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Abstract

Introduction Medulloblastoma is the most common malignant brain tumor in children, but accounts for only 1% of brain can-
cers in adults. For standard-risk pediatric medulloblastoma, current therapy includes craniospinal irradiation (CSI) at reduced
doses (23.4 Gy) associated with chemotherapy. Whereas most same-stage adult patients are still given CSI at 36 Gy, with
or without chemotherapy, we report here on our use of reduced-dose CSI associated with chemotherapy for older patients.
Methods We gathered non-metastatic patients over 18 years old (median age 28 years, range 18—48) with minimal or no
residual disease after surgery, no negative histological subtypes, treated between 1996-2018 at the Centre Léon Bérard (Lyon)
and the INT (Milano). A series of 54 children with similar tumors treated in Milano was used for comparison.

Results Forty-four adults were considered (median follow-up 101 months): 36 had 23.4 Gy of CSI, and 8 had 30.6 Gy, plus
a boost to the posterior fossa/tumor bed; 43 had chemotherapy as all 54 children, who had a median 83-month follow-up.
The PFS and OS were 82.2+6.1% and 89+5.2% at 5 years, and 78.5 +6.9% and 75.2 +7.8% at ten, not significantly differ-
ent from those of the children. CSI doses higher than 23.4 Gy did not influence PFS. Female adult patients tended to have
a better outcome than males.

Conclusion The results obtained in our combined series are comparable with, or even better than those obtained after high
CSI doses, underscoring the need to reconsider this treatment in adults.

Keywords Adult medulloblastoma - Craniospinal irradiation - Chemotherapy - Side-effects

Introduction (50-60%) belong to the SHH subgroup, most often located

in the cerebellar hemispheres. They mainly involve muta-

While medulloblastoma (MB) is the most common malig-
nant brain tumor in children (annual incidence: 6.5 cases/
million), it is very rare in adults, accounting for less than
1% of all intracranial tumors (annual incidence: 0.6/mil-
lion) [1-3]. The median age of adults diagnosed with MB is
around 30 years [4].

MB in adults differs biologically from its pediatric
counterpart [5, 6]. At least one in two cases of adult MB
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tions implicating a loss of function in PTCH1, with some
TP53 mutations, which may be somatic or germline. The
prognosis is intermediate, with a 5-year OS of 70% for
patients without p53 mutation [6].

As prospective studies on adults are scarce, MB is largely
managed on the strength of pediatric trials. Large retro-
spective studies have also been instrumental in providing
the rationale for treatment recommendations [4, 7]. Since
adults are perceived as tolerating radiotherapy better than
children (though this issue has been poorly studied), and
chemotherapy less well, only adults with high-risk disease
were generally given chemotherapy. This approach has
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recently changed somewhat, albeit with a marked variabil-
ity in the type of chemotherapy administered. The majority
of adults have continued to receive 36 Gy of CSI, however,
although—in the long run—the toxicity of high supratento-
rial doses becomes more pronounced [8]. To shed more light
on the possibility of using very similar treatments for adults
as for homogeneously-staged children with similar prognos-
tic parameters, we retrospectively gathered and analyzed all
MB patients over 18 years of age without metastases, with
minimal or no residual disease after surgery who had been
given reduced doses of CSI associated with chemotherapy
between April 1996 and 2018 at the Centre Léon Bérard
(CLB, Lyon, France) and the INT (Milano, Italy). We com-
pared this sample with a similar,contemporary series of chil-
dren treated in Milano between 2006 and 2018. Acute and
late effects of treatments were also compared when available
in patients’ clinical records.

Patients and methods
The inclusion criteria for our retrospective analysis were:

1. Consecutive patients with newly-diagnosed MB with no
metastases, residual disease after surgery less than 1.5
cm? as largest diameter on an axial view;

2. No large-cell/anaplastic histotype;

No prognostically negative histological/biological fac-

tors (when pertinent diagnostics were available);

No history of other cancers;

age > 18 years for adults, and < 18 years for children;

CSI dose not exceeding 30.6 Gy on neuraxis;

Treatment delivered in the two recruiting centers

e

Nk

All patients were staged using whole central nervous sys-
tem MRI before or after surgery, and brain MRI as soon as
possible after surgery. Imaging was centrally reviewed in
treating centers.

Adult patients at the CLB were treated differently over
time. In the latter part of the 1990s and up until 2003 they
mostly received a total CSI dose of 30.6 Gy plus a boost
to the posterior fossa (PF) or tumor bed (TB) up to a total
dose of 54 Gy, administered in daily doses of 1.8 Gy. CSI
was usually preceded or followed by chemotherapy, mainly
according to the “eight-in-one” schedule [9]. From 2003
onwards, all patients received instead CSI for a total dose of
23.4 Gy. All these latter patients also received chemother-
apy, which usually involved a double course of carboplatin
(160 mg/m*day for five days) and etoposide (100 mg/m?*/day
for 5 days) before and/or after irradiation [10].

Adults and children with MB treated at the INT in Milano
from 2006 to 2018 all received the same treatment, based
on the standard approach deriving from the results obtained
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with the PNET-4 protocol [11] for children. CSI was deliv-
ered at a total dose of 23.4 Gy, with a boost to the PF or TD,
reaching 54 Gy altogether, with daily fractions of 1.8 Gy.
Adjuvant chemotherapy after radiotherapy (RT) consisted of
8 courses of lomustine, vincristine and cisplatin or carbopl-
atin, following the same stopping rules as for the published
protocol [11]. No vincristine was administered during irra-
diation in any of the patients.

All patients and parents (for the children’s group) gave
their consent to treatment.

Acute toxicity data were available from their clinical
records and are reported here for the patients treated in
Milano. All patients were routinely followed up for tumor
recurrence and late effects, which are also reported for
adults, where available.

Survival analyses were performed used the Kaplan—Meier
method. Statistical differences in overall survival (OS) and
progression-free survival (PFS) were tested with the log-
rank test, and all “p” values were two-tailed. The mean val-
ues of these variables are given with their 95% confidence
intervals. Fisher’s test was used to compare the frequency of
patients’ characteristics. PFS rates were estimated from the
day of the first tumor excision to the time of progression, or
the date of the latest follow-up visit for patients remaining
in first complete remission. OS rates were estimated from
the day of the first tumor excision up until death, or the date
of the latest follow-up visit for patients who were still alive.

The IRB in Milano approved this observational protocol
and the data protection structure as INT 100/19.

Results

At the time of writing, the median follow-up was 101 months
(range 20-227) for the adult patients, and 83 months for the
children (range 18-161), and all patients were off treatment.

Patients’ features

There were 44 adults with a median age at diagnosis of
28 years (range 18-48); 24 of them were males. The group
of children included 54 patients with a median age at diag-
nosis of 9.5 years (range 4—17) and 28 were boys.

Data on residual disease (always less than 1.5 cm? in
size) showed only one adult with residual tumor (a propor-
tion comparable with the 2/54 children showing measur-
able disease); none of the patients revealed metastases.
Cerebrospinal fluid (CSF) cytology was conducted for
all patients after surgery, revealing no metastases in the
CSF compartment. The primary tumor site was vermian
in 24/44 adults and 50/54 children, while it was lateral in
the cerebellar hemispheres in 20 adults and 4 children,
respectively (P < 0.0001). After centralized review, the
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histological subtype for adults was classic in 14/44 cases,
nodular/desmoplastic in 27 and not specified in 3; it was
classic in 44/54 children, nodular/desmoplastic in 9, and
with extensive nodularity in one (who was 4 years-old at
diagnosis) (P < 0.00001). In 70% of cases, lateral tumors
were histologically desmoplastic/nodular. Molecular sub-
grouping of tumors was available for a few patients, i.e. 29
adults (28 SHH subgroup and one non WNT/non SHH),
and 6 children (2 WNT, 1 SHH and 3 non SHH/non WNT).

Treatment

Thirty-six adults had CSI at total doses of 23.4 Gy, and
8 received 30.6 Gy. As far the boosts, 23/44 adults and
35/54 children had a boost to the PF, while 21 adults and
the other 19 children had a boost to the TB. In Milano,
from 2006 to 2014, all patients received CSI and PF/TB
boosts with a 3D-conformal technique. In 2014, a volumet-
ric modulated arc therapy (VMAT) technique was adopted
for the boosts, and since February 2016 a VMAT tech-
nique was adopted also for CSI. Both CSI techniques were
delivered using a moving junction strategy.

Forty-three of the 44 adults also had chemotherapy.
Some were given carboplatin/etoposide for 2 courses (in
7 cases), or the eight-in-one schedule for 2 courses (in 3
cases) prior to RT, then carboplatin/etoposide for 2 courses
(in 11 patients) or the eight-in-one schedule for 2 courses
(in 10) after RT. The other 22 patients not given chemo-
therapy before RT were given lomustine, vincristine, and
cisplatin or carboplatin afterwards for a maximum of 8
courses (Table 1). The only patient not given chemo-
therapy had a total CSI of 30.6 Gy. All 54 children were
treated after surgery with 23.4 Gy CSI plus a boost to the
PF or TB as specified above at a total dose of 54 Gy, fol-
lowed by up to 8 courses with lomustine, vincristine, and
cisplatin or carboplatin.

Given the homogeneous post-RT regimen used in 22
adults and 54 children, we calculated the feasibility of
this approach to the treatment of both adults and children,
as far as the use of lomustine and cisplatin are concerned.
The median number of full doses of lomustine adminis-
tered was 8 (range 6-8) for the adults and 8 (range 8—8)
for the children. The median number of full doses of cis-
platin administered was 6 (range 5-8) for the adults and
5 (range 4-8) for the children. The median cumulative
dose of cisplatin was 420 mg/m? (range 350-560) in the
adults and 385 mg/m? (range 280—560) in the children (P
ns). Data on dose intensity, acute neurotoxicity, ototoxic-
ity and nephrotoxicity were also compared between the
two groups, revealing no significant differences (data not
shown).

Survival analyses

For the 44 adults, the PFS and OS at 5 years were
82.2+6.1% and 89 +5.2%, respectively, and at 10 years
they were 78.5+6.9% and 75.21 +7.8%. The median time
to progression was 44 months (range 15-82). For the 54
children, the PFS and OS at 5 years were 94.2 +3.3% and
100%, respectively, and at 10 years they were 91.8 +4% and
84.5+6.6%. The median time to progression in this group
was 49 months (mean 36 months). Figures 1 and 2 show
the PFS and OS in the two patient groups. The differences
between the two populations were not significant for PFS
or OS.

Among the adults, neither the doses of CSI nor any use of
pre-RT chemotherapy, or the type of post-RT schedule had
any influence on the patients’ PFS or OS. The only patient
not given any chemotherapy did not relapse.

The female adult patients tended to have a better PFS
and OS than the males. The PFS at both 5 and 10 years
was 94.4 +5.4% for females as opposed to 72.7 +£9.5%
and 66.7 +10.5% for males (P=0.0580). The OS at 5 and
10 years was 100% and 91.7 + 8% for females as opposed to
81.1+8.59% and 64.5 + 11% for males (P =0.0753).

In all, there were 12 patients who relapsed, 8 adults and
4 children. The relapses in adults were local in 4 cases,
local + the CSF, spine or bone in one case each, and only
in bone in one. The relapses in children were local in 2
cases, with leptomeningeal dissemination in one, and with
a single metastatic nodule in one. There was no statistically
significant difference in the local component of relapse
between the two groups. When the different extent of the
boost was considered, however, all 6 relapsing patients for
whom data were available (including the 4 with a component
of local relapse, of course) had received a boost to the PF
(P=0.1580). One child developed a cerebellar glioblastoma
85 months after receiving irradiation, and died 18 months
later.

Long-term toxicity

Tables 2 and 3 show the late effects, as documented in the
clinical records, of 22 adult patients and 49 children.

Endocrine problems were identified in 53% of the adults
and 97% of the children tested. They mainly involved hypo-
thyroidism and vitamin D deficiency in both groups. Thy-
roid nodules were more common in adults (47% vs 19%)
(P=0.021). Ototoxicity came to light in 47% of the adults
and 67% of the children (P=0.0513). Some degree of alope-
cia was evident in 20% of the adults and 29% of the children.
Cerebellar impairment, always as a persistent consequence
of surgical excisions, was recorded in 60% of the adults
tested and 17% of the children (P =0.000).
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Fig. 1 PFS of adult and children series
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Fig.2 OS of adult and children series

Discussion

Medulloblastoma treatments in use today achieve OS
and EFS rates of up to 85.9% and 82.6%, respectively, at
5 years, in children with MB classified as average-risk (or
standard-risk in Europe) [11, 12].

Our understanding of the molecular drivers behind MB
has improved considerably now that distinct molecular
subgroups have been identified, as well as the known his-
tological subtypes of this disease. This new information
is now being incorporated in prospective clinical trials on
pediatric MB [13, 14].

For our series of cases treated at two centers, a thorough
molecular subtyping was unfeasible for most patients due
to the retrospective nature of our analysis. We could how-
ever observe a significant majority of lateral location and

Table 2 Children late-effects (49 survivors)

Tested Sequela Affected %
42 endocrine alterations Growth hormone deficit 27 64
Hypothyroidism 31 74
Vitamin D deficiency 36 86
Metabolic syndrome 4 10
Thyroid nodules 8 19
None 2 3
46 ototoxicity Acute tones impairment 26 67
Prosthesis 5
None 15 33
48 alopecia Alopecia>30% scalp 3 29
Thin and reduced hair
Nuchal alopecia 4
None 39 71
48 neurological impair- Cerebellar syndrome 3 17
ments Ocular movements
Other
None 40 83

Table 3 Late effects in adults (22/36 survivors—Dboth series)

Tested Sequelae Patients %
affected

17 endocrine changes Growth hormone deficit 2 12
Hypothyroidism 11 65
Vitamin D deficiency 6 35
Metabolic syndrome 5 29
Thyroid nodules 8 47
None 1 6

19 ototoxicity Acute tones impairment 7 47
Prosthesis 2
None 10 53

20 alopecia Alopecia>30% scalp 4 20
None 16 80

22 neurological impairment Cerebellar syndrome 12 60
Ocular movements 4 20
Other 6 20
None 8 40

desmoplastic/nodular histotype in adults as compared to
children.

As in MB in children, in adults too we can identify two
clinical risk classes depending on metastatic status and the
residual dimensions after surgical resection, although the
prognostic significance of residual disease is still strongly
debated and has yet to be confirmed in adults [15]. For
quite a few years now, adults have been treated with resec-
tion, if complete followed by conventional full doses CSI.
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Upfront chemotherapy has only been used for patients with
incomplete resections and/or metastatic disease [16].

Two large retrospective studies (a National Cancer Data
Base analysis and a meta-analysis) [4, 17], and another
two prospective protocols [18-20] have recently generated
evidence to support the use of upfront chemotherapy and
its feasibility in adults. As adjuvant chemotherapy with
standard-risk MB, standard-dose CSI can be followed by
chemotherapy (lomustine, cisplatin, and vincristine). This
solution has reportedly achieved 4-year EFS and OS rates
of 68% and 89%, respectively [21]. In an Italian series of 43
standard-risk adult MB patients, the DEC regimen (cisplatin,
etoposide, and cyclophosphamide) associated with RT in 15
cases reached a 10-year OS rate of 100% (as compared with
79% for patients only given RT) [22].

Two large retrospective studies found upfront chemother-
apy beneficial in standard-risk adult MB patients [4, 17]. A
registry from the U.S. National Cancer Data Base returned
details of 751 adults (88% with non-metastatic disease) diag-
nosed from 2004 to 2012 who were given CSI plus adjuvant
chemotherapy (69%), or CSI alone (31%) [4]. Analyzing this
sample revealed a survival advantage for the combination
of chemotherapy and RT after surgery compared with RT
alone (with a 5-year OS of 86% as opposed to 72%), even
for non-metastatic patients given high doses of CSI. In a
meta-analysis Kocakaya et al. showed that chemotherapy
improved survival (even though 20% of the sample con-
sidered showed signs of metastases) [17]. An international
retrospective study on 206 adults (62% with non-metastatic
disease) diagnosed between 1976 and 2014 also found that
patients given chemotherapy (48% of the cohort) had a better
local disease control and longer survival [3].

Importantly, with a combination of chemotherapy (usu-
ally with regimens containing platinum), better staging and
more scrupulous patient selection, adults with standard-risk
MB might be able to benefit from lower doses of CSI, as
in childhood [13, 23]. A French study on 253 adults (124
at standard risk) found no differences in survival between
patients given CSI at doses > 34 Gy and those given <34 Gy
plus chemotherapy [24]. This finding is supported by an
American study on 29 adults, including 7 standard-risk
cases given reduced doses of CSI (23.4 Gy) with concur-
rent and adjuvant chemotherapy; remarkably, none of these
patients relapsed [8]. In the German HIT 2000 study, a group
of 9 adult standard-risk patients given reduced-dose CSI
(23.4 Gy) plus chemotherapy had the same prognosis as 47
patients given CSI alone at doses of 35.2 Gy [21].

The feasibility of using pediatric protocols for adults
has sometimes suffered from problems of hematological
and neurological toxicity. For instance, a recent phase II
study on RT and chemotherapy for adults with MB, the
plan was to administer CSI and concurrent vincristine fol-
lowed by cisplatin, lomustine, and vincristine, but only
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70% of the patients received more than 4 cycles of this
regimen, and they all needed dose reductions [20].

Our report shows that adults are able to tolerate chemo-
therapy for MB just as well as children, and that a lower
dose of CSI can be administered without impairing the
outcome. We also found that the dosage of cisplatin and
lomustine was comparable in our two age groups, confirm-
ing that the related toxicity was no more severe in adults.

Interestingly, none of the adults for whom details of
the extent of their boost extension were available in our
records relapsed locally after a boost to the TB. This find-
ing confirms that, with adequate staging, a boost to the
whole PF is no more necessary in adults with MB than it
is in children.

Our results for adult MB compare fairly well with the
recent literature and are satisfactory even in the longer
term needed to reveal late relapses—which are more com-
mon in adults than in children [25]. Reducing the dose of
CSI for adults is likely to favorably affect their neurocog-
nitive outcome and quality of life [2, 26]. For children
with standard-risk MB, it has recently been established
that 23.4 Gy is the lower threshold dose of CSI (combined
with chemotherapy) below which it is unwise to go, bar-
ring extremely particular situations [11, 12, 23]. We do not
know what the lower threshold dose might be for adults,
and we can only guess at whether it might differ from that
of pediatric MB with the same histology and biological
characteristics.

In our long-term assessment of late effects, adults expe-
rienced no more ototoxicity or nephrotoxicity than children.
They did develop more thyroid nodules, partly due to the
effects of aging [27]. Adults were also neurologically more
impaired, and more persistently so after surgery, probably
as a result of a declining neuroplasticity with aging [28]
and/or to differences in their rehabilitation, which usually
lasts longer in children [29]. We did not have enough data
on our adult patients’ fertility, but the long life expectancy
makes it necessary to provide for the cryopreservation of
patients’ gametes, and most of the patients described herein
were offered the opportunity to do so.

The European SIOP PNET-5 trial (underway since 2014)
is reducing the total doses cisplatin and lomustine chemo-
therapy vis-a-vis the PNET-4 trial, which was our schedule
adopted in most patients [30]. Late effects should be less-
ened, and this same approach could be proposed to adults in
similar clinical (and molecular) risk groups too [31].
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