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INTRODUCTION

Medulloblastoma (MBL) is the most common malignant
brain tumor in children and has a propensity of leptomenin-
geal seeding. Therefore, after surgical resection, whole cra-
niospinal axis should be the target of radiotherapy (RT) [1,2].
The management of MBL has made enormous progress over
the last three decades with a multidisciplinary approach, and
the 5-year survival rates are approximately 85% and 70% in
standard- and high-risk patients, respectively [3-6]. However,
approximately 20%—30% of patients with MBL remain at risk
of disease recurrence, and they have not responded to the
salvage therapy, with a dismal prognosis, and are universally
fatal [3,7-11].

To date, the salvage treatment for relapse remains challeng-
ing and several approaches including second surgical resection,
chemotherapy such as multi-agent chemotherapy or high-dose
chemotherapy (HDCT) with autologous stem cell transplan-
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During the last three decades, the management of medulloblastoma (MBL) has made enormous prog-
ress with a multidisciplinary approach, incorporating surgery, radiotherapy (RT), and chemotherapy.
Despite this improvement, 20%-30% of patients with MBL remain at risk of disease recurrence, with
its relapse being possibly fatal. To date, the salvage treatment for relapse remains challenging, and
various approaches have been suggested for the retreatment. In this review, | have described the
characteristics of patients with relapsed MBL, patterns of relapse and the most commonly prescribed
treatment. Further, | have reviewed the studies on re-irradiation and its associated issues to conclu-
sively suggest the RT recommendations for patients with relapsed MBL.
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tation, and RT including re-irradiation have been suggested.
And lately, some clinical studies using targeted therapy have
been reported.

In regard to RT, some studies have demonstrated the poten-
tial effectiveness as a salvage treatment for relapsed MBL in
infant patients, who were previously treated with a radiation-
sparing regimen [12-14]. On the other hand, considerable de-
bate exists about the improvement of treatment outcomes with
re-irradiation by weighting it against the potential increase in
toxicity and uncertainty of survival improvement. Furthermore,
the choice between craniospinal and focal irradiation, and the
appropriate radiation dose should be cautiously determined
for these patients.

In this review, I have described the characteristics of patients
with relapsed MBL, including the observed patterns of relapse,
and the most commonly prescribed treatment. Additionally,
I have reviewed the re-irradiation studies and the discussed
pertinent concerns, to conclusively suggest the RT recommen-
dations for patients with relapsed MBL.

CHARACTERISTICS OF RELAPSED MBL

The treatments for relapsed MBL are likely associated with
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the nature of relapse and subsequent disease course. A UK
Children’s Cancer and Leukemia Group study showed a pro-
longed disease-free interval and an associated likelihood of
local recurrence in patients who received upfront craniospi-
nal irradiation (CSI), compared to those who did not receive
it. In the non-irradiated group, the application of CSI at relapse
was associated with improved survival [15]. In addition, there
is an association between relapse patterns and molecular sub-
groups; this was demonstrated by a study on recurrent MBL
conducted in the Hospital for Sick Children. When recurred,
the subgroup affiliation remained stable and group 4 tumors
recurred significantly later than both group 3 and SHH tu-
mors. The recurrences were predominantly local in SHH tu-
mors and metastatic in group 3 and group 4 tumors. However,
treatment with CSI at the time of diagnosis was not significant-
ly associated with the anatomical pattern of recurrence [16].

According to the data on relapse sites enlisted in Table 1, the
neuraxial dissemination through cerebrospinal fluid pathways
is observed to be predominant. The isolated local relapse in the
posterior fossa (PF) and relapse in distant metastatic areas,
with or without synchronous PF relapse, develops in approxi-
mately 20% and >80% of patients, respectively [9,17,18]. How-
ever, the relapse pattern varies with the use of upfront RT. A
UK Children’s Cancer and Leukemia Group study reported
higher local relapse rates in cases without upfront RT. The lo-
cal, distant, and combined relapse rates were 16%, 57%, and
27% respectively, in those who underwent upfront RT, while
they were 33% each, in the no upfront RT group [15].

TREATMENT FOR RELAPSED MBL IN
THE REAL WORLD

For the treatment of patients with relapsed MBL, repeat sur-

Table 1. The patterns of relapse

Relapse site
Local Distant
Sabel et al.* [9] (n=72) 13(17) 59 (83)
Warmuth-Metz et al. [17] (n=40) 8(20) 32 (80)
Huybrechts et al. [18] (n=48) 9(19) 39 (81)

Data are presented as n (%). *Standard risk patients
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gery, chemotherapy and RT can be provided; however, the
optimal treatment remains elusive. In cases of relapsed MBL
in infants, previously treated with a radiation-sparing regimen,
RT including CSI could be a promising choice [14]. However,
re-irradiation, is very challenging due to the fear of late com-
plications as most of them have been treated with upfront CSL
Therefore, RT is not the primary salvage treatment modality.
Tables 2 and 3 show that only 22% of patients with relapsed
MBL were treated with RT. Surgery and HDCT with stem cell
rescue were more frequently used compared to focal RT in iso-
lated PF relapses. In cases of upfront CSI, only focal RT was de-
livered although the patients developed multiple craniospinal
seeding, as shown in Table 2 [9], and only 1% of patient was
treated with CSI (Table 3). CSI was delivered to only 31% of
patients without an upfront RT [15]. Considering more than
80% of relapses developing in the craniospinal axis as showed
in Table 1, focal RT is not sufficient to achieve tumor control.

RE-IRRADIATION FOR RELAPSED MBL

Unlike relapsed MBL, re-irradiation is actively applied for
treatment of other pediatric brain tumors, and plays an impor-
tant role, especially in relapsed ependymoma [19-21]. Further-
more, Tsang et al. [22] recommended CSI for patients with
local recurrence. In this retrospective cohort study of 22 pa-
tients with locally recurrent ependymoma, higher 5-year free-
dom from progression was associated with re-irradiation with
CSI (83.3%) than with focal re-irradiation (15.2%). Therefore,
re-irradiation could be a valuable treatment option in patients
with relapsed brain tumors despite its consequences. Like-
wise, in the treatment of relapsed MBL, pediatric oncologists
consider re-irradiation, when the clinical benefits outweigh
the risk for toxicity.

Table 4 enlists several retrospective studies over the last 10
years regarding re-irradiation in patients with relapsed MBL
[23-27]. The sample size were small (<30), and most patients
received CSI as initial treatment. Table 4 shows an overall sur-
vival (OS) advantage of re-irradiation as part of a multidisci-
plinary approach over the historical reports, which showed
less than 25% of expected 2-year OS after disease progression
[8,28,29]. The radiation damage from re-irradiation seems

Table 2. Treatment for relapsed medulloblastoma from HIT-SIOP-PNET study

Site of relapse
Treatment : = e Total
Isolated PF Isolated ST or spinal Multiple craniospinal
Surgery 6/13 (46%) 5/12 (38%) 7/47 (14%) 18/72 (25%)
Focal RT 2/13 (15%) 5/12 (38%) 9/47 (19%) 16/22 (22%)
Chemotherapy 11/11 (100%)* 8/8 (100%)* 41/41 (100%)* 60/66 (90%)*
HDSCR 6/12 (50%)* 3/12 (25%) 6/47 (13%) 15/72 (21%)

*Including missing data. RT, radiotherapy; HDSCR, high-dose chemotherapy and stem cell rescue; PF, posterior fossa; ST, supratentorial.

Adapted from Sabel et al. ] Neurooncol 2016;129:515-524 [9].
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tolerable. These results appear quite promising, regarding the
efficacy and safety of salvage re-irradiation. The most signifi-
cant observation, as shown in Table 4, is the shift of re-irradi-
ation target from focal areas to the whole craniospinal axis.
However, radiation-induced toxicity in patients with relapsed
MBL must be considered while opting for re-CSL

Before the selection of re-irradiation for relapsed MBL pa-
tients, several concerns should be considered.

IRRADIATE ORNOT TO IRRADIATE

Thirty-eight patients with disease progression after treat-
ment at St. Jude Children’s Research Hospital were analyzed
for survival outcomes and toxicities based on re-irradiation
[24]. All patients received CSI as initial treatment. Among 14
patients who received re-irradiation, more than half received
CSI, and the overall survival rates were prolonged among both
standard- and high-risk patients. The 5- and 10-year OS rates
were 55%+14% and 33%+16%, respectively in standard-risk
patients with additional irradiation, however, those were 46%z+
14% and 0% for others (p=0.036). Similar improvement was
observed in high-risk patients according to irradiation (p=
0.003). The most common radiotoxic effect was intra-tumoral
hemorrhage, as documented by neuroimaging, and the rate
of hemorrhage was similar between the patients irrespective
of re-irradiation. The observed rate of hemorrhage was 64.3%
(9 of 14) in irradiated patients and it was 62.5% (15 of 24) in

Table 3. Treatment for relapsed medulloblastoma according to
previous irradiation [15]

Treatment Entire cohort RT group No RT group
(n=247) (n=178) (n=52)
Surgery 47/182 (26)  32/124(26) 12/45 (27)
Chemotherapy ~ 128/185(69)  102/127 (80) 22/46 (48)
RT
Focal 23/188 (12)  18/127 (14) 4/48 (8)
CSI 19/188 (10) 1/127 (1) 15/48 (31)

Data are presented as n (%). RT, radiotherapy; CSI, craniospinal
irradiation

the unirradiated patients (p=1.000). Brain necrosis developed
in 16 patients, with a higher proportion in re-irradiation group,
which were 64% (9 of 14) and 29% (7 of 24) for irradiated and
unirradiated patients, respectively (p=0.047). However, the
necrosis was transient with CTCAE grade 1 or 2. Therefore,
those patients did not receive any additional therapy to treat
the subclinical necrosis. Despite the possibility of selection
bias in re-irradiation group, the use of irradiation could pro-
long the survival of these patients with relapsed MBL. Dunkel
et al. [30] compared event-free survival (EFS) in patients treat-
ed with HDCT and stem cell rescue. The 5-year EFS rates were
60% and 18% in additional RT group and no RT group, re-
spectively (p=0.070). Although the statistical power was limit-
ed by the small number of patients, better EFS was observed
in patients who received additional RT as part of their retrieval
therapy. These retrospective studies indicated better outcomes
with additional RT, and thus, re-irradiation should be recom-
mended for patients with relapsed MBL.

CRANIOSPINAL IRRADIATION OR
FOCAL RT ALONE?

Padovani et al. [31] reported the results of a pilot study of
re-irradiation and concomitant metronomic temozolomide
(TMZ) therapy in patients with focally recurrent MBL. Five
patients were focally re-irradiated, concomitantly with TMZ,
either alone or as part of a multidrug metronomic regimen.
The authors reported complete responses in all five patients;
however, in three patients, relapsed MBL lesions progressed
outside the radiation field after 28 months of median follow-
up. Only one patient relapsed in the re-irradiation field. The
authors insisted a possible radiosensitizing effect of concomi-
tant metronomic TMZ with RT, while the recurrence pattern
suggested high possibility of delayed multiple seeding, even in
patients with only focally relapsed MBL [31]. UK group re-
ported that CSI at relapse was associated with prolonged sur-
vival in patients with no initial irradiation [15] and other groups
reported similar results. A study from the Hospital for Sick
Children reported 14 patients who received focal (supraten-

Table 4. Retrospective studies for re-irradiation to the patients with relapsed medulloblastoma

. Extent of disease 1st RT Re-RT )
Studies Year (ON RT necrosis
at relapse CSI  Focal CSI  Focal

Bakst et al. [23] 2011 13 PF (8), LS (9) 13 1 12 5-yr, 65% 1 (aSx)
Wetmore et al. [24] 2014 14 PF (6), LS (10) 14 8 6 5-y1, 55% 9 (aSx)
Gupta et al. [25] 2019 28 PF (18), LS (13) - 7 - 2-y1,51% 1 (dead)
Tsang et al. [26] 2019 14 PF (5), LS (11) 13 7 7 3-y1, 24% 1
Baroni etal. [27] 2021 24  PF(2),LS(23) 20 15 9 3-yr, 21% (CSI) 0% (focal) 3

RT, radiotherapy; CSI, craniospinal irradiation; OS, overall survival; PE, posterior fossa; LS, leptomeningeal spread including supratentorial

recurrences; aSx, asymptomatic
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torial in six, infratentorial in one, and spine in seven patients)
re-irradiation with distant failure being the predominant pat-
tern of recurrence outside second RT volumes [26]. Baroni et
al. [27] reported a retrospective cohort study of 24 patients
aged <18 years, re-irradiated for recurrent MBL. The second
course consisted of CSI and focal RT in 15 and 9 patients, re-
spectively, and survival outcomes were significantly better for
children with re-CSI, compared to those with only focal re-ir-
radiation. The 3-year post first failure OS rates were 50% and
0%, respectively (p=0.001). No symptomatic intratumoral hem-
orrhage or radionecrosis were observed, and the survivors were
within mild to moderate intellectual disability range. Further,
Gupta et al. [25] reported outcomes of salvage re-irradiation
in 28 patients with recurrent/progressive MBL. Repeat CSI
was delivered to seven (25%) patients. The salvage re-CSI and
dose were independent of the previous CSI doses (standard
dose of 36 Gy or reduced dose of 23.4 Gy) and relied on the
pattern of relapse (leptomeningeal seeding). One patient de-
veloped symptomatic radiation necrosis.

Considering the positive tumor cell response to radiation
and the propensity for multiple seeding in relapsed MBL, re-
irradiation including CSI could result in better survival, as
validated by consistent results from many retrospective stud-
ies [8,15,16,26,27,29]. However, the optimal dose, fractionation,
and volume of re-irradiation remain undefined, owing to the
uncertainty of radiation tolerance for the brain and spinal cord.

RADIATION TOLERANCE OF BRAIN
AND SPINAL CORD

Several studies have tried to determine the radiation toler-
ance of the brain and spinal cord. Veninga et al. [32] evaluat-
ed the survival and quality of life of 42 patients who were re-
irradiated for relapsed primary brain tumors. The median
physical doses of the first and second RT were 50 Gy and 46
Gy, respectively, and the median cumulative biological equiv-
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alent doses (BED) were 200.4 Gy (a/p=2 Gy) and 115.2 Gy
(/=10 Gy), respectively. Long-term complications of re-ir-
radiation were evident in three patients, all of whom had a
cumulative BED, of >204 Gy (with a/p=2 Gy). The authors
concluded that re-irradiation was feasible for relapsed tu-
mors, which were initially irradiated with a dose within nor-
mal brain tolerance levels. Sminia and Mayer [33] reported
that radiation-induced normal brain tissue necrosis follow-
ing conventional re-irradiation of glioma occurred beyond a
cumulative equivalent total doses when applied in 2 Gy frac-
tions (EQDzcumutaiive) around 100 Gy.

The radiation tolerance for the spinal cord has been stud-
ied in animal and human models. Ang et al. [34] performed
an animal study with rhesus monkeys and delivered two radi-
ation courses to the cervical and upper thoracic spinal cord at
2.2 Gy per fraction. Among 45 monkeys who completed the
required observation period of 2-2.5 years post re-irradiation,
only four developed myeloparesis. And a simple cumulative
dose of 110 Gy given in 2.2 Gy did not harbor morphologi-
cally detectable lesions and the recovery of initial radiation
dose at 1, 2, and after >3 years was 50%, 60%, and 65%—70%,
respectively. Nieder et al. [35] concluded that the risk of radi-
ation myelopathy appears small after <135.5 Gy, if the radia-
tion interval is >6 months and the dose of each course is <98
Gy,. Thus, the lower risk of radiation myelopathy and higher
recovery rate from initial radiation were validated. Therefore,
in most re-irradiation studies, the cumulative radiation doses
were marginally higher despite a risk of neurocognitive out-
comes [23,25-27].

CONCLUSION

Approximately 20%-30% of patients with MBL experience
tumor relapse, and >80% of relapse demonstrate distant lep-
tomeningeal seeding. However, the application of re-irradiation
is very challenging because most patients have been treated

Initial no CSI

(Focal RT or no RT)

Recurrent MBL

Initial CSI

Recurrent site

Surgery
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(CSI+focal)
—
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Fig. 1. The recommendation algorithm for radiotherapy in patients with relapsed medulloblastoma. MBL, medulloblastoma; CSI, craniospi-

nal irradiation; RT, radiotherapy.
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with upfront CSI. Therefore, only 20% of patients are re-irra-
diated with most of them being subjected to focal RT rather
than CSI. However, re-irradiation with CSI would result in a
better survival outcome than focal RT in selected patients. A
prospective multicenter longitudinal study is needed to iden-
tify those who may benefit most from re-irradiation and to
evaluate the role of repeat CSI.

Fig. 1 shows the recommendation algorithm for re-irradi-
ation of patients with relapsed MBL. If the patients received
only focal RT or no RT as initial treatment, salvage CSI will
be the first treatment option. Conversely, with initial upfront
CSI, the appropriate candidates are selected for re-irradiation.
With a focal recurrent site in the brain, salvage RT should be
considered. CSI rather than focal RT could be recommended
when the patient had gross total resection, initial average-risk
patients. And the radiation dose should be selected after the
possible cumulative radiation dose to brain or spinal cord. In
diffuse recurrence, despite only a few patients being candi-
dates for salvage re-irradiation, CSI is preferred.

In conclusion, re-irradiation is a significant salvage treat-
ment option for patients with relapsed MBL. CSI should be
always considered, and the appropriate candidates can be
identified through the suggested multidisciplinary approach.
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