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IMPORTANCE Brain tumors are the leading cause of disease-related death in children.
Medulloblastoma is the most common malignant embryonal brain tumor, and strategies to
increase survival are needed.

OBJECTIVE To evaluate therapy intensification with carboplatin as a radiosensitizer and
isotretinoin as a proapoptotic agent in children with high-risk medulloblastoma in a
randomized clinical trial and, with a correlative biology study, facilitate planned subgroup
analysis according to World Health Organization consensus molecular subgroups of
medulloblastoma.

DESIGN, SETTING, AND PARTICIPANTS A randomized clinical phase 3 trial was conducted from
March 2007 to September 2018. Analysis was completed in September 2020. Patients aged
3 to 21 years with newly diagnosed high-risk medulloblastoma from Children’s Oncology
Group institutions within the US, Canada, Australia, and New Zealand were included.
High-risk features included metastasis, residual disease, or diffuse anaplasia.

INTERVENTIONS Patients were randomized to receive 36-Gy craniospinal radiation therapy
and weekly vincristine with or without daily carboplatin followed by 6 cycles of maintenance
chemotherapy with cisplatin, cyclophosphamide, and vincristine with or without 12 cycles of
isotretinoin during and following maintenance.

MAIN OUTCOMES AND MEASURES The primary clinical trial end point was event-free survival,
using the log-rank test to compare arms. The primary biology study end point was molecular
subgroup classification by DNA methylation array.

RESULTS Of 294 patients with medulloblastoma, 261 were evaluable after central radiologic
and pathologic review; median age, 8.6 years (range, 3.3-21.2); 183 (70%) male; 189 (72%)
with metastatic disease; 58 (22%) with diffuse anaplasia; and 14 (5%) with greater than
1.5-cm2 residual disease. For all participants, the 5-year event-free survival was 62.9% (95%
CI, 55.6%-70.2%) and overall survival was 73.4% (95% CI, 66.7%-80.1%). Isotretinoin
randomization was closed early owing to futility. Five-year event-free survival was 66.4%
(95% CI, 56.4%-76.4%) with carboplatin vs 59.2% (95% CI, 48.8%-69.6%) without
carboplatin (P = .11), with the effect exclusively observed in group 3 subgroup patients: 73.2%
(95% CI, 56.9%-89.5%) with carboplatin vs 53.7% (95% CI, 35.3%-72.1%) without (P = .047).
Five-year overall survival differed by molecular subgroup (P = .006): WNT pathway activated,
100% (95% CI, 100%-100%); SHH pathway activated, 53.6% (95% CI, 33.0%-74.2%); group
3, 73.7% (95% CI, 61.9%-85.5%); and group 4, 76.9% (95% CI, 67.3%-86.5%).

CONCLUSIONS AND RELEVANCE In this randomized clinical trial, therapy intensification with
carboplatin improved event-free survival by 19% at 5 years for children with high-risk group 3
medulloblastoma. These findings further support the value of an integrated clinical and
molecular risk stratification for medulloblastoma.
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M edulloblastoma is the most common embryonal brain
tumor and occurs mainly in children (median age, 8
years).1 With multimodal therapy, including neuro-

surgical resection, craniospinal radiation, and combination che-
motherapy, most children may be cured.2-4 There are few cu-
rative options for therapy following relapse.5 Evaluation of
therapeutic interventions to prevent relapse are warranted.

Clinical and histologic characteristics associated with an
increased risk of relapse in medulloblastoma include meta-
static disease, diffuse anaplasia, or incomplete surgical resec-
tion; these factors define high-risk medulloblastoma.2,6 Based
on preclinical evidence that carboplatin may potentiate radio-
therapy to increase cancer cell death7 a phase 1/2 study of car-
boplatin during radiotherapy (CCG99701, NCT00003203) was
conducted in patients with high-risk medulloblastoma be-
tween 1998 and 2004 that established a recommended dose
of carboplatin of 35 mg/m2 for 30 doses before daily
radiotherapy.4 This regimen resulted in a 5-year progression-
free survival (SE) rate of 71% (6%) in patients with metastatic
medulloblastoma, which compared favorably with previ-
ously reported outcomes for high-risk patients.2,3,6,8

The potential to improve intensive pediatric cancer therapy
with isotretinoin as a differentiating agent was demonstrated
in a phase 3 study of neuroblastoma, an extra-CNS embryo-
nal cancer of childhood. In high-risk neuroblastoma, the ad-
dition of isotretinoin improved 3-year event-free survival (EFS)
(SE) from 29% (5%) to 46% (6%) (P = .027).9 In preclinical stud-
ies of medulloblastoma, isotretinoin was demonstrated to in-
duce apoptosis through BMP-2.10 Retinoids have been dem-
onstrated to act synergistically with cisplatin in preclinical
models of medulloblastoma and other cancers.11-13

Genomic studies have identified at least 4 distinct mo-
lecular subgroups of medulloblastoma that may improve di-
agnostic and prognostic specificity.14-18 The 2016 World Health
Organization Classification of Tumors of the Central Nervous
System defined an integrated diagnosis including WNT (WNT
signaling pathway activated), SHH (SHH signaling pathway
activated) with or without TP53 mutation, and non-WNT/non-
SHH (provisionally designated group 3 and group 4)
medulloblastoma.19

The Children’s Oncology Group conducted a 4-arm ran-
domized clinical trial to evaluate the therapeutic benefit of car-
boplatin as a radiosensitizer and isotretinoin as a proapop-
totic agent in children with high-risk medulloblastoma. This
study sought to objectively evaluate these interventions as well
as molecular subgroups and risk factors appropriate to incor-
porate into clinical risk stratification and future risk-adapted
clinical trials for children with medulloblastoma.

Methods
Patients and Eligibility
Patients aged 3 to 21 years with newly diagnosed high-risk
medulloblastoma were eligible. High-risk features included
metastatic disease, diffuse anaplastic histologic characteris-
tics, or incomplete surgical resection, defined as greater
than 1.5 cm2 residual tumor. Other eligibility criteria

included Karnofsky or Lansky performance score greater
than or equal to 30, no prior therapy or other experimental
therapy, and adequate organ function. Pregnant or breast-
feeding patients were excluded. Staging included magnetic
resonance imaging of the brain and spine and lumbar cere-
brospinal fluid cytologic examination. Institutional review
board approval was obtained at each institution and written
informed consent and assent when appropriate was
obtained for all participants. Self-declared race and ethnic-
ity was reported by each institution according to National
Institutes of Health–defined categories. Retrospective cen-
tral pathologic review confirmed the diagnosis of medullo-
blastoma and anaplastic status. Retrospective central radio-
logic review confirmed initial staging, extent of resection,
radiologic progression, relapse, or second malignant neo-
plasm. The trial protocol is available in Supplement 1. This
study followed the Consolidated Standards of Reporting
Trials (CONSORT) reporting guideline for randomized clinical
trials.

Study Design
This was a randomized, phase 3, factorial-designed study
with 4 arms (Figure 1). Patients were initially stratified
based on tumor location (medulloblastoma vs supratento-
rial primitive neuroectodermal tumor [sPNET]). Owing
to the emergence of new data on the biological differences
between sPNET and medulloblastoma, the study was
amended to adjust accrual goals to detect treatment effects
within medulloblastoma alone and discontinue enrollment
of patients with sPNET, which have been reported
elsewhere.20 The original protocol required tissue submis-
sion so that clinical outcome results could be interpreted in
the context of genomic information that was rapidly evolv-
ing in 2006. The study was amended in 2014 to clarify that
the primary aim of the correlative biology study for medul-
loblastoma was to assign molecular subgroup status by DNA
methylation classification to interpret randomization out-
comes according to World Health Organization consensus
molecular subgroups. The secondary biology study aim was
to evaluate previously reported prognostic biomarkers in
this clinical trial cohort. At the time of enrollment, clinical

Key Points
Question Does carboplatin during radiotherapy or isotretinoin
during maintenance chemotherapy improve survival in children
with high-risk medulloblastoma?

Findings In this randomized clinical trial including 261 children
with medulloblastoma, isotretinoin was not found to improve
survival. The addition of carboplatin during radiotherapy improved
survival from 54% to 73% only for children with high-risk group 3
medulloblastoma.

Meaning The findings of this randomized clinical trial indicate that
prospective molecular and clinical risk stratification for
medulloblastoma is necessary because the addition of carboplatin
during radiotherapy is recommended for high-risk group 3
medulloblastoma, but not for other molecular subgroups.
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trial participants were stratified by clinical high-risk criteria,
including (1) M0 medulloblastoma with greater than 1.5 cm2

residual, (2) M+ medulloblastoma, and (3) M0 diffusely ana-
plastic medulloblastoma. All patients received 36 Gy cranio-
spinal radiotherapy with boost to the posterior fossa of 55.8
Gy cumulative dose with conventional fractionation of 1.8
Gy/d. Radiotherapy was required to be initiated within 31
days of diagnostic surgery, and 6 doses of weekly vincris-
tine, 1.5 mg/m2, were given during radiotherapy. Patients
randomized to receive carboplatin, 35 mg/m2 per dose, were
given 30 doses administered daily before radiotherapy.
Maintenance therapy consisted of six 28-day cycles, which
included cisplatin, 75 mg/m2, on day 1; cyclophosphamide,
1000 mg/m2, on days 2 and 3; and vincristine, 1.5 mg/m2, on
days 1 and 8. Patients randomized to receive isotretinoin
received 80 mg/m2 twice a day on days 15 to 28 (14 days
every 28 days) for 12 cycles during and following mainte-
nance therapy.

Molecular Analysis
Molecular analysis was conducted retrospectively at a cen-
tral laboratory. DNA was extracted from fresh-frozen and
formalin-fixed, paraffin-embedded tissue samples. Samples
were analyzed using arrays (Illumina Infinium Methylation
EPIC BeadChip; Illumina Inc) in accordance with the manu-
facturer’s instructions. For tumor samples with sufficient
genomic DNA following methylation array analysis, whole-
exome sequencing was performed. Details of molecular
analyses are provided in the eMethods in Supplement 2.21,22

Neuropsychological and Health-Related
Quality of Life Evaluations
Coenrollment into the neuropsychological function study
ALTE07C1,23,24 Neuropsychological, Social, Emotional, and Be-
havioral Outcomes in Children with Cancer, was encouraged. Pa-
tientswereassessedat3points:9(±3months)(T1),30(±6months)
(T2), and 60 months (±12 months) (T3) after diagnosis with age-
appropriate standardized measures of intellectual functioning,
attention, and memory. Parent-rated questionnaires assessed ex-
ecutive functions, social-emotional functioning, and quality of
life. Neurocognitive end points included estimated IQ of the
Wechsler Intelligence scales, the Wechsler Processing Speed In-
dex, and the Global Executive Composite of the Behavior Rating
Inventory of Executive Function.

Statistical Analysis
The primary objectives were to test whether the addition of
(1) carboplatin to radiotherapy or (2) isotretinoin to mainte-
nance chemotherapy improved EFS. An event included pro-
gression or recurrence, second malignant neoplasm, or death
from any cause. Each primary objective was considered inde-
pendent of the other. Interim analyses were conducted annu-
ally for efficacy and futility by an independent COG Data Safety
Monitoring Committee. Based on a 1-sided log-rank test with
5% type I error, an accrual of 280 participants and 110 events
was targeted to provide 80% power to detect a 15% increase
in 5-year EFS (from 56% to 71%) for either intervention. Out-
come distributions were estimated using the Kaplan-Meier

method. One-sided log-rank tests were used to compare out-
come by randomization arm, stratified by study stratum and
the other randomization (isotretinoin or carboplatin assign-
ment), for the entire study population and within each mo-
lecular subgroup. Two-sided log-rank tests were used to ex-
plore associations between molecular factors and outcome.
Secondary end points included overall survival (OS). General
linear models, including treatment group, sex, age at diagno-
sis, and method of payment (surrogate marker of socioeco-
nomic status), were used to explore the association between
the neuropsychological end points and randomization groups
as well as change in neurocognitive functioning over time.
Fisher exact test, χ2 tests, and Kruskal-Wallis tests were used
to examine associations among categorical variables. Wil-
coxon rank-sum tests were used to examine associations be-
tween continuous variables (eg, age) with carboplatin assign-
ment. Findings were considered significant at P < .05. Data

Figure 1. All 294 Patients With Medulloblastoma Enrolled in the
Children’s Oncology Group ACNS0332 Study
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a Second randomization to isotretinoin maintenance included 56 patients in the
arm without carboplatin and 58 patients in the arm with carboplatin before
closure of the isotretinoin randomization based on futility analysis. Study chair
exclusions were for patients deemed to be ineligible owing to timing of start of
therapy (n = 6), staging/extent of disease (n = 2), and disease type/histologic
characteristics (n = 1). Central pathologic review exclusions were for tumors
determined not to be medulloblastoma (n = 6) or not to have diffuse
anaplastic histologic characteristics (n = 8). Central radiologic review exclusion
was for residual disease less than 1.5-cm2, including gross total resection
(n = 7) or near-total resection (n = 3).
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were analyzed using SAS statistical software, version 9.4
(SAS Institute).

Results
A total of 294 patients with medulloblastoma were enrolled
between March 2007 and September 2018. Nine patients were
ineligible owing to timing of the start of protocol therapy
(n = 6), category (n = 2), or histologic characteristics (n = 1).
Twenty-four additional patients were ineligible based on ret-
rospective central pathologic (n = 14) or central radiologic
(n = 10) review. Details and comparison of excluded patients
are provided in eTable 1 and eTable 2 in Supplement 2. Me-
dian follow-up time was 6.7 years, and 15 participants were lost
to follow-up before 5 years. To provide the most relevant base-
line for future studies, outcome results given herein are re-
stricted to patients eligible by both prospective and retrospec-
tive central review (n = 261) (Figure 1).

The 5-year EFS was 62.9% (95% CI, 55.6%-70.2%) and
5-year OS was 73.4% (95% CI, 66.7%-80.1%) (Figure 2A). Of the
261 patients included in the analysis, 183 (70.1%) were male,
with median age, 8.6 years (range, 3.3-21.2) at enrollment, 189
(72.4%) with metastatic disease, 58 (22.2%) with diffuse ana-
plasia, and 14 (5.4%) with greater than 1.5-cm2 residual dis-
ease. Randomization to isotretinoin was discontinued in 2015
following an interim futility analysis demonstrating that the
addition of isotretinoin was unlikely to lead to a significant EFS
difference (eFigure 1 in Supplement 2). At that time, the 5-year
EFS according to isotretinoin randomization was 68.6% (95%
CI, 52.1%-85.1%) with isotretinoin compared with 67.8% (95%
CI, 47.6%-88.0%) without isotretinoin. Of the 114 patients who
received isotretinoin, 56 did not receive carboplatin; 58 re-
ceived carboplatin.

Patient characteristics were similar between the carbopla-
tin randomization arms (Table). Five-year EFS according to car-
boplatin randomization was 66.4% (95% CI, 56.4%-76.4%) with
carboplatin vs 59.2% (95% CI, 48.8%-69.6%) for the control
arm (P = .11) (Figure 2B). Five-year OS was 77.6% (95% CI,
69.0%-86.2%) with carboplatin vs 68.8% (95% CI, 59.0%-

78.6%) for the control arm (P = .28). Molecular subgroup clas-
sification was available for 89% (n = 231) of patients (Figure 3;
eTable 3 and eFigure 2 in Supplement 2). Five-year survival by
molecular subgroup (eFigure 3 in Supplement 2) was EFS,
92.9% (95% CI, 75.7%-100%) and OS, 100% (95% CI, 100%-
100%) for WNT; EFS, 49.6% (95% CI, 27.8%-71.4%) and OS,
53.6% (95% CI, 33.0%-74.2%) for SHH; EFS, 64.2% (95% CI,
51.5%-76.9%) and OS, 73.7% (95% CI, 61.9%-85.5%) for group
3; and EFS, 65.6% (95% CI, 54.6%-76.6%) and OS, 76.9% (95%
CI, 67.3%-86.5%) for group 4 (P = .06 for EFS; P = .006 for OS).
An effect of carboplatin on outcome was observed exclu-
sively in group 3, with 5-year EFS of 73.2% (95% CI, 56.9%-
89.5%) and OS of 82.8% (95% CI, 68.7%-96.9%) with carbo-
platin compared with EFS, 53.7% (95% CI, 35.3%-72.1%) and
OS, 63.7% (95% CI, 46.1%-81.3%) without carboplatin (P = .047
for EFS, P = .06 for OS) (Figure 4).

Considering both metastatic status and molecular sub-
group, 20 group 3 patients with M0 stage (19 with anaplasia, 1
with residual) had 5-year EFS of 95.0% (95% CI, 84.2%-
100%) and OS of 100% (95% CI, 100%-100%) compared with
EFS, 53.6% (95% CI, 37.9%-69.3%) and OS, 64.9% (95% CI,
50.2%-79.6%) for those with metastatic disease (P = .002 for
EFS; P= .003 for OS). For 19 M0 group 4 patients, 5-year EFS
was 84.2% (95% CI, 66.0%-100%) and OS was 83.5% (95% CI,
65.1%-100%) compared with 5-year EFS of 60.9% (95% CI,
48.4%-73.4%) and OS of 75.0% (95% CI, 63.8%-86.2%) (P = .08
for EFS; P = .31 for OS). No difference associated with stage was
observed in SHH or WNT subgroups. The effect of carbopla-
tin was maintained when considering the 59 patients with
metastatic group 3; 5-year EFS was 64.8% (95% CI, 43.8%-
85.8%) and OS was 77.4% (95% CI, 58.8%-96.0%) with carbo-
platin compared with EFS, 40.3% (95% CI, 19.9%-60.7%) and
OS, 51.2% (95% CI, 31.0%-71.4%) without carboplatin (P = .045
for EFS; P = .046 for OS) (eFigure 3 in Supplement 2).

Analysis of other previously described molecular risk fac-
tors found MYC amplification or isochromosome 17 to be as-
sociated with inferior survival in group 3 (5-year EFS: 49.3%
[95% CI, 29.5%-69.1%] for either vs 73.6% [95% CI, 56.9%-
90.3%] for no MYC amp or isochromosome 17; P = .01; 5-year
OS: 62.8% [95% CI, 42.0%-83.6%] for either vs 83.4% [95% CI,

Figure 2. Event-Free Survival (EFS) and Overall Survival (OS) (n = 261)
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69.9%-96.9%] for no MYC amp or isochromosome 17; P = .03).
Chromosome 11 loss or chromosome 17 gain was associated
with superior survival in group 4 (5-year EFS: 91.7% [95% CI,
78.8%-100%] for either vs 56.5% [95% CI, 43.4%-69.6%] for
neither; P = .003; 5-year OS: 100% [95% CI, 100%-100%] for
either vs 69.2% [95% CI, 57.2%-81.2%] for neither; P = .001).
TP53 mutation was observed in 14 of 32 (44%) of patients with
SHH, but no association with outcome was observed among
this cohort of high-risk patients (5-year EFS: 35.7% [95% CI,
7.7%-63.7%] for TP53 mutation vs 52.5% [95% CI, 20.7%-
84.3%] for no TP53 mutation; P = .49; 5-year OS: 43.3% [95%
CI, 14.7%-71.9%; for TP53 mutation vs 56.3% [95% CI, 26.5%-
86.1%] for no TP53 mutation; P = .77).

Hematologic toxic effects were greater in the carboplatin
arm during the induction phase of therapy, and an increased
risk of thrombocytopenia and febrile neutropenia appeared to

persist into the first cycles of maintenance therapy. With the
exception of febrile neutropenia, there was no difference ob-
served in the rate of high-grade toxicity reported in the latter
cycles of maintenance therapy according to carboplatin ran-
domization. High-grade toxicity (grade ≥3) occurring in more
than 5% of the participants is summarized in eTable 4 in
Supplement 2. Ototoxicity was not observed to be different ac-
cording to carboplatin randomization, with cumulative tox-
icity by the later cycles of maintenance therapy of 9.2% in the
carboplatin arm, compared with 11.1% in the control arm. Grade
3 anaphylaxis to carboplatin was reported in 4 patients in the
carboplatin arm.

Neurocognitiveassessments(n = 215)wereobtainedfrom116
participants, 97 at time point 1 (T1), 71 at T2, and 47 at T3; of these
patients,66(56.9%)wererandomizedtocarboplatin.AtT1,mean
(SD) estimated group IQ scores (91.6 [18.1]) and parent ratings of

Table. Patient Characteristics by Carboplatin Randomization

Characteristic

No. (%)a

All patients (n = 261)

Carboplatin indicator

No (n = 125) Yes (n = 136)

Sex

Male 183 (70.1) 93 (74.4) 90 (66.2)

Female 78 (29.9) 32 (25.6) 46 (33.8)

Race

White 199 (76.2) 89 (71.2) 110 (80.9)

Black or African American 24 (9.2) 17 (13.6) 7 (5.1)

Asian 7 (2.7) 2 (1.6) 5 (3.7)

American Indian or Alaska Native 2 (0.8) 1 (0.8) 1 (0.7)

Multiple races 1 (0.4) 1 (0.8) 0

Not reported 3 (1.1) 3 (2.4) 0

Unknown 25 (9.6) 12 (9.6) 13 (9.6)

Age at enrollment, y

Median 8.6 8.4 8.8

Range 3.3-21.2 3.3-20.1 3.4-21.2

Stratum

M+ medulloblastoma 189 (72.4) 92 (73.6) 97 (71.3)

M0 diffusely anaplastic medulloblastoma with <1.5 cm2

residual
58 (22.2) 26 (20.8) 32 (23.5)

M0 medulloblastoma with >1.5 cm2 residual 14 (5.4) 7 (5.6) 7 (5.1)

M category

M0 72 (27.6) 33 (26.4) 39 (28.7)

M1 33 (12.6) 14 (11.2) 19 (14.0)

M2 41 (15.7) 23 (18.4) 18 (13.2)

M3 115 (44.1) 55 (44.0) 60 (44.1)

Molecular subgroup

Not analyzed 25 (9.6) 14 (11.2) 11 (8.1)

MB, G3 79 (30.3) 36 (28.8) 43 (31.6)

MB, G4 101 (38.7) 48 (38.4) 53 (39.0)

MB, SHH 37 (14.2) 18 (14.4) 19 (14.0)

MB, WNT 14 (5.4) 5 (4.0) 9 (6.6)

Inconclusive 4 (1.5) 3 (2.4) 1 (0.7)

Pineoblastoma 1 (0.4) 1 (0.8) 0
a Percentages may not sum to 100

owing to rounding.
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global executive functioning (50.3 [11.4]) were within the aver-
age range, although processing speed scores were much weaker,
averaging more than a full SD below the mean (78.0 [15.5]). There
were no statistically significant differences in change over time
in estimated IQ (T1-T2 estimate, −0.34; P = .93; T1-T3 estimate,
0.85; P = .89; T2-T3 estimate,0.19; P = .95) or processing speed
(T1-T2 estimate, −2.97; P = .48; T1-T3 estimate, 1.75; P = .68; T2-
T3 estimate, 1.43; P = .67). However, global executive function-
ing worsened over time, from T2 to T3 specifically (BRIEF glob-
al executive functioning estimate, 8.06; P = .03) after adjusting
forageatdiagnosis,sex,andmethodofpayment.Consideringthe
comparison of neurocognitive outcomes by carboplatin random-

ization, no detrimental effect of carboplatin was observed
(eTable 5 in Supplement 2).

Discussion
In this prospective, phase 3 randomized clinical trial, we did not
observe a sufficient benefit to recommend either carboplatin or
isotretinoin for all children with high-risk medulloblastoma. Al-
though the study was initially powered to evaluate medulloblas-
toma as a single disease, biologic insights have led to a contem-
porary view of medulloblastoma as 4 molecularly distinct sub-

Figure 3. Molecular Classification of Medulloblastoma (MB)
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groupsthatmaydetermineresponsetotherapyandprognosis.17,18

This study was therefore amended to include a critical planned
molecularsubgroupanalysis4yearsbeforestudycompletionand
before release of any data to the study team, which enabled us to
identify a subgroup of patients who benefit from intensified
therapy. We observed 19% higher survival exclusively in group
3 medulloblastoma patients who were randomized to receive in-
tensified chemoradiotherapy with concurrent carboplatin, and
25% higher survival for metastatic group 3 medulloblastoma
patients.However, improvedsurvivalcomesatacostofincreased
toxic effects. It is therefore appropriate to avoid therapy
intensification in groups of patients who would not be expected
to benefit, specifically in those with WNT, SHH, and group 4
medulloblastoma.

This study also identified clinically designated high-risk pa-
tient populations with near 100% survival receiving this regimen
whomaybeappropriatecandidatesfortherapyreduction,includ-
ingtheWNTsubgroupwithmetastaticdisease,group4subgroup
with chromosome 11 loss and/or chromosome 17 gain, and group
3 subgroup with localized (stage M0) diffusely anaplastic disease.
However, this excellent survival is in the context of intense cy-
totoxic radiotherapy and chemotherapy. A good prognosis mo-
lecular subtype may not necessarily maintain an excellent out-

comeinthecontextoftherapyreduction,asdose-reductionstud-
ies have demonstrated in medulloblastoma.25,26 Therapy
reduction is therefore best undertaken in the context of a clini-
cal trial, and consideration may be given to trials of therapy sub-
stitution with novel noncytotoxic agents rather than therapy re-
duction alone.

These results emphasize the importance of an integrated
molecular diagnosis of medulloblastoma beyond what is de-
scribed by the 2016 revision to the World Health Organization
classification.19 Although immunohistochemistry panels27 and
targeted sequencing28 may differentiate WNT and SHH sub-
groups, additional molecular profiling tests, such as nanoString29

or DNA methylation platforms,21 are needed to confidently dis-
tinguishgroup3fromgroup4medulloblastoma.Althoughwidely
used as a research tool,30 there is a need to increase the clinically
certified laboratories offering medulloblastoma subtyping.

Limitations
The study has limitations. Although this is one of the largest
prospective clinical trials of high-risk medulloblastoma, the
ability to conduct multiple subset analyses remains limited.
Randomization was not stratified by molecular group and the
balance between arms was by chance. It will be challenging to

Figure 4. Event-Free Survival (EFS) of 231 Patients With Medulloblastoma Receiving vs Not Receiving Carboplatin
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power future trials to evaluate medulloblastoma therapy by
molecular subgroup, necessitating prospective molecular di-
agnosis and even broader international collaboration. At the
time of this study design, few preclinical models of medullo-
blastoma were available; future clinical trials should benefit
from subgroup-specific preclinical data using improved dis-
ease models.31 Only 5% of participants enrolled with incom-
plete surgical resection as an exclusive high-risk feature, and
we cannot make confident conclusions about the effect of in-
complete resection on survival compared with other risk fac-
tors in this small cohort. Surgical resection remains the only
potentially modifiable factor for risk stratification. Consider-
ing the toxic effects of high-risk therapy, second-look surgery
should be considered if there is a possibility that gross total re-
section may be achieved.

Prospective central radiologic and pathologic review will
be incorporated into the next generation of medulloblastoma
studies. The importance of prospective central imaging re-
view for proper staging has been well demonstrated for stan-
dard-risk medulloblastoma, with central review revealing 10%
of patients with missed metastatic disease and more with tech-
nically inadequate imaging who had inferior survival.2 This
study additionally demonstrates that standard-risk patients
may be inappropriately assigned to high-risk treatment with-
out prospective central radiologic review.

We observed discrepancy between local institutional
pathologic diagnosis and retrospective central pathologic
review in 5% of the patients in this study. It is unfortunate
that several of the participants enrolled for anaplasia did
not have anaplastic medulloblastoma based on central
pathologic review, which may have resulted in unnecessar-
ily toxic treatment in patients who would have had an excel-

lent prognosis with standard-risk therapy.18 Given the sub-
jective nature of diffuse anaplasia and the toxic effects
associated with 36-Gy craniospinal radiotherapy, we recom-
mend against using anaplasia as an independent high-risk
indicator in medulloblastoma when molecular subgrouping
is available.

Neurocognitive outcome data were limited to a small sub-
set of patients, and results should be interpreted with cau-
tion, particularly for the latter time point. Consistent with ear-
lier studies32 including 36-Gy craniospinal radiotherapy, we
observed below-average cognitive functioning across the en-
tire cohort regardless of the addition of carboplatin, particu-
larly for processing speed, for which performance was well be-
low expected levels at the first point 6 to 12 months post
diagnosis and remained poor. We did not observe any signifi-
cant difference in neurocognitive toxic effects associated with
randomization to carboplatin.

Conclusions
Based on the results of this prospective randomized clinical
trial, concurrent carboplatin treatment during radiotherapy
is recommended for pediatric patients with high-risk group
3 medulloblastoma and not recommended in other popula-
tions. A rapid, comprehensive integrated molecular diagno-
sis is necessary for medulloblastoma risk stratification. The
toxic effects of standard therapy for medulloblastoma
remain significant, particularly neurocognitive toxic effects
in children. In addition to improved risk stratification, the
development of novel therapy for high-risk medulloblas-
toma remains a priority to improve the quality of survival.
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