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Molecular Subgroup Is the Strongest

Predictor of Medulloblastoma Qutcome in a
Resource-Limited Country

Nisreen Amayiri, MD'; Maisa Swaidan, MD?; Ahmed Ibrahimi, MD?; Nader Hirmas, MD*; Awni Musharbash, MD?®; Eric Bouffet, MDS;
Maysa Al-Hussaini, MD7; and Vijay Ramaswamy, MD®2

PURPOSE Medulloblastoma is composed of four clinically and prognostically distinct molecular subgroups
(WNT, SHH, group 3, and group 4). However, the clinical implications of these subgroups in the context of the
unique challenges of low- to middle-income countries are rarely reported.

METHODS We assembled an institutional cohort of children (3-18 years) diagnosed with medulloblastoma and
treated in Jordan between 2003 and 2016. Tumors were subgrouped by NanoString and correlated with clinical
and radiologic characteristics.

RESULTS Eighty-eight patients were identified (63% male); median age was 6.9 years (interquartile range 4.8-
9.2) and median symptom duration was 6 weeks (interquartile range 4-11). Radiotherapy was implemented as
standard-risk in 41 patients (47 %) and high-risk in 47 patients (53%). Subgrouping revealed 17 WNT (19%), 22
SHH (25%), 21 group 3 (24%), and 28 group 4 tumors (32%). Median time between craniotomy and ra-
diotherapy was 45 days (17-155); 44% of them > 49 days. Median duration of radiotherapy was 44 days (36-
74). Seventy-two patients (82%) received chemotherapy afterward. With a median follow-up of 4.6 years (0.2-
14.9), 5-year progression-free survival (PFS) and overall survival were 73.5% and 69.4%, respectively, with no
statistically significant survival difference between standard-risk and high-risk patients. Metastasis was sig-
nificant for overall survival (P = .011). Patients with SHH and group 4 tumors had very good PFS (83.4% and
87.0%, respectively) and those with group 3 tumors had dismal outcomes (PFS 44.9%), whereas WNT tumors
had less-than expected PFS (70.5%). PFS was statistically significant in patients with nonmetastatic tumors
receiving radiotherapy < 49 days (P = .011), particularly group 3 tumors.

CONCLUSION Patients with SHH and group 4 medulloblastoma had excellent survival comparable with high-
income countries. Compliance with treatment protocols and avoiding radiotherapy delays are important in
achieving adequate survival in low- to middle-income country settings. Subgroup-driven treatment protocols
should be considered in countries with limited resources.
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INTRODUCTION

Medulloblastoma is the most common malignant CNS
tumor in children. Integrated genomics has identified
at least four subgroups (WNT, SHH, group 3, and
group 4) with characteristic clinical, radiologic, and
prognostic features.*=> Survival is highly variable across
subgroups with WNT tumors having the highest sur-
vival and group 3 tumors being more metastatic, with
dismal survival.*” However, apart from few ongoing
clinical trials,®1! risk stratification and treatment of
medulloblastoma are still based on age, degree of tumor
resection, and presence or absence of metastasis.!?4

uniform, dedicated pediatric neurosurgical expertise
all compromise survival. Furthermore, a lack of
community rehabilitation services negatively affects
the quality of life of these children who are already
challenged in cognition, hearing, and growth. Limited
reports of medulloblastoma outcome in the LMIC
setting have generally reported lower survival com-
pared with high-income countries (HICs), where this
lower survival was mostly attributed to inconsistencies
with both chemotherapy and radiation.!*2° There is a
paucity of LMIC studies incorporating molecular
subgroups.2t-2

King Hussein Cancer Center (KHCC) is the only

Treating medulloblastoma in low- to middle-income
countries (LMICs) is challenging.*® Specifically, delays
in diagnosis, delays to treatment, and a lack of

cancer-dedicated hospital in Jordan. The pediatric
neuro-oncology service was established in 2003-2004
through a twinning program with the Hospital for Sick
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Medulloblastoma Subgroups in a Resource-Limited Country

CONTEXT

Key Objective

In pediatric medulloblastoma, would the molecular subgroups be the main prognostic factor even in a low- to middle-income
country setting?

Knowledge Generated

Molecular subgroups are the driving prognostic factor in homogenously treated children in Jordan. Excellent progression-free
survival was achieved in patients with SHH and group 4 tumors, whereas those with group 3 tumors had dismal outcomes
and WNT tumors had less-than expected progression-free survival.

Relevance

Practitioners in low- to middle-income country settings can achieve comparable medulloblastoma survivals with those in high-
income countries when they comply with treatment protocols and avoid radiotherapy delays. Nevertheless, molecularly
driven treatment protocols are needed to balance survival with quality of survival in these countries.

Children in Toronto. Monthly video teleconferences are
held to review patients’ management plans, which are
delivered by the local multidisciplinary team.?® We previ-
ously reported improved survival in a pilot study of children
with medulloblastoma at KHCC following the imple-
mentation of this twinning program.?” In this current ret-
rospective study of radiated patients, we demonstrate that
analogous to HICs, medulloblastoma subgroups are the
most important variable influencing survival. We show that
patients with SHH and group 4 tumors have excellent
survivals comparable with HICs, despite a delay in treat-
ment, whereas patients with group 3 tumors had poor
outcomes consistent with recent cooperative group studies.

METHODS

Between January 2003 and December 2016, 88 patients
age between 3 and 18 years at presentation were identified
at KHCC and fulfilled inclusion criteria. Only patients
treated with craniospinal radiotherapy for medulloblastoma
with curative intent were included. Patients with sufficient
clinical data and tumor tissue referred solely for radio-
therapy to KHCC were included.

Pathology was reviewed by a KHCC neuropathologist (M.H.) to
confirm the diagnosis of medulloblastoma and to exclude
atypical teratoid rhabdoid tumor by BAF-47 and BRG-1 im-
munohistochemistry (IHC). All tumors were stained for p--
catenin and pb3. pb3 was considered immunopositive
if > 50% of tumor cell nuclei were strongly positive; otherwise,
it was considered negative. p-catenin IHC was considered
immunopositive when at least 10% of tumor nuclei showed
positivity. Molecular subgrouping was performed using
NanoString, from RNA extracted from formalin-fixed paraffin-
embedded tissue, at the Princess Margaret Cancer Centre
Genomics Facility as previously described.?® Only tumors with
an assigned subgroup were included in this study.

Neuroimaging where available was re-reviewed by a KHCC
neuroradiologist (M.S.). Tumors were assessed for me-
tastasis according to Chang’s classification. Near-total re-
section was considered when the residual tumor
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was < 1.5 cm? (RO); otherwise, subtotal resection was
considered. Tumor progression or relapse was considered
when the tumor size increased > 20% or new lesions
appeared. If magnetic resonance imaging scans were not
available for review, radiology reports or written clinical
reports issued at KHCC were used for staging.

Patients were treated uniformly: up-front 3D conformal
radiotherapy followed by chemotherapy: 23.4-Gy cranio-
spinal radiation (CSI) for standard-risk (SR; ROMO) and 36-
to 39-Gy CSl for high-risk (HR; R+, M+, and since 2012 for
large-cell anaplastic histology) with tumor bed boost to 54
Gy. Patients with SR medulloblastoma received concurrent
weekly vincristine with radiotherapy for a total of eight
doses, then eight cycles (each 6 weeks apart) of CCNU
75 mg/m? (day 1), cisplatin 75 mg/m? (day 1), and vin-
cristine 1.5 mg/m? (days 1, 7, and 14) as per A9961
protocol,'> whereas patients with HR medulloblastoma
received 3 monthly cycles of cisplatin 90 mg/m? (day 1) and
etoposide 150 mg/m? IV (days 3 and 4), then 8 monthly
cycles of vincristine 1.5 mg/m? (day 1) and cyclophos-
phamide 1 g/m? (days 1 and 2) as modified from POG-9031
protocol.'*

This study was approved by the Institutional Review Boards
at KHCC and the Hospital for Sick Children.

Statistical Analysis

Kaplan-Meier survival curves were performed to present
patients’ progression-free survival (PFS) and overall survival
(0S). Log-rank test was used to compare median survival
times. Five-year survival rates with their corresponding 95%
Cls were reported. Cox regression model was used to adjust
the Pvalues and hazards for significant factors. A significance
criterion of P < .05 was used in the analysis. All analysis was
performed using SAS version 9.4 (SAS Institute Inc, Cary, NC).

RESULTS
Patients’ Demographics and Subgrouping

Eighty-eight patients were identified; 55 were males with a
median age of 6.9 years (interquartile range [IQR] 4.8-9.2;
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Table 1). Median duration of symptoms before presentation
was 6 weeks (IQR 4-11). Near-total resection was achieved
in 51 tumors and subtotal resection in 31 (six unknown;
Table 1). Ventriculoperitoneal shunts were inserted in 51%
of patients. Fifty-nine tumors were nonmetastatic, nine
were M1, and 19 were M2-M3 (32% were M+). Forty-seven
patients (53%) were treated as HR with 36-Gy CSI (met-
astatic disease [60%], residual tumor [32%], anaplastic
histology [2%], or unknown [6%]).

Classic histology (46 tumors, 53%) and group 4 (28 tumors,
32%) were the most common (Table 1). Nineteen tumors
(22%) exhibited nuclear positivity for p-catenin; 14 were

TABLE 1. Patient and Tumor Characteristics (N = 88 patients)

Characteristic No. (%)
Sex

Male 55 (63)
Nationality

Jordanian 69 (78)
Age at presentation, years

Median (range) 6.9 (3-17.6)
Chang's classification

MO 59 (67)

M1 9 (10)

M2/M3 19 (22)

Mx 1(1)
Degree of tumor resection

Residual tumor < 1.5 cm? 51 (58)

Residual tumor > 1.5 cm? 31 (35)

Not known 6 (7)
Histology

MBEN 1D

DN 17 (19)

Classic 46 (53)

LCA 24 (27)
Subgroup

WNT 17 (19)

SHH 22 (25)

Group 3 21 (24)

Group 4 28 (32)
Treatment risk group

SR protocol 41 (47)

HR protocol 47 (53)

Abbreviations: DN, desmoplastic nodular; HR, high risk; LCA, large-
cell anaplastic; MO, no metastasis; M1, lumbar CSF cytology
performed > 10 days postcraniotomy was positive for malignant cells;
M2, MRI scan showed metastasis in brain; M3, MRI scan showed
metastasis in spine; MBEN, medulloblastoma with extensive
nodularity; MRI, magnetic resonance imaging; Mx, metastatic status
unknown; SR, standard risk.
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subgrouped as WNT and five were non-WNT by NanoString
(two SHH, two group 4, and one group 3). Three WNT
tumors by NanoString exhibited cytoplasmic B-catenin
staining. Four tumors harbored p53 immunopositivity
(three WNT and one SHH), not confirmed by sequencing.
Sex distribution (P = .033), median age at presentation
(P = .003), tumor histology (P = .000), and presence or
absence of metastasis (P=.008) were significantly different
across subgroups but variables such as time to radio-
therapy (P = .392), percentage of SR or HR stratification
(P =.093), and proportion of patients who received che-
motherapy (P = .233) did not show statistically significant
differences (Table 2).

CSI was initiated at a median of 45 days from tumor re-
section (range, 17-155 days); 44% of them > 49 days
(Table 2). Median duration of radiotherapy was 44 days
(range, 36-74). Seventy-two patients (82%) received
maintenance chemotherapy: 66 at KHCC and six at other
institutions. Four patients did not receive chemotherapy
(three were parental choice and one of unknown etiology).
The administration of maintenance chemotherapy was
unknown in 12 patients referred to KHCC solely for
radiotherapy.

Twenty-five patients (28%) experienced tumor recurrence;
18 were metastatic and only five were documented by
tumor biopsy or CSF malignant cells to be medulloblas-
toma. Ten patients (40%) received treatment at relapse but
eventually died.

Medulloblastoma Subgroup Was the Most Significant
Prognostic Factor

At a median follow-up of 4.6 years (range, 0.2-14.9), the
overall b-year PFS and OS were 73.5% (95% ClI, 62.6 to
83.2) and 69.4% (95% Cl, 58.2 to 79.6), respectively (Fig
1A). In univariate analysis, sex, histology, time to start ra-
diotherapy, and duration of radiotherapy were not statis-
tically significant for PFS or OS (Table 3). Five-year PFS of
SR and HR groups was 80.6% (95% Cl, 64.6 to 92.6) and
66.6% (95% Cl, 50.9 to 80.6), respectively (P = .250; Fig
1B). Presence of metastasis was significant for 5-year OS
(P = .011) but not PFS (P = .057; Figure 1C). Across
subgroups, the proportion of nonmetastatic tumors treated
with 36-Gy CSI was not significantly different (P = .387;
Table 2).

Five-year PFS and OS (+95% Cl) were significantly dif-
ferent across subgroups: WNT—70.5% (38.3t0 94.1) and
64.6% (34.6 to 89.3), respectively; SHH—83.4% (63.0 to
96.6) and 77.8% (56.1 to 93.5), respectively; group
3—44.9% (23.2 to 67.6) and 41.4% (20.6 to 64.0), re-
spectively; group 4—87.0% (70.5 to 97.3) and 85.9%
(68.21097.1), respectively (P=02; Figure 1D). In addition,
b-year PFS was not influenced by time to start radiotherapy
(< or > 49 days from craniotomy; hazard ratio [HR], 0.861;
95% Cl, 0.383 t0 1.931; P=.716), but when adjusting for
subgroups it was significant between group 3 and group 4
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TABLE 2. Demographics Among Subgroups

Fisher's
Total Group 3 Group 4 Exact P Chi-Square
Characteristic (N =88) WNT (n=17) SHH (n=22) (n=21) (n =28) Value P Value
Sex, No. (%) .034 .033
Male 55 (62.5) 6 (35.3) 13 (59.1) 14 (66.7) 22 (78.6)
Female 33 (37.5) 11 (64.7) 9 (40.9) 7 (33.3) 6 (21.4)
Median age, years (IQR) 6.9 (4.89.2) 9.0(75-114) 57(46-83) 54(4563) 80(559.1) .003
Median duration of symptoms, weeks 6 (4-11) 8.0 (6-10) 4.0 (4-8) 4.0 (4-8) 8.0 (4-12) .208
(IQR)
Histology, No. (%) .000 .000
MBEN/DN 18 (20.5) 0 12 (54.5) 11 (4.8) 55 (17.9)
Classic 46 (52.3) 15 (88.2) 2(9.1) 12 (57.1) 17 (60.7)
LCA 24 (27.3) 2(11.8) 8(36.4) 8(38.1) 6 (21.4)
Metastasis, No. (%) .007 .008
Present 28 (32.2) 4 (25.0) 2 (9.1) 12 (57.1) 10 (35.7)
Absent 59 (67.8) 12 (75.0) 20 (90.9) 9 (42.9) 18 (64.3)
NA 1 1
Median duration between craniotomy and 45 (35-59) 53.0 (35-92)  45.5(34-57) 40.0 (33-50) 47.5(38-61) .283
radiotherapy, days (IQR)
Time from craniotomy to radiotherapy, .396 .392
days, No. (%)
<49 49 (55.7) 8(47.1) 12 (54.5) 15 (71.4) 14 (50.0)
> 49 39 (44.3) 9 (52.9) 10 (45.5) 6 (28.6) 14 (50.0)
Risk treatment, No. (%) .097 .093
SR 41 (46.6) 10 (58.8) 14 (63.6) 7 (33.3) 10 (35.7)
HR 47 (53.4) 77 (41.2) 8 (36.4) 14 (66.7) 18 (64.3)
Proportion of tumors received 36 Gy CSI 18 (30.5) 2 (16.7) 6 (30.0) 2 (22.2) 8 (44.4) 429 .3874
among the nonmetastatic ones, No.
(%)
Chemotherapy, No. (%) 216 233
Given 72 (94.7) 14 (87.5) 18 (100) 19 (100) 21 (91.3)
Not given 4 (5.3) 2(12.5) 0 0 2(8.7)
Not known 12 1 4 2 5

NOTE. Values with statistical significance are given in bold.
Abbreviations: CSI, craniospinal radiotherapy; DN, desmoplastic nodular; HR, high risk; IQR, interquartile range; LCA, large-cell anaplastic; MBEN,
medulloblastoma with extensive nodularity; NA, not available; SR, standard risk.

tumors (HR, 6.188; 95% Cl, 1.975 to 19.385; P = .002).
Similarly, duration of radiotherapy (< or > 50 days) was not
significant for 5-year PFS (P =.230) but when adjusting for
subgroups it was significant between patients with group 3
and group 4 tumors (HR, 6.952; 95% Cl, 2.192 to 22.051;
P =.001).

Among the 59 nonmetastatic tumors, 5-year PFS by
subgroup was as follows: WNT—72.7% (34.9 to 97.4),
SHH—87.4% (67.2 to 98.7), group 3—57.1% (21.9 to
88.7), and group 4—81.3% (59.2 to 95.9), with no sta-
tistically significant difference (P=.069). However, the PFS
was significantly different among patients with non-
metastatic tumors who received radiotherapy < 49 days
compared with those who received it > 49 days from
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craniotomy date, 89.7% (95% ClI, 76.2 to 97.9) versus
65.2% (95% Cl, 43.1 to 84.4), respectively (P = .011).
When adjusting for subgroups, this was only significant
between groups 3 and 4 (HR, 5.36; 95% Cl, 1.31 t0 22.02;
adjusted P = .019). Time to starting radiotherapy
(< or > 49 days from craniotomy) was not significant in the
29 metastatic tumors (PFS, 44.9%; 95% CI, 22.0t0 68.9 v
100%; P = .071) or according to their subgroups.

Prognosis of WNT-Activated Medulloblastoma Was Poor
Seventeen patients with WNT tumors had a median age of 9
years (IQR 7.5-11.4) at presentation; 11 of them were

females (65%). Two tumors had large-cell anaplastic his-
tology, four were M2/M3 at diagnosis (24 %), three were R1,
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FIG 1. Graphs demonstrating 5-year PFS and OS: (A) PFS and OS of all patients (product-limit survival estimate), (B) PFS and OS according to risk
stratification (Kaplan-Meier plot), (C) PFS and OS according to presence or absence of metastasis (Kaplan-Meier plot), and (D) PFS and OS according to
medulloblastoma subgroup. G, group; mets, metastasis; OS, overall survival; PFS, progression-free survival.

and 14 had nuclear B-catenin immunopositivity. Radio-
therapy was given at a median of 53 days from craniotomy
date (IQR 35-92). Three patients (two SR and one HR) did
not receive any chemotherapy. At a median follow-up of 3.1
years (range, 0.2-13.2 years), six patients died: two patients
had biopsy-proven histologic diagnosis of local medullo-
blastoma relapse but WNT activation could not be con-
firmed; two patients had metastatic tumors, one in spine
and the other resembling a radiation-induced diffuse in-
trinsic pontine glioma with metastasis (Fig 2); one patient
died because of shunt malfunction while in complete re-
mission; and the sixth patient died at an outside hospital of
unknown etiology (Table 4). Five-year PFS and OS were
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70.5% (95% Cl, 38.3t094.1) and 64.6% (95% Cl, 34.6 to
89.3), respectively.

DISCUSSION

Our data demonstrate the driving effect of medulloblastoma
subgroups on the prognosis of uniformly treated children
from an LMIC. Our results show that, similar to HICs, patients
with group 4 and SHH tumors have excellent outcome, those
with group 3 tumors have poor survival, and patients with
WNT tumors had lower-than expected outcome.

Similar to the published data on medulloblastoma,*?° our

review demonstrated male preponderance (62.5%),
younger median age, and the predominance of classic
histology and group 4 tumors. Despite having a relatively
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FIG 1. (Continued).

similar percentage of M+ disease (32%),*#° our cohort had a
disproportionately higher proportion of patients treated as
HR (53.4%) compared with the Hospital for Sick Children
experience (24%)* or the SJIMBO3 study (31%).2° Fifteen
patients (17%) in our cohort received 36-Gy CSI solely
because of a residual tumor > 1.5 cm?. This is not un-
common in LMICs,'”?® which are challenged with limited
number and expertise of neurosurgeons. This is an impor-
tant issue in LMICs as higher doses of radiation are asso-
ciated with more neurocognitive deficits while supportive
and educational resources are limited in the community.
Another important challenge in an LMIC is the delay in di-
agnosis and referral of children with brain tumors. The
median duration of symptoms before diagnosis in our series
was 6 weeks (IQR 4-11), which is close to that reported from
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Morocco® and Brazil'® and slightly longer than Hospital for
Sick Children experience of 4 weeks (IQR 4-12), which was
reported to be subgroup-specific (longer in WNT and group
4)3! Our data did not show statistical difference in the
prediagnostic interval among the subgroups (P = .208).

Lack of communication between professionals in LMICs
and presence of postoperative complications usually delay
starting radiotherapy early. Our median time to starting
radiotherapy was 45 days (IQR 35-59), although most
international protocols recommend initiation of radiother-
apy within 4-5 weeks from craniotomy.?>*2 A better PFS
was reported in PNET-4 trial® for SR medulloblastoma when
radiotherapy was started < 49 days from surgery (0.81 =
0.02 v 0.67 0.09; P = .04). Similarly, we could

+



TABLE 3. Univariate Analysis for PFS/OS for Patients

Variable 5-Year PFS (95% ClI) P 5-Year 0S (95% CI) P
Sex 409 .861
Male 67.3 (63.1 to 80.1) 67.3 (53.1 to 80.1)
Female 85.6 (70.4 to 96.0) 73.5 (65.0 to 88.5)
Histology 126 110
MBEN/DN 92.9 (74.2 to 100) 90.0 (65.1 to 100)
Classic 63.3 (47.2 to 78.0) 63.3 (47.2t0 77.9)
Large-cell anaplastic 80.0 (60.0 to 94.3) 65.6 (44.1 t0 84.3)
Metastatic stage .054 .011

Nonmetastatic 78.9 (66.0 to 89.4) 78.5 (65.3 to 89.2)
Metastatic 59.3 (38.2 to 78.0) 47.5 (27.6 to 67.9)
Risk stage .250 121
SR 80.6 (64.6 to 92.6) 79.6 (62.8 to 92.3)
HR 66.6 (50.9 to 80.6) 60.5 (45.0 to 75.0)

Time to radiotherapy, days

713 949

<30

70.0 (39.7 to 92.9)

70.0 (39.7 t0 92.9)

> 30

74.1 (62.2 to 84.3)

69.4 (57.2 to 80.4)

Time to radiotherapy, days

655 436

<49

73.5 (59.7 t0 85.2)

68.7 (54.4 to 81.4)

> 49

72.1 (53.0 to 87.8)

70.5 (52.0 t0 86.1)

Duration of radiotherapy, days

440 .363

<50 71.0 (58.1 to 82.4) 67.1 (63.8 to 79.2)
> 50 81.4 (59.2 to 96.0) 76.3 (53.7 10 92.9)
Subgroup .001 .002
WNT 70.5 (38.3 to 94.1) 64.6 (34.6 to 89.3)
SHH 83.4 (63.0 to 96.6) 77.8 (56.1 to 93.5)
Group 3 44.9 (23.2 to 67.6) 41.4 (20.6 to 64.0)
Group 4 87.0 (70.5 to 97.3) 85.9 (68.2 to 97.1)

NOTE. Significant values are given in bold.
Abbreviations: DN, desmoplastic nodular; HR, high risk; MBEN, medulloblastoma with extensive nodularity; OS, overall survival; PFS, progression-free

survival; SR

, standard risk.

demonstrate a better 5-year PFS in our patients with non-
metastatic tumors who received radiotherapy < 49 days
compared with > 49 days from craniotomy (89.7% v65.2%;
P=.011), which was particularly significant between groups
3and 4. This association was not observed in M+. The ability
to complete radiotherapy within 50 days was associated with
a better EFS in the PNET-3 trial®*® compared with > 50 days
(3-year EFS of 78.5% v53.7%; P=.0092); however, there
was no effect in the whole cohort in the PNET-4 trial
(P=.931).% In our experience, duration was significant only
when adjusting for subgroups between group 3 and group 4
(HR, 6.952; 95% ClI, 2.192 to 22.051; P = .001).

Medulloblastoma subgroups were the most important
prognostic factor in our cohort with an excellent b-year PFS
in SHH (83.4%) and group 4 (87.0%) comparable with
data reported at the Hospital for Sick Children (61.3% and
88.7%, respectively)* and in the SJMBO3 trial (SHH:
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average-risk 77.5% and high-risk 25%; group 4: average-
risk 87.3% and high-risk 68.1%).2° This was superior to
the few reported studies from Brazil®® (52.9% in SHH;
41.7% in non-WNT and non-SHH) and a study from
India®! (75.2% in SHH and 39.5% in non-WNT and non-
SHH). Compliance in delivering treatment protocols has
likely contributed to our superior outcome as all our pa-
tients received radiotherapy and 82% had chemotherapy.
This is compared with lower compliance in other LMICs
reported by Narayan et al®' (55.1% completed radio-
therapy and 32.2% were given chemotherapy) and by
Jiang et al®® (40% received chemotherapy). Group 3
medulloblastomas are known universally for their poor
outcome?; however, some other factors may have con-
tributed to our dismal outcome such as delays in starting
radiotherapy or interruptions.
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FIG 2. Selected MRIimages (at the level of
the brain stem) from the patient with WNT
tumor who developed radiation-induced
diffuse intrinsic pontine glioma. (A) Axial
T1 WI showing an infiltrative hypointense
lesion involving and expanding the pons
(more on the left side) and the Lt middle
cerebellar peduncle. (B and C) Axial T2
and FLAIR WI, respectively, showing hy-
perintense signal of the lesion with mini-
mal involvement of the Lt cerebellar white
matter. There is also an area of gliosis at
the medial aspect of the right cerebellum
that appeared stable compared with pre-
vious MRI studies (not shown). This is
related to the previous surgery. (D and E)
Enhanced coronal and sagittal T1 WI, re-
spectively, showing enhancement of the
infiltrative brain stem lesion with infiltration
of the medulla oblongata. FLAIR, fluid-
attenuated inversion recovery; Lt, left;
MRI, magnetic resonance imaging; WI,
weighted image.

On the other hand, WNT tumors in our cohort did poorly.
Three patients died of medulloblastoma progression, which
were likely multifactorial. Two patients had significant de-
lays to radiotherapy (92 and 118 days from surgery) without
any adjuvant chemotherapy administered, and a third had
M2 disease. This requires further investigation across our
center and across other LMIC settings.

Our study suggests that comparable survival with HICs is
feasible across LMIC settings through strict adherence to
treatment protocols, proper staging, and prompt initiation of
radiotherapy. Indeed, our findings suggest that when
correcting for subgroup, comparable outcomes can be
achieved, and subgroup-specific strategies can and should
be implemented in LMIC settings. Specifically, recent
studies from the Children’s Oncology Group have sug-
gested that carboplatin radiosensitization significantly im-
proves outcome in metastatic group 3** and reductions in
radiotherapy to 18 Gy have poor survivals restricted to
group 4,%° suggesting that subgroup-specific therapies
should not be restricted to HICs. Although a limitation for
many LMIC centers is lack of a constant twinning partner,
we would advocate for protocol implementation in LMIC
centers to ensure uniform staging, and being cognizant of
the risks of delaying therapy, specifically developing pro-
tocols unique to the limitations of each center. For example,
although KHCC has access to in-house radiotherapy,
in some LMIC settings, initiation of radiotherapy within
49 days is not feasible, and other strategies such as
sandwich chemotherapy could be considered.®®
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The recent 2021 WHO Classification of central nervous
system tumors includes a robust molecular stratification of
medulloblastoma. Although this represents a huge leap
forward in moving beyond morphologic classification, there
are major barriers in the LMIC settings with incorporating
real-time molecular characterization. Although IHC is one
of the cheapest methods, it is also the most inaccurate and
fraught with technical difficulties. A major limitation of IHC
is the inability of distinguishing group 3 from group 4, but
even WNT tumors are not reliably identified with nuclear
B-catenin; indeed, the subgroup-specific results of
ACNS0332 support the urgent need for the development of
low-cost, reliable, reproducible, and rapid subgrouping of
all four groups in LMICs. Moreover, there is batch-to-batch
variability such as with the four polyclonal antibody strategy
previously proposed, and accurate strategies using
monoclonal antibodies may negate this issue.! Although
capital costs are an issue, several LMICs have incorporated
subgrouping, including a real-time polymerase chain re-
action method developed in Mumbai,®” a six-probe
methylation signature developed in Spain,®® and the 22-
gene signature we used using NanoString.?® Although
NanoString carries significant capital costs, it has been
successfully implemented in some LMICs such as Barretos,
Brazil.2* Several efforts have shown that subgrouping can
be reliably inferred from magnetic resonance imaging,®
which may represent an attractive orthogonal method of
subgrouping in LMICs. As North American and Western
European cooperative groups move further toward
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TABLE 4. Deaths Occurring in Patients With WNT Medulloblastoma

Age Time Between Csl Duration of Survival
Patient  (years)/ Risk/M Radiotherapy and Dose  Radiotherapy Given Doses of Duration
No. Sex Stage Histology p-catenin Craniotomy (days) (Gy) (days) Chemotherapy Chemotherapy Site of Relapse (years) Cause of Death
1 8.1/F HR/M3  Classic  Positive 98 36 61 Two cycles cisplatin/ Not known — 0.8 NA (other hospital)
etoposide before (before
radiotherapy referral)
2 17.3/M HR/M2  Classic  Negative 21 36 44 Three cycles cisplatin/ See below? Spine only 2.4 Relapse
etoposide, then eight
cycles VCR/
cyclophosphamide
3 9/F SR/MO  Classic  Positive 58 234 45 Eight cycles of PCV See below® Brain stem with 9.1 Infiltrative pontine
nodular tumor
intracranial
deposits
4 8.8/F SR/MO Classic  Positive 92 234 64 Yes (outside KHCC) Not known Tumor bed/no 33 Relapse (biopsy)
spine MRI
5 4.4/F SR/MO LCA Negative 39 234 43 Eight cycles of PCV See below® — 3.5 Shunt malfunction/
status
epilepticus
6 10.1/M SR/MO Classic  Positive 118 23.4 46 No Not given Tumor bed 5.2 Relapse (biopsy)

Abbreviations: CSl, craniospinal radiotherapy dose; F, female; HR, high risk; KHCC, King Hussein Cancer Center; LCA, large-cell anaplastic medulloblastoma; M, male; MO, no metastasis; M2, MRI scan
showed metastasis in brain; M3, MRI scan showed metastasis in spine; MRI, magnetic resonance imaging; NA, not available; PCV, cisplatin/CCNU/vincristine; SR, standard risk.

aPatient 2 received total of 200 mg/m? cisplatin, 900 mg/m? etoposide, 12 g/m? cyclophosphamide, and 12 mg/m? vincristine.

bPatient 3 received total of 525 mg/m? cisplatin, 600 mg/m? CCNU, and 44 mg/m? vincristine.

°Patient 5 received total of 488 mg/m? cisplatin, 600 mg/m? CCNU, and 37.5 mg/m? vincristine.
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personalized protocols, efforts need to be focused on en-
suring the implementation of subgroup-specific treatments
that have the potential to improve functional outcomes and
quality of life in LMIC survivors.

Our study is limited by the inherent bias of the retrospective
design and unavailability of many tumor samples for
children treated during the same study time. However, this
study is the largest that demonstrates the relationship
between medulloblastoma subgroups and outcome in
uniformly treated children in a single center in an LMIC.

In conclusion, medulloblastoma subgroups are an important
prognostic factor in LMICs as they are in HICs. Our SHH and
group 4 medulloblastomas had comparable excellent sur-
vival despite incomplete resections and treatment delays.
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However, it also highlights the importance of treatment
compliance within a unified protocol. More efforts are
needed in LMICs to be compliant with time frames in relation
to starting radiotherapy and avoiding interruptions, which
may specifically be important in nonmetastatic tumors or
specific subgroups. Proper identification of subgroups is
important as future treatment protocols will likely integrate
them in the risk stratification. This may be a challenge in
LMICs with the associated cost and needed technology;
thus, reliable cheap and accurate methods are desperately
needed. Nevertheless, LMICs are ideal settings to validate
molecularly stratified medulloblastoma protocols where
survival needs to be balanced wisely with quality of survival to
best use the limited health care resources.
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