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Summary 

Of 34 evaluated patients with primary spinal cord tumors, 32 were irradiated at our institutions between 1969 
and 1983. The results are reported of 32 patients, 16 with ependymoma and 16 with astrocytoma, who were 
treated with postoperative external beam radiotherapy following biopsy or subtotal resection. 

Twenty-nine patients received 45-55 Gy megavoltage beam irradiation in five to six weeks, and the 
remaining three patients received less than 40 Gy. The minimum follow-up was five years. Five- and ten-year 
actuarial survival rates for the entire group of patients were 73% (22/30) and 50% (8/16), respectively, 
including three patients who were salvaged by surgery after radiotherapy failures. Corresponding five- and 
ten-year relapse-free survival rates were 60% (18/30) and 32% (6/19), respectively. Of the 29 patients who 
received more than 45 Gy, relapse-free survival at five years was 63% (17/27). Treatment failed in 13 
patients, and all of those failures were within the irradiated portals. Patients with ependymomas have 
significantly better relapse free survival than those with astrocytomas, 80% vs. 40% (p < 0.05). There was a 
significant difference in survival between patients with tumors involving the cervical spine and those with 
tumors in the other locations, 45% vs. 89% (p < 0.05). There was no significant difference in survival 
between patients with cauda equina tumors and those with tumors of the spinal cord, 100% vs. 68% (p > 
0.05). No radiotherapy-related neurological deficit was noted with a maximum 20 year follow-up. This study 
confirms that external beam radiotherapy is a safe and effective treatment modality for primary spinal cord 
tumors. 

Introduction 

Primary spinal cord tumors are rare. Only 4% of 
central nervous system neoplasms are intraspinal, 
and the incidence of spinal cord gliomas is approxi- 
mately 23% of all tumors arising in the spinal canal 
[1, 2]. It has been well documented that no further 
therapy is required for tumors that were complete- 
ly excised using microsurgical techniques [3-7]. 
Recently, Hermann et al. [8] reported that micro- 
scopic CO2 laser resection is a safe and reliable 
alternative to achieve complete removal of intra- 

medullary tumors, in particular those that were 
previously considered unresectable with standard 
microsurgical techniques. Postoperative external 
beam radiotherapy following incomplete surgical 
resection, such as biopsy or subtotal resection, has 
shown the potential benefit in the management of 
primary spinal gliomas; however, there are no clear 
guidelines with respect to radiotherapeutic man- 
agement due to the small number of patients in 
each series and relatively short follow-up of report- 
ed cases. This retrospective study analyzes our ex- 
perience with 32 patients treated for cure with ex- 
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ternal beam radiotherapy and compares the treat- 
ment results with those in other series [9-16]. 

Materials and methods 

Thirty-six patients with primary spinal cord tumors 
were seen at our institutions between 1969 and 
1983. One patient refused treatment, and one was 
treated elsewhere. Non-Hodgkin's lymphomas 
were found in two patients who were excluded 
from this study. We report the results on the re- 
maining 32 patients. Patient evaluation consisted 
of history, physical examination and laboratory 
studies, including cytology in cerebrospinal fluid 
(CSF). Spine x-rays and myelogram were perform- 
ed routinely, and computed tomography (CT) of 
the spine with contrast material was added after 
1975. Presenting symptoms in decreasing order 
were motor weakness, pain in the back or neck, 
sensory changes, urinary frequency and muscular 
atrophy. 

The patient distribution according to age is 
shown in Table 1. The highest incidence is in the 
third decade with a median age of 26 years and a 
range from two to 66 years. The study group is 
comprised of 16 patients with ependymomas and 16 
patients with astrocytomas. In all patients the his- 
topathological diagnosis was established by surgi- 
cal procedures such as decompression biopsy or 
subtotal resection. Three of the 16 patients with 
astrocytoma were found to have high-grade tu- 
mors. Eighteen patients, 13 with astrocytoma and 

Table 1. Patient distribution according to age (median age = 26) 

Age Number of patients 

1-10 3 
11-20 6 
21-30 8 
31-40 1 
41-50 4 
51-60 4 
61-70 6 

Tot~ 32 

five with ependymoma, underwent decompression 
biopsy only, and in 14 patients, three with astrocy- 
toma and 11 with ependymoma, subtotal resections 
were performed. Twenty-seven of the neoplasms 
originated within the spinal cord, and five involved 
the conus medullaris and cauda equina. Cervical 
spine (C-spine) involvement was found in 1i of 32 
patients. Statistical significance was determined by 
the chi-square test. 

All patients were treated with megavoltage 
equipment, Cobalt-60 and 4-MeV or 12-MeV line- 
ar accelerators. In all cases, treatment planning 
was initiated approximately two to three weeks 
following surgery. Patients were treated in the 
prone position, if feasible. 

Twenty-three patients were treated with a 3 cm 
craniocaudal margin around the tumor volume, 
which was defined by radiographic criteria from 
myelograms or CT myelograms. The remaining 
nine patients were treated with margins of two 
vertebral bodies above and below the spine in- 
volved with tumor. The doses delivered are sum- 
marized in Table 2. Three patients received less 
than 40 Gy; two, due to poor medical conditions, 
received 20 Gy, and one 38 Gy. Twenty-one pa- 
tients received 45-50 Gy in five to six weeks, and 
six patients were treated to doses in excess of 
50 Gy. Daily fraction sizes of 1.8 or 2.0 Gy were 
given through single posterior portals, and the dose 
usually was prescribed at a depth of 5 cm. Where 
feasible, two posterior oblique fields were used 
with wedges. The fields were not routinely reduced 
for boost irradiation. 

The follow-up period ranges from five to 20 
years. Patients were seen at one and three months 
after irradiation, then at three- to four-month in- 
tervals for three years, and thereafter at six-month 

Table 2. Patient distribution according to dose 

Dose (cGy) Number ofpatients 

2000-3800 3 
4500-5000 21 
5001-5500 6 

Total 32 
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Fig. 1. Entire group of patients (32 patients), o = Actuarial 
survival; x = Relapse free survival. 
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Fig. 2. Relapse free survival (Ependymoma vs. astrocytoma). 
o =  Ependymoma (16 patients); x =  Astrocytoma (16 pa- 
tients). 

or one-year intervals by both the radiation oncol- 
ogist and the neurosurgeon. 

History and careful neurological examinations 
were relied upon for evaluation of tumor control. 
Spine x-ray, myelogram, CT myelogram, and mag- 
netic resonance imaging studies were obtained for 
asymptomatic patients once a year or whenever 
clinical signs and symptoms indicated possible re- 
currence. 

Results 

For the entire group of 32 patients, survival rates at 
five and 10 years were 73% and 50%, respectively. 
The corresponding five- and ten-year relapse-flee 
survival rates were 60% and 32% (Fig. 1). Patients 
with ependymomas have significantly better re- 
lapse-free survival than those with astrocytomas, 
80% vs. 40% at five years (p < 0.05) (Fig. 2). For 
16 patients with ependymomas, five- and ten-year 
actuarial survival rates were 87% and 67% and 

Table 3. 5 year actuarial survival according to location of the 
tumor 

Cervical spine involved Other locations 

5/11 (45%) 17/19 (89%) p <  0.05 

Canda equina involved Other locations 

5/5 (100%) 17/25 (68%) p > 0.05 

corresponding relapse-flee survival rates were 
80% and 43%, respectively. One patient who expe- 
rienced recurrence one year following radiother- 
apy was salvaged by surgery and is currently alive 
without recurrent disease at six years. For 16 pa- 
tients with astrocytomas, the survival rates at five 
and 10 years, respectively, were 60% and 40%, 
with corresponding relapse-free survival rates of 
40% and 25%. Two patients were salvaged by sur- 
gery after radiotherapy failure. One patient experi- 
enced a local recurrence at 18 months and was 
salvaged by surgery until she died of rectal cancer 
11 years later. The second patient failed locally 
seven months after radiotherapy, was salvaged by 
surgery, and remains free of disease five years fol- 
lowing irradiation. 

The tumor arose in, or involved, the C-spine in 
11 of 32 patients. Eight of the 11 tumors were 
astrocytomas. C-spine involvement represents an 
important adverse prognostic factor, as survival of 
these patients was significantly worse relative to 
those with tumors in other locations (45% vs. 89%, 
p < 0.05) (Table 3). Five patients with tumors 
originating from the cauda equina were found to 
have ependymomas and experienced a 100% ac- 
tuarial survival at five years. All of these patients 
had presented with ependymomas. For the 27 pa- 
tients without cauda equina involvement, the five- 
year survival rate was 68%. This difference was not 
statistically significant. For ependymoma patients 
with involvement of other portions of the spinal 
cord, the five-year survival rate was 80%, com- 
pared with 100% in patients with tumors located in 
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Fig. 3. Relapse free survival (Subtotal resection vs. biopsy 
only), o = Subtotal resection (14 patients); x = Biopsy only (18 
patients). 

the cauda equina (p > 0.05). In contrast, the sur- 
vival at five years was 60% in patients with astrocy- 
tomas involving spinal cord; none of the astrocyto- 
mas presented in the cauda equina. 

Three patients received less than 40 Gy; two of 
these patients received 20 Gy in 13 fractions sec- 
ondary to medical conditions. One patient died of 
recurrent disease at ten months, and the other pa- 
tient died at five years from recurrent disease, 
which had developed four years following radio- 
therapy. The third patient received 38 Gy in 21 
fractions and remains alive without recurrence at 
seven years. 

For the 29 patients who received more than 
45 Gy, the relapse-free and overall survival rates at 
five years were 53% and 78%, respectively. With a 
20 year maximum follow-up, no radiotherapy-re- 
lated neurological deficits were noted, although in 
six patients, the spinal cord was irradiated to doses 
greater than 50 Gy. Four patients with ependymo- 
mas were treated to radiation doses between 52 and 
55 Gy; three are free of disease without radiation 
sequelae, one is alive with recurrent tumor at 14 
years. In contrast, both patients, two patients re- 
ceiving 52 and 54 Gy for astrocytomas died of re- 
current disease within 18 months after treatment. 

Treatment failed in nine of 16 patients with astro- 
cytomas and in four of 16 with ependymomas. All 
those failures were within the irradiated portals. 
There were no marginal failures irrespective of 
how much margin was given. We saw no evidence 
of intracranial failure or CSF seeding. 

In our analysis, the extent of surgical resection 

had no significant impact on ultimate tumor con- 
trol. The five-year relapse-free survival rates in 
patients who underwent biopsy vs. subtotal resec- 
tion were 47% vs. 77% ,!respectively (Fig. 3). This 
difference was not statistically significant (p > 
0.1). Of patients with ependymoma, five and 11 
underwent decompression biopsies and subtotal 
resections, respectively. In contrast, 13 of 16 pa- 
tients with astrocytoma had biopsies only, and 
three underwent subtotal resections. 

Discussion 

Approximately 50% of intramedullary ependymo- 
mas can be completely removed by microsurgical 
technique, as reviewed by Garcia [15]. In contrast, 
only 6% of intramedullary astrocytomas can be 
removed completely even with the use of micro- 
surgical technique. It is well documented that com- 
plete surgical excision alone of primary spinal cord 
tumors using microsurgical technique can result in 
excellent local control and survival rates [3-9]. 
Fischer et al. reported on 14 of 16 patients surviving 
after complete removal of intramedullary ependy- 
momas [5]. Therefore, postoperative adjuvant ra- 
diotherapy is not recommended for most of those 
patients who undergo complete surgical removal. 

Several authors reported that postoperative ra- 
diotherapy resulted in improved long-term survival 
rates for those patients who underwent incomplete 
surgical removal such as decompression biopsy or 
subtotal resection [9-16]. Schwade et al. showed 
that all 12 patients with ependymomas are alive 
without recurrence with a minimum follow-up of 
three years, and five of the six patients with low- 
grade astrocytomas survived longer than three 
years [10]. Garcia reported 70% and 58% respec- 
tive five- and ten-year actuarial survivals for pa- 
tients treated with surgery and postoperative irra- 
diation [15]. According to Kopelson et al . ,  local 
control was achieved in eight of nine patients after 
subtotal resection and radiation therapy and in five 
of eight patients after biopsy and radiotherapy [11]. 
This study reports actuarial five- and ten-year sur- 
vival rates of 58% and 23%, respectively, for pa- 
tients with astrocytoma and of 100% and 73% for 



patients with ependymoma. Five- and ten-year ac- 
tuarial survival rates in our studies are comparable 
to these, being, respectively, 73% and 50% for the 
entire group of patients, 87% and 67% for patients 
with ependymoma, and 60% and 40% for those 
with astrocytoma. As reported by several other 
authors [10, 11, 15] patients with ependymoma had 
significantly better relapse-free survival rates at 
five years than did patients with astrocytoma (80% 
vs. 40%). However, for both types of tumors a 
significant number of late failures between five and 
ten years were seen as was also noted in another 
recent report [17]. 

Shaw et al. reported that the extent of surgical 
removal did not significantly affect disease-free or 
overall survival in patients with intraspinal ependy- 
moma [16]. According to Reimer et al . ,  there was a 
significantly lower rate of survival at seven years 
for patients who underwent decompression and 
biopsy only, as compared to those who had subtotal 
removal (42% vs. 60%), and they suggested that 
more radical resection may be associated with in- 
creased survival [7]. In our analysis, relapse-free 
survival rates at five years for patients who under- 
went biopsy alone vs, subtotal resection were 47% 
vs. 77%, respectively (p > 0.1). This suggests im- 
proved survival for the latter group of patients but 
has not reached statistical significance. The impact 
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of the extent of surgical resection on survival re- 
mains controversial. Table 4 summarizes the re- 
suits of different series and their recommended 
dose. 

Most of the authors recommended doses of 40- 
45 Gy for ependymomas and 50 Gy for astrocyto- 
mas. Shaw et al. suggested that improved control 
can be achieved safely with doses greater than 
50 Gy and recommended localized treatment to 
lesions, following surgical removal, with a shrink- 
ing field technique delivering a total dose of 55 Gy 
for ependymomas [16]. Based on our failure rates 
and excellent tolerance of radiotherapy (45- 
55 Gy), we recommend 45 Gy for ependymomas at 
either the spinal cord and/or cauda equina and 
50 Gy for astrocytomas. In selected cases, doses in 
excess of 50 Gy may improve local control with 
excellent tolerance. Since all recurrences were 
within the radiation portals and none were outside 
or at the edge of the field, we believe that the 
shrinking field technique is not necessary as a rou- 
tine, and that radiation fields with margins of 
2-3 cm around the carefully assessed tumor volume 
are sufficient to achieve optimal local control. Giv- 
en the failure patterns of primary spinal cord tu- 
mors, local tumor control is most critical for the 
overall treatment outcome. Improvement of local 
tumor control by irradiation is challanging because 

Table 4. Literature review 

Author Number of patients Histology Survival Recommended dose 

Schwade et al. 27 12E; 6A;  E =  100%; A =  67%; 45-50Gy 
(1950-1975) 9 Unknown Unknown = 56% 
Kopelson et al. 23 11 E; 10 A; 2 Mixed E = 100%; A = 58% 40-45 Gy for E 
(1962-1979) 45-50 Gy for A 
Garrett  et at. 41 41E E = 83% 50Gy 
(1958-1980) 
Shaw et al. 

(1963-1983) 22 22E E = 95% 55 Gy 
Garcia 37 18 E; 15 A; 70% for entire group 40-45 Gy for Cauda 
(1954-1979) 3 Unknown; Equina Tumor 

1 Lymphoma 45-50 Gy for 
IntrameduUary Tumor 
45 Gy for E 
50-55 Gy for A 

Chun etal .  32 16E; 16A E = 87%; A =  60% 
(1969-1983) 

E = Ependymoma; A = Astrocytoma. 
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of the narrow margin between tumor control and 
the potential complications of spinal cord injury. 
This can be estimated to be 20% at doses of 57 Gy 
and to increase rapidly as doses are escalated [18]. 
Given the benefitial effects of hyperfractionated 
irradiation in differentiating between late-reacting 
normal and tumor tissues it is worth exploring the 
value of altered fractionation schemes with fraction 
sizes of 1.1 to 1.2 Gy twice-a-day [19, 20]. Based on 
animal studies, the tolerance of the spinal cord to 
radiation doses between 1.0 and 2.0 Gy is over- 
estimated by the linear quadratic model and ap- 
pears to more accurately predicted by the incom- 
plete repair model [21, 22]. More data on the repair 
kinetics of spinal cord tissue is required until hyper- 
fractionated irradiation can be used clinically [21]. 

Garcia showed that anatomic location of the tu- 
mor was the most important predictor of both sur- 
vival and neurological function. Patients with tu- 
mors of the cauda equina had a significantly better 
survival than those with tumors at other sites (75% 
vs.  5 0 %  at ten years) [15]. In that study, one of 11 
cauda equina tumors was an astrocytoma, and ten 
were ependymornas. In contrast, 13 and 8 of 26 
tumors in other parts of the spinal cord were astro- 
cytomas and ependymomas, respectively. Since 
patients with ependymoma generally have a better 
prognosis, the apparently better treatment out- 
comes of cauda equina tumors is most likely due to 
the high rate of ependymomas in that location. 

In our experience, there was no significant dif- 
ference in actuarial survival between patients with 
tumors of the cauda equina and those with tumors 
at other sites (100% vs. 68% p > 0.05). However, 
there was a significant difference in actuarial sur- 
vival between patients with tumors of the C-spine 
(three ependymomas and eight astrocytomas) and 
those with tumors at other sites (13 ependymomas 
and eight astrocytomas). This may be due to the 
fact that, in our study, the majority of tumors in the 
C-spine were astrocytomas (8/11) relative to the 
other portions of the spine (8/21). 

Our analysis confirms that external beam radio- 
therapy with or without debulking surgery is a safe 
and effective treatment modality for primary spinal 
cord tumors. 
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