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Study Design: A retrospective study.
Purpose: The purpose of this study was to obtain useful information for establishing the guidelines for treating high-grade spinal 
cord gliomas.
Overview of Literature: The optimal management of high-grade spinal cord gliomas remains controversial. We report the outcomes 
of the surgical management of 14 high-grade spinal glioma.
Methods: We analyzed the outcomes of 14 patients with high-grade spinal cord gliomas who were surgically treated between 1989 
and 2012. Survival was charted with the Kaplan-Meier plots and comparisons were made with the log-rank test. 
Results: None of the patients with high-grade spinal cord gliomas underwent total resection. Subtotal resection was performed in 
two patients, partial resection was performed in nine patients, and open biopsy was performed in three patients. All patients under-
went postoperative radiotherapy and six patients further underwent radiation cordotomy. The median survival time for patients with 
high-grade spinal cord gliomas was 15 months, with a 5-year survival rate of 22.2%. The median survival time for patients with World 
Health Organization grade III tumors was 25.5 months, whereas the median survival time for patients with glioblastoma multiforme 
was 12.5 months. Both univariate and multivariate Cox proportional hazards models demonstrated a significant effect only in the 
group that did not include cervical cord lesion as a factor associated with survival (p=0.04 and 0.03). 
Conclusions: The surgical outcome of patients diagnosed with high-grade spinal cord gliomas remains poor. Notably, only the model 
which excluded cervical cord lesions as a factor significantly predicted survival. 
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Introduction

Intramedullary spinal cord tumors are rare entities, ac-
counting for 2% to 10% of all central nervous system 
tumors [1-3] and for 15% of primary intradural spinal 
tumors in adults. Seventy percent of these tumors are 

tumors of low malignant potential, such as low-grade as-
trocytomas and ependymomas [2,4]. In a recent study of 
primary spinal cord tumors diagnosed between 1998 and 
2002, 69% were non-malignant and 31% were malignant 
[5]. This supports the notion that malignant spinal cord 
tumors are relatively rare. The incidence of spinal cord 
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gliomas has been reported to be approximately 0.22 per 
100,000 [5]. The most common gliomas of the spinal cord 
are astrocytomas and ependymomas, with ependymomas 
accounting for 60 to 80% of all gliomas [6,7]. Given the 
rarity of primary malignant spinal cord gliomas, the op-
timal treatment guidelines have yet to be established. The 
aim of this study was to obtain useful information for es-
tablishing the guidelines for decision-making in the treat-
ment of high-grade spinal cord gliomas by examining the 
clinical records of patients treated at Hokkaido University 
Hospital. 

Materials and Methods

Clinical outcomes of 14 patients who underwent surgery 
for high-grade spinal cord gliomas at Hokkaido University 
Hospital between January 1989 and December 2012 were 
assessed (Table 1). Of these, 10 were males and 4 were 
females, and their ages ranged from 12 to 75 years at the 
time of surgery (mean age, 38.5 years). The follow-up pe-
riod ranged from 2 to 149 months (mean, 36.1 months). 
Ten patients had World Health Organization (WHO) 
grade III tumors, including eight patients with anaplastic 
astrocytomas, one patient with anaplastic oligoastro-

cytoma, and one patient with anaplastic ependymoma. 
Four patients had WHO grade IV tumors. Tumors were 
located at the cervical level in three patients, at the cervi-
cothoracic level in two patients, at the thoracic level in six 
patients, and at the thoracolumbar level in three patients. 
The extent of resection was defined as macroscopic gross 
total resection (100%), subtotal resection (>90%), partial 
resection (<90%), or open biopsy. Following laminoplasty 
in the cases with involvement of the cervical region or 
laminectomy in the cases with involvement of both tho-
racic and thoraco-lumbar regions, tumors were surgically 
removed via a posterior median approach by subtotal re-
section in two patients, partial resection in nine patients, 
and open biopsy in three patients. Furthermore, we used 
an ultrasonic surgical device (SonopeT UST-2001, Miwa 
Tec, Kawasaki, Japan) to reduce the internal volume, and 
performed intraoperative monitoring of motor evoked 
potentials in all patients. After removal of the tumor, we 
performed duraplasty with a Gore-Tex (W. L. Gore & As-
sociates Inc., Flagstaff, AZ, USA) membrane. None of the 
patients underwent gross total resection. For postopera-
tive adjuvant therapy, conventional radiation therapy (40–
50 Gy in 20–25 fractions) was performed in all patients. 
Patients who did not have cervical cord lesions were 

Table 1. Characteristics and outcomes of 14 patients with high-grade spinal cord gliomas

No. WHO 
grade Age/sex

Duration of  
symptom 

(mo)

Preoperative
 MMS Localization Resection XRT RC Chemo. Outcome

Last 
follow-up

(mo)

1 III 53/male 84 4 T8–11 Biopsy Y N Y N/A   85

2 III 12/female 0.4 2 T7–11 Partial Y Y N D   14

3 III 18/female   1 2 C1–4 Subtotal Y N Y D     7

4 III 54/male 60 2 T8–12 Partial Y N Y D   60

5 III 34/male   3 2 C4–6 Partial Y N N D   36

6 III 31/female 14 2 T12–conus Partial Y Y Y A 149

7 III 53/male   4 2 T10–conus Partial Y Y N N/A   53

8 III 66/male   6 4 T7–conus Biopsy Y Y Y A     2

9 III 15/male   2 4 C4–T2 Partial Y N N D   10

10 III 75/male   2 2 C4–7 Biopsy Y N Y D   15

11 IV 13/male 24 4 C3–T1 Partial Y N N N/A     2

12 IV 23/female   4 4 T9–conus Subtotal Y Y N D   48

13 IV 37/male 1.5 3 T2–5 Partial Y Y Y D   15

14 IV 55/male   3 5 T3–11 Partial Y N Y D   10

WHO, World Health Organization; MMS, modified McCormick score; XRT, radiotherapy; RC, radiation cordotomy; Chemo., chemotherapy; T, thoracic; 
N/A, not available; D, dead; C, cervical; A, alive.
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candidates for a radiotherapy boost for dose escalation. 
Eight patients underwent chemotherapy (WHO grade III 
tumors, 6 patients; WHO grade IV tumors, 2 patients). 

Survival was set as the period from initial surgery to 
the date of death or last follow-up. The length of survival 
from time of surgery was charted with the Kaplan-Meier 
method [8] and compared via univariate and multivariate 
analyses. Hazard ratios were determined by proportional 
hazards analysis (Cox model) for continuous covariates 
and stratified variables. Probability values <0.05 were 
considered statistically significant. All data were analyzed 
using commercially available software (StatView, SAS In-
stitute Inc., Cary, NC, USA). 

Results

Among the 14 patients with high-grade spinal cord glio-
mas, only two patients were alive at the time of initiation 
of this study (Table 1). In the present study, only one 
patient showed dissemination in the brain. Furthermore, 
there was no recurrence of the tumor in one patient who 
had anaplastic astrocytoma. One patient had died of other 
cancer. The remaining patients showed regrowth of the 
tumor. In none of the patients, the tumor had disseminat-
ed to a different location in the spinal cord. The survival 
rate for the 14 patients was 22.2% and the median survival 
time was 15.0 months (range, 2–149 months) (Fig. 1). Pre-
operative median modified McCormick score [9,10] was 
2.5. Seven patients presented with grade II neurological 

status, one patient presented with grade III neurological 
status, five patients presented with grade IV neurological 
status, and one patient presented with grade V neuro-
logical status. According to the postoperative modified 
McCormick score, three patients presented with grade II 
neurological status, two patients presented with grade III 
neurological status, seven patients presented with grade 
IV neurological status, and one patient presented with 
grade V neurological status. Postoperative median modi-
fied McCormick score was 4. The median survival time 
for patients with WHO grade III tumors was 25.5 months 
(range, 2–149 months), while the median survival time 
for patients with WHO grade IV tumors was 12.5 months 
(range, 2–48 months); however, there was no significant 
difference between the two groups (log-rank test, p=0.33) 
(Fig. 2). After excluding patients with cervical spinal cord 
gliomas, the median survival time was 48 months, where-
as it was significantly shorter at ten months after includ-
ing all patients with spinal cord gliomas (p=0.04) (Fig. 3).

All patients with high-grade spinal cord gliomas re-
ceived postoperative conventional radiation therapy. 
Furthermore, six patients (43%) underwent both con-
ventional radiation therapy and postoperative radiation 
cordotomy (WHO grade III tumors, 4 patients; WHO 
grade IV tumors, 2 patients). However, patients with 
cervical spinal cord lesions did not undergo radiation, 
high-dose cordotomy. Patients who underwent surgery, 
conventional radiation therapy, radiation, and high-dose 
cordotomy had a mean survival time of 31.5 months, 

Fig. 1. The survival rate of patients with high-grade spinal cord gliomas. 
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whereas those who underwent surgery and conventional 
radiation therapy alone had a shorter mean survival time 
of 12.5 months; however, the difference was not signifi-
cant (p=0.38) (Fig. 4). Six patients with WHO grade III 
tumors and two patients with WHO grade IV tumors 
received postoperative adjuvant chemotherapy. Among 
the patients with WHO grade III tumors, three patients 
were managed with 1-(4-amino-2-methyl-5-pyrimidinyl) 
methyl-3-(2-chloroethyl)-3-nitrosourea (ACNU) and the 
remaining three patients were treated with temozolomide. 
On the other hand, two patients with WHO grade IV tu-
mors were administered ACNU. None of the patients with 

high-grade spinal cord gliomas were treated with surgery 
alone. When WHO grading and tumor location were 
included in the Cox model, the model which excluded 
patients with cervical cord lesions significantly predicted 
survival (p=0.03) (Table 2). 

1. Illustrative case

A 31-year-old female developed numbness in her left 
lower limb and underwent a preoperative neurological as-
sessment. The assessment revealed left leg paresis, sensory 
disturbance in the left leg, a neurogenic bladder, and rec-

Fig. 2. The survival rate of patients with (World Health Organization, WHO)  grade III and grade IV tumors. The survival rate of 
patients with WHO grade III tumors was higher than that of patients with WHO grade IV tumors; however, the difference was 
not significant (p=0.33). 

Fig. 3. Impact of the pathologic grade on survival. There was a significant difference in survival after excluding patients with 
cervical cord lesions compared to that after including patients with cervical cord lesions (p=0.04). 
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Table 2. Prognostic factors with high-grade spinal cord gliomas

Variable
Hazard

p-value Ratio 95% Confidence interval 

Histologya) 0.08 0.13 0.013–1.263

Tumor localizationb)   0.03c) 0.78 0.008–0.807
a)World Health Organization grade III vs. IV; b)Including the cervical spinal cord vs. not including the cervical spinal cord; c)Calculated using Cox propor-
tional hazard analysis.

Fig. 5. Anaplastic astrocytoma in a 31-year-old female. (A–C) Preoperative and (D) postoperative magnetic resonance findings. (A) 
T1-weighted, (B, D) T2-weighted, and (C) gadolinium (D) T2-weighted image at the final follow-up period.

A B C D

Fig. 4. Effect of radiation cordotomy on patient survival. There was no significant difference in survival of patients who underwent 
radiation cordotomy or non-radiation cordotomy.
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tal disturbance. Preoperative T1- and T2-weighted mag-
netic resonance (MR) images revealed diffuse swelling of 
the spinal cord with iso- and high-signal intensities at the 
conus medullaris (Fig. 5A, B), and gadolinium-enhanced 
T1-weighted MR images revealed ring-like enhancement 
(Fig. 5C). Anaplastic astrocytoma was identified and the 
patient underwent partial resection. For adjuvant therapy, 
the patient received conventional radiotherapy (14 Gy/7 
fr) and radiation high-dose cordotomy (60 Gy/10 fr). At 
149 months postoperatively, there were no signs of tumor 
recurrence on MR images (Fig. 5D). Despite being wheel-
chair-bound and having severe spinal cord atrophy, the 
patient has returned to her original place of employment. 

Discussion

High-grade spinal cord gliomas are extremely rare, and 
there is no standard treatment to date. The prognosis for 
patients with these tumors who undergo surgery and 
adjuvant radiation therapy and/or chemotherapy is re-
portedly poor [11-14]. In the present study, we compared 
the survival time, according to the pathologic grade in 
patients with WHO grade III and WHO grade IV tumors 
(Fig. 2). Although there was no significant difference in 
survival between patients with two grades of tumors, pa-
tients with anaplastic gliomas fared better, with a median 
survival time of 25.5 months compared with 12.5 months 
for patients with glioblastoma multiforme (log-rank test, 
p=0.33). 

We also compared survival by either including or ex-
cluding patients with cervical cord lesions, without taking 
the pathologic grade into account (Fig. 3). After excluding 
patients with cervical cord lesions, survival of patients 
with high-grade spinal cord gliomas was 48 months, 
whereas it was ten months after including all patients with 
spinal cord high-grade gliomas (log-rank test, p=0.04). 
Similarly, Nakamura et al. [14] reported that patients with 
cervical cord tumors had a significantly worse progno-
sis than those with thoracic cord tumors. One possible 
reason for this is that it takes a thoracic tumor longer to 
reach the upper cervical cord; thus causing central respi-
ratory failure compared to a cervical cord tumor.

There is no consensus regarding the most appropriate 
surgical intervention for treating high-grade spinal cord 
gliomas. While some surgeons endorse aggressive tumor 
resection [14-17], others have reported that biopsy alone 
yields better outcomes [12,13,18]. McGirt et al. [17] re-

ported that radical resection was associated with a trend 
of prolonged survival for patients with anaplastic spinal 
cord gliomas but not for those with glioblastoma multi-
forme. Patients with anaplastic spinal cord gliomas who 
underwent radical resection had increased overall surviv-
al rates compared with those who underwent subtotal re-
section [17]. In the present study, partial resection (64.3%) 
or open biopsy (21.4%) was performed in most patients. 
If resection rates had been higher, longer survival periods 
may have been obtained. On the other hand, Minehan et 
al. [13] reported that the extent of tumor resection did 
not impact patient survival, and in fact, there was a trend 
for poorer survival in patients who underwent more ag-
gressive resection compared to those who underwent bi-
opsy alone. However, biopsy or partial resection to avoid 
neurological deterioration may not be appropriate even 
for patients with high-grade spinal cord gliomas, as both 
functional outcomes and survival rates were poor after 
these procedures. Thus, to improve the survival rate, we 
suggest radical resection, particularly if the tumor is lo-
cated in the thoracic cord, although it is quite difficult to 
distinguish such tumors from the normal spinal cord.

The efficacy of adjuvant radiotherapy for the treatment 
of high-grade spinal cord gliomas has yet to be deter-
mined [13,19]. Minehan et al. [13] reported that postoper-
ative radiotherapy significantly enhanced overall survival 
in patients with high-grade spinal cord gliomas, although 
lower limb and bladder function needed to be sacrificed. 
Katoh et al. [20] reported that the 5-year survival rate 
for patients with high-grade gliomas who received hypo-
fractionated radiotherapy was 67%, and it was 35% for 
those who received conventional radiation therapy. In 
the present study, there was no significant difference in 
the survival rate between patients who received adjuvant 
radiotherapy and those who did not receive adjuvant ra-
diotherapy, regardless of the pathological grade (data not 
shown). Similarly, there were no significant differences 
between patients who received radiation cordotomy and 
those who did not receive radiation cordotomy (log-rank 
test, p=0.38). However, patients who underwent surgery 
and radiation cordotomy survived longer than those who 
underwent surgery and conventional radiation therapy 
alone (31.5 months vs. 12.5 months). This suggests that in 
the treatment of high-grade spinal cord gliomas, particu-
larly in cases of thoracic cord tumors, the combination of 
radical resection and radiation cordotomy may prolong 
survival. 
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Conclusions

Total surgical resection of high-grade gliomas is rarely 
possible given the infiltrative behavior of this tumor type. 
Tumor location was significantly correlated with the 
survival rate. Notably, radiation cordotomy for tumors lo-
cated below the level of the cervical cord moderately im-
pacted survival. High-grade spinal cord gliomas are rare, 
and thus, the number of patients who could be assessed at 
a single facility is limited. Thus, a prospective multicenter 
study with a unified treatment strategy is warranted in the 
future. 
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