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Table 4. Treatment-Related Neurotoxic Effects™

No. in WBRT + SRS Group

No. in SRS-Alone Group

{n = 65) {n=867)
iGrade 1 Grade 2 Grade 3 Grade 4! ’Grade 1 Grade 2 Grade 3 Grade 4,

Acute toxic effects 2 1 1 0 3 3 2 0

Seizure 0 0 1 0 1 2 1 0

Other 2 1 0 0] 2 1 1 0
Late toxic effects 3 0 2 2 1 0 0 2

Radiation necrosis 1 0 0 2 0 0 0 1

Leukoencephalopathy 1 0 2 6} 0 0 0 0

Othert 1 0 0 0 1 0 0 1
Radiological leukoencephalopathy 2 3 2 0 1 1 0 6}
Al gt 2! '
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Table 5. Univariate Analysis of Development of New Metastases at Distant Brain Sites

Actuarial Rate, %

] Log-Rank
& mo 12 mo P Value
Treatment group
WEBRT + SRS 17.5 41.5 :I =
- .003
SRS alone 49.9 63.7
AGE, V
B 24 5 26 Q)
65 34.5 55.9 5
=065 33.9 49.0
Sex -
Male 32.7 51.5 ] 39
Fermale 36.3 55,0
No. of brain metastases
1 27.3 39.2 e
42.4 69.9
= imor site
a0 590
29.5 52.0 40
Other 43.1 55.9
Primary tumor status
Stahle 32.8 44.8 N
20
Active 37.1 69.6
Extracranial melastases
Stable 29.5 38.4 :| .
; . - 02
Active 37.3 69.3
KPS score
70-80 43.2 57.4
: 05
90-100 29.9 50.8
Chemotherapy after brain treatment
Yes 371 59.0
.33
32.9 50.0

sishy Perforrmance St

ing SRS alone (P=.30), including 1 and
2 patients with grade 3 toxicity, respec-
tively, in each group. The symptoms de-
veloped a median of 6 days after initia-
tion ol treatment (range, 1-64 days) in
the WBRT + SRS group and 10 days
(range, 1-86 days) in the SRS-alone
group. Symptomatic late neurologic ra-
diavion toxic effects were observed in
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7 patients in the WBRT + SRS group
and in 3 patients in the SRS-alone group
(P=.20). Toxic effects were experi-
enced for a median of 15.6 months
(range, 6.7-59.4 months) in the
WBRT + SRS group and 6.2 months
(range, 5.8-8.1 months) in the SRS-
alone group. There were 3 cases ol ra-
diation necrosis (grade 1. n=1; grade

4. n=2). 3 cases ol leukoencephalopa-
thy (grade 1, n=1; grade 3, n=2), and
1 case of slight lethargy (grade 1) in the
WBRT + SRS group. In patients receiv-
ing SRS alone, the [ollowing effects were
observed: 1 case of radiation necrosis
(grade 4), 1 of seizure (grade 4), and 1
of headache (grade 1). Radiation ne-
crosis was diagnosed using positron
emission tomography or surgical re-
scction in all cases. Radiological find-
ings consistent with leukoencephalopa-
thy were observed in 7 patients in the
WBRT -+ SRS group and in 2 patients in
the SRS-alone group (P=.09). Three of
these 9 patients also experienced symp-
tomatic leukoencephalopathy; the other
6 patients were asymplomatic.

Brain Tumor Recurrence

Brain tumor recurrence at either dis-
tant or local sites in the brain was ob-
served in 63 patients (23 in the
WBRT + SRS group and 40 in the SRS-
alone group). The 12-month actuarial
brain tumor recurrence rate was 46.8%
(95% Cl, 29.7%-63.9%) in the
WBRT+ SRS group and 76.4% (95% C1.
63.3%-89.3%) in the SRS-alone group
(P<2.001).

Filty-five patients had new brain me-
tastases at distant sites (21 in the
WBRT + SRS group and 3+ in the SRS-
alone group). The 12-month actuarial
rate of developing new brain merasta-
ses was 41.5% (95% CI, 24.4%-
58.64%) in the WBRT + SRS group and
63.7% (95% CI, 49.0%-78.4%) in the
SRS-alone group (P=.003) (Figure 2B).
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The multivariate analysis revealed that
WBRT -+ SRS was associated with a re-
duced risk of recurrence (hazard ra-
tio, 0.32; 95% (I, 0.18-0.58; P<<.001)
{TABLE 5 and TABLE 6).

During the follow-up period, 122 pa-
tients (92% of the total patients en-
rolled) had at least 1 follow-up MRI
scan performed. In total, 581 fol-
low-up MRI scans were performed; of
these, 87 scans (15%) demonstrated
new brain metastases: these 87 “event
scans” were obtained in 55 patients. Six-
teen percent of these “eventscans™ (14/
87) were associated with neurologic
symptoms at the time of the MRI
examination.

A total of 247 metastases received ini-
tial treatment with SRS (117 in the
WBRT + SRS group and 130 in the SRS-
alone group). Follow-up MRI was avail-
able for 210 metastases (85%). The ac-
tuarial local tumor control rate at 12
months was 88.7% (95% ClI, 80.1%-
97.3%) in the WBRT + SRS group and
72.5% {95% Cl, 60.3%-84.7%) in the
SRS-alone group (P=.002) (FIGURE 3).
The histopathological type (adenocar-
cinoma vs others) was not shown to
be a significant factor (P=.90). The
multivariate analysis also showed
significantly better tumor control
by WBRT + SRS treatment (hazard ra-
tio, $.83:95% C1. 2.00-11.65; P<<.001).

Salvage treatment for progression of
brain tumor was required signifi-
cantly more lrequently in patients re-
ceiving SRS alone (29 patients) than in
the WBRT + SRS group (10 patients)
(x*=12.33; P<<.001). Salvage WBRT
was applied in 11 patients in the SRS-
alone group but was not used in any pa-
tients in the WBRT + SRS group. Sal-
vage SRS was used in 19 patients in the
SRS-alone group and in 9 patients in the
WBRT + SRS group.

Systemic and Neurologic
Functional Preservation

Systemic functional preservation rates
(KPS score =70) at 12 months were
33.9% (93% Cl, 22.2%-45.4%) in the
WBRT + SRS group and 26.9% (95%
C1, 16.3%-37.5%) in the SRS-alone
group (P=.53). The decrease in the KPS

©2006 American Medical Association. All rights reserved.

score 1o below 70 was attributed 1o neu-
rologic causes in 17 patients (29%) in
the WBRT + SRS group and 14 (22%)
in the SRS-alone group.

The actuarial rates of neurologic
preservation at 12 months were 72.1%
(95% C1, 58.8%-85.4%) with
WBRT + SRS and 70.3% (95% C1,
55.6%-85.0%) with SRS alone (P=.99)
when neurologic preservation was
defined as a lack of any worsening of
the neurologic grade on follow-up
examination, compared with the pre-
treatment grade. In total, 85 patients
(38 in the WBRT + SRS group and 47
in the SRS-alone group) did not
have neuvologic symptoms when
brain metastases were diagnosed
(grade 0). Among the 47 patients who
had a pretreaument grade of 1 to 3, an
improvement in neurologic status was
observed at least once in 9 patients
and 10 patients in the respective
groups (x*=1.32; P=.24). Deteriora-
ton of neurclogic lunction was
observed in 43 patients, including 7
who initially experienced improve-
ment after treatment (22 in the
WBRT + SRS group and 21 in the SRS-
alone group; x*=0.09; P=.75). This
deterioration was attributed to either
original or distant brain metastases in
13 patients (59%) in the WBRT + SRS
group and 18 patients (86%) in the
SRS-alone group (x°=3.78; P=.05).

Late neurologic radiation toxic effects
were the cause of deterioration in 4
and 2 patients in cach group, respec-
tively. Either meningeal dissemination
or spinal cord metastases induced
neurologic deterioration in 5 and 1
patient in each group, respectively.
Neurocognitive function was option-
ally assessed using the Mini-Mental
State Examination (MMSE). Among the
+4 patients (25 in the WBRT + SRS
group and 19 in the SRS-alone group)
who lived 12 months or longer, MMSE
data were available in 28 patients at least
once {16 in the WBRT+5RS group and
12 in the SRS-alone group) at the me-
dian follow-up times of 30.5 months
(range, 13.7-58.7 months) with
WBRT + SRS and 20.7 months (vange,
13.3-53.8 months) with SRS alone. The
median MMSE pretreatment score was
28.0 (range, 23-30) in the WBRT + SRS

Table 6. Multivariate Analysis of
Development of New Metastases at Distant
Brain Sites

Hazard Ratio P
(95% CI) Value

0.32 (0.18-0.58) .001

Treatrment group
(WEBRT + SRS}

No. n ¢S]
o}

elastases |
KPS score (70-80) O

0.8

0.6+

S 0.4

——— WBRT+SRS |
SRS Alone |

Proportion of Lesions With
tocal Tumor Control

i
-

Log-Rank £ =.002

0 6 12 18
No. of Lesions at Risk

WBRT+SRS g8 5? 3 20
SRS Alone 114 55 23 7

30 36 42 48 54 60

Months
14 8 7 3 3
2 2 1 1 0

There was a statistically significant increase in local turmor control in patients receiving whole-brain radiation
therapy (WBRT) plus stereotactic radiosurgery {(SRS) (P=.002).

(Reprinted) JAMA, June 7. 2006-—Vol 295, No. 21
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group and 27.0 (range. 23-30) in the
SRS-alone group. The median score at
the final follow-up was 27.0 (range, 21-
30} in the WBRT + SRS group and 28.0
(range, 18-30) in the SRS-alone group.

COMMENT

Stereotactic radiosurgery is a method
of delivering high doses of {ocal radia-
tion to a tumor while minimizing irra-
diation of the adjacent normal tissue.
This approach was originally devel-
oped by the Swedish neurosurgeon Lars
Leksell as a substitute for direct surgi-
cal intervention.* Stereotactic radio-
surgery is now available worldwide, and
itis increasingly used to treat brain me-
tastases because itis less invasive com-
pared with direct surgical interven-
tion, although a direct randomized
comparison of the 2 modes has not been
performed to date.

Whole-brain radiation therapy has
been astandard treatment for brain me-
tastases [or several decades.'*®™1" In
more recent years, the importance of fo-
cal aggressive therapy combined with
WBRT has been increasingly recog-
nized. > Andrews et al* recently re-
ported the results from RTOG 9308, a
multi-institutional phase 3 wial of 333
paticnts with 1 to 3 brain metastases
who received WBRT with or without
SRS hoost. A statistically significant im-
provement in median survival with the
addition of SRS was seen in patients
with a single brain metastasis.

To reduce the risk of late radiation
effects,'** WBRT is increasingly being
omitted trom the initial management
strategy.” There is not yet a general
consensus regarding the risks and hen-
efits of omitting up-front WBRT. One
study showed a trend toward im-
proved survival among patients who re-
ceived SRS alone,'* whereas another
study showed a trend toward worse
survival among patients who received
SRS alone.'® A retrospective multi-
institutional review of SRS alone vs SRS
with WBRT in 569 patients failed o
show any difference in survival be-
tween the 2 groups.” In a single-
institution prospective randomized trial
comparing WBRT with observation in

2420 JAMA, June 7, 2006—Vol 293, No. 21 (Reprinted)

patients who underwent conventional
surgery,” a large increase in intracra-
nial relapse and a concomitant in-
crease in death due to neurologic causes
were identified in the non-WBRT
group; however, no survival differ-
ence was identitied in that study. In the
present study, no significant survival
difference was observed between the
groups receiving WBRT + SRS and SRS
alone, although the number of pa-
tients was not large enough to allow de-
tection of any differences that were
smaller than we had assumed. In addi-
tion, no significant difference in the fre-
quency of death due to neurologic
causes was observed. Moreover, these
results were obtained in spite of the
rather large increase in intracranial fail-
ure when WBRT was omitted. A fur-
ther observation of note from the
present trial was the signilicant in-
crease in local failure with SRS alone.
even though the radiation dose in these
patients was considerably higher than
that administered 1o patients receiv-
ing WBRT + SRS. We have adapted the
30% reduced dose of SRS in the
WBRT + SRS group, which could have
lowered local control of the brain me-
tastasis in the WBRT + SRS group.
However, we have observed opposite
results in this study: the local control
rate was significanty higher in the
WBRT + SRS group than in the SRS-
alone group. This observation lends
merit to the value of fractionation,
which might help overcome some ra-
diation resistance mechanisms, such as
hypoxia.

Also ol concern in this contextis that
higher brain recurrence rates are asso-
ciated with neurologic deterioration.”
In a previous randomized study of sur-
gery with or without WBRT.® the time
to neurologic deterioration was dra-
matically longer in the WBRT group,
although no difference in functional
independence was observed. In the cur-
rent study, no significant difference in
the preservation of neurologic func-
tion was observed. However, the present
study might have less ability 10 detect
small differences. and the present assess-
ment of neurologic function was not

conducted with sophisticated mea-
sures that might have detected differ-
ences between patient groups.

Although surgery and SRS are both
focal treatments, SRS is less invasive and
may be repeated more often than sur-
gical intervention.'! The optimal tim-
ing of these interventions is an issue that
remains open for debate. OQur results
suggest that the early detection of a
brain recurrence and early salvage brain
treatinent may prevent neurologic de-
terioration and neurologic death, even
when WBRT is not included in the ini-
tial treatment. However, study partici-
pants more {requently undergo physi-
cal and radiological examinations than
do patients in the community. Given
that the majority of new brain metas-
tases were initially detected in asymp-
tomatic patients, studies assessing the
benelits of scheduled imaging should
be conducted in the future.

In conclusion, our findings demon-
strated that SRS alone without up-
front WBRT was associated with in-
creased brain tumor recurrence;
however, it did not resultin either wors-
ened neurologic [unction or increased
risk of neurologic death. With respect
to patient survival, the control of sys-
temic cancer might outweigh the fre-
quent recurrence of brain tumors.
Therefore, SRS alone could be a treat-
ment option, provided that frequent
monitoring of brain tumor status is con-
ducted.
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The only true hope for civilization—the conviction
of the individual that his inner life can alfect out-
ward events and that, whether or not he does so., he
is responsible for them.
—Stephen Spender (1909-1993)
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SPINAL CORD GLIOMAS: A MULTI-INSTITUTIONAL
RETROSPECTIVE ANALYSIS
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Purpose: To determine the impact of postoperative radiation therapy (POXRT) on outcome in spinal cord gliomas.
Patients and Methods: Data from 242 patients were collected retrospectively from six institutions using a
standardized data sheet. Pathology specimens, when available, were centrally reviewed.

Results: A total of 183 patients were analyzed: 82 received surgery alone as initial treatment, whereas 101 had
surgery and POXRT. Demographic, diagnostic, and treatment factors were analyzed for impact on progression-
free (PFS) and overall survival (OS). PFS in ependymoma patients was 74%, 60%, and 35% at 5, 10, 15 years,
respectively, and was significantly influenced by treatment type, race, age, tumor grade, and type of surgery on
univariate analysis, with age being the only significant factor on multivariate analysis (MVA) (p = 0.01). OS of
ependymoma patients was 91%, 84%, and 75% at 5, 10, and 15 years, respectively, and was significantly
influenced by both complete resection (p = 0.04) and age (p = 0.03) on MVA. In astrocytomas, PFS was 42%,
29%, and 15% at 5, 10, and 15 years, and was significantly influenced by POXRT in low- and intermediate-grade
tumors on MVA (p = 0.02). OS at 5, 10, and 15 years was 59%, 53 %, and 32%, respectively, and was significantly
influenced by grade on MVA (p < 0.01).

Conclusion: Postoperative radiation therapy reduced disease progression in low- and moderate-grade astrocy-
tomas. In ependymomas, complete resection significantly influenced OS. © 2006 Elsevier Inc.

Spinal cord, Glioma, Radiation.
INTRODUCTION have been conflicting (2, 3, 8, 11-13, 15-17, 20, 22, 24,
26-28, 32-34). The influence of the various prognostic
factors on survival has also varied (2-9, 11-13, 15-34). An
attempt to review patients treated for spinal cord gliomas at
our institution and five others was made. The participation
of six centers permitted the study of a large number of
patients. The aim of this study was to report the overall (OS)
and progression-free survivals (PFS) in this patient popula-
tion. We also attempted to detcrmine the influence of vari-
ous clinical, topographic, pathologic, operative, and radio-
therapcutic factors on long-term clinical outcome.

Advances in surgical techniques and the widespread avail-
ability of improved imaging techniques have enhanced the
ability of ncurosurgeons to perform complete rescctions of
these uncommon neoplasms. Thesc changes have led to
rapid evolution in the management of spinal cord gliomas.
In all but patients with infiltrative tumors, total rescctions of
these gliomas have become more attainable (1, 2). The role
of postoperative radiation therapy (POXRT) for intramed-
ullary gliomas has consequently evolved as well. However,
heterogeneity in the treatment methods and pathology and
the small number of patients complicate the development of

unified treatment management rccommendations (2-34).
Furthermore, reports regarding the effect of radiation dose,
extent of radiation ficld, and radiation technique on outcome

METHODS AND MATERIALS

Six institutions participated in this retrospective study. Only
patients with the diagnosis of spinal cord glioma, ependymoma, or

Reprint requests to: May Abdel-Wahab, M.D., 1475 NW [2th
Avenue (D-31), Miami, FLL 33136. Tel: (305) 243-4210; Fax:
(305) 243-4363; E-mail: mwahab@mecd.miami.edu
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astrocytoma were included in the study. Clinical data were col-
lected from medical records of spinal glioma patients operated
between August 1953 and March 2000, using a standardized data
sheet. Pathology slides were obtained for central pathology revi-
sion by two neuropathologists (B.W.S., O.Y.) who applied the
2000 World Health Organization (WHO) classification and grad-
ing scheme (35). Simulation and portal films, when available, were
reviewed in irradiated patients. The information was then entered
into a computerized database at the University of Miami/Jackson
Memorial hospital. The retricved data included gender, race, age at
diagnosis, status at last follow-up, patterns of fatlure, presence and
duration of sensory or motor signs and symptoms, pathology tumor
subtype, tumor grade, and extent of surgery. If a complete resec-
tion was performed, then information regarding the method
(whether piecemeal or en-bloc) was obtained. The number of
surgeries, level of involvement, presence of brain or brainstem
involvement, and number of cord segments involved were also
documented.

Information regarding change in neurologic status after treat-
ment, presence of pain, and type of pain medication used was
collected. Documentation of available investigations such as com-
puted tomography (CT) scan, magnetic resonance imaging (MRI)
scan, and cerebrospinal fluid analysis was also done. The presence
or absence of cysts cither inside or immediately adjacent to the
tumor on radiography or operative note was documented. This was
done in an attempt to study their prognostic implications. Other
data retricved included the overall radiation treatment time, tech-
niques, field margins, and dose fractionation of radiation therapy.

Treatment

Surgery was in the form of complete or partial resection or
biopsy. Radiation therapy was given to the site of the primary
lesion with a margin of one to three vertebral bodies in patients
receiving radiation to limited local fields. However, craniospinal or
whole spinc radiation was given in 10 patients based on the
personal preference of the treating radiation oncologist. Craniospi-
nal fields were given using parallel-opposed cranial fields matched
to posterior spinal fields. The local ficld radiation was delivered via
a posteroanterior field in most patients. Anteroposterior-posteroan-
terior, oblique, or lateral fields were used less often. All patients
were treated using megavoltage equipment. Most patients were
treated using photons alone, although 6 patients received electron
beam treatments alone or in conjunction with photons. All but 1
patient were treated once per day. The median total radiation dose
and dose per fraction were 49.5 Gy (range, 30-60 Gy) and 1.8 Gy
(range, 1.33-2.27 Gy) for ecpendymoma patients and 50 Gy (range,
6.7-56 Gy) and 1.8 Gy (range, 1-2 Gy) for astrocytoma paticnts.

Pathologic evaluation

Confirmation of the pathology was attempted through a central
pathology review by two ncuropathologists (B.W.S., O.Y.) using
the WHO 2000 classification (35). The reviewer-confirmed WHO
tumor type was used in our analyses; however, in patients with no
tissue available for review, original institutional diagnosis and
grades were accepted. Among astrocytomas, pathologic subtypes
encountered were pilocytic and diffuse or fibrillary tumors {Grades
2-4). Ependymomas were classified as myxopapillary (WHO
Grade 1) and as cellular tumors (WHO Grade 2-3).

Statistical methods
Because pathologic type is known o be one of the most signif-
icant prognostic factors affecting outcome (34), all statistical anal-

yses were carried out separately for ependymomas and astrocyto-
mas. The Cox proportional hazards mecthod (36) was used to
compare time to disease progression (PFS) and OS in patients
treated with surgery alone to that of patients receiving POXRT.
The definition of local disease progression or failure was as tol-
lows: an increase/progression in the size of the lesion as a whole
or the enhancing portion on MRI/CT scan. Progression and sur-
vival were measured from date of surgery, and all deaths (any
cause) were counted as cvents. The comparability of the two
treatment groups was examined with respect to demographics
(gender, race, cthnicity, and age), diagnosis (pathology subtype,
tumor grade, presence of cysts, extent of cord involvement, num-
ber of segments), and treatment (date and type of surgery) using a
chi-square test for catcgorical variables and Fisher’s exact test for
dichotomous variables. Next, we obtained univariate estimates of
the effect of postoperative radiation and cach of the demographic,
diagnostic, and treatment characteristics on discase progression
and survival. Multivariate Cox models were then developed to
cstimate the effect of postoperative radiation treatment (vs. surgery
alone) after adjustment for factors identified on univariate analysis
as having prognostic significance, taking the 15% level as a guide-
line for considering covariate inclusion. Models were tested for
interaction to determine whether the estimated effect of postoper-
ative radiation varied with the level of any included covariate. In
instances of covariates with a substantial amount of missing data,
we obtained results from a multivariate model without the covari-
ate of interest and compared them with estimates from an adjusted
model in the subset of patients for whom values of the additional
covariatc were available. We also examined the effect of radiation
dose by modifying our multivariate models to compare cach of two
radiation groups—paticnts receiving a total dose of less than 5000
cQGy “after surgery and thosc treated with 5000 ¢Gy or higher—
against patients who had surgery only (reference group). Kaplan-
Mecicr cstimates were obtained for the proportion of progression-
free and surviving paticnts over a 15-year period after surgery, in
addition to the Cox models (36).

RESULTS

Information regarding 242 patients was submitted for
inclusion in the study. Fifty-ninc patients werc excluded
because of incomplete information. The remaining patients
were excluded because of a lack of information on date of
surgery, survival or diseasc status, or follow-up of less than
6 months. Thus, our study included information on disease
progression and survival for 183 patients. One hundred and
twenty paticnts had a diagnosis of ependymoma. Six had
other gliomas (glioma not otherwisc specified [NOS] or
oligodendroglioma). Information was obtained from six
study sites: the contribution of each site with regard to the
ependymoma patients was as follows: 21 (17%) patients
from the University of Miami; 12 (9%) from Thomas Jef-
ferson University; 7 (6%) from Wayne State University; 28
(22%) from Barrow Neurologic Institute; 27 (21%) from
Wake Forest University; and 31 (25%) from Hokkaido Uni-
versity. Similarly, data were obtained for 57 patients with
astrocytic tumors as follows: 13 (23%) patients from the Uni-
versity of Miami: 3 (5%) from Thomas Jefferson University; 8
(14%) from Wayne State University; 2 (4%) trom Barrow; 16
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(28%) from Wake Forest University: and 15 (26%) from
Hokkaido University.

Patients with ependymoma/NOS/oligodendroglioma

Demographic, diagnostic, and treatment characteristics:
Patients were classified as ependymoma on the basis of
central pathology review (92 patients) or by institutional site
report if slides were not available for review (27 patients).
One additional patient had a mixed ependymoma, four had
a glioma NOS, and two had an oligodendroglioma. Eighty
cases in which slides were available for review showed
concurrence between central review and institutional site
reported pathology. Grade was reported by study site inves-
tigators for only 82 (65%) of the 126 patients; in 93 of these
patients, tumors were reviewed for grade using WHO cri-
teria. Of the 64 patients with both reported and reviewed
grade, only 24 (37.5%) were similarly graded and typed.

Fifty-seven patients had CT scans and 101 paticnts had
MRI scans at the time of diagnosis. Thus, both studies werc
done in a subset of patients. ‘

Although we attempted to obtain information regarding
the duration of symptoms before diagnosis, information was
not available in 64 of the 126 studied patients. Information
for 41 patients in the surgery-only group showed a median
duration of symptoms cqual to 12 months (range, 1-120
months; mean, 20 months), whercas the 23 paticnts treated
with surgery followed by radiation showed a median dura-
tion of symptoms of 6 months (range, <1-48 months;
mean, 11.3 months).

Neurologic status improved after treatment in 27 paticnts
(9 radiation, 18 surgery), was stable in 15 patients (6 radi-
ation, 9 surgery) and was worse in 10 patients (4 radiation,
6 surgery). However, information was missing in 74 pa-
tients, making this information of limited use.

With regard to the 63 patients who underwent a complete
rescction, 15 had a piccemeal resection and 41 had an
en-bloc resection (information was not available for the
remaining patients).

Table 1 summarizes the demographic, diagnostic, and
trecatment characteristics of the ependymoma patients.

Survival analyses

Disease progression: Disease progression occurred in 38
of the ependymoma patients after a median follow-up of 22
months (range, 1 month to 14 years and 1 month). The 88
patients who remained progression-frec were followed for a
median of 5 years and 1 month (range, 4 months to 15
years). Kaplan-Meier estimates of the proportion of ependy-
moma patients alive without disease progression at 5, 10,
and 15 years were 74% (95% Cl, 66-83%), 60% (95% Cl,
48-72%), and 35% (95% Cl, 11-60%), respectively (Fig.
1).

Of the 38 instances of disease progression, 8 occurred in
the group of 64 patients treated with surgery only; 3 of these
8 patients had complete resections, 1 partial resection, 2
biopsies only, and in 2 patients, the extent of surgery was
unknown. There were 30 instances of progression among
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the 62 patients who received postoperative radiation; 4 of
these patients had complete resection, 17 partial resection, 7
biopsy only, and in 2 patients, the extent of surgery was
unknown. Infield failure was the main type of failurc in the
radiation patients in whom cause of failure was known. In
radiation patients, infield failure alone was seen in 12 pa-
tients, with combined infield and distant spine failure seen
in 2 patients. Two additional patients had concurrent infield
and marginal failure. Patterns of failure in study cohort in
gencral were as follows: 13 infield, 3 marginal, 1 distant spine,
2 brain, 1 outside the central nervous system, 2 combined
infield and distant spine, 3 combined infield and margin, and
the remaining 13 patients failed but the exact type of failure
is unknown. Median total dose was 49.1 Gy (range, 40-55.8
Gy) for the 18 patients with infield failure and 48 Gy (range,
41.7-50 Gy) for 6 paticnts with other types of progression.
Univariate analysis of factors potentially affecting PES is
seen in the upper panel of Table 2. Treatment, race, age,
tumor grade (for both site-reported and reviewed-WHO),
and type of surgery were significant, whereas ethnicity was
marginally significant.

The lower panel of Table 2 presents a multivariate anal-
ysis of discase progression in which the effect of radiation
treatment was adjusted for factors found to be significant on
univariate analysis with the exception of grade, which en-
tails a substantial amount of missing data. Adjustment for
the remaining factors (type of surgery, age, and race) re-
duced the analysis sct to 116 paticnts, including 33 of the 38
patients who experienced discase progression, but the me-
dian and range of follow-up were cssentially unchanged.
The resulting modcl indicates that postoperative radiation
treatment as compared with surgery alone was not signifi-
cantly associated with disease progression (p = 0.11). Age
remained a significant prognostic factor in the multivariate
model, with an estimated 27% reduction in the risk of
discase progression for every 10-year increase in age (p =
0.01). Complete resection surgery was associated with a
60% risk reduction, which had marginal statistical signifi-
cance (p = 0.06). (The effect of the extent of surgery on
PFS is seen in the lower panel of Fig. 1.) The estimated
doubling of risk for white patients as compared with other
races was also of marginal statistical significance (p =
0.08). The multivariate model was further modificd to con-
sider the effect of radiation dose, but this did not result in
evidence of a benefit even when comparing ependymoma
patients who received high-dose postoperative radiation
(=50 Gy) with those who had surgery only (adjusted hazard
ratio 1.3, p = 0.67, not shown).

Although univariate analyses indicated a significant risk
associated with high-grade disease, data were not sufficient
to include grade in the multivariate model. As can be seen
from the upper pancl of Table 2, adjustment for grade would
reduce substantially both the number of patients and the
number of events (disease progression). Furthermore, the
number of high-grade patients is small, using either site-
reported or WHO criteria, and most of these patients re-
ceived radiation therapy (sce Table 1). We note further that
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Table 1. Characteristics of 126 ependymoma patients by treatment group

1063

Postoperative radiation (62)

Surgery only (64)

Characteristic n (%) n (%) p value*

Sex Male 35 (56) 35(55) 0.86
Female 27 (44) 29 (45)

Race White 44 (72) 42 (68) 0.70
Other 17 (28) 20 (32)
Missing 1 2

Ethnicity Hispanic 3(5) 6 (10) 0.49
Non-Hispanic 58 (95) 56 (90)
Missing 1 2

Age at surgery =24 years 13 (21) 9 (14) 0.01
25-54 41 (67) 33(52)
=55 7 (12) 21(33)
Missing 1 ]

Median, 36; range, 6-74 Median, 46; range, 376

Pathology Ependymoma 59 (95) 61 (95) 1.0
Oligos and glioma NOS 3(5) 3(5)

Subtype Myxopapillary 9 (26) 8(14) 0.31 (myxopapillary vs.
Cellular 19 (54) 39 (68) cellular vs. tan/other)
Tanicytic 3(9) 1 (2)
Other 4(11) 9(16)
Missing 27 7

Grade, site reported  High (3) 8(21) 0(0) <0.01 (high vs. low/
Modecrate (2) 7(18) 4(9) moderate)
Low (1) 23 (61) 40(91)
Missing 24 20

Grade, WHO High (3) 3(8) 1(2) 0.29 (high vs.
Moderate (2) 23 (64) 45 (79) low/moderate)
Low (1) 10 (28) 11(19)
Missing 26 7

Presence of cysts Yes 21 (43) 20 (38) 0.69
No 28 (57) 32 (62)
Missing 13 12

Cord involvement Cervical 17 27) 26 (41 0.11 (Cervical vs.
Thoracic 14 (23) 9(14) thoracic vs. lumbar
Lumbar 5(8) 10(16) vs. con/other)
Conus 2(3) 3(5)
Overlapping sites/other 24 (39) 15(24)
Missing 0 1

Number of segments =5 44 (75) 52 (87) 0.11
=6 15 (25) 8(13)
Missing 3 4

Surgery Complete resection 12 (20) 51(82) <0.01
Biopsy/partial resection/none 47 (80) 11 (18)
Missing 3 2

Date of surgery Pre-1980 12 (19) 1(2) <0.01 (Pre-1990 vs.
19801989 24 (39) 5(8) later)
1990 or later 26 (42) 58 (90)

Radiation dose <50 Gy 31 (53) 1 NA
=50 Gy 28 (47) 4
Missing/NA 3 59

Abbreviations: NOS = not otherwise specified; NA = not available.

* Chi-square or Fisher’s exact test.

only 2 patients were classified as high grade by both site
report and central pathology review, whereas the following
discrepancies and missing values were observed: 4 patients
were reported as high grade but classified as moderate on
review, 1 was reported as moderate and classificd as high
grade on review, 2 were reported as high grade but not
reviewed, and 1 was determined to have high-grade discase
by pathology review but did not have a site report.

Overall Survival: There were 15 deaths among the

epcndymoma patients after a median follow-up of 4.3 years
(range, 8 months to 13 ycars and 5 months). The 111
patients who were alive at last contact were followed for a
median of 5.7 years (range, 7 months to 15 years). Kaplan-
Meier estimates of the proportion of ependymoma patients
surviving to 5, 10, and 15 years were 91% (95% Cl, 85—
97%), 84% (95% Cl, 75-92%), and 75% (95% CI, 60—
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Fig. 1. Progression-free and overall survival in 126 ependymoma paticnts by type of surgery.

89%), respectively (Fig. 1). Three of the 15 deaths occurred
in the group of 64 patients treated with surgery only; 1 of
the deccased patients had complete resection, 1 partial re-
section, and | biopsy only. Twelve of the 62 patients who
received postoperative radiation died, but only I of these
patients had complete resection, whereas 8 had partial re-
section and 3 had biopsy only.

Univariate analysis, which is summarized in the upper
panel of Table 3, identified age, grade, cysts, and type of
surgery as significant prognostic factors, whereas treatment
was marginally significant.

The lower pancl of Table 3 presents the multivariate
analysis of overall survival. The effect of radiation trcat-
ment was adjusted for type of surgery and age in the set of
119 patients for whom these covariates were known. After
adjustment for these variables, there was no evidence that
postoperative radiation treatment was associated with sur-
vival (p = 0.99). Age remained a significant prognostic
factor for overall survival, with an estimated 34% rcduction
in the risk of disease progression (hazard ratio = 0.66) for
every 10-year increase in age. (For example, the risk for
disease progression for 30-year-old paticnts would be csti-
mated as 34% lower than that of 20 year olds.) Complete
resection was associated with a 72% reduction in risk of
death (95% CI, 0.03-0.95).

As was the case with PFS, data were not sufficient to

develop a multivariate model in which the risk of death was
adjusted for high-grade discase. To determine whether our
findings could be further explained by the presence of cysts,
the multivariate model was applied to the subgroup of
patients for whom this information was available. We found
that presence of cysts was associated with an 88% risk
reduction (hazard ratio 0.12; 95% CI, 0.02-0.97), whereas
age again remainced significant.

With respect to radiation dose, there was still no evidence
of improved survival in a comparison of ependymoma pa-
tients given high dose postoperative radiation (=50 Gy)
with those having surgery only (adjusted hazard ratio 1.12,
p = 0.89).

Patients with astrocytoma

Our study included information on discase progression
and survival for 57 patients with a diagnosis of astrocytoma.

Demographic, diagnostic, and treatment characteristics
of astrocytoma patients by treatment: Fifty-seven patients
had astrocytomas. Patients were classified as astrocytoma
on the basis of central pathology review (27 patients) or
by institutional site report if slides were not available for
review (30 patients). Of note is that 3 patients reported as
having a mixed glioma were included in the astrocytoma
group as well. Among the 25 patients in whom both
central and institutional site report were available, 24
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Table 2. Cox proportional hazards models for 15-year progression-free survival in 126 patients with ependymoma

Hazard ratio p value

Factors (univanate analysis) Patients Progression (95% CI) (Wald)

Treatment Postoperative radiation vs. surgery only 126 38 3.77(1.71-8.28) <0.001
Sex Male vs. female 126 38 1.59 (0.82-3.08) 0.17
Race White vs. others 123 38 2.67 (1.04-6.84) 0.04
Ethnicity Non-Hispanic vs. Hispanic 123 38 0.42 (0.16-1.09) 0.07
Age Per 10-year increase 124 37 0.76 (0.62-0.94) 0.01
Subtype Cellular vs. myxopapillary 75 18 1.01 (1.36-3.39) 0.87
Grade, site-reported* High vs. low 82 21 3.50 (1.16-0.54) 0.03
Moderate vs. low 1.69 (0.54-5.31) 0.37

Grade, World Health High vs. low 93 26 15.02 (3.20-70.52) <0.001

Organization®

Moderate vs. low 0.77 (0.29-2.04) 0.60

Cysts Present vs. not 101 29 0.69 (0.31~1.53) 0.36
Cord involvement Lumber vs. conus 125 38 1.79 (0.38-8.44) 0.47
Cord proper vs. conus 2.20(0.52-9.27) 0.28

Segments 6 or more vs. 5 or fewer 119 35 0.97 (0.44-2.13) 0.93

Type of surgery Complete vs. none/biopsy/partial 121 34 0.23 (0.10-0.54) <0.001
Date of surgery 1980-1989 vs. pre-1980 126 38 1.39 (0.56-3.41) 0.48
1990+ vs. pre-1980 0.57 (0.22-1.48) 0.25

Adjusted hazard p value

Multivariate model” Patients Progression ratio (95% CI) (Wald)
Treatment Postoperative radiation vs. surgery only 116 33 2.32 (0.83-6.49) 0.11
Type of surgery Complete vs. nonc/biopsy/partial 0.40 (0.15~1.06) 0.06
Age Per 10-year increase 0.73 (0.56-0.93) 0.01
Race White vs. others 2.32 (0.89-6.05) 0.08

* High = 3/anaplastic, moderatc = 2/cellular, low = 1/myxopapillary. Because numerical designations were not available for all cascs

descriptors were used.
" p < 0.001 model fit.

(96%) were classified as astrocytoma by both data
sources. With regard to grade, only 24 (42%) of the
astrocytoma patients had review of grade by WHO cri-
teria. Grade was reviewed centrally but not reported by
the institution in 3 patients. Of the 21 patients with both
reviewed and reported grade, only 9 were consistently clas-
sified into the low-, intermediate-, or high-grade groups by the
WO sources.

Thirty-ninc patients had MRI scans and 30 patients had
CT scans (some patients having had both imaging stud-
ies) done at the time of diagnosis.

Neurologic status improved after treatment in 14 pa-
tients (11 radiation, 3 surgery), was stable in 5 patients (2
radiation, 3 surgery), and was worse in 4 patients (3
radiation, 1 surgery). Unfortunately, information was
lacking for the remaining 34 cases, thus rendering this
information of limited use.

Thirteen patients underwent complete tumor resection,
the method being known in 11 (4 en-bloc resections and
7 piecemeal rescctions).

Table 4 summarizes the demographic, diagnostic, and
treatment characteristics of 39 astrocytoma patients who
received radiation treatment after surgery and 18 who
were treated by surgery alone.

Disease progression: Disease progression occurred in
33 of the astrocytoma patients after a median follow-up
of 21 months (range, 4 months to 12 years and 4 months).

2

The 24 patients who remained progression-free were
followed for a median of 5 years and 7 months (range, 2
months to 15 years). Kaplan-Meier estimates of the pro-
portion of paticnts alive without discase progression at 3,
10, and 15 years were 42% (95% CI, 28-56%), 29%
(95% CI, 13-45%), and 15% (95% CI, 5-39%), respec-
tively (Fig. 2). Median PFS was estimated as 44 months
(95% CI, 24-110).

Twenty-two of the 39 patients treated with postopera-
tive radiation had progression of discase; 1 of these
patients had a complete resection, 11 partial resection, 9
biopsy only, and in I patient the extent of surgery was
unknown. Eleven of the 33 instances of discase progres-
sion occurred in the group of 18 patients treated with
surgery only; 2 of these 11 patients had complete resec-
tion, 5 partial rescction, 1 biopsy only, and in 3 patients
the extent of surgery was unknown. The pattern or type of
failure was known in 21 patients and was mainly infield
failure. Ten patients had infield failure as the only site of
initial failure (6 in the radiation group, 4 in the surgery
group). Two patients had failure both infield and in the
distant spine/margin (! patient from each group). Three
patients had marginal failures (2 radiation, 1 surgery).
The remaining failures occurred in the brain (4 radiation
patients) and in the distant spine (2 radiation patients).
Median total dose was 55 Gy (range, 40-55.8 Gy) for 9
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Table 3. Cox proportional hazards models for 15-year overall survival in patients with ependymoma

Factors (univariate analysis) Patients Deaths Hazard ratio (95% CI) p value (Wald)
Treatment Postoperative radiation vs. surgery only 0.10
126 15 2.95 (0.81-10.70)
Sex Male vs. female 126 15 1.68 (0.57-4.92) 0.34
Race White vs. others 123 15 1.27 (0.35-4.53) 0.72
Age Per 10-year increase 124 15 0.69 (0.5-1.00) 0.03
Subtype Cellular vs. myxopapillary 75 6 1.43 (0.17-12.3) 0.74
Grade, site-reported® High vs. low 82 9 +7.27 (1.82-29.13) 0.01
Moderate vs. low 0.81 (0.09-7.41) 0.85
Grade, WHO High vs. low 93 6 7.69 (1.07-55.33) 0.04
Moderate vs. low 0.27 (0.03-1.92) 0.19
Cysts Present vs. not 101 13 0.12 (0.02-0.94) 0.04
Cord involvement Lumbar vs. conus 125 15 0.74 (0.07-8.23) 0.81
Cord proper vs. conus 1.44 (0.19~11.1) 0.73
Segments 6 or more vs. 5 or fewer 119 15 0.82 (0.23-2.91) 0.76
Type of surgery Complete vs. none/biopsy/partial 121 15 0.19 (0.04-0.83) 0.03
Date of surgery 1980—1989 vs. pre-1980 126 15 0.79 (0.22-2.85) 0.72
1990+ vs. pre-1980 0.47 (0.12-1.89) 0.28
Adjusted hazard ratio
Multivariate model” Patients Deaths (95% CI) p value (Wald)
Treatment Postoperative radiation vs. surgery only 119 15 0.99 (0.23-4.25) 0.99
Type of surgery Complete vs. none/biopsy/partial 0.18 (0.03-0.95) 0.04
Age Per 10-year increase 0.66 (0.44-0.97) 0.03

* High = 3/anaplastic, moderate = 2/cellular, low = I/myxopapillary. Becausc numerical designations were not available for all cascs,

descriptors were used.
" p = 0.007 model fit.

of the 12 patients with inficld failure and 50.2 Gy (range,
16-56 Gy) for 8 patients with other types of progression.

As shown in the upper pancl of Table 5. site-reported
grade was the only factor identified as significant on
univariate analysis of PFS. The risk of disease progres-
sion among patients with high-grade tumors was more
than twice that of patients with low- or moderate-grade
tumors: HR = 2.67 (95% CI, 1.15-6.20; p = 0.02).

The lower panel of Table 5 presents results from a
multivariate analysis that considered radiation treatment
in the context of site-reported grade and other additional
factors found to be of marginal significance in the uni-
variate analysis. In the resulting model, POXRT com-
pared with surgery alone was associated with a signifi-
cant reduction in risk of disease progression for patients
whose tumors were reported to be of low or moderate
grade (adjusted hazard ratio 0.24, p = 0.02). There was
no evidence of a radiation benefit, however, in patients
with high-grade tumors (adjusted hazard ratio, 1.42; p =
0.67). Type of surgery remained significant after adjust-
ment for grade, treatment, and the identified interaction,
with an estimated 84% reduction in risk of progression
(hazard ratio, 0.16; p = 0.01) for patients who had a
complete resection. (The effects of grade and treatment
are illustrated in the Jower panel of Fig. 2.)

Overall survival: There were 24 deaths among the as-
trocytoma patients after a median follow-up of 21 months
(range, 2 months to 13 years and 8 months). The 33
patients who were alive at last contact were followed for

a median of 5.8 ycars (range, 8 months to 15 ycars).
Kaplan-Mcier estimates of the proportion of surviving
patients at 5, 10, and 15 ycars were 59% (95% ClI,
46~73%), 53% (95% Cl, 35-70%), and 32% (95% CI,
7-56%), respectively. Median survival could not be cs-
timated with reasonable precision: the point estimate was
11 years, 8 months, but the lower bound of the corre-
sponding 95% Cl was only 47 months (Fig. 2).

Five of the 24 deaths occurred in the group of 18
patients treated with surgery only; 1 of the deceased
patients had complete resection, 2 partial resection, I
biopsy only, and 1 unknown. Nincteen of the 39 patients
who reccived postoperative radiation died, but only 2 of
these patients had complete resection, whereas 9 had
partial resection and 8 had biopsy only.

Univariate analysis of OS, which is summarized in the
upper panel of Table 6, identified site-reported grade as
significant, whereas date of surgery was marginally sig-
nificant. Results from the multivariate analysis of OS for
astrocytoma patients are scen in the lower panel of Table
6. After adjustment for grade and age, POXRT did not
significantly affect the risk of death as compared with
surgery alone (hazard ratio, 1.64; p = 0.38). Grade
remained significant in the multivariate model and age
was marginally significant. There was still no evidence of
a survival benefit when patients receiving higher doses of
radiation (=50 Gy) were compared with those treated
with surgery only (adjusted hazard ratio, 2.66; 95% CI,
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Table 4. Characteristics of 57 astrocytoma patients by treatment group

Postoperative radiation (39)

Surgery only (18)

Characteristic n (%) n (%) p value*

Sex Male 14 (36) 10 (56) 0.25
Female 25 (64) 8 (44)

Race White 23 (59) 6 (40) 0.24
Other 16 (41) 9 (60)
Missing’ 0 3

Ethnicity Hispanic 3(8) 0 0.55
Non-Hispanic 36 (92) 16 (100)
Missing 0 2

Age at surgery =24 years 16 (41) 6 (38) 0.54
25-54 14 (36) 8 (50)
=55 9 (23) 2(12)
Missing 0 2

Median, 30; range, 1-69 Median, 29; range, 1-66

Subtype Pilocytic 5(38) 7 (50) 0.70 (Pilocytic vs. fib/
Diffuse fibrillary 5(39) 4 (29) other)
Other 3(23) 32D
Missing 26 4

Grade, site reported  High (3,4) 8 (23) 2(13) 0.70 (High vs.
Moderate (2) 13 (37) 6 (40) low/moderate)
Low (1) 14 (40) 7(47)
Missing 4 3

Grade, WHO High (3,4) 1(9) 3(23) 0.60 (High vs.
Moderate (2) 6 (55) 3(23) low/moderate)
Low (1) 4 (36) 7 (54)
Missing 28 5

Presence of cysts Yecs 10 (29) 6 (43) 0.50
No 25(71) 8 (57)
Missing 4 4

Cord involvement Cervical 14 (36) 4 (25) 1.0 (Cervical/thoracic vs.
Thoracic 10 (26) 6(38) con/other)
Conus 1(2) 0 ()
Overlapping sites/other 14 (36) 6 (38)
Missing 0 2

Number of .

segments =5 25 (68) 12 (75) 0.75

=6 12 (32) 4 (25)
Missing 2 2

Surgery Complete resection 5(13) 8 (53) <0.01
Biopsy/partial resection/none 33 (87) 7 (47)
Missing 1 3

Date of surgery Pre-1980 7(18) 3347 <0.02 (Pre-1990 vs.
1980~1989 13(33) 0 later)
1990 or later- 19 (49) 15 (83)

Radiation dose <50 Gy 13(37) I NA
=50 Gy 22 (63) 3
Missing/NA 4 14

Abbreviations: con = conus; fib = fibrillary.

* Chi-square or Fisher’s exact test.

0.82-8.67; p = 0.10. PFS and OS of astrocytomas by
grade and treatment are shown in Fig. 2.

DISCUSSION

The management of spinal cord gliomas continues to
evolve. Because the low incidence of the discase in some
patients, as well as the long natural history of the discase,
the optimal management of these patients continues to be
challenging. This multi-institutional study includes 183 pa-

tients; 101 of these patients received radiation as part of
their initial management. Thus, this study is one of the
larger studies dealing with radiation in spinal cord gliomas.
Even so, this effort demonstrates the difficulty of obtaining
data in a retrospective manner in this discase.

The extent of surgical resection has been shown in some
studies to influence prognosis (33), with significantly better
survival rates after complete resection compared with in-
complete resection. In this study, complete resection signif-
icantly reduced the risk of discase progression in astrocy-
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Fig. 2. Progression-free and overall survival in 57 astrocyltoma patients by tumor grade and treatment.

tomas. The effect was marginal in ependymomas, but OS
was significantly improved by complete resection in this
patient group. The method of complete resection may also
be important. Tumors removed in a piecemeal fashion have
been reported to have higher failure rates compared with
those who had their tumor removed en-bloc, and postoper-
ative radiation is recommended as adjuvant therapy to im-
prove outcome (32). The method of complete resection
could not be adequately studied in this series because of the
small number of patients with this information.

Radiation significantly reduced the risk of disease pro-
gression in low- and moderate-grade astrocytomas in this
study. However, evaluation of the effect of radiation dose
on survival revealed the absence of a significant difference
in this series. This may be due to the fact that only 6 of 39
astrocytomas and 14 of 62 ependymoma patients received
doses less than 45 Gy—too small a number to show a
dose-response. In the literature, a dose—response was seen
by Garcia (11) at dose levels =40 Gy vs. >40 Gy. In the
study by Kopelson et al. (14), a dosc~response was seen at
a time—dosc factor of 65 Gy for ependymomas. Dose re-
sponses were not detected at higher dose levels commonly
used for these gliomas (45 Gy or greater) (16, 19, 26).

Ependymomas

OS in our serics for ependymomas was 91% and 84% at
5 and 10 ycars, respectively. This was consistent with the
ranges quoted in the literature that are between 50-100% at
5 years and 50-95% at 10 ycars. A higher 15-year survival
of 75% was seen in this scrics, as compared with 25-62%
in the literature (9, 21).

In our current series, race and age influenced 15-year
PES, but only age influenced OS of ependymomas. Al-
though Read (21) also found age to be a significant factor,
with children doing worse than adults, the series combined
intracranial and spinal ependymomas, with spinal ependy-
momas comprising 15% of these tumors. On the other hand,
although Sgouros et al. (37) and Whitaker et al. (33) also
found age to bc a significant factor on univariate analysis,
they found that younger patients (<40 years of age) did
better than older patients. This was different from some
series that showed that age was not a significant factor in
determining survival (31). Grade was found to be a signif-
icant prognostic factor in other series (31) and significantly
affected OS and discase-free survival of ependymomas at
15 years on univariate analysis in the current series. The
prognostic effect of grade in cpendymoma paticnts was
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Table 5. Cox proportional hazards models for 15-year progression-free survival in 57 patients with astrocytoma

p value

Factors (univariate analysis) Patients  Progression Hazard ratio (95% CI) (Wald)
Treatment Postoperative radiation vs. surgery only 57 33 0.89 (0.43-1.84) 0.75
Sex Male vs. female 57 33 1.10 (0.55-2.20) 0.79
Race White vs. others 54 30 0.52 (0.25-1.11) 0.09
Age Per 10-year increase 55 31 1.10 (0.90-1.32) 0.26
Grade, site-reported*  High vs. Jow/moderate 50 28 2.67 (1.15-6.20) 0.02
Grade, WHO High vs. low/moderate 24 10 0.91 (0.18-4.51) 0.91
Cysts Present vs. not 49 27 0.49 (0.18-1.29) 0.15
Cord involvement Lumbar/conus vs. cord proper 55 31 1.20 (0.46-3.12) 0.72
Segments 6 or more vs. 5 or fewer 53 30 0.95 (0.43-2.08) 0.90
Type of surgery Complete vs. none/biopsy/partial 53 29 0.33 (0.10-1.09) 0.07
Date of surgery 19801989 vs. pre-1980 57 33 1.77 (0.58-5.45) 0.32
1990+ vs. pre-1980 1.84 (0.67-5.06) 0.24

Adjusted hazard ratio p value

Multivariate model” Patients  Progression 95% CI) (Wald)

Treatment Postoperative radiation vs. surgery only 48 26

Low/moderate grade 0.24 (0.08-0.79) 0.02
High grade 1.42 (0.28-7.26) 0.67
Type of surgery Complete vs. none/biopsy/partial 0.16 (0.04-0.66) 0.01

* High = 3, 4; moderate = 2; low = 1.

“p = 0.008 model fit; treatment adjusted for type of surgery and grade, allowing for treatment-grade interaction (p = 0.08).

inconclusive on multivariate analysis—the limited site re-
porting of tumor grade (82 of 126 epcndymoma paticnts)
may have contributed to lack of significance.

On reviewing the cpendymoma patient population in this
series, it is evident that the group that received radiation as
a component of their initial therapy had a more adverse
prognostic factor profile that may ultimately influence out-
come. For example, they werc less likely to undergo com-

plete resections (20% vs. 82%; p < 0.01). Furthermore,
only 42% of radiation patients in this study were treated in
1990 or later, when optimal trcatment techniques and im-
aging became more widely available, compared with 90%
of the surgery-only group ( p << 0.01). None of the patients
who received surgery alone had high-grade disease as com-
parcd with a significant percentage (21%) of the radiation

patients with this poor prognosticator (p < 0.01).

Table 6. Cox proportional hazards models for 15-year overall survival in patients with astrocytoma

p value

Factors (univariate analysis) Patients Deaths Hazard ratio (95% CI) (Wald)
Treatment Post-opcerative radiation vs. surgery only 57 24 2.08 (0.78-5.58) 0.15
Sex Male vs. female 57 24 0.99 (0.44-2.23) 0.98
Race White vs. others 54 22 0.85 (0.35-2.07) 0.73
Age Per 10-year increase 55 23 1.17 (0.96-1.44) 0.13
Grade, site-reported® High vs. low/moderate 50 21 4.06 (1.60-10.30) <0.01
Grade, WHO High vs. low/moderate 24 6 1.93 (0.32-11.50) 0.47
Cysts Present vs. not 49 18 0.66 (0.22-2.02) 0.47
Cord involvement Lumbar/conus vs. cord proper 55 23 1.09 (0.32-3.70) 0.89
Segments 6 or morc vs. 5 or fewer 53 22 1.06 (0.43-2.60) 0.90
Type of surgery Complete vs. none/biopsy/partial 53 23 0.49 (0.15-1.66) 0.25
Date of surgery 1980-1989 vs. pre-1980 57 24 3.39 (0.90-12.74) 0.07
1990+ vs. pre-1980 1.40 (0.37-5.22) 0.62

p value

Multivariate model” Patients Deaths Adjusted hazard ratio (95% CI) (Wald)
Treatment Postoperative radiation vs. surgery only 50 21 1.64 (0.54-4.96) 0.38
Grade, site-reported High vs. low/moderate 4.86 (1.83~12.88) <0.01
Age Per 10-year increase 1.23 (0.99-1.54) 0.06

* High = 3, 4; moderate = 2; low = 1.
“p = 0.006 model fit.
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Univariate analysis demonstrated that radiation may have
an adverse effect on PFS but not on OS, which may reflect
the effect of the dominance of adverse prognostic factors in
the radiation group.

Multivariate analysis was limited by the large number of
patients who had missing data regarding grade. Even so,
only age was found to significantly affect PFS at 15 years,
with extent of resection being marginally significant (p =
0.06), which is contrary to observations by other authors (2,
38) and suggests that the unequal distribution of various
prognosticators between the two study groups in this study.
As for OVS, age and extent of resection determined out-
come in these patients. The same two factors were the only
significant factors with regard to OS. Radiation did not
confer any significant protection in terms of survival, con-
sistent with Sgouros et al. (37). Other authors, however,
have championed radiation postoperatively in ependymo-
mas after incomplete removal of ependymomas and in thosc
with aggressive histopathologic features (39).

Astrocytomas

Gender, race, and age were not found to significantly
influence 15-year PFS or OS in astrocytomas in this scries
on univariate analysis. However, an age of <18-20 years
was found to be associated with an increase in recurrence
free survival (23, 40). In some series, however, age older
than 20 ycars was a favorable prognosticator (19).

The radiation group had less complete resections as com-
pared with the surgery alone group (13% vs. 53%: p <
0.01). Furthermore, only 49% of radiation patients in this
study were treated in 1990 or later, comparcd with 83% of
the surgery-only group (» < 0.01).

On univariate analysis, grade was the only significant
factor affecting PFS and OVS at 15 years. Complcteness of
resection and grade were the only significant factors for PFS
on multivariate analysis. OVS was affected only by grade
on multivariate analysis. This was consistent with the find-
ings of Kim et al. (41).

Certain limitations were unavoidable in this retrospective
analysis, most importantly the selective use of radiation
therapy in patients with poor prognostic factors as deter-
mined by standard clinical practice. Thus, the desired com-
parison of outcomes on the basis of whether or not patients
received postoperative radiation necessarily relies on co-
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variate adjustment rather than baseline comparability of the
two groups. In addition, central pathology review was not
possible in all patients and grade review was even less
complete. Thus, analysis of grade in conjunction with radi-
ation therapy and other risk factors was limited. In the case
ol ependymoma patients, adjustment for grade was possible
only in a subset of 82 (65%) patients for whom site-reported
grade was available. This is a very important factor that may
influence study outcomes. Another limitation of our study
was the lack of sufficient information on all of the poten-
tially eligible patient records, leading to their elimination
from the study.

The lack of standard treatment techniques may have
adversely influenced the effectiveness of the postoperative
radiation such as low total doses, doses per fraction, or
unconventional techniques. Another potential flaw is the
fact that MRI or CT scans were not centrally reviewed. An
attempt was made to minimize the impact of this on results
by establishing a uniform definition of progression of dis-
ease that was agreed on from the onset of the study.

In conclusion, our findings indicate that ependymoma
patients whose tumors arc completely resected have a
more favorable prognosis with respect to both discase
progression and OS than do those whosc surgical treat-
ment is limited to partial resection or biopsy. Contrary to
expectation, we did not find cvidence that radiation treat-
ment is beneficial in these patients. With regard to overall
survival in astrocytomas, high-grade tumors werc the
only significant risk factor, whereas age had a marginally
significant effect. Although POXRT did not affect OS, it
significantly reduced the risk of discase progression in
astrocytoma patients whose tumors were reported to be of
low or moderate grade, compared with treatment consist-
ing of surgery alone. We did not find evidence of a
similar effect on the progression of disease in high-grade
astrocytoma: however, our study included only 10 such
patients. Complete resection surgery was also significant
in reducing the risk of discase progression in astrocyto-
mas. We recommend the establishment of a national
database of spinal cord tumors with pathology blocks
being stored for subsequent review. This will allow suf-
ficicnt numbers of treated patients to look at grade and
better define the indications for adjuvant therapy.
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Summary

Purpose: To retrospectively analyze the outcome of post-operative radiotherapy for spinal cord glioma with the
emphasis on the hypofractionated radiotherapy boost for dose escalation as a treatment option for high-grade
spinal cord astrocytic tumors.

Materials and methods: Forty-one patients with spinal cord glioma received post-operative radiotherapy between
1979 and 2003. The median age was 34 years (range, 10-66 years). Median follow-up was 49 months (range, 5-
291 months). There were 12 low-grade astrocytic tumors, 11 high-grade astrocytic tumors, 16 low-grade ependymal
tumors and 2 high-grade ependymal tumors. Among 11 patients with high-grade astrocytic tumors, § with ana-
plastic astrocytoma and 1 with glioblastoma received hypofractionated radiotherapy boost for dose escalation. The
median total dose of the conventional radiotherapy was 45.5 Gy in 19 fractions (range, 30.0-60.0 Gy). The median
normalized total dose (using daily dose of 2.0 Gy and an 2/ ratio of 2.0) of the hypofractionated radiotherapy
boost was 131 Gy, (range, 85 249).

Resulrs: The Kaplan Meier survival rates at 10 years from the date of the first surgery were 64% for the entire
group, 47% for the astrocytic tumors and 84% for the ependymal tumors, respectively (£=0.009). Among 11
patients with high-grade astrocytic tumors, the actuarial survival rate at 10 years was 35%. The actuarial survival
rates at 10 years were 67% for those who received hypofractionated radiotherapy boost for dose escalation, and
20% for those who did not (P=10.47).

Discussion: The results for ependymal tumors and low-grade astrocytic tumors were comparable to those
reported in the literature. Hypofractionated radiotherapy boost for dose escalation may help to prolong the survival

of patients with high-grade astrocytic tumors.

Intreduction

Spinal cord glioma is a rare disease with an expected
S-year overall survival rate of 54-82% [1,2]. Survival
strongly depends on the pathological grade and sub-
types of the disease. Long-term motor and sensory
function is related to the extent of the surgical
removal, and possibly to the adjuvant post-operative
radiotherapy. Spinal ependymal tumors usually have a
low-grade histology, and a 5-year survival rate of 83 -
100% [3.4]. Astrocytic tumors are often malignant and
have a 5S-year survival rate of 50-64% [1.4,5]. The
benefits of post-operative radiotherapy in reducing
relapse of the tumor after partial resection has been
suggested by retrospective analyses both for ependy-
mal tumors [4,6] and astrocytic ones {7,8], but its value
has been questioned for children with astrocytic
tumors [8]. It would be worthwhile to publish the
long-term outcome of post-operative radiotherapy for
spinal ghomas.

High-grade astrocytic tumors have a worse outcome.
with a 5-year overall survival rate of 0-24% [1,9-12]. The
benefits of chemotherapy in addition to radiotherapy are

still under investigation [13]. Meanwhile hypofraction-
ated radiotherapy boost for dose escalation for high-
grade brain gliomas has been suggested to prolong the
progression-free survival compared to the conventional
dose radiotherapy albeit with increased toxicity {14 -16].
The hypofractionated radiotherapy boost is far beyond
the tolerance dose of the spinal cord, which means that
sensorimotor function will deteriorate if a high dose is
used for spinal cord glioma. However, the sensorimotor
function of patients with spinal high-grade astrocytic
tumors is usually very poor at the time of initial diag-
nosis, before treatment has begun {4,13]. Because of this
pre-existing dysfunction, patients with high-grade
astrocytic tumors would lose little sensorimotor function
after hypofractionated radiotherapy boost. After con-
ducting an ethics evaluation, we adopted hypoflraction-
ated radiotherapy boost as an option for patients with
high-grade astrocytic tumors at the thoracic or lumbar
spinal cord.

In this study, we have updated the long-term outcome
of radiotherapy for spinal cord glioma. In addition, the
efficacy and adverse effects of hypofractionated radio-
therapy boost were investigated.
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Materials and methods
Study group

Forty-one patients were treated with post-operative
irradiation for spinal cord glioma at our 1nstitution be-
tween 1979 and 2003. Twenty were male, and 21 female.
The median age was 34 years (range, 10--66).

Tumor characteristics

Pre-operative and pre-radiotherapeutic radiological
investigation varied according to the time period during
which the investigation was performed. A magnetic res-
onance imaging (MRI) was performed in 33 patients, a
computed tomography (CT) in 2, a CT-myelogram in 2,
and a myelogram in 4. The main location of the tumors
was the cervical spinal cord in 15 patients, the thoracicin
12, the conus medullaris in 9, and the cauda equina in 5.
All patients had histopathological confirmation of their
diagnosis by neuropathologists. The patients were clas-
sified into four groups according to the World Health
Organization classification: 12 low-grade astrocytic
tumors (1 pilocytic astrocytoma, 10 diffuse astrocyto-
mas, | oligoastrocytoma), 11 high-grade astrocytic
tumors (10 anaplastic astrocytomas, 1 glioblastoma), 16
low-grade ependymal tumors (4 ependymomas, 11
myxopapillary ependymomas, 1 ependymoma with
astrocytoma) and 2 high-grade ependymal tumors (2
anaplastic ependymomas). There were 2 patients who
were initially diagnosed with a low-grade astrocytic
tumor. and experienced recurrence within a year. Since
the surgical specimens in the second operation for these 2
patients showed high-grade glioma, the 2 patients were
included in the high-grade group.

Surgical treatment

All patients underwent a surgical procedure prior to the
initial radiation therapy; 5 patients underwent a gross
total resection, 32 a subtotal or partial resection, and 4 a
biopsy.

Radiation therapy

Conventional radiation therapy excluding the
hyvpofractionated radiotherapy boost for dose escalation
Treatment was given to the primary tumor site with or
without additional irradiation to the entire spine or
entire central nervous system. In general, the gross tu-
mor volume (GTV) was a gadolinium-enhanced area
on MRI as well as high-intensity areas on T2-weighted
MRI. The clinical target volume (CTV) was determined
by adding 2-4 cm margins to the cranial and caudal
sides to the GTV. The planning target volume (PTV)
margin was 1 cm for each side. Treatment was deliv-
ered with mega-voltage X-ray (4, 6. or 10 MV), except
in 2 patients who had been treated by cobalt gamma
ray 13 and 19 years ago. Local irradiation was given
using single posterio-anterior and/or oblique wedge-
pair fields. For the low-grade astrocytic tumors and
low-grade ependymal tumors with post-operative

residual disease, we treated the patients with 40-46 Gy
in 2023 fractions. For the patients who received con-
ventional radiotherapy, the median total dose was
46 Gy in 23 fractions (range, 35 Gy in 14 fractions to
50 Gy in 20 fractions) in the low-grade astrocytic tu-
mors and 40 Gy in 20 fractions (range, 30 Gy in 12
fractions to 50.4 Gy in 28 fractions) in the low-grade
ependymal tumors. In routine practice, the patients
with high-grade glioma were treated with 50--54 Gy in
25-27 fractions. The median total dose was 50 Gy in 25
fractions (range, 46 Gy in 23 fractions to 60 Gy in 24
fractions) in the patients with high-grade ghomas who
were treated with the conventional radiation therapy.

Hypofractionated radiotherapy boost for dose escalation
After conducting an ethics evaluation, the following
research was conducted for patients with high-grade
astrocytic tumors. Patients were candidates for hypo-
fractionated radiotherapy boost for dose escalation if
the high-grade astrocytic tumors existed in the thoracic
or lumbar spinal cord and the upper edge of the PTV did
not involve the cervical spinal cord or the spine at a
higher level. Patients with a disseminated tumor were
not candidates for this treatment. The definitive loss of
function that would occur after this treatment was
explained to all patients and their families in detail. In
all cases, the treatment was applied only with the written
informed consent of the patients and their families.

The hypofractionated radiotherapy boost was deliv-
ered using the supra-tolerable dose for the spinal cord.
We used various dose fractionation schedules depending
on the length of the field, surrounding critical organs,
and the general condition of the patient. We defined an
irradiation dose of more than 70 Gy, or more in nor-
malized total dose (NTD) assuming a 2 Gy daily dose
with «/f of 2.0 as the hypofractionated radiotherapy
boost for dose escalation. We used 6 or 10 MV X-rays
with two to three portals to reduce the spread of the
dose to surrounding normal tissue. except in one patient
who received posterior single portal irradiation. All
treatments were given to the involved areas with the
same margin as conventional radiotherapy.

Adverse effect assessment

Neurologic motor function was scored and classified
into four groups (excellent, good, fair, or poor/dead) at
the time of initial diagnosis based on our previous study
[4] (Table 1), and these scores were compared to those
obtained at the patient’s last visit. Other adverse events
were scored according to the National Cancer Institute

Table I. Neurological motor function classification

Excellent Intact or minimal neurological deficit, no functional
impairment

Good Mild neurological deficit. ambulating without braces
or aid. no functional impairment

Fair Moderate ncurological deficit. ambulating with
braces and/or wid. significant functional impairment

Poor Quadniplegic or paraplegic, wheel chair dependent.

significant functional impairment




Common Terminology Criteria for Adverse Events
version 3.0 (NCI-CTCAE v3.0).

Statistics

Follow-up time was calculated from the first date of the
surgery. The median follow-up time for the entire group
was 53 months (range, 5-291), and that of the 6 patients
who received hypofractionated radiotherapy boost,
19 months (range, 8-124). Survival rates were deter-
mined with the Kaplan-Meier method. Univariate
analyses were performed using the log-rank test.

Results
Entire group

By the time of the last follow-up, 13 patients had died.
The actuarial survival rates of the entire group at 5 and
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10 years from the date of the first surgery were 73% and
64%. The actuarial survival rates at 5 and 10 years were
54% and 47% for astrocytic tumors, and 94% and 84%
for ependymal tumors, respectively (P=0.009) (Fig-
ure 1). Among the 23 patients with astrocytic tumors,
the 5- and 10-year actuarial survival rates were 68% and
57% for low-grade tumors, and 40% and 40% for high-
grade ones (P=0.056) (Figure 2). The 5- and 10-year
actuarial survival rates were 100% and 88% for low-
grade ependymal tumors. There was a significant
difference in survival between low-grade ependymal
tumors and low-grade astrocytic tumors (P=0.05). The
2-year actuarial survival rates and progression-free rates
were 53% and 18% for high-grade astrocytic tumors.
The median survival for the high-grade astrocytic tu-
mors was 21 months (range, 5--221).

For 11 patients with myxopapillary ependymoma, the
actuarial 5- and 10-year survival rates were 100% and
80%, respectively. For 5 patients with ependymoma,
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Figure 2. The actuarial survival curves for low-grade astrocytic tumors and for high-grade ones.
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those rates were 100% and 100%. Tumor relapse at the
cauda equina after radiotherapy was observed in a single
patient with myxopapillary ependymoma, for whom the
irradiation field had not included the cauda equina. In
two with anaplastic ependymoma, one patient died at
12 months, and the other lived for 224 months.

The results of neurological assessment are shown in
Table 2. Motor function at the time of initial diagnosis
was excellent in 5, good in 23, fair in 7, and poor in 6
patients. At the last follow-up, motor function was
scored as excellent in 10, good in 3, fair in 2, poor in 5,
dead in 13, and unknown in 8. Improvement of motor
function was observed in 9 patients, of whom § had
good function and 1 fair at the initial diagnosis. No
patient with poor function at the initial diagnosis
showed improvement of motor function.

Hypofractionated radiotherapy boost for dose escalation

Of the 6 patients who received hypofractionated radio-
therapy boost for dose escalation, there was 1 glioblas-
toma, and 5 were anaplastic astrocytomas as shown in
Table 3A. The characteristics of 5 patients with ana-
plastic astrocytoma who did not receive hypofraction-
ated radiotherapy boost are also shown in Table 3B.
The median total NTD of the hypofractionated radio-
therapy boost was 131 Gy, (range, 85-249 Gy,). The
actuarial 3-, 5- and 10-year survival rates were 67%,
67% and 67% for the patients who received a hypo-
fractionated radiotherapy boost, and 40%, 20% and

Table 2. Result of neurological assessment
Initial diagnosis Last follow-up

Excellent S 10
Good 23 3
tair 7 2
Poor 6 5
Dead 13
Unknown - 8
Total 41 41

20% for the others with high-grade astrocytic tumors
(P=0.47) (Figure 3).

Effectiveness of the treatment was evaluated radio-
logically and histopathologically in one patient who
suffered from marginal relapse. The patient had thoracic
anaplastic astrocytoma (Table 3A, No. 6) and treated
with 40 Gy in 10 fractions after 46 Gy in 23 fractions
with the margin of field at the edge of high intensity in
T2-weighted image, that 18, the junction of C7 and T1
(C7/T1). The patient experienced marginal relapse at
C7/T1. Surgical resection of the relapsed tumor showed
that tumor relapse was observed also at the level of T3/4
which had received 80% of the prescribed dose but no
tumor cell was detected at the level below TS5 where
more than 90% of the prescribed dose had been irradi-
ated. Hypofractionated radiotherapy boost was inter-
rupted for 6 days in one patient who experienced a
severe decline in bowel movements during the treatment.
NCI-CTCAE v3.0 Grade 3 leukopenia was seen in 2
patients during hypofractionated radiotherapy boost.
No patients suffered from radiation-induced skin
necrosis throughout the follow-up period. One patient
treated by a single posterior field experienced severe
subcutaneous induration and pruritus starting 3 years
after the treatment. The patient was treated with a single
posterior field, and was the initial patient for this
treatment 1n our series. Two patients experienced severe
lower lIimb pain for 3-6 months, which began at
6 months after the treatment, and decreased in intensity
afterwards. Regarding neurologic motor function, one
patient had good function and the rest poor before
treatment. After the hypofractionated . radiotherapy
boost for dose escalation, the one with good function
pre-treatment had been ambulant for 10 months, and
was alive, using a wheelchair, and fully employed at
45 months after the treatment at the time of analysis.
The poor function of the other 5 remained after treat-
ment.

In the same patient who experienced marginal relapse,
pathological examination of the normal structure was
also performed which shoed that the spinal cord and
meningus below the level of TS5 was severely atrophied.

Table 3. Patients characteristics of high-grade astrocytic tumors treated with (A) hypofractionated radiotherapy boost for dose escalation; (B)

conventional radiotherapy

No. Sex Age Pathological diagnosis Site Treatment NTD" Follow-up  Final  Cause of death
(Gya) time {mo)  status

(A)

1 M 54 Anaplastic astrocytoma  T7-10 40 Gy/16f~ 40 Gyj4ir 165.0 123.9 Dead  Unknown

2 F 12 Anaplastic astrocytoma  T7-10 46 Gy;23f+ 18.75 Gy/3fr 84.7 13 Dead  Dissemination

3 M 37 Glioblastoma T1-4 9 Gy/of 40 Gy/4fr 127.9 Dead  Dissemination

4 F 31 Anaplastic astrocytoma  T12-L1 14 Gy/7f+ 60 Gy, 10fr 134.0 45 Alive -

5 M 54 Anaplastic astrocytoma  T10-L2 40 Gy/16f+42 Gy/7t+40 Gy/4fr  249.0 29 Alive -

6 F 23 Anaplastic astrocytoma  T1-T12 46 Gy/23{r + 40 Gy/10fr 106.0 18 Alive -

(B)

1 M 37 Anaplastic astrocytoma  TIH-L1 52,5 Gy 231y 57.2 21 Dead  Dissemination

2 F 34 Anaplastic astrocytoma  C1-C7 45.5 Gy/19fr 50.4 221 Alive

3 M 11 Anaplastic astrocytoma  T1I-L1 50 Gy/20fr 56.3 5 Dead  Dissemination

4 F 34 Anaplastic astrocytoma  C4-Co 46 Gy 23t 46.0 40 Dead  Dissemination

5 M 19 Anaplastic astrocytoma  C1-C4 50 Gy/25fr 50.0 S Dead  Dissemination

*NTD (Gy,): Normalized total dose using a daily dose of 2.0 Gy and #/f ratio of 2.0.





