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Abstract

Objective To describe disease outcomes including overall survival and relapse patterns by subgroup in young pediatric
patients treated for medulloblastoma with a radiation-sparing approach.

Methods Retrospective analysis of clinical outcomes includes treatment, relapse, and salvage therapy and late effects in
children treated for medulloblastoma with a radiation-sparing approach at British Columbia Children’s Hospital (BCCH)
between 2000 and 2020.

Results There were 30 patients (median age 2.8 years, 60% male) treated for medulloblastoma with a radiation-sparing
approach at BCCH. Subgroups included Sonic Hedgehog (SHH) (n=14), group 3 (n=7), group 4 (n="6), and indeterminate
status (n=3). Three- and 5-year event-free survival (EFS) were 49.0% (30.2-65.4%) and 42.0% (24.2-58.9%) and overall
survival (OS) 66.0% (95% CI 46.0-80.1%) and 62.5% (95% CI 42.5 and 77.2%), respectively, with a median follow-up of
9.5 years. Relapse occurred in 12/25 patients following a complete response, of whom six (group 4: n=4; group 3: n=1;
unknown: n=1) were successfully salvaged with craniospinal axis (CSA) RT and remain alive at a median follow-up of
7 years. Disease/treatment-related morbidity included endocrinopathies (n=38), hearing loss n=16), and neurocognitive
abnormalities (n=9).

Conclusions This radiation sparing treatment approach for young patients with medulloblastoma resulted in a durable cure
in most patients with SHH subgroup medulloblastoma. In those patients with groups 3 and 4 medulloblastoma, relapse rates
were high; however, most group 4 patients were salvaged with RT.
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Introduction

Brain tumors are among the leading causes of disease-
associated death in children and adolescents [1]. While
most malignant brain tumors are best treated with radia-
tion therapy (RT) and neoadjuvant chemotherapy, debate
exists as to the best treatment approach for young chil-
dren, given these patients’ increased susceptibility to RT-
induced severe morbidity [1, 2].

In medulloblastoma specifically, there has been signifi-
cant development of many innovative therapeutic strate-
gies including conventional chemotherapy (for example,
the CCG9921, SJYCO7, CNS9204, and SFOP protocols),
use of intrathecal or intra-Ommaya chemotherapy (for
example, the HIT-SKK92 protocol), and marrow-ablative
chemotherapy with autologous hematopoietic progeni-
tor cell rescue (including the Head Start studies, CCG
99703, and the Children’s Oncology Group [COG] proto-
col ACNS 0334) as a means to avoid or postpone RT for
young children [3-15].

Radiation sparing protocols utilizing marrow-ablative
chemotherapy including the Head Start protocols, the COG
ACNS 0334 protocol, and CCG 99703 [3, 4, 7] are widely
used for this purpose in major pediatric centers across
North America; however, many limit this therapy to those
under 3 years of age. In a multi-center North American
cohort study of infants treated with CCG 99703, among 53
children under age 3 years, event free survival and overall
survival were 69.6% and 76.1%, respectively [7].

The Head Start protocols were originally developed to
provide high-dose chemotherapy with the patient’s stem
cells transfused to rescue the bone marrow in place of
local control with RT for patients up to age 10 [4]. Ini-
tial outcome data for medulloblastoma using Head Start
I and II protocols demonstrated a 5-year EFS and OS of
52% and 70%, respectively, among 21 children less than
3 years of age [4]. More recently, patients treated on the
Head Start III protocol had 5-year EFS and OS of 46 +5%
and 62 + 5% for all patients, with 90% OS for those tumors
with desmoplastic-nodular histology [16].

In parallel with the development of innovative therapeu-
tic regimens that delay or avoid RT, our understanding of
medulloblastoma biology has also advanced considerably
over the last decade. We now understand that there are
4 molecular subgroups (WNT, SHH, group 3, and group
4) and likely additional sub-subgroups as well [17-19].
While the WNT subgroup carries an excellent prognosis
when compared to the other groups, it is extremely rare in
very young children. Within infant medulloblastoma, the
SHH subgroup is the most common, followed by group 3
and group 4 [5, 8, 10]. In one North-American retrospec-
tive cohort treated according to CCG 99703, patients with
SHH and group 3 medulloblastoma had a 5-year PFS of
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86.2% (+7.4%) and 49.1% (x 14%), respectively (p =0.03)
[7]. The 5-year PFS without RT for group 3 MB within
that cohort was 46.4% [7]. Furthermore, further novel tar-
gets beyond subgrouping including PLK1 have been iden-
tified that may predict risk within young children with
medulloblastoma [20]. As our understanding of the inter-
relationship between molecular subgroup, treatment, and
prognosis is relatively new, standard of care treatment for
very young children with medulloblastoma has little vari-
ation based on the tumor biology.

The British Columbia Children’s Hospital (BCCH) has
used RT sparing approaches to treat young children with
medulloblastoma for more than two decades. While it is well
understood that subgrouping plays a role in prognostication
in medulloblastoma, and there is substantial neurocognitive
data on the impact of RT sparing approaches on quality of
survival outcomes [21], we do not have a clear understanding
of survival, relapse patterns, and long-term morbidity with
RT sparing approaches in the context of molecular subgroup.
The objective of this study was to describe disease outcomes
including overall survival and relapse frequency and pattern
by subgroup within pediatric patients treated for medullo-
blastoma with a RT sparing approach in a single institution.

Methods
Setting

The BC Children’s Hospital (BCCH), located in Vancouver,
Canada, is the sole tertiary care pediatrics hospital servic-
ing the province of British Columbia (BC) and the Yukon
Territory. The Oncology division at BCCH provides care for
children with new cancer diagnoses from age 0-17 years.
This includes all children with a diagnosis of a CNS tumor.

In 1998, BCCH adopted the “Head Start I”” regimen for
treatment of young children (under age 7 years) with medul-
loblastoma and subsequently Head Start II and III. All sub-
jects included in this study were treated as per this protocol,
which includes 5 induction cycles of chemotherapy followed
by 1 consolidation cycle with high-dose chemotherapy and
autologous stem cell transplant. Induction chemotherapy
(21 day cycles that include cisplatin 3.5 mg/kg IV on day 1,
vincristine 0.05 mg/kg on days 1, 8, 15, cyclophosphamide
65 mg/kg 1V, and etoposide 4 mg/kg IV on days 2 and 3)
was followed by 28-day cycle of high dose/marrow abla-
tive chemotherapy (thiotepa 300gm/m2 IV on days — 5, — 4,
and — 3; etoposide 250 mg/m?2 IV on days — 5, —4, and — 3;
carboplatin 500 mg/m2 IV on days —8,—7, and — 6) and
autologous bone marrow or peripheral blood hematopoi-
etic cell transplant [4] with the goal to avoid or delay RT
in young children. The total number of planned cycles was
determined based on the current Head Start protocol at the
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time, with Head Start I, II, and IIT all including 5 induction
cycles and one consolidation cycle. In Head Start II, metho-
trexate (400 mg/kg IV) was added for disseminated disease,
and in Head Start III, it was used for all patients in alternat-
ing chemotherapy cycles during induction [4, 16, 22].

Study design

This study was approved by the British Columbia Children’s
and Women’s Hospital and University of British Columbia
Research Ethics Boards [approval number H20-00145].

This was a retrospective cohort study of pediatric patients
treated with RT sparing/delaying approaches for medullo-
blastoma at a tertiary care pediatric hospital between Janu-
ary 2000 and January 2020. These dates were chosen based
on the time of initiation of RT-sparing approaches for infant
medulloblastoma at our institution. The end date was chosen
to allow at least 1 year of follow-up for all patients prior
to data analysis. Patients treated on the current open study,
Head Start 4, were excluded. Subjects were identified using
the British Columbia Children’s Hospital Division of Oncol-
ogy database, and all children under the age of 7 with a diag-
nosis of medulloblastoma and treated without RT upfront
(surgery and chemotherapy only) were included in this study.

Patient medical records were reviewed, and data collec-
tion included date of diagnosis, patient demographics and
past medical history, medulloblastoma pathologic diagnosis
and histology, subgrouping and molecular features, treat-
ment received (including number of induction cycles and
consolidation cycles), relapse, salvage therapy, and ultimate
patient outcome (alive without disease, alive with disease,
death), late effects, and time to follow-up.

Various audiologic testing methods were used to assess
hearing depending on the patient’s age and developmen-
tal status. Tympanometry was reviewed to determine the
integrity of the conductive mechanism at the time of test-
ing. Pure tone air conduction thresholds were evaluated at
frequencies 0.25, 0.5, 1, 2, 3, 4, 6, and 8 kHz in decibel (dB)
hearing level (HL). Pure tone bone conduction thresholds
were assessed at frequencies 0.25, 0.5, 1, 2, 3, and 4 kHz
to determine the nature of the hearing impairment (i.e.,
conductive, sensorineural, or mixed). Click and tone-burst
auditory brainstem response (ABR), auditory steady-state
response, and/or distortion-product otoacoustic emissions
(DPOAE) measurements were evaluated on patients who
were unable to participate in conventional audiometric test-
ing due to young age, cognitive or developmental delay, or
lack of cooperation.

The International Society for Pediatric Oncology (SIOP)
criteria were used to grade hearing loss [23].

At BCCH, patients are referred for neuropsychological
assessments to evaluate the impact of CNS tumors and therapy
on brain development. Following therapy completion, patients

being treated for CNS tumors at our institution are referred
for evaluations to assess the presence of late effects using
standardized measures of intelligence, memory, attention,
and executive skills. Assessments are tailored to the clinical
needs of the patient, their age, grade in school, and stamina. As
neuro-psychological reports were not available in the medical
record for all patients, neuro-cognitive abnormalities were col-
lected from the treating oncologist’s clinical documentation.

Tumor analysis

Immunohistochemistry analysis was performed on all tumors
(including BCTN, GABI1, and YAP1). Those tumors where
medulloblastoma molecular subgroup had not been previously
analyzed for clinical care were retrospectively analyzed via
NanoString.

Patient tumors were assigned molecular subtype with meth-
ods described previously [18]. RNA was extracted from scrolls
of formalin-fixed paraffin-embedded (FFPE) tissue, and qual-
ity checked with Agilent 2100 bioanalyzer. Gene expression
measurements were performed using 300 ng RNA per sample
with a custom NanoString CodeSet including 22 medulloblas-
toma subtype gene probes using the nCounter system. Proce-
dures recommended by NanoString Technologies were used
for sample preparation, hybridization, detection, scanning, and
normalization. Molecular subtype was assigned using previ-
ously published training set cohorts from BCCH [19]. Predic-
tive analysis for microarrays (PAM) statistical methods were
applied using R statistical programming [version 4.1.2].

Statistical analysis

The cohort of patients were analyzed in full and by medul-
loblastoma subgroup (Wnt, SHH, group 3, and group 4).
Descriptive statistics of all variables were analyzed using mean
and standard deviation (SD) for normally distributed variables
and median with range for those that were not normally dis-
tributed. Overall survival (OS) and event free survival (EFS)
were estimated for each medulloblastoma subgroup using the
Kaplan—Meier method.

Statistical significance was defined using a p value <0.05.
Analysis was completed using SPSS for Windows version 24
(SPSS, Inc., Chicago, IL).

Results

Subject characteristics

Between 2000 and 2020, there were 30 pediatric patients
with medulloblastoma treated with RT sparing approaches

at our institution and were included in this study. Patient
demographics are outlined in Table 1.
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The median age of the study patients at diagnosis was
2.81 years and 60% were male. Two patients had a diagnosis
of speech delay, and one subject had a diagnosis of neurofi-
bromatosis type 2 (NF2) prior to the diagnosis of medullo-
blastoma. Otherwise, there was no prior medical history in
any of the study patients.

Tumor histology within this cohort included classical
(n=18), nodular/desmoplastic (n=7), anaplastic (n=4),
and medulloblastoma with extensive nodularity (MBEN)
(n=1). Metastatic disease was noted in 12 patients at initial
presentation, of which disseminated disease (Chang staging
M3) was present in 5 patients. Two patients with extensive
disseminated disease at diagnosis had anaplastic pathology.

Medulloblastoma sub-grouping done in retrospect on
stored samples included SHH (N=14), group 3 (N=7),
group 4 (N=06), and indeterminate status (N=3). Indeter-
minate status was due to insufficient tumor sample in all
three of these tumors.

Table 1 Subject demographics

Total
N=30

Mean age in years (SD) 2.81 (1.67)
Male 18 (60%)
Ethnicity

Caucasian 20

Chinese, Korean, or Japanese 6

South-East Asian 4
Histology

Anaplastic 4

Classical 18

Nodular/desmoplastic 7

Extensive nodular
Subgroup

SHH 14

Group 3 7

Group 4

Unknown 3
Metastatic disease* 12

M1

M2

M3 5
Initial surgery

GTR 22

STR 5

Biopsy

CSF cerebrospinal fluid, GTR gross total resection, SD standard devi-
ation, STR subtotal resection

“Dufour C, Beaugrand A, Pizer B, Micheli J, Aubelle MS, Fourcade
A, Couanet D, Laplanche A, Kalifa C, Grill J. Metastatic Medullo-
blastoma in Childhood: Chang’s Classification Revisited. Int J Surg
Oncol. 2012;2012:245,385. https://doi.org/10.1155/2012/245385
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Three of the patients with SHH subtype had a TP53
mutation (determined by both IHC and subsequent FISH
analysis). Within those patients with group 3, one was MYC
amplified, and within those with group 4, two were N-MYC
amplified. Germline testing was completed in 6 patients
(including all patients whose tumors harbored a TP53 muta-
tion) and no mutations were found.

Treatment

Twelve (40%) of the subjects presented with metastatic dis-
ease. Disseminated disease to craniospinal axis and CSF
was seen in six patients (group 3 n=4, group 4 n=1, and
unknown subgroup n=2). Initial surgery included a gross
total resection (GTR) (N =22), subtotal resection (STR)
(N=5), or biopsy (N=3).

Subjects were treated with two (N=1), three (N="7), and
five (N=22) induction cycles of chemotherapy and zero
(N=3) and one (N=27) cycles of consolidation therapy
with high-dose chemotherapy and autologous stem cell
transplant. Number of induction cycles were reduced sec-
ondary to treatment-related toxicity in all cases. Twelve
subjects (40%) received methotrexate as part of induction
chemotherapy.

Clinical outcomes

Currently, there are 19 patients alive at a mean time to fol-
low-up of 9.5 years. Of these, one patient has a stable nod-
ule, and one patient has a slowly progressive nodule (salvage
therapy recommended). Within this cohort of 30 patients,
3-year EFS and 5-year EFS were 49.0% (30.2-65.4%) and
42.0% (24.2-58.9%), respectively (Fig. 1) and 3-year and
5-year OS were 66.0% (95% CI 46.0-80.1%) and 62.5%
(42.5-77.2%), respectively.

Response to initial therapy included a complete response
(CR) (N=25), partial response (N=3), and progressive dis-
ease (N=2). Of those patients who did not have a CR or CCR,
none had a GTR upfront and three had disease metastatic to
craniospinal axis and CSF at diagnosis. All five of the patients
who did not have a CR after initial therapy ultimately died
from progressive disease. Three of those patients received
methotrexate. Within all 12 patients who received metho-
trexate as part of induction therapy, 9 (75%) had a complete
response to upfront therapy. Of these nine patients, relapse
occurred in 4 patients, of which subgroups were group 3
(N=2), group 4 (N=1), and SHH (N=1, with p-53 muta-
tion). Of note, both of these group 3 patients had anaplastic
histology and MYC amplification on original pathology.

In total, 17 patients progressed on initial therapy or
relapsed (Table 2). These included tumors with anaplastic
histology (N=4), classical histology (N =10), and desmo-
plastic-nodular (N =3).
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Within the 25 patients who achieved a CR after initial
therapy, relapse occurred in 12 patients. OS by subgroup
is presented in Fig. 2A and EFS by subgroup is presented
in Fig. 2B. Of those patients whose disease relapsed or had
progressive disease, medulloblastoma subgroup was group 4
(N=6), group 3 (N=5), SHH (N=3), or not known (N =3).

Salvage therapy at time of relapse included surgical
resection (N =8) followed by craniospinal RT in 7 patients
(median age at radiation 6.1 [range 3.37-7.64 years]). Radia-
tion therapy was given with 24 Gy to the craniospinal axis
(CSA) and a posterior fossa boost to 56 Gy in two patients
and 36 Gy to the CSA and a posterior fossa boost to 55.8 Gy
in 5 patients. One patient underwent surgical resection at
time of relapse and has not received further therapy. Three
patients also received post-RT maintenance chemotherapy
with lomustine and temozolomide. Three patients had such

Table 2 Patient outcomes

Total
N=30
Relapse/progression 17
SHH 3/14 21%)
Group 3 57 (711%)
Group 4 6/6 (100%)
Unknown 3/3 (100%)

Current status

Alive, without disease 17
Alive, progressive disease 2
Deceased 11

Late effects*
Neurocognitive delay 9/19 (47%)
Hearing loss 16/19 (84%)
Endocrinopathy 8/19 (42%)

“Within survivors (N=19)

extensive disease at relapse that they did not receive sal-
vage/relapse therapy and died shortly after relapse. All these
patients’ tumors were identified as being group 3.

Salvage therapy was successful in 6/7 patients (group 4:
N=4; group 3: N=1; unknown: N=1), and these 6 patients
are currently alive at median follow-up of 7.34 years.

Morbidity

Summary of documented late effects within this patient
population is outlined in Table 2. Of 19 patients currently
alive (median follow-up 9.48 years), disease/treatment-
related morbidity included endocrine hormone dysfunction
(N=38), hearing loss (N=16), and neurocognitive abnor-
malities (N=9).

Endocrine hormone dysfunction included panhypopituita-
rism (V=3 patients), primary hypothyroidism (N =3), preco-
cious puberty (N=1), primary gonadal failure (N=1), and
isolated growth delay (N=1). All patients with panhypopitui-
tarism received radiation therapy as part of salvage therapy.

Hearing loss began during treatment and was charac-
terized as high frequency sensorineural hearing loss (HF-
SNHL) in all patients. Of those with hearing loss, ten
(62.5%) had SIOPE Grade III HF-SNHL. Ten of sixteen
patients required the use of hearing aids at the time of last
follow-up. Most patients reported the need for learning adapta-
tions in support of hearing impairment.

No patients had visual impairment (excluding the need
for corrective lenses) and none required ophthalmologic
procedures.

Reported neuro-cognitive abnormalities included pos-
terior fossa mutism, intellectual disability, memory or
processing concern, or a learning disability. All nineteen
survivors underwent neuropsychological testing. Three
patients had reported posterior fossa mutism following
upfront resection. Eight of the patients with neuro-cogni-
tive abnormalities reported individualized education plans
at school. Within the nine patients with neuro-cognitive
abnormalities, five had documented intellectual disabil-
ity. Of these, four patients’ neuro-psychological testing
reported memory or processing abnormalities. All four of
these patients had received RT. Two patients did not have
a documented intellectual disability, but neuropsychologi-
cal testing revealed delayed processing and memory loss.
Except for an isolated learning disability, all patients with
reported cognitive abnormalities underwent RT as part of
salvage therapy.

There is one child who used a wheelchair for ambulation
after treatment but is currently ambulating independently.
One patient required a gastrostomy-tube prior to death. At
the time of follow-up, there were no survivors requiring
G-Tube feeds or respiratory support and no subjects with a
secondary malignancy.

@ Springer
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Discussion

This report summarizes a single institutional cohort of 30
young patients with medulloblastoma, treated with a RT-
sparing approach. To our knowledge, this is the largest
cohort in the literature of single institution pediatric patients
with medulloblastoma with subgrouping data treated with-
out RT upfront. Five-year EFS and OS in this cohort of
patients treated for medulloblastoma was 42.0% and 62.5%,
respectively This is consistent with the reported 5-year
EFS and OS (46% and 62%, respectively) of 92 children
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with medulloblastoma treated on the Head Start III study
published in 2020 [16]. Unlike the current study, previous
Head Start III publications did not include medulloblastoma
molecular subgrouping.

Overall, within patients treated for medulloblastoma with
RT sparing protocols, the literature is limited with regard
to understanding how molecular subgrouping impact out-
comes. Our results suggest that a RT sparing therapeutic
approach is effective for those patients with SHH subgroup
of medulloblastoma. This finding is concordant with the
CCG 99703 data, although it is important to note that
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subgrouping was not completed on all subjects in that study
and 17% of children with medulloblastoma on the CCG
99703 therapy received adjuvant RT at diagnosis. To this
point, in this study, both overall survival and EFS clearly
differed between medulloblastoma subgroups. In fact, OS
was double in those patients with SHH when compared to
group 3. In a prior Canadian collaboration, subgroup was
also identified as important predictor of progression and of
survivor, although within this cohort, both SHH and group
3 patients demonstrated worse overall survival when com-
pared to group 4. Of note, this cohort included older patients
(age 3 months—16.8 years) including many who received
radiation therapy as part of their therapy [20]. Three- and
5-year EFS were poor within both groups 3 and 4 in the cur-
rent study with noted worsening in those patients with group
4 medulloblastoma. Similar to these data, within one cohort
of 29 young patients treated with chemotherapy and focal
RT for medulloblastoma in Argentina, PFS was improved
in tumors with SHH subtypes compared to groups 3 and
4 [17]. While the total patients were similar, this cohort
had proportionately fewer group 4 patients (N=2) than the
data in the current study. In that study, the 5-year PFS for
groups 3 and 4 patients was 0.50 (95% CI: 0.25-1); however,
patients received focal RT upfront with the expected cogni-
tive sequelae; in addition, salvage at relapse is problematic
with this approach. Furthermore, while follow-up was a
median of 6.8 years, neurocognitive data was only avail-
able in 11, demonstrating low average to mild intellectual
disability range in the Wechsler Intelligence Scale, with a
median IQ at last assessment of 73.5 (range, 47-93). This
report lacks additional long-term follow-up data to assess
late effects including endocrine, hearing, and vision follow-
ing this treatment approach.

Within our cohort, all patients with group 4 medullo-
blastoma relapsed or progressed by 5 years from diagno-
sis. Of the six group 4 patients, four patients were salvaged
with CSA RT and are now long-term survivors. It is dif-
ficult to make comparisons to other data as there are so few
patients with group 4 medulloblastoma published within
the RT-sparing/RT delaying literature. Within 53 patients
treated as per a similar chemotherapy regimen CCG 99703,
group 4 medulloblastoma did poorly when compared to the
other subgroups [7]. Specifically, 5-year OS for the group
4 patients treated as per the CCG 99703 study was 33%
when compared to 90% in SHH subgroup. In contrast, our
data demonstrated 5-year OS for group 4 medulloblastoma
of 66.7% compared to 78.6% in SHH. We suspect that the
improved 5-year OS in the group 4 medulloblastoma sub-
group in our data represents that group 4 medulloblastoma is
salvageable with resection + CSI at the time of relapse. Thus,
this is a reasonable treatment approach for young patients
with group 4 medulloblastoma, so as to delay RT and help
to preserve neurocognitive function.

Like group 4 medulloblastoma, 5-year PFS within the
group 3 subgroup was significantly worse than in the SHH
subgroup. This finding is comparable with other data in this
age group [7, 17]. Unlike group 4 medulloblastoma, within
the group 3 medulloblastoma patients in this study, the sal-
vageability was poor at the time of relapse. Overall survival at
5 years was 42.9%, significantly lower than SHH or group 4.
More than two-thirds of group 3 patients relapsed, of which
only one patient was salvaged with gross total resection and
CSA RT. That patient had a localized relapse, whereas the
other 4 patients within that subgroup had disseminated dis-
ease relapse in addition to MYC amplification on molecular
testing. Histology may also have contributed to these poor
outcomes, with two of these patients also having anaplas-
tic histology. More effective radiation sparing strategies are
needed for group 3 medulloblastoma to reduce disseminated
failures in the MYC-amplified patients in particular.

Forty percent of patients in this cohort received high-
dose systemic methotrexate as part of their chemotherapy.
In the Head Start I and II trials, methotrexate was reserved
for disseminated disease [4] and in Head Start III, metho-
trexate was included as part of therapy during induction in
three out of 5 cycles [16]. Our institutional standard of care
was changed to include methotrexate for all patients with
medulloblastoma (as per the Head Start III trial) based on
published data from the early Head Start trials demonstrat-
ing improved EFS for patients with dissemination when
methotrexate was added [14]. Within the current study,
75% of patients who received methotrexate had a complete
response to upfront therapy, which is consistent with reports
from the Head Start trials where 81% of patients treated
with methotrexate had a complete response [14]. Of note,
that data included 21 patients. Within group 3 and group 4
patients, the rate of relapse in the current study in those who
received methotrexate was 1/3 less than within those that did
not receive methotrexate. Although small numbers and thus
should be interpreted with caution, these data suggest that
methotrexate is important within these subgroups.

Many patients within this cohort experienced treatment-
related late effects, with the most common late effect being
hearing loss. Sensorineural hearing loss was seen in 94%
of patients, with 62.5% having grade III hearing loss. This
is consistent with prior late-effects data for patients treated
on the Head Start I and II studies where grade III hearing
loss was seen in 67% of survivors [24]. This is likely due to
platinum-based chemotherapy included in all of the Head
Start protocols, which may have been further exacerbated by
RT effects in those who received salvage therapy. Similarly,
endocrinopathies were noted sporadically within survivors
in this cohort, although at higher rates than prior publica-
tions that included patients who did not ever receive RT
[25]. Of note, all but one patient in the current study with
endocrine dysfunction received salvage RT.
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The impact of treatment can be moderated by several
factors, including age, disease, and type of treatment with
children at a young age being at greatest risk of neurocogni-
tive sequelae. Due to this, neurocognitive testing is tailored
to the individual patient and made the current data challeng-
ing to draw strong conclusions from. Neurocognitive late
effects were reported in a small proportion of patients within
this cohort; in the majority, this was limited to those who
required craniospinal radiation salvage therapy; however,
this data must be interpreted within the limitations of clini-
cian reporting. In contrast, within the Argentinian cohort of
young patients with medulloblastoma treated with chemo-
therapy + focal RT, most survivors had borderline to mild
intellectual disability [17]. It should be noted that in the study
in Argentina, only 11 patients had neurocognitive testing
available. It is possible that testing was biased towards those
patients with neuro-cognitive symptoms, but also testing was
potentially limited by profound dysfunction or by economic
factors. Within those patients treated as per CCG 99703,
mean FSIQ for 24 survivors was 91.6 (range 52-119) [7],
slightly lower than within our cohort, it should be noted that
32% of those patients received either focal or CSA RT either
adjuvant to upfront chemotherapy or at relapse; the majority
of those who were impaired had received RT.

Strengths and limitations

The results from this cohort must be interpreted within
their limitations. The main limitation of this data set is
its retrospective nature, and the clinical data is limited
by what information was available in the patient record.
Despite this, all subjects had complete data available for
analysis. Furthermore, these data represent care at a sin-
gle institution with consistent providers for the entirety
of this dataset. As such, there was limited variability in
terms of management. As well, this cohort’s OS and EFS
were consistent with prior published data in RT-sparing
approaches for medulloblastoma in young children. While
the relatively long follow-up time is a strength of this data
and allows for clear description of patients’ morbidity, in
many instances, baseline testing (including hearing, neuro-
cognitive measures, and endocrine function) was not avail-
able with which to elicit change from baseline. As such,
we cannot be sure that all the described morbidity in this
paper are due to treatment received.

Despite some limitations, an important strength of this
data is that it is the largest published cohort of patients
treated upfront with a RT sparing approach for medul-
loblastoma from a single institution with molecular
subgrouping data. Furthermore, no patients were lost to
follow-up and median follow-up was more than 9 years,
allowing for extensive assessment of clinical outcomes and
treatment-related morbidity.
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Conclusions

Radiation therapy sparing treatment approach for young
patients with medulloblastoma resulted in a durable cure
in most patients with SHH subgroup. In those patients with
groups 3 and 4 medulloblastoma, relapse rates were high;
however, most group 4 patients were salvaged with gross
total resection followed by CSA RT. These data suggest
that improved therapeutic strategies are sorely needed for
patients with group 3 medulloblastoma and more intensive
therapy may be necessary upfront to achieve a durable cure
for both groups 3 and 4 tumors.
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