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IMPORTANCE Medulloblastoma recurrence in patients who have previously received
irradiation has a dismal prognosis and lacks a standard salvage regimen.

OBJECTIVE To evaluate the response rate of pediatric patients with medulloblastoma
recurrence using an antiangiogenic metronomic combinatorial approach (Medulloblastoma
European Multitarget Metronomic Anti-Angiogenic Trial [MEMMAT]).

DESIGN, SETTING, AND PARTICIPANTS This phase 2, investigator-initiated, multicenter
nonrandomized controlled trial assessed 40 patients with relapsed or refractory
medulloblastoma without a ventriculoperitoneal shunt who were younger than 20 years at
original diagnosis. Patients were enrolled between April 1, 2014, and March 31, 2021.

INTERVENTIONS Treatment consisted of daily oral thalidomide, fenofibrate, celecoxib, and
alternating 21-day cycles of low-dose (metronomic) oral etoposide and cyclophosphamide,
supplemented by intravenous bevacizumab and intraventricular therapy consisting of
alternating etoposide and cytarabine.

MAIN OUTCOMES AND MEASURES The primary end point was response after 6 months of
antiangiogenic metronomic therapy. Secondary end points included progression-free survival
(PFS), overall survival (OS), and quality of life. Adverse events were monitored to assess
safety.

RESULTS Of the 40 patients (median [range] age at treatment start, 10 [4-17] years; 25
[62.5%] male) prospectively enrolled, 23 (57.5%) achieved disease control after 6 months of
treatment, with a response detected in 18 patients (45.0%). Median OS was 25.5 months
(range, 10.9-40.0 months), and median PFS was 8.5 months (range, 1.7-15.4 months). Mean
(SD) PFS at both 3 and 5 years was 24.6% (7.9%), while mean (SD) OS at 3 and 5 years was
43.6% (8.5%) and 22.6% (8.8%), respectively. No significant differences in PFS or OS were
evident based on molecular subgroup analysis or the number of prior recurrences. In patients
demonstrating a response, mean (SD) overall 5-year PFS was 49.7% (14.3%), and for patients
who remained progression free for the first 12 months of treatment, mean (SD) 5-year PFS
was 66.7% (16.1%). Treatment was generally well tolerated. Grade 3 to 4 treatment-related
adverse events included myelosuppression, infections, seizures, and headaches. One heavily
pretreated patient with a third recurrence died of secondary acute myeloid leukemia.

CONCLUSIONS AND RELEVANCE This feasible and well-tolerated MEMMAT combination
regimen demonstrated promising activity in patients with previously irradiated recurrent
medulloblastoma. Given these results, this predominantly oral, well-tolerated, and outpatient
treatment warrants further evaluation.
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M edulloblastoma, an aggressive embryonal tumor aris-
ing in the cerebellum or, less frequently, in the dor-
sal brain stem, is one of the most common malig-

nant central nervous system tumors in children.1 Four clinically
relevant molecular subgroups—WNT (wingless-related inte-
gration site), SHH (sonic hedgehog signaling molecule), group
3, and group 4—are known2 and have been differentiated into
additional subtypes.3-5 Unfortunately, identification of these
subgroups has not yet translated into more effective targeted
therapies. Surgery, craniospinal irradiation, and multiagent
chemotherapy remain the standard up-front treatment ap-
proach for most patients. Although this treatment is highly ef-
fective for most patients, approximately 30% of patients will
experience relapse of their disease, often metastatic at the time
of relapse, and most will eventually die of their disease.6-12 A
widely used treatment strategy for recurrent medulloblas-
toma is the combination of temozolomide and irinotecan,13

which was recently augmented with bevacizumab.14 This treat-
ment regimen was well tolerated and had an acceptable re-
sponse rate but failed to lead to sustained responses in pa-
tients who had previously received irradiation.

The advantage of metronomic antiangiogenic therapies tar-
geting the tumor microenvironment is that even drugs to which
tumors have previously been exposed at high concentrations
and have developed resistance can be used. For example, eto-
poside and cyclophosphamide given at low, long-term dosing
to target normal cells that support tumor proliferation, such
as endothelium, can produce substantial inhibition of tumor
growth, even in tumors made highly resistant to these
drugs.15-17 Similar effects can be observed using other inhibi-
tors of endothelial cell function, including cyclooxygenase 2
inhibitors, peroxisome proliferator–activated receptor α ago-
nists, and thalidomide.18-20

A retrospective observational study was recently pub-
lished of an alternative strategy to treat recurrent medullo-
blastoma, using a modified 5-drug oral metronomic antian-
giogenic therapy.21 On the basis of this preliminary
experience,22 we evaluated the activity and toxicity profile of
this combinatorial approach in a phase 2 trial (Medulloblas-
toma European Multitarget Metronomic Anti-Angiogenic Trial
[MEMMAT]) in pediatric patients with previously irradiated re-
current or refractory medulloblastoma.

Methods
Study Design and Patients
MEMMAT was a prospective, international, multicenter,
single-arm, phase 2 study that included sites in Europe and
the US. This academic trial depended on local institutions to
generate funding to perform the study. The trial was con-
ducted in accordance with the Declaration of Helsinki23 and
in compliance with the International Conference on Har-
monisation Good Clinical Practice and local regulatory eth-
ics committee guidelines. Written informed consent was
required from parent(s) or legal guardian(s) and/or the
patients before study enrollment. The Transparent Report-
ing of Evaluations with Nonrandomized Designs (TREND)

reporting guidelines were followed. The trial protocol is
available in Supplement 1.

Patients were enrolled from April 1, 2014, to March 31, 2021.
Eligible patients were younger than 20 years at original diag-
nosis, with a histologically confirmed medulloblastoma diag-
nosis and a documented relapse on magnetic resonance
imaging (MRI), biopsy, or cerebrospinal fluid (CSF) cytologic
testing. There was no limit to the number of previous re-
lapses or any restrictions to the types of previous therapies ad-
ministered. Acceptable organ function and bone marrow re-
covery and a Karnofsky Performance Scale Index score or
Lansky Play-Performance Scale score of 50% or higher were
required (lower Karnofsky and Lansky scores indicate func-
tional impairment). MEMMAT did not collect data on race or
ethnicity. At the time of enrollment, patients were permitted
to undergo additional surgical resection. Patients dependent
on ventriculoperitoneal shunts were excluded because of the
anticipated difficulties in providing adequate intraventricu-
lar therapy. The medulloblastoma molecular group was de-
termined by DNA methylation profiling according to previ-
ously described methods.24 Forty-one patients met the
eligibility criteria and were enrolled, and 1 dropped out, leav-
ing an evaluable population of 40 patients.

Study Treatment
Treatment consisted of daily oral thalidomide, fenofibrate, cele-
coxib, and alternating 21-day cycles of oral etoposide and cy-
clophosphamide, supplemented by intravenous bevaci-
zumab and intraventricular therapy via an Ommaya reservoir
consisting of alternating etoposide and liposomal or aqueous
cytarabine. For an overview of the dosing schedule and dose
modifications, see eTables 1 and 2 in Supplement 2. Concomi-
tant pneumocystis prophylaxis was recommended. Treat-
ment was given for 12 months and was continued for an op-
tional second year without oral etoposide or cyclophosphamide
and with extended intervals of intraventricular therapy, de-
pending on response and tolerability.

Response Assessments
Magnetic resonance imaging with and without gadolinium en-
hancement was performed within 2 weeks before the start of
protocol therapy. In case of surgery, postoperative MRI was re-
quired within 72 hours after surgery. Six months after the start

Key Points
Question What is the outcome of an antiangiogenic metronomic
combinatorial regimen in pediatric patients with recurrent or
refractory medulloblastoma?

Findings In this single-arm, phase 2 nonrandomized controlled
trial of 40 patients with previously irradiated recurrent or
refractory medulloblastoma, a response rate of 45% was achieved.
Six patients achieved a complete response, 9 patients achieved a
partial response, and 5 patients had stable disease.

Meaning The use of an antiangiogenic metronomic combinatorial
regimen warrants further investigation.
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of antiangiogenic treatment, MRI was mandatory to assess re-
sponse. A CSF cytologic test was performed once at each cycle
of intraventricular therapy. Continuing response or stable dis-
ease was confirmed every 3 months until disease progression
or study discontinuation. The MRIs were collated and cen-
trally reviewed by an experienced panel of pediatric neurora-
diologists and pediatric neurooncologists (A.P. and M.S.).

Response Criteria
Complete response (CR) was defined as the total disappear-
ance of all radiologic evidence of tumor, determined by 2 ob-
servations not less than 4 weeks apart, and no evidence of ma-
lignant cells in the CSF. No evidence of disease (NED) was
defined as no recurrence or appearance of new lesions and no
malignant cells in the CSF in a patient with complete resec-
tion and no measurable disease after surgery, with NED con-
tinuing for at least 6 months. Partial response (PR) was de-
fined as regression of at least 50% of all tumor size (the sum
of the products of all measured lesions), determined by 2 ob-
servations not less than 4 weeks apart. No simultaneous pro-
gression of any lesion or the appearance of new lesions may
have occurred. Nonmeasurable lesions (eg, diffuse leptomen-
ingeal spread) must have remained stable or regressed for this
category. Patients whose CSF results were negative for dis-
ease were required to continue to test negative. Stable dis-
ease was regression of less than 50% of tumor size or progres-
sion less than 25% of at least 4 weeks’ duration, without
appearance of new lesions. Progressive disease was worsen-
ing of disease, evidenced by enlargement of any existing le-
sion(s) of 25% or more or appearance of new lesions or the
manifestation of new CSF-positive disease.

Health-related quality of life (QOL) data were collected
using the KINDL questionnaire in the respective national lan-
guage at study enrollment and after 6 months. The question-
naire consists of 24 Likert scale items, with 4 items each rep-
resenting 1 of the following 6 scales: physical well-being,
emotional well-being, self-esteem, family, friends, and every-
day functioning (school or nursery school or kindergarten).
Age-specific self-report versions for children and adolescents
and a proxy version for parents were applied. The scale scores
and the total score were compared with reference scores of a
norm sample of the same age groups.25

Patients were followed up for survival after completion or
discontinuation of study treatment. Safety was evaluated and
graded according to the National Cancer Institute’s Common
Terminology Criteria for Adverse Events (CTCAE), version 4.0.
Adverse events were recorded at study visits and for at least
28 days after the last dose of study treatment.

Statistical Analysis
Data cutoff was on March 7, 2022. Trial enrollment for this
phase 2 cohort was planned for 40 patients (1 − β = 0.90; es-
timated dropout rate, 5%). The clinically sufficient response
rate was specified with π1 = 35%; the clinically insufficient re-
sponse rate was specified with π0 = 15%. In the primary effi-
cacy analysis, tumor responses of all patients were deter-
mined by central review and used as the primary assessment
in the overall response analysis. The primary end point of re-

sponse was estimated using the minimax 3-stage design for
phase 2 oncology clinical trials with 2 interim analyses (eTable 3
in Supplement 2).26 Binomial proportion of best overall re-
sponse of a confirmed NED, CR, or PR was reported using a
2-sided multiple testing procedure with α = .05. Both overall
survival (OS) and progression-free survival (PFS) were de-
scribed using the Kaplan-Meier method, and median OS and
PFS were calculated using reversed Kaplan-Meier estimator;
median times and 95% CIs were calculated. Statistical analy-
ses were conducted using SPSS software, version 27 (SPSS Inc).

Results
Study Patients
Baseline demographic and disease characteristics of the 40 ana-
lyzed patients (median [range] age at treatment start, 10 [4-
17] years; 25 [62.5%] male and 15 [37.5%] female) are summa-
rized in Table 1. All patients had received irradiation as part of
their previous treatment. Median (range) time to relapse was
20 (1-57) months. Eight patients experienced a second re-
lapse and 2 patients a third relapse. Seven of these patients re-
ceived temozolomide, irinotecan, bevacizumab, or a combi-
nation of those drugs to treat previous relapses. The pattern
of relapse was local (2 [5.0%]), metastatic (27 [67.5%]), or com-
bined local and metastatic (11 [27.5%]) (Figure 1). No associa-
tion between molecular group at diagnosis and individual re-
lapse pattern was found. Twelve patients underwent surgical

Table 1. Baseline Demographic and Disease Characteristicsa

Characteristic Finding (N = 40)
Sex

Female 15 (37.5)

Male 25 (62.5)

Molecular subgroup at original diagnosis

WNT 1 (2.5)

SHH 4 (10.0)

Group 3 12 (30.0)

Group 4 23 (57.5)

MYC/MYCN amplification

No 36 (90.0)

MYC 3 (7.5)

MYCN 1 (2.5)

No. of recurrences at study entry

1 29 (72.5)

2 9 (22.5)

3 2 (5.0)

Age at MEMMAT start, median (range), y 10 (4-17)

Pattern of current relapse

Local 2 (5.0)

Metastatic 28 (70.0)

Combined local and metastatic 10 (25.0)

Abbreviation: MEMMAT, Medulloblastoma European Multitarget Metronomic
Anti-Angiogenic Trial; SHH, sonic hedgehog signaling molecule; WNT,
wingless-related integration site.
a Data are presented as number (percentage) of patients unless otherwise

indicated. Data on race and ethnicity were not collected by MEMMAT.
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resection before enrollment, with 4 gross total resections and
8 partial resections. Four patients received focal reirradiation
after completion of the 6-month response MRI. MYC(N) am-
plification was identified in 4 of the 40 patients: 3 (MYC [OMIM
190080]) in group 3 and 1 (MYCN [OMIM 164840]) in SHH, simi-
lar to previous studies.9,10

Efficacy
Among the 40 patients, 23 (57.5%) achieved disease control
(NED, CR, PR, and stable disease) after 6 months of treat-
ment, whereas 17 patients (42.5%) discontinued treatment be-
cause of disease progression within the first 6 months. A total
of 16 patients (40.0%) received the MEMMAT treatment for at
least 1 year. Three patients had a complete resection of their
relapse and remained with NED thereafter (7.5%). Best re-
sponse was CR in 6 patients (15.0%), PR in 9 patients (22.5%),
and stable disease in 5 patients (12.5%). Objective response rate,
defined as ongoing NED after complete resection, CR, or PR,
was 45%.

Median follow-up time was 40.5 months (range, 1.3-94.9
months), and mean (SD) PFS at both 3 and 5 years was both
24.6% (7.9%). Mean (SD) OS was 43.6% (8.5%) at 3 years and
22.6% (8.8%) at 5 years. Median PFS and OS were 8.5 months
(range, 1.7-15.4 months) and 25.5 months (range, 10.9-40.0
months), respectively (Figure 2). Two patients died of events
without progression of the investigated disease. No signifi-
cant differences in PFS or OS were evident regarding the mo-
lecular groups (Figure 3; eTable 4 in Supplement 2), the num-
ber of relapses, or the intraventricular treatment with liposomal
cytarabine or aqueous cytarabine (eFigures 1-3 in Supple-
ment 2).

In an exploratory analysis of patients who had disease con-
trol at 6 months, median PFS was 31.6 months (range, 11.0-
52.2 months), and 5-year mean (SD) PFS was 42.8 (12.4)
months. In the 18 patients (45.0%) who demonstrated any re-
sponse (NED, CR, or PR), median PFS was 31.6 months (range,

11.0-52.2 months) and mean (SD) 5-year PFS was 49.7 (14.3)
months. In the 13 patients (32.5%) who had no progression af-
ter 12 months of treatment, mean (SD) 5-year PFS rate was
66.7% (16.1%). Fifteen patients remained alive for a mean of
39 months (range, 12-95 months) after initiation of MEMMAT
treatment, 12 of whom were progression free (eFigures 4-6 in
Supplement 2).

Safety and QOL
The most frequently reported adverse events of any grade were
hematologic disorders (Table 2). One heavily pretreated pa-
tient who presented with a third relapse died of secondary
acute myeloid leukemia 10 months after starting MEMMAT
treatment, having received etoposide, temozolomide, and
irinotecan as part of his prior therapy. A complete list of all treat-
ment-related adverse effects is shown in eTable 5 in Supple-
ment 2.

The QOL results measured by the KINDL questionnaire in-
dicated a medium or low QOL before initiation of protocol
therapy. Quality of life did not further decrease considerably
once therapy was initiated and slightly improved, although re-
sults were heterogeneous (eTable 6 in Supplement 2).

Discussion
Effective treatment for recurrent medulloblastoma remains a
significant unmet need, with no approved therapies and only
rare long-term survivors. The metronomic antiangiogenic drug
combination with intraventricular therapy used in MEMMAT
significantly prolonged survival and was able to produce du-
rable responses in patients without a ventriculoperitoneal
shunt who had previously received irradiation. The treat-
ment is predominantly oral, well tolerated, outpatient, and eas-
ily adapted in these heavily pretreated patients.

In the past, numerous attempts have been made to treat
relapsed medulloblastoma. In some of these studies, signifi-
cant responses have been observed, but these responses lasted
only a short period in patients who had previously received
irradiation.13,14,27 With a median OS of 25.5 months, our study
also compared favorably to the OS of 19 months reported by
the Children’s Oncology Group study with the addition of beva-
cizumab to temozolomide and irinotecan.14 Whether this su-
perior result is attributable to the difference in systemic therapy
or the addition of intraventricular therapy needs to be deter-
mined. Although half of the infants in one study who had not
received irradiation as part of their primary treatment could
be saved at relapse,10,28 subsequent irradiation or myeloabla-
tive chemotherapy was not successful in patients previously
treated with irradiation, with only a limited number of pa-
tients alive at the time of reporting of those often highly se-
lected cohorts.29-32 Most important, the MEMMAT combina-
tion enhanced durability of response and facilitated sustained
PFS in one-quarter of patients with recurrent medulloblas-
toma who have undergone heavy pretreatment and previous
irradiation.

In accordance with a previous study,10 we observed that
our exclusively prior-irradiated cohort also experienced early

Figure 1. Study Flow Diagram

41 Patients enrolled

2 Local
relapse

27 Metastatic
relapse

1 Dropout

4 Alive1 Alive 10 Alive

17 Died1 Died 7 Died

12 Local and metastatic
relapse

1 CR
4 PR
1 SD
5 PD

2 NED
5 CR
5 PR
4 SD

11 PD

1 NED
1 PD

CR indicates complete response; NED, no evidence of disease; PD, progressive
disease; PR, partial response; SD, stable disease.
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relapses. A post hoc analysis, however, showed very promis-
ing 5-year PFS in patients demonstrating a response (49.7%)
and for patients who remained progression free the first 12
months of treatment (66.7%), indicating patients who might
benefit from this intervention.

MEMMAT differs from conventional treatment regimens
because it applies a metronomic antiangiogenic combinato-
rial approach to target the tumor microenvironment. Metro-
nomic chemotherapy is defined as the long-term administra-
tion of chemotherapy at low, minimally toxic doses, without
prolonged drug-free breaks designed to treat vascular cells
needed to maintain tumor cell proliferation, migration, and
metastatic spread. Beyond its antiangiogenic effect, metro-
nomic chemotherapy appears to also affect other cells within
the tumor microenvironment that may play important roles
by inducing immunogenic pathways that can activate both in-
nate and adaptive immune responses. Metronomic cyclophos-
phamide, for example, was shown to deplete regulatory T cells
in various tumor types and is a common treatment for ne-
phrotic syndrome and lupus nephritis.33-35

Given the redundancy of mechanisms involved in new
blood vessel formation by cancer, growth interference via mul-
tiple pathways is required for induction and maintenance of
tumor response. Therefore, MEMMAT combined metro-
nomic chemotherapy with the repurposing of nonchemothera-
peutic drugs, as was previously done in the COMBAT (com-
bined oral metronomic biodifferentiating antiangiogenic
treatment) regimen.36,37 The rationale for combining the 5 oral
drugs as well as bevacizumab and intraventricular therapy in
MEMMAT has previously been described in detail.21,22,38,39

Metronomic chemotherapy has been reported to be bet-
ter tolerated and to induce less severe adverse effects than con-
ventional chemotherapy. This was also confirmed by MEM-
MAT, in which this therapy was generally well tolerated in a
heavily pretreated cohort in an outpatient setting. The MEM-
MAT combination was feasible because the patients were ad-
herent even with the frequent necessary visits to the outpa-
tient clinic for intraventricular therapy, and only 1 of all patients
dropped out of the study. Most toxic effects were hemato-

logic and consistent with low-dose chemotherapy. Frequent
clinical and laboratory checks were used to closely monitor the
treatment, and dose modification was added to reduce neu-
tropenic episodes and infections while minimizing pro-
longed drug-free breaks.

Quality of life during metronomic therapy has rarely been
reported but is even more important for patients with an over-
all poor prognosis.40,41 The QOL questionnaires indicated a me-
dium or low QOL at baseline, likely reflecting the heavy bur-
den of prior therapy and associated sequelae from their original
diagnosis and/or prior relapses. Furthermore, the signifi-
cance of another relapse might have further influenced the low
baseline QOL at the start of treatment. However, it appears that
QOL did not worsen during MEMMAT treatment and slightly

Figure 3. Progression-Free Survival After 12 Months for Medulloblastoma
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Figure 2. Kaplan-Meier Estimates of Survival Outcomes of the 40 Study Participants
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improved. Clearly, additional studies in this area of patient
outcome are needed to clarify areas that might help
improve QOL.

All but 2 patients in our study had disease recurrence at dis-
tant central nervous system sites with or without disease in the
original tumor bed, a pattern that is consistent with previous
observations.9,11 Prior studies have shown that surgery in iso-
lated medulloblastoma relapses was associated with im-
proved survival,8,9,42 albeit with limited long-term success in
patients who had previously received irradiation.7,8,41 To avoid
denying patients with complete resection access to the study,
MEMMAT allowed patients with recurrent medulloblastoma to
undergo resection before enrollment, and maintaining NED af-
ter a gross total resection was considered a benefit of the treat-
ment combination. However, only 4 patients in our cohort
achieved a gross total resection, 2 with local and 2 with meta-
static relapse. One of these patients experienced rapid disease
progression (3 months) and died of her disease, whereas the
other 3 patients are alive, progression free, and without evi-
dence of disease at 41, 29, and 14 months, respectively, after en-
rollment in MEMMAT.

Although it was not an original objective of the trial, with
the recent subclassification of medulloblastoma,5 we were in-
terested to see whether outcome differed by group. No asso-
ciation between outcome and group assignment was identi-

fied; however, this study was not powered to pick up small
differences (Figure 2). This result is consistent with the data
from our retrospective series21 and the recent Children’s On-
cology Group trial for relapsed medulloblastoma,14 although
others have reported longer median postrelapse survival for
patients with group 4 tumors.11

Limitations
There are some important limitations of our study. The
patient population reported in this trial, although all having
relapsed medulloblastoma after standard up-front surgery,
radiation therapy, and chemotherapy, is heterogeneous with
regard to their molecular subgrouping, and the study was
underpowered to detect true differences between groups. In
contrast to a previous publication,21 we have excluded
patients with a ventriculoperitoneal shunt because of the
inherent risk of premature diversion of possibly important
intraventricularly administered drugs. The ability to iden-
tify which drugs were responsible for problematic toxic
effects in this group was thus limited, which impacts our
ability to make optimal substitutions going forward. Ran-
domized clinical trials are needed to fully evaluate the effi-
cacy of this metronomic regimen, although this will be diffi-
cult bec ause there is no clear standard of c are for
comparison. Perhaps more importantly, all the drugs in this

Table 2. Treatment-Related Adverse Events in the Study Patients

Adverse event

No. (%) of patients (N = 40)

Grade 3 Grade 4 Total
Hematologic

Anemia 5 (12.5) 0 5 (12.5)

Leukopenia 2 (5.0%) 8 (20.0) 10 (25.0)

Lymphopenia 0 3 (7.5) 3 (7.5)

Neutropenia 3 (7.5) 14 (35) 17 (42.5)

Platelet count decreased 0 4 (10.0) 4 (10.0)

Neurologic

Fatigue 1 (2.5) 0 1 (2.5)

Headache 2 (5.0) 0 2 (5.0)

Hearing impairment 0 1 (2.5) 1 (2.5)

Seizure 2 (5.0) 0 2 (5.0)

Infection

Cerebellitis 1 (2.5) 0 1 (2.5)

Chemical arachnoiditis 0 1 (2.5) 1 (2.5)

Febrile neutropenia 2 (5.0) 0 2 (5.0)

Infection, not otherwise specified 3 (7.5) 1 (2.5) 4 (10.0)

Meningitis 2 (5.0) 0 2 (5.0)

Mucositis 1 (2.5) 0 1 (2.5)

Sepsis 0 1 (2.5) 1 (2.5)

Urinary tract infection 1 (2.5) 0 1 (2.5)

Laboratory

Elevated liver enzymes 2 (5.0) 0 2 (5.0)

Hyponatremia 3 (7.5) 0 3 (7.5)

Various

Hypertension 2 (5.0) 0 2 (5.0)

Proteinuria 2 (5.0) 0 2 (5.0)

Wound dehiscence 1 (2.5) 0 1 (2.5)
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regimen are commercially available, as are those of other
frequently used regimens in relapsed medulloblastoma;
thus, there are no industry partners incentivized to support
such studies at the current time, and the availability of the
drugs might depend on the market situation. Relying on
comparisons to other single-arm trials, while less than ideal,
remains the best current option for identifying new active
treatment regimens. Because the aim of initial treatment is
to cure and prevent relapse, figuring out how and for which
patients to incorporate this approach into frontline therapy
remains a long-term goal.43,44

Conclusions

This nonrandomized controlled trial found that the MEMMAT
regimenisafeasibleandpromisingstrategyforpatientswhohave
previously received irradiation. Given this meaningful clinical
benefit in a difficult-to-treat population, further evaluation of
the combination is warranted. In the future, an improved un-
derstanding of the molecular signature and specific pathways
of medulloblastoma groups and subgroups may allow us to add
targeted therapies to a MEMMAT backbone.
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