis and relapse in medulloblastoma and tar-
geting strategies. Cancers (Basel). 2024;16(9):1752. doi:10.3390/
cancers16091752

5. Cacciotti C, Fleming A, Ramaswamy V. Advances in the molecular
classification of pediatric brain tumors: a guide to the galaxy. J
Pathol. 2020;251(3):249-261. doi:10.1002/path.5457

6. Massimino M, Vennarini S, Buttarelli FR, et al. Optimizing reirradia-
tion for relapsed medulloblastoma: identifying the ideal patient and
tumor profiles. J Neurooncol. 2023;163(3):577-586. doi:10.1007/
$11060-023-04361-z

7. Ostrom QT, de Blank PM, Kruchko C, et al. Alex’s lemonade stand
foundation infant and childhood primary brain and central nervous
system tumors diagnosed in the United States in 2007-2011. Neuro
Oncol. 2015;16(suppl 10):x1-x36. doi:10.1093/neuonc/nou327

8. Dufour C, Beaugrand A, Pizer B, et al. Metastatic medulloblastoma
in childhood: Chang's classification revisited. Int J Surg Oncol. 2012;
2012:245385. doi:10.1155/2012/245385

9. Zapotocky M, Mata-Mbemba D, Sumerauer D, et al. Differential
patterns of metastatic dissemination across medulloblastoma sub-
groups. J Neurosurg Pediatr. 2018;21(2):145-152. doi:10.3171/201
7.8.Peds17264


https://dx.doi.org/10.1016/j.ccell.2014.11.002
https://pubmed.ncbi.nlm.nih.gov/28613723/
https://pubmed.ncbi.nlm.nih.gov/28613723/
https://dx.doi.org/10.2217/cns.13.30
https://dx.doi.org/10.3390/cancers16091752
https://dx.doi.org/10.3390/cancers16091752
https://dx.doi.org/10.1002/path.5457
https://dx.doi.org/10.1007/s11060-023-04361-z
https://dx.doi.org/10.1007/s11060-023-04361-z
https://dx.doi.org/10.1093/neuonc/nou327
https://dx.doi.org/10.1155/2012/245385
https://dx.doi.org/10.3171/2017.8.Peds17264
https://dx.doi.org/10.3171/2017.8.Peds17264

1.

20.

21.

22.

23.

24.

25.

26.

Zhukova N, Ramaswamy V, Remke M, et al. Subgroup-specific
prognostic implications of TP53 mutation in medulloblastoma. J
Clin Oncol. 2013;31(23):2927-2935. doi:10.1200/jc0.2012.48.5052
Kijima N, Kanemura Y. Molecular classification of medulloblastoma.
Neurol Med Chir (Tokyo). 2016;56(11):687-697. doi:10.2176/nmc.
ra.2016-0016

. Kline CN, Packer RJ, Hwang El, et al. Case-based review: pediat-

ric medulloblastoma. Neurooncol Pract. 2017;4(3):138-150.
doi:10.1093/nop/npx011

Garzia L, Kijima N, Morrissy AS, et al. A hematogenous route for
medulloblastoma leptomeningeal metastases. Cell. 2018;172(5):
1050-1062.e14. doi:10.1016/j.cell.2018.01.038

Zeltzer PM, Boyett JM, Finlay JL, et al. Metastasis stage, adjuvant
treatment, and residual tumor are prognostic factors for medullo-
blastoma in children: conclusions from the Children’s Cancer
Group 921 randomized phase Il study. J Clin Oncol. 1999;17(3):
832-845. doi:10.1200/jc0.1999.17.3.832

Perreault S, Ramaswamy V, Achrol AS, et al. MRI surrogates for
molecular subgroups of medulloblastoma. AJNR Am J Neuroradiol.
2014;35(7):1263-1269. doi:10.3174/ajnr.A3990

Hill RM, Plasschaert SLA, Timmermann B, et al. Relapsed medul-
loblastoma in pre-irradiated patients: current practice for diagnos-
tics and treatment. Cancers (Basel). 2021;14(1):126. doi:10.3390/
cancers14010126

Gaab C, Adolph JE, Tippelt S, et al. Local and systemic therapy of
recurrent medulloblastomas in children and adolescents: results of
the P-HIT-REZ 2005 study. Cancers (Basel). 2022;14(3):471.
doi:10.3390/cancers 14030471

Prados MD. Current strategies for management of medulloblas-
toma. Diagnostics (Basel). 2023;13(16):2622. doi:10.3390/diagno
stics 13162622

Baroni LV, Freytes C, Fernandez Ponce N, et al. Craniospinal irra-
diation as part of re-irradiation for children with recurrent medul-
loblastoma. J Neurooncol. 2021;155(1):53-61. doi:10.1007/s110
60-021-03842-3

Wetmore C, Herington D, Lin T, Onar-Thomas A, Gajjar A,
Merchant TE. Reirradiation of recurrent medulloblastoma: does
clinical benefit outweigh risk for toxicity? Cancer. 2014;120(23):
3731-3737. doi:10.1002/cncr.28907

ClinicalTrials.gov. Temozolomide with irinotecan versus temozolo-
mide, irinotecan plus bevacizumab (NSC# 704865) for recurrent/
refractory medulloblastoma/CNS PNET of childhood, a COG ran-
domized phase Il screening trial. NCT01217437. Accessed Febru-
ary 25, 2025. https://clinicaltrials.gov/study/NCT01217437

Grill J, Perek D, Sanchez de Toledo-Codina JSd, et al. Phase Il
single-arm study of irinotecan in combination with temozolomide in
children with recurrent or refractory medulloblastoma. J Clin Oncol.
2009;27(15 suppl):10018-10018. doi:10.1200/jc0.2009.27.15_suppl.
10018

Levy AS, Krailo M, Chi S, et al. Temozolomide with irinotecan ver-
sus temozolomide, irinotecan plus bevacizumab for recurrent
medulloblastoma of childhood: report of a COG randomized phase
Il screening trial. Pediatr Blood Cancer. 2021;68(8):e29031.
doi:10.1002/pbc.29031

Llosa NJ, Cooke KR, Chen AR, et al. Reduced-intensity haploiden-
tical bone marrow transplantation with post-transplant cyclophos-
phamide for solid tumors in pediatric and young adult patients. Biol
Blood Marrow Transplant. 2017;23(12):2127-2136. doi:10.1016/j.
bbmt.2017.08.012

ClinicalTrials.gov. A phase |l trial of reduced intensity conditioning
and partially HLA-mismatched (HLA-haploidentical) related donor
bone marrow transplantation for high-risk solid tumors.
NCT01804634. Accessed February 25, 2025. https:/clinicaltrials.g
ov/study/NCT01804634

ClinicalTrials.gov. Single-arm, open-label, phase 1b/2 trial of
nivolumab therapy following partially HLA mismatched

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

(haploidentical) bone marrow transplant in children and young
adults with high risk, recurrent or refractory sarcomas.
NCT03465592. Accessed February 25, 2025. https://clinicaltrials.g
ov/study/NCT03465592

Yue H, Ling W, Yibo O, et al. Subfrontal recurrence after cerebellar
medulloblastoma resection without local relapse: case-based
update. Childs Nerv Syst. 2018;34(9):1619-1626. doi:10.1007/
s00381-018-3869-8

Giakoumettis G, Mantzavinou A, Moschos G, Giakoumettis D,
Capizzello A. Re-irradiation of pediatric medulloblastoma: a case
report and systematic review. Cureus. 2022;14(11):e31585.
doi:10.7759/cureus.31585

Dominari A, Antoniades E, Capiccelo A, Hatzipantelis E, Foroglou N.
Remote supratentorial recurrent medulloblastoma: case study and
literature review. Asian J Neurosurg. 2022;17(2):286-301.
doi:10.1055/s-0042-1750389

Iribas A, Ozkaya Toraman K, Bay SB, et al. Re-irradiation in chil-
dren with recurrent medulloblastoma. Int J Radiat Oncol Biol Phys.
2024;120(2):¢691. doi:10.1016/j.ijrobp.2024.07.1519

Adolph JE, Fleischhack G, Tschirner S, et al. Radiotherapy for
recurrent medulloblastoma in children and adolescents: survival
after re-irradiation and first-time irradiation. Cancers (Basel). 2024;
16(11):1955. doi:10.3390/cancers 16111955

Tsang DS, Sarhan N, Ramaswamy V, et al. Re-irradiation for chil-
dren with recurrent medulloblastoma in Toronto, Canada: a 20-year
experience. J Neurooncol. 2019;145(1):107-114. doi:10.1007/
$11060-019-03272-2

Gupta T, Maitre M, Sastri GJ, et al. Outcomes of salvage re-
irradiation in recurrent medulloblastoma correlate with age at initial
diagnosis, primary risk-stratification, and molecular subgrouping.

J Neurooncol. 2019;144(2):283-291. doi:10.1007/s11060-019-03
2259

Farnia B, Philip N, Georges RH, et al. Reirradiation of recurrent
pediatric brain tumors after initial proton therapy. Int J Part Ther. 2016;
3(1):1-12. doi:10.14338/ijpt-15-00036.1

Bakst RL, Dunkel 1J, Gilheeney S, et al. Reirradiation for recurrent
medulloblastoma. Cancer. 2011;117(21):4977-4982. doi:10.1002/
cner.26148

Padovani L, Andre N, Gentet JC, et al. Reirradiation and concomi-
tant metronomic temozolomide: an efficient combination for local
control in medulloblastoma disease? J Pediatr Hematol Oncol. 2011;
33(8):600-604. doi:10.1097/MPH.0b013e3182331eaf

O'Halloran K, Phadnis S, Friedman GK, et al. Effective re-induction
regimen for children with recurrent medulloblastoma. Neurooncol
Adv. 2024;6(1):vdae070. doi:10.1093/noajnl/vdae070

Peyrl A, Chocholous M, Sabel M, et al. Sustained survival benefit
in recurrent medulloblastoma by a metronomic antiangiogenic regi-
men: A nonrandomized controlled trial. JAMA Oncol. 2023;9(12):
1688-1695. doi:10.1001/jamaoncol.2023.4437

Slavc I, Mayr L, Stepien N, et al. Improved long-term survival of
patients with recurrent medulloblastoma treated with a “MEMMAT-
like” metronomic antiangiogenic approach. Cancers (Basel). 2022,
14(20):5128. doi:10.3390/cancers14205128

ClinicalTrials.gov. A pilot feasibility and efficacy (phase 2) trial of
real time drug screening and genomic testing to determine an indi-
vidualized treatment plan in children and young adults with
relapsed medulloblastoma and ependymoma. NCT05057702.
Accessed February 25, 2025. https://clinicaltrials.gov/study/
NCT05057702

Robinson GW, Orr BA, Wu G, et al. Vismodegib exerts targeted
efficacy against recurrent sonic hedgehog-subgroup medulloblas-
toma: results from phase Il pediatric brain tumor consortium stud-
ies PBTC-025B and PBTC-032. J Clin Oncol. 2015;33(24):
2646-2654. doi:10.1200/jco.2014.60.1591

Kieran MW, Chisholm J, Casanova M, et al. Phase | study of oral
sonidegib (LDE225) in pediatric brain and solid tumors and a

J Neurosurg Case Lessons | Vol 11 | Issue 12 | March 23,2026 | 7


https://dx.doi.org/10.1200/jco.2012.48.5052
https://dx.doi.org/10.2176/nmc.ra.2016-0016
https://dx.doi.org/10.2176/nmc.ra.2016-0016
https://dx.doi.org/10.1093/nop/npx011
https://dx.doi.org/10.1016/j.cell.2018.01.038
https://dx.doi.org/10.1200/jco.1999.17.3.832
https://dx.doi.org/10.3174/ajnr.A3990
https://dx.doi.org/10.3390/cancers14010126
https://dx.doi.org/10.3390/cancers14010126
https://dx.doi.org/10.3390/cancers14030471
https://dx.doi.org/10.3390/diagnostics13162622
https://dx.doi.org/10.3390/diagnostics13162622
https://dx.doi.org/10.1007/s11060-021-03842-3
https://dx.doi.org/10.1007/s11060-021-03842-3
https://dx.doi.org/10.1002/cncr.28907
https://clinicaltrials.gov/study/NCT01217437
https://dx.doi.org/10.1200/jco.2009.27.15_suppl.10018
https://dx.doi.org/10.1200/jco.2009.27.15_suppl.10018
https://dx.doi.org/10.1002/pbc.29031
https://dx.doi.org/10.1016/j.bbmt.2017.08.012
https://dx.doi.org/10.1016/j.bbmt.2017.08.012
https://clinicaltrials.gov/study/NCT01804634
https://clinicaltrials.gov/study/NCT01804634
https://clinicaltrials.gov/study/NCT03465592
https://clinicaltrials.gov/study/NCT03465592
https://dx.doi.org/10.1007/s00381-018-3869-8
https://dx.doi.org/10.1007/s00381-018-3869-8
https://dx.doi.org/10.7759/cureus.31585
https://dx.doi.org/10.1055/s-0042-1750389
https://dx.doi.org/10.1016/j.ijrobp.2024.07.1519
https://dx.doi.org/10.3390/cancers16111955
https://dx.doi.org/10.1007/s11060-019-03272-2
https://dx.doi.org/10.1007/s11060-019-03272-2
https://dx.doi.org/10.1007/s11060-019-03225-9
https://dx.doi.org/10.1007/s11060-019-03225-9
https://dx.doi.org/10.14338/ijpt-15-00036.1
https://dx.doi.org/10.1002/cncr.26148
https://dx.doi.org/10.1002/cncr.26148
https://dx.doi.org/10.1097/MPH.0b013e3182331eaf
https://dx.doi.org/10.1093/noajnl/vdae070
https://dx.doi.org/10.1001/jamaoncol.2023.4437
https://dx.doi.org/10.3390/cancers14205128
https://clinicaltrials.gov/study/NCT05057702
https://clinicaltrials.gov/study/NCT05057702
https://dx.doi.org/10.1200/jco.2014.60.1591

phase Il study in children and adults with relapsed medulloblastoma.

Neuro Oncol. 2017;19(11):1542-1552. doi:10.1093/neuonc/nox109
43. Vitanza NA, Johnson AJ, Wilson AL, et al. Locoregional infusion of

HER2-specific CAR T cells in children and young adults with recur-

rent or refractory CNS tumors: an interim analysis. Nat Med. 2021;
27(9):1544-1552. doi:10.1038/s41591-021-01404-8

44. Gholamin S, Mitra SS, Feroze AH, et al. Disrupting the CD47-
SIRPa anti-phagocytic axis by a humanized anti-CD47 antibody is
an efficacious treatment for malignant pediatric brain tumors. Sci
Trans! Med. 2017;9(381):eaaf2968. doi:10.1126/scitransimed.
aaf2968

45. Fernandez L, Portugal R, Valentin J, et al. In vitro natural killer cell
immunotherapy for medulloblastoma. Front Oncol. 2013;3:94.
doi:10.3389/fonc.2013.00094

Disclosures
The authors report no conflict of interest concerning the materials or
methods used in this study or the findings specified in this paper.

8 | J Neurosurg Case Lessons | Vol 11 | Issue 12 | March 23, 2026

Author Contributions

Conception and design: Lockhart, Ruiz, Kirnaz, Martin, Kobets.
Acquisition of data: Lockhart, Ruiz, Jabbar Dar, Abbas, Oriko, Loeb,
Fox, Martin, Kobets. Analysis and interpretation of data: Lockhart,
Ruiz, Abbas, Loeb, Martin, Kobets. Drafting the article: Lockhart,

Ruiz, King, Kirmnaz, Oriko, Cohen, Fox, Kobets. Critically revising the
article: Lockhart, Ruiz, King, Kirnaz, Cohen, Loeb, Fox, Martin, Kobets.
Reviewed submitted version of manuscript: Lockhart, King, Kirnaz,
Cohen, Loeb, Fox, Kobets. Approved the final version of the manuscript
on behalf of all authors: Lockhart. Statistical analysis: Lockhart.
Administrative/technical/material support: Lockhart, Kirnaz, Jabbar Dar.
Study supervision: Lockhart, Kobets.

Correspondence
Zoe Lockhart: Montefiore Medical Center, Albert Einstein College of
Medicine, Bronx, NY. zoe.lockhart@einsteinmed.edu.


https://dx.doi.org/10.1038/s41591-021-01404-8
https://dx.doi.org/10.1126/scitranslmed.aaf2968
https://dx.doi.org/10.1126/scitranslmed.aaf2968
https://dx.doi.org/10.3389/fonc.2013.00094
mailto:zoe.lockhart@einsteinmed.edu

