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Abstract

Purpose Pediatric primary high-grade spinal glioma (p-HGSG) is an extremely rare disease process, with little data within the
current literature. Akin to primary high-grade gliomas, this cancer has been exemplified by dismal prognosis and poor response to
modern treatment paradigms. This study seeks to investigate the current trends affecting overall survival using the National
Cancer Database (NCDB).

Methods The NCDB was queried for p-HGSG between 2004 and 2016, by utilizing the designated diagnosis codes. Kaplan-
Meier curves were generated, and log-rank testing was performed to analyze factors affecting overall survival. In addition, a Cox
proportional-hazards model was used to perform multivariate regression analysis of survival outcomes.

Results A cohort of 97 patients was identified with a histologically confirmed p-HGSG. The overall incidence of p-HGSG in all
pediatric spinal cord tumors is 7.5%, with a mean survival time of 25.3 months (SD, 21.0) and 5-year overall survival of 17.0%.
The majority of patients underwent surgery (n =87, 89.7%), radiotherapy (n =73, 75.3%), and chemotherapy (n =60, 61.9%).
Univariate, multivariate, and Kaplan-Meier log-rank testing failed to demonstrate an association between performing surgery,
extent of resection, radiotherapy, or chemotherapy with improved survival outcomes.

Conclusions The current study constitutes the largest retrospective analysis of p-HGSGs to date, finding that current treatment
options of surgery, radiotherapy, and chemotherapy have unclear benefit. This disease process has a poor prognosis without a
current modality of treatment that conclusively alters survival. The risks and side effects of these treatment modalities must be

carefully considered in such a highly aggressive disease process, especially given potentially limited survival benefits.
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Introduction

Primary spinal cord tumors are a relatively rare neoplasm of
the central nervous system (CNS) in the pediatric population,
occurring as little as 0.30 per 100,000 person-years [1]. These
uncommon tumors constitute less than 5% of all pediatric
CNS tumors [1, 2]. The intramedullary subtypes, within all
spinal cord tumors, occur more frequently in the pediatric
population (35%), relative to that of the adult population
(20%) [3]. In regard to histology, astrocytic tumors account
for majority (60%) of cases in children, whereas,
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ependymomas encompass the most common pathology found
in adults [4]. Due to the rare nature of primary high-grade
spinal gliomas (p-HGSGs), there is a paucity of data within
the literature that is mainly limited to case reports and small
case series. The prognosis of children with high-grade astro-
cytic tumors is estimated to be as little 7 to 12 months, and p-
HGSG follows a similar disease course [5]. Further study of p-
HGSG is vital in understanding this disease pathology in
hopes of modifying its dismal outcome.

Overall, little is known about the incidence, prognosis,
treatment paradigm, and utility of various treatments in sur-
vival of children with p-HGSGs. The necessary population-
based analysis for p-HGSG that can guide clinical decision-
making is currently lacking, due to the low frequency of this
disease process. This gap in prospective data leaves the clini-
cians to extrapolate a combination of surgical, radio-, and
chemotherapy options from the more established neoplastic
treatment paradigms of similar etiology. The current study of
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p-HGSG is the largest to date, utilizing the National Cancer
Database (NCDB), to elucidate epidemiology, survival risk
factors, and effect of current treatment patterns on outcome.

Methods
Study cohort

This study employed the use of the NCDB, a prospectively
collected cancer registry maintained jointly by the American
College of Surgeons and the American Cancer Society. This
database is sourced from over 1500 cancer centers and repre-
sents more than 70% of newly diagnosed cancer cases and
more than 34 million historical records.

For the purposes of this study, the database was queries for
all pediatric patients (age < 18), diagnosed with p-HGSG, be-
tween the years 2004 and 2016, by using the International
Classification of Disease (ICD) codes. All patients with tu-
mors originating from the spinal cord (primary site code
C72.0) were first queried. The histologic subtypes that satis-
fied p-HGSG, as classified by the ICD for Oncology Third
Edition (ICD-O-3) were further delineated. These histologic
subtypes included all patients with malignant glioma
(9380/3), anaplastic oligoastrocytoma (9382/3), anaplastic
ependymoma (9392/3), anaplastic astrocytoma (9401/3),
astroblastoma (9430/3), glioblastoma (9440/3), giant cell glio-
blastoma (9441/3), gliosarcoma (9442/3), and anaplastic

oligodendroglioma (9451/3). This study included only pediat-
ric patients for which p-HGSG was recorded as their first and
primary tumor. Subsequent tumors, recurrences, and cases
diagnosed at autopsy were excluded. Furthermore, all cases
that lacked histopathological confirmation were also excluded
(Fig. 1).

NCDB data are publicly available and de-identified, and
thus did not require review from our Institutional Review
Board or patient consent.

Statistical analysis

Descriptive analyses were performed to evaluate patient, tu-
mor, and treatment characteristics. Survival status was the
variable employed to assess outcomes in this study. This out-
come variable was defined as either alive or not alive (i.e., all-
cause mortality). This value was determined as the interval in
months between the time of diagnosis and death or last follow-
up as reported by NCDB. All available demographic and treat-
ment data were analyzed with respect to survival status.

The student’s ¢ test was used for comparison of all contin-
uous variables, while the Fisher exact test (or c2 test when
appropriate) was used for all categorical variables. Kaplan-
Meier curves were generated for comparative visualization
of various demographic and treatment variables. All-
inclusive multivariate Cox proportional hazard regression
was used to analyze survival and adjust for confounding var-
iables, as a means of reducing bias. Coefficients in the model

Fig. 1 Flowchart of study cohort
selection for pediatric primary
high-grade spinal glioma
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were converted to hazard ratios (HR) for analysis and survival
rates were calculated for 1-, 3-, and 5-year intervals. All p-
values were reported as two sided, with statistical significance
defined as p < 0.05. Statistical analysis was performed using R
statistical software (version 3.4.0, 2017; R Foundation for
Statistical Computing, Vienna, Austria).

Results
Baseline demographics

Over the 13-year period evaluated, 1333 pediatric patients
with spinal cord tumors were identified from the NCDB.
Amongst this population, 100 patients were identified as hav-
ing first and primary malignancy, documented as high-grade
glioma diagnosis. From this subsequent sub-population, 97
patients were reported to have a histology-confirmed diagno-
sis (Fig. 1).

The results of this cohort analysis revealed the overall in-
cidence of p-HGSG amongst all pediatric spinal cord tumors
to be 7.5%. The most common age groups affected by p-
HGSG consisted of patients between 6 and 11 years (n =42,
43.3%), followed by 12 and 17 years (n =40, 41.2%). There
was a slight male predominance (7 =52, 53.6%), with major-
ity of the population being white (n =77, 79.4%), followed by
black (n =14, 14.4%), and other (n =6, 6.2%). Most patients
in the cohort (n =83, 85.6%) were healthy with a Charlson-
Deyo score of 0 at the time of diagnosis. While most tumors
lacked information regarding size, 1-25 mm was the most
common (n=19, 19.6%) followed by greater than 50 mm
(n=18, 18.6%). Baseline characteristics of the entire popula-
tion are reported in Table 1.

Treatment characteristics

Surgery was performed in the majority of cases (n =287,
89.7%) (Table 2). When surgery was not performed, it
was either not recommended (n=9, 9.3%) or not feasible
due to comorbidities (n=1, 1.0%). The majority of the
cohort underwent partial resection (n =44, 45.4%), while
gross-total resection occurred in only three cases (3.1%). In
a significant portion of patients in which surgery was per-
formed, the extent of resection was unknown (n =40,
41.2%). On average, surgery was performed 7.1 days
(SD, 34.9) after diagnosis, and patients had 12.1 days
(SD, 14.9) in the hospital length of stay.

Most patients underwent radiation therapy of various mo-
dalities, duration, and fractionation (n =73, 75.3%) (Table 3).
The most common treatment modality was conventional var-
iants of external beam radiation therapy (EBRT) (n =43,
58.9%), followed by newer variants such as intensity-
modulated radiation treatment (IMRT) (n =16, 21.9%). A

Table 1 Baseline

characteristics of Characteristics Total (N =97)
pediatric primary high-
grade spinal glioma Age
0-5 years (n (%)) 15 (15.5)
6-11 years (n (%)) 42 (43.3)
12-17 (n (%)) 40 (41.2)
Sex
Male (n (%)) 52 (53.6)
Female (n (%)) 45 (46.4)
Race
White (n (%)) 77 (79.4)
Black (n (%) 14 (14.4)
Other (n (%)) 6(6.2)
Charlson/Deyo score
0 (n (%)) 83 (85.6)
1 (n (%)) 5(5.2)
2 (n (%)) 8(8.3)
3 (n (%)) 1 (1.0)
Year of diagnosis
2004-2007 (n (%)) 25(25.8)
2008-2010 (n (%) 24 (24.7)
2011-2013 (n (%)) 24 (24.7)
2014-2016 (n (%)) 24 (24.7)
Tumor Size
1-25 mm (n (%)) 19 (19.6)
26-50 mm (n (%)) 12 (12.4)
> 50 mm (n (%)) 18 (18.6)
Unknown®(%)) 48 (49.5)

small number of patients underwent proton therapy (n =06,
8.2%). Radiotherapy was started an average of 33.0 days
(SD, 22.4) after diagnosis, performed for an average of 19.0
volumes (SD, 15.9), and for an average treatment duration of
30.4 days (SD, 20.9). The mean regional dose used was

Table 2 Surgical treatment characteristics of pediatric primary high-
grade spinal glioma

Characteristics Total (N =97)
Surgery
Performed (n (%)) 87 (89.7)
Not recommended (n (%)) 9(9.3)
Not recommended due to comorbidities (n (%)) 1(1.0)
Surgery performed, days from diagnosis (mean (SD)) 7.1 (34.9)
Surgical inpatient stay, days after surgery (mean (SD)) 12.1 (14.9)
Surgical extent of resection
None (n (%)) 10 (17.7)
Sub-total resection (n (%)) 44 (45.4)
Gross total resection (1 (%)) 3@3.1)
Performed, extent unknown (n (%)) 40 (41.2)
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Table 3 Radiation and

chemotherapy treatment Characteristics Cohort
characteristics of pediatric
primary high-grade spinal glioma Radiation treatment Total (N =97)
None (1 (%)) 23 (23.7)
Performed (n (%)) 73 (75.3)
Unknown (n (%)) 1(1.0)
Radiation treatment details Total (N =73)
Radiation started, days from diagnosis (mean (SD)) 33.0 (22.4)
Regional dose, cGy (mean (SD)) 3164.4 (2156.2)
Boost treatment (1 (%)) 31 (42.5)
Boost dose, cGy (mean (SD)) 378.3 (811.4)
Treatment volumes (mean (SD)) 19.0 (15.9)
Treatment duration (days) (mean (SD)) 30.4 (20.9)
Radiation modality Total (N =73)
EBRT, NOS 16 (21.9)
EBRT, 6-10 MV 16 (21.9)
EBRT, 11-19 MV 7 (9.6)
EBRT, > 19 MV 1(1.4)
EBRT, mixed energies 34.1)
IMRT 16 (21.9)
Conformal/3D RT 6(8.2)
Proton 6(8.2)
Other 1(1.4)
Chemotherapy Total (N =97)
None (n (%)) 28 (28.9)
Single-agent therapy (n (%)) 30 (30.9)
Multiple-agent therapy (n (%)) 27 (27.8)
Therapy, NOS (n (%)) 3@3.1)
Declined (n (%)) 2(2.1)
Unknown (n (%)) 7(7.2)
Chemotherapy started, days from diagnosis (mean (SD)) 37.6 (29.9)

EBRT, external beam radiation therapy; /MRT, intensity-modulated radiation therapy; NOS, not otherwise

specified

3164.4 cGy (SD, 2156.2). A boost treatment was employed in
31 patients, for an average dose of 378.3 cGy (SD. 811.4).

Majority of patients received chemotherapy (n =60,
61.9%) (Table 3). Single-agent therapy was most common
(n=30, 30.9%), followed by multiple agent therapy (n =27,
27.8%). Treatment was not administered due to being de-
clined in two cases (2.1%). Chemotherapy was started an av-
erage of 37.6 days (SD, 29.9) after diagnosis.

Survival analysis

The mean survival time for all patients was 25.3 months (SD,
21.0), and 5-year overall survival was 17.0% (Table 4). On
univariate regression, no variables demonstrated a statistically
significant association with survival outcomes (p <0.05).
After adjustment for the confounding effects of each variable,
multivariate analysis also failed to reveal a significant
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association of any variable with overall survival (p <0.05).
Most notably, treatment variables such as extent of resection,
radiotherapy, and chemotherapy failed to demonstrate an as-
sociation with overall survival (p < 0.05).

Kaplan-Meier log-rank testing demonstrated similar find-
ings across demographic and treatment variables (Table 5).
Log-rank testing did not demonstrate an association between

Table 4  Survival of pediatric primary high-grade spinal glioma

Characteristics Survival (months)
All patients (mean (SD)) 25.3(21.0)
Living patients (mean (SD)) 25.1 (18.3)

Dead patients (mean (SD)) 25.4 (21.6)
5-year overall survival 17.0%
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Table 5 Univariate and
multivariate Cox regression Characteristics Univariate Multivariate
model for survival analysis of
pediatric primary high-grade spi- HR 95% CI p HR 95% CI p
nal glioma
Age
12—17 years (reference) - - - - - -
6-11 years 0.76 0.77-7.83 0.71 0.22 0.02-3.21 0.27
0-5 years 2.46 0.18-3.20 0.13 2.87 0.38-21.61 0.31
Sex
Male (reference) - - - - - -
Female 1.17 0.41-3.31 0.77 1.18 0.22-6.25 0.85
Race
White (reference) - - - - - -
Black 245 0.76-7.91 0.13 393 0.40-38.81 0.24
Other 0.83 0.11-6.50 0.86 2.67 0.11-65.57 0.55
Tumor size
1-25 mm (reference) - - - - - -
26-50 mm 1.42 0.32-6.37 0.65 0.63 0.04-9.57 0.74
>50 mm 0.47 0.08-2.83 0.41 0.13 0.01-1.84 0.13
Surgery
None (reference) — — - — — -
Sub-total resection 1.12 0.30-4.09 0.87 2.99 0.25-35.74 0.39
Gross-total resection 1.78 0.17-18.31 0.63 0.54 0.01-45.80 0.79
Radiation
None (reference) - - - - - -
Performed 0.79 0.28-2.24 0.66 1.07 0.16-7.34 0.94
Chemotherapy
None (reference) - - - - - -
Administered 0.61 0.21-1.76 0.36 043 0.10-1.86 0.22

HR, hazard ratio; CI, confidence interval

age, gender, race, or tumor size with survival (Fig. 2a—d). The
findings of our multivariate analysis were confirmed on log-
rank testing in regard to treatment variables, failing to demon-
strate and association of extent of resection, radiotherapy, or
chemotherapy with overall survival (Fig. 3a—c).

Discussion

Pediatric-HGSG 1is a rare neoplasm with sparse literature
pertaining to its epidemiology. Previous studies have estimat-
ed the incidence of various sub-groups of all primary spinal
cord tumors, including astrocytic tumors and ependymal tu-
mors [6-8]. The results of our analysis suggest that the overall
incidence of p-HGSG in all pediatric spinal tumors is approx-
imately 7.5%; this constitutes a significantly higher rate than
that found in adult (1.5%) of all adult spinal cord tumors [9].
These unfortunate children represent some of the most chal-
lenging cases in oncologic care and suffer a dismal prognosis.
In this largest cohort analysis to date, the mean survival of

patients with this pathology is estimated to be 25.3 months
(SD, 21.0). Due to the rarity in presentation, along with an
aggressive natural course, the existing medical literature has
demonstrated unclear evidence to the effectiveness of current-
ly available treatment strategies, both in single and multimod-
al treatments.

In a series of 28 patients by Wolff et al., astrocytic lineage
tumors were found to have a predilection for the cervical and
thoracic segments of the spine [10]. Investigators reported an
average of 87.2 days (SD, 18.2) from the time of first symp-
tom to diagnosis and a median survival time of 2.5 years (SD,
1.6). Analysis of this series suggests that gross-total resection
was associated with improved overall survival (p =0.012),
although the event rate of such was relatively low amongst
the cohort. These findings are generally more positive and in
contrast with a population-based study of the surveillance,
epidemiology, and end results (SEER) conducted by Lam
et al. that found that neither extent of resection nor radiother-
apy to be associated with improved survival outcomes in high-
grade spinal astrocytomas [5]. Median survival time in the 48
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Fig. 2 Kaplan-Meier survival analysis by demographic characteristics. a Survival by age groups. b Survival by sex. ¢ Survival by race. d Survival by

tumor size

patient cohort was only 10 months, and younger age identified
as a positive prognostic factor. Similar to our epidemiologic
findings that most cases were aged between 6 and 18 years
(84.5%) in all HGSG, most patients in the SEER study were
between 7 and 18 years (81.2%), as well. A systematic review
comprised of 53 children diagnosed with primary spinal glio-
blastoma multiforme by Konar et al. reported that gross total
resection with radiotherapy was associated with improved sur-
vival outcomes in comparison with subtotal resection and ra-
diotherapy by log-rank testing (p = 0.04) [11]. In addition, the
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investigators found that the presence of adjuvant therapy (ei-
ther radiotherapy or chemotherapy) was associated with im-
provements in survival outcome by the same methodology
(p=0.01).

Overall, the existing literature has been unclear on adjuvant
therapy in regard to specific regimens and evidence of effec-
tiveness. Allen et al. reported a series of 18 children that were
trialed with multi-agent therapy consisting of 8 chemothera-
peutic agents in conjunction with postoperative radiotherapy
to limited benefit [12]. Tendulkar et al. reported on the
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relatively poor prognosis found in patients receiving postop-
erative radiotherapy, noting a propensity of neuraxis metasta-
sis as a component of progression after radiotherapy [13].
These investigators employed generally higher radiation doses
(median = 5220 cGy) that is more in line with cranial high
grade glioma treatment regimen, compared with the results
of this analysis (mean=3164.4 cGy). Of note, craniospinal
radiation was also used in several patients, while this detail
was unable to be assessed from the NCDB dataset. Guss et al.
demonstrated similar findings in the treatment of five high-

grade astrocytic lesions, reporting one patient surviving at last
follow-up at 17 months and a median progression-free surviv-
al of 14 months [14]. These researchers noted that the side-
effect profile was generally mild with only low-grade acute
toxicities. This analysis also showed six cases of proton ther-
apy utilized in the p-HGSG; while this has been unreported in
the literature, it has been investigated in pediatric cranial gli-
oma [15].

The current study constitutes the largest retrospective anal-
ysis of pediatric high-grade spinal glial neoplasm of any
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histology type, with several significant findings. Furthermore,
there is great generalizability of the findings given that the
NCDB data utilizes patients treated at cancer centers around
the USA capable of providing access to modern treatment
paradigms in regard to microsurgical resection and adjuvant
therapy. Our investigation suggests that p-HGSG in children
may not be a disease process that is amenable to effective
surgical resection that correlates with significantly prolonged
overall survival. Univariate, multivariate, and log-rank analy-
sis of performing surgery and extent of resection were not
associated with improved survival outcomes. Surgical inter-
vention beyond a biopsy should be cautiously considered in
light of the likelihood of recurrence, infiltrative process, poor
margins, potential for functional neurological compromise,
and limited survival benefit. Further, resection may impair a
child’s remaining quality of life in a terminal disease.
Constantini et al. reported in a large series of 164 pediatric
patients with intramedullary spinal cord tumors a 23.8% rate
of neurologic deterioration after surgical resection, notably
finding elevated risk of post-operative deficits in patients with
high-grade lesions (p =0.005) [16]. Interestingly, however,
extent of resection was not associated with increased inci-
dence of post-operative deficits in this series, suggesting that
other tumor-specific factors such as local invasiveness may
play a significant role.

Our investigation also failed to show a demonstrable im-
pact on survival with radiotherapy. Our results indicate a wide
gamut of radiotherapy regimens employed by providers in
regard to the treatment dose, duration, fractions, and modality.
This finding underscores the lack of evidence and guidelines
in utilizing radiotherapy for treating this pathology, within the
pediatric population. Similarly, adjuvant therapy with chemo-
therapy did not demonstrate a significant impact on survival.
Notably, these options, as it relates to adjuvant therapy, can
sometimes have significant side effect profiles and should be
carefully weighed in light of potentially limited benefits.

There exist a number of limitations that governs the current
study. The use of NCDB, a large registry-based dataset, ren-
ders our analysis vulnerable to factors that are not routinely
collected. For instance, a large number of patients did not have
information regarding tumor size, limiting the power of the
assessment of tumor size on overall survival. The NCDB data
also does not provide information regarding the specific loca-
tion of tumor in the spine, rendering analysis of such clinically
and therapeutically relevant information impossible. In addi-
tion, specific coding patterns in regard to extent of resection
are unavailable and may differ significantly between cases.
For example, the subtotal resection group is assumed to be
rather heterogenous in regard to exact extent of resection,
combining tumors that are nearly completely resected (yet
not coded as gross total resection) with tumors that undergo
minimal resection. Thus, the possibility that some patients
may benefit from surgery cannot be ruled out. Moreover, the
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database used lacks independent validation with data such as
imaging studies and pathologic diagnoses. Similarly missing
is information regarding the decision-making process on ad-
juvant therapy.

The role of selection bias is also an important consideration
in our study. For instance, patients with lesions that are more
amenable to successful resection due to location, invasive-
ness, and margins might actually demonstrate improved out-
comes due to these lesion-specific factors. This potential effect
of selection bias should also be mentioned in interpreting the
previously published literature in this population. While these
studies have attempted an analysis of the effect of surgical
resection or other treatment strategies, the data presented is
generally not granular enough for more in-depth analysis on
important tumor-specific factors—especially in regard to
difficult-to-define characteristics such as invasiveness. For
the results of this analysis, all high-grade glial neoplasms were
amalgamated to allow for greater generalizability of our anal-
ysis. However, a more specific approach in either histology or
WHO grading may offer additional insight, with the simulta-
neous drawback of more limited cohort size. Finally, we have
employed a non-parametric Kaplan-Meier estimator (product
limit approach) to generate survival curves. This statistical
methodology is limited by varying and incomplete follow-
up times and data in a portion of the patients. Thus, significant
data censoring can result in curves that are most effective in
comparing parameters but not necessarily in deriving exact
survival percentages.

Despite these drawbacks, our study provides a description
of the largest sample of pediatric primary HGSG patients to
date. The usage of a national cancer registry affords significant
power to analysis of epidemiology and current treatment pat-
terns and associated effects on survival; however, the usage of
such large database does not substitute the need for robust,
prospective clinical trials in comparing treatment strategies.
From this analysis, current treatment modalities offer unclear
impact on overall survival. Consequently, other experimental
therapies such as novel drug targeting techniques or immuno-
therapy models may hold the key in this challenging disease
process [17, 18]. Further advances in our understanding of the
complex pathobiology of glioma and its proteogenomic char-
acterization will allow for molecular diagnostics, in addition
to emerging next-generation molecular therapeutic strategies
[19, 20].

Conclusion

The current study constitutes the largest retrospective analysis
of pediatric high-grade spinal glial neoplasm of any histology-
type finding that current treatment options of surgery, radio-
therapy, and chemotherapy have unclear benefit. This disease
process has a poor prognosis without a current modality of
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treatment that conclusively alters survival. The risks and side
effects of these treatment modalities must be carefully consid-
ered in such a highly aggressive disease process, especially
given potentially limited survival benefits.
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