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Abstract
BACKGROUND—Contemporary therapy for medulloblastoma results in adverse neurocognitive
effects on young children, particularly those under the age of three. Stratification of patients by
risk group may allow toxic treatment to be avoided.

METHODS—76 patients diagnosed with medulloblastoma and enrolled on CCG-9921 underwent
central review of pathology, and histologic subtype was designated as desmoplastic or non-
desmoplastic. Non-parametric event-free survival (EFS) and survival (OS) curves were computed
using the product limit (Kaplan-Meier) estimates and the log-rank test was used to compare
survival according to histologic subtype.

RESULTS—Patients with desmoplastic medulloblastoma experienced a favorable EFS of 77 ±
9% and OS of 85 ± 8% compared to EFS of 17 ± 5% and OS of 29 ± 6% for patients with tumors
in the non-desmoplastic group (p < 0.0001 for both EFS and OS comparisons). Patients without
disease progression did not receive radiation therapy.

CONCLUSIONS—Children less than three with desmoplastic histology of medulloblastoma
represent a lower-risk group for whom reduction of therapy, including elimination of radiation
therapy, is an appropriate strategy.
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INTRODUCTION
Survival of patients with medulloblastoma has improved greatly with combined modality
treatment consisting of surgery, craniospinal radiation and chemotherapy.1 However, this
multimodality therapy for young children, particularly the group of patients under three
years of age, results in devastating long-term neurocognitive outcome. While direct effect of
tumor, hydrocephalus at diagnosis, and neurosurgery may all pose a risk to the developing
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nervous system;2 long-term neurocognitive decline appears to be related most significantly
to timing and dose of radiation therapy, although intensive intraventricular chemotherapy
has also been implicated.3–5 Strategies to reduce, delay or even eliminate radiation therapy
have been the focus of clinical trials for very young children with brain tumors over the past
several decades.6–9 Risk stratification of patients would ideally allow for the prospective
identification of low risk groups in which radiation may be safely eliminated.

Several retrospective studies have evaluated medulloblastoma histologically to determine
prognostic markers. Eberhart et al retrospectively evaluated 330 patients treated on POG
protocols and found an association between anaplasia and worse outcome, but they reported
no association between desmoplasia (fibrosis) or nodularity (desmoplastic medulloblastoma)
with outcome.10 Von Hoff further identified the molecular marker of c-myc amplification
along with large cell histology as associated with particularly poor outcome.11 Gajjar et al
reported no association between histology and outcome but identified ERBB2 as a
molecular marker with prognostic significance.12 One limitation of these retrospective
studies is that they include patients of a variety of ages who were not treated uniformly.

Two prospective trials of children over the age of three treated uniformly with upfront
radiation therapy have either not examined or not demonstrated a prognostic significance of
desmoplastic medulloblastoma subtype. In the St. Jude study, SJBM96, of children treated
with risk-adapted craniospinal radiation therapy followed by high-dose chemotherapy with
stem cell rescue, Gajjar et al reported a worse outcome for large cell/anaplastic
medulloblastoma, but did not find desmoplastic medulloblastoma to have a more favorable
outcome than classic medulloblastoma.13 Anaplasia was similarly associated with worse
overall survival in the most recently completed A 9961 international cooperative trial for
children with non-disseminated standard risk medulloblastoma who were treated with
reduced-dose craniospinal radiation therapy followed by one of two maintenance
chemotherapy regimens. On the A 9961 trial Packer et al did not report desmoplastic
medulloblastoma separately from classic medulloblastoma.14 Children under the age of
three were ineligible for both of the above studies.

Desmoplastic histology has been shown to be associated with improved survival in two
individually published cohorts of children under the age of three5, 8–9 and one meta-
analysis of children under the age of five treated for medulloblastoma.15. These data suggest
young patients with desmoplastic medulloblastoma may represent a target group for therapy
de-escalation.

Children less than three years of age diagnosed with medulloblastoma and treated on
CCG-9921 protocol had a 5-year EFS of 32 ±5% and OS of 43 ± 5%. 83% of 5-year event-
free survivors never received radiation therapy. The prognostic significance of histologic
subtype has not been reported for the cohort of children with medulloblastoma treated on
CCG-9921.6

MATERIALS AND METHODS
The Children’s Cancer Group (CCG) conducted a trial between April 1993 and June 1997
for infants with malignant brain tumors who were randomized to one of two chemotherapy
regimens, the results of which have been previously reported. Treatment on CCG-9921 only
included radiation therapy for children with metastatic or residual tumor at the time of
completion of chemotherapy.6 Written informed consent was obtained from appropriate
guardians for all participants at the time of study entry.
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Pathology
The study neuropathologist (DCM) centrally reviewed all available samples to classify them
histopathologically. At the time of central review, a variety of immunohistochemical stains,
plus reticulin stains if found necessary, were used to aid in tumor classification. The further
designation of medulloblastoma tumors specifically as desmoplastic, classic or anaplastic
was made according to WHO guidelines. Specifically, tumors histopathologically designated
as desmoplastic medulloblastoma consisted of nodules of cells with advanced
neurocytomatous differentiation without desmoplasia or reticulin staining surrounded by a
background of desmoplasia or reticulin positivity. Tumors were considered desmoplastic
medulloblastoma whether they had focal or extensive nodularity, which included tumors
designated as nodular/desmoplastic medulloblastoma as well as the newly described entity
of medulloblastoma with extensive nodularity.16

Statistical Methods
The primary endpoints for statistical analysis were event-free survival (EFS) and overall-
survival (OS). Event-free survival was defined as the minimum time from study entry to
disease progression, disease relapse, the occurrence of a second malignant neoplasm, or
death from any cause. Overall survival was defined as time to death from any cause. Non-
parametric estimates of the EFS and OS were obtained using the product limit estimate, with
standard errors computed using the Greenwood formula. Comparisons of EFS and OS
between desmoplastic and non-desmoplastic groups were based on the logrank test.
Multivariate Cox regression was used to test differences in EFS between desmoplastic and
non-desmoplastic groups while controlling for other prognostic factors, such as age, gender,
race, extent of resection, residual tumor, M-stage and treatment assigned.

RESULTS
A total of 92 eligible patients diagnosed with medulloblastoma were enrolled on CCG-9921.
This analysis excluded six patients without central pathology review and ten patients who
did not have medulloblastoma by the central review. Thus, the analysis was based on 76
patients with medulloblastoma by central review, of whom 40 (53%) were male, 53 (70%)
were white and 14 (18%) were younger than 12 months; the median age was 21 months. Of
the 76 patients, 49 (64.5%) had localized disease (stage M0) and 27 (35%) had metastatic
(M+) disease. Metastatic sites included four patients (5.3%) with positive CSF cytology only
(stage M1), two patients (2.6%) with intracranial leptomeningeal spread only (stage M2), 11
patients (14.5%) with spinal leptomeningeal disease (stage M3a), nine patients (11.8%) with
metastatic disease in both brain and spine (stage M3b); and one patient with extraneural
disease (stage M4). The distribution of patient characteristics between the desmoplastic and
non-desmoplastic groups is well balanced except with regard to M stage. The details of
patient characteristics are presented in Table 1. Metastatic disease was present in 18% of
patients with desmoplastic medulloblastoma compared to 43% of patients in the non-
desmoplastic group (Fisher’s exact test p=0.06).

For the 22 patients with desmoplastic medulloblastoma, five-year event-free survival (EFS)
and overall survival (OS) was 77 ± 9% and 85 ± 8% respectively, compared to EFS and OS
of 17 ± 5% and 29 ± 6% respectively for the remaining 54 patients with tumors in the non-
desmoplastic group (log rank p < 0.0001 for both EFS and OS, Figures 1 and 2). The
comparison of outcome between desmoplastic and non-desmoplastic groups remained
significant (Cox p<0.0001) after adjusting for other prognostic factors, including M-stage.
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Localized Disease and Metastatic Disease
It is of interest to present the comparison between the desmoplastic and non-desmoplastic
groups with localized and metastatic disease separately. Of the 49 patients with localized
M0 disease, 18 (37%) were classified as nodular/desmoplastic and 31 (63%) were non-
desmoplastic. Non-desmoplastic histology included four tumors (8%) designated as
anaplastic, and the remaining had classic histology. Event free survival and overall survival
were significantly higher in the desmoplastic group. Five year event free and overall
survival was 72 ± 11% and 83 ± 9% respectively in the desmoplastic group compared to 16
± 6.6% and 32 ± 8% in the non-desmoplastic group (p values were < 0.0001 for EFS and
0.0004 for OS).

Of the 27 patients with metastatic disease, only four patients had metastatic desmoplastic
medulloblastoma; three were stage M3 (spine) and one was stage M4. All four patients with
metastatic desmoplastic medulloblastoma were alive at last contact with no event at 2.2, 5.1
and 8.0 (2 patients) years. The five-year EFS and OS for the 23 patients with metastatic
disease in the non-desmoplastic group was 17 ± 8% and 25 ± 9% respectively.

Radiation Therapy
According to CCG-9921 protocol, metastatic patients were to receive radiation therapy
while patients with localized disease only received radiation therapy in the event of either
less than complete response by the end of induction therapy, disease recurrence or
progression. Of the 18 patients with localized desmoplastic medulloblastoma, only four
patients received radiation therapy, all of these for disease progression. One of the patients
with disease progression was alive at last follow-up. Of the four patients with metastatic
desmoplastic medulloblastoma, only two received radiation therapy.

DISCUSSION
This is the first report from a single prospective trial in the United States documenting the
effect of histologic subtype on survival in young children with medulloblastoma. The
CCG-9921 trial attempted to eliminate the use of radiation therapy in young patients.
Children with localized disease and complete response after surgery and chemotherapy did
not receive radiation therapy unless they suffered tumor recurrence. In the cohort of patients
reported here, desmoplastic medulloblastoma predicted a favorable outcome, with five-year
survival of 85 ± 8% in patients with desmoplastic/nodular tumors. More significantly, five-
year event-free survival in patients with localized (M0) disease was 72 ± 11% without the
use of radiation therapy. Although a small subgroup, it is notable that the four patients on
CCG-9921 with metastatic desmoplastic medulloblastoma were all long term survivors, two
of whom never received any radiation therapy.

Young children less than three years of age have been identified as a high-risk group since
multimodality therapy was first used for patients with medulloblastoma.17 Younger patients
have consistently had poorer survival rates 5–9, 18–19 in comparison to older patients
treated on contemporary regimens with upfront radiation therapy followed by chemotherapy.
13–14 Furthermore, younger patients who do survive are also at increased risk for more
severe long-term neurocognitive deficits.3–4, 19 Because these deficits are more closely
associated with craniospinal radiation therapy than any other potentially modifiable
treatment factors, contemporary clinical trials for young patients have attempted to reduce,
delay or even eliminate radiation therapy. More recently, cooperative group studies in young
children in the US have attempted to further intensify chemotherapy with the use of high-
dose chemotherapy requiring stem cell support with or without the addition of methotrexate.
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This report demonstrates survival for the subgroup of young patients with desmoplastic
medulloblastoma treated with chemotherapy alone which is comparable to published
survival rates for older children treated with combination radiation and chemotherapy.13–14
Although desmoplastic histology was not predictive of better outcome in the published
cohorts of older patients treated with upfront radiation therapy, it is possible that older
patients with desmoplastic medulloblastoma could retain a similar survival with further
reduction, or even elimination, of radiation therapy. The predictive value of desmoplastic
medulloblastoma subtype will be important to examine in the subgroup of patients between
the ages of 3 to 7 for whom reduction in radiation therapy dose is being attempted in the
ongoing Children’s Oncology Group trial. There are two published cohorts and one recently
published meta-analysis of patients in the youngest (less than three years) age group in
whom desmoplastic histology was examined and also found to favorably predict survival
(summarized in Table 2). The treatment regimens used in each of these cohorts as well as
patient factors at diagnosis varied significantly. In the German cohort of 43 patients reported
by Rutkowski et al.,5 intraventricular and systemic methotrexate was used, although
intraventricular therapy was only given to the subset of patients with normal CSF flow.
Five-year event-free and overall survival for those with desmoplastic histology on this
regimen was 85 ± 8% and 95 ± 5% respectively. However, they demonstrated that
intraventricular chemotherapy as well as radiation therapy was associated with a
significantly worse neurocognitive outcome, with the lowest cognitive outcome in children
who received both radiation and intraventricular methotrexate. The German cohort did not
include any patients with anaplastic histology, and metastatic disease predicted poor
outcome.

Grundy et al.8 recently reported the outcome for 31 young children with medulloblastoma
treated on the United Kingdom Children’s Cancer Study Group (UKCCSG) CNS 9204 trial.
The UK group treated children with a prolonged course of alternating chemotherapy in the
absence of progression. The UK treatment regimen is approximately twice the length of
either the German or CCG regimens, and also included high-dose methotrexate, although
did not include intraventricular administration of chemotherapy. A diagnosis of
desmoplastic medulloblastoma in this cohort was not predictive for a favorable five-year
event-free survival (35.3% vs. 33.3% for classic medulloblastoma), but did predict a better
overall survival (52.9% vs. 33.3% for classic medulloblastoma), and metastatic disease was
not independently prognostic. The few long-term survivors who did not receive radiation
therapy, only three patients in this cohort, all had desmoplastic medulloblastoma.

The recently published combined international analysis of five cohorts of children less than
five with medulloblastoma also reported desmoplastic histology as a strong independent
factor predictive of survival.15 Most interestingly, this report demonstrated no difference in
8-year event-free-survival between patients with localized or metastatic desmoplastic
medulloblastoma (54% and 56% respectively). Significantly different treatment strategies
for young children with brain tumors have been employed by each national group, including
prolonging total chemotherapy treatment course by altering agents with varying toxicities,7–
8 further intensifying therapy with high-dose chemotherapy followed by stem cell support,
20–21 or adding intensive intraventricular therapy5 with varying success at eliminating
versus delaying radiation therapy.22 Although not designed to compare treatment strategies,
there was a statistically significant difference in survival between treatment regimens,
possibly suggesting that intensity of therapy is important for patients with desmoplastic as
well as classic medulloblastoma.15

In addition to differences in treatment regimens, patient factors which varied between
cohorts included the proportion of tumors designated as desmoplastic, presence of anaplastic
tumors, as well as the proportion of patients with metastatic disease. Unique to the cohort
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presented here, the treatment regimens given on the CCG-9921 protocol did not include
methotrexate. Also, the majority of survivors in this cohort did not receive radiation therapy.
6 As the developing nervous system has been shown to be sensitive to both radiation therapy
and methotrexate,3, 5 survival without either of these treatments is encouraging in terms of
potential to spare neurocognitive function, although specific neurocognitive follow-up data
is lacking.

Biologic subtypes of medulloblastoma are now being identified which are associated with
histological subtypes.11, 23–24 As we learn more about the biology of medulloblastoma, it
is likely that specific genetic markers may either add to or replace conventional histology to
better stratify patients by risk groups. At this time, the presence of desmoplastic histology in
young patients with localized medulloblastoma is the best identifier of a lower-risk subgroup
in whom attempts should be made to reduce long-term toxicity of treatment. We report here
a successful strategy to treat desmoplastic medulloblastoma with an adequately intense
regimen of chemotherapy alone; and specifically without radiation therapy, methotrexate, or
high-dose chemotherapy requiring stem cell support. It may be appropriate to expand this
strategy to include older patients with desmoplastic medulloblastoma.
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Figure 1.
Event-Free Survival for Medulloblastoma comparing Desmoplastic Groups (p < 0.0001)
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Figure 2.
Overall Survival for Medulloblastoma comparing Desmoplastic Groups (p < 0.0001)
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