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BACKGROUND. Outcome data were analyzed for 27 patients who were affected with

recurrent or newly diagnosed high-risk brain tumors and who underwent high-

dose chemotherapy with triethylenethiophosphoramide (thiotepa) and etoposide

in addition to autologous stem cell transplantation between May 1992 and Sep-

tember 2002.

METHODS. Fifteen males and 12 females (median age, 11 years) were included in

the study. Twelve patients had newly diagnosed high-risk brain tumors, and 15

patients had recurrent brain tumors. The conditioning regimen consisted of thio-

tepa 900 mg/m2 and etoposide 1500 mg/m2 over 3 days starting on Day �5. Stem

cell rescue was performed using bone marrow (BM) in 8 patients, peripheral blood

stem cells (PBSCs) in 18 patients, and BM and PBSCs in 1 patient.

RESULTS. For the BM group, neutrophil (PMN) engraftment was achieved on Day

�14 (median value), whereas platelet (PLT) engraftment was achieved on Day �68

(median value). One patient did not achieve PLT engraftment. For the PBSC group,

the PMN engraftment was achieved on Day �10.0 (median value), and the PLT

engraftment was achieved on Day �15.5 (median value). Transplantation-related

toxicity (evaluated using the Bearman score) included Grade 2–3 mucositis in 16

patients, Grade 1 kidney toxicity in 6 patients, Grade 1 liver toxicity in 6 patients,

and Grade 2 liver toxicity in 1 patient. Transplantation-related mortality was

observed in 1 patient (3.6%), who died of Candida pneumonia. The 3-year overall

survival (OS) rate was 44.6%, and the 3-year event-free survival (EFS) rate was 31%.

There was a statistically significant difference in OS and EFS rates for patients who

underwent ASCT and achieved complete remission compared with patients who

had measurable disease.

CONCLUSIONS. The results of the current study suggest that high-dose chemother-

apy followed by ASCT may be beneficial for patients who achieve complete remis-

sion before ASCT, whereas for other patients, new strategies are required. Cancer

2004;100:2215–21. © 2004 American Cancer Society.
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Children with high-risk and recurrent brain tumors currently have
a poor prognosis.1–5 To increase brain distribution of antitumor

drugs that do not cross the blood-brain barrier at conventional dos-
ages and to achieve higher concentrations within the tumor, high-
dose chemotherapy (HDCT) followed by autologous hemopoietic
stem cell rescue has been proposed. To date, different conditioning
regimens have been used for heterogeneous groups of patients.6 –10

Triethylenethiophosphoramide (thiotepa) and its active metabo-
lite triethylenephosphoramide are able to achieve a 1:1 plasma-to–
cerebrospinal fluid ratio after intravenous administration11 and ex-
hibit a steep dose-response curve against medulloblastoma and
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glioma central nervous system (CNS) tumor cell lines.
Etoposide also has shown adequate penetration into
the brain parenchyma.12 Both thiotepa and etoposide
have demonstrated good activity against recurrent
brain tumors at conventional doses.13–15 In the current
report, we present the results obtained using an eto-
poside/thiotepa-based conditioning regimen in 27 pa-
tients who were affected with recurrent or newly di-
agnosed high-risk brain tumors.

MATERIALS AND METHODS
Patients
Between May 1992 and September 2002, 27 patients
affected with recurrent or newly diagnosed high-risk
brain tumors underwent HDCT followed by autolo-
gous stem cell transplantation (ASCT). The character-
istics of patients’ disease status and previous treat-

ments are listed in Tables 1 and 2. Twelve patients had
newly diagnosed high-risk brain tumors, including 3
patients with medulloblastoma, 2 patients with glio-
blastoma multiforme, 2 patients with primitive neuro-
ectodermal tumors (PNET), 2 patients with anaplastic
astrocytoma, 1 patient with pineoblastoma, 1 patient
with anaplastic ependymoma, and 1 patient with a
germ cell tumor. Fifteen patients had recurrent brain
tumors, including 7 patients with medulloblastoma in
first recurrence, 1 patient with medulloblastoma in
second recurrence, 2 patients with glioblastoma mul-
tiforme in first recurrence, 1 patient with anaplastic
oligodendroglioma in third recurrence, 1 patient with
a PNET in first recurrence, 1 patient with anaplastic
astrocytoma in first recurrence, 1 patient with ana-
plastic ependymoma in second recurrence, and 1 pa-
tient with pineoblastoma in first recurrence. Fifteen

TABLE 1
Patient Characteristics

UPN Dx Disease site at Dx Age at Dx
Mets
at Dx Site of mets

Time to Dx of
first recurrence
(mos) Site of first recurrence

47 MB PCF 3 yrs, 11 mos Noa NA 18.9 Spineb

53 GBM R temp-occ 15 yrs, 6 mos No NA NA NA
113 A-OLIGO R sub-temp 6 yrs, 8 mos No NA 66 R subtempc

115 GBM L par-occ 12 yrs, 2 mos No NA 5.5 L par-occ
135 PNET R temp-par-occ 1 yr, 9 mos No NA 13.2 R occ
140 GBM Temp 2 yrs, 5 mos No NA 66.9 Temp
155 MB PCF 8 yrs, 11 mos No NA 74.1 Cerebral hemispheres
162 AA Thalamus, basal nuclei 13 yrs, 1 mo No NA NA NA
166 PNET Par � splenium 13 yrs, 5 mos No NA NA NA
172 PNET Thalamus 10 yrs, 6 mos No NA NA NA
187 PINEO Pineal gland 8 yrs Yes CSF 22.4 Pineal gland, spine, CSF
196 MB PCF 12 yrs No NA 19.3 Bone (S1–S4)
202 PINEO Pineal gland 10 yrs, 6 mos No NA NA NA
203 MB PCF 7 yrs, 10 mos No NA 17.9 PCF and spine
208 MB PCF 10 yrs No NA 1.6 Midbrain, spine
212 MB PCF 6 yrs, 4 mos No NA 19.7 Cerebral hemispheres
225 A-EPEND PCF 5 yrs, 5 mos No NA 44.3 Fourth ventrd

228 GCT Pineal region 12 yrs, 8 mos Yes Spine NA NA
260 AA Cervicodorsal spine 5 yrs, 8 mos No NA NA NA
300 MB PCF 10 yrs, 10 mos Yes Third ventr, CSF NA NA
306 A-EPEND L lat ventr 6 yrs, 6 mos No NA NA NA
308 AA R par-occ 7 yrs, 4 mos No NA 1.6 R par-occ, splenium
320 GBM L temp 15 yrs, 5 mos No NA NA NA
333 MB PCF 7 yrs Yes Third ventr, spine NA NA
338 MB PCF 7 yrs, 11 mos Yes CSF 31.7 Ventr
349 MB PCF 14 yrs, 8 mos Yes Leptomeninges NA NA
379 MB PCF 10 yrs, 9 mos Noa NA 19.1 Intraventricular

UPN: unique patient number; Dx: diagnosis; Mets: metastases; PCF: posterior cranial fossa; NA: not applicable; MB: medulloblastoma; GBM: glioblastoma multiforme; A-OLIGO: anaplastic oligodendroglioma; PNET:

primitive neuroectodermal tumor; AA: Grade 3– 4 anaplastic astrocytoma; PINEO: pineoblastoma; A-EPEND: anaplastic ependymoma; GCT: germ cell tumor; temp: temporal; occ: occipital; par: parietal; lat: lateral;

ventr: ventricle; L: left; R: right; CFS: cerebrospinal fluid; S1–S4: sacral spinal segments 1– 4.
a CSF was not evaluated.
b Patient 47 had a second recurrence (16.8 mos after the first recurrence) in the meninges, subarachnoid space, midbrain, and posterior cranial fossa.
c Patient 13 had a second recurrence (3 mos after the first recurrence) in the right subtemporal region and a third recurrence (8.1 mos after the second recurrence) in the right temporal-occipital region.
d Patient 225 had a second recurrence (19.1 mos after the first recurrence) in the third ventricle and the lateral ventricle.
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males and 12 females were included in the study. The
median age at transplantation was 11 years (range,
from 3 years and 3 months to 19 years and 1 month).

Patients were eligible for the treatment regimen if
they had normal cardiac, hepatic, renal, and pulmo-
nary function. All patients and/or their parents pro-
vided informed consent.

Bone Marrow Harvesting And Reinfusion
Eight patients underwent bone marrow (BM) collec-
tion; seven underwent this procedure before early
1997, when peripheral blood stem cell (PBSC) harvest-
ing was not yet used at our center. Eighteen patients

had mobilized PBSCs collected, and 1 patient had
both BM and PBSCs collected.

The mobilizing regimen consisted of cyclophos-
phamide 4 g/m2 on Day 1 and etoposide 200 mg/m2

per day on Days 2– 4 (total dose, 600 mg/m2) for 19
patients, and etoposide 420 mg/m2, cisplatin 100 mg/
m2, ifosfamide 10 g/m2 for 1 patient. All patients also
received granulocyte-colony-stimulating factor (G-
CSF) 10 �g/kg per day from Day 5 until the day of the
last apheresis. One patient received a mobilizing reg-
imen but did not have the required number of CD34-
positive cells for PBSC harvesting. The median num-
ber of aphereses was 2 (range, 1–3).

TABLE 2
Patient Characteristics: Disease Status, Previous Therapy, Disease Recurrence or Progression, and Survival

UPN Dx Prior therapy
No. of
recurrences

Treatment
before HDCT

Disease status
at HDCT

Disease status
after HDCTa

RT after
HDCT

Time to
recurrence/
progression
(mos)

Survival

Status
Time
(mos)

47 MB S, RT, CT 2 CT PR SD No 8.6 DOD 9.3
53 GBM NA Dx Sb PR CR Yes No NED 127.1g

113 A-OLIGO S, RT, CT 3 Sb, CT PR CR3 No 4.3 DOD 10.3
115 GBM S 1 Sb, CT CR2 CCR Yes No NED 94.9g

135 PNET S, CT 1 Sb, CT, RT CR2 CCR No No NED 82.1g

140 GBM RT, CT 1 Sb, CT CR1 NA NA NA TRM 1
155 MB S, RT 1 Sb, CT CR2 CCR No 29.8 DOD 55.6g

162 AA NA Dx Sd, CT SD SD Yes 4.5 DOD 8.7
166 PNET NA Dx Se, CT PR SD Yes 5.3 DOD 11.2
172 PNET NA Dx Se, CT CR1 CCR Yes 9.6 DOD 14.6
187 PINEO RT, CT 1 CT SD PD No 1.9 DOD 7.8
196 MB S, RT 1 RT, CT PR SD No 32 DOD 59.4g

202 PINEO NA Dx Sf, RT, CT CR1 CCR No No NED 59.6g

203 MB S, CT, RT 1 CT PR CR No 7.1 DOD 10.2
208 MB S 1 Sf, RT, CT PD SD No 4.5 DOD 6.8
212 MB S, RT, CT 1 CT PR SD No 7.3 DOD 17.3
225 A-EPEND S, RT, CT 2 CT PR SD No 9.8 DOD 13.3
228 GCT NA Dx Sc, CT, RT SD PR No 4.0 DOD 7.9
260 AA NA Dx Sd, CT PR SD Yes No SD 41.3g

300 MB NA Dx Sd, RT, CT CR1 CCR No No NED 29.4g

306 A-EPEND NA Dx Sf, CT PD SD Yes 4.9 DOD 17.1
308 AA S 1 Sb, CT PR SD Yes 5.3 DOD 9.2
320 GBM NA Dx Sd, CT PR SD Yes No SD 23.4g

333 MB NA Dx Sd, CT, RT CR1 CCR No No NED 19.7g

338 MB S, CT, RT 1 CT SD SD No No SD 16.1g

349 MB NA Dx Sd, CT, RT CR1 CCR No 9.1 SD 12.6g

379 MB S, CT 1 CT, RT CR2 CCR No No NED 7.3g

UPN: unique patient number; Dx: diagnosis; HDCT: high-dose chemotherapy; RT: radiotherapy; MB: medulloblastoma; S: surgery; CT: chemotherapy; GBM: glioblastoma multiforme; A-OLIGO: anaplastic

oligodendroglioma; PNET: primitive neuroectodermal tumor; AA: Grade 3– 4 anaplastic astrocytoma; PINEO: pineoblastoma; A-EPEND: anaplastic ependymoma; GCT: germ cell tumor; PR: partial remission; CR:

complete remission; CCR: continuing complete remission; SD: stable disease; PD: progressive disease; DOD: died of disease; NED: no evidence of disease; TRM: transplantation-related mortality; NA: not applicable.
a Response to high-dose thiotepa and etoposide was evaluated at a median of 45.5 days after autologous stem cell transplantation.
b Total resection.
c Total resection of the primary site.
d Subtotal resection.
e Partial resection.
f Biopsy.
g Patients who attended school after high-dose chemotherapy.
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The myeloablative regimen consisted of thiotepa
300 mg/m2 per day on Days �5, �4, and �3 (total
dose, 900 mg/m2) and etoposide 500 mg/m2 per day
on Days �5, �4, and �3 (total dose, 1500 mg/m2).
Seventy-two hours after the end of chemotherapy,
autologous stem cells were infused.

Supportive Care
Platelet (PLT) counts were required to be maintained
at levels � 25,000/�L to minimize the risks of intra-
cranial hemorrhage. Hemoglobin was required to be
maintained at levels � 8 g/dL. Patients with febrile
neutropenia were treated with antibiotic and antifun-
gal agents when appropriate. G-CSF was used begin-
ning on Day �8 after transplantation.

Post-ASCT Therapy
Radiotherapy (RT) was received by nine patients after
ASCT, according to the therapeutic protocols (Table
2).

Response and Toxicity Criteria
Pretransplantation and posttransplantation gadolin-
ium-enhanced and unenhanced magnetic resonance
imaging (MRI) studies were compared for assessment
of response. Responses were categorized as follows:
complete remission (CR) was defined as the resolution
of all initially demonstrable tumor without the ap-
pearance of any new areas of disease, partial remis-
sion (PR) was defined as a decrease of � 50% in tumor
size, stable disease (SD) was defined as an increase or
decrease of � 25% in tumor size, and progressive
disease (PD) was defined as an increase of � 25% in
tumor size or the appearance of new lesions. Patients
who had no radiologic evidence of disease at the time
of ASCT and who remained without disease post-
ASCT were categorized as having a continuing com-
plete response (CCR). Measurable disease was defined
as any cerebral and/or spinal MRI and/or cerebrospi-
nal fluid cytology specimen that was positive for evi-
dence of disease. HDCT toxicity was evaluated accord-
ing to the scoring system of Bearman et al.16

Statistical Analysis
Survival analyses were carried out using the Kaplan–
Meier method.17 Overall survival (OS) was assessed
from the date of ASCT to death, with censoring on the
date of the most recent contact. Event-free survival
(EFS) was assessed from the date of ASCT to the date
of disease progression/recurrence or death due to tox-
icity, with censoring on the date of the most recent
contact.

RESULTS
Engraftment
Neutrophil engraftment and PLT engraftment were
defined by an absolute neutrophil count (PMN)
� 500/�L for 3 consecutive days and a PLT count
� 50,000/�L for 3 consecutive days without transfu-
sion, respectively. When all patients were considered,
the median time to PMN engraftment was 10 days
(range, 9 –21 days), and the median time to PLT en-
graftment was 19.5 days (range, 7–149 days). One pa-
tient who died of transplantation-related causes
(TRM) on Day �29 did not achieve PLT engraftment.

Toxicity
Pancytopenia requiring broad-spectrum antibiotics
for fever and neutropenia and requiring packed red
blood cell and PLT transfusions was noted in all pa-
tients. Mucositis occurred in all patients except one.
Grade 2–3 mucositis was noted in 16 patients (57%).
Six patients developed mild renal toxicity (Grade 1),
two patients developed Grade 1 gastrointestinal toxic-
ity, six patients developed Grade 1 liver toxicity, and
one patient developed Grade 2 liver toxicity. TRM was
observed in 1 patient (3.6%), who died of Candida
pneumonia on Day �29 after ASCT.

Response to High-Dose Thiotepa and Etoposide
Three patients who were experiencing PR achieved CR
after HDCT; these patients included 1 patient with a
newly diagnosed high-risk brain tumor (glioblastoma
multiforme) who was alive with no evidence of disease
127.1 months after ASCT and 2 patients with recurrent
brain tumors (1 anaplastic oligodendroglioma in third
recurrence, with disease progression at 4.3 months, in
a patient who died of disease 10.3 months after ASCT
and 1 medulloblastoma in first recurrence, with dis-
ease progression at 7.1 months, in a patient who died
of disease 10.2 months after ASCT) (Table 2). Two
patients with PD who underwent HDCT (1 patient
with medulloblastoma in first recurrence and 1 pa-
tient who had an anaplastic ependymoma at diagno-
sis) had SD until 4.5 months and 4.9 months after
ASCT, respectively, at which time disease progression
was documented; these patients died of disease at 6.8
months and 17.1 months after ASCT, respectively.

One patient who had SD before HDCT (germ cell
tumor at diagnosis) achieved a PR that was main-
tained for 4 months, at which time disease progression
was documented. This patient died of disease 7.9
months after ASCT. One patient who had SD before
HDCT (pineoblastoma in first recurrence) had PD de-
tected 52 days after ASCT and died of disease 7.8
months after ASCT.
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Ten patients had no measurable disease at the
time of ASCT (2 patients with glioblastoma multiforme
in first recurrence, 1 patient with PNET at diagnosis, 1
patient with PNET in first recurrence, 3 patients with
medulloblastoma at diagnosis, 2 patients with medul-
loblastoma in first recurrence, and 1 patient with
pineoblastoma at diagnosis), and 6 patients continued
to experience CCR after myeloablative chemotherapy
(1 patient with glioblastoma multiforme in first recur-
rence, 1 patient with PNET in first recurrence, 1 pa-
tient with pineoblastoma at diagnosis, 2 patients with
medulloblastoma at diagnosis, and 1 patient with me-
dulloblastoma in first recurrence) and are alive with
no evidence of disease at a median of 44.5 months
after ASCT (range, 7.3–94.9 months). Three patients (1
patient with medulloblastoma at diagnosis, 1 patient
with PNET at diagnosis and 1 patient with medullo-
blastoma in first recurrence) developed recurrent dis-
ease 9.1 months, 9.6 months, and 29.8 months after
ASCT, respectively. The patient who had medulloblas-
toma at diagnosis was alive with SD 12.6 months after
ASCT. The disease status of 1 patient was not evalu-
able due to toxicity-related death 1 month after ASCT.

Ten patients, including 8 patients experiencing PR
(2 patients with medulloblastoma in first recurrence, 1
patient with medulloblastoma in second recurrence, 1
patient with PNET at diagnosis, 1patient with anaplas-
tic ependymoma in second recurrence, 1 patient with
anaplastic astrocytoma at diagnosis, 1 patient with
anaplastic astrocytoma in first recurrence, and 1 pa-
tient with glioblastoma multiforme at diagnosis) and 2
patients with SD (1 patient with anaplastic astrocy-
toma at diagnosis and 1 patient with medulloblastoma
in first recurrence), had no measurable response to
HDCT. Seven of these patients developed recurrent
disease at a median of 7.3 months (range, 5.3–32
months) and died of disease at a median of 11.2
months (range, 8.7–59.4 months) after ASCT, whereas
the remaining 3 patients are alive with SD (1 patient
with anaplastic astrocytoma at diagnosis, 1 patient
with glioblastoma multiforme at diagnosis, and 1 me-
dulloblastoma in first recurrence) at a median of 23.4
months after ASCT.

OS and EFS
The 3-year-OS rate was 44.6% after a median follow-
up of 13.9 months (range, 1.0 –127.1 months) (Fig. 1).
The 3-year-OS rates were 77.1% and 27.5% for patients
who underwent ASCT while experiencing CR and pa-
tients with measurable disease at the time of ASCT,
respectively (P � 0.03) (Fig. 2). There was no statisti-
cally significant difference in OS and EFS rates be-
tween patients who underwent ASCT at diagnosis and
patients who underwent ASCT at the time of recur-

rence (Fig. 3). The overall 3-year EFS rate was 31%
(50.6% and 19.6% for patients who underwent ASCT
during CR and patients with measurable disease at the
time of ASCT, respectively; P � 0.02) (Fig. 4). The
median time to disease recurrence/progression was
6.2 months (range, 1.9 –32.0 months).

DISCUSSION
The prognosis for children with standard-risk medul-
loblastoma or other PNETs has improved notably in
recent years. Nonetheless, for many other children
with newly diagnosed malignant brain tumors, espe-
cially in the absence of radical surgical resection,
prognosis remains poor despite the use of irradiation
and conventional chemotherapy. Recurrent and met-
astatic brain tumors continue to be associated with
poor prognosis, and it should be noted that the ther-
apeutic options for patients with such malignancies
are limited by previous chemotherapy and RT.18,19

FIGURE 1. Overall survival curves (Kaplan–Meier) for children with brain

tumors who underwent autologous stem cell transplantation (ASCT). Circles:

dead; crosses: alive.

FIGURE 2. Overall survival curves (Kaplan–Meier) after autologous stem cell

transplantation (ASCT) for patients experiencing complete remission (CR) com-

pared with patients who had evidence of disease at the time of ASCT (P

� 0.03). Solid line: CR; dashed line: with disease; circles: dead; crosses: alive.
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To increase brain distribution of antitumor drugs
that do not cross the blood-brain barrier at conven-
tional dosages and to achieve greater concentrations
within tumors, the use of HDCT followed by autolo-
gous hemopoietic stem cell rescue has been proposed.
An additional objective of HDCT is to delay or even
eliminate the need for RT, which is one of the major
causes of failure with respect to growth and develop-
ment.

Alkylating agents, such as thiotepa, are the most
appropriate drugs to use in this setting due to the
steep linear logarithmic dose-response relation and

activity against CNS tumors that they exhibit.11 Eto-
poside has exhibited a good level of penetration into
brain parenchyma as well,12 and both of these agents
have demonstrated good activity against recurrent
brain tumors at conventional doses.13–15

Finlay et al.20 treated 45 patients with high doses
of etoposide (1500 mg/m2) and thiotepa (900 mg/m2)
followed by autologous stem cell rescue; those inves-
tigators obtained a 23% CR � PR rate in heavily pre-
treated patients and a 16% toxicity-related death rate.
Bouffet et al.21 treated 22 patients with recurrent or
newly diagnosed high-grade glioma and reported a
29% response rate (1 CR and 3 PRs) along with an OS
rate no better than what had been achieved using
conventional treatment.

Various thiotepa-based conditioning regimens in-
volving busulfan or cyclophosphamide, with or with-
out etoposide, have been reported elsewhere.22–27 In
the current study, we treated 27 patients with recur-
rent or newly diagnosed brain tumors. This group,
which was heterogeneous with respect to histologic
diagnosis and disease stage at study entry, had a 23%
response rate to HDCT (Table 2).

HDCT was well tolerated: 1 patient (3.6%) died of
Candida pneumonia on Day �29 after ASCT. Mucosi-
tis occurred in all but 1 patient, and severe mucositis
(Grade 2–3) occurred in 16 patients (57%). Six patients
developed mild renal toxicity (Grade 1), two patients
developed Grade 1 gastrointestinal toxicity, six pa-
tients developed Grade 1 liver toxicity, and one patient
developed Grade 2 liver toxicity. According to the
study conducted by Heideman et al.,24 no patient de-
veloped acute neurotoxicity due to HDCT. In contrast,
some reports describe mild-to-severe adverse neuro-
logic effects, including altered behavior with or with-
out visual hallucinations, seizures, severe headache,
intracranial hemorrhage, ataxia, hemiparesis, cranial
nerve deficit, and herniation, which probably are re-
lated to the regimens used or to the glial swelling
induced by tumor lysis.13,22,28,29 In the current study,
hematologic reconstitution was prompt and durable.

The observed 3-year OS rate was 44.6% (Fig. 1),
and the 3-year EFS rate was 31%. There were statisti-
cally significant differences in OS and EFS for patients
experiencing CR who underwent ASCT compared with
patients who had measurable disease at the time of
ASCT (Figs. 2, 4). No data on response rates according
to tumor type could be obtained, due to the hetero-
geneity of the study group. Six months after HDCT,
many patients (13 of 27) were able to attend school,
although 1 patient (Patient 333) experienced problems
with concentration and another (Patient 135) had dif-
ficulty with reading and writing. The results of the
current study suggest that HDCT followed by ASCT

FIGURE 3. Kaplan–Meier overall survival (OS; solid lines) and event-free

survival (EFS; dashed lines) curves for patients who underwent autologous

stem cell transplantation (ASCT) and received high-dose chemotherapy either

at the time of diagnosis (dgn) or at the time of disease recurrence (rec) (P

� 0.12 and P � 0.28, respectively; not significant). Circles: dead (OS) or with

recurrent/progressive disease (EFS); crosses: alive (OS) or alive without recur-

rent/progressive disease (EFS).

FIGURE 4. Kaplan–Meier event-free survival for patients who underwent

autologous stem cell transplantation (ASCT) during complete remission (CR)

compared with patients who had evidence of disease at the time of ASCT (P

� 0.02). Solid line: CR; dashed line: with disease; circles: disease recurrence

or progression; crosses: alive without disease recurrence or progression.
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may be beneficial for patients who achieve CR before
ASCT; however, for other patients, new strategies are
required.

REFERENCES
1. Allen JC, Bosl G, Walker R. Chemotherapy trials in recurrent

primary intracranial germ cell tumors. J Neurooncol. 1985;
3:147–152.

2. Lefkowitz IB, Packer RJ, Siegel KR, et al. Results of treatment
of children with recurrent medulloblastoma/primitive neu-
roectodermal tumors with lomustine, cisplatin, and vincris-
tine. Cancer. 1990;65:412– 417.

3. Kaplan AM, Albright AL, Zimmerman RA, et al. Brainstem
gliomas in children. A Children’s Cancer Group review of
119 cases. Pediatr Neurosurg. 1996;24:185–192.

4. Jakacki RI. Pineal and nonpineal supratentorial primitive neu-
roectodermal tumors. Childs Nerv Syst. 1999;15:586–591.

5. Chiu JK, Woo SY, Ater J, et al. Intracranial ependymoma in
children: analysis of prognostic factors. J Neurooncol. 1992;
13:283–290.

6. Kalifa C, Valteau D, Pizer B, Vassal G, Grill J, Hartmann O.
High-dose chemotherapy in childhood brain tumours.
Childs Nerv Syst. 1999;15:498 –505.

7. Dunkel IJ, Finlay JL. High-dose chemotherapy with autolo-
gous stem cell rescue for brain tumors. Crit Rev Oncol He-
matol. 2002;41:197–204.

8. Papadakis V, Dunkel IJ, Cramer LD, et al. High-dose car-
mustine, thiotepa and etoposide followed by autologous
bone marrow rescue for the treatment of high risk central
nervous system tumors. Bone Marrow Transplant. 2000;26:
153–160.

9. Busca A, Miniero R, Besenzon L, et al. Etoposide-containing
regimens with autologous bone marrow transplantation in
children with malignant brain tumors. Childs Nerv Syst.
1997;13:572–577.

10. Gururangan S, McLaughlin C, Quinn J, et al. High-dose
chemotherapy with autologous stem-cell rescue in children
and adults with newly diagnosed pineoblastomas. J Clin
Oncol. 2003;21:2187–2291.

11. Heideman RL, Cole DE, Balis F, et al. Phase I and pharma-
cokinetic evaluation of thiotepa in the cerebrospinal fluid
and plasma of pediatric patients: evidence for dose-depen-
dent plasma clearance of thiotepa. Cancer Res. 1989;49:736 –
741.

12. Stewart DJ, Richard MT, Hugenholtz H, et al. Penetration of
VP-16 (etoposide) into human intracerebral and extracere-
bral tumors. J Neurooncol. 1984;2:133–139.

13. Wolff SN, Herzig RH, Fay JW, et al. High-dose N,N�,N��-
triethylenethiophosphoramide (thiotepa) with autologous
bone marrow transplantation: Phase I studies. Semin Oncol.
1990;17:2– 6.

14. Heideman RL, Packer RJ, Reaman GH, et al. A Phase II
evaluation of thiotepa in pediatric central nervous system
malignancies. Cancer. 1993;72:271–275.

15. Tirelli U, D’Incalci M, Canetta R, et al. Etoposide (VP-16-
213) in malignant brain tumors: a Phase II study. J Clin
Oncol. 1984;2:432– 437.

16. Bearman SI, Appelbaum FR, Buckner CD, et al. Regimen-
related toxicity in patients undergoing bone marrow trans-
plantation. J Clin Oncol. 1988;6:1562–1568.

17. Kaplan EL, Meier P. Nonparametric estimation from incom-
plete observations. J Am Stat Assoc. 1958;53:457– 481.

18. Kuttesch JF Jr. Advances and controversies in the manage-
ment of childhood brain tumors. Curr Opin Oncol. 1997;9:
235–240.

19. Reddy AT, Packer RJ. Pediatric central nervous system tu-
mors. Curr Opin Oncol. 1998;10:186 –193.

20. Finlay JL, Goldman S, Wong MC, et al. Pilot study of high-
dose thiotepa and etoposide with autologous bone marrow
rescue in children and young adults with recurrent CNS
tumors. The Children’s Cancer Group. J Clin Oncol. 1996;
14:2495–2503.

21. Bouffet E, Mottolese C, Jouvet A, et al. Etoposide and thio-
tepa followed by ABMT (autologous bone marrow trans-
plantation) in children and young adults with high-grade
gliomas. Eur J Cancer. 1997;33:91–95.

22. Kalifa C, Hartmann O, Demeocq F, et al. High-dose busulfan
and thiotepa with autologous bone marrow transplantation
in childhood malignant brain tumors: a Phase II study. Bone
Marrow Transplant. 1992;9:227–233.

23. Kedar A, Maria BL, Graham-Pole J. High-dose chemother-
apy with marrow reinfusion and hyperfractionated irradia-
tion for children with high-risk brain tumors. Med Pediatr
Oncol. 1994;23:428 – 436.

24. Heideman RL, Douglass EC, Krance RA, et al. High-dose
chemotherapy and autologous bone marrow rescue fol-
lowed by interstitial and external-beam radiotherapy in
newly diagnosed pediatric malignant gliomas. J Clin Oncol.
1993;11:1458 –1465.

25. Mason WP, Grovas A, Halpern S, et al. Intensive chemother-
apy and bone marrow rescue for young children with newly
diagnosed malignant brain tumors. J Clin Oncol. 1998;16:
210 –221.

26. Dunkel IJ, Boyett JM, Yates A, et al. High-dose carboplatin,
thiotepa, and etoposide with autologous stem-cell rescue
for patients with recurrent medulloblastoma. Children’s
Cancer Group. J Clin Oncol. 1998;16:222–228.

27. Papadopoulos KP, Garvin JH, Fetell M, et al. High-dose
thiotepa and etoposide-based regimens with autologous he-
matopoietic support for high-risk or recurrent CNS tumors
in children and adults. Bone Marrow Transplant. 1998;22:
661– 667.

28. Leff RS, Thompson JM, Daly MB, et al. Acute neurologic
dysfunction after high-dose etoposide therapy for malignant
glioma. Cancer. 1988;62:32–35.

29. Wandt H, Birkmann J, Seifert M, et al. Localized cerebral
edema after high-dose chemotherapy and ABMT for germ
cell tumor. Bone Marrow Transplant. 1993;11:419 – 420.

High Dose Chemotherapy and Brain Tumors/Fagioli et al. 2221

https://www.researchgate.net/publication/14140489_Etoposide_and_thiotepa_followed_by_ABMT_Autologous_bone_marrow_transplantation_in_children_and_young_adults_with_high-grade_gliomas?el=1_x_8&enrichId=rgreq-26b4ce89-1a25-4fb0-a909-20af5e0a4f4f&enrichSource=Y292ZXJQYWdlOzg1NjcwMTA7QVM6MTUxNzc2NDc3MDYxMTIwQDE0MTMxOTc3NDA3ODU=
https://www.researchgate.net/publication/14140489_Etoposide_and_thiotepa_followed_by_ABMT_Autologous_bone_marrow_transplantation_in_children_and_young_adults_with_high-grade_gliomas?el=1_x_8&enrichId=rgreq-26b4ce89-1a25-4fb0-a909-20af5e0a4f4f&enrichSource=Y292ZXJQYWdlOzg1NjcwMTA7QVM6MTUxNzc2NDc3MDYxMTIwQDE0MTMxOTc3NDA3ODU=
https://www.researchgate.net/publication/14140489_Etoposide_and_thiotepa_followed_by_ABMT_Autologous_bone_marrow_transplantation_in_children_and_young_adults_with_high-grade_gliomas?el=1_x_8&enrichId=rgreq-26b4ce89-1a25-4fb0-a909-20af5e0a4f4f&enrichSource=Y292ZXJQYWdlOzg1NjcwMTA7QVM6MTUxNzc2NDc3MDYxMTIwQDE0MTMxOTc3NDA3ODU=
https://www.researchgate.net/publication/14140489_Etoposide_and_thiotepa_followed_by_ABMT_Autologous_bone_marrow_transplantation_in_children_and_young_adults_with_high-grade_gliomas?el=1_x_8&enrichId=rgreq-26b4ce89-1a25-4fb0-a909-20af5e0a4f4f&enrichSource=Y292ZXJQYWdlOzg1NjcwMTA7QVM6MTUxNzc2NDc3MDYxMTIwQDE0MTMxOTc3NDA3ODU=
https://www.researchgate.net/publication/14810527_Localized_cerebral_edema_after_high-dose_chemotherapy_and_ABMT_for_germ_cell_tumor?el=1_x_8&enrichId=rgreq-26b4ce89-1a25-4fb0-a909-20af5e0a4f4f&enrichSource=Y292ZXJQYWdlOzg1NjcwMTA7QVM6MTUxNzc2NDc3MDYxMTIwQDE0MTMxOTc3NDA3ODU=
https://www.researchgate.net/publication/14810527_Localized_cerebral_edema_after_high-dose_chemotherapy_and_ABMT_for_germ_cell_tumor?el=1_x_8&enrichId=rgreq-26b4ce89-1a25-4fb0-a909-20af5e0a4f4f&enrichSource=Y292ZXJQYWdlOzg1NjcwMTA7QVM6MTUxNzc2NDc3MDYxMTIwQDE0MTMxOTc3NDA3ODU=
https://www.researchgate.net/publication/14810527_Localized_cerebral_edema_after_high-dose_chemotherapy_and_ABMT_for_germ_cell_tumor?el=1_x_8&enrichId=rgreq-26b4ce89-1a25-4fb0-a909-20af5e0a4f4f&enrichSource=Y292ZXJQYWdlOzg1NjcwMTA7QVM6MTUxNzc2NDc3MDYxMTIwQDE0MTMxOTc3NDA3ODU=
https://www.researchgate.net/publication/19263412_Chemotheray_trials_in_recurrent_primary_intracranial_germ_cell_tumors?el=1_x_8&enrichId=rgreq-26b4ce89-1a25-4fb0-a909-20af5e0a4f4f&enrichSource=Y292ZXJQYWdlOzg1NjcwMTA7QVM6MTUxNzc2NDc3MDYxMTIwQDE0MTMxOTc3NDA3ODU=
https://www.researchgate.net/publication/19263412_Chemotheray_trials_in_recurrent_primary_intracranial_germ_cell_tumors?el=1_x_8&enrichId=rgreq-26b4ce89-1a25-4fb0-a909-20af5e0a4f4f&enrichSource=Y292ZXJQYWdlOzg1NjcwMTA7QVM6MTUxNzc2NDc3MDYxMTIwQDE0MTMxOTc3NDA3ODU=
https://www.researchgate.net/publication/19263412_Chemotheray_trials_in_recurrent_primary_intracranial_germ_cell_tumors?el=1_x_8&enrichId=rgreq-26b4ce89-1a25-4fb0-a909-20af5e0a4f4f&enrichSource=Y292ZXJQYWdlOzg1NjcwMTA7QVM6MTUxNzc2NDc3MDYxMTIwQDE0MTMxOTc3NDA3ODU=
https://www.researchgate.net/publication/11504449_High-dose_chemotherapy_with_autologous_stem_cell_rescue_for_brain_tumors?el=1_x_8&enrichId=rgreq-26b4ce89-1a25-4fb0-a909-20af5e0a4f4f&enrichSource=Y292ZXJQYWdlOzg1NjcwMTA7QVM6MTUxNzc2NDc3MDYxMTIwQDE0MTMxOTc3NDA3ODU=
https://www.researchgate.net/publication/11504449_High-dose_chemotherapy_with_autologous_stem_cell_rescue_for_brain_tumors?el=1_x_8&enrichId=rgreq-26b4ce89-1a25-4fb0-a909-20af5e0a4f4f&enrichSource=Y292ZXJQYWdlOzg1NjcwMTA7QVM6MTUxNzc2NDc3MDYxMTIwQDE0MTMxOTc3NDA3ODU=
https://www.researchgate.net/publication/11504449_High-dose_chemotherapy_with_autologous_stem_cell_rescue_for_brain_tumors?el=1_x_8&enrichId=rgreq-26b4ce89-1a25-4fb0-a909-20af5e0a4f4f&enrichSource=Y292ZXJQYWdlOzg1NjcwMTA7QVM6MTUxNzc2NDc3MDYxMTIwQDE0MTMxOTc3NDA3ODU=
https://www.researchgate.net/publication/12749485_Pineal_and_nonpineal_supratentorial_primitive_neuroectodermal_tumors_Childs_Nerv_Syst?el=1_x_8&enrichId=rgreq-26b4ce89-1a25-4fb0-a909-20af5e0a4f4f&enrichSource=Y292ZXJQYWdlOzg1NjcwMTA7QVM6MTUxNzc2NDc3MDYxMTIwQDE0MTMxOTc3NDA3ODU=
https://www.researchgate.net/publication/12749485_Pineal_and_nonpineal_supratentorial_primitive_neuroectodermal_tumors_Childs_Nerv_Syst?el=1_x_8&enrichId=rgreq-26b4ce89-1a25-4fb0-a909-20af5e0a4f4f&enrichSource=Y292ZXJQYWdlOzg1NjcwMTA7QVM6MTUxNzc2NDc3MDYxMTIwQDE0MTMxOTc3NDA3ODU=
https://www.researchgate.net/publication/12749476_High-dose_chemotherapy_in_childhood_brain_tumours?el=1_x_8&enrichId=rgreq-26b4ce89-1a25-4fb0-a909-20af5e0a4f4f&enrichSource=Y292ZXJQYWdlOzg1NjcwMTA7QVM6MTUxNzc2NDc3MDYxMTIwQDE0MTMxOTc3NDA3ODU=
https://www.researchgate.net/publication/12749476_High-dose_chemotherapy_in_childhood_brain_tumours?el=1_x_8&enrichId=rgreq-26b4ce89-1a25-4fb0-a909-20af5e0a4f4f&enrichSource=Y292ZXJQYWdlOzg1NjcwMTA7QVM6MTUxNzc2NDc3MDYxMTIwQDE0MTMxOTc3NDA3ODU=
https://www.researchgate.net/publication/12749476_High-dose_chemotherapy_in_childhood_brain_tumours?el=1_x_8&enrichId=rgreq-26b4ce89-1a25-4fb0-a909-20af5e0a4f4f&enrichSource=Y292ZXJQYWdlOzg1NjcwMTA7QVM6MTUxNzc2NDc3MDYxMTIwQDE0MTMxOTc3NDA3ODU=
https://www.researchgate.net/publication/220019823_Nonparametric_Estimation_From_Incomplete_Observations?el=1_x_8&enrichId=rgreq-26b4ce89-1a25-4fb0-a909-20af5e0a4f4f&enrichSource=Y292ZXJQYWdlOzg1NjcwMTA7QVM6MTUxNzc2NDc3MDYxMTIwQDE0MTMxOTc3NDA3ODU=
https://www.researchgate.net/publication/220019823_Nonparametric_Estimation_From_Incomplete_Observations?el=1_x_8&enrichId=rgreq-26b4ce89-1a25-4fb0-a909-20af5e0a4f4f&enrichSource=Y292ZXJQYWdlOzg1NjcwMTA7QVM6MTUxNzc2NDc3MDYxMTIwQDE0MTMxOTc3NDA3ODU=
https://www.researchgate.net/publication/284451561_Pediatric_central_nervous_system_tumors?el=1_x_8&enrichId=rgreq-26b4ce89-1a25-4fb0-a909-20af5e0a4f4f&enrichSource=Y292ZXJQYWdlOzg1NjcwMTA7QVM6MTUxNzc2NDc3MDYxMTIwQDE0MTMxOTc3NDA3ODU=
https://www.researchgate.net/publication/284451561_Pediatric_central_nervous_system_tumors?el=1_x_8&enrichId=rgreq-26b4ce89-1a25-4fb0-a909-20af5e0a4f4f&enrichSource=Y292ZXJQYWdlOzg1NjcwMTA7QVM6MTUxNzc2NDc3MDYxMTIwQDE0MTMxOTc3NDA3ODU=

