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Abstract

Background. Previous pilot studies have shown the feasibility of preoperative chemotherapy in patients with
medulloblastoma, but benefits and risks compared with initial surgery have not been assessed.

Methods. Two therapeutic strategies were retrospectively compared in 92 patients with metastatic medulloblastoma
treated at Gustave Roussy between 2002 and 2015: surgery at diagnosis (n = 54, group A) and surgery delayed after
carboplatin and etoposide-based neoadjuvant therapy (n =38, group B).Treatment strategies were similar in both groups.
Results. The rate of complete tumor excision was significantly higher in group B than in group A (93.3% vs 57.4%,
P = 0.0013). Postoperative complications, chemotherapy-associated side effects, and local progressions were not
increased in group B. Neoadjuvant chemotherapy led to a decrease in the primary tumor size in all patients; mean-
while 4/38 patients experienced a distant progression. The histological review of 19 matched tumor pairs (before
and after chemotherapy) showed that proliferation was reduced and histological diagnosis feasible and accurate
even after neoadjuvant chemotherapy. The 5-year progression-free and overall survival rates were comparable be-
tween groups. Comparison of the longitudinal neuropsychological data showed that intellectual outcome tended to
be better in group B (the mean predicted intellectual quotient value was 6 points higher throughout the follow-up).
Conclusion. Preoperative chemotherapy is a safe and efficient strategy for metastatic medulloblastoma. It increases
the rate of complete tumor excision and may improve the neuropsychological outcome without jeopardizing survival.

Key Points
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Importance of the Study

In various cancers, neoadjuvant chemotherapy is often
used to treat metastatic disease and facilitate surgery
of the primary tumor, but it is rarely proposed for brain
tumors. Preoperative chemotherapy is feasible in meta-
static medulloblastomas but its benefits and risks have
not been assessed. This study compared retrospec-
tively the 2 therapeutic strategies (surgery at diagnosis
and surgery after neoadjuvant chemotherapy) in 92
patients with metastatic medulloblastoma. The results
confirmed the efficacy of neoadjuvant chemotherapy

Medulloblastoma is one of the most common malignant
brain tumors in childhood. Young age at diagnosis, met-
astatic disease, incomplete surgical excision (residual
disease >1.5 cm?),"? large-cell anaplastic histology,?*
and several biological markers (especially MYC ampli-
fication)®® have been associated with poor outcome.
Advances in molecular profiling have allowed clas-
sifying medulloblastoma into 4 subgroups: wingless
(WNT), sonic hedgehog (SHH), Group 3, and Group 4.7-°
The 2016 update of the World Health Organization
(WHO) classification subsequently defined 5 entities:
medulloblastoma WNT activated, medulloblastoma SHH
activated with or without TP53 mutation, and Group 3
and 4 medulloblastomas.”® The role of residual tumor
(>1.56 cm?), confirmed as a high risk factor in the recently
published HIT-SIOP-PNET4 phase lll trial,™ justifies the de-
velopment of therapeutic strategies that could improve
complete excision rate at minimal cost in terms of neuro-
psychological outcome.

Modern management strategies with multimodal and
more intensive treatments, including high-dose chemo-
therapy (HDC), have improved the 5-year overall survival
(OS) to about 70-80% even for high-risk patients.®'213
As more children with medulloblastoma are now being
cured, the quality of survival becomes a major concern.
The cerebellum has a critical role in motor skills and co-
ordination, as well as in cognitive and executive func-
tions.'*'5 Children treated for a malignant tumor in the
posterior fossa within and/or adjacent to the cerebellum
are therefore at risk of intellectual impairment due to the
tumor and its treatment, especially medulloblastoma
survivors.'®2" Age at radiotherapy, radiation doses,
and boost volume have a tremendous effect on cogni-
tion that worsens with time.?>?” Moreover, tumor loca-
tion and brainstem infiltration, hydrocephalus, splitting
of the vermis, damage of the dentate nuclei during sur-
gery, and posterior fossa syndrome are associated with
poorer neurocognitive outcome.?®-32 We hypothesized
that preoperative chemotherapy could decrease the sur-
gical morbidity and improve its efficacy. We have shown
the feasibility of this approach previously,®® and its role
has been suggested by others in infants.343® Here, we
compared tumor control and morbidity after preoper-
ative chemotherapy or standard upfront surgery in a
population-based single center study.

radiologically and histologically, and showed that it
increases the complete tumor excision rate with no
additional risk for patients. Histological diagnosis of
medulloblastoma was still feasible after neoadjuvant
chemotherapy. Our study also suggests that this
strategy could have a positive impact on patients’ neu-
ropsychological outcome. Moreover, the response rate
to neoadjuvant chemotherapy may help to better tailor
post-surgery therapy in patients with very high risk and
not chemosensitive medulloblastoma.

Patients and Methods
Patients

This study retrospectively analyzed data from 92 children
with metastatic medulloblastoma followed at our center
between 2002 and 2015. Most patients (n = 65) were op-
erated at the Neurosurgical Department of the Necker Sick
Children’s Hospital, Paris, France. Inclusion criteria were:

e Newly diagnosed metastatic medulloblastoma treated
by chemotherapy and/or radiotherapy between 2002
and 2015

e Patients younger than 18 years at diagnosis

e Histologically proven diagnosis of medulloblastoma
after surgical excision or biopsy (if clinical condition al-
lowed surgery)

e Metastatic stage evaluated by the positivity of MRI and/
or lumbar cerebrospinal fluid (CSF) sampling at diag-
nosis and subsequent evaluations

¢ No contraindication to chemotherapy

e Treatment of hydrocephalus when present

Data were retrospectively extracted from the medical files.

Medulloblastoma Management

This study compared 2 strategies according to the intention-
to-treat principle: (i) standard upfront surgery at diagnosis
(group A) and (ii) delayed surgery after an initial biopsy (for
histology-proven confirmation of medulloblastoma) and
neoadjuvant chemotherapy (group B). Patients were not
randomized but were assigned pragmatically to one of the
2 groups on the basis of the neurosurgeon’s choice. Both
groups were treated during the same period of time with
similar treatment regimens, according to the ongoing proto-
cols at the time of diagnosis. Inclusions in both cohorts were
distributed similarly during the recruiting period. In group
B, all children received neoadjuvant chemotherapy before
surgery: a combination of carboplatin (160 mg/m?d, days
1-5) and etoposide (100 mg/m?d, days 1-5) at conventional
doses without hyperhydration.® Post-surgery treatments
were chosen according to the patients’ age and risk factors.
The irradiation modalities changed slightly over time for
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both groups (technical improvement, dose modification ac-
cording to the age and type of associated chemotherapy,
reduction of the boost volume). Children older than 5 years
received conventional-dose chemotherapy followed by radi-
otherapy (protocol SFOPTC94%) or tandem HDC (2 courses
of thiotepa' or 2 courses of melphalan®) with autologous
stem cell transplantation (ASCT), followed by standard-dose
(36 Gy) craniospinal irradiation (CSl). In children younger
than 5 years, post-surgery management was adjusted to
avoid radiotherapy or to decrease the irradiation dose. They
received sequential HDC with ASCT followed by local radi-
ation therapy to the posterior fossa (60-565 Gy) or reduced-
dose CSI (18 or 24 Gy) according to the PNET HR protocol for
children younger than 5 years (NCT00180791), or one course
of tandem HDC with busulfan and thiotepa,3®“° or sequential
HDC without radiotherapy (HRMB-5 protocol, NCT02025881).
Informed consent of the parents or guardians was obtained
for each patient, according to the institutional review board
guidelines and the specific guidelines of each trial.

Radiological Investigations

All children underwent neuraxis MRI at diagnosis for
evaluation of tumor size and staging. The tumor size was
defined as the sum of the products of the largest perpen-
dicular diameters evaluated on brain MRIs. The responses
to neoadjuvant chemotherapy were assessed by MRI at
the end of treatment. Criteria used for response evaluation
were those recommended by the Response Assessment in
Pediatric Neuro-Oncology committee*': complete response
(CR) was defined as the disappearance of the whole lesion;
partial response (PR) as a decrease of at least 50% of the
sum of the products of the largest perpendicular diam-
eters; and progressive disease (PD) as a >25% increase in
tumor size. Stable disease was defined as MRI features that
do not meet the criteria for PR or PD. Early postoperative
cerebral MRI, within 72 hours after surgery, was performed
to assess the tumor resection extent.

Surgical Procedure and Complications

Histological confirmation of medulloblastoma before
chemotherapy was requested if possible. It was obtained
through either a biopsy of the primary tumor or a metas-
tasis, or tumor excision. Surgery was considered complete
(RO), when there was no evidence of residual tumor during
the surgery and on the postoperative MRI. The excision
was considered partial (R1) in the presence of a macro-
scopic residue and/or residual tumor >1.5 cm? on postop-
erative MRI. The neurological immediate postoperative
complications (cerebellar syndrome kinetic and/or static,
cerebellar mutism, nystagmus, dysmetria, tremor and/or
ataxia, cranial nerve palsies) were evaluated in each child.
The severity of neurological postoperative complications
was rated from 0 = absent to 3 = severe (grade >3 on the
National Cancer Institute’s Common Terminology Criteria
for Adverse Events (CTCAE) scale). The postoperative
course was considered complicated if prolonged postop-
erative obtundation or life-threatening complications led
to new surgery or prolonged stay in the neurosurgical

intensive care unit. Severe postoperative complications
were recorded—such as neurological postoperative
status grade >3 of the NCI-CTC, infection (meningitis or
ventriculitis), hydrocephalus, air embolism, or hemorrhage
after tumor resection.

Histological Tumor Analysis

Formalin-fixed paraffin-embedded specimens from all pa-
tients with available tumor tissue samples at diagnosis
and/or after neoadjuvant chemotherapy were reviewed
by 3 experienced neuropathologists. Standard histolog-
ical analysis, including immunostaining with anti-beta-
catenin, -YAP1, -GAB1, -Ki67, and -p53 antibodies, was used
to identify the medulloblastoma type, according to the cri-
teria defined by the 2007 and 2016 WHO classifications.'042
N-myc and Myc amplification were analyzed by fluorescent
in situ hybridization. Subgrouping with methylation pro-
filing or NanoString was not available for most patients
who underwent surgery before 2010. Matched tumor pairs
(at diagnosis before chemotherapy and after surgery) were
analyzed when available in group B.

Neuropsychological Evaluation

Neuropsychological evaluations were done according
to a French national protocol and described previously.?*
Specifically, aged-adapted Wechsler scales were used
to assess the intellectual quotient (1Q), except in children
younger than 3 years who were evaluated with the Brunet-
Lezine scale. The scores of the subtests of the used scales
were used to determine the Full-Scale Intellectual Quotient
(FSIQ) and the Perceptual Reasoning/Organization Index
(PRI), which evaluates the ability to interpret and organize
visually presented nonverbal information. Complete neu-
ropsychological testing was scheduled at diagnosis and
usually 1, 3, 5 years or more after.

Statistical Analysis

Continuous variables were expressed as medians and in-
terquartile ranges, and categorical variables as numbers
and percentages. Baseline was defined as the date of di-
agnosis. Patients’ characteristics were compared between
groups using the chi-square or Fisher’s exact test (as ap-
propriate) for categorical variables, and the Mann-Whitney
U-tests for continuous variables. Progression-free survival
(PFS), event-free survival (EFS), and OS were calculated
using the Kaplan-Meier method. PFS and EFS were de-
fined as the time from the diagnosis date until the date of
disease progression or first relapse/event, or last contact
(death due to treatment-related toxicity was excluded). OS
was defined as the time from the diagnosis date until death
from any cause, or last contact. Survival rates are provided
with the 95% confidence interval (Cl) estimated using the
Rothman method.

Longitudinal neuropsychological measures were ana-
lyzed using linear mixed models with random intercepts and
slopes. Separate models were built for each neuropsycholog-
ical outcome. Each explicative covariate was introduced in
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the model with an interaction term with time as continuous
measure (using the diagnosis date as origin). A first-order
autoregressive covariance matrix was used because it
showed the lowest Akaike information criteria in linear
mixed models including the treatment group. This choice
was confirmed in the final models. The neuropsycholog-
ical score changes in groups A and B were adjusted to age
(older or younger than 5 y), radiotherapy total dose to the
brain (0, 18, 24, or 36 Gy), hydrocephalus (yes or no), and
medulloblastoma histological subtype (nodular/desmoplastic
compared with the other subtypes). Interactions between ex-
planatory variables were explored. Explanatory variables for
fixed effects were selected in a stepwise procedure to retain
the best model. Each model fit was checked using Cholesky’s
scaled residuals plots. All tests were two-sided and P < 0.05
was considered statistically significant. Statistical analyses
were done using SAS version 9.4.

Results
Patient Characteristics

The 92 patients (32 girls and 60 boys) who met the inclu-
sion criteria were distributed into group A (n = 54; 59%)

Table 1. Patients’ clinical characteristics, treatments, and outcome

Boys/girls

Median age, y (range)
Age class at diagnosis
<5y
>by
Histological diagnosis of medulloblastoma
Classic
Nodular/desmoplastic
Anaplastic/large cell
Other or NOS
Hydrocephalus (yes/no)

Place of the surgery (Necker/ other centers)
Median initial tumor size at the primary site, cm? (range)

Treatment regimen combined with surgery*
CC +RT
CC + HDC + standard RT

CC + HDC + decreased RT
CC + HDC without RT

Outcome (dead/alive)

and group B (n = 38; 41%). The median age at diagnosis
was 5.0 years (range, 0.1-18.0). Sex, age at diagnosis,
and medulloblastoma histological subtypes and initial
tumor size at the primary site were comparable between
groups A and B (Table 1). Global treatment strategies and
the patients’ outcome also were similar between groups
(Table 1). Conversely, hydrocephalus and place of surgery
(Necker Sick Children’s Hospital in Paris vs other centers)
were significantly more frequent in group B (P = 0.0025
and P=0.0005, respectively).

Surgical Management at Diagnosis

At diagnosis, 64 children (69.6%) had clinical signs of hy-
drocephalus. CSF shunting was performed, when needed,
during the first surgery or afterward. Endoscopic third
ventriculostomy was the preferred modality for obstruc-
tive hydrocephalus treatment. Among the 64 patients with
clinical signs of hydrocephalus, no difference in terms of
persistent CSF drainage with a ventriculoperitoneal shunt
(VPS) was observed between the 2 groups: 18 patients had
aVPS (n =10 in group A and n =8 in group B). In group A,
tumor was removed 2.5 days (range, 0-14) after diagnostic
MRI. In group B, a minimal tumor biopsy was carried out
at diagnosis for the histological proof of medulloblastoma,

Group A Group B P-value
n = 54 (%) n = 38 (%)
36/18 24,14 0.7279
(66.7 /33.3) (63.2/36.8)
4.7 (0.8-18.0) 5.4 (0.1-13.9)
0.3970
29 (53.7) 17 (44.7)
25 (46.3) 21 (55.3)
0.0542
35 (64.8) 33(86.8)
10 (18.5) 2(5.3)
7 (13.0) 1(2.6)
2(3.7) 2(5.3)
31/23 33/5 0.0025
(57.4/ 42.6) (86.8/13.2)
30/24 34/4 0.0005
(56/44) (89/11)
12.66 12.56 0.8726
(3.20-22.14) (2.42-31.30)
0.2990
2(3.7) 1(2.6)
22 (40.7) 23 (60.5)
28 (51.9) 13 (34.2)
2(3.7) 1(2.6)
25/29 16/22 0.6905
(46.3/53.7) (42.1/57.9)

Abbreviations: NOS not otherwise specified, CC conventional chemotherapy, RT radiotherapy, HDC high-dose chemotherapy.

* Intent to treat.
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except in 3 children because of their initial clinical insta-
bility. In these 3 patients, the histological diagnosis of
medulloblastoma was obtained after tumor removal fol-
lowing neoadjuvant chemotherapy.

Neoadjuvant Chemotherapy and Radiological
Evaluation

The median time between tumor biopsy at diagnosis and
neoadjuvant chemotherapy start was 8 days in group B,
compared with 15 days between tumor excision and be-
ginning of chemotherapy in group A, P < 0.0001. In group
B, all children (n = 38) received etoposide and carboplatin
before tumor removal: 1 course (n =1), 2 courses (n =31),
3 courses (n = 4), 4 courses (n = 1), or 8 courses (n = 1),

according to the physician’s choice. This led to a decrease
in the primary tumor size in all patients (see Fig. 1A for an
example), 4/38 patients experiencing meanwhile a distant
progression. No isolated local failure or progression of the
primary tumor was observed. In 28/38 children in group B,
tumor size on the brain MRI at diagnosis and at the end
of neoadjuvant chemotherapy was remeasured centrally.
Response was evaluated after 2 courses (n = 23 patients),
3 courses (n = 3 patients), 4 courses (n = 1 patient), or 8
courses (n = 1 patient). This radiological review showed
that CR was observed in 2/28 patients (7%), PR in 12/28
patients (43%), and minor response or stable disease in
14/28 patients (50%) (Fig. 1D). One patient, with a PR after 2
courses of chemotherapy, subsequently presented a meta-
static progression during HDC and quickly died from it. In
group A, a disease progression was observed in 6 children
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Fig. 1 Response to neoadjuvant chemotherapy. (A) Radiological response to chemotherapy on brain MRI (sagittal sections T1 gadolinium) per-

formed before and after neoadjuvant chemotherapy (scale bar 5 cm). Changes in the size of the primary tumor after neoadjuvant chemotherapy
measured radiologically in 28 patients in group B with MRI at diagnosis and at the end of neoadjuvant chemotherapy available for compar-
ison. Response was evaluated after 2 courses (23 patients), * 3 courses (3 patients), ** 4 courses (1 patient) or *** 8 courses (1 patient). (B)
Medulloblastoma histopathological analysis before and after neoadjuvant chemotherapy. Sections showing: (B1 and B2) small blue round cell
tumors consisting of densely packed undifferentiated embryonal cells (HPS), still existing after the adjuvant treatment (HPS) and (B3 and B4) sig-
nificant decrease of the proliferation index (evaluated by MIB1 labeling index) between first surgery and the surgery after treatment (magnification
400x, scale bar 50pm). (C) Proliferation index changes after neoadjuvant chemotherapy in 17 patients from group B with available matched tumor
pairs. (D) Progression-free survival in group A (surgery at diagnosis) and group B (surgery after neoadjuvant therapy) in function of time (years).
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during conventional chemotherapy. Progression on con-
ventional chemotherapy was therefore similar in both
groups (6/54 patients, ie, 11% vs 4/38 patients, ie, 10%).
As CSF sampling was not systematically performed in pa-
tients with overt metastases on MRI, CSF response could
not be assessed accurately in all patients with M stage
above 1. Only 2 patients in group B had a positive CSF
without metastases to the brain or spine at diagnosis (M1
disease). CSF sampling was repeated in these 2 patients to
assess the response of metastatic disease. CSF was nega-
tive at the end of neoadjuvant chemotherapy.

Results of Primary Tumor Surgery and
Histological Features

All patients in group A underwent surgery with the aim of
maximal primary tumor removal (n = 54). In group B, the
posterior fossa tumor excision was performed after con-
ventional neoadjuvant chemotherapy + subsequent HDC
in 30/38 patients (79%). The median time between biopsy
and tumor removal was 64 days (range, 34-210). Surgery
could not be performed in 8 patients: 5 children with pro-
gressive disease during conventional neoadjuvant chemo-
therapy (n =4) or HDC (n = 1); 1 child died before surgery
because of hemorrhage from a metastasis while the local
disease was controlled; and 2 children had mostly meta-
static disease with a very small primary tumor that com-
pletely disappeared after adjuvant chemotherapy. The rate
of complete excision of the primary tumor was significantly
higher in group B than in group A: 28/30 patients (93.3%)
versus 31/54 (57.4%), respectively (P = 0.0013) (Table 2).
Four patients in each group developed transient postoper-
ative akinetic mutism after tumor removal. Postoperative
neurological status and incidence of postoperative compli-
cations were similar in both groups (non-neurological post-
operative complications: 14/54 = 25.9% vs 8/30 = 26.7%,
P = n.s.; severe postoperative complications: 19/54 = 35.2%
vs 7/30 = 23.3%, P = n.s.) (Table 2). In group A, severe

Table 2.
postoperative complications

Tumor resection

Complete tumor resection (R0)
Partial tumor resection (R1)

Nonneurological postoperative complications (hydrocephalus, infection,

hemorrhage or subdural air collection)
No
Yes

Neurological postoperative status
None = 0
Mild (NCI-CTC grade 1) =1
Moderate (NCI-CTC grade 2) = 2
Severe (NCI-CTC grade 3, 4, or 5), including akinetic mutism =3

Severe postoperative complications: severe neurological status (3),

or other severe postoperative complications
Not severe
Severe

postoperative complications were observed in 19 patients:
severe neurological complications (grade >3 of the NCI-CTC
scale) including akinetic mutism (n = 14), sometimes asso-
ciated with hydrocephalus that required transient external
shunt or VPS (n =4), hemorrhage or subdural air collection
that sometimes required a shunt (n = 4), and meningitis (n
=1). In group B, severe postoperative complications were
observed in 7 patients: akinetic mutism (n =4), hydroceph-
alus that required transient external shunt or VPS (n = 2),
and cerebellar ischemic stroke (n =1).

In group B, of the 30 patients who had secondary surgery,
3 did not have an initial biopsy at the time of diagnosis. Of
the 27 remaining patients who underwent 2 surgeries (bi-
opsy at diagnosis and surgery after chemotherapy), only 19
matched tumor pair samples were available for comparison.
Histological examination showed that live medulloblastoma
cells could still be found after the second surgery despite
the preoperative chemotherapy. In 16 of these patients, the
medulloblastoma histological and immunophenotypic pro-
files (classic, non-WNT, and non-SHH in all samples) did not
change (Fig. 1B1 and 1 B2). In the other 3 patients, tumors
were considered as not otherwise specified at the time of
the biopsy, and were characterized as classic, non-WNT/non-
SHH medulloblastoma after tumor removal. Comparison
of the proliferation index between paired samples was
possible in 17 cases and it was significantly decreased by
more than 50% in 8/17 patients after neoadjuvant treatment
(Fig. 1B3 and 1 B4 and Fig. 1C).

Outcome

The median follow-up was 10 years in group A and
8 years in group B. The 5-year OS rates were 60% (95%
Cl: 47-72) in group A and 68% (95% Cl: 52-81) in group B
(log rank P = n.s., available in Supplementary Material).
In all patients but 2, death was due to progressive dis-
ease or relapse. Only one child in each group died from
treatment-related toxicity without progressive disease

Extension of resection of the primary medulloblastoma at diagnosis (group A) or after neoadjuvant chemotherapy (group B) and

Group A Group B P-value
N =54 (%) N =30 (%)
0.0013

31 (57.4) 28 (93.3)
23 (42.6) 2(6.7)
40 (74.1) 22 (73.3) 0.9410
14 (25.9) 8(26.7)
15 (27.8) 10 (33.3) 0.5810
17 (31.5) 10 (33.3)

8(14.8) 6 (20)
14 (25.9) 4(13.3)
35 (64.8) 23(76.7) 0.2602
19 (35.2) 7 (23.3)
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Table 3. Disease progression or recurrence in groups A and B

Disease Progression

and Recurrence

Local and metastatic 4 2
disease progression

Metastatic disease 6 3
progression

Local recurrence 6 1

Local and metastatic 2 2
recurrence

Metastatic recurrence 6 10

Median time to 0.56 (0.2-7.3) 1.1 (0.15-6.1)
disease progression
or recurrence, y (range)

Median follow-up, 50% 10 (8-13) 8 (5.5-11)

(95% Cl), y

(veno-occlusive disease in one patient and metastatic hem-
orrhage in the other). The 5-year PFS rates were 57% (95%
Cl: 43-69) in group A and 53% (95% CI: 37-68) in group B
(log rank P = n.s.) (Fig. 1E), and the EFS rate was 51% in
both groups (log rank P = n.s., available in Supplementary
Material). Disease progression or recurrence is summar-
ized in Table 3. Local control (Table 3) was similar in both
groups (22% in group A and 13% in group B, P=n.s.). Seven
second malignancies occurred: high-grade glioma in 4 pa-
tients (4.9, 5.9, 6.5, and 8 y after the medulloblastoma di-
agnosis) and thyroid carcinoma in 3 patients (6.1, 9.3, and
12.9y after the first diagnosis).

Neurocognitive Behavior

Neuropsychological evaluations were available for 69 pa-
tients (75% of the whole cohort; n=39in group A and n=30
in group B) (median number of evaluations per patient = 2;
range, 1-6): 183 FSIQ and 166 PRI scores. In linear mixed
models with continuous time measurement, the FSIQ and
PRI scores significantly decreased with time (P<0.0001 and
0.0044) and were significantly correlated with the age class
at diagnosis (P = 0.0182 and 0.0392) and the radiotherapy
total doses delivered to the brain (P=0.0417 and <.0001) in
both groups. Hydrocephalus and medulloblastoma histo-
logical subtype (nodular/desmoplastic compared with the
other subtypes) were not associated with the FSIQ and PRI
scores. The predicted mean FSIQ and PRI estimates from
the mixed model at 1, 3, 5, and 7 years after diagnosis
(Table 4) highlighted that they tended to be higher in group
B than in group A, although not significantly (P = 0.1764
and 0.1789, respectively). In linear mixed models, the FSIQ
score progressively worsened over time, with no signifi-
cant difference between groups (Fig. 2).

Discussion

This study showed a significantly higher complete tumor
excision rate in patients operated after preoperative

chemotherapy in group B versus in group A (57.4%, sim-
ilar rate to what is usually reported?®43). Carboplatin-
etoposide regimen was very effective in the neoadjuvant
setting, as shown in recurrent medulloblastoma,33:36
and led to a decrease of the primitive tumor size and an
earlier efficient treatment of metastases before tumor
removal. In group B, the complete tumor resection rate
(93.3%) was similar to that described in our previous pilot
study®? and for various brain tumors in infants and young
children (85% and 89%, respectively), thanks to the ef-
fectiveness of preoperative chemotherapy on the size of
the primary tumor, especially in embryonal tumors.343%
Neoadjuvant chemotherapy enabled the surgery to be
performed in the absence of raised intracranial pressure,
on a smaller tumor and in a patient in better clinical con-
dition. The higher rate of complete tumor excision may
represent a prognostic advantage, as past studies have
shown that residual tumor had an adverse prognostic
impact.” Maximum safe surgical resection should re-
main the standard of care in medulloblastoma. These
goals were achieved with the strategy of tumor excision
performed after neoadjuvant chemotherapy. Despite the
significantly higher complete excision rate for patients in
group B, we did not observe a higher rate of acute post-
operative complications, especially neurological impair-
ment. Late severe neurological complications were rare.
Their low number of cases would not allow expectation of
a statistically significant difference between both groups.
Neuropsychological evaluation is more subtle. Analysis
of the extensive longitudinal neuropsychological data
showed that in both groups, 1Q decline was correlated
with young age at diagnosis, radiation doses to the brain,
and time, as previously reported.?>#* Hydrocephalus did
not have any effect, although its frequency was not bal-
anced between groups. As hydrocephalus was more
frequent in group B, this may have limited the neuro-
psychological benefit of delayed surgical therapy in this
group because hydrocephalus is known to worsen the
neuropsychological outcome.?® Although no significant
difference was found between groups, children in group
B tended to have a better neuropsychological outcome,
based on the FSIQ and PRI scores after surgery and after
treatment completion. This trend might be explained by
the reduced surgery impact on normal brain due to the
smaller tumor size and, possibly, hydrocephalus treat-
ment before primary tumor surgery. A recent study
showed that the medulloblastoma molecular subgroups
influence the intellectual outcome, especially the SHH
subgroup.®% Unfortunately, appropriate subgrouping
was not available for part of our patients. Nevertheless,
as desmoplastic/nodular medulloblastomas are almost
exclusively SHH-activated tumors, analysis of this var-
iable showed no significant correlation between the
desmoplastic/nodular histological profile and neuropsy-
chological impairment.

No negative impact of neoadjuvant chemotherapy was
reported: no toxic complication due to chemotherapy or
additional disease progression, especially local progres-
sion, linked to the delayed surgery of the primary tumor.
Disease progression rate during etoposide-carboplatin
courses was similar and no isolated local failure was ob-
served in group B before surgery. No detrimental effect
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Table 4. Predicted mean FSIQ and PRI estimates (mixed model) for groups A and B at 1, 3, 5, and 7 years after diagnosis

Time, y TO T T3 T5 T7
Predicted mean FSIQ Group A 85.5 (79-92) 83 (77-90) 79 (73-86) 75 (68-82) 71 (63-79)
Group B 91 (84-99) 89 (82-96) 85 (78-92) 81 (73-88) 77 (68-85)
Predicted mean PRI Group A 84 (77-91) 82 (76-89) 79 (73-85) 76 (69-83) 73 (64-81)
Group B 90 (82-98) 88.5 (81-96) 85 (79-92) 82 (75-89) 79 (70-87)
<5 years old >5 years old
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Solid lines represent linear mixed model mean estimates with 95% confidence intervals in dashed.

Fig.2 Changes of the predicted FSIQ in patients in function of the age class at diagnosis (<5 and >5y).

of delayed surgery after neoadjuvant chemotherapy
was observed on survival, as indicated by the similar
5-year PFS and OS rates in the 2 groups. These results
are comparable with those already published for patients
with high-risk medulloblastoma,®'?'3 but better than re-
ported in our pilot study.®® The safety of this approach
in terms of tumor control suggests that a very aggres-
sive surgery approach at diagnosis might not be needed
and that second look surgery could be scheduled after
chemotherapy.

The histological study of 19 matched tumor pairs led to
the conclusion that diagnosis is still possible on residual
medulloblastoma tumors despite the preoperative chemo-
therapy with no change in the histological subtype. This
finding is of paramount importance because it allowed

the safe and consistent histological proof to be obtained
in every patient. Molecular grouping should be conserved,
although not shown in this study, since it is conserved at
relapse as demonstrated previously.*® This should not
question the need for a biopsy at diagnosis, since alterna-
tive diagnoses may need different treatment approaches.
Neoadjuvant chemotherapy significantly decreased the
proliferation index in almost half of them. The sample size
was too small to measure the influence of the histological
response on survival.

One of the interesting perspectives raised by our study
showing the safety of preoperative chemotherapy is the
possibility to use this therapeutic window to test new
drugs upfront. Response rate here with the standard com-
bination of etoposide and carboplatin® is high and setup
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a landmark. Previous studies have also shown that the
response to preoperative chemotherapy could predict
outcome in metastatic medulloblastomas®’ and could
therefore help to identify high-risk patients who do not re-
spond to conventional chemotherapy.

Our study has some limitations. Patients were not ran-
domized between surgery upfront and neoadjuvant che-
motherapy before surgery, and the choice was mostly
based on the interpretation of tumor operability by the
neurosurgeon. Therefore, higher-risk patients (presence of
hydrocephalus, worse clinical or neurological status) were
mostly in group B. Nevertheless, our results show that the
complete tumor excision rate was higher and neuropsy-
chological behavior tended to be better in this group. This
suggests that this strategy, initially proposed to patients
with metastatic disease to improve disease control and
start chemotherapy earlier, could be discussed also for pa-
tients with localized medulloblastoma where surgical dif-
ficulties are anticipated due to the higher rate of complete
tumor resection.

Conclusion

Preoperative chemotherapy in patients with metastatic
medulloblastoma is advantageous. It allows an early ef-
ficient treatment of the whole disease, increases the rate
of complete tumor removal, and could have a positive im-
pact on the neuropsychological outcome of patients. Our
study did not show any additional risk concerning post-
operative complications, disease control, and patient out-
come in the group with chemotherapy before the surgery.
Histological diagnosis was still feasible and reliable after
preoperative chemotherapy. These findings are important
because this strategy may be integrated and tested in fu-
ture protocols for the treatment of children with metastatic
medulloblastoma.

Supplementary Material

Supplementary data are available at Neuro-Oncology
online.
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