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Abstract

Background. The historic standard of care for adult medulloblastoma has been considered surgery and radiation,
while chemotherapy is increasingly being prescribed. This study reviewed 20-year chemotherapy trends at a high-
volume center, as well as overall and progression free-survival.

Methods. Adults with medulloblastoma treated at an academic center from January 1, 1999 to —December
31, 2020 were reviewed. Patient baseline data were summarized and Kaplan—-Meier estimators were used for
survival.

Results. Forty-nine patients were included; median age was 30 years and male: female ratio was 2:1. Desmoplastic
and classical histologies were most common. Of all patients, 23 (47%) were high risk and 7 (14%) metastatic at di-
agnosis. Only 10 (20%) received initial chemotherapy, of which 70% were high risk and 30% metastatic, with most
treated from 2010 to 2020. Forty percent of initial chemotherapy patients received salvage chemotherapy for recur-
rence or metastases (of all patients, 49% required salvage). Initial chemotherapy regimens were mainly cisplatin/
lomustine/vincristine, and at recurrence cisplatin/etoposide. Median overall survival was 8.6 years (95% Cl 7.5-),
with 1-, 5-, and 10-year survival at 95.8%, 72%, and 46.7%. Median overall survival for those who did not receive
initial chemotherapy was 12.4 years and 7.4 years for those who did (P-value .2).

Conclusions. Twenty years of adult medulloblastoma treatment was reviewed. Initial chemotherapy patients, most
of whom were high risk, trended towards worse survival, but this was nonsignificant. The ideal timing and choice
of chemotherapy for adult medulloblastoma is unknown—challenges of administering chemotherapy following
photon craniospinal irradiation may have prevented it from becoming routine.

adult | chemotherapy | medulloblastoma | radiation | retrospective cohort study

Medulloblastoma is the most common pediatric brain tumor  tumors."?They are classified asWHO grade 4tumors and are as-
but is rare in adults, with an incidence of only 0.58 per million  sociated with a 5-year overall survival (OS) from 40% to 82%2%”’
cases in patients over 19, comprising less than 1% of adultbrain ~ depending on the stage group studied and severity of disease.
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The traditional standard of care (SOC) treatment consists
of maximal safe resection and adjuvant craniospinal (CSI)
radiation with boost to the tumor bed and residual gross
disease.®® Evidence supporting chemotherapy as part of
SOC initial treatment is growing:® a large meta-analysis
showed improved median OS in patients who received
neoadjuvant chemotherapy compared to patients with first
chemotherapy at recurrence,’® Kann et al.,, demonstrated
a 14.5% absolute 5 year OS benefit of adjuvant chemo-
therapy in patients without M4 disease,® and a subsequent
review of the same national database review showed OS
benefit of either concurrent or adjuvant chemotherapy.”
There are no randomized trials comparing SOC treatment
with or without chemotherapy or different drug regimens,
mainly due to the low disease incidence.

Classification and treatment of medulloblastoma have
evolved over time. Data on molecular subgroups has only
recently become available in the clinic. This retrospective
study reviewed 20 years of chemotherapy prescribing
practices for adult medulloblastoma patients seen at a
busy academic center, Princess Margaret Hospital (PMH)
in Toronto, Canada. The primary objective of this study
was to compare the use of adjuvant chemotherapy across
treatment eras. Secondary objectives included overall and
progression free-survival analysis, based on risk status
and treatment approach, as well as between those who re-
ceived upfront chemotherapy and those who did not.

I
Materials and Methods

The Princess Margaret Cancer Registry (PMCR) was used
to identify potential patients. The PMCR was established
in 1958, with data from all University Health Network hos-
pitals. Eligibility criteria included patients 18 or older, seen
at PMH from January 1, 1999 to December 31, 2020, for a di-
agnosis of medulloblastoma. Initial registry data searched
for patients classified as having medulloblastoma, as well
as primitive neuroectodermal tumors (PNETSs), as this was
a historical term for medulloblastoma. We then excluded
patients with supratentorial PNETs, PNETs of only the
spinal column, patients with insufficient data for analysis
or patients who received no treatment at PMH (neither at
diagnosis nor recurrence). This resulted in a final sample
size of 49 patients. This retrospective study received re-
search ethics board approval with a waiver of patient
consent. Chart review and radiation records were used to
complete missing data. Archival pathology was reviewed
for cases where histologic classification was missing from
the original pathology report.

Data collected included baseline patient demographics,
surgical, pathology, and diagnostic imaging reports and
patient electronic chart notes. Risk group was divided into
average risk (residual tumor less than 1.5 cm3, M0-M1,
classic or desmoplastic/nodular histology, wingless/WNT
or Sonic hedgehog/SHH molecular subtype) and high risk
(residual tumor greater than 1.5 cm3, >M1 disease, large
cell/anaplastic histology, non-WNT/non-SHH molecular
subtype, or SHH-p53mut).'?'3 Descriptive statistics were
used to present the data and Kaplan—-Meier estimators were
used for survival analysis. P-values were calculated with

Chi-squared test. The R project for Statistical Computing™
was used for calculations and plots.

I
Results

Patient Population

A total of 49 patients were included. Patient age ranged
from 18 to 60 years, with median age of 30. Male patients
were the majority at approximately 2:1. A minority of pa-
tients were metastatic at diagnosis with Chang'? M2 dis-
ease or worse (14%; 7/49); these patients had metastatic
disease confirmed with MRI brain and MRI spine at least
2 weeks postoperatively. The most common sites of me-
tastases were the spine and leptomeninges. Twenty-three
were high risk (47%) and 26 (53%) were average risk, classi-
fied by metastases, amount of postoperative residual, his-
tology, and molecular subgroup. Twenty-eight patients had
gross total resection and 20 subtotal resections, with one
patient missing surgical residual information. Most initial
tumors were lateral (58%; 28/49, 18 were bilateral or mid-
line, 37%; 18/49 and 3 patients had unknown initial tumor
location). The most common histology was desmoplastic/
nodular. Molecular subgroup was available for the 6 most
recent patients, with SHH most common (4/6). Four pa-
tients received initial treatment at other centers and were
treated at PMH upon subsequent recurrence. Complete
baseline patient characteristics are described inTable 1.

Chemotherapy

Initial chemotherapy in this study was defined as chemo-
therapy occurring concurrent with or adjuvant to primary
radiation treatment, as opposed to chemotherapy at disease
progression or recurrence.Ten patients (20%) received initial
chemotherapy; 12 patients were offered initial chemotherapy
but 2 did not receive treatment due to patient preference or
deterioration in health. One initial chemotherapy regimen
was concurrent treatment only, 4 were adjuvant, and 5 were
concurrent followed by adjuvant treatment. Of the 10 initial
chemotherapy patients, 7 were classified as high risk and 3
were metastatic at diagnosis. Patients who received initial
chemotherapy were on average younger and treated in the
most recent treatment decade (seeTable 1).

The most common initial chemotherapy regimen was cis-
platin/lomustine/vincristine, followed by etoposide/cisplatin/
lomustine/vincristine and etoposide/cisplatin/cyclophospha-
mide/vincristine. Common regimens at first recurrence were
cisplatin/etoposide, etoposide, and temozolomide. This was
similar at second recurrence, with the addition of autologous
stem cell transplant, which was administered to 2 patients.
Toxicity during chemotherapy was most commonly neutro-
penia, fatigue, anemia, and neuropathy. Complete chemo-
therapy regimen details are described inTables 2 and 3.

Radiation Therapy

Primary radiation (CSI + boost) was delivered to 47
patients. One patient did not receive radiation and
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Table 1. Baseline characteristics of the entire study population (49 adult patients with medulloblastoma), as well as based on initial chemotherapy
treatment decision, treated at Princess Margaret Cancer Centre (PM) from January 1, 1999 to December 30, 2020

Baseline characteristic All patients No initial chemotherapy (n = 39) Given initial chemotherapy (n = 10)

Age at diagnosis (years)

Median (IQR) 30 32 (21, 38.5) 22 (21, 24.3)
Range (years) 18-60 18-60 18-43

Sex

Female 16 (33%) 13

Male 33 (67%) 26

Year of diagnosis

Median (IQR) 2008 (2004, 2014) 2008 (2003.5, 2014) 2013.50 (2006.5, 2016)
Range 1999-2018 2000-2018 1999-2017
Time from symptoms to diagnosis (days)

Minimum 6 6 12

Median (IQR) 46.5 (29,95.3) 46 (30.75, 96.25) 54 (29.50, 85.75)
Mean (sd) 88 +/- 112.3 96.82 + 125.27 58.30 + 37.5
Maximum 538 538 120
Unknown/missing 5 5 0

Histology, No. (%)

Classical 17 14 3
Desmoplastic/nodular 17 15 1

Large cell/anaplastic 8 5 4
Unknown/Missing 7 5 2
Molecular subgroup, No. (%) n=6

Group 3or4 1 0 1
Group 4 1 1 0

SHH 4 3] 1
Unknown/Missing 43 35 8
Metastatic at diagnosis, No. (%)

Yes 7 (14%) 4 3

No 42 (86%) 35 7

Sites of metastasis at diagnosis, No. n=7

(%)

Spine 4 1 0
Leptomeningeal 1 3 1
Spine/Leptomeningeal 2 0 2
Unknown/missing 0 35 7
Resection extent, No. (%)

Gross total 28 (57%) 23 (59%) 5 (50%)
Subtotal 20 (41%) 15 (38%) 5 (50%)
Unknown 1(2%) 1(3%) 0
Tumor location, No, (%)

Lateralized 28 (57%) 23 (59%) 5 (50%)
Nonlateral 18 (37%) 14 (36%) 4 (40%)
Unknown 3(6%) 2 (3%) 1(10%)
Residual disease (area cm?)

Minimum 0 0 0
Median (IQR) 0 (0, 1.41) 0(0, 1.73) 0 (0, 0.30)
Mean (sd) 1.78 1.92 +4.25 1.11 £ 2.69
Maximum 18.74 18.74 7.20
Unknown/missing 9 6 3

Risk category, No. (%)
Intermediate 26 (53%) 23
High 23 (47%) 16
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Table 3. Chemotherapy decision and regimens at initial treatment and recurrence of adult medulloblastoma patients treated at Princess Margaret

Cancer Centre (PM) from January 1, 1999 to December 30, 2020.

Treatment details

Initial chemotherapy (concurrent and/or adjuvant)
Yes

No

Received salvage chemotherapy at recurrence

Yes

No

Initial chemotherapy regimen
Cisplatin/Lomustine/Vincristine
Etoposide/Cisplatin/Lomustine/Vincristine
Etoposide/Cisplatin/Cyclophosphamide/Vincristine
Carboplatin/Etoposide

Recurrent patients

First recurrence n=19

Cisplatin/Etoposide

Etoposide

Temozolomide

Carboplatin/Etoposide
Carboplatin/Etoposide/Autologous stem cell transplant
Etoposide/Cisplatin/Lomustine/Vincristine

Sonidegib
Procarbazine/Lomustine/Vincristine/Etoposide

Second recurrence
Temozolomide

Etoposide

Autologous stem cell transplant
Cyclophosphamide/Autologous stem cell transplant
Etoposide/Cisplatin

Lomustine
Etoposide/Temozolomide

Third recurrence
Cyclophosphamide

Lomustine

Imatinib

Fourth recurrence

Temozolomide

radiation data were missing for two others. One patient
received CSl radiation alone without boost. The average
time from initial surgery to radiation completion was
78 days (range 16-117).The most common CSI| dose was
36 Gy in 20 fractions and the most common boost dose
was 18 Gy in 10 fractions. Eleven (11/49) patients re-
ceived additional boost to gross disease in the brain or
spine, with the most common boost dose being 5.4 Gy
in 3 fractions (to a total of 59.4 Gy). One patient was un-
able to complete radiation due to meningitis and stroke,
receiving only 900 cGy to the spine and no radiation to
the brain.

Number of patients
10
39

35

"

n=10

5

1

3

1

n =22 (3 with no initial treatment, 1 never disease free)
n =19 (4 initial chemotherapy patients)

6

4
4

-

=12 (2 initial chemotherapy patients)

-

Outcomes

As of December 31, 2020, at most recent follow-up 55%
(22/49) of patients were alive. For the entire study popula-
tion, median OS was 8.6 years (Figure 1). The estimated 1-,
5- and 10-year OS were 96%, 72%, and 47% respectively.
There were 23 patients out of the entire cohort who devel-
oped recurrence; median progression free survival was
5.1 years. Median time to first progression was 2.8 years
for the entire cohort. There were 5 patients out of the in-
itial chemotherapy patients who developed at least 1 re-
currence and 4 went on to receive salvage chemotherapy
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Figure 1. Kaplan—Meier plot of overall survival for 49 adult pa-

tients with medulloblastoma treated at the Princess Margaret
Cancer Centre (PM) between January 1, 1999 and December 30,
2020.
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Figure 2. Kaplan—Meier plots of overall survival of adult patients
who received (dashed line) and who did not receive chemotherapy
(solid line) as part of their initial treatment for medulloblastoma at
the Princess Margaret Cancer Centre (PM) between January 1,
1999 and December 30, 2020; P-value .2.

(Table 3). Of the entire population, 49% received chemo-
therapy as salvage at recurrence. The median follow-up
time (calculated using the reverse Kaplan-Meier method)
was 10.6 years (interquartile range 5.9-13.6).

Patients who received initial chemotherapy had a lower
median OS of 7.4 years compared to those who did not re-
ceive initial chemotherapy with median OS of 12.4 years
(P-value .2) (Figure 2). Median progression free survival
was 5.1 years in patients without initial chemotherapy and
3.1 years in patients with initial chemotherapy; P-value .8.
There were 5 patients out of the initial chemotherapy pa-
tients who developed at least one recurrence and 4 went
on to receive salvage chemotherapy (Table 3). Of the 10
chemotherapy patients, 3 were average risk, and 7 were
high risk; there was no significant OS difference in these
patients based on risk group (P-value .7).

Overall survival by risk category
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Figure 3. Kaplan—Meier plots of overall survival of high risk
(solid line) and average risk (dashed line) adult patients with
medulloblastoma treated at the Princess Margaret Cancer Centre
(PM) between January 1, 1999 and December 30, 2020; P-value .6.

High-risk patients did not reach median survival com-
pared to average risk patients with a medial survival of
7.79 years; P-value .6 (Figure 3). Median progression free
survival for high-risk patients was 4.16 years compared to
6.47 years for the average risk group. There was no signif-
icant difference in OS between patients with total vs sub-
total resection status (P-value .9).

When comparing the earlier and most recent treat-
ment decades (1999-2009 vs 2010-2020), 25 patients were
treated in the first treatment decade and 24 in the later
treatment decade. There was no significant difference
between the two treatment groups in terms of median
overall and progression free survival (P-value .9 and .7,
respectively).

I
Discussion

This study reviewed 20 years of patients with adult
medulloblastoma treated at a busy academic center, with a
focus on chemotherapy as part of the initial treatment reg-
imen. Our analysis of 49 patients showed that only 20% of
patients received initial chemotherapy and these patients
were typically younger and treated in the most recent
decade of the study.

The impact of treatment decade on initial chemotherapy
decision demonstrated here could reflect increasing ten-
dency to offer initial chemotherapy based on studies
showing potential benefit of chemotherapy in adult
medulloblastoma patients in recent years.>®'%1" However,
it is difficult to explore this result of our study further as
only 20% of the study population in this series received
initial chemotherapy. This is lower than other reported
studies, where chemotherapy rates ranged from 33% to
95% either concurrently or adjuvantly.346710.11.15.16 \N/jth the
inclusion of patients who were offered chemotherapy but
did not proceed with the treatment recommendation, the
proportion increased modestly from 20% to 25%. Our re-
view included all M stage patients and the 14% with met-
astatic disease were all M2 or higher; these patients may
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have been less well overall and not expected to tolerate
systemic treatment if offered. In terms of risk stratification,
our population was more evenly split between high and av-
erage risk patients (47% and 53%, respectively) compared
with other study populations that consisted of fewer high-
risk patients,®”'6 and although higher risk patients could
be argued to derive the most benefit from chemotherapy,
their clinical fitness to proceed could be influenced by dis-
ease factors making them high risk. This may have also
impacted their ability to complete chemotherapy, either
concurrently or adjuvantly. Other than patient age and
treatment decade, there was no clear trend in patient fac-
tors for the treatment decision of initial chemotherapy. Our
population did include patients who came to our center
at time of recurrence, meaning their initial treatment de-
cisions and factors influencing those decisions were not
made at our institution—this could influence the low che-
motherapy rate in our cohort further. Recent work by Liu
et al. demonstrated the role of cfDNA CSF liquid biopsies
in detecting measurable residual disease and treatment
response in medulloblastoma patients. This marker of dis-
ease could be another tool in treatment decision making,
both adjuvantly and at suspicion of recurrence."”

OS at 5 years was 67.5% and was slightly worse in pa-
tients with metastatic or high-risk disease; the small pro-
portion of patients who received initial chemotherapy
had a worse OS than those who did not. In terms of sec-
ondary endpoints, our study was in line with previously
shown rates of 0S,37 with disease free survival at 5 years
of 67.5%, despite the increased representation of patients
with high risk and advanced M stage disease in our study
population. With respect to pediatric outcomes, the HIT
trial reported 5-year progression free survival of 80.3% and
5 year OS of 85%."® The significance of patients receiving
initial chemotherapy having slightly worse OS is unclear.
There could be multiple explanations: the toxicity associ-
ated with chemotherapy in adults who received high-dose
photon CSI irradiation (compared to less intense chemo-
therapy regimens such as oral temozolomide in patients
with glioblastoma) which could reduce bone marrow re-
serve, these patients being sicker to begin with or simply
the small number (20%) of patients receiving chemo-
therapy in this study. Toxicity of combination systemic and
radiation therapy in older children was studied by Tabori
et al.’®—grade 3 or 4 hematotoxicity occurred in 95%, along
with high rates grade 2 ototoxicity (45%) and neurotoxicity
(71%). Other confounding factors could also have influ-
enced the decision to administer chemotherapy, including
risk category. Our cohort had a more even proportion of
high vs average risk patients as mentioned previously,
and although they likely stood to benefit more from che-
motherapy, their disease was more severe and this may
have influenced their survival, regardless of receiving che-
motherapy or not. Beier et al.,?° prospectively explored the
feasibility of concurrent (vincristine) and at least 1 cycle
adjuvant chemotherapy (cisplatin/lomustine/vincristine) in
adult medulloblastoma patients. Four cycles of their adju-
vant regimen were feasible in 70% of patients; all required
dose reductions and feasibility decreased with increasing
patient age past 45 years old, with an increase in severe
adverse events past that age.?’ As initially discussed, our
study had fewer patients receiving initial chemotherapy

than most and the difference in survival trends could ac-
cordingly be different due to chance. The median time to
recurrence in our cohort was slightly over 24 months;
other adult studies have quoted longer time periods such
as 47 months.” Our cohort included all M risk category pa-
tients and had a large number of high-risk patients, poten-
tially explaining the worse time to recurrence. A pediatric
study of recurrence patterns showed a range of median
time to recurrence of 12-18.3 months.?!

Guidelines by EANO-EURACAN give level IIA recom-
mendations for chemotherapy as part of the primary treat-
ment for patients in any risk category.® The meta-analysis
from Kocakaya et al.,' demonstrated significant improve-
ment in OS in patients who received chemotherapy at
diagnosis vs only at recurrence and Kann et al.,> demon-
strated a 14.5% absolute OS benefit in patients treated with
postoperative chemotherapy on their database review. In
work published in 2020, Haque et al. reviewed the same
database and found again an improvement in survival
with chemotherapy, whether delivered concurrently or
adjuvantly. This work was limited by multivariate analysis
for chemotherapy benefit not reaching significance and the
database itself does not include results on residual disease
status or molecular classification in both works.>™ Atalar
et al., reviewed 296 adult medulloblastoma patients and
found that chemotherapy at initial treatment (neoadjuvant,
concurrent, or adjuvant with radiation) was associated
with better survival and local control.”® In other studies,
including Franceschi et al.,?? that investigated average risk
patients, chemotherapy was not a prognostic factor for
survival.®”23 The concept of preoperative chemotherapy
has also been explored but results were disappointing.’

The result of patients with metastatic and high-risk dis-
ease at diagnosis trending towards having worse OS is
not unexpected; metastatic disease is an aspect of the risk
classification of medulloblastoma; therefore, it is logical
if one factor had a survival implication, which the other
would as well. In our study, patients with metastatic dis-
ease were all at least Chang stage M2; while the number
of metastatic patients was low (14%), the severity of their
metastatic disease likely plays a role in their lower survival
shown here. Studies in adult medulloblastoma show prog-
nostic factors are much more heterogeneous compared
to pediatric populations—in some studies the presence of
metastatic disease is significantly associated with survival
and in others it is not.#57%10.1.16.23.24 Qther prognostic factors
vary as well in their significance between series, including
histology, resection extent, performance time between
surgery and completion of radiation, and location of initial
disease.’61016.23-25 Ag previously discussed, our popula-
tion had more high-risk patients compared to most studies,
but this did not bring our overall population survival out
of the range of 5-year OS seen in adult medulloblastoma
patients.

All patients on the present study were treated with
photon radiotherapy. This treatment irradiates more of
the bone marrow in the axial skeleton than proton radi-
otherapy and can adversely affect tolerance to post-RT
chemotherapy. Proton therapy is an emerging standard
treatment for medulloblastoma in children and young
adults because of its ability to more precisely target the
neuraxis.?® The increased precision of proton therapy
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reduces bone marrow dose and hematologic toxicity and
has been shown to be tolerable when combined with che-
motherapy.?’ This treatment represents an area of future
study as proton therapy becomes more broadly available
around the world. Another ongoing area of study is the use
of targeted agents such as SHH inhibitors; although treat-
ment is not currently driven by molecular status, these
agents have potential to address medulloblastoma as a di-
verse disease entity.?8%°

Limitations and Future Perspectives

Our study is limited by overall small sample size and ret-
rospective nature. With only 10 of our patients receiving
initial chemotherapy, the power to detect survival differ-
ences is limited. Treatment decision details and rationale
can be difficult to discern on chart reviews from decades
prior and our review may not adequately demonstrate
the discussions involved in deciding optional regimens
for these patients. There was heterogeneity of those who
received initial chemotherapy, some concurrently with
radiation and some adjuvantly; we pooled these patients
based on the small number who received chemotherapy
and survival results may have been resultingly skewed.
Medulloblastoma classification was updated in 2016 to in-
clude molecular subgrouping in addition to the traditional
histologic groupings; as well, further divisions within the
molecular subgroups have been identified and may have
prognostic implications.®® Our review spanned 2 decades,
only the most recent 5 years of the study period was when
molecular subgrouping became SOC (currently the SOC
at our institution). Accordingly, only 6 of our patients had
this data available; with the first occurring in 2011. Not all
patients with negative spine imaging had CSF cytology
checked, so some patients in this cohort might have been
understaged.

I
Conclusions

This analysis demonstrated that chemotherapy, while in-
frequently part of the initial treatment regimen for adult
medulloblastoma patients treated at our institution, was
more commonly prescribed in the most recent treatment
decade and to younger patients. Our analysis showed the
significant heterogeneity of this rare patient population
across a 20-year treatment period. The rarity of this adult
malignancy necessitates enrollment in clinical trials to fur-
ther understand the subtleties of the disease behavior and
treatment options.
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