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he prognosis of brain tumors in children has improved for the last 2-3 decades. However, the

prognosis remains dismal in patients with relapsed tumors. The outcome for infants and
young children is also poor. For younger children, the ability to use of radiotherapy (RT) is very
limited because of the unacceptable long-term adverse effects of RT. The prognosis is also not
satisfactory when a large residual tumor remains after surgery or when leptomeningeal seeding is
present at diagnosis. In this context, a strategy using high-dose chemotherapy and autologous
stem cell transplantation (HDCT/autoSCT) has been explored to improve the prognosis of
recurrent or high-risk brain tumors. It was found that at least some patients with relapsed tumors
can be salvaged with HDCT/autoSCT. For infants and young children, it was possible to avoid or
defer RT until 3 years of age while maintaining or improving survival rates. Investigators also have
explored the efficacy of HDCT/autoSCT in patients with newly diagnosed embryonal tumors to
further improve the survival rate or to reduce the craniospinal RT dose without jeopardizing the
survival rate. Preliminary results were encouraging although the numbers of patients was small.
Recently, a few investigators have evaluated the efficacy of sequential HDCT/autoSCT to further
improve the outcome. This strategy is based on the hypothesis that further dose escalation might
result in further improvement in survival rates. At present, the number of studies employing a
sequential HDCT/autoSCT strategy is limited. However, preliminary results of these studies
suggest that sequential HDCT/autoSCT may further improve outcomes.
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Table 1. HDCT/autoSCT in recurrent brain tumors

A No. of Pre-HDCT . Refe-
Study Eligibility patients treatment HDCT regimen Outcome rence
Dunkel et al. Recurrent MB 23 MBs  \Variable CTE 3-yr EFS 34% [9]
(CCQ) 3-yr EFS 25% (preirradiated)
3-yr EFS 43% (not preirradiated
Ridola et al. Recurrent MB 27 MBs  Variable BuT followed by ~ 5-yr EFS 62% [10]
(not preirradiated, local RT 5-yr OS 69%
not metastatic)
Shih et al. Recurrent BT 27 BTs Variable Variable 5-yr PFS 57% (<3 yr) [11]
(retrospective) 5-yr PFS 5% (>3 yr)
Sung et al. Recurrent MB/ 7 MBs Surgery if possible  1st HDCT. CyM or 3-yr EFS 29% [12]
PNET 4 PNETs  RT if possible CTE 3-yr OS 26%
CT: variable 2nd HDCT: CTE or
CyM (optional)
Park et al. Recurrent MB 15MBs  Surgery if possible  1st HDCT. CTE 3-yr EFS 27% [13]
(KSPNO RT if possible 2nd HDCT: CyM  3-yr OS 33%
S-053/083) CT: variable

Raghuram et al. Recurrent PNETs 46 PNETs Variable
(review)

Variable 1-yr OS 67% (<3 yr) [14]
1-yr OS 28% (>3 yr)
1-yr OS 55% (non-pineal)

1-yr OS 20% (pineal)

HDCT, high-dose chemotherapy; autoSCT, autologous stem cell transplantation; CCG, Children’s Cancer Group; MB, medulloblastoma; CTE,
carboplatin+thiotepa+etoposide; EFS, event-free survival; BuT, busulfan+thiotepa; RT, radiotherapy; OS, overall survival; BT, brain tumor; PFS,
progression-free survival; PNET, primitive neuroectodermal tumor; CT, chemotherapy; CyM, cyclophosphamide+melphalan; KSPNO, Korean

Society of Pediatric Neuro-Oncology.
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Table 2. HDCT/autoSCT in young children with malignant brain tumors

HDCT/autoSCT for pediatric brain tumors %

Eligi- No. of Pre-HDCT . Refe-
Study bility patients chemotherapy HDCT regimen RT Outcome rence
Mason et al. <6 yr 62 BTs CT, 5 cycles CTE R+ at HDCT (2/62) orre- ~ 3-yr EFS 25% [19]
(Head Start 1) lapse/progression (17/62)  3-yr OS 40%
Chi et al. <10 yr 21 MBs  CT including CTE CSI (23.4 Gy) with focal 3-yr EFS 49% [20]
(Head Start I1) HD-MTX, boost For R+ at HDCT or ~ 3-yr OS 60%
5 cycles patients > 6 yr of age

Fangusaroetal. I:<6yr 43 PNETs CT, 5 cycles CTE CSI (23.4 Gy) with focal 5-yr EFS39% [21]
(Head Start Il: <10 yr with or without boost For R+ at HDCT or ~ 5-yr OS 49%
| &) HD-MTX patients > 6 yr of age
Thorarinsdottir <4 yr 15 BTs CT, 3 cycles CaT R+ or M+ at diagnosis 2-yr PFS 52% [22]
etal. R+ at HDCT 2-yr OS 72%
Sung et al. <3yr 7 MBs CT, 2-6 cycles  1st HDCT: CyM/ RO MO: no RT 3-yr EFS63% [12]

1 PNET CTE R+: local RT 30.4 Gy 3-yr OS 75%

2nd HDCT. CTE/ M+: CSI 23.4 Gy
CyM/BuM (optional)
Sung et al. <3yr 5 AEs CT, 6 cycles 1st HDCT. CTE RO MO: no RT 3-yr EFS80% [23]
(KSPNO 2nd HDCT: CyM R+: local RT 30.4 Gy after  3-yr OS 100%
S-052/082) 3 yrof age
M+: CSI 23.4 Gy after 3 yr
of age
Park et al. <3yr 9ATRTs  CT, 6 cycles 1st HDCT. CTE RO MO: no RT 3-yrEFS 0% [24]
(KSPNO 2nd HDCT: CyM R+: local RT 30.4 Gy after 3-yr OS 53%
S-052/082) 3 yrof age
M+: CSI 23.4 Gy after 3 yr
of age

HDCT, high-dose chemotherapy; autoSCT, autologous stem cell transplantation; RT, radiotherapy; BT, brain tumor; CT, chemotherapy; CTE,
carboplatin+thiotepa+etoposide; R+, residual tumor; EFS, event-free survival; OS, overall survival; MB, medulloblastoma; HD-MTX, high-
dose methotrexate; CSI, craniospinal irradiation; CaT, carboplatin+thiotepa; M+, leptomeningeal seeding; PFS, progression-free survival;
PNET, primitive neuroectodermal tumor; CyM, cyclophosphamide+melphalan; RO, no residual tumor; MO, no leptomeningeal seeding; BuM,
busulfan+melphalan; KSPNO, Korean Society of Pediatric Neuro-Oncology; AE, anaplastic ependymoma; ATRT, atypical teratoid/rhabdoid

tumor.
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Table 3. HDCT/autoSCT in newly diagnosed high-risk embryonal tumors

P No. of Pre-HDCT . Refe-
Study Eligibility patients chemotherapy RT HDCT regimen Outcome rence
Gajjar et al. MB AR: 86 None CS123.4 Gy (AR) Sequential (x4): 5-yr EFS 83% (AR) [26]
HR: 48 or 36-39.6 Gy (HR) CDDP+Cy+VCR 5-yr OS 85% (AR)
Tumor bed upto 5-yr EFS 70% (HR)
55.8 Gy 5-yr OS 70% (HR)
Chintagumpala PNET AR: 8 None CSI23.4 Gy (AR) Sequential (x4): 5-yr EFS 75% (AR) [27]
et al. HR: 8 or 36-39.6 Gy (HR) CDDP+Cy+VCR 5-yr OS 88% (AR)
Tumor bed upto 5-yr EFS 60% (HR)
55.8 Gy 5-yr OS 58% (HR)
Sung et al. HRMB/ 4 MBs Variable CSI130.6-36 Gy 1st HDCT:. CyM/CTE ~ 3-yr EFS 83% [12]
PNET 2 PNETs Tumor bed upto 2nd HDCT: CTE/CyM  3-yr OS 83%
55.8 Gy

HDCT, high-dose chemotherapy; autoSCT, autologous stem cell transplantation; RT, radiotherapy; MB, medulloblastoma; AR, average-risk;
HR, high-risk; CSI, craniospinal irradiation; CDDR cisplatin; Cy, cyclophosphamide; VCR, vincristing; EFS, event-free survival; OS, overall sur
vival; PNET, primitive neuroectodermal tumor; CyM, Cy+melphalan; CTE, carboplatin+thiotepa+etoposide.

Table 4. HDCT/autoSCT in high-grade glioma

P No. of Pre-HDCT . Refe-
Study Eligibility patients chemotherapy HDCT regimen RT Outcome rence
Finlay etal. Recurrent 27 (17 GMs,  Variable TE (n=11) Variable 3-yr EFS 40% (AA) [28]
10 AAs) BTE (n=5) 3-yr EFS 12% (GM)
CTE (n=11) 3-yr EFS 46% (non-bulky)
3-yr EFS 6% (bulky)
Grovas et al. Newly 11 localized None BTE Local RT 54 Gy  2-yr PFS 46% [29]
(CCG-9922) diagnosed GMs from post-HDCT
day 42
Massimino  Newly 21 (10 GMs,  CT, 4 cycles Sequential (x 2) Local RT60 Gy  4-yr PFS 46% (all [30]
etal. diagnosed 9 AAs, 2 AOs) T-T from post-HDCT  patients)
week 5 4-yr PFS 58% (non-GM)

4-yr PFS 20% (GM)

HDCT, high-dose chemotherapy; autoSCT, autologous stem cell transplantation; RT, radiotherapy; GM, glioblastoma multiforme; TE,
thiotepa+etoposide; BTE, BCNU (carmustine)+TE; CTE, carboplatin+TE; EFS, event-free survival; AA, anaplastic astrocytoma; CCG, Chil-
dren’s Cancer Group; PFS, progression-free survival; AO, anaplastic oligodendroglioma; CT, chemotherapy; T, thiotepa.
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