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Abstract

Purpose: Pediatric spinal cord tumors are rare accounting for 4-6% of all primary CNS tumors in this age group.
Collecting large number of cases has always been difficult due to their scarcity. SEER database provides a source on
various tumors.

Methods: We performed analysis on tumors of the spinal cord in patients between births to 20 years of age using
the SEER data available for the period 1973-2005. Analysis of the incidence rate, the frequency of the most common
types, the age, gender, treatment modality including radiotherapy and surgery is provided. In addition; the overall
survival and the median survival has been analyzed for each tumor type and comparison between various types is
performed.

Results: There were 483 cases of spinal cord tumors with available data, representing 4.7% of all pediatric central
nervous system tumors diagnosed over the same period. They predominated in males and in whites. The median
age for diagnosis was 10 years, with two age peaks noted; in <3 years old and in adolescents 12 to 17 years old. Of
intramedullary tumors astrocytoma was the most common histology followed by ependymoma. Low grade tumors
predominated. Of all variables examined; histologic type, grade, gross total resection and not receiving radiotherapy
showed significant association with outcome.

Conclusions: Low- grade astrocytoma is the most common intramedullary tumor in first 2 decades of life, while
ependymoma is mostly seen in the second decade of life. Assigning the appropriate histologic type and grade is
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important in determining the outcome of the patients.
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Introduction

Spinal cord tumors are rare, representing 3-6% of all central nervous
system (CNS) tumors in pediatric age groups [1,2]. These tumors
are divided according to their relation to the anatomy of the spinal
cord into extradural, intradural-extramedullary and intramedullary
tumors. Intramedullary spinal cord tumors (IMSCTs) account for 25-
35% of all pediatric spinal tumors [3,4] and 1-2% of all pediatric CNS
tumors. In contrast to adults, the most common pediatric IMSCTs
are astrocytomas, predominantly low grade astrocytoma [5,6].
Ependymomas are rarely encountered in the pediatric population below
the age of 5 years [5] but the incidence increases gradually with age
[7], where ependymomas represent the most common spinal tumors
in adults [8]. Because of their rarity, studying IMSCT' has always been
limited to series with small number of cases [9,10], or focusing on the
treatment related issues [11], or lumping adults and children together
[12] with only few reporting on larger number of pediatric patients
[13]. The Surveillance, Epidemiology and End-Results (SEER) database
provides an opportunity of studying rare tumors. In this report we are
trying to shed light on the incidence rate as well as the most important
prognostic factors of the two most common IMSCTs in pediatrics,
namely astrocytomas and ependymomas.

Patients and Methods

The data of studied patients was obtained from the Surveillance,
Epidemiology, and End Results (SEER) 17 registries [1,14]. We used
Case listing session of the SEER*Stat 6.4.4 program to generate a matrix
of all children (<20 years old) diagnosed with spinal tumors from 1973
to 2005. A selection query was designed to retrieve tumors based on
the primary site location of 72.0 (spinal cord), 70.1 (spinal meninges)
or 72.1 (Cauda Equina). Patients without histologic confirmation
were excluded. Data was then analyzed using MedCalc for Windows,

version 9.6.4.0 (MedCalc Software, Mariakerke, Belgium). Tumor
grades were assigned based on 2007 WHO classification for primary
tumors of the central nervous system [15] using histologic subtype
for assignment, e.g. glioblastoma was assigned to grade IV. Only for
tumors that the investigators were not sure of true grade based on
provided information, we used SEER grades provided in the database,
when available. Also, tumors were assigned to intramedullary,
extramedullary and extradural according to the usual location of the
tumor based on histologic subtype. Survival was calculated using
Kaplan-Meier method considering all-cause mortality as an endpoint.
Log-rank test was used to compare survival curves.

Results

We identified 507 children with spinal tumors in the SEER17
database. Twenty four patients were excluded due to lack of histological
confirmation, leaving 483 patients for further analysis, including 92
cases of extradural, 20 cases of intradural extramedullary and 362
cases of intramedullary tumors and 9 cases in which the exact location
could not be assigned. Patients were diagnosed from January 1973
through December 2005 and represented 4.7% of all pediatric patients
with central nervous system tumors diagnosed in the same period.
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Characteristics of studied patients are provided in Table 1. There were
more males (58%) and white patients (81%) in the studied population.
The median age of studied patients was 10 years (range, birth to less
than 20 years of age). Age distribution of patients showed 2 peaks,
an earlier peak in young patients (<3 years old) and another peak in
adolescents (12 to 17 years old, Figure 1A). Limited data were available
regarding local control of these tumors in the form of extent of surgery
and radiotherapy. No data was available regarding systemic therapy.

The median age for patients with extradural and extramedullary
tumors was 7 years and 14.5 years, respectively. The most common
extradural tumor was neuroblastoma (32 out of 92 tumors, 35%) while
the most common extramedullary tumor was neurolimmoma (11 out
of 20; 55%).

Intramedullary tumors constituted 75% of cases of spinal cord
tumors and the most common histologic subtypes were gliomas (51%),
mostly astrocytic tumors, and ependymoma (18%).

Astrocytic tumors were the most common intramedullary tumor
seen in all age groups (Figure 1B), the median age of patients with
astrocytoma was 9 years, which is younger than the median age for the
whole group, and frequency was similar in different age groups. They
were seen slightly more in males (58%). The majority of astrocytomas
were low grade tumors (grade I pilocytic astrocytomas, 40%; grade II
astrocytoma, 32%) while less than one third of these tumors were high
grade (grade III anaplastic astrocytoma, 18%; grade IV glioblastoma,
10%). Among patients with gliomas, 37% received radiotherapy and
33% of patients with reported surgical-procedure type (n=160) had
gross total resection (GTR).

On the other hand, there were 85 cases of ependymoma which were
seen mainly in older patients, with a median age of 14 years, which is
older than the median age for the whole group (Figure 1B). Similar to
other spinal tumors, there was a slight male predominance (58%). The
majority of ependymomas were histologically labeled as “not otherwise
specified” (NOS, 71.6%), which would correspond to WHO grade II.
There were 22 cases (26%) labeled as myxopapillary ependymoma
(WHO grade I) and only 2 cases (2.4%) of anaplastic ependymoma
(WHO grade III). Radiotherapy was used in 31% of patients with
ependymoma while GTR was reported in 49% of 47 patients with
available surgical data. Details of treatment and other features of spinal
tumors are provided in Table 2.

Most deaths occurred in the first 5-years (88% of all reported
deaths) which made this point suitable to compare survival estimates
in patients with different clinical factors. The 5-year survival of all
studied patients was 70% + 2.4%. As a group, intramedullary tumors
had the best survival when compared to other groups (p=0.0085). The
5-year survival estimates for patients with glioma and ependymoma
were 72% * 3.1% and 86% + 4%, respectively. The majority of deaths
(n=112) were attributable to cancer (n=102, 91%). Histologic type and
tumor grade, when available, were both significant prognostic factors
in predicting survival (log-rank test; p values of 0.0048 and <0.0001,
respectively; Figure 1C and 1D). Patients who underwent GTR had
better 5-year survival (84% * 4.5% vs. 66% + 2.8% in patients who
were not reported to have GTR, p=0.0003). Conversely, patients who
did not receive radiation had better survival (83% + 2.6% vs. 51% +
4.1% for those who received radiotherapy, p<0.001); the latter finding
might be caused by radiotherapy delivered to more aggressive tumors.
On the other hand, sex (p=0.78) and race (p=0.85) were not significant
predictors of survival. Young patients with ependymoma (<10 years
old, n=20) had a trend toward better survival than older patients (n=65,
p=0.076).

We then looked specifically at children <3 years old at diagnosis.
Among these patients, intramedullary tumor constituted almost two-
thirds of spinal tumors (66 out of 105); the majority of these tumors
were gliomas (n=51), with only 3 ependymoma cases. Patients less
than 3 years were less likely to receive radiotherapy than older children
(19% and 41%, respectively; p<0.001) and to undergo GTR (21% and
29%, respectively; p=0.13), although the latter did not reach statistical
significance. The 5-year survival of patients less than 3-years with spinal
tumors was 77% * 4.5% and for those with intramedullary tumors was
82% * 5.4% which were not statistically different from older children
(p=0.23 and p=0.17, respectively).

Discussion

This is one of the largest series on spinal cord tumors in children.
The findings come at large in concordance with previously published
data. Pediatric spinal cord tumors are rare, with an age-adjusted
incidence rate of 0.26 per 100,000 [16], representing 4.7% of all
pediatric CNS tumors described in the SEER database. In this group,
intra-medullary spinal cord tumors (IMSCTs) accounted for three
fourths of all reported cases, thus represented the most common type
of spinal cord tumors in this age group. This finding is supported by
some [1,10,11,16], but not by all published literature on spinal cord
tumors [17]. The difference distribution of spinal tumors in this study
can be explained by the fact that SEER database records only primary
tumor, excluding metastatic lesions - commonly extramedullary.

Variable N(483) (%)
Age (years)
Median 10
Sex
Female 203 (42)
Male 280 (58)
Race
White 392 (81)
Black 54 (11)
Others 37 (7.7)
Types
Intramedullary
Glioma 244 (51)
Ependymoma 85 (18)
Others intramedullary? 33 (6.8)
Extramedullary 20 (4.1)
Extradural 92 (19)
Others/NOS® 9 (1.9)
Grade
| 102 (21)
Il 123 (25)
1l 43 (8.9)
\Y 55 (11)
Others/unknown 160 (33)
Radiation
Received 177 (37)
None/Refused/unknown 306 (63)
Status
Alive 354 (73)
Dead 129 (27)

a, germ cell tumors (n=3), astroblastoma (n=1), primitive neuroectodermal tumor
(n=20), anaplastic ganglioglioma (n=3), AT/RT (n=2), hemangioblastoma (n=2),
gangliocytoma (n=2); b, malignant neoplasm (n=7), small cell tumor (n=1) and
malignant peripheral nerve sheath tumor (n=1)

Table 1: Patient characteristics.
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Figure-1 A: Incidence of different groups of spinal cord tumors in children.
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Figure-1 B: Incidence by histological types of IMSCTs in children.
Grade Sex Age Treatment
| Il n v F (%) <1 1to4 5t09 10to 14 15t0 19 XRT GTR
Intramedullary
Astrocytoma 32 60 20 38 43 % 8 61 53 79 43 92 53
Ependymoma 8 9 0 4 42 % 0 6 14 28 37 25 34
Extradural 0 0 9 11 46 % 23 17 14 16 22 39 23
Extramedullary 0 0 0 0 30 % 1 0 3 6 10 1 11
Others 0 1 3 5 36 % 3 11 5 4 10 13 10

GTR, gross total resection; XRT, radiation therapy given; numbers in table do not include unknown values, e.g. tumors with no grade specified

Table 2: Features and treatment of spinal tumors.

Benign tumors are not typically recorded by the SEER registries which
also decrease the number of extramedullary and extradural tumors.
Also, this analysis did not include tumors arising from the vertebral
column, which are included in other reports.

These tumors were seen more commonly in boys and in whites as
previously reported [1,8,10,16].

Astrocytomas and ependymomas are the most common histologies
of IMSCTs in childhood [18]. According to the WHO classification of
tumors of CNS, there are 4 grades of astrocytic tumors; ranging from
grade I pilocytic astrocytomas, grade II fibrillary astrocytomas, grade
III anaplastic astrocytomas, to grade IV glioblastoma multiforme.
Most IMSCTs gliomas were low grade (grade I and II). Only 28%
of the gliomas in our study were high grade, which is slightly higher
than previously reported [19]. Pilocytic astrocytoma appeared to
be the single most common glioma affecting the spinal cord [1,20],
representing 75% of all astrocytomas and typically affects children in
younger than 5 years of age. In contrast fibrillary astrocytomas tend
to occur in older children [4]. This contrast with what was reported
by Miller, where fibrillary astrocytoma was the predominant low grade

tumor in his series from pediatric population, with only 4 pilocytic
astrocytoma cases [12].

Ependymomas are rarely seen in patients younger than 3 years of
age [5], which is usually encountered in the context of NF-2 in which
mutations of NF2 gene on Chromosome 22 is a frequent finding
[21,22]. Low grade ependymoma (grade I myxopapillary and grade II
classic ependymoma) predominated in this series, representing 22.0%
and 76.1% of ependymoma cases; respectively. High grade anaplastic
ependymoma (WHO grade III) was rarely reported.

A variety of factors including histologic type [23], grade of the tumor
[13,24,25], radiotherapy [17], extent of surgery [17,26], extent of tumor
outside the spine [24] are reported to affect the survival significantly.
Grade of the tumor has been repetitively shown to be significant
[13,25,27], especially when low grade (I and II) are compared to high
grade ones (III and IV) [19]. This is important to remember; especially
when reporting neuro-pathologists are faced with small biopsies on
which attempts to grade tumors becomes cumbersome. Age was found
to affect survival and Boufett et al. [13] found that children younger
than 7 years old with spinal tumors had better survival (p=0.04). We
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Figure- 1 C: Overall survival of children with IMSCTs by histological type.
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Figure- 1 D: Overall survival of children with IMSCTs by grade.

did not find the same results with this group of patients as most of
cancer related deaths occurred in the first 5 years, and only younger
patients with ependymoma (<10 year) had a trend for better survival
(p=0.076). The interaction of age with prognosis may reflect an
inherited biological difference.

Of notice is the rarity of glio-neuroral tumors reported in this
series with only 5 cases identified. Glio-neuronal tumors are reported
as one of the common IMSCTs seen in children representing 35-41%
of IMSCTs in this age group in some series [5,12]. These are biphasic
tumors, with a mixture of glial and neuronal elements, usually in
the form of dysplastic abnormal looking neurons. They are known
for posing diagnostic difficulty and a potential for both over- or
under- diagnostic pitfall, when normal looking entrapped neurons
are considered part of the tumor, or when the neoplastic neurons are
interpreted as being the pre-existing normal neurons, respectively
[15]. They are more consistently diagnosed in resection versus biopsy
specimens [12]. The under representation of glio-neuronal tumors in
this series may reflect under-recognition of these tumors by reporting
primary pathologists, or is merely a reflection of the neurosurgery
practice in different institutions.

In management of IMSCTs, the extent of tumor resection remains
a key issue [3]. Gross total resection was more commonly achieved in
patients with ependymomas than in astrocytomas due to infiltrative
nature of the later [7,17]. Radiotherapy should be preserved for cases

in which less than total resection is achieved [23], or in case of high
grade astrocytomas [28]. In children, the use of radiotherapy should
only be offered after exhausting all other modalities due to the long
term toxicity [5,29]. GTR and not receiving radiotherapy influenced
the outcome in this series of patients. Patients who did not receive
radiotherapy (p=0.001) and those who underwent GTR (p=0.0003)
had a better survival.

There are inherent limitations to registry summary studies,
because they do not take into account issues of histological verification,
changing diagnostic and treatment approaches over time, limitations
in non-reviewed imaging reporting, and other factors. The surprisingly
rare glio-neuronal tumors may be due to the fact that such tumors may
not have been widely diagnosed during a large part of the time period
incorporated in the registry. Despite of that; SEER database offers the
chance for studying rare tumors in a “cross-sectional” pattern which in
the presence of large number of cases might represent a real reflection
of the proportion of different diagnoses.

In conclusion, this is one of the largest series of spinal cord tumors
in the children. It shows the predominance of low grade astrocytoma
in IMSCTs. Ependymoma, which is the most common IMSCTs in
adults, comes in second place in this series. Histology and grade are
important determinant of the outcome, emphasizing the core role
proper diagnosis be neuro-pathologist. GTR remains corner stone in
the management of these tumors and radiotherapy should be offered
only when GTR can’t be achieved or in case of high grade tumors.
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