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Abstract 
Background: Medulloblastoma is the most common malignant brain tumor in children. Medulloblastoma has intrinsic 
characteristics that pose significant challenges to effective immunotherapy. Nevertheless, several clinical trials have 
explored immunotherapeutic strategies in patients diagnosed with medulloblastoma. This systematic review aimed to 
synthesize all immunotherapy modalities investigated in medulloblastoma patients and reported clinical outcomes.

Methods: A systematic search was conducted in PubMed, Scopus, Web of Science, and ClinicalTrials.gov from inception to 
30 June 2025 using the terms “immunotherapy” and (“brain tumor,” “pediatric brain tumor,” or “medulloblastoma”). 
Original articles, clinical trials, and conference abstracts evaluating any immunotherapeutic intervention in patients with 
medulloblastoma were included. Risk of bias was assessed using JBI critical appraisal tools.

Results: Fifty-six studies met the inclusion criteria, encompassing at least 183 patients with medulloblastoma. Nearly half 
were Phase I trials (24/56, 43%), and 18% (10/56) were non-trial designs. Among the 29 studies reporting clinical out
comes, adoptive cellular therapies in combination regimens (7/29, 24%) and immune checkpoint inhibitors (6/29, 21%) 
were most frequently evaluated. Overall, clinical benefit was limited. Median overall survival ranged from 1.29 to 
47 months, and median progression-free survival from 0.79 to 11 months. Progressive disease was reported in 40 patients, 
partial responses in 13, and complete responses in three patients.

Conclusions: Despite increasing trial activity, immunotherapy has shown modest efficacy in patients with medulloblastoma. 
Interpretation is limited by small cohorts, heterogeneity, and inconsistent reporting of outcomes. Future studies should 
prioritize rational antigen selection, molecular subgroup stratification, and improved trial design.
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Implications for Practice

By systematically mapping published and ongoing clinical studies, this review clarifies the current clinical landscape of immunother
apy in medulloblastoma and indicates that, to date, clinical benefit remains limited. Clinicians should be aware that most available 
evidence is derived from small, early-phase, and highly heterogeneous studies, frequently enrolling heavily pretreated and relapsed 
patients, which restricts the generalizability of results. Future clinical practice should increasingly prioritize biomarker-driven patient 
selection and molecular subgroup stratification in order to improve the likelihood of therapeutic benefit, support realistic patient 
counseling, and better align immunotherapeutic strategies with the biological heterogeneity of medulloblastoma.
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Introduction
Medulloblastoma is the most common malignant brain tumor 
in children, accounting for approximately 20% of all pediatric 
central nervous system (CNS) tumors.1 The World Health 
Organization (WHO) classifies it as a grade IV malignancy, and its 
incidence is about 5 cases per 1 million individuals.2

Molecularly, these tumors are classified into four consensus mo
lecular subgroups, which have been recognized by WHO since 
2016.3,4 These four groups are Wingless (WNT), Sonic hedgehog 
(SHH), Group 3, and Group 4, which differ in demographics, his
topathology, genetics, transcriptomics, epigenetics, proteomics, 
and clinical outcomes.5,6

Despite significant progress in understanding medulloblas
toma biology, clinical management still relies on maximal safe 
surgical resection, craniospinal irradiation, and multi-agent 
chemotherapy, and the translation of molecular insights into 
targeted therapies has lagged behind.5,6 Although overall cure 
rates reach 70%-80%, conventional therapy is associated with 
significant long-term sequelae, including neurologic and cogni
tive impairments, endocrine dysfunction, infertility, neuropsy
chological deficits, and secondary malignancies.5–7 In addition 
to treatment-related morbidity, relapse and metastasis are ma
jor causes of mortality in medulloblastoma, with approximately 
30% of patients failing conventional therapy or experiencing 
recurrence, often with metastatic dissemination.5,6 These patients 
typically respond poorly to salvage therapy, resulting in a median 
survival of less than 1 year.2,7,8 Indeed, recurrence accounts for 
95% of all deaths in patients with medulloblastoma.7 Collectively, 
the limited therapeutic options for relapsed medulloblastoma 
and the adverse effects that compromise survivors’ quality of life 
highlight the urgent need for new therapies.

In this context, immunotherapy has emerged as a promising 
avenue, given its transformative impact on several adult solid 
tumors, particularly through immune checkpoint inhibitors.9,10

The most extensively studied targets are the cytotoxic T-lym
phocyte-associated antigen 4 (CTLA-4) and programmed cell 
death protein 1 (PD-1).11 Monoclonal antibodies targeting these 
pathways are now routinely used as first-line therapies for multi
ple tumor types, following their initial approval by the U.S. Food 
and Drug Administration (FDA) in 2011 and 2014, respectively.12

In addition, multiple immunotherapeutic strategies have been 
explored in patients with medulloblastoma, including cancer vac
cines, adoptive cell therapy, oncolytic viruses, and immunomodu
latory agents.13,14 Medulloblastoma, however, presents unique 
challenges, such as low tumor mutational burden (TMB), 
limited immunogenicity, low microsatellite instability (MSI), and 
poor immune cell infiltration.13–15 Evidence addressing 
immunotherapy in medulloblastoma remains fragmented, often 
derived from early-phase trials with small patient numbers or 
mixed pediatric CNS tumor cohorts. To date, no comprehensive 
synthesis of clinical outcomes across the spectrum of immuno
therapeutic modalities evaluated specifically in medulloblastoma 
has been conducted.

This systematic review aims to consolidate and critically eval
uate the clinical evidence on immunotherapeutic interventions 
in medulloblastoma patients, summarizing treatment strategies, 
patient characteristics, clinical outcomes, and safety profiles. 
By mapping existing data and identifying knowledge gaps, this 

review seeks to inform future trial design and support the de
velopment of more effective and biologically rational immuno
therapeutic approaches for patients with medulloblastoma.

Materials and methods
This systematic review was conducted in accordance with 
PRISMA guidelines,16 and the review protocol was prospectively 
registered in PROSPERO (CRD420251048800; available at https:// 
www.crd.york.ac.uk/PROSPERO/view/CRD420251048800).

Search strategy
A comprehensive literature search was performed in four data
bases: ClinicalTrials.gov, PubMed, Scopus, and Web of Science. 
Search queries used the terms: “immunotherapy” AND (“brain 
tumor” OR “pediatric brain tumor” OR “medulloblastoma”).

Database queries were performed on the following dates: 
PubMed (May 21, 2025), Scopus (May 23, 2025), and ClinicalTrials. 
gov and Web of Science (June 30, 2025). Searches were restricted 
to publications in English. In addition to database searches, back
ward citation (reference list) screening of included articles was 
conducted to identify additional relevant studies and enhance 
the rigor of our systematic review.

Eligibility criteria
Studies were selected based on the PICO framework. 
Population (P): patients diagnosed with medulloblastoma (any 
age). Intervention (I): Studies testing any immunotherapeutic 
intervention. Comparison (C): Not applicable; we included single- 
arm and non-comparative trials. Outcome (O): Key outcomes of 
interest included clinical response measures, including objective 
response rate (ORR), progression-free survival (PFS), overall sur
vival (OS), adverse events, and tolerability.

Accordingly, we included interventional clinical trials regard
less of phase. We also included single case reports, case series, 
and conference abstracts reporting clinical trial data, given the 
rarity of medulloblastoma and the limited availability of large 
studies. We excluded preclinical studies, reviews, and publica
tions in languages other than English.

Study selection and screening
All records retrieved were exported to Microsoft Excel and dedu
plicated. An initial manual screening of titles and abstracts was 
performed by one reviewer (P.F.) to assess relevance. Articles 
considered potentially eligible underwent full-text review. Final 
inclusion decisions were made by consensus between two 
reviewers (P.F. and M.V.P.); disagreements were resolved by dis
cussion with the study team. No automation tools were used 
for screening.

Data extraction and analysis
One researcher (P.F.) extracted the data into a standardized 
spreadsheet, and all items were independently verified by a sec
ond investigator (M.V.P.). No data collection automation tools 
were used. Where available, information on the study type, 
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status, design, arms (if applicable), cohorts/groups, treatment 
plan, total number of included patients, total number of in
cluded medulloblastoma patients, clinical information for these 
patients, and outcomes (overall survival (OS), progression-free 
survival (PFS), time to progression, objective response rate 
(ORR), and adverse events) was extracted. No data was obtained 
or confirmed from the study authors, and only readily accessible 
data was extracted from publications and registry records.

Quality assessment
Risk of bias and methodological quality were assessed using the 
Joanna Briggs Institute (JBI) critical appraisal tools appropriate 
to each design, including quasi-experimental studies (non-ran
domized clinical trials),17 case reports, and case series.18

Data synthesis and statistical analysis
We summarized study characteristics and outcomes descriptively 
(pie charts, tables, and narrative synthesis). Given the heterogeneity 

of study designs, small sample sizes, varying outcome definitions 
and response criteria, and the predominance of non-randomized 
and single-arm studies, no formal meta-analysis was conducted.

Results
Study selection characteristics
Using the search strategy outlined above, we identified 227 po
tential studies across the four databases, including registered 
clinical trials from ClinicalTrials.gov. Following screening and 
application of eligibility criteria, 56 studies were included. 
However, only 29 had publicly available clinical results, reported 
in peer-reviewed publications or conference abstracts (Figure 1
and Tables 1; Tables S1-S4).

The included studies comprised 46 clinical trials, 1 case re
port, 7 case series, and 2 retrospective analyses (case series). 
Overall, the evidence indicates that immunotherapy testing 
in medulloblastoma patients remains in its early stages, with 

Figure 1. PRISMA flow diagram summarizing the study selection process. A total of 18883 records were identified, 227 full texts were screened for 
eligibility, 56 studies met the inclusion criteria, and 29 of these reported clinical outcomes.
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approximately 50% of trials being Phase I studies, 4% early 
Phase I, and 18% not classified as clinical trials (Figure 2; 
Table S1 and S4).

Immunotherapeutic modalities evaluated
Each study was categorized according to immunotherapy type, 
including immune checkpoint blockade, vaccines, adoptive cell 
therapy, small-molecule inhibitors, immunomodulatory agents, 

oncolytic viruses, cytokines, bacteria, monoclonal antibodies, 
and combination strategies. Although dendritic cell (DC) 
vaccines are technically a subtype of adoptive cell therapy, 
they were classified as vaccines to distinguish them from the in
fusion of activated lymphocytes.

To illustrate the immunotherapy landscape in the setting of 
medulloblastoma, studies with published results were analyzed 
separately from ongoing or completed trials without published 
outcomes (Figure 3). Among studies with available results, 

Figure 2. Distribution of included studies by study type and clinical trial phase. Created with BioRender.com.

Table 2. Quality assessment of the selected studies based on JBI critical appraisal tools.

Study JBI checklist Items Inclusion/ 
exclusion

1 2 3 4 5 6 7 8 9 10

Selker et al.46 Case series N Y Y N Y Y Y Y N N/A Inclusion
Hirakawa et al.45 Case series Y Y Y N U Y Y Y U N/A Inclusion
Okamoto et al.19 Case series U Y Y Y U Y Y Y Y N/A Inclusion
Ibayashi et al.20 Case series U Y Y U U Y Y Y U N/A Inclusion
Salmaggi et al.21 Case series U Y Y U U Y Y Y N N/A Inclusion
Silvani et al.22 Case report Y Y Y Y Y Y N/A Y – — Inclusion
Sankhla et al.23 Case series Y Y Y Y U Y Y Y Y N/A Inclusion
Kramer et al. 200732 Quasi-experimental Y N N/A N/A Y N/A U U N/A — Inclusion
Olin et al.39 Quasi-experimental Y N N/A N/A Y N/A Y Y N/A — Inclusion
Blumenthal et al.26 Case series Y U U N U Y Y Y N N/A Inclusion
Kramer et al. 201833 Quasi-experimental Y N N/A N/A Y N/A Y Y Y — Inclusion
Gorsi et al.27 Case series Y U U Y Y Y Y Y Y N/A Inclusion
Georger et al.30 Quasi-experimental Y N N/A N/A Y N/A Y N Y — Inclusion
Kathua S et al.37 Quasi-experimental Y N N/A N/A Y N/A Y Y N/A — Inclusion
Marja�Nska et al.28 Case series Y U U Y Y Y Y Y N Y Inclusion
Thakar et al.24 Quasi-experimental Y N N/A N/A U N/A U U U — Inclusion
Fangusaro et al., 2021a41 Quasi-experimental Y N N/A N/A Y N/A Y Y Y — Inclusion
Fangusaro et al., 2021b42 Quasi-experimental Y N N/A N/A Y N/A Y Y Y — Inclusion
Penas-Prado et al.29 Quasi-experimental Y N N/A N/A U N/A U N/A U — Inclusion
Kramer et al. 202234 Quasi-experimental Y N N/A N/A Y N/A Y Y Y — Inclusion
Schuelke et al.44 Quasi-experimental Y N N/A N/A Y N/A Y Y N/A — Inclusion
Dunkel et al.31 Quasi-experimental Y N U U Y N/A Y Y Y — Inclusion
Johnson et al. 202336 Quasi-experimental Y N N/A N/A U N/A Y N/A Y — Inclusion
Segal et al.25 Quasi-experimental Y N N/A N/A Y N/A Y N/A U — Inclusion
Andr�e et al.47 Quasi-experimental Y N N/A N/A Y N/A Y Y Y — Inclusion
Johnson et al. 202435 Quasi-experimental Y N N/A N/A Y N/A Y U Y — Inclusion
Lin et al.38 Quasi-experimental Y N N Y Y Y Y Y Y — Inclusion
Thompson et al.40 Quasi-experimental Y N N/A N/A N/A N/A Y N/A Y — Inclusion
Yu et al.43 Quasi-experimental Y N N/A N/A Y N/A Y Y Y — Inclusion

Abbreviations: Y, yes; N, no; N/A, not applicable; U, unknown.

8                                                                                                                                                                                                                                                       The Oncologist, 2026, Vol. 31, Issue 6 

https://academic.oup.com/oncoloarticle-lookup/doi/10.1093/oncolo/oyag109#supplementary-data
https://academic.oup.com/oncoloarticle-lookup/doi/10.1093/oncolo/oyag109#supplementary-data


adoptive cellular therapies in combination with other strategies 
(7/29, 24%) and immune checkpoint blockade (anti-PD-1/PD-L1, 
6/29, 21%) were the most represented (Figure 3A). In contrast, 
the current clinical trial landscape shows a shift toward immune 
checkpoint blockade combined with other strategies (8/26, 
30%), followed by adoptive cellular therapies (7/26, 26%) 
(Figure 3B). Overall, these data highlight immune checkpoint 
blockade and adoptive cellular therapy as the most frequently 
explored immunotherapeutic interventions in patients with 
medulloblastoma.

Patient demographics
The included studies were clinically and methodologically het
erogeneous. Across all studies, a total of 183 patients diagnosed 
with medulloblastoma were reported (Tables 1; and Table S2). 
Several clinical characteristics were inconsistently reported, 
including age, gender, molecular subgroup, histologic classifica
tion, metastasis at study entry, prior therapies, follow-up time, 
and outcomes. All patients had recurrent, refractory, relapsed, 
high-risk, or disseminated disease (Table S2).

Age was reported for 114 patients, with a weighted median of 
9 years (95% CI, 7–9). Gender was reported for 59 patients, of 

whom 42 were male and 17 were female. Molecular subgroup in
formation was available for 57 patients, including three WNT, 
nine SHH, four Group 3, seven Group 4, 18 non-WNT/non-SHH, 
five unknown, and 11 non-evaluable. Histopathological classifi
cation was reported for 44 patients, including 29 classic, nine 
anaplastic/large cell, three primitive neuroectodermal tumors 
(PNET), two desmoplastic, and one medullomyoblastoma. 
Metastatic status was reported for 30 patients, of whom 25 had 
disseminated disease and 5 had no metastases.

Quality assessment of the included  
studies
A formative quality assessment was performed using the 
Joanna Briggs Institute (JBI) critical appraisal tools appropriate 
for each study design (Table 2).

Several methodological limitations were identified across the 
included studies. For case reports and case series, the main con
cerns are unclear eligibility criteria and uncertainty about whether 
participants were consecutively and completely included. In most 
studies, these aspects were insufficiently described, limiting trans
parency and increasing the risk of selection bias. For non- 
randomized clinical trials (quasi-experimental studies), the major 

Figure 3. Distribution of immunotherapeutic modalities evaluated in medulloblastoma studies. (A) published studies with available results; and 
(B) ongoing, completed, or terminated studies without published outcomes. Created with BioRender.com.
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limitation was the absence of control groups, which precluded for
mal comparative analyses. Consequently, causal inferences regard
ing treatment efficacy remain limited. Additional concerns included 
small sample sizes, heterogeneous patient populations, and vari
able outcome reporting, further increasing the risk of bias and limit
ing generalizability.

Overall, the methodological quality of the evidence was mod
erate to low, which was expected and acceptable for case se
ries/reports and early phase clinical trials.

Treatment response and 
survival outcomes
Table 1 and Tables S1-S3 summarize the characteristics and 
reported outcomes of the included studies. Across the eligible 
trials, 20 immunotherapeutic approaches were evaluated in 
patients with medulloblastoma. These included indoximod (an 
IDO1 inhibitor) in combination with chemotherapy and/or radio
therapy in two studies; radiolabeled antibodies such as 124I-3F8 
and 131I-3F8 in two studies and 131I-omburtamab in one study; 
adoptive cell therapies including natural killer (NK) cell infusion 
in three studies, with or without IL-15, and CAR-T cells in one 
study; lymphokine-activated killer (LAK) cells combined with IL- 
2 in four studies; immune checkpoint inhibitors (nivolumab, 
pembrolizumab, and ipilimumab) in six studies; immunomodu
latory agents, particularly pomalidomide, in two studies; vacci
nation strategies using DCs or modified peptide vaccines (eg, 
PEP-CMV) in one study each; bacterial-based in one study and 
oncolytic viral therapies in two studies, including wild-type reo
virus and modified measles virus; and cytokine IFN-α in 
one study.

As mentioned, a formal meta-analysis was not performed. 
Despite this, reported survival outcomes indicate median OS 
ranging from approximately 1.29 to 47 months, and median PFS 
ranging from 0.79 to 11 months across studies. Within the adop
tive cellular therapy and others category, only one study 
reported survival data for a single patient diagnosed with me
dulloblastoma, with an OS of 40 weeks. No specific survival data 
of patients with medulloblastoma was available for immune 
checkpoint blockade. In the monoclonal antibodies and others 
category, a single study evaluating a radiolabeled anti-GD2 anti
body reported a median OS of 24.9 (16.3-55.8) months and a me
dian PFS of 11 (2.0-16.8) months.

For small molecule inhibitors and others categories, prelimi
nary results from a Phase II trial testing indoximod in combina
tion with chemotherapy and radiotherapy reported a median OS 
of 13.5 months. In the vaccine category, a Phase I trial evaluating 
a PEP-CMV vaccine reported a median OS of 1.29 (0.76-1.81) 
months and a median PFS of 0.79 (0.76-0.82) months. Regarding 
immunomodulatory agents, a Phase II trial of pomalidomide 
reported a median OS of 11.6 (95% CI: 1.74-NA) months and a 
median PFS of 8.43 (95% CI: 7.29-18) weeks. In the category of 
virus and others, a Phase I trial combining wild-type reovirus 
with sargramostim (GM-CSF) reported an OS of 529 days in one 
patient with medulloblastoma. Finally, in the cytokine category, 
a case series of two patients with medulloblastoma who were 
treated with IFN-α reported a median OS of 47 (40-54) months.

With respect to objective response, progressive disease was 
the most frequent outcome, documented in 40 patients (40/183, 

21.9%) across 14 studies (14/29, 48.3%). Nevertheless, partial 
and complete responses were observed. Partial responses were 
reported in at least 13 patients, mostly among those receiving 
indoximod combined with chemotherapy and/or radiotherapy, 
but also in individuals treated with IFN-α (n = 1) or NK cell infusion 
with IL-15 (n ≥ 1). Complete responses were documented in three 
patients, two receiving LAK plus IL-2, and one treated with indoxi
mod in combination with chemotherapy and/or radiotherapy.

Immune checkpoint inhibitors targeting PD-1, PD-L1, or CTLA- 
4 were evaluated in only seven studies (7/29, 24.1%), encom
passing at least 38 patients, one of which combined immune 
checkpoint inhibitors with chemotherapy. These agents were 
primarily tested in patients with medulloblastoma that relapsed 
or were refractory and demonstrated minimal to no clinical activ
ity. Median PFS and OS could not be determined across these tri
als due to the lack of individual patient survival data. Objective 
responses were not reported, with most patients (n = 5) experienc
ing progressive disease, and only a single case of stable disease 
was reported. In the study by Dunkel et al.31 which evaluated nivo
lumab as monotherapy and in combination with ipilimumab, ob
jective responses for patients with medulloblastoma were not 
clearly reported. However, disease progression was observed in 
88.6% of the overall cohort, strongly suggesting that patients with 
medulloblastoma most likely experienced progressive disease. No 
complete or partial responses were observed, highlighting the 
challenges of checkpoint blockade in patients diagnosed with me
dulloblastoma (Table 1 and Table S3).

Taken together, while isolated cases of tumor response were 
evident, the predominance of disease progression and the vari
ability in study design emphasize the need for more robust, con
trolled clinical trials to clarify the therapeutic potential of 
immunotherapies in patients diagnosed with medulloblastoma.

Safety and adverse events
Analysis of adverse events observed in patients with medullo
blastoma was substantially limited by the lack of specific report
ing across the included studies (Table S3). In most trials, 
adverse event data were presented only for the overall study co
hort rather than stratified by tumor type, preventing the extrac
tion of adverse event frequency or severity for patients with 
medulloblastoma. Only 11 studies, encompassing 72 patients di
agnosed with medulloblastoma, reported specific adverse 
events. Adverse events in clinical trials were generally graded 
using the National Cancer Institute Common Terminology 
Criteria for Adverse Events (CTCAE) version 4 or 5.

Among studies reporting adverse events, the most commonly 
described events of any grade included headache (at least 6/72), 
nausea (at least 3/72), vomiting (at least 6/72), fever (5/72), fa
tigue (at least 3/72), neutropenia (4/72), thrombocytopenia (3/ 
72), leukopenia (3/72), and cytokine release syndrome (CRS) (2/ 
72). Neurological toxicities were also noted, including CSF pleo
cytosis/chemical meningitis (1/72), bilateral Las�egue sign (1/72), 
stupor (1/72), transient hallucinations (1/72), tremor (1/72), in
somnia (1/72), hydrocephalus (1/72), semicomatose state (1/72), 
and increased intracranial pressure (1/72).

Overall, the adverse events reported were broadly consistent 
with known toxicities of immunotherapies,48 including hemato
logic abnormalities, flu-like symptoms, immune-related 
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dermatologic or gastrointestinal events, and occasional neuro
logic complications. However, due to heterogeneous and non- 
granular reporting, it was not possible to estimate adverse event 
incidence or severity among patients with medulloblastoma nor 
to compare safety across treatment modalities. Consequently, 
the available evidence does not allow for a reliable safety profile 
for immunotherapy in patients with medulloblastoma, underscor
ing the need for standardized, tumor-specific adverse events 
reporting in future trials.

Overall, across diverse immunotherapeutic strategies, clinical 
benefit in patients diagnosed with medulloblastoma was limited, 
with disease progression representing the predominant outcome 
and only sporadic partial or complete responses observed.

Discussion
Over recent decades, immunotherapy and particularly immune 
checkpoint blockade have transformed the treatment of several 
cancer types.9,10 More recently, adoptive cellular therapies, such 
as CAR-T cells, have generated significant interest due to their 
success in hematologic malignancies.49–51 In contrast, evidence 
supporting immunotherapy in patients diagnosed with medullo
blastoma remains limited and fragmented. We therefore con
ducted this systematic review to consolidate and critically 
evaluate all published and ongoing studies assessing any form 
of immunotherapy in medulloblastoma patients. By synthesiz
ing evidence spanning several decades of clinical development, 
we provided a comprehensive overview of the immunothera
peutic strategies explored in this disease and identified common 
challenges and future directions. Overall, the available evidence 
does not support a consistent or clinically meaningful benefit of 
immunotherapy in patients with medulloblastoma to date.

Across the 56 included studies, comprising clinical trials, case 
series, case reports, and retrospective analyses, our findings in
dicate that immunotherapy for patients with medulloblastoma 
remains in its infancy. Most clinical trials were early-phase or 
Phase I studies. Evaluation of treatment modalities revealed an 
evolution over time. Older studies most frequently explored 
combinations of adoptive cellular therapy with IL-2,19,20,22,23

followed by immune checkpoint blockade targeting PD-1/PD- 
L1.26–31,47 In contrast, current and ongoing trials increasingly 
focus on combining immune checkpoint inhibitors with radia
tion or other agents and on next-generation cellular therapies, 
including CAR-T cells targeting GD2, HER2, and B7-H3 (Table S4). 
This shift likely reflects both advances in immunotherapy technol
ogy and the limited clinical benefit observed in earlier trials, 
prompting the exploration of more potent or rational combination 
strategies. Indeed, progressive disease was the predominant re
sponse reported (40 patients across 14 studies), with only isolated 
cases of partial or complete responses. Among the more encourag
ing signals were studies combining indoximod with chemotherapy 
and/or radiation. In a Phase I trial (NCT02502708), one patient 
experienced a complete response, two experienced partial 
responses, and one patient remained a long-term survivor, 
among the 13 participants.35 These results led to an ongoing 
Phase II trial (NCT04049669), where preliminary data show lesion 
responses in 9 of 11 participants.

The limited clinical benefit of immunotherapy in patients with 
medulloblastoma is thought to be associated with several intrin
sic features of this tumor type. In contrast to most solid tumors 
in adults, pediatric brain tumors are characterized by low TMB 
and, consequently, a reduced neoantigen repertoire, as well as 
low MSI.13–15,52 Regarding PD-1/PD-L1 expression in medullo
blastoma, several studies reported that expression levels are 
typically low, with occasional tumors exhibiting higher expres
sion.53–58 Consistent with these observations, our group 
reported similar findings and demonstrated a distinct immune 
checkpoint profile of tumors from patients diagnosed with me
dulloblastoma.59 Moreover, medulloblastoma is associated with 
a relatively immune-cold tumor microenvironment (TME), char
acterized by limited infiltration of cytotoxic T cells and enrich
ment of myeloid-derived immune populations,55,60–62 which 
may further restrict effective antitumor immunity. Emerging evi
dence also suggests that immune landscape features vary 
across molecular subgroups, highlighting the complexity of the 
TME in this disease.54,55,60,63,64

Nevertheless, there is a subset of patients with medulloblas
toma associated with constitutional mismatch repair deficiency 
(cMMRD), characterized by an ultrahypermutated genotype 
driven by defects in DNA mismatch repair pathways, resulting in 
a very high neoantigen burden, that may benefit from immune 
checkpoint blockade.65–67 To the best of our knowledge, only 
one study has described a patient with cMMRD-associated me
dulloblastoma treated with a combination of nivolumab and 
chemotherapy, which was initiated following the detection of 
colonic polyps.67 Therefore, current evidence remains insuffi
cient to establish a clear association between cMMRD status and 
sensitivity of medulloblastoma to immune checkpoint blockade. 
Nonetheless, such findings illustrate that immunotherapy may 
be highly effective in selected molecular contexts of pediatric 
brain tumors,65,67–69 and systematic molecular characterization 
and biomarker-driven patient selection will likely be critical for 
identifying those patients who may derive the greatest benefit 
from immunotherapy.

Importantly several limitations must be acknowledged. First, 
substantial heterogeneity existed across study designs, as we in
cluded early-phase clinical trials alongside case series and case 
reports. Moreover, all clinical trials were non-randomized, non- 
blinded, and lacked control groups. While acceptable in explor
atory studies, these methodological features introduce a high 
risk of bias. Second, most trials enrolled mixed CNS malignancy 
cohorts rather than only patients diagnosed with medulloblas
toma, reflecting the disease rarity (incidence �5 per million2), 
and inclusion/exclusion criteria differed regarding prior thera
pies, surgical resection, molecular characteristics, and other fac
tors, which pose challenges for recruitment and feasibility. 
Third, several studies had an extremely small number of 
patients, with 12 out of 29 studies reporting data from only a 
single patient with medulloblastoma. Altogether, this heteroge
neity limits direct comparison between studies. Fourth, the ma
jority of patients had recurrent, relapsed, refractory, or high-risk 
disease, often heavily pretreated, making clinical outcomes diffi
cult to interpret and not readily generalizable. Off-label or salvage 
treatment used in patients with advanced disease further contrib
uted to heterogeneity. Importantly, recurrent medulloblastoma 
tumors are genetically and biologically distinct from the primary 
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disease,6,70–73 and most of the current knowledge regarding TME 
is derived from diagnostic specimens.55,60,63,74 A recent study 
demonstrated that the immune landscape of relapsed tumors dif
fers from that observed at diagnosis, highlighting important tem
poral changes in the TME during disease progression.75 As prior 
therapies and tumor recurrence profoundly reshape the immune 
microenvironment,76–78 this represents another critical knowl
edge gap and a limitation of the current immunotherapy clinical 
trial landscape. Nevertheless, synthesizing this heterogeneous 
body of evidence remains valuable, as it highlights recurring bio
logical and methodological challenges in immunotherapy for 
patients with medulloblastoma and helps identify priorities for 
the design of future biomarker-driven clinical trials.

Another important limitation was the inadequate use of mo
lecular subgrouping, which was expected in earlier studies in 
the field. Only six studies reported subgroup classification, de
spite established differences in prognosis and tumor biology 
across WNT, SHH, Group 3, and Group 4 medulloblastoma.5,6

Emerging evidence also indicates subgroup-specific differences 
in the tumor immune microenvironment.55,60,63,74 Furthermore, 
although several trials tested targeted agents, including PD-1/PD- 
L1 inhibitors, anti-GD2, and anti-B7-H3, only two studies con
firmed target expression prior to therapy. Given that medulloblas
toma tumors typically exhibit low PD-L1 expression and modest 
T-cell infiltration,53,54,56,59 such biomarker-agnostic inclusion lim
its interpretability. Similar concerns apply to B7-H3. Although we 
have recently demonstrated elevated B7-H3 expression in tumors 
from patients with medulloblastoma compared with normal cere
bellum,79 treatment with a radiolabeled anti-B7-H3 monoclonal 
antibody (131I-omburtamab) was associated with only modest 
clinical benefit. Among patients without the diagnosis of neuro
blastoma, the median PFS was 0.2 years, and most individuals ex
perienced stable or progressive disease.34 Nonetheless, despite 
the modest clinical benefit, a follow-up study (NCT04167618) with 
177Lu-DTPA-omburtamab was initiated but terminated due to 
business priorities. Moreover, a Phase I trial (NCT04185038) test
ing B7-H3.CAR-T cells is currently enrolling patients.

Another major limitation relates to safety reporting. Adverse 
events were inconsistently described across studies, and very 
few trials stratified adverse events specifically for patients with 
medulloblastoma. As a result, we were unable to determine the 
frequency, severity, or spectrum of toxicities attributable to 
immunotherapies in this population.5–7 Moreover, as previously 
mentioned, most included patients had relapsed or refractory 
disease who had received multiple prior therapies, which com
plicates attribution of adverse events and limits the ability to 
distinguish treatment-related effects from cumulative toxicity of 
prior therapies.

Lastly, due to the limited clinical benefit, follow-up time, and 
adverse events, it is not possible to draw reliable conclusions re
garding long-term sequelae, which is a critical consideration for 
patients with medulloblastoma, given the known neurocognitive 
and endocrine vulnerabilities associated with CNS-directed 
treatments in the pediatric population. This underscores the 
need for standardized adverse event reporting and long-term 
follow-up measures tailored to patients diagnosed with medul
loblastoma in future immunotherapy trials.

Looking ahead, several priorities emerge for advancing immu
notherapy for patients diagnosed with medulloblastoma. Future 

studies should incorporate molecular subgroup stratification 
and standardized eligibility criteria, as biological heterogeneity 
likely contributes to variable therapeutic responses. Improved 
reporting standards, particularly for adverse events, prior treat
ments, and immunologic biomarkers, are needed to enable 
cross-trial comparisons and strengthen evidence synthesis. 
There is also a clear need for early-phase trials to integrate cor
relative immune profiling, including assessment of TME, im
mune infiltrates, and target antigen expression to rationalize 
patient selection. Combination strategies that address the 
unique challenges of medulloblastoma, including its immune- 
cold microenvironment, low neoantigen burden, and the ana
tomic constraints of the CNS, together with improved selection 
of biomarkers for each patient profile, may hold the greatest 
promise. Finally, collaborative multicenter designs will be essen
tial to overcome limited patient numbers and accelerate prog
ress in this rare pediatric malignancy.

Conclusions
Current clinical evidence indicates that immunotherapy has 
demonstrated limited and inconsistent clinical benefit in 
patients diagnosed with medulloblastoma. Interpretation is con
strained by marked heterogeneity in study design, small cohort 
of patients, nonrandomized approaches, and frequent inclusion 
of mixed CNS tumor populations.

These findings highlight the urgent need for more standardized 
and biologically rational clinical trials for patients diagnosed with 
medulloblastoma, incorporating molecular subgroup stratifica
tion, biomarker-driven, harmonized outcome measures, and 
tumor-specific safety reporting. Despite these limitations, this sys
tematic review provides the most comprehensive and up-to-date 
synthesis of immunotherapy studies in patients with medullo
blastoma and offers a framework to guide future translational 
and clinical research efforts.
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68. Moreno DA, Mançano BM, Baroni M, et al. Establishment and 
molecular profiling of a PDX model of a metachronous brain 
tumor in a patient with constitutional mismatch repair defi
ciency with biallelic MSH6 variant. Animal Model Exp Med. 
2025;8:1971-1982. https://doi.org/10.1002/ame2.70069

69. Das A, Fernandez NR, Levine A, et al. Mdb-12. TRANS-species 
analysis of replication-repair deficient (RRD) medulloblas
toma and response to immune-checkpoint inhibition: an 
IRRDC report. Neuro Oncol. 2023;25:i64-i64. https://doi.org/ 
10.1093/neuonc/noad073.245

70. Peterson K, Turos-Cabal M, Salvador AD, et al. Mechanistic 
insights into medulloblastoma relapse. Pharmacol Ther. 
2024;260:108673. https://doi.org/10.1016/j.pharmthera.2024. 
108673

71. Ramaswamy V, Remke M, Bouffet E, et al. Recurrence pat
terns across medulloblastoma subgroups: an integrated 
clinical and molecular analysis. Lancet Oncol. 2013;14: 
1200-1207. https://doi.org/10.1016/s1470-2045(13)70449-2

72. Richardson S, Hill RM, Kui C, et al. Emergence and mainte
nance of actionable genetic drivers at medulloblastoma 
relapse. Neuro Oncol. 2022;24:153-165. https://doi.org/10. 
1093/neuonc/noab178

73. Okonechnikov K, Federico A, Schrimpf D, et al. Comparison 
of transcriptome profiles between medulloblastoma primary 
and recurrent tumors uncovers novel variance effects in 
relapses. Acta Neuropathol Commun. 2023;11:7. https://doi. 
org/10.1186/s40478-023-01504-1

74. Riemondy KA, Venkataraman S, Willard N, et al. Neoplastic 
and immune single-cell transcriptomics define subgroup- 
specific intra-tumoral heterogeneity of childhood medullo
blastoma. Neuro Oncol. 2022;24:273-286. https://doi.org/10. 
1093/neuonc/noab135

75. Draper B, You Z, Thompson D, et al. MIF-CD74 signaling 
drives immune modulation in medulloblastoma. Neuro 
Oncol. 2026;6. https://doi.org/10.1093/neuonc/noag020

76. Dang MT, Gonzalez MV, Gaonkar KS, et al. Macrophages in 
SHH subgroup medulloblastoma display dynamic 

The Oncologist, 2026, Vol. 31, Issue 6                                                                                                                                                                                                                                                     15 

https://doi.org/10.1016/s0140-6736(22)00662-6
https://doi.org/10.1016/s0140-6736(22)00662-6
https://doi.org/10.1182/blood.2022018730
https://doi.org/10.1182/blood.2022018730
https://doi.org/10.1038/s41392-025-02269-w
https://doi.org/10.1038/s41392-025-02269-w
https://doi.org/10.1126/science.1198056
https://doi.org/10.1080/2162402x.2017.1398877
https://doi.org/10.1080/2162402x.2017.1398877
https://doi.org/10.3892/ol.2020.12260
https://doi.org/10.1080/2162402x.2018.1462430
https://doi.org/10.1080/2162402x.2018.1462430
https://doi.org/10.1002/pbc.26018
https://doi.org/10.1002/cncr.30724
https://doi.org/10.18632/oncotarget.24951
https://doi.org/10.3389/fimmu.2023.1062856
https://doi.org/10.3389/fimmu.2023.1062856
https://doi.org/10.1038/s41467-020-18070-y
https://doi.org/10.1186/s13073-023-01219-x
https://doi.org/10.1038/s41467-024-49595-1
https://doi.org/10.1158/1078-0432.Ccr-14-1144
https://doi.org/10.1158/1078-0432.Ccr-14-1144
https://doi.org/10.1016/j.canlet.2025.218126
https://doi.org/10.1016/j.canlet.2025.218126
https://doi.org/10.1093/noajnl/vdae102
https://doi.org/10.1093/noajnl/vdae102
https://doi.org/10.1016/s1470-2045(24)00026-3
https://doi.org/10.1016/s1470-2045(24)00026-3
https://doi.org/10.1182/blood-2019-130102
https://doi.org/10.1182/blood-2019-130102
https://doi.org/10.1002/ame2.70069
https://doi.org/10.1093/neuonc/noad073.245
https://doi.org/10.1093/neuonc/noad073.245
https://doi.org/10.1016/j.pharmthera.2024.108673
https://doi.org/10.1016/j.pharmthera.2024.108673
https://doi.org/10.1016/s1470-2045(13)70449-2
https://doi.org/10.1093/neuonc/noab178
https://doi.org/10.1093/neuonc/noab178
https://doi.org/10.1186/s40478-023-01504-1
https://doi.org/10.1186/s40478-023-01504-1
https://doi.org/10.1093/neuonc/noab135
https://doi.org/10.1093/neuonc/noab135
https://doi.org/10.1093/neuonc/noag020


heterogeneity that varies with treatment modality. Cell Rep. 
2021;34:108917. https://doi.org/10.1016/j.celrep. 
2021.108917

77. Ocasio JK, Babcock B, Malawsky D, et al. scRNA-seq in me
dulloblastoma shows cellular heterogeneity and lineage ex
pansion support resistance to SHH inhibitor therapy. Nat 
Commun. 2019;10:5829. https://doi.org/10.1038/s41467-019- 
13657-6

78. Duan C, Yang R, Yuan L, et al. Late effects of radiation prime 
the brain microenvironment for accelerated tumor growth. 
Int J Radiat Oncol Biol Phys. 2019;103:190-194. https://doi. 
org/10.1016/j.ijrobp.2018.08.033

79. Font~ao P, Teixeira GR, Moreno DA, et al. High B7-H3 protein 
expression in medulloblastoma is associated with metasta
sis and unfavorable patient outcomes. Diagn Pathol. 2025; 
20:49. https://doi.org/10.1186/s13000-025-01645-y

© The Author(s) 2026. Published by Oxford University Press.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits 
unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
The Oncologist, 2026, 31, 1–16
https://doi.org/10.1093/oncolo/oyag109
Review Article

16                                                                                                                                                                                                                                                     The Oncologist, 2026, Vol. 31, Issue 6 

https://doi.org/10.1016/j.celrep.2021.108917
https://doi.org/10.1016/j.celrep.2021.108917
https://doi.org/10.1038/s41467-019-13657-6
https://doi.org/10.1038/s41467-019-13657-6
https://doi.org/10.1016/j.ijrobp.2018.08.033
https://doi.org/10.1016/j.ijrobp.2018.08.033
https://doi.org/10.1186/s13000-025-01645-y

	Active Content List
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	Author contributions
	Supplementary material
	Funding
	Conflicts of interest
	Data availability
	References


