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Intramedullary spinal cord tumors in the pediat-
ric population are rare, comprising around 1%–10% 
of all central nervous system neoplasms in pediatric 

patients.5,31 Their annual incidence is less than 1 case per 
100,000 children per year.11,27 The most common subtype 
is astrocytoma, which has been reported to account for 
40%–60% of all intramedullary spinal cord tumors in 
children.13,24,31 Symptoms typically have gradual onset, 
with pain being the most common presentation. Motor 
deficits, scoliosis, and even gastrointestinal deficits may 

be signs of underlying malignancy, and early symptoms 
may go unnoticed, especially in infants.13 Although radi-
cal tumor resection was once thought to induce excessive 
morbidity and thus not performed, with technological 
advancements it has become the mainstay of treatment, 
with improved functional outcomes following gross-total 
resections compared with partial resection.13 Severity of 
neurological deficits at presentation is directly associated 
with worse outcomes following surgery, emphasizing the 
importance of early treatment.9 The addition of radiation 
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OBJECTIVE  Intramedullary spinal cord tumors comprise 1%–10% of all childhood central nervous system neoplasms, 
with astrocytomas representing the most common subtype. Due to their rarity and poor prognosis, large population-
based studies are needed to assess the epidemiology and survival risk factors associated with these tumors in the hope 
of improving outcome. The authors undertook this retrospective study to explore factors that may influence survival in 
pediatric patients with spinal cord astrocytomas.
METHODS  Utilizing the Surveillance, Epidemiology, and End Results (SEER) database, a prospective cancer registry, 
the authors retrospectively assessed survival in histologically confirmed, primary spinal cord astrocytomas in patients 21 
years of age and younger. Survival was described with Kaplan-Meyer curves, and a multivariate regression analysis was 
used to assess the association of several variables with survival while controlling for confounding variables.
RESULTS  This analysis of 348 cases showed that age (hazard ratio [HR] 1.05, 95% CI 1.01–1.09, p = 0.017), nonwhite 
race (HR 1.74, 95% CI 1.11–2.74, p = 0.014), high-grade tumor status (HR 14.67, 95% CI 6.69–32.14, p < 0.001), distant 
or invasive extension of the tumor (HR 2.37, 95% CI 1.02–5.49, p = 0.046), and radiation therapy (HR 3.74, 95% CI 
2.18–6.41, p < 0.001) were associated with decreased survival. Partial resection (HR 0.37, 95% CI 0.16–0.83, p = 0.017) 
and gross-total resection (HR 0.39, 95% CI 0.16–0.95, p = 0.039) were associated with improved survival.
CONCLUSIONS  Younger age appears to be protective, while high-grade tumors have a much worse prognosis. Early 
diagnosis and access to surgery appears necessary for improving outcomes, while radiation therapy has an unclear role. 
There is still much to learn about this disease in the hope of curing children with the misfortune of having one of these 
rare tumors.
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and chemotherapy has met with mixed results, and these 
adjuvant therapies are typically reserved for high-grade or 
otherwise inoperable tumors.

Despite aggressive treatment of intramedullary astro-
cytomas in children, these tumors continue to carry a 
poor prognosis. High-grade astrocytomas are associated 
with an especially poor outcome, with a median survival 
around 6 months, while patients with far more common 
low-grade tumors may live longer than 6 years.2,7,17 Much 
research has gone into better understanding the dismal 
outcomes associated with these tumors. Due to the rarity 
of these neoplasms, most reviews of pediatric intramedul-
lary tumors are retrospective analyses or case studies with 
small sample sizes. Thus there continues to be a need for 
clinical studies with larger patient cohorts to assess the 
epidemiology and survival risk factors associated with 
these tumors in the hope of optimizing outcomes. In this 
population-based retrospective study, we sought to explore 
survival risk factors in nearly 350 pediatric patients with 
low- and high-grade spinal cord astrocytomas.

Methods
Study Design and Selection of Patient Cohort

This is a population-based retrospective study of sur-
vival in pediatric patients with spinal cord astrocytomas. 
We used the Surveillance, Epidemiology, and End Results 
(SEER) database, which is a prospectively collected can-
cer registry actively maintained by the National Cancer 
Institute. Our study used the most recent release of the 
“Incidence—SEER 18 Registries Research Data and Hur-
ricane Katrina Impacted Louisiana Cases” from the 2015 
submission, which contains cases from years 1973–2013. 
All pediatric patients with first and primary spinal cord 
(C72.0 and C72.1) astrocytomas classified by Interna-
tional Classification of Diseases for Oncology, Third 
Edition (ICD-O-3) were included. Given that tumor size 
information was not included in the 1973–1982 cohort, 
we excluded all patients enrolled during this time period. 
Additional exclusion criteria included: not first or primary 
tumor, no active follow-up (tumor confirmed on autopsy), 
and diagnosis confirmed by nonhistological modality (ra-
diography, direct visualization, clinical diagnosis, or un-
known modality).

Variable Definitions
Patient age, sex, race, tumor size, extension of tumor, 

tumor grade, treatment, survival duration in months, and 
survival status were collected in this study. Age was de-
fined as age at diagnosis, and race was grouped into 4 
categories: white, black, Asian, and others or unknown. 
We classified tumor size, which is recorded as the largest 
dimension of the lesion in any direction, in 3 categories: < 
40 mm, ≥ 40 mm, and unknown size. The cutoff in tumor 
size was selected using the mean of all known tumor sizes 
in this data set. For extension of tumor, 4 categories were 
included: localized, regional extension, distant or invasive 
extension, and unknown. These categories are described 
in the SEER database as follows: a localized lesion refers 
to a confined lesion; regional extension includes infiltra-
tion of dura or surrounding connective/soft tissue; and 

distant or invasive extension includes involvement of the 
brain, skull or other bone, major blood vessels, or further 
contiguous extension. Tumor grade was determined by 
comparing the ICD-O-3 histology of the tumor with the 
2016 version of World Health Organization (WHO) clas-
sification of brain tumors. In regard to treatment, extent of 
resection was classified as no surgery, biopsy only, partial 
resection, total/gross-total resection, and unknown. Ra-
diation treatment status was dichotomized into whether 
the patient received radiation therapy or not, but doses of 
radiation are unknown. Unfortunately, the chemotherapy 
status of patients is not included in this database. Finally, 
year of diagnosis was stratified into 3 levels with an inter-
val of 10 years.

Statistical Analysis
The outcome variable used in this study was survival 

status, defined as alive or not alive (death from any cause, 
i.e., all-cause mortality). All of the aforementioned vari-
ables were analyzed with respect to survival status. The 
Student t-test was used for comparison of continuous 
variables. For categorical variables, the Fisher exact test 
or chi-square test was used, as appropriate. Survival time 
was defined as the interval described in months between 
diagnosis and death or last follow-up reported in SEER. 
Kaplan-Meier curves were generated for descriptive visu-
alization of survival by different variables. A preliminary 
all-inclusive multivariate Cox proportional hazard regres-
sion revealed violation of the proportional hazard assump-
tion for both race and surgery. Therefore, we used acceler-
ated failure time (AFT) regression, an alternative survival 
regression model, to fully include all variables and adjust 
for confounding. Coefficients in the model were converted 
to hazard ratios for interpretation. Survival rates were cal-
culated for 1-year, 2-year, and 5-year intervals. All p val-
ues were reported as 2-sided, with statistical significance 
defined as p < 0.05. Statistical analysis was performed us-
ing R statistical software (version 3.2.0, 2013).

Results
Patient Population and Baseline Demographics

Over the 30-year period between 1983 and 2013, there 
were 3164 patients recorded in the SEER database with 
histologically identified, primary spinal cord tumors 
whose survival time was documented (Fig. 1). Among this 
population, 348 were pediatric patients (21 years of age or 
younger at time of diagnosis) with astrocytomas. Baseline 
characteristics of the entire cohort and stratified by sur-
vival status were compared (Table 1). The average age of 
this population at diagnosis (± SD) was 9.3 ± 6.1 years, and 
57.5% were male. The majority (78.2%) of the population 
was white, while 12.9% was black and 7.2% was Asian. Of 
these patients, over half (51.7%) were diagnosed with spi-
nal cord tumors between 2003 and 2013, 30.5% between 
1993 and 2002, and 17.8% between 1983 and 1992.

With respect to tumor characteristics, 15.5% were 
smaller than 40 mm in maximum diameter and 17.8% 
were 40 mm or larger in size; size was not reported (un-
known) in 66.7% of cases. Most tumors (80.7%) were 
localized, while 7.2% had regional extension and 6.3% 
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had distant extension or invaded surrounding structures. 
Broken down by WHO classification, 43 (12.4%) of the 
tumors were Grade I, 72 (20.7%) were Grade II, 17 (4.9%) 
were Grade III, and 59 (17.0%) were Grade IV. The tumor 
grade for 45% of the patients was not recorded for unclear 
reasons. The majority of these patients had surgery to de-
crease tumor burden, with 51.7% of patients having partial 
resections and 28.7% of patients having gross-total resec-
tions. Only 28.4% of this population received radiation 
therapy. Of the 99 radiated tumors, 49 (49.5%) were high 
grade and 16 (16.2%) were low grade (35 had unknown 
grade).

At the time of data collection, 251 patients were alive 
and 97 were deceased.

After stratifying by survival status, age (p < 0.001), 
tumor extension (p = 0.043), surgery status (p = 0.002), 
radiation therapy (p < 0.001), and year of diagnosis (p = 
0.015) were significantly different between these 2 groups.

Survival Results
Overall survival at 1 year, 2 years, and 5 years after 

diagnosis was 85.3%, 79.5%, and 74.8%, respectively. 
Kaplan-Meier log-rank testing showed that older age (Fig. 
2A), nonwhite race (Fig. 2B), high tumor grade (Fig. 2C), 
nonlocalized tumors (Fig. 2D), nonsurgical (Fig. 3), and 
radiation therapy (Fig. 4) were possibly associated with 
worse overall survival. On univariate accelerated failure 
time (AFT) regression, age, race, tumor grade, regional 
extension of tumor, gross-total resection, and radiation 

therapy each had statistically significant associations with 
survival (Table 2). After adjusting for the confounding 
effects of each variable, our multivariate AFT survival 
analysis showed that age (hazard ratio [HR] 1.05, 95% 
CI 1.01–1.09, p = 0.017), nonwhite race (HR 1.74, 95% CI 
1.11–2.74, p = 0.014), high-grade tumor status (HR 14.67, 
95% CI 6.69–32.14, p < 0.001), distant extension of the 
tumor (HR 2.37, 95% CI 1.02–5.49, p = 0.046), and radia-

FIG. 1. Flow diagram of patient selection.

TABLE 1. Baseline and treatment characteristics of pediatric 
patients with spinal cord astrocytomas

Parameter
Total  

(n = 348)

Patient 
Alive  

(n = 251)

All-Cause 
Death  

(n = 97)
p  

Value

Age in yrs, mean (SD) 9.3 (6.1) 8.4 (6.0) 11.8 (5.8) <0.001*
Sex, n (%) 0.506
  Female 148 (42.5) 104 (41.4) 44 (45.4)
  Male 200 (57.5) 147 (58.6) 53 (54.6)
Race, n (%) 0.126
  White 272 (78.2) 204 (81.3) 68 (70.1)
  Black 45 (12.9) 28 (11.2) 17 (17.5)
  Asian 25 (7.2) 15 (6.0) 10 (10.3)
  Other/unknown 6 (1.7) 4 (1.6) 2 (2.1)
Size of tumor, n (%) 0.576
  <40 mm 54 (15.5) 39 (15.5) 15 (15.5)
  ≥40 mm 62 (17.8) 48 (19.1) 14 (14.4)
  Unknown 232 (66.7) 164 (65.3) 68 (70.1)
Tumor extension, n (%) 0.043*
  Localized 281 (80.7) 211 (84.1) 70 (72.2)
  Regional 25 (7.2) 13 (5.2) 12 (12.4)
  Distant/invasive 22 (6.3) 13 (5.2) 9 (9.3)
  Unknown 20 (5.7) 14 (5.6) 6 (6.2)
Tumor grade, n (%)
  I 43 (12.4) 41 (16.3) 2 (2.1)
  II 72 (20.7) 66 (26.3) 6 (6.2)
  III 17 (4.9) 6 (2.4) 11 (11.3)
  IV 59 (17.0) 14 (5.6) 45 (46.4)
  Unknown 157 (45.1) 124 (49.4) 33 (34.0)
Surgery, n (%) 0.002*
  None 29 (8.3) 20 (8.0) 9 (9.3)
  Biopsy only 6 (1.7) 3 (1.2) 3 (3.1)
  Partial 180 (51.7) 129 (51.4) 51 (52.6)
  TR/GTR 100 (28.7) 83 (33.1) 17 (17.5)
  Unknown 33 (9.5) 16 (6.4) 17 (17.5)
Radiation, n (%) <0.001*
  No 249 (71.6) 211 (84.1) 38 (39.2)
  Yes 99 (28.4) 40 (15.9) 59 (60.8)
Yr of Dx, n (%) 0.015*
  1983–1992 62 (17.8) 36 (14.3) 26 (26.8)
  1993–2002 106 (30.5) 76 (30.3) 30 (30.9)
  2003–2013 180 (51.7) 139 (55.4) 41 (42.3)

Dx = diagnosis; GTR = gross-total resection; TR = total resection.
*  Statistically significant (p < 0.05).
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tion therapy (HR 3.74, 95% CI 2.18–6.41, p < 0.001) were 
each associated with worse overall survival. Those who 
received surgery to decrease tumor burden lived longer, 
as both partial resection (HR 0.37, 95% CI 0.16–0.83, p = 
0.017) and gross-total resection (HR 0.39, 95% CI 0.16–
0.95, p = 0.039) were associated with improved survival. 
While regional extension of tumor had a significant effect 
on survival in univariate analysis, this effect was lost in 
multivariate regression (with all factors included). Addi-
tionally, partial resection and distant/invasive extension of 
tumor only showed significant effects on survival in mul-
tivariate analysis. Sex, tumor size, and year of diagnosis 
did not have a statistically significant association with sur-
vival outcome in univariate or multivariate analysis.

Discussion
In an effort to better understand the nature of spinal 

cord astrocytomas in pediatric patients, we performed a 

population-based analysis utilizing the SEER database to 
assess the impact of various factors on survival. To our 
knowledge, this study of pediatric spinal cord gliomas has 
the largest sample size to date.

In our study, we saw that older age at time of diagno-
sis was negatively associated with survival. When patients 
are grouped by ages 0–7, 8–14, and 15–21 years, Kap
lan-Meier curves show the youngest cohort having bet-
ter survival than both older groups, with 1-year survival 
rates for the 3 age groups of 95.0%, 78.7%, and 78.1%, 
respectively. The respective 10-year survival rates for the 
3 age groups were 86.3%, 63.0%, and 59.4%. This sup-
ports previous findings of increased survival in younger 
children, thought to be due in part to a more beneficial 
genetic milieu associated with tumor formation in those 
very young patients compared with those developing tu-
mors at older ages.22,32,34 Tumor formation in very young 
patients may have a different underlying mechanism that 

FIG. 2. Kaplan-Meier survival analysis by risk factors.  A: Survival by age groups 0–7, 8–14, and 15–21 years.  B: Survival by 
white and nonwhite race.  C: Survival by tumor grade.  D: Survival by tumor extension. Time values are in months. Figure is avail-
able in color online only.
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is less aggressive in nature than tumors that develop in 
older children. For instance, some infants with congeni-
tal glioblastomas have had improved survival compared 
with older pediatrics patients, and there is evidence of age-
dependent mutational burden and oncogene expression in 
adult glioblastomas.30,32 Thus the biological mechanism of 
tumor development in children of various ages deserves 
further investigation, as optimal treatment may differ ac-
cording to patient age and histological biomarkers. Addi-
tionally, we saw that nonwhite children had worse survival 
than their white counterparts. This does not appear to be 
previously reported with respect to pediatric patients with 
spinal cord gliomas, possibly due to the lack of power with 
small patient populations and their lack of diversity.4,11,18 
Our finding may be due to the disparity in access to health 
care resources between these 2 populations, because in-
surance status has been reported as a predictor of survival 
in adults with glioblastoma; however, socioeconomic sta-
tus alone does not appear to be associated with worse sur-
vival.15,26 As described below, early diagnosis and surgi-
cal treatment are crucial for optimal outcomes, and thus 
health care disparities must be considered when working 
up patients with these tumors.

In comparison with previous reports, this study had a 
slightly higher proportion of high-grade (WHO Grade III 
and IV) tumors at 21.9% than the reported 10%–15%.2,5 
However, low-grade tumor status may be underreported in 
this data set given the fact that tumor grade was not re-
ported for just under half of the patients for unclear rea-
sons. Patients with high-grade tumors fared much worse 

than those with low-grade tumors (WHO Grade I and II) in 
this study. The 1- and 5-year survival rates for patients with 
high-grade tumors were 55.8% and 25.7%, respectively, 
while those for patients with low-grade tumors were 98.3% 
and 97.2%, respectively. Tumor grade (high vs low) was 
the most robust predictor of survival in our study, consis-
tent with previous studies of intramedullary gliomas.17,19,21 
Thus, obtaining tissue for histological interpretation is cru-
cial for determining prognosis. In addition, tumor exten-
sion also significantly impacted survival, as patients with 
distant extension and invasion into surrounding tissues did 
worse than those whose tumors were localized. Thus, as 
expected, more aggressive and infiltrative tumors had a 
worse prognosis. This emphasizes the importance of rec-
ognizing these tumors early in the course of the disease so 
that appropriate treatment is not delayed.4,8

Children with spinal cord astrocytomas who had sur-
gery fared better than those who had no surgical procedure 
or only biopsy. The rates of surgery for high- and low-grade 
tumors were nearly the same, at 77.6% and 82.6%, respec-
tively. For the great majority of the patients who did not re-
ceive surgery, their physician did not recommend surgery 
to them. This is presumably due to contraindications to 
the procedure, either because of highly aggressive tumors 
or unsafe surgical conditions. However, surgery showed 
improved outcome when controlling for tumor size, grade, 
and extension. Although in the past gross-total resection 
was thought to incur too much neurological damage to be 
a standard therapy, our data support the current evidence 
for resection as the mainstay of treatment for improving 

FIG. 3. Survival by surgical and nonsurgical procedures. Time values are in months. GTR = gross-total resection; TR = total resec-
tion. Figure is available in color online only.
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survival.7–9,13 Our data are limited in that pre- and post-
operative neurological status is unknown, and thus mor-
bidity due to surgery cannot be measured. However, with 
improved surgical techniques, imaging, and intraoperative 
neurological monitoring, patients who have gross-total re-
section of their intramedullary tumor can expect a quality 
of life similar to that of matched individuals in the normal 
population.33 Thus this analysis reinforces the importance 
of early surgical intervention with a goal of maximizing 
tumor resection with minimal neurological damage.

Radiation therapy was negatively associated with sur-
vival in our patient cohort, as those who did not receive 
radiation treatment lived longer than those who did. Previ-
ous studies have revealed mixed findings for the role of 
radiation as an adjuvant to surgery. While there may be a 
survival benefit for radiotherapy in the treatment of high-
grade or recurrent tumors, there is no clear evidence of 
benefit for patients with low-grade tumors.1,13,24,28,29 The 
use of radiotherapy prior to surgery may lead to an unfa-
vorable tumor and surgical site for resection, leave the spi-
nal cord more prone to ischemic injury during the opera-
tion, and induce myelopathy.35 Additionally, radiation may 
have a deleterious effect on the young, developing nervous 
system and puts children at risk for secondary cancers.3,11,12 
Accordingly, in pediatric patients, radiation is typically re-
served for more aggressive tumors, tumor recurrence, and 
contraindications to surgery.10,13 In the present study, the 
majority of patients receiving radiation had high-grade tu-
mors and thus likely had a worse prognosis at baseline. 
Notably, however, our analysis showed statistically signifi-
cant reduced survival when we controlled for tumor grade, 

extension, and surgery status. As tumor recurrence was not 
recorded in SEER, it is an additional confounding factor 
for the poor outcomes associated with radiation that we 
see. The direct effect that radiation itself has on survival 
cannot be determined from this retrospective study. Al-
though resection, as previously noted, has proven to be a 
beneficial treatment for these tumors, the role of radiation 
therapy is still not well established and elicits further study.

There are several limitations to our study, the majority 
of which are due to limited data collection within SEER. 
While we were able to select for tumors located within the 
spinal cord, the exact location was not documented. Al-
though the number of spinal levels involved may not influ-
ence survival, specific location might; several studies have 
shown a trend for thoracic tumors to have improved prog-
noses when compared with cervical ones, and we could 
not assess or control for this.16,22,23 While treatment with 
radiotherapy is recorded in the SEER database, it does not 
document the dosages given. High doses have the poten-
tial to reduce tumor recurrence but may actually worsen 
morbidity and mortality in the developing nervous system. 
Thus correlating radiation doses with positive and negative 
outcomes is crucial and could not be done in this study. 
Furthermore, tumor recurrence was also not recorded in 
this database but very likely confounds the poor survival 
seen in the group of patients who received radiation. An-
other limitation is that the SEER database does not keep a 
record of the chemotherapy status of patients. We recog-
nize the confounding effect that chemotherapy may have 
in survival prolongation, and with conflicting evidence for 
a specific chemotherapy regimen, realize the importance 

FIG. 4. Survival by radiation therapy status. Time values are in months. Figure is available in color online only.
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of better understanding its role in the treatment of these 
tumors.2,14 Additionally, evidence from previous studies 
of smaller cohorts suggests that the rare complication of 
hydrocephalus is a poor predictor of survival in patients 
with spinal cord astrocytomas. This outcome was not a 
recorded variable in the database, and thus we could not 
assess this association or the prevalence of hydrocephalus 
in our cohort of patients.6,25 It would also have been im-
portant to consider the degree of neurological symptoms at 
presentation, which is not included in this database, as this 
is a strong predictor of long-term outcome. Finally, there 
may be patient selection bias in the way data are collected. 
For instance, healthier patients might be overrepresented 
in the SEER database (and consequently in this study) if 
some investigators did not report cases in which they were 
unable to obtain collateral data due to the patients’ poor 
clinical condition at presentation. 

Of note, this database dates back 30 years, and treat-
ment for intramedullary astrocytomas has evolved over 

that period. As previously mentioned, surgery is currently 
regarded as the standard treatment. Aggressive resection is 
thought to yield survival benefits compared with the more 
conservative approach promoted years ago.13 Adjuvant 
therapies of radiation and chemotherapy have changed, 
but their role remains unclear. The use of radiation ther-
apy decreased in frequency from 60% of patients during 
1975–1989 to only 30% during 1990–2007.11 Additionally, 
various chemotherapy regimens have been proposed over 
the years, mostly drawing from studies of intracranial gli-
omas; however, due to small sample sizes, there has been 
no agreed-upon chemotherapy protocol.20 Patients who 
were documented in this study early on certainly may have 
been treated differently. However, we saw no difference in 
survival between the 3 decades during which these data 
were collected.

While randomized clinical trials are the gold standard 
for clarifying the role of radiation and chemotherapy in 
treating children with intramedullary astrocytomas, such 

TABLE 2. Univariate and multivariate AFT regression of tumor-related survival

Parameter
Univariate Analysis Multivariate Analysis

HR* 95% CI p Value HR* 95% CI p Value

Age, per 1 yr increase 1.08 1.05–1.12 <0.001† 1.05 1.01–1.09 0.017†
Sex (male vs female) 0.86 0.58–1.29 0.475 — — —
Race (nonwhite vs white) 1.63 1.06–2.53 0.029† 1.74 1.11–2.74 0.014†
Tumor size
  <40 mm Ref — — — — —
  ≥40 mm 0.79 0.38–1.64 0.527 — — —
  Unknown 0.88 0.50–1.54 0.652 — — —
Tumor grade
  Low (I & II) Ref — — Ref — —
  High (III & IV) 22.95 10.89–48.47 <0.001† 14.67 6.69–32.14 <0.001†
  Unknown 4.09 1.89–8.86 <0.001† 4.45 2.04–9.70 <0.001†
Tumor extension
  Localized Ref — — Ref — —
  Regional 2.47 1.34–4.55 0.005† 1.72 0.91–3.28 0.098
  Distant/invasive 1.81 0.91–363 0.096 2.37 1.02–5.49 0.046†
  Unknown 0.99 0.43–2.28 0.974 1.12 0.46–2.75 0.803
Surgery
  None Ref — —
  Biopsy only 1.26 0.34–4.69 0.727 0.52 0.11–2.41 0.401
  Partial resection 0.74 0.37–1.50 0.403 0.37 0.16–0.83 0.017†
  TR/GTR 0.34 0.15–0.77 0.010† 0.39 0.16–0.95 0.039†
  Unknown 1.00 0.45–2.27 0.992 0.61 0.24–1.53 0.288
Radiation
  No Ref — — Ref — —
  Yes 5.95 3.95–8.96 <0.001† 3.74 2.18–6.41 <0.001†
Yr of Dx
  1983–1992 Ref — — — — —
  1993–2002 0.78 0.46–1.32 0.356 — — —
  2003–2013 0.96 0.58–1.59 0.881 — — —

AFT = accelerated failure time; ref = reference.
*  Hazard ratio converted from coefficient in AFT model.
†  Statistically significant (p < 0.05).
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studies are difficult to perform due to the rarity of the dis-
ease. Although causality cannot be established due to the 
retrospective nature of this study, a strength of the study is 
the increased sample size relative to previously reported 
analyses. Additionally, data were obtained from multiple 
centers across the country, making this study population 
more representative of the general population than the 
patient cohorts in smaller, single-institution reports. This 
study confirms many of the findings seen in smaller data 
sets and further suggests the need for prospective cohort 
studies to provide improved insight into survival risk fac-
tors.

Conclusions
Our study of 348 pediatric patients with spinal cord 

astrocytomas provides insight into factors that may influ-
ence survival. Younger age appears to be protective, while 
high-grade tumors have a much worse prognosis. Early 
diagnosis and improving access to centers with the capa-
bilities for appropriate surgical treatment are necessary 
for improving outcomes. Radiation therapy has an unclear 
role in the therapeutic management of these cases. With 
such a poor prognosis overall, there is still much to learn 
about this disease in the hope of curing children with the 
misfortune of having one of these rare tumors.
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