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Abstract

Postoperative Radiotherapy for

Intracranial Ependymoma

— Long-Term Results from a Single Institution —

Won Il Jang
Radiation Oncology
Department of Medicine

Seoul National University

The purpose of this study is to analyze long-term outcome and to evaluate the efficacy
of salvage treatment in the patients who received surgery and postoperative
radiotherapy (RT) for intracranial ependymoma.

From January 1979 through June 2006, 70 patients with intracranial ependymoma

received RT with definitive aim at our institution. The median age was 9 years (range,



1~62 years). Seven patients (10%) had craniospinal metastasis at initial diagnosis.

Differentiated and anaplastic ependymoma were found in 57 and 13, respectively. All

patients received postoperative RT to a median total dose of 54 Gy (range, 44.7~61.2

Gy). Craniospinal RT was used in 40 patients (57%).

The median follow-up duration was 52 months (range, 3~228 months). The 5-year and

10-year overall survival (OS) rates for all patients were 86.2% and 62.9%, respectively.

By univariate analysis, age (p=0.04) and extent of resection (p<0.01) were significant

prognostic factors for OS. Mulvariate analysis showed that age was a significant

prognostic factor for OS (p=0.02, relative risk 0.262, 95% confidence interval 0.088—

0.777). Thirty-four patients (49%) had failure as follows: local in 25 patients,

craniospinal in 2, and local plus craniospinal in 7. In patients with anaplastic

ependymoma, there was no craniospinal failure. Twenty-eight of 34 patients with

failure had salvage treatment and 22 patients were successfully salvaged.

Age and extent of resection were identified as major prognostic factors in patients with

intracranial ependymomas. The major pattern of failure of ependymoma was local



failure. Aggressive salvage treatment for the patients with treatment failure results in

high salvage rates. The new treatment strategies are required to improve the probability

of local control.
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Introduction

Intracranial ependymoma are relatively uncommon tumor, comprising 2% to 6% of all

intracranial neoplasm (1). The current standard of treatment for intracranial

ependymoma usually includes maximal surgical resection followed by postoperative

radiotherapy (RT) and chemotherapy is reserved for recurrent tumors. However, for

very young children with age less than 3 years, chemotherapy has been used to delay

or avoid RT. Recent clinical trials in the children with high-grade tumors include

chemotherapy as a component of initial therapy with surgery and RT (2, 3).

Ependymoma arise from the ependymal lining of the ventricular system. They can

occur at any site within the ventricular system or in the spinal canal, so the children

with infratentorial or high-grade tumors have received prophylactic craniospinal

radiotherapy (CSRT). However, there was no evidence to support the use of extended

field or CSRT (4-7). As a result, the current recommendation for patients with

ependymoma is limited-field radiation.



Although several studies have revealed that postoperative RT improves control and

survival, the optimal management has been debated and is based mainly on single

institution experiences (8-11). Until now, age at presentation, tumor location, histologic

grade, craniospinal metastasis, postoperative RT, and the extent of resection have been

identified as important prognostic factors (4-14). Radiation dose, the duration of RT,

and the interval between surgery and RT have been reported as prognostic factors (7,

15-17). However, controversies exist concerning the prognostic factors because of

inconsistency among reported studies. Actually, most of studies were small,

comprising a heterogeneous mix of tumor parameter and prognostic factors, including

extent of resection and grade.

We performed a retrospective review of our institutional experience for 27 years. The

purpose of the present study is to analyze long-term outcome and to evaluate the

efficacy of salvage treatment in the patients who received surgery and postoperative

RT for intracranial ependymoma.



Materials and Methods

1. Materials

Medical records of 70 patients with intracranial ependymoma who received RT with

definitive aim at Seoul National University Hospital between January 1979 and June

2006 were reviewed retrospectively. Patient and tumor characteristics of analyzed

patients are shown in Table 1. The median age of patients at the time of initial

treatment was 9 years (range, 1-62 years) (Figure 1). There were 41 male patients

(59%) and 29 female patients (41%). The patients had adequate radiographic studies

for craniospinal area, such as computed tomography (CT), magnetic resonance

imaging (MRI), or cerebral angiography. Seventeen patients (24%) had only CT and

53 patients (76%) had MRI. The majority of patients (83%) had infratentorial tumor.

Seven patients (10%) had M+ disease. All patients had pathological confirmation of

the diagnosis. Differentiated and anaplastic ependymoma were found in 57 and 13

patients, respectively.



Table 1. Patient and tumor characteristics (n=70)

Number of patients (%)

Age Median 9 years
Range 1-62 years

Sex Male 41 (59)
Female 29 (41)

ECOGPS 0,1 44 (63)
2,3,4 26 (37)

Location Supratentorial 12 (17)
Infratentorial 58 (83)

Tumor grade Differentiated 57 (81)
Anaplastic 13 (19

Image at diagnosis CT 17 (29)
MRI 53 (76)

Craniospinal metastasis Negative 63 (90)
Positive 7 (10

Abbreviation: ECOG PS, Eastern Cooperative Oncology Group Performance Status;

CT, computed tomography; MRI, magnetic resonance imaging
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Figure 1. Age distribution of the patients with intracranial ependymoma (n=70)



2. Methods

(1) Treatment

Our general recommendation for the management of an intracranial ependymoma is

maximum surgical resection followed by postoperative RT. Gross total resection (GTR)

was achieved in 21 patients (30%), near total resection (NTR) in 14 (20%), subtotal

resection (STR) in 29 (41%), partial resection (PR) in 4 (6%), and biopsy only in 2

(3%). All patients received underwent microneurosurgery. The extent of resection was

based on through review of the surgeon’s operative note.

All patients received postoperative RT to a median total dose of 54 Gy (range,

44.7~61.2 Gy). The median duration of RT was 48 days (range, 37~104 days). CSRT

was used in 40 patients (57%). The indication of CSRT varied over the treatment era.

From 1979 to 1998, the patients who had high grade, infratentorial location, or

craniospinal metastasis received CSRT. From 1999 to 2003, the patients who had high

grade or craniospinal metastasis received CSRT. Only patients who had craniospinal

metastasis received CSRT since 2004. A median total dose of CSRT was 30 Gy (range,



18~42 Gy). The RT techniques were 2-dimensional in 57 patients (81%), 3-

dimensional in 11 (16%), and intensity modulated in 2 (3%), respectively

Twelve patients (17%) received chemotherapy. Of these patients, 10 patients received

chemotherapy to delay or avoid RT and the others as a component of initial therapies

with surgery and RT for high-grade tumors (Table 2).



Table 2. Treatment characteristics (n=70)

Number of patients (%)

Extent of resection Gross total 21 (30)
Near total 14 (20)

Subtotal 29 (41)

Partial 4 (6)

Biopsy only 2 (3

Radiation dose <54 Gy 45 (64)
>54 Gy 25 (36)

Radiation duration <50 days 45 (64)
> 50 days 25 (36)

Radiation field Craniospinal 40 (57)
Local 30 (43)

Radiotherapy technique 2 dimensional 57 (81)
3 dimensional 11 (16)

IMRT 2 (3

Chemotherapy Yes 12 (17)
No 58 (83)

Abbreviation: IMRT, intensity modulated radiation therapy



(2) Follow-up and Statistical anaylsis

Treatment response was evaluated using Response Evaluation Criteria in Solid Tumor

(RECIST) version 1.1 and toxicity was evaluated using National Cancer Institute

Common Terminology Criteria for Adverse Effect (NCI-CTCAE) version 3.0. Fisher's

exact test or Pearson's chi-square test was used to compare the distribution of various

clinical and pathological characteristics. Overall survival (OS), progression-free

survival (PFS), and craniospinal progression-free survival (CSPFS) rates were

calculated using Kaplan-Meier method and the difference were compared using log-

rank test. All important factors including any factor that influenced prognosis in

univariate analysis were subjected to multivariate analysis using a Cox proportional

hazards regression model with a backward, stepwise procedure to determine whether

factors acted independently. Follow-up time was calculated from the date of the start of

definitive treatment to the date of the last contact or death. Time-to-failure was

calculated from the date of the start of definitive treatment to the date of the relevant

event. A level of 0.05 was considered statistically significant. All calculations were



performed using the SPSS 12.0.1 for Windows (SPSS Inc. Chicago, IL USA)

statistical software package.
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Results

1. Treatment outcome

For all patients, the median duration of follow-up was 52 (range; 3-291 months).

The 5- and 10-year OS rates 86.2% and 62.9%, respectively. The 5- and 10-year PFS

rates were 46.3% and 34.9, respectively (Figure 2). By univariate analysis, age and

extent of resection were significant prognostic factors for OS (Table 3). The 5- and 10-

year OS rates were 70.6% and 34.9% in the patients with age equal or less than 4 years

compared to 91.8% and 75.8% in those with age more than 4 years (p=0.04) (Figure 3).

For 63 patients without craniospinal metastasis, there were no significant differences in

0S, PFS and CSPFS rates between the patients with CSRT and those without CSRT.

Mulvariate analysis showed that age was a significant prognostic factor for OS (p=0.02,

relative risk 0.262, 95% confidence interval 0.088-0.777).
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Table 3. Prognostic factors of intracranial ependymoma with surgery followed by

postoperative radiotherapy: univariate analysis (n=70)

5yrOS p-value 5yrPFS p-value

Age 04 years 70.6 39.2

> 4 years 91.8 004 49.6 014
Sex Male 86.7 45.3

Female 85.7 026 485 098
ECOG PS 0-1 87.0 39.9

2-4 84.9 076 56.1 032
Location Supratentorial 88.9 37.9

Infratentorial 85.6 028 482 083
Tumor grade Differentiated 85.4 47.1

Anaplastic 90.0 032 43.0 098
Image as CT 100.0 56.3
diagnosis MRI 83.1 066 445 022
Metastases MO 88.6 43.1

M+ 68.6 012 83.3 037
Extent of GTR,NTR 86.3 50.6
resection STR 89.6 <0.01 50.4 0.18

PR, Biopsy 66.7 0.0

14



Radiationdose <54 Gy 834 441

>54 Gy 89.6 0.70 432 040
RT duration <50 days 81.2 384

> 50 days 94.4 081 56.1 020
RT field Craniospinal 84.5 454

Local 88.2 049 47.0 079
RT technique Conventional 83.8 46.4

3D or IMRT 100.0 084 56.1 045
Chemotherapy ~ Yes 77.1 50.0

No 88.2 057 454 072

Abbreviation: OS, overall survival; PFS, progression-free survival; ECOG PS, Eastern

Cooperative Oncology Group Performance Status; CT, computed tomography; MRI,

magnetic resonance imaging; RT, radiotherapy; GTR, gross total resection; NTR, near

total resection; STR, subtotal resection; PR, partial resection; 3D, 3 dimensional; IMRT,

intensity modulated radiation therapy

15



2. Patterns of failure

Of the all patients, 34 (49%) had treatment failure. The patterns of failure were as

follows: local failure in 25 patients (73%), craniospinal failure in 2 (6%), and local plus

craniospinal failure in 7 (21%). Of the 7 patients with local plus craniospinal failure, 6

patients had developed local failure as the first failure. One patient who developed

crainospinal failure as the first failure presented with craniospinal metastasis at

diagnosis

Of the 63 patients without craniospinal metastasis at initial diagnosis, 32 (51%) had

treatment failure as follows: local failure in 25 patients (78%), craniospinal failure in 2

(6%0), and local plus craniospinal failure in 5 (16%). Of the 7 patients with craniospinal

metastasis, two had treatment failure in crainospinal area and nobody experienced

treatment failure in local area (Table 4). In the 13 patients with WHO grade IlI

ependymoma, there was no craniospinal failure.

16



Table 4. Patterns of failure according to initial craniospinal metastasis (n=70)

Initial craniospinal metastasis

Patterns of failure

Negative Paositive Total
Local failure 25 0 25
Craniospinal failure 2 0 2
Local & craniospinal failure 5 2 7
Total 32 2 34

17



3. Salvage treatment

Of the 34 patients with treatment failure, 28 had salvage treatment. Twenty-three
patients were treated with surgery, 4 with radiosurgery, 1 with RT. Of the 23 patients
with surgery as salvage treatment, 4 received combined treatments with radiosurgery, 9
with RT, and 3 with both radiosurgery and RT. Twelve patients received chemotherapy.
The response to salvage treatment was complete remission in 10 patients, partial

remission in 2, stable disease in 10, and progressed disease in 6, respectively

4. Toxicity

Hematologic toxicity was the most common of the treatment-related toxicity. Severe
anemia, leukopenia, neutropenia, and thrombocytopenia developed in 4, 17, 10, and 6
patients. The patients with CSRT experienced more hematologic toxicity, compared to
those without CSRT (p<0.01). In the patients without CSRT or chemotherapy, severe
hematologic toxicity developed in only one patient (grade 3 anemia). Short stature
developed in 7 patients and 4 of these 7 patients received CSRT. Memory disturbance

18



developed in 4 patients and 3 of these 4 patients received CSRT. Scoliosis and

cognitive dysfunction developed in 1 and 1 patients, respectively and these two

patients received CSRT (Table 5).

19



Table 5. Complication* according to radiation field (n=70)

Radiation field

Craniospinal field Local field

Complication
Grade Grade Grade Grade

1,2 34 1.2 34
Anemia 30 1 6 3
Leukopenia 26 13 1 4
Neutropenia 17 6 0 4
Thrombocytopenia 28 2 0 4
Short stature 4 0 3 0
Scoliosis 1 0 0 0
Memory disturbance 3 0 1 0
Cognitive dysfunction 1 0 0 0

*National Cancer Institute Common Terminology Criteria for Adverse Effect (NCI-

CTCAE) version 3.0

20



Discussion

Intracranial ependymoma are relatively uncommon tumor and there is no randomized

controlled trial. Existing outcome and prognostic factors were mainly reported by

single institution-based retrospective analysis. Therefore, there was little consensus

with regard to outcome and prognostic factors. The present study was performed to

analyze long-term outcome and to evaluate the efficacy of salvage treatment in the

patients who received surgery and postoperative RT for intracranial ependymoma. This

study is one of the larger studies in the literatures.

In our study, 5-year OS and PFS rates after surgery and postoperative RT, 86.2% and

46.6%, respectively. These results is comparable with those of previous other studies

(4-15). By univariate analysis, age and extent of resection were significant prognostic

factors for OS. Sala et al reported that survival was significantly lower for children

under 4 years. They concluded that age has the strongest prognostic relevance in

childhood intracranial ependymomas, while the effect of tumor location on survival

21



may be related to the high incidence of lateral recess ependymomas in younger

children (18). Duffner et al reported that in the patients with age < 3 years and > 3

years, 5-year survival rates were 25.7% and 63.3%, respectively. They interpreted that

the most likely reason for the difference in survivals between the two age groups

relates to the timing of radiation following chemotherapy. And they suggested an

alternative but less likely hypothesis is that ependymomas in the younger children have

a more aggressive biology (19). Most studies reported that extent of resection was a

prognostic factor for local control, progression-free survival, and overall survival (6, 8-

12). In our study, patients with GTR, NTR, or STR had improved outcome compared

with those with PR or biopsy. The relatively low PFS rate in the patients with GTR

may be caused by the difference of the GTR definition. The definition of GTR has

evolved over time into more stringent definition based on surgeon's reports and

immediate postoperative imaging (8). We were unable to evaluate the extent of

resection with MRI on patients who were treated in the early eras of our study. In some

patients, the extent of resection may be less than GTR on the basis of MRI.

22



In case of the patients with postoperative RT, radiation dose have been reported as a

prognostic factor (7, 15-17). Garret et al reported a dose-response relationship in

intracranial ependymoma. For the patients with radiation dose < 45 Gy, crude survival

rate was 28%, in contrast to 67% for the patients with radiation dose > 45 Gy (20).

Stuben et al reported the significant difference in PFS between the patients with

radiation dose <45 Gy and > 45 Gy (7). On the other hand, in the series by Chiu et al,

5-year survival rates in the patients with radiation dose < 50 Gy and > 50 Gy were 33%

and 58%, respectively and they reported a dose-response relationship for >50 Gy

versus < 50 Gy (16). In our study, we did not observe a dose-response relationship in

intracranial ependymoma. Perhaps it may be because all patients received

postoperative RT with radiation dose more than 44.7 Gy and the majority of patients

(89%) received postoperative RT with radiation dose more than 50 Gy. Recently, there

is some evidence that dose escalation reaching 59.4 Gy or more improve outcome.

Merchant et al reported that the 7-year local control, event-free and overall survival for

pediatric intracranial ependymoma were 83.7%, 69.1%, and 81%, respectively. In that

23



study, more than 80% of patients received GTR and RT with 59.4 Gy. The high rates

of local tumor control, event-free and overall survival highlight the importance of

gross-total resection and the management strategy to administer high-dose

postoperative radiation therapy. (21).

In our study, for 63 patients without craniospinal metastasis, there were no significant

differences in OS, PFS and CSPFS rates between the patients with CSRT and those

without CSRT. Vanuystel et al reported that 5-year PFS rates in the patients with

local RT and CSRT were 38% and 46%, respectively (15). Oya et al reported that there

was no difference for craniospinal metastasis between the patients who received local

RT and CSRT (22). In a recent prospective trial, Merchant et al showed that limited

volume RT achieves high rates of disease control and results in stable neuro-cognitive

outcome. In that study, the patients received 3-dimensional conformal RT to 54-59.4

Gy using a 1 cm clinical target volume margin surrounding the tumor bed or residual

tumor (23). In previous literatures, there was no evidence to support the use of

extended field or CSRT (4-7, 13-16, 22).
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In our study, local failure was predominant pattern of failure. Of the 7 patients with

local plus craniospinal failure, 6 patients had developed local failure as the first failure.

These results are comparable with those of previous studies (4-7, 13-16, 22, 24). In the

current German HIT group trials, 40 patients received CSRT for high-grade

intracranial ependymoma and 25 of these patients had treatment failure, predominantly

local failure (22/25) (25). Considering the patients™ age with intracranial ependymoma

and the possibility of considerable toxicity in the patients with CSRT, we need to

establish strict indications of CSRT. In this study, the indication of CSRT varied over

the treatment era and only patients who had craniospinal metastasis receive CSRT at

present.

In our study, 12 patients received chemotherapy as a component of initial treatment

with surgery and RT and 12 patients received chemotherapy as salvage treatment for

recurrent disease. Bloom et al reported that chemotherapy improved survival in high

grade tumor (26). The other series reported that a significant proportion of children

with ependymoma can avoid or delay with prolonged chemotherapy (27, 28). A

25



prospective trial (Head Start 111) reported that intensive induction and consolidation

chemotherapy in deferring RT appears ineffective in children with infratentorial

ependymoma in the absence of RT (29). In our study, the major indication of

chemotherapy was very young age and these patients had delayed RT. Although the

patients with chemotherapy had more adverse prognostic factors, there was no

difference for outcome between the patients with chemotherapy and without

chemotherapy. We couldn’t conclude the role of chemotherapy in high grade tumor

because of the relatively small number of the patients with high grade tumor and

further study is needed.

The patients with treatment failure had aggressive salvage treatment. Of the 34 patients

with treatment failure, 28 had salvage treatment and better response more than stable

disease developed in 22 patients. Merchant et al reported that patients with locally

recurrent ependymoma experience durable local control after salvage treatement such

as surgery or re-RT (30). Stafford et al reported that the median survival was 3.4 years

and 3-year LC rate was 68% after radiosurgery for recurrent intracranial ependymoma

26



(31). Bouffet et al reported that re-irradiation (re-RT) is an effective treatment that may

change the natural history of recurrent ependymoma in children (3-year OS rate 7%

without re-RT and 81% with re-RT) (32). These studies confirmed the efficacy of

aggressive salvage treatment in patients with recurrent intracranical ependymoma.

Further data and longer follow-up is needed to evaluate the long-term efficacy and

toxicity.

Major limitations of this study are unavoidable selection biases in retrospective study,

the relatively small number of the patients with high grade tumor, no central pathology

review, and the change of treatment strategies over the era.

In conclusion, our study showed that age and extent of surgery are significant

prognostic factors for OS. The major pattern of failure of ependymoma is local failure.

Aggressive salvage treatment for the patients with treatment failure results in high

salvage rates. The treatment strategies, such as radiation dose escalation, radiosurgery,

proton therapy, heavy charged particle therapy, combined radiosensitizer, or increasing

extent of resection, are required to improve the probability of local control..
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