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Abstract 

Purpose: Postoperative radiation therapy adds significantly to disease control and survival of patients with ependymoma. However, much 
controversy exists about the radiation treatment policy. We report the long-term results of a cohort of 56 patients with primary intracranial 
and spinal ependymomas. Special effort has been taken to define prognostic indicators as a basis for future treatment strategies. 

Patients and methods: Between November 1963 and May 1995, 56 patients with histological proven ependymoma were referred to our 
clinic for further treatment following surgery. Thirty patients had a high grading tumor and 26 had low grade tumors. Seventeen patients 
had supratentorial tumors and 24 had infratentorial tumors. Fifteen patients suffered from localized spinal tumors. 

Results: The mean survival time for all patients was 77 months. Five- and lo-year survival probabilities were 60 and 51%, respectively. 
The mean progression free survival (PFS) probability for all patients was 67 months with corresponding 5- and lo-year PFS probabilities of 
53 and 39%, respectively. On univariate analysis initial performance status, age and tumor grade were significant for survival probability. 
Concerning PFS radiation dose was significant with improved survival with doses >45 Gy. On multivariate analysis, tumor grade and 
initial performance status proved to be the only independent.prognostic factors. 

Conclusions: Tumor grade, age, initial performance status and radiation dose are significant factors for the clinical course of patients and 
have to be taken into account for the urgently needed prospective trials.                                      
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1. Introduction 

Ependymomas are rare tumors derived from ependymal 
cells in the brain and spinal cord being first described in 
detail in the 1930s by Baily [l]. Intracranial ependymomas 
constitute 2-4% of intracranial tumors and 4060% of 
spinal tumors [12] in all age groups; in the pediatric age 
group, the incidence is usually less than 10% of intracranial 
tumors [ 11,181. Postoperative radiotherapy remains a stan- 
dard treatment in many situations, although much contro- 
versy remains about the extent of irradiation. The potential 
spread of ependymoma through the cerebra-spinal fluid 
pathways is the biological rationale for extended irradiation 
fields. The data on the incidence of spinal seeding are con- 
flicting, although in general it seems related to tumor grade 
and localization [ 17,29,32]. We report the long-term results 
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of a cohort of 56 patients with primary intracranial and 
spinal ependymomas treated at the Department of Radio- 
therapy of the University of Essen. Special effort has been 
taken to define prognostic indicators as a basis for future 
treatment strategies. 

2. Materials and methods 

2.1. Patients 

Between November 1963 and May 1995,56 patients with 
histologically proven ependymoma were referred to our 
clinic for further treatment following surgery. Twenty- 
nine patients were female and 27 were male. Mean age at 
diagnosis was 25 years (range l-70 years). The age distri- 
bution is shown in Fig. 1. Grading [ 161 was available for all 
patients. Thirty patients had a high grade (HG) (III and IV) 
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Fig. 1. Age distribution of patients. 

tumor and 26 had low grade tumors (LG) (I and II). Seven- 
teen patients had supratentorial tumors and 24 had infraten- 
torial tumors. Six patients with intracranial tumors had 
proven spinal seeding at the time of radiotherapy. Fifteen 
patients suffered from localized spinal tumors. Table 1 
shows the site of tumors stratified by grading. 

2.2. Treatment 

The extent of surgery was assessed from the operation 
notes and histological records prior to radiotherapy. Fol- 
lowing attempted resection, five tumors could be removed 
surgically without microscopically residual tumor (RO, 
four supratentorial, one infratentorial). Three patients 
had a microscopic residual tumor, 37 patients had a 
macroscopic residual tumor and 11 patients had a biopsy 
(+laminectomy). 

Between 1963 and 1995, 17 patients with supratentorial 
tumors were treated in 11 cases with megavolt equipment 
(5.7 MeV/lO MeV) and in six cases with cobalt 60 (SSD 80 
cm). The dose to the primary tumor plus safety margin was 
34.9-50.0 Gy in 18-25 fractions given in 4-6 weeks. Seven 
patients received a boost dose from 14 to 20 Gy in 7-10 
fractions to a total dose of 54-60 Gy. Twelve patients had 
local treatment alone and five patients received local treat- 
ment and whole spine irradiation (34.9-36 Gy). Four 
patients had chemotherapy, including vincristine and 
lomustine (CCNU) in varying schedules and doses. 

The majority of patients with infratentorial tumor were 
treated (n = 15) with megavolt equipment (5.7 MeV) while 
nine cases had cobalt 60 irradiation. The dose to the primary 
tumor plus safety margin was 34.9-55 Gy in 18-25 frac- 
tions given in 4-7 weeks. Seventeen patients received a 
boost dose of 8-20 Gy to a total dose of 54-60 Gy. Eight 
patients had local treatment only and 16 patients received 
both local treatment and whole spine irradiation (34.2-36 
Gy). Six patients received chemotherapy including vincris- 
tine and lomustine (CCNU). 

The patients with the spinal tumor only were treated in 
four cases with megavolt equipment (5.7/10/15 MeV) and in 
11 cases with cobalt 60 irradiation. The dose to the primary 
tumor plus safety margin was 30-50 Gy. Seven patients 
received a boost dose of 7.2-20 Gy to a total dose of 55 
Gy. Ten patients had local treatment alone and five patients 
received local treatment and a radiation of the brain. Seven 
patients received some form of chemotherapy (mainly 
CCNU) in varying schedules. 

2.3. Follow-up and analysis 

Most of the patients (>70%) had regular follow-up in our 
clinic. For the patients we could not see regularly we 
received the information about the patient’s course from 
several sources. A questionnaire concerning the status of 
patients was send to the family doctors and last treating 
specialists. 

The date of death was extracted from the mandatory resi- 
dence register of the communities. Median follow-up from 
end of radiotherapy was 63 months (range 6-391 months). 

Survival and progression-free survival (PFS) were calcu- 
lated by the actuarial method of Kaplan and Meier [ 151 from 
the end of radiotherapy. Two patients who died during 
radiotherapy were excluded from the survival analysis. 
Prior to the introduction of CT scanning diagnosis of pro- 
gression was based on clinical evidence. Later, confirmation 
of progression was obtained by CT or NMRI, which was 
available in 77% of patients. The significance level of dif- 
ferences between actuarial survival curves was determined 
using the log rank test [21]. Independent significance of 
prognostic variables was tested by a multivariate analysis 
using the proportional hazard model of Cox [5]. 

3. Results 

3.1. Univariate analysis of survival 

The mean survival time for all patients was 77 months 
(SD 6.8 months) (Fig. 2a). Five- and lo-year survival prob- 
abilities were 60 and 51%, respectively. Univariate analysis 
of survival by gender, performance status, age, site, grade, 
resection status, radiation dose and technique are displayed 
in Table 2. 

In summary, gender had little impact on the survival 
probability. Five- and lo-year survival of female patients 
was 56 and 46% compared to 64 and 58% of male patients, 

Table 1 

Histology versus site 

Supratentorial 
Infratentorial 
Spinal 

Grades I and II (8) Grades III and IV (8) 

10/17 (59) 7/17 (41) 
7124 (29) 17/24 (71) 
9115 (60) 6115 (40) 
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respectively. Tumor grade was a significant factor influen- 
cing the prognosis. The 5 and lo-year survival of patients 
with LG tumors was 73 and 68%, compared to 47 and 33%, 
respectively, for patients with HG tumors (Fig. 2a). The 
initial performance status had a significant impact on the 
survival probability. The 5- and lo-year survival of patients 
with normal or slight reduced physical activity (WHO status 
0 and 1) was 72 and 64% compared to 50 and 42%, for 
WHO status 2 and 3, respectively (Fig. 2b). The difference 
in survival of children and adults was statistically significant 
with better prognosis for older (>16 years) patients (Fig. 
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2~). Tumor site had no detectable impact on the actuarial 
survival. Known extent of surgery, radiation dose and extent 
of radiation fields were insignificant determinants of actuar- 
ial survival on univariate analysis. 

3.2. Progression free survival 

The mean PFS probability for all patients was 67 months 
(SD 6.9 months) with corresponding 5- and lo-year PFS 
probabilities of 53 and 39%, respectively. Univariate ana- 
lysis of progression free survival by gender, performance 
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Fig. 2. Actoarial survival curve for all (n = 54) patients stratified by (a) grade, (b) performance status (WHO) and (c) age. (d) Progression free survival curve 
for all (n = 54) patients stratified by radiation dose. 
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Table 2 

Prognostic factors influencing survival 

Factor 

Gender 
Female 
Male 

Performance status 
WHOOand 1 
WHO2and3 

Age 
116 years 
> 16 years 

Tumor Site 
Supratentorial 
Infratentorial 
Spinal 

Tumor grading 
IandII 
III and IV 

Extent of resection 
RO 
Rl 
R2 

Radiation dose 
145 Gy 
>45 Gy 

Craniospinal irradiation 
Yes 
No 

Number of Actuarial 5-/lO-year 
patients survival rate (%) 

28 56146 
26 64158 

23 12164 
31 50142 

21 40140 
33 72158 

17 76161 
22 40127 
15 6262 

26 13168 
28 47133 

5 80/80 
3 67167 

46 55150 

12 48148 
42 63152 

23 48/30 
31 67163 

P-value 

NS 

0.02 

0.03 

NS 

0.02 

NS 

NS 

NS 

Progression free 5-/10- 
year survival rate (%) 

53/40 
52139 

63148 
40133 

38/38 
55139 

74165 
45129 
41124 

60154 
36/18 

40140 
67167 
51139 

36124 
54145 

45130 
58145 

P-value 

NS 

NS 

NS 

NS 

NS 

NS 

0.05 

NS 

NS, not statistically different (P > 0.05). 

status, age, site, grade, resection status, radiation dose and 
extent are displayed in Table 2. 

The gender of the patients had no impact on the prog- 
nosis. Initial performance status was an important prognos- 
tic factor with PFS probabilities at 5 and 10 years of 63 and 
48% for WHO I and II compared to 40 and 33% for WHO 
III and IV performance status, respectively. Disease control 
of young patients (116 years) was marginally worse than of 
adults. Localization of the tumor did influence PFS with 
better prognosis for supratentorial tumors. Tumor grade 
had influence on the prognosis with PFS probabilities at 5 
and 10 years of 60 and 54% for grade I and II tumors 
compared to 36 and 18% for grade III and IV tumors, 
respectively. However, this difference was not statistically 
significant (P = 0.1). The extent of resection was an insig- 
nificant determinant of PFS on univariate analysis. There 
was a significant difference in survival probability between 
patients treated with doses up to 45 Gy compared to patients 
having received more than 45 Gy (36 versus 54% 5-year 
PFS survival, Fig. 2d). The difference in survival probabil- 
ity between patients treated with limited or extensive radia- 
tion fields was not significant. 

3.3. Multivariate analysis of actuarial survival 

On multivariate analysis, tumor grade and initial perfor- 
mance status proved to be the only independent prognostic 

factors for survival with relative risk values of 2.8 (1.2-7.4 
CL) (grades I and II versus III and IV) and 2.8 (1.2-7.2 CL) 
(WHO performance status values of 0 and 1 versus 2 and 3). 

3.4. Multivariate analysis of progression free survival 
(PFS) 

A multivariate analysis showed performance status and 
tumor grade as independent prognostic indicators for PFS 
with a relative risk of recurrence of 2.0 (1.1-4.7 CL) for 
WHO performance status values of 0 and 1 versus 2 and 3. 
The corresponding risk factors were 2.4 (1 .l-5.5 CL) for 
tumor grades I and II compared to grade III and IV tumors. 
A further multivariate analysis was inappropriate as sub- 
groups became too small for further stratification. 

3.5. Patterns of relapse 

Seven of 54 patients (13%) treated developed recurrent 
tumor after a mean time from irradiation of 34 months 
(range 12-70 months). Four of these recurrent tumors 
were observed within the previous irradiation fields. 
Seven of the 54 patients (13%) developed spinal seeding 
during follow-up. The incidence of seeding was 17% (51 
30 patients) for HG tumors compared to 7.6% (2/26 
patients) for LG tumors. The incidence of seeding was smal- 
ler for HG supratentorial tumors (2/17 patients, 12%) than 
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for HG infratentorial tumors (2/7 patients, 28%). For LG 
tumors the frequency of seeding was dependent on localiza- 
tion; only infratentorial tumors seeded (2/5 patients). 
Neither of them received a prophylactic irradiation of the 
craniospinal axes. The HG tumors developed spinal seeding 
despite irradiation of the craniospinal axes. 

3.6. Side effects 

Two patients died during the irradiation period. One died 
due to a large progressive tumor in the brain stem area 
where an attempt of palliative radiotherapy was performed. 
One patient died of intercurrent disease (cardiac infarction). 
These patients were excluded from the further analysis. 

During the follow-up period no proven radiation induced 
myelopathy was observed. No radiation induced (in field) 
secondary tumor was diagnosed. 

3.7. Neurological function 

The neurological function of most (n = 33) patients was 
scored prior to radiotherapy and about 6 months after the 
end of treatment. From the available patients 9133 (27%) 
showed an improvement of initial neurologic deficit(s). 
Fourteen (42%) patients had virtually unchanged neurologic 
functions and lo/33 patients (30%) deteriorated. Table 3 
summarizes the developments of neurological function stra- 
tified by localization of tumors. 

4. Discussion 

Due to the low incidence of ependymal tumors most pub- 
lished series have few patients, limiting in general the sta- 
tistical power of the data. The clinician is clearly in a 
dilemma as no more data are available. 

In many situations, postoperative radiation therapy adds 
significantly to disease control and survival of patients with 
ependymoma [10,22,23,28,3 1,351. However, much contro- 
versy exists about the treatment policy. The discrepancies in
treatments are based on the lack of generally accepted prog- 
nostic factors. An analysis of prognostic indicators contri- 
buting to the clinical behavior of this rare tumor might be 
helpful for the radiation therapist’s decision as to which 
volume has to be treated with what dose. 

Table 3 

Development of neurologic deficit(s) 6 months after radiotherapy stratified 
by tumor site 

Localization 

Supratentorial 
Infratentorial 
Spinal 

Neurologic deficit (s) 

Improved (%) Unchanged (%) Deteriorated (%) 

4/12 (33) 6/12 (50) 2112 (17) 
2112 (17) 6112 (50) 4/12 (33) 
319 (42) 219 (26) 419 (44) 

An overview of available data from larger series on sur- 
vival of both intracranial and spinal ependymoma is sum- 
marized in Table 4. 

Especially for comparison with older studies, the death of 
the patient is the most robust endpoint, especially in view of 
the lack of possibilities to visualize a recurrent tumor before 
CT or NMRI was broadly available. Our actuarial survival 
data for intracranial tumors agree well with published data. 
In the investigation of Vanuytsel et al. [34] on 93 patients 
with intracranial ependymoma the survival probability of 
patients at 5 and 10 years was 51 and 42%, respectively, 
which is camp&able to our study where 5- and lo-year 
actuarial survival probabilities of 58 and 45% were esti- 
mated. Virtually identical data were published by Bloom 
et al. [3] for a pediatric group of patients. Our data for 
PFS are also in agreement with the data of larger published 
series [7,11,34]. 

In our investigation on the subset of 15 spinal ependymo- 
mas, 5- and lo-year actuarial survival probabilities of 62% 
were estimated. The corresponding data for PFS are 41 and 
24%. Hulshof et al. [ 131 published the results of 34 patients 
with spinal ependymoma. They described no difference in 
5-year survival for the patients having received radiotherapy 
or surgery alone (5-year survival 9 1%), yet in this investiga- 
tion, only 3/34 patients had grade II and III tumors, while in 
our study the majority of patients (1 l/15) suffered from 
grade II and III tumors. This reflects the current referral 
policy of the primary treating neurosurgeons. The data of 
Garrett and Simpson [7] for spinal tumors also were derived 
from a favorable patient subset with only 2/41 HG tumors. 
In a detailed comparative study by site of tumor origin 
Marks and Adler [22] estimated a 5-year actuarial survival 
of 57% for spinal cord tumors, which is highly comparable 
to our patients with spinal tumors, who had a 5-year actuar- 
ial survival of 62%. The authors of the study on 61 patients 
[22] also showed pronounced differences in the prognosis 
depending on tumor site, with worse prognosis for supra- 
tentorial tumors compared to infratentorial and spinal 
tumors. Our study did not support this finding. 

Only few data are available on the neurological status 
following postoperative radiotherapy. In the present study, 
sufficient data on the neurological status of 33 patients were 
available. Approximately 30% of patients showed an 
improvement of neurological deficits 6 months after radia- 
tion therapy. About 42% of patients had a virtually 
unchanged neurologic function and 30% deteriorated with 
their neurologic deficits. Hulshof et al. [13] published 
results on 30 spinal glioma (only few ependymoma), 
where 47% of patients improved their neurologic function, 
43% remained unchanged and 10% deteriorated. In his ser- 
ies, the proportion of LG spinal tumor was favorable with 
corresponding high PFS data. This might explain the smal- 
ler amount of lasting improvements, as a deterioration of 
neurologic status is usually associated with recurrent tumor, 
which is more likely in HG tumors. 

In summary our analysis of prognostic factors of all 
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Table 4 
Survival of patients with ependymoma 

                                                            

Author Number of patients Stratum S-/lo-year actuarial 
survival 

5-/lO-year PFS 
survival 

Salazar et al. [30] 

Shaw et al. [31] 

Bloom et al. [3] 

Vanuytsel et al. [34] 

Goldwein et al. [ 11 J 

Garret and Simpson [7] 

Marks and Adler [22] 

Carrie et al. [4] 
Rousseau et al. [28] 
Nazar et al. [24] 
Hulshof et al. [ 131 
Linstadt et al. [20] 
Present study 

51 
17 
34 
lga 
NS” 
NS” 
33 
26 

51 
22 
23 
93 
41 
49 
40 
53 
45 
17 
28 
91 
50 
41 
20 
26 

28 
65 
35 
34 
21 
39 
17 
22 
15 
26 
28 

All intracranial 34 
LG 39 
HG 26 
All intracranial” NSl69” 
LG” NSl75” 
HG” NSl67” 
All intracranial 6215 1 
LG 71 
HG 29 
All intracranial 51140 
LG 58147 
HG 39130 
All intracranial 51142 
LG 67158 
HG 36130 
Supratentorial 48140 
Infratentorial 53143 
All intracranial 46 
Supratentorial 35 
Infratentorial 50 
Intracranial and spinal 60154 
All intracranial 43 
Spinal 83 
Supratentorial 35 
Infratentorial 59 
Spinal 57 
All intracranial 40140 
All intracranial 63 
Infratentorial 45 
Spinal 91/91 
Spinal 93193 
All intracranial 58145 
Supratentorial 76161 
Infratentorial 40127 
Spinal 62162 
LG 73168 
HG 47133 

41138 

37134 
44142 
30 
15 
38 
56153 

40140 
45 

81/58 
53148 
74165 
45129 
41124 
60154 
36118 

NS, not stated. 
‘A subset with ‘appropriate’ treatment, based on age, grade, site, dose and treatment volume. 

patients indicated that age, grading, initial performance sta- 
tus and radiation dose contribute to the clinical course of 
patients. 

In other studies [2,7,29,3 1,341 grading was also identified 
as a prognostic factor. Bloom et al. [3] and Garret and 
Simpson [7] also clearly showed the impact of functional 
status at the time of referral for radiotherapy of patients with 
intracranial tumors. 

In a univariate analysis of PFS a dose-response effect was 
detectable with a significantly improved PFS for patients 
having received more than 45 Gy. In other series where a 
larger spectrum of radiation doses was applied a dose 
response relationship could also be shown [7], especially 
for intracranial tumors [9]. In addition, Bloom et al. showed 
a significant correlation between maximum tumor dose and 
survival in children. A 15-year survival rate of 56% was 
estimated for patients having received 55 Gy or more com- 

pared to 32% for the patients given less than 45 Gy. Other 
authors could not show a correlation between dose and sur- 
vival [22,28,34], most probably due to the narrow dose 
range applied in this series and the relative small amount 
of recurrent tumors for subsets of patients. 

Much controversy exists concerning the extent of radia- 
tion fields and especially concerning the adjuvant craniosp- 
inal axis irradiation. The biological rationale of extended 
irradiation fields is the potential risk of spinal fluid spread. 
Most authors show an incidence of seeding in the range of 
O-15% [22,34], which is in agreement with our data, where 
17% seeding was diagnosed. Some authors showed an 
increase of seeding for undifferentiated tumors [ 17,32,34] 
while others [6,26,27] could not show a correlation of seed- 
ing with grade. However, for high grade tumors most 
authors prefer craniospinal axis irradiation [8,14,17,19,30] 
regardless of tumor site. 
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For low grade tumors the situation is even more com- 
plex. Whole brain or localized irradiation is preferred by 
most authors for supratentorial LG tumors [2,8,1922, 
25,301. For supratentorial LG ependymoma the trend 
towards entire cranial treatment compared to local irradia- 
tion may be based on insufficient imaging and planing pro- 
cedures in older studies [19]. 

For infratentorial LG ependymoma some radiotherapists 
suggest whole brain irradiation with a boost [8,22,30], some 
suggest localized treatment only [31,33,36], while others 
tend to irradiate the craniospinal axis [2,7,14,17,25]. In 
view of an analysis of failure Shaw et al. [31] did not sup- 
port the use of spinal axis irradiation for low grade infra- 
tentorial ependymoma. These data were confirmed by 
Goldwein et al. [9] who could not demonstrate an advantage 
of craniospinal irradiation for patients with LG tumors. 
They therefore suggest treating patients with benign lesions 
locally. 

Based on the observation that there was no difference in 
survival of patients whose neuroaxis was irradiated from 
those whose neuroaxis was not irradiated, Marks and 
Adler [22] favor this irradiation only in selected situations. 
The authors suggest neuroaxis irradiation for patients with 
HG ependymoma in the posterior fossa or those with proven 
spinal metastases. In their view well differentiated tumors 
seldom seed and may be irradiated with generous local 
fields. However, as in our study, where also no difference 
in survival for different extents of radiation fields was 
observed, a possible bias is the prescription of extended 
fields with more undifferentiated tumors. In a careful ana- 
lysis of relapses of 17 children with histologically malignant 
intracranial ependymomas, the need for prophylactic treat- 
ment for children with anaplastic ependymoma could 
neither be substantiated nor refuted [9]. According to this 
study the use of local radiation alone should be restricted to 
carefully designed clinical trials with careful post treatment 
evaluation of the spine and brain. Patients with supratentor- 
ial anaplastic tumors should receive whole brain irradiation 
with a boost and those with anaplastic infratentorial, 
documented leptomeningeal spread, or anaplastic tumors 
impinging on CSF pathways should receive craniospinal 
irradiation with a local boost. Carrie et al. [4] could not 
show a benefit of craniospinal irradiation in 37 patients 
with a majority of HG tumors. These findings are in contrast 
to the study of Salazar et al. [30] who showed a reduction of 
local failure after craniospinal irradiation. The comparison 
was made with a historical group treated from 1959 to 1979 
where the standard of pre-treatment and follow-up was 
insufficient by today’s standard. 

Based on our experience and review of the literature, we 
presently prefer local irradiation of localized LG tumors 
regardless of site. For HG supratentorial tumors local treat- 
ment is also preferred, while for infratentorial HG tumors 
craniospinal axis irradiation is performed. In summary, the 
limited number of patients precludes definitive statements 
concerning the extent of radiation fields necessary. Tumor 

grade, age, initial performance status and radiation dose are 
significant factors for the clinical course of patients and 
have to be taken into account for the urgently needed pro- 
spective trials. 
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