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Abstract

Background—Pediatric gliomas are rare and heterogeneous tumors. The Surveillance,
Epidemiology, and End Results (SEER) database allows a large-scale analysis of the clinical
characteristics and prognostic features of these tumors.

Methods—We analyzed available SEER data on 6212 patients less than 20 years old at diagnosis
of glioma (1973-2005), according to 4 age categories: age < 1 year, 1-3 years, 3-5 years, and 5-
20 years.

Results—The overall 5- and 10-year survival estimates were 71%+0.62% (SE) and 68%0.67%,
respectively. More than two fifths (41%) of gliomas were cerebral; the frequency of cerebellar
tumors (22%-32% of gliomas) increased sharply after the first year of life. Of the tumors for
which grade was available, 77% were low-grade (grade | or I1). Tumor grade emerged as the most
significant independent prognostic factor in all age groups except the youngest age group, in
which extent of resection was most significant. Surgery other than gross total resection was an
adverse prognostic factor (hazard ratio, 2.18; 95% Cl, 1.78-2.67). Age <3 years predicted a
greater likelihood of survival in patients with high-grade gliomas and brainstem tumors. On the
other hand, Age < 3 years predicted a lower likelihood of survival in patients with low-grade
gliomas. Children <1 year old received less radiotherapy than older patients (P< 0.0001) and were
less likely to undergo gross total resection (p < 0.0001)

Conclusions—The survival of children with gliomas is influenced by histologic subtype, age,
and extent of resection. Despite its limitations, the SEER database provides a useful tool for
studies of rare tumors such as pediatric gliomas.
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INTRODUCTION

Gliomas comprise a broad, heterogeneous spectrum of central nervous system (CNS) tumors
that account for 56% to 70% of all pediatric CNS tumors, depending on the registry and the
histologic criteria used.1' 2 In pediatric patients, these tumors are classified as low-grade
gliomas (LGGs) and high-grade gliomas (HGGs). The former group includes tumors such as
pilocytic astrocytoma (PA, WHO grade 1),3 and fibrillary astrocytoma (FA, WHO grade I1),
while the latter group includes mainly anaplastic astrocytoma (AA, WHO grade I11) and
glioblastoma multiforme (GBM, WHO grade 1V).

Historically, clinical trials and retrospective studies have been small. Therefore, LGG4~8
studies have historically included patients with different tumor histologies, as have studies
of HGGs.9' 10 Whereas some studies have found the specific tumor grade (i.e., grade | vs. Il
in LGG and grade 111 vs. IV in HGG) to be a predictor of survival,4: 9' 10 others have not.5
8' 11 Age was shown to influence survival in both HGG and LGG.12715 Hence it is
imperative to determine prognostic factors in a large cohort of pediatric glioma patients.

The National Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER)
database is the gold standard for cancer registries 16 and provides an opportunity for large-
scale analysis of rare tumors such as pediatric glioma. We used the SEER database to
analyze possible prognostic factors in pediatric patients with glioma.

PATIENTS AND METHODS

Data Source and Study Population

Data on pediatric patients (<20 years old) who had a reported diagnosis of glioma during the
period January 1973 through December 2005 were obtained from the SEER 17 database
(http://seer.cancer.gov/data/) which was accessed in November 2008 for the purpose of this
study. We used a case listing session of the SEER*Stat 6.4.4 program to generate a matrix of
cases that fit our study criteria. The selection query, based on the International Classification
of Childhood Cancer, third edition (ICCC-3), 17 was as follows: astrocytomas,
oligodendrogliomas, mixed and unspecified gliomas, and neuroepithelial glial tumors of
uncertain origin. Patients who were registered only on the basis of autopsy or death
certificate were excluded. The number of all pediatric patients with CNS tumors was
retrieved for comparison.

Data Analysis

Primary tumor sites were grouped in the following categories: cerebrum, cerebellum,
brainstem, spine, ventricles, and other, including not otherwise specified (NOS). (The term
NOS is entered in the SEER database when tumor site, surgery, or pathology data are not
available). Tumors were assigned to grades according to the current (2007) WHO
classification.3 When grade assignment was not possible, e.g. for glioma NOS, the grade
provided in the SEER database was used if available. Patients were grouped as follows by
age at the time of diagnosis: age <1 year, 1-3 years, 3-5 years, and 5-20 years; the age
groups were arbitrarily defined.

We used MedCalc for Windows version 9.4.2.0 (MedCalc Software, Mariakerke, Belgium)
for statistical calculations and survival estimates. Death from any cause was used to
calculate survival, as death from causes other than the malignancy is rare in the studied
population. Survival estimates were calculated by the Kaplan-Meier method and compared
by using the log-rank test. The chi-square test was used to compare demographic and
clinical data. When appropriate, the log-rank test for trend and the chi-square test for trend
were used to compare variables across the age groups. In these models, successive age
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groups were labeled with numbers (1 to 4) and the presence of each variable was tested in a
2x4 table (present/absent in the 4 age groups). Cox proportional-hazards regression was
used to conduct multivariate analysis.

RESULTS

Patient Characteristics

The SEER database included 9951 pediatric patients with CNS tumors, 6250 of whom met
our search criteria. Thirty-eight patients characterized on the basis of autopsy/death
certificate were excluded, leaving 6212 patients for this analysis. The median age at
diagnosis was 9 years; male sex (53%) and white race (83%) were predominant.
Approximately half of all pediatric CNS tumors diagnosed during the first 4 years of life
were gliomas; the proportion of gliomas then increased with age as the frequency of other
CNS tumors declined (Fig. 1A).

While the International Classification of Diseases for Oncology, version 3 (ICD-O-3) codes
were available for all 6212 tumors, histologic grade was available for only 41% (n=2547).
We used the WHO 2007 classification for CNS tumors 3 to grade 3247 (52%) of the 6212
tumors according to their histologic subtype (i.e., pilocytic astrocytoma = grade 1). We were
unable to grade 2965 (48%) of the tumors on this basis; we used the original SEER-assigned
grade for 1209 of these tumors, leaving 1756 (28.3%) ungraded (Table 1). When tumors
were categorized as LGG (grades I and 1) and HGG (grades 111 and V), we found only 4%
discordance between the grades we assigned and the original SEER-assigned grades.
Twenty-three percent of the tumors that could be assigned to a grade were HGG (n=1037;
17%; Table 1), although this proportion varied according to age and primary site (Fig. 1B).

Most tumors were histologically confirmed (n=5177, 84%), while a minority (n=1012, 16%)
were diagnosed on the basis of radiologic or clinical information. More than half of the latter
group of tumors (57%) were located in the brainstem, 28% were located in NOS sites, and
10% were in the cerebrum.

The SEER database offered limited information about treatment. Radiation was used to treat
37% of the tumors overall; among graded tumors, more than half of those irradiated (52%)
were LGG. Most irradiated tumors were located in the brainstem (34%) or cerebrum (32%).

Information about primary site—directed surgery was available for 4168 patients. One third
of these (n=1431) underwent gross total resection (GTR). GTR was performed for 44% of
cerebellar tumors, 25% of cerebral tumors, 22% of ventricular tumors, 21% of spinal
tumors, and 6% of brainstem tumors.

Tumor Characteristics and Treatment According to Age Group

In the 4 age categories, there were 242 patients (3.9%) less than 1 year old, 640 patients
(10%) 1-3 years old, 745 patients (12%) 3-5 years old, and 4585 patients (74%) 5-20 years
old. Table 2 lists patient characteristics according to age group.

Astrocytoma was the most common histologic subtype (75%) (Fig. 2A). Only 5.1% of the
tumors overall were oligodendrogliomas. The proportion of oligodendroglioma varied
across the age groups and was less than 2% in the youngest group. Among tumors diagnosed
during the first year of life, approximately one third (36%) were grade I, one third (31%)
were grade 11, and the remainder were grade 111 (14%) or 1V (19%) (Fig. 2B). More than
half of tumors were grade I in the 1-3 and 3-5-year age groups, but the proportion was
slightly lower in patients older than 5 years. The tumor sites differed substantially across the
age groups. During the first year of life, cerebral and brainstem sites were most common
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(Fig. 2C). After the first year of life the cerebellum became a more prominent site (22% to
32% of known tumor sites).

Only 12% of tumors (n=30) diagnosed during the first year of life were irradiated. Most of
these (n=19) were not graded. The chi-square test for trend showed significantly more use of
radiotherapy in patients older than 1 year than in younger patients (P<0.0001); in children
older than 5 years, 42% of tumors were irradiated.

Twelve percent (n=30) of patients diagnosed during the first year of life had GTR (Fig. 2D),
and 19% of cerebral tumors in this group were grossly resected. Among patients older than 1
year, 22%-24% had GTR (chi-square test for trend comparing GTR vs. other surgeries in
this age group, P=0.0001) and 26% of cerebral tumors were grossly resected. Only 14% of
cerebellar tumors in children <1 year old received GTR, vs. 45% of cerebellar tumors in
older children. A similar percentage of tumors (19%-27%) were partially resected in all age
groups.

The 5-, 10-, and 15-year survival estimates (£SE) for all studied patients were 71% + 0.62%,
68% = 0.67% and 65% £ 0.73%. In a univariate analysis using the log-rank test, the
following factors were significant (P<0.05) adverse prognostic factors: higher tumor grade
(Fig. 3A), age < 1 year at diagnosis (Fig. 3B), brainstem primary tumor site (Fig. 3C),
surgical biopsy only or no surgery ( Fig. 3D), and mixed or unspecified histologic subtype.
This later group of tumors as defined by the ICCC-3 encompasses both mixed gliomas
(ICD-0-3, 9382/3; n=171) and unspecified gliomas (ICD-0-3, 9380/3; n=1051). The
outcome of patients with the former histology is significantly better than unspecified
gliomas within this group (5-year survival, 73% + 3.6% and 40% +1.6%, respectively;
P<0.001).

Non-white race, absence of histologic confirmation, and use of radiation therapy were also
significant adverse prognostic factors in univariate analysis (data not shown).

Of all prognostic factors identified in univariate analysis, tumor grade was the best predictor
of survival; when viewed as an “internal control,” this finding showed that tumor grading as
applied in this study worked well to stratify the studied tumors, minimizing the impact of
lack of central pathology review. Further, the specific tumor grades within the LGG and
HGG categories were predictive of survival (grade | vs. grade 11; P<0.0001 and grade 111 vs.
grade 1V; P<0.0001). Similar results were found when analysis was applied on original
grading as provided by the SEER (data not shown).

The 10-year survival estimates were lower for patients < 1 year old (59% =+ 3.6%) than for
older patients: 81% +1.8% for those 1-3 years old, 69% £1.9% for those 3 -5 years old, and
66% *0.8% for those > 5 years old. Figure 4A-D shows the 10-year survival estimates for
the age groups according to histologic subtype, tumor grade, tumor site, and extent of
surgery.

In a multivariate analysis using the Cox proportional-hazards regression model, the
following factors were independent adverse prognostic factors (P<0.05): age <1 year at
diagnosis (hazard ratio [HR], 1.96; 95% ClI, 1.49-2.59), surgery other than GTR (HR, 2.18;
95% Cl, 1.78-2.67), histology other than astrocytoma (HR, 1.42; 95% ClI, 1.19-1.67),
radiotherapy (HR, 1.92; 95% ClI, 1.67- 2.20), brainstem tumor (HR, 1.86; 95% CI, 1.62—
2.19), and high tumor grade (HR, 6.13; 95% CI, 5.39-6.98).
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The same model was tested separately using original SEER grading or histology-based
grading for tumors not graded through by the SEER. High grade tumor remained significant
in both models but with variable hazard ratios (2.61 for SEER grades and 4.83 for histology-
based grading); all other factors remained significant.

The findings within each age group were similar to the overall findings; tumor grade was the
most significant prognostic factor in all patients older than 1 year. Among patients < 1 year
old at diagnosis, surgery other than GTR was the most significant adverse prognostic factor
(HR, 5.05; 95% Cl, 1.56-16.37) and high tumor grade (HR, 3.58; 95% CI, 2.08-6.18) was
the second most significant adverse prognostic factor.

Improved outcome over time

We analyzed the outcomes of patients who were diagnosed in 3 arbitrary eras; 1) from 1973
to 1985 (n=1359, 22%), 2) from 1986 to 1995 (n=1617, 26%) and 3) from 1996 to 2005
(n=3236, 52%). The 5-year survival estimates for patients diagnosed in these 3 eras were
63% £1.3%, 72% +1.1% and 75% + 0.9%, respectively (P<0.001). Interestingly, the use of
radiotherapy decreased dramatically from 64% in the first era to 25% in the last era
(P<0.001). When tested in the multivariate model mentioned above, diagnosis before 1986
was not a significant factor in the model (P=0.15).

Changing pathology over time

We looked at the histologies of gliomas diagnosed in the 3 eras. Significant changes
occurred in the distribution of reported CNS gliomas; most noticeable, was the decrease of
NOS astrocytoma (from 47% of reported gliomas in era 1 to 13% in era 3). This generic
diagnosis was largely replaced with more specific pilocytic astrocytoma and anaplastic
astrocytoma which together accounted for 10% of gliomas in era 1 and 45 % of gliomas in
the last era. Astroblastoma accounted for 3.6% of tumors reported in the first era but only of
0.2% of tumors reported in the 3 era.

DISCUSSION

The 6212 cases of pediatric glioma in the SEER 17 database (70% of all pediatric CNS
tumors diagnosed during the years 1973 through 2005) allowed us to perform a population-
based analysis of clinical features and outcome in the arbitrarily defined age groups (<1
year, 1-3 years, 3-5 years, and 5-20 years). We observed significant differences across
these groups in tumor histology, grade, and primary site, although the distribution of tumor
grade and the predominance of cerebral tumors were similar in patients < 1 year old and
those 5 to 20 years old (Fig. 2B, C).

Among patients with low-grade gliomas (n=3419, 55.5%), grade | predicted better survival
than grade Il (Fig. 3 A) except among infants (Fig 4B). Reports of the prognostic value of
grade I vs. grade 1l LGG are inconsistent. Some studies have found no difference in outcome
between grades | and 11,678 possibly because of the small number of subjects. A larger study
(n=278) showed that tumor grade (after pathology review) significantly influenced survival
estimates, which were 92% for pilocytic astrocytoma, 86% for glioma not otherwise
specified, and 48% for diffuse astrocytoma (P< 0.0001).4 Interestingly, our study found that
age less than one year at diagnosis of grade I and 1l glioma had a negative impact on
survival (Fig. 4B). Further, survival of patients with grade | gliomas was significantly better
in the 1-3 and 3-5—year age groups than in patients <1 year old (log-rank test for trend,
P=0.0033; Fig. 4B). Few previous studies have addressed the negative impact of age less
than 5 years on progression-free survival, but not on overall survival in pediatric LGG. 514
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High-grade gliomas represented 17% of the studied tumors; however, their frequency
differed according to primary site and age (Fig. 1B). Most high-grade tumors occurred in the
cerebrum and brainstem, and fewer occurred in children 1 to 5 years old than in other age
groups. Younger patients with high-grade tumors, particularly grade I11, had higher survival
estimates than did older patients (log-rank test for trend, P=0.067; Fig. 4B). Only 3 studies
of children younger than three years with HGG have been reported, and they included only
16 to 39 subjects.15' 18+ 19 Ours reports on the largest group to date of patients less than 3
years old with HGG (99 patients) (Table 2) to show improved survival in this age group.

Among patients with HGG, the extent of surgery was a major factor in survival. Patients
with HGG who underwent GTR (23%) had the best survival in all age groups. Both GTR
and grade were shown to influence the survival of patients with HGG in the largest studies
reported to date, the Children’s Cancer Group (CCG)-943, and CCG-945 studies. 9:10
CCG-943 included 58 patients, 18 with AA and 40 with GBM; the latter group had
significantly worse survival (p = 0.012). Patients who underwent only biopsy (n=11) had
significantly worse survival than those who had partial resection (n=39) or GTR (n=8) (p <
0.001). In CCG-945 (172 children aged 18 months to 21 years), histologic subtype (AA vs.
GBM) and percent resection (> 90% vs. <90%) were significantly associated with better
prognosis (p < 0.02 and p < 0.04, respectively). Our larger, population-based analysis of 485
patients with grade 111 glioma and 552 with grade 1V glioma confirmed these findings.

As expected, we found that brainstem gliomas carried the poorest prognosis (Fig. 4C).
Interestingly, however, survival was inversely associated with age. Patients less than one
year old had the best outcome, followed by age 1-3 years (Fig. 4C; log-rank test for trend,
P=0.0036). There has been only one reported study to date of infantile brainstem glioma;
this report describes 10 patients, only one of whom was less than one year old.12 In that
study the 3-year survival was69% * 19% which is higher than other groups. Another study
on pontine gliomas by Wagner et al found that age younger than 4 years (n= 13) was also
associated with better prognosis.22 The positive impact of age on brain stem gliomas has
been an area of debate with cases of spontenous regression in the neonatal peroid.23 Our
study reports on the largest group of infantile glioma so far; 136 less than 3-year old ( 26
less than one year old). We believe this provides a basis for further research on this unique
group of patients.

This study, like other population-based studies, was limited by the lack of central pathology
review, which is considered important in confirming both low-grade and high-grade
pediatric gliomas.4+ 20+ 21 In the CCG-945 study, 70 (28%) of 250 tumors originally
designated as high-grade gliomas were found to be low-grade gliomas on central pathology
review, and these patients fared better than the rest of the HGG cohort.20 However, after
these 70 tumors were excluded from analysis, the final conclusions remained the same.21
The much greater size of our study population suggests that the absence of central pathology
review was unlikely to confound our analysis. In addition, the importance of pathology
review of LGGs is controversial. Fisher et al. reported a 39% (97/246) rate of discordance in
their study of LGGs, whereas Gajjar et al. had only 2% discordance in their cohort of 145
tumors.4' 5

Our study was also limited by the lack of complete data about radiotherapy and surgery. The
use of radiotherapy increased gradually with age at diagnosis (from 12.4% in patients <1
year old to 42% in children > 5 years old, P<0.0001). The use of radiotherapy was
independently associated with poorer survival, but this finding is likely to reflect other
prognostic factors, including resectability, anatomic site, tumor grade, and relation to nearby
critical structures, that influenced the decision to use radiotherapy. Further, the majority of
tumors with available grade in our cohort were LGGs (77%), for which radiation therapy is
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usually deferred or used only for recurrent or high-risk tumors. Signs and symptoms at
presentation and association with neurofibromatosis may also have been factors in
considering radiotherapy but were not available for analysis.

Notwithstanding its limitations, the SEER database provides a useful tool for the study of
rare pediatric CNS tumors. Inclusion of more data about treatment, associated conditions
such as neurofibromatosis, tumor size, and extent of disease will allow a better
understanding of these tumors as well as other rare childhood cancers.
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Figure 1.

(A) Bar histogram showing the relative frequency of gliomas versus other CNS tumors in
9192 pediatric patients with CNS tumors diagnosed between 1973 and 2005. (B)
Distribution of the proportion of gliomas that were high-grade (grade 111 and 1V) according
to primary site and age group.
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Figure 2.
Relative frequency of glioma (A) grade, (B) site, (C) histology, and (D) extent of surgery,
according to age group.
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Survival of pediatric patients with gliomas according to (A) tumor grade (n=4456), (B) age
(n=6212), (C) tumor site (n=6212), and (D) extent of surgery (GTR, gross total resection)
(n=6212). The log-rank test was used to compare survival curves.
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Line charts comparing the 10-year Kaplan-Meier survival estimates of pediatric patients

with gliomas in the 4 age groups according to (A) histology, (B) tumor grade, (C) primary
tumor site, and (D) extent of surgery. The log-rank test for trend was used to test the
association of age with survival in each subset of patients.
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