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A B S T R A C T

Purpose
We evaluated the feasibility of administering carboplatin as a radiosensitizer during craniospinal
radiation therapy (CSRT) to patients with high-risk medulloblastomas (MBs) and supratentorial
primitive neuroectodermal tumors, and we report the outcome in the subset with metastatic
(M�) MB.

Patients and Methods
After surgery, patients received 36 Gy CSRT with boosts to sites of disease. During radiation,
patients received 15 to 30 doses of carboplatin (30-45 mg/m2/dose), along with vincristine (VCR)
once per week for 6 weeks. Patients on regimen A received 6 months of maintenance
chemotherapy (MC) with cyclophosphamide and VCR. Once the recommended phase II dose
(RP2D) of carboplatin was determined, cisplatin was added to the MC (regimen B).

Results
In all, 161 eligible patients (median age, 8.7 years; range, 3.1 to 21.6 years) were enrolled.
Myelosuppression was dose limiting and 35 mg/m2/dose � 30 was determined to be the RP2D
of carboplatin. Twenty-nine (36%) of 81 patients with M� MB had diffuse anaplasia. Four patients
were taken off study within 11 months of completing radiotherapy for presumed metastatic
progression and are long-term survivors following palliative chemotherapy. Excluding these four
patients, 5-year overall survival � SE and progression-free survival � SE for M� patients treated
at the RP2D on regimen A was 82% � 9% and 71% � 11% versus 68% � 10% and 59% � 10%
on regimen B (P � .36). There was no difference in survival by M stage. Anaplasia was a negative
predictor of outcome.

Conclusion
The use of carboplatin as a radiosensitizer is a promising strategy for patients with M� MB. Early
progression should be confirmed by biopsy.

J Clin Oncol 30:2648-2653. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Medulloblastomas (MBs) account for 20% of pe-
diatric brain tumors, with approximately one
third of patients having metastatic spread (M�)
at diagnosis.1,2 Whereas 80% of children with lo-
calized MB will be cured following treatment
with reduced dose craniospinal radiation therapy
(CSRT) and chemotherapy,3 the success rate for pa-
tients with disseminated disease, as well as for those
with supratentorial primitive neuroectodermal tu-
mors (PNETs), has historically been poor despite
full-dose CSRT and chemotherapy.1,4-6

The Goldie-Coldman model of therapeutic re-
sistance states that the prompt elimination of tumor

through the use of multiple drugs given concur-
rently reduces the likelihood of the emergence of
resistant clones.7 CSRT is the most effective treat-
ment modality against MB and can be modeled as a
non–cross-resistant chemotherapeutic agent. Che-
moradiotherapy therefore has the potential to
achieve maximal tumor-cell kill in the shortest pe-
riod of time. Carboplatin not only has significant
activity against PNETs8,9 but is also a potent radio-
sensitizer, possibly by enhancing the production and
persistence of DNA single- and double-strand
breaks.10,11 RT may also enhance the cellular uptake
and DNA-binding of carboplatin.12 Radiopotentiat-
ing concentrations of platinum can be found in in-
tracerebral tumors and surrounding edematous
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brain following administration of low systemic doses of cisplatin
(CDDP), with lower concentrations of platinum found in brain dis-
tant to the tumor and in the cerebrospinal fluid (CSF).13 Carboplatin
binds more slowly to plasma proteins than CDDP does, allowing a
greater proportion of free platinum to cross the blood-brain barrier.14

We sought to identify a feasible dose and duration of carboplatin given
daily with craniospinal and boost radiotherapy (RT) to children with
high-risk MB and PNET and, herein, report on the results of this
approach in patients with M� MB.

PATIENTS AND METHODS

Patients and Eligibility

Patients between the ages of 3 and 21 years with newly diagnosed high-
risk PNET were eligible for enrollment. High-risk PNET was defined as those
with M� MB, more than 1.5 cm3 postoperative residual tumor, or supraten-
torial PNET, regardless of M stage or resection. Patients were classified as M1
when they had positive CSF cytology without other evidence of metastatic
disease, as M2 when they had supratentorial without spinal metastases, and
M3 when they had spinal metastases with (M3b) or without (M3a) supra-
tentorial disease. Patients underwent a complete staging evaluation, in-
cluding pre- and postoperative brain magnetic resonance imaging scans,
spinal magnetic resonance imaging scans, and CSF cytology. Patients with
extraneural metastases were excluded. All patients began therapy within 31
days of definitive surgery. Eligibility criteria also included normal renal
function (creatinine � 1.5 � normal for age), bone marrow function
(absolute neutrophil count [ANC] � 1,500/�L, platelet count � 100,000/
�L, hemoglobin � 10 g/dL), and liver function (bilirubin � 1.5 mg/dL,
ALT � 2.5 � normal).

Study Design

This phase I/II study included a dose-escalation phase followed by a
comparison of maintenance chemotherapy (MC) with or without CDDP.
The craniospinal axis received 36 Gy in 1.8 Gy fractions and was treated
before boosts. A boost of 19.8 Gy was administered to the entire posterior
fossa for patients with MB or to the supratentorial primary tumor site.
Focal spinal cord metastases were boosted to 45 Gy if they were above the
termination of the cord and to 50.4 Gy if they were below it. RT films and
doses were centrally reviewed. Intravenous vincristine (VCR) 1.5 mg/m2

was administered weekly � 6 during RT. Patients received carboplatin at
the assigned dose level over 15 to 20 minutes, 1 to 4 hours before each
fraction of radiation. The dose and duration of carboplatin was assigned at
study entry by using a phase I dose-escalation design, starting with 35
mg/m2/dose � 15 doses. Subsequent dose levels increased the number of
doses of carboplatin to 20, 25, and 30, and thereafter the dose of carbopla-
tin was increased in increments of 5 mg/m2/dose up to 50 mg/m2/dose. A
minimum of six evaluable patients were treated at each dose level. If two or
fewer of the first six patients treated at any dose level experienced dose-
limiting toxicity (DLT) during the 12-week evaluation period, up to six
additional patients were treated at that dose level. Up to 24 additional
patients could be enrolled on the highest safe dose level during evaluation
of a higher dose. The maximum-tolerated dose was defined as the dose
level immediately below that at which at least three patients in a cohort of
six, or at least four patients in a cohort of 12, experienced a DLT.

Toxicities were graded on the basis of the National Cancer Institute
Common Toxicity Criteria, version 1.0. DLT was defined as death related to
toxicity; more than a 2-week delay in completion of RT; inability to start MC
within 7 weeks of completing RT; grade 4 nonhematologic toxicity, with the
exception of weight loss, infection, or electrolyte abnormalities; grade 3 non-
hematologic toxicity, with the exception of weight loss, dysphagia-esophagitis
related to RT lasting � 7 days, skin toxicity, infection, electrolyte abnormali-
ties, nausea and vomiting, and liver function abnormalities that returned to
grade � 2 within 7 days; and VCR-related toxicities. RT was not withheld for
myelosuppression alone and was held only for a “severe medical condition

precluding radiation therapy,” not including fever and neutropenia as long as
the patient was clinically stable. If a radiation treatment was not given, carbo-
platin was also held.

Granulocyte colony-stimulating factor (G-CSF) was administered on
the weekend if the ANC fell � 1,500/�L on Friday; if the ANC dropped to less
than 1,000/�L on any Monday or Wednesday, G-CSF was administered on
that day and the following day. Patients were transfused with platelets to
maintain a count of more than 30,000/�L and RBCs to maintain a hemato-
crit � 30% during RT. No dose modifications of carboplatin were made for
myelosuppression. VCR was held for grade 3 to 4 foot drop, severe paresis,
disabling paresthesias or ileus and was resumed at 1 mg/m2 once symp-
toms improved.

During the dose-finding phase, all patients were nonrandomly assigned
to receive MC with cyclophosphamide (CPM) and VCR. Once the optimal
dose and duration of carboplatin was determined, patients were treated at the
recommended phase II dose (RP2D) and received MC with VCR, CPM, and
CDDP. Six cycles were given 4 weeks apart beginning 6 weeks after RT was
completed or when the ANC was more than 1,000/�L and platelet count was
more than 100,000/�L. Regimen A consisted of CPM 1,000 mg/m2 on days 0
and 1 of each course and VCR 1.5 mg/m2 on days 0 and 7. G-CSF was
administered until the postnadir ANC exceeded 1,500/�L. Regimen B con-
sisted of the same chemotherapy with the addition of 75 mg/m2 CDDP on day
0. Subsequent courses of chemotherapy were administered once the ANC was
more than 750/�L and the platelet count was more than 75,000/�L. The CPM
dose was reduced by 25% if the counts had not recovered by the time the next
course was due. Audiograms were obtained before each course of CDDP with
dose reductions dependent on the grade of the toxicity.

Follow-up imaging was performed 4 to 6 weeks after the completion
of RT, at 3-month intervals during MC, and at 4- to 12-month intervals
thereafter. Progressive disease was defined as an increase of more than 25%
in area of residual disease compared with the best response at that site or
the reappearance or new appearance of tumor. Overall survival (OS) and
progression-free survival (PFS) for patients treated at the maximum-
tolerated dose was estimated by using the product limit (Kaplan-Meier)
method, with SE via the Peto-Pike formula.10 Survival distributions among
subgroups were compared by using the log-rank test. Association of sur-
vival distributions with continuous covariates was investigated by using
Cox proportional hazards regression models. Pathology slides from pa-
tients with M� MBs were centrally reviewed to confirm the diagnosis and
assess for anaplasia by a reviewer blinded to clinical factors and outcome
(P.C.B.). Anaplastic MBs were defined as those with marked nuclear pleo-
morphism, nuclear molding, cell-cell wrapping, and high mitotic activity.
Large-cell MBs had large vesicular nuclei, prominent nucleoli, and scant
eosinophilic cytoplasm. Large-cell areas were usually topographically dis-
tinct areas in lesions that elsewhere were anaplastic. A tumor was coded as
anaplastic if at least half the tissue contained anaplastic or large cells. With
high-grade and/or large-cell features, a third of the tissue was consid-
ered sufficient.

RESULTS

Between March 1998 and November 2004, 168 patients were enrolled.
Seven patients were considered ineligible. Four patients were consid-
ered unevaluable for toxicity. For the 161 eligible patients, the median
age at study entry was 8.7 years (range, 3.1 to 21.6 years); 92 (58%)
were male, and 33 patients were treated on regimen B. Median
follow-up was 8.5 and 6.4 years for patients on regimens A and B,
respectively. One patient was not included in the MB outcome analysis
because the diagnosis could not be confirmed on central review, and
one patient was not included in the anaplasia analysis because of
crush artifact.
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Study Toxicity

There were no treatment-related deaths (Tables 1 and 2). De-
layed myelosuppression occurring 2 to 3 weeks after the completion of
RT and occasionally causing a delay in the initiation of MC was seen
starting at dose level 7 (35 mg/m2 � 6 weeks). Specific radiation-
related toxicities were not common, occurring in less than 10% of
patients at each dose level except for dose level 10 (50 mg/m2 � 6
weeks) in which two of eight patients developed grade 3 skin break-
down and severe esophagitis. Sixteen patients (10%) had interrup-
tions in RT for medical reasons (median, 2 days; range, 1 to 6 days).

The majority of patients required G-CSF and/or transfusion sup-
port toward the end of RT, particularly at the higher dose levels. As
enrollment proceeded, there was concern that the incidence of myelo-
suppression and infection at the higher dose levels was becoming
unacceptable. A logistic regression dose-response analysis of the inci-
dence of platelet transfusion and infection showed a clear increase in
platelet transfusions as the total dose of carboplatin increased, and
dose level 7 (35 mg/m2 � 6 weeks) was chosen as the RP2D.

Table 2 shows the major grade 3 and 4 toxicities during MC
for regimens A and B at dose level 7. Regimen B was uniformly
more toxic, with the differences most apparent in the rates of
thrombocytopenia and infection. As expected, ototoxicity was also
more severe on regimen B, with 14 (42%) of 33 patients requiring

CDDP dose reductions. No unexpected long-term toxicities have
been reported to date.

Outcome for Patients With M� MB

By using a Cox proportional hazard model, neither OS (P � .50)
nor PFS (P � .42) was associated with the total dose of carboplatin
received. There were 59 patients with centrally reviewed M� MB and
five M0 patients. Combining all dose levels, 5-year OS�SE and PFS�
SE for centrally reviewed M� patients on regimen A was 80% � 5%
and 66% � 6%. Investigation into the unexpected discrepancy be-
tween OS and PFS revealed four patients with reported progression
within 11 months of completing RT (6 weeks, and 4, 9, and 11
months). All recurrences involved equivocal worsening of leptomen-
ingeal disease, none of whom were biopsied. All four are long-term
survivors (9, 8, 7, and 7 years) following treatment with palliative
chemotherapy alone. Excluding these four patients, 5-year OS � SE
and PFS � SE for M� patients was 78% � 6% and 71% � 6% (Fig 1).

Comparison of M� Patients Enrolled at the RP2D:

Regimen A Versus Regimen B

There was no significant difference in distribution of M stage,
demographics, or percentage of anaplasia between patients enrolled at
the RP2D on regimen A versus regimen B. Figure 2 shows the outcome

Table 1. DLTs by Dose Level

Dose Level Carboplatin Dose
No. of Patients Evaluable

for DLT� No. of DLTs DLT Type
No. of Patients

With DLT

3 30 mg/m2 � 3 weeks 11 2 Seizures 1
Somnolence 1

4 35 mg/m2 � 3 weeks 11 1 Grade 3 esophagitis
5 35 mg/m2 � 4 weeks 12 1 Grade 3 esophagitis
6 35 mg/m2 � 5 weeks 12� 1 Kidney stone
7 35 mg/m2 � 6 weeks 70 11 Inability to start maintenance therapy 7

Esophagitis/inability to start maintenance therapy 1
Grade 4 nausea/vomiting 2
Grade 3 esophagitis/dermatitis 1

8 40 mg/m2 � 6 weeks 24 4 Inability to start maintenance therapy 3
Grade 3 esophagitis 1

9 45 mg/m2 � 6 weeks 10 1 Grade 4 dermatitis
10 50 mg/m2 � 6 weeks 7 2 Grade 3 esophagitis 1

Dermatitis 1

Abbreviation: DLT, dose-limiting toxicity.
�One patient (no DLT) was inadvertently treated with an additional week of carboplatin (ie, dose level 7).

Table 2. Selected Grade 3 and 4 Toxicities During Maintenance Courses for Regimen A (dose level 7) and Regimen B

Toxicity

Course 1 Course 2 Course 3

Regimen A Regimen B Regimen A Regimen B Regimen A Regimen B

No. % No. % No. % No. % No. % No. %

ANC 32 89 30 97 28 85 27 96 23 72 26 93
Platelet count 19 53 26 84 15 45 26 93 17 53 27 96
Hearing 0 0 0 0 0 0 2 7 0 0 4 14
Infection 9 25 15 48 5 16 9 32 5 16 8 29

Abbreviation: ANC, absolute neutrophil count.
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for centrally reviewed patients with M� MB who received dose level 7
of regimen A (n � 19) or regimen B (n � 22). There was no significant
difference in outcome between the two regimens. The 5-year OS � SE
was 82% � 9% for regimen A and 68% � 10% for regimen B (log-
rank P � .68); the 5-year PFS � SE was 71% � 11% for regimen A and
59% � 10% for regimen B (log-rank P � .36).

Impact of M Stage

No significant differences in OS and PFS were found between the
centrally reviewed patients with M1 (n � 18), M2 (n � 10), or M3
(n � 49) MB (log-rank P � .4 and P � .34, respectively; Fig 3). The
5-year OS � SE was 83% � 9% for M1, 70% � 16% for M2, and
73% � 6% for M3; the 5-year PFS � SE was 77% � 10% for M1, 50%
� 16% for M2, and 67% � 7% for M3.

Impact of Anaplasia

Figure 4 shows the OS and PFS plots comparing 29 patients with
anaplasia and 48 patients without anaplasia. There was no statistical
difference in the distribution of anaplasia across the two regimens

(Fisher’s exact test P � .80). There was no difference in age, ratio of
males to females, or distribution of M stage between those with or
without anaplasia. The 5-year PFS � SE was 75% � 6% for patients
without anaplasia and 55% � 9% for those with anaplasia (log-rank
P � .019); the 5-year OS � SE rate was 83% � 5% for patients without
anaplasia and 62% � 9% for those with anaplasia (log-rank P � .064).

Impact of Surgical Resection

There was no difference in OS or PFS for the patients with M2/3
MB who had at least a radical resection of the primary tumor versus
those with less aggressive resection (log-rank P � .62 and P � .91 for
OS and PFS, respectively).

Incidence of Second Malignant Neoplasms (SMNs)

Four of 161 patients (2.5%; 95% exact CI, 0.7% to 6.2%), all with
MB, developed a SMN by year 8: one developed a malignant mela-
noma in the radiation field 2 years after diagnosis; one was diagnosed
with acute myeloid leukemia 4 years after receiving high-dose chem-
otherapy with thiotepa, etoposide (VP-16), and carboplatin, with
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Fig 1. Kaplan-Meier curves showing the overall survival (OS) and progression-
free survival (PFS) of patients with centrally reviewed metastatic medulloblas-
toma treated on regimen A, excluding four patients who were felt to have had
pseudoprogression. The numbers below the survival curves reflect the number
of patients at risk at any given time point.
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Fig 2. Kaplan-Meier curves showing the overall survival (OS) and progression-
free survival (PFS) of patients with centrally reviewed metastatic medulloblas-
toma treated at the recommended phase II dose of carboplatin on regimen A and
regimen B. The numbers below the survival curves reflect the number of patients
at risk at any given time point.

0

Su
rv

iv
al

 (p
ro

ba
bi

lit
y)

Time From Study Entry (years)

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

12 1310 118 96

M1
M2
M3

P = .4

M1
M2
M3

18
10
49

16
9

47

16
7

41

15
7

39

15
6

37

14
5

35

13
3

28

8
2

19

7
2

13

4
1
6

2
1
3

1
1

1

No. at risk

74 52 31

Fig 3. Kaplan-Meier curves showing no significant difference in the overall
survival of patients with centrally reviewed metastatic medulloblastoma based
on M stage. The numbers below the survival curves reflect the number of
patients at risk at any given time point.
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the number of patients at risk at any given time point.
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stem-cell rescue as treatment for recurrence; one developed myelodys-
plastic syndrome 3 years after diagnosis; and one developed a glioblas-
toma 7 years after diagnosis. There was no difference between the
incidence of SMNs in the entire study group or the subset of patients
with MB compared with that of a historical cohort of standard-risk
patients treated with lower doses of CSRT15 (Fisher’s exact P � .6 and
P � .76, respectively).

DISCUSSION

We have shown that a regimen administering daily carboplatin con-
currently with RT for patients with high-risk MB is feasible, and with
appropriate supportive care, radiosensitizing and cytotoxic doses of
carboplatin can be administered. At the RP2D, a cumulative dose of
more than 1 g/m2 carboplatin was administered over 6 weeks. The
substantial doses of carboplatin administered early on in treatment
may account for why the addition of CDDP to MC provided no
increase in survival. The incidence of radiation-related adverse effects
was lower than expected and was not what determined the RP2D.

Manystrategieshavebeenusedover the last severalyears to improve
the outcome of patients with M� MB. The initial encouraging results of
the Packer regimen16 in 15 patients with M�MB showing a 66%�15%
5-year PFS could not be reproduced in either German or US cooperative
group trials1,5 in which the identical regimen resulted in a 30% to 40%
5-year PFS. Studies that used preirradiation chemotherapy have shown
similar results, although a delay in administration of RT has been sug-
gestedtohaveanegativeimpactonoutcome.1 IntheInternationalSociety
ofPediatricOncology/UnitedKingdomChildren’sCancerStudyGroup-
PNET 3 (SIOP/UKCCSG/PNET-3) trial,4 two courses of etoposide, car-
boplatin, cytoxan, and VCR were administered before RT. Patients with
M2/3 disease subsequently received 35 Gy CSRT with a boost to the
poster fossa. Five-year event-free survival and OS were 34.7% and
43.9%. Allen6 evaluated five courses of pre-RT chemotherapy fol-
lowed by hyperfractionated RT. The 5-year PFS and OS for patients
with M� MB were 46% � 10% and 48% � 10%. A recent limited-
institution trial reported more encouraging results with the use of four
courses of dose-intense CPM-based chemotherapy requiring periph-
eral blood stem-cell rescue following CSRT.17 M1 patients received 36
Gy and M2/3 patients received 39.6 Gy CSRT with boosts to bulk
disease. The 5-year event-free survival for M� patients was 66% �
18%. Our 5-year PFS of 71% � 6% compares favorably, despite the
use of lower CSRT doses and less intensive chemotherapy.

There were four M� patients with early progression of lepto-
meningeal disease who are long-term survivors following palliative
chemotherapy alone. In retrospect, these patients are not felt to have
had true progressive disease. This highlights the need for great caution
in determining progression, particularly when it occurs early in treat-
ment. The use of chemotherapy during RT has been associated with an
increased risk of pseudoprogression in patients with high-grade glio-
mas,18 and this risk may be higher when using a potent radiosensitizer.
Independent of the risk of pseudoprogression, the ability to determine
true worsening of leptomeningeal disease is fraught with uncertainty,
given the technical limitations precluding the ability to accurately
compare the size and presence of small areas of tumor deposits.

Attempts have been made to define a histopathologic grading
system for MB that can identify patients with either a better or worse
prognosis so that treatment can be tailored appropriately. The degree

of anaplasia has been associated with more aggressive behavior.19,20 In
a study evaluating prognostic variables in 207 patients with MB, met-
astatic disease and large-cell/anaplastic phenotype were significantly
associated with poor PFS.21 Packer3 found that anaplasia was also a
negative prognostic factor for OS in average-risk MB. In our study,
anaplasia was seen in approximately one third of patients with M�
MB and was a significant negative prognostic factor.

In conclusion, our results using chemoradiotherapy followed by
a well-tolerated, short duration, nonintensive MC regimen are at least
as good as, if not better than, other recent trials using higher doses of
CSRT and/or higher-intensity alkylator-based chemotherapy. The in-
cidence of second malignancies in patients treated for MB is substan-
tial and appears to be increasing with increased use of alkylator-based
therapy.15 With improving survival, the impact of long-term
treatment-related morbidity and mortality increases dramatically,
making it imperative to keep alkylator and RT doses as low as possible
without sacrificing efficacy. It is also important for neurosurgeons to
be judicious about the need for aggressive surgical resection in the
setting of metastatic disease, because there was no apparent benefit
seen in this study. An ongoing Children’s Oncology Group study
randomizing between carboplatin during radiation and RT alone in
patients with high-risk PNET will definitively answer the question
regarding the impact of carboplatin on outcome, as well as formally
evaluate long-term neurocognitive outcome.
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