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Introduction

Intramedullary astrocytomas represent a rare neoplasm 
constituting approximately 2–4% of all primary central 
nervous system (CNS) tumors (1). These neoplasms 
arise from star-shaped glial cells, or astrocytes, and are 
often associated with a poor prognosis. Due to the very-
low incidence of these tumors, there is a paucity of data 

on prognostic factors and the outcomes following the 
treatment of patients with these tumors. Additionally, the 
diagnosis and treatment of these neoplasm often presents 
a challenge given their enigmatic presentations as back 
pain, extremity weakness, paresthesia, and bowel and 
bladder dysfunction (2-4). The distinct location and extent 
of tumor spread often dictates the presence or absence of 
neurological findings. 

Original Study

Adult intradural intramedullary astrocytomas: a multicenter 
analysis

Syed Khalid1, Ryan Kelly2, Adam Carlton3, Rita Wu3, Akhil Peta3, Patrick Melville3, Samantha Maasarani3, 
Haley Meyer3, Owoicho Adogwa1

1Department of Neurosurgery, Rush University Medical Center, Chicago, IL, USA; 2Georgetown University School of Medicine, Washington, D.C., 

USA; 3Chicago Medical School, North Chicago, IL, USA

Contributions: (I) Conception and design: S Khalid, O Adogwa; (II) Administrative support: S Khalid, O Adogwa; (III) Provision of study materials or 

patients: S Khalid, O Adogwa; (IV) Collection and assembly of data: S Khalid, R Kelly, A Carlton, R Wu, A Peta, O Adogwa; (V) Data analysis and 

interpretation: All authors; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Owoicho Adogwa, MD, MPH. Department of Neurosurgery, Rush University Medical Center, 1725 W. Harrison, Suite 855, 

Chicago 60612, IL, USA. Email: owoicho.adogwa@gmail.com.

Background: Intramedullary tumors constitute approximately 20–30% of all spinal cord tumors and 
approximately 30–40% of these are astrocytomas. Furthermore, they comprise only about 2–4% of all 
primary central nervous system (CNS) tumors. 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 outcomes. The authors undertook this retrospective study to explore factors that may 
influence survival in adult patients with intramedullary astrocytomas.
Methods: Utilizing the Surveillance, Epidemiology, and End Results (SEER) database, a prospective cancer 
registry, the authors retrospectively assessed survival in histologically confirmed, intramedullary spinal cord 
astrocytomas in patients 18 years of age and older. Survival was described with Kaplan-Meier curves and 
multivariate regression analysis was used to assess the association of several variables with survival while 
controlling for confounding variables.
Results: Analysis by multivariate regression of 131 cases showed that increasing age of diagnosis [hazard 
ratio (HR) 1.52, 95% CI: 1.17–1.99, P=0.001], WHO grade IV classification (HR 8.85, 95% CI: 2.83–27.69, 
P<0.001), tumor invasiveness (HR 2.94, 95% CI: 1.00–8.64, P=0.047), and sub-total resection (HR 5.80, 
95% CI: 1.20–28.03, P=0.029) were associated with statistically significant decreases in survival.
Conclusions: This study suggest that older age, higher WHO grade, tumor invasiveness as well as sub-
total resection were all associated with a worse prognosis. 

Keywords: Adult; spinal; astrocytoma; oncology; intradural; intramedullary

Submitted Aug 12, 2018. Accepted for publication Nov 30, 2018.

doi: 10.21037/jss.2018.12.06

View this article at: http://dx.doi.org/10.21037/jss.2018.12.06

30

https://crossmark.crossref.org/dialog/?doi=10.21037/jss.2018.12.06


20 Khalid et al. Adult spinal astrocytoma

J Spine Surg 2019;5(1):19-30© Journal of Spine Surgery. All rights reserved. jss.amegroups.com

Several studies have been undertaken at better 
understand the variables and outcomes associated with 
these neoplasms. Due to the difficulties surrounding its 
clinical diagnosis, uncertainty regarding optimal surgical 
management and the ineffectiveness of non-surgical 
treatment, most reviews of intramedullary astrocytomas 
are small retrospective analyses, case studies, or based 
upon data spanning changes in treatment paradigms and 
ability (5-11). Thus, there continues to be a need for recent 
clinical studies incorporating larger patient cohorts in order 
to more adequately assess the epidemiological and survival 
risk factors associated with these neoplasm in the hope of 
optimizing outcomes and treatment. To this end, in this 
population-based retrospective study, we explore various 
survival risk factors in adult patients with intramedullary 
astrocytomas.

Methods

Study design and selection of patient cohort 

This was a population-based retrospective analysis of 
survival of adult patients (ages greater than 18 years of 
age) with intramedullary astrocytomas. We utilized the 
Surveillance, Epidemiology, and End Results (SEER) 
database, which is a prospectively collected cancer registry 
actively maintained by the National Cancer Institute 
(NCI). This analysis utilized the most recent publication 
of the “Incidence—SEER 18 Registries Research Data 
and Hurricane Katrina Impacted Louisiana Cases” from 
the 2016 submission, which contains cases from the years 
1973 to 2014, however, only patients diagnosed between 
2004 and 2014 were included in this study, as these were 
the only years during which treatment data was reported in 
the database. All adult patients with primary intramedullary 
astrocytomas classified by International Classification of 
Diseases for Oncology, Third Edition (ICD-O-3) were 
included in this study. Patients reported with a non-
primary tumor, lacking active follow-up, having their tumor 
diagnosed on autopsy, a diagnosis confirmed by means of 
a non-histological modality (such as radiography, direct 
visualization, clinical diagnosis, or unknown modality), or 
an unknown WHO tumor grade were excluded from this 
study (Figure 1).

Variables

Variables of interests were chosen using the SEER database. 

The outcome variable used in this study was survival status. 
All variables were analyzed with respect to survival status. 
Exposure variable include age, sex, race, tumor size, tumor 
grade, tumor extension, radiation treatment and sequence, 
chemotherapy, and surgery. Age, sex, and race were self-
reported by each patient within the SEER database. Tumor 
size was measured in millimeters and was based on the size 
of the neoplasm at the time of diagnosis. Tumor grade was 
determined based on the WHO Classification of tumors 
of the CNS and included pathological examination of the 
neoplastic tissue. Radiation included a combination of 
external beam radiotherapy and radiotherapy not otherwise 
specified. 

Statistical analysis 

Categorical variables were analyzed using the Fisher exact 
test or chi-square test was used, as respectively appropriate. 
The Student’s t-test was utilized for the comparison of 
continuous variables. Survival time was determined as 
the interval described in months between diagnosis and 
death or if the patient was alive, last follow-up reported 
in SEER. Kaplan-Meier curves were generated for visual 
characterization of survival by various variables. An 
accelerated failure time (AFT) regression was utilized to 
adjust for confounding, and the resulting coefficients in the 
model were converted to hazard ratios for interpretation. 
Survival rates were calculated at 1-, 3-, 5-, and 10-year 
intervals. All P values were reported as two-sided, with 
statistical significance being defined as P values <0.05. 
Statistical analysis was performed using R statistical software 
(version 3.4.2, 2017).  

Results

Baseline demographics

Between the years of 2004 and 2014, there were 131 patients  
recorded in the SEER database with histologically 
identifiable intramedullary astrocytomas neoplasms whose 
age was greater than 18 and whose survival time was 
documented (Figure 1). Baseline descriptive characteristics 
of the complete cohort stratified by survival status were 
compared (Table 1). The average age of this population 
at diagnosis (± SD) was 47.63±16.74 years, and 49 
(37.4%) were female. The majority of the population was 
Caucasian (n=106, 80.9%), while 15 (11.5%) were African 
American, and 9 (6.9%) had been categorized as other. 
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Figure 1 Flowchart for study cohort selection.

Spine tumors in SEER

(2004–2014)

n=1,976

Final cohort

n=131

Patients excluded (n=1,845):

(I)	 Pediatric patients (<18 years of age);

(II)	 Non-intradural intramedullary 

astrocytomas;

(III)	 Clinical or unknown basis of diagnosis 

only;

(IV)	 Treatment data unavailable;

(V)	 Not primary tumor;

(VI)	 No active follow-up;

(VII)	 Unknown WHO grade.

Table 1 Characteristics of intramedullary astrocytomas in adult patients

Parameters Total (N=131) Alive (N=69) Dead (N=62) P value

Age diagnosis, mean (SD) 47.63 (16.74) 44.36 (14.87) 51.27 (18.16) 0.018*

Sex, n (%) 0.119

Male 82 (62.6) 48 (69.6) 34 (54.8)

Female 49 (37.4) 21 (30.4) 28 (45.2)

Race, n (%) 0.515

White 106 (80.9) 58 (84.1) 48 (77.4)

Black 15 (11.5) 6 (8.7) 9 (14.5)

Other 9 (6.9) 4 (5.8) 5 (8.1)

Unknown 1 (0.8) 1 (1.4) 0 (0.0)

Insurance status, n (%) 0.661

Insurance 59 (45.0) 34 (49.3) 25 (40.3)

No insurance 5 (3.8) 3 (4.3) 2 (3.2)

Medicaid 23 (17.6) 10 (14.5) 13 (21.0)

Unknown 44 (33.6) 22 (31.9) 22 (35.5)

Tumor size, n (%) 0.594

<40 mm 39 (29.8) 21 (30.4) 18 (29.0)

≥40, mm 17 (13.0) 7 (10.1) 10 (16.1)

Unknown 75 (57.3) 41 (59.4) 34 (54.8)

WHO tumor grade, n (%) 0.052

I 19 (14.5) 13 (18.8) 6 (9.7)

II 55 (42.0) 28 (40.6) 27 (43.5)

III 8 (6.1) 7 (10.1) 1 (1.6)

IV 49 (37.4) 21 (30.4) 28 (45.2)

Table 1 (continued)

Fifty-nine (45.0%) patients had insurance, 23 (17.6%) 
were on Medicaid, and 5 (3.8%) had no insurance. By the 
end of data compilation, 69 patients were alive and 62 
were deceased.

The characteristics of these intramedullary astrocytomas 
included, 39 (29.8%) that were smaller than 40 mm in 
maximum diameter and 17 (13.0%) that were 40 mm 
or larger in size. The majority of the intramedullary 
astrocytomas remained localized and did not invade 
surrounding structures (n=112, 85.5%), while 8 (6.1%) were 
invasive. Stratified by WHO classification, 19 (14.5%) of 
the tumors were grade I, 55 (42.0%) were grade II, 8 (6.1%) 
were grade III, and 49 (37.4%) were grade IV. WHO grades 
I and II were also combined to represent low-grade tumors 
and made up 62.6% of the tumor population with high-
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Table 1 (continued)

Parameters Total (N=131) Alive (N=69) Dead (N=62) P value

Tumor extension, n (%) 0.573

Localized 112 (85.5) 61 (88.4) 51 (82.3)

Invasive 8 (6.1) 3 (4.3) 5 (8.1)

Unknown 11 (8.4) 5 (7.2) 6 (9.7)

Surgery, n (%) 0.067

Not recommended 31 (23.7) 22 (31.9) 9 (14.5)

Not recommended, patient died prior 1 (0.8) 0 (0.0) 1 (1.6)

Performed 94 (71.8) 43 (62.3) 51 (82.3)

Recommended but not performed 4 (3.1) 3 (4.3) 1 (1.6)

Unknown 1 (0.8) 1 (1.4) 0 (0.0)

Site specific surgery, n (%) 0.059

No surgery 36 (27.5) 25 (36.2) 11 (17.7)

Biopsy 58 (44.3) 25 (36.2) 33 (53.2)

Partial resection 22 (16.8) 9 (13.0) 13 (21.0)

Gross total resection 14 (10.7) 9 (13.0) 5 (8.1)

Unknown 1 (0.8) 1 (1.4) 0 (0.0)

Radiation sequence, n (%) 0.338

No radiation and/or neoplasm-directed surgery 68 (51.9) 39 (56.5)  29 (46.8)

Radiation after surgery 62 (47.3) 30 (43.5) 32 (51.6)

Radiation before and after surgery 1 (0.8) 0 (0.0) 1 (1.6)

Radiation, n (%) 0.457

No 1 (0.8) 0 (0.0) 1 (1.6)

Yes 89 (67.9) 49 (71.0) 40 (64.5)

Unknown 41 (31.3) 20 (29.0) 21 (33.9)

Chemotherapy, n (%) 0.911

No/unknown 82 (62.6) 44 (63.8) 38 (61.3)

Yes 49 (37.4) 25 (36.2) 24 (38.7)

Survival, mean (SD) 40.93 (37.20) 43.74 (39.27) 37.81 (35.13) 0.366

*, significant values (P<0.05). 

grade tumors (WHO grades III and IV) comprising 37.4%. 
High-grade tumors showed a worse prognosis with survival 
rates of 1, 5, and 10 years (73.5%, 32.5%, and 0.00% 
respectively) compared to low-grade tumors (93.0%, 64.8%, 
and 34.2% respectively). The predominance of these 
patients had surgery in order to decrease tumor burden 
(n=94, 71.8%), with 22 (16.8%) patients undergoing partial 
resections and 14 (10.7%) having gross-total resections. 
A minority of these patients, 36 (27.5%) did not undergo 

any surgery. Fifty-eight (44.3%) patients had undergone a 
biopsy. Additionally, a majority of these patients underwent 
radiation therapy (n=89, 67.9%), while only 49 (37.4%) had 
undergone chemotherapy. 

When discriminating by survival status, only age at 
diagnosis was significantly different between the two 
survival status groups, alive and dead. Sex, race, insurance 
status, tumor size, WHO grade, tumor extension, surgery, 
radiation sequence, chemotherapy, and mean survival were 
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not significantly different between the two groups.

Survival analysis 

Overall survival at 1 year, 3 years, 5 years and 10 years, were 
found to be 85.5%, 71.0%, 64.1%, and 55.0% respectively. 
Kaplan-Meier log-rank analysis demonstrated age 80 or 
older at diagnosis (Figure 2A), tumor grade (Figure 2B), and 
chemotherapy treatment (Figure 2C) were possibly associated 
with worse overall survival. While race (Figure 2D),  
tumor extension and size (Figure 2E,F), surgery (Figure 3), 
radiation treatment and sequence (Figure 4A,B) did not 
reach statistical significance. This univariate and unadjusted 
analysis also did not control for any confounding variables 
that might have been present. 

Sex, race, tumor size, low-grade tumors, treatment 
with radiation, and radiation-surgery sequence had no 
statistically significant associations with survival in either 
uni- or multivariate analysis (Table 1).

On univariate AFT regression, a 1-year increase in 
age of diagnosis, tumor grade IV classification, treatment 
with chemotherapy, and biopsy alone each had statistically 
significant negative associations with survival, while 
gross total resection had a statistically significant positive 
association with survival (P<0.05, Table 2). After adjusting 
for the confounding effects of each variable, our multivariate 
AFT survival analysis showed that a 1-year increase in age 
of diagnosis [hazard ratio (HR) 1.52, 95% CI: 1.17–1.99, 
P=0.001], WHO grade IV classification (HR 8.85, 95% CI: 
2.83–27.69, P<0.001), tumor invasiveness (HR 2.94, 95% 
CI: 1.00–8.64, P=0.047), tumor biopsy alone (HR 6.26, 
95% CI: 1.41–27.69, P=0.016), and sub-total resection (HR 
5.80, 95% CI: 1.20–28.03, P=0.029) were each associated 
with worse overall survival (Table 2). 

In univariate analysis, both the positive effect on survival 
of gross total resection and the negative effect on survival 
in patients receiving chemotherapy were statistically 
significant but that significance was lost in multivariate 
regression (when all factors were included). Both invasive 
tumor extension and partial surgical resection of tumor 
were not statistically significant factors in univariate analysis 
but both gained a significant negative impact on survival in 
multivariate analysis (Table 2). 

Discussion

Intramedullary astrocytomas represent a rare neoplasm 
constituting approximately 2–4% of all primary CNS 

tumors (4). There is a paucity of studies assessing the 
long-term survival outcomes of adult patients with these 
neoplasms. To this end, 131 adult patients from the SEER 
database were evaluated with regard to a number of factors. 
Overall survival of these patients at 1 year, 3 years, 5 years 
and 10 years, were found to be 85.5%, 71.0%, 64.1%, and 
55.0% respectively. Age at diagnosis (P=0.001), tumors of 
grade IV (P=0.000), invasive tumor extension (P=0.047), 
biopsy alone (P=0.016) and sub-total resection (P=0.029) 
were each associated with decreased survival and worse 
long-term prognosis. Sex, race, tumor size, radiation and 
chemotherapy were not found to impact the survival of 
patients.

The overall survival seen in this study is consistent 
with what previous literature has reported. A case series 
of 30 patients with spinal cord astrocytomas conducted 
by Nakamura et al. demonstrated overall survival rates of 
68% at 5 years and 36% at 10 years. Significant predictors 
of survival rates included low-grade gliomas compared 
to high-grade gliomas (P=0.0011) and location of the 
neoplasm, with thoracic spinal cord astrocytomas having 
improved survival compared to those located in the cervical 
region (P=0.0251) (12). Robinson et al. also demonstrated 
higher overall survival in patients with low-grade 
astrocytomas of the spinal cord. This cohort consisted of  
14 patients with pathology confirmed low-grade gliomas 
and were treated with either biopsy (n=7), subtotal resection 
(n=6), or gross total resection (n=1). Ten of these patients 
then underwent adjuvant radiotherapy (median total dose 
50 Gy in 28 fractions). Overall survival of this cohort at 5, 
10, and 20 years was 100%, 75%, and 60%, respectively. 
While our overall survival rates are very good with regard 
to this aggressive neoplasm, our cohort consisted of more 
low-grade gliomas compared to high-grade ones (62.6% vs. 
37.4%) as well as many patients receiving some method of 
intervention whether it was radiation (48.1%) or surgery 
(subtotal or gross-total resection =27.5%) which can help 
explain our improved results compared to other studies that 
might have shown decreased survival rates (13).

Spinal cord neoplasms are relatively uncommon, 
accounting for approximately 1,700–2,700 of the more 
than 17,000 newly diagnosed primary CNS lesions in the 
United States each year (6,14). Tumors of the spinal cord 
are typically classified into three categories, extradural, 
intradural extramedullary, and intramedullary depending on 
the location within the CNS (6). The treatment for these 
types of neoplasm is often surgical with gross total resection 
being the standard of care. However, caution must be 
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Figure 2 Patient, tumor, and treatment characteristics impact on survival. (A) Kaplan-Meier survival analysis of age (18–34, 35–49, 50–64, 
65–79, 80+) demonstrating survival probability against time (in months). Number at risk table for age can also be seen below the plot; (B) 
Kaplan-Meier survival analysis of tumor grade (WHO classification) demonstrating survival probability against time (in months). Number 
at risk table for tumor grade can also be seen below the plot; (C) Kaplan-Meier survival analysis of chemotherapy demonstrating survival 
probability against time (in months). Number at risk table for chemotherapy can also be seen below the plot; (D) Kaplan-Meier survival 
analysis of race demonstrating survival probability against time (in months). Number at risk table for race can also be seen below the plot; 
(E) Kaplan-Meier survival analysis of tumor extension demonstrating survival probability against time (in months). Number at risk table for 
tumor extension can also be seen below the plot; (F) Kaplan-Meier survival analysis of tumor size (in millimeters) demonstrating survival 
probability against time (in months). Number at risk table for tumor size can also be seen below the plot.
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taken when operating on these types of tumors as damage 
to cardiovascular, pulmonary, motor, and neurological 
functions can lead to lasting complications (6). In this study, 
both tumor biopsy alone and sub-total resection were 
associated with significantly worse overall survival compared 
to those who received gross total resection at 1 year,  
5 years and 10 years after surgery. While surgical resection 
still remains the best method of treatment for patients with 

these types of neoplasms, some studies have shown little 
to no effect on survival following surgery, and in some 
cases, surgery was associated with worse post-operative 
outcomes (3,15-17). In a cohort study of 202 patients  
with intramedullary spinal cord tumors conducted by 
Raco et al. (17), 61% of the patients with grade III and 
IV tumors actually had worst post-operative functional 
ability compared to those patients who did not undergo 
any surgery. Another study by Garcés-Ambrossi et al. (16) 
also found worse functional and survival outcomes in a 
retrospective analysis of 101 patients with intramedullary 
spinal cord tumors. Specifically, patients with astrocytomas 
showed no improvement in progression-free survival 
while other CNS neoplasms (i.e., ependymomas and 
hemangioblastoma) responded more favorably to surgical 
resection, possibly demonstrating that the histology of the 
tumor has a role on long-term outcomes.

Astrocytomas represent a subset of CNS neoplasm 
that can vary greatly in their site of growth and outcomes. 
The grading of these tumors is achieved using the WHO 
Classification of the Central Nervous System, with 
grades ranging from I to IV depending on the various 
histological appearances and molecular features of the 
tumor (18). Typically, higher graded neoplasms (III and 
IV) demonstrate a more aggressive nature with greater 
mitotic activity, poorly differentiated features, and potential 
to invade beyond the basement membrane of the organ, 
ultimately leading to worse prognosis (18). Our analysis 
showed that low-grade tumors made up 62.6% of the 

Figure 3 Kaplan-Meier survival analysis of surgical intervention 
demonstrating survival probability against time (in months). 
Number at risk table for surgical intervention can also be seen 
below the plot.

Figure 4 The role of radiation on patient survival. (A) Kaplan-Meier survival analysis of radiation treatment demonstrating survival probability against 
time (in months). Number at risk table for radiation treatment can also be seen below the plot; (B) Kaplan-Meier survival analysis of radiation sequence 
demonstrating survival probability against time (in months). Number at risk table for radiation sequence can also be seen below the plot.
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Table 2 AFT regression of survival and tumor characteristics

Parameter
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Age, 1-year increase 1.49 1.18–1.89 0.001* 1.52 1.17–1.99 0.001*

Sex (male vs. female) 0.82 0.49–1.37 0.450 1.20 0.65–2.23 0.563

Race (white vs. nonwhite) 0.90 0.51–1.60 0.720 1.48 0.69–3.13 0.303

Tumor size

<40 mm Ref – – Ref – –

≥40 mm 1.12 0.57–2.21 0.750 0.86 0.33–2.22 0.756

Unknown 1.30 0.77–2.17 0.320 1.47 0.76–2.86 0.251

Tumor grade

Grade I Ref – – Ref – –

Grade II 0.62 0.37–1.05 0.074 1.66 0.63–4.34 0.310

Grade III 0.36 0.05–2.61 0.230 2.30 0.24–22.16 0.469

Grade IV 4.08 2.37–7.03 <0.001* 8.85 2.83–27.69 <0.001*

Tumor extension

Localized Ref – – Ref – –

Invasive 1.38 0.55–3.45 0.510 2.94 1.00–8.64 0.047*

Unknown 1.69 0.68–4.24 0.290 5.15 1.67–15.85 0.003*

Radiation

No Ref – – Ref – –

Yes 1.44 0.83–2.50 0.190 1.24 0.25–6.12 0.789

Unknown 0.69 0.40–1.21 0.190 – – –

Chemotherapy

None/unknown Ref – – Ref – –

Yes 1.75 1.02–2.98 0.046* 1.01 0.49–2.12 0.969

Site specific surgery

None Ref – – Ref – –

Biopsy 1.81 1.09–3.03 0.023* 6.26 1.41–27.69 0.016*

Partial resection 1.17 0.63–2.16 0.630 5.80 1.20–28.03 0.029*

Gross total resection 0.36 0.14–0.91 0.013* 1.41 0.27–7.40 0.687

Surgery NOS 0.00 0.00 – Inf 0.190 – – –

Radiation sequence

No radiation Ref – – Ref – –

Radiation preoperative 14.22 1.86–108.59 0.066 1.46 0.07–30.04 0.806

Radiation postoperative 1.43 0.85–2.38 0.170 0.37 0.07–2.09 0.261

*, significant values (P<0.05). AFT, accelerated failure time; Inf, infinity; Ref, reference value; NOS, not otherwise specified. 
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tumor population with high-grade tumors representing the 
remaining 37.4%. High-grade tumors (specifically grade 
IV) showed a worse prognosis with survival rates of 69.3%, 
25.6%, and 0.00% at 1, 5, and 10 years respectively. This is 
consistent with other studies that have shown higher grade 
tumors leading to worse survival outcomes and greater 
long-term adverse effects (15,19-21). In a retrospective 
analysis conducted by Abdel-Wahab et al. that included 57 
patients with a diagnosis of astrocytoma, overall survival 
of their cohort at 5, 10, and 15 years was 59%, 53%, and 
32% respectively. Their cohort consisted of four patients 
with high-grade gliomas (WHO III/IV), 20 low-grade 
gliomas (WHO I/II), and 33 patients with unknown grade 
astrocytomas. However, their analysis showed a statistically 
significant difference on overall survival based on the grade 
of the neoplasm (P<0.01) (22). Two separate review articles 
by Houten et al. (20) and Benes et al. (15) also demonstrated 
worse survival outcomes for patients with high-grade 
intramedullary astrocytomas compared to those with low-
grade tumors. The cohorts reviewed by Houten et al. 
had an overall median survival time of 6 months in adult 
populations even with advanced surgery and treatment. The 
review conducted by Benes et al. (15) consisted of 35 studies 
of which, 14 looked at histological grade. All but one study 
showed a significant difference between low-grade and 
high-grade intramedullary astrocytomas with low-grade 
gliomas showing improved survival. The extremely poor 
outcomes and rapid progression of these tumors makes 
them difficult to treat and manage for long-term success. 

The extension of a tumor into a neighboring or distant 
location of the body can profoundly impact the prognosis of 
the patient. In our cohort, patients had lower survival rates 
when their tumors showed invasive extension into adjacent 
structures (75.0%, 75.0%, 18.8%) compared to those whose 
tumors remained localized (87.6%, 52.6%, 27.0%) at 1, 5, 
and 10 years respectively. While tumor extension has not 
been extensively looked at in terms of long-term survival 
or function, some studies have shown similar relationships 
between decreased survival and function with increasingly 
invasive extension of the tumor beyond the site of origin 
(5,8,9). A study conducted by Ardeshiri et al. (5) shows that 
22 patients with intramedullary spinal cord astrocytomas 
had significantly worse outcomes if the tumor involved 
more than three spinal cord segments. Surgical resection of 
these invasive tumors also leads to deteriorating outcomes 
compared to their more localized counterparts with those 
restricted to the cervical region showing the best prognosis. 
Another study of 46 patients with intramedullary spinal 

cord tumors by Ebner et al. (8) also demonstrated worse 
outcomes for patients whose tumors extended beyond three 
spinal cord segments. McCormick and Klekamp-Samii 
scores were assessed and showed that patients with greater 
longitudinal extension had worse neurological status pre-
operatively, immediately post-operatively, and at 3-month 
follow-up. 

While surgical intervention continues to be the mainstay 
treatment for intramedullary tumors, advancements in 
radiation and chemotherapy have expanded the therapy 
options for clinicians and offer patients an alternative 
choice to surgery. However, there is still some level of risk 
that must be taken into account with these treatments as 
factors such as optimal dosing and tumor proximity to 
intrinsic structures play vital roles in the effectiveness of 
their usage. Radiation (either stereotactic radiosurgery or 
external beam radiation) as a solo and adjuvant therapy 
continues to be explored as a viable treatment option for 
patients with the literature highlighting factors such as 
tumor location and histology as important components to 
its efficacy (10,11,23). The present study did not find any 
relationship between the administration of radiation or 
the sequence of surgery and radiation administration with 
improved survival outcomes for patients. A study conducted 
by Minehan et al. (10) of 79 patients who underwent surgery 
for spinal cord astrocytomas followed by radiation or no 
radiation showed that the greatest impact on survival was 
based on the histology of the neoplasm. Patients who were 
diagnosed with diffuse fibrillary astrocytomas responded 
better to radiation treatment following surgery compared 
to those diagnosed with pilocytic astrocytomas suggesting 
variations in the origin and molecular architecture of the 
neoplasm may play a role in their response to radiation 
treatment. Another study by Guidetti et al. (23) also 
demonstrated the importance of location and histology 
on the use of radiation therapy. Of the 129 intramedullary 
gliomas used in the study, 53 of them were astrocytomas. 
These patients demonstrated recurrence rates of 50% after 
an average of 4–5 years with inferior long-term functional 
results and survival compared to those receiving radiation 
and diagnosed with a different CNS neoplasm (i.e., 
ependymomas). 

With the increasing interest in chemotherapy as an 
adjuvant or novel approach in the treatment of CNS 
neoplasms, there has been a resurgence in identifying 
subsets of patients who respond inadequately or are poor 
candidates for surgical resection and/or radiation therapy 
(15,17). The research into the efficacy of chemotherapy in 
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the treatment intramedullary tumors has provided mixed 
results in the literature, with a study by Doireau et al. (7) 
showing evidence of its effectiveness in surgery-intolerant 
pediatric patients, while others have shown no effect in 
the adult population (15,24,25). Currently, platin-based 
chemotherapy agents have been used, but a recent study by 
Chaskis et al. has shown the effectiveness of temozolomide 
in treating a limited sample of five patients with WHO 
grade II intramedullary astrocytomas. All five patients were 
still alive at 10-year follow-up with stable disease burden 
following a 12-cycle regimen of temozolomide after surgical 
debulking (26). Our cohort of adult patients did not show 
any relationship between the use of chemotherapy in the 
treatment of intramedullary astrocytomas and long-term 
survival. These findings are consistent with other studies 
which have shown little improvement in survival and 
functional outcomes with the use chemotherapy. A study 
by Santi et al. (25) showed no significant survival benefit 
in patients receiving chemotherapy with radiation therapy 
compared to those receiving radiation only. An independent 
study by McGirt et al. also demonstrated no survival benefit in 
patients receiving post-operative adjuvant chemotherapy (24). In 
their cohort, 88% of patients diagnosed with glioblastoma 
multiforme showed a significant decrease in neurological 
function and a median survival of 9 months following 
chemotherapy while a separate group of 48% patients 
diagnosed with anaplastic astrocytomas demonstrated 
no effect. Chemotherapy remains a potentially valuable 
treatment option, however, more research needs to be done 
to determine which individuals will benefit most from this 
particular therapy. 

Age also seems to have a significant role in the prognosis 
of intramedullary astrocytoma patients with older individuals 
showing worse outcomes compared to their younger 
counterparts (18,27,28). The difference between the two 
groups can possibly be explained by a number of factors such 
as cytogenetic variations that can lead to more aggressive 
aberrations of the tumor with poor prognosis (2). Our cohort 
also shows similar trends as other studies with patients over 
80 years old having a 5-year survival rate of 50.0%, with all 
other age groups having a survival rate above 75.0%. This 
trend continues to hold at 10 years post-operatively where 
patients over 80 years of age had a 0.0% survival rate which 
was far below that of every other age group. 

Limitations

This analysis has limitations that have consequences 

regarding its interpretation, the majority of which are due to 
the restricted data complication within SEER. Though the 
database provides records from a large number of patients 
being treated at multiple centers, the data is limited in that 
it is not highly granular. In particular, while the utilization 
of radiation and chemotherapy in the management of 
these cases was reported, the doses of radiation and 
chemotherapeutic agents and their associated doses and 
regimens were not represented in the database. These data 
would have provided a better insight into the treatment and 
management of these patients, and a better understanding 
as to the tradeoffs of utilizing more aggressive treatment 
and weighing the reduction of tumor burden and 
recurrence with worsening morbidity and mortality in the 
CNS. Moreover, though the multivariate analysis included 
tumor grade and the extent of resection, it remains likely 
that radiation therapy was used with more frequency in 
higher grade neoplasms, subtotal resection cases, or no 
resection cases, each of which would be correlated with 
decreased survival time. Additionally, this database spans 
a period of 10 years and neurosurgical treatment for these 
types of neoplasms has likely progressed substantially 
over that period. Looking at the overall rates of survival 
in elderly patients independently may not adequately 
report for natural history/actuarial statistics. Finally, 
while randomized clinical trials are the gold standard for 
illustrating the role of various treatment types in adult 
patients with intramedullary spinal cord astrocytomas, such 
studies are difficult to perform due to the rarity of this 
disease. Although causality cannot be established due to the 
retrospective nature of this analysis, a strength of the study 
includes the increased cohort size relative to previously 
described studies. Additionally, the data was obtained 
from multiple healthcare centers across the United States, 
making this sample more representative of the general 
populace than the cohorts used in smaller, single-institution 
reports. This analysis reinforces many of the conclusions 
drawn from smaller data sets and emphasizes the need for 
prospective studies to provide additional insight into the 
survival risk factors in patients with these unique types of 
CNS neoplasms. 

Conclusions

Our study of 131 adult patients with intramedullary spinal 
cord astrocytomas provides insight into factors that may 
influence survival. Higher WHO tumors, age at diagnosis, 
tumor invasiveness, and sub-total resection appear to have 
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significant associations with worse prognoses.
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