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Ependymoma of the spinal cord and cauda equina is an uncom-
mon tumor. Because it is rare, studies include few patients, who
generally represent a selected group, depending on the referral
pattern and specialty of the physician. The relative roles of surgery
and radiotherapy are controversial. The authors review the liter-
ature to analyze patterns of treatment failure and to outline the
natural history of the disease with a view to defining the roles of
radiotherapy and surgery in the management of this tumor.
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Ependymoma of the spinal cord and cauda equina is an
uncommon tumor.'™ Because it is rare, reports in the
literature include only a few cases, usually collected over
decades, and generally represent a selected population.
The relative roles of surgery and radiotherapy are contro-
versial. Since these patients were treated over many years,
differences in surgical and/or radiotherapy techniques ex-
ist. By analyzing the patterns of failure and defining the
natural history of the disease, as well as by reviewing the
effectiveness of modern microneurosurgery and state-of-
the-art megavoltage radiotherapy, we try to define the
roles of radiotherapy and surgery in the management of
ependymoma of the spinal cord and cauda equina.

From a critical review of the literature,? 2 the following
observations can be made: Ependymoma of the spinal cord
has a long, relatively  benign  natural  his-
tory > 101 LISISIBISN2 Complete resection is possible, and
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recurrences are rare after total exci-
sion.*?56.1320.22-2¢ When the tumor has not been
totally excised, radiotherapy can prevent recur-
renCeS.2_4’6’8’12’14'15’21'22'24

Most authors recommend total surgical exci-
sion, if possible; there are others whose approach
is biopsy only, followed by radiotherapy (RT). In
our opinion, the treatment must be highly indi-
vidualized, with one important dictum in mind,
“do no harm.” The patient and the family, the
neurologist, the neurosurgeon, and the radiation
oncologist should all be part of the decision-
making process.?

Natural history and patterns of failure

Treatment of neoplasms can improve only if
one analyzes the failures of current treatment®
in the context of the natural history of the dis-
ease. Characteristically, the natural history of
ependymoma of the spinal cord and cauda (cauda
equina, filum terminale, and conus medullaris) is
long »9-1113.1416.18.21.26 There are anecdotal re-
ports of patients surviving for as long as 25 years
after decompressive laminectomy and biopsy.?’
Without treatment, spinal cord dysfunction and
death can be expected in the majority,'**® al-
though long-term follow-up information on suf-
ficient numbers of untreated patients is lack-
ing.>'? For example, Kopelson et al'® reported
on three patients who underwent subtotal or total
resection alone; only one of the three was alive
without disease at 74 months. In addition, the
myxopapillary subtype, which is more common
in the cauda region, is biologically more be-
nign.2,9,10,13,16

Local failure is almost the only pattern of fail-
ure seen in the ependymoma of spinal cord
cauda.>'? However, Wight et al'® and Shaw et
al'® each reported a case in which a caudal epen-
dymoma metastasized outside the central nervous
system (CNS). In their review of the literature,
Wight et al'® found five cases of spinal ependy-
moma that had metastasized. In addition, these
authors point to the long natural history of spinal
ependymoma (survival 4-32 years in six cases of
spinal ependymoma with metastasis) compared
with survival of nine months to 13 years (nine
months to two years in 11 of 15 patients) in
metastasizing intracranial ependymoma.'®

Spread within the cerebrospinal axis (CSA) is
also rare, although a few cases have been docu-
mented.>®'%'"19 Marks and Adler® reported a
case with simultaneous recurrence in the spinal
cord and ventricles. However, the possibility of
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“drop” metastasis from an intracranial occult pri-
mary tumor cannot be excluded. For this reason,
a computed tomographic (CT) scan or magnetic
resonance (MR) image of the head is mandatory
in all patients with spinal cord ependymoma to
exclude an intracranial lesion.>* The estimated
risk of spread within the central nervous system
for ependymoma of spinal cord and cauda is
about 7%.%'°

Garcia® reported that 37 patients with primary
spinal cord tumors, including 18 ependymomas,
were seen between 1954 and 1979 at Mallinck-
rodt Institute of Radiology. The cause of death
in 82% (14 of 17 patients) whose treatment failed
was persistent or recurrent tumor at the primary
site. None showed evidence of seeding within the
CNS. Interestingly, 13 of the 14 failures (in 26
patients) were caused by primary tumors in the
spinal cord; only one was in the cauda group,
totaling 11 patients. In three patients, the death
was from unrelated causes.

At the same institute, Marks and Adler® com-
pared the outcome for patients with ependy-
moma by site of origin. Local control was
achieved in 88% of ependymomas arising from
the cauda equina and 43% of ependymomas aris-
ing from spinal cord, versus 20% for supraten-
torial (ST) ependymomas and 50% for infraten-
torial (IT) ependymomas. Time to recurrence
from the end of RT in 80% of the patients was
17 months for spinal cord and cauda ependymo-
mas. However, the time to initial failure was
much longer in two other series. In the report
from Massachusetts General Hospital,'® it was 3,
19, 75, and 82 months for four patients whose
therapy failed. Similarly, Shaw et al'? at the Mayo
Clinic reported a time to recurrence of one and
one half to 12 years among seven patients (me-
dian time to recurrence, four years). Among 22
patients who were treated with surgery and RT
over 20 years (1963-1983), treatment failed in
32% (7 of 22). The majority (86%, 6 of 7) expe-
rienced local, in-field tumors. One patient had a
recurrence in the fourth ventricle, with no local
recurrence. This patient with grade II, cellular
ependymoma had a normal CT scan of the brain
at the time of initial diagnosis and was alive 38
months after diagnosis of recurrence and treat-
ment with whole-brain RT. In fact, five of seven
patients whose treatment failed were alive 38—
181 months after this first recurrence, again em-
phasizing the long natural history of this disease.
Three of these five patients were alive with dis-
ease at 97.5, 159.5, and 181 months after the
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Table 1. Rate of complete resection (number of patients with complete resection/total patients [%])
Ependymoma
Spinal cord +

Reference Cauda (%) Spinal cord (%) cauda (%) Astrocytoma
Garcia*® 47/95 (49) 54/107 (50) 101/202 (50) 6/107 (6)
Peschel et al® 1/4 (25) 1/5 (20) 2/9 (22.2) —
Marks and Adler® 0/8 (0) 0/7 (0) 0/15 (0) —
Cooper and Epstein® — — 12/14 (85.7)F 8/11 (72.7)
Fischer and Mansuy'' — 16/16 (100) 16/16 (100) —
Shaw et al'® — — 8/22 (36.3) —
Garrido and Stein® — 3/3 (100) 3/3 (100) 3/5 (60)t
Fearnside and Adams*® 13/30 (43.3) — 13/30 (43.3) —
Takata et al®® 2/4 (50) 2/4 (50) —

TOTAL 61/137 (44.5)

76/142 (53.5)

157/315 (49.8) 17/123 (13.8)

* Derived from Table 3, ref. 3, (Garcia DM). The author has compiled these from nine different series, including his own. The range for

ependymoma varies from 0% to 100%; for astrocytoma, 0% to 19%.

1 6/14 had total resection; 6/14 had “99%” resection.

1 3/5 had total resection; the remaining two had 90% to 95% resection.

first recurrence. Only three of 22 patients have
died: one of colon cancer; one of widespread
distant (lungs, kidney, and skin) metastasis; and
one of sepsis, unrelated to local recurrence.

Role of surgery

Surgery plays a crucial role in the management
of ependymoma of spinal cord and cauda.>>'® It
is necessary to obtain a tissue diagnosis and to
obtain immediate decompression, if possible, for
total surgical resection of the tumor. In the past,
it was common to perform a laminectomy and
not a biopsy because of fear of neurological
sequelae®12® and to administer postoperative
RT. The rationale was that, since astrocytoma
and ependymoma contribute about 90% of intra-
dural intramedullary spinal cord tumors, both of
which require RT, the risk of neurological se-
quelae was not justified. However, we strongly
recommend at least a biopsy for two reasons:
with the advancement of modern microsurgical
techniques, the risks of sequelae are minimal with
biopsy,>?° and the prognosis for astrocytoma is
different from that for ependymoma.*®

Is complete resection possible and desirable?

In a recent report, Cooper and Epstein,5 from
New York University Medical Center, showed
that total resection is possible with modern mi-
crosurgical techniques in a majority of patients
with ependymoma of spinal cord and cauda
equina. They reported the results of surgical
treatment alone in 29 adults with intramedullary
spinal cord tumors. Fourteen had ependymoma,
11 astrocytoma, two lipoma, one intramedullary
fibrosis, and one astrogliosis. Total removal was

achieved in 16 and “99% removal” in seven; so,
over a period of two and one half years, near
total or total excision was possible in 21 of 29
(72.4%) consecutively treated patients. The au-
thors point out that, because ependymomas are
more defined from the surrounding cord, they
can be resected more easily than astrocytomas.
Also, tumors from the cauda equina can be ex-
cised more easily.>® With a follow-up range of
six to 36 months, there was stabilization or im-
provement in the neurological status of the lower
extremity in 21 of 29 patients and of the upper
extremity in 87%.° There were no deaths in the
30-day postoperative period, although six pa-
tients died during the six- to 36-month follow-
up. None of those six patients died of ependy-
moma. However, as pointed out by the authors
themselves, because of short follow -up, the long-
term prognosis is not known.”

The percentage of tumors that could be
totally resected varies from series to se-
ries,>089111920.2223 hrohably representing the
philosophy of the operating surgeon and the
extent of neurological sequelae one is willing to
accept as well as the surglcal technical sophisti-
cation of the time. Garcia® reviewed nine series
in the literature. These reports spanned more
than 30 years, from 1951 to 1985. However, five
of the eight series were reported after 1978;
seven of the eight after 1963. The rate of com-
plete excision ranged from 0% to 100%. The
rate of complete resectability was better for epen-
dymoma than for astrocytoma. We have added
patients from eight more series to those reported
by Garcia (Table 1). Total resection appears to
be possible in about half of patients with epen-
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Table 2. Results with surgery (total resection)
Follow-up
No. Mean Range
Reference Patients (yr) (yr) Survival Comment
Cooper and Epstein® 14 — 6 mo-3 No deaths due to tumor in this 21 of 29 patients with intramedullary
short follow-up tumor (14 ependymoma) had stabi-
lization/improvement in neurologi-
cal functions
Fischer and Mansuy'' 16 6.3 3-11 14/16 alive (10/14 > 10 yr) 12/14 resumed professional activities
8/14 no/mild sequelae
4/14 moderate sequelae
2/14 complete paraplegic (Both had
this before surgery)
No recurrence in all 13 pts with grade
1/11 lesions
Greenwood" 9 8.1 3-21  7/9 alive 3-21 yr 6/7 surviving patients with postsurgi-
1/9 died on postop day 6 cal neurological status of >85%
1/9 died 3 mo postop (80-100% normal gait)
Mgrk and Lgken'® 51% — 1-22  10-yr survival for intramedullary =~ No difference in survival between sur-
=55% gery vs. surgery + RT
10-yr survival for cauda group =  No details of RT given
94%
Fischer and Mansuy'! 3 0.9 8mo-1 All 3 alive
Shaw et al'® 8 —_— —_ 5-yr freedom from relapse = 3/8 treatment failures, 2 locally and 1
88% in ventricle IV
5-yr overall = 100% No statistical difference between total
vs. subtotal resection/biopsy only (P
=.74)
All patients received postop RT
Barone and Elvidge® 16 15.2 3-21 12 yr (mean) Of 7 pts who died 3 died of intercur-
rent disease (1 postop death, 2 lost
to follow-up at 1 yr NED)
Fearnside and Adams*? 13 2.0 2mo-27 — Only 1 recurrence among 13 pts

Among pts with incomplete resection,
5/16 had recurrences

NED = no evidence of disease.

* 50/51 survived >4 weeks after surgery; 34/50 treated with surgery alone, 16/50 treated with surgery + RT.

dymomas, arising either from spinal cord or
cauda. Remarkably, our figures are very similar
to Garcia’s.®

The influence of the surgeon’s philosophy and
the importance of technical advances are re-
flected in Fischer and Mansuy’s'' report of 100%
total resectability of spinal cord ependymoma
among 16 patients. From 1967 to 1977 at Uni-
versity of Lyons, France, these authors per-
formed complete excision in 10 males and six
females ranging in age from nine to 51 years.
The technical details of removal of the tumor
through the posterior sulcus of the spinal cord
without a myelotomy or lateral incision are well
described. Fourteen of the 16 patients were alive
three to 11 years after surgery. All 13 patients

with grade I and II ependymoma were alive at
the time of this report (Table 2). Ten of the 14
patients lived for more than 10 years. Twelve of
the 14 patients went back to work. Takata et al*®
also stress the importance and success of micro-
surgical techniques.

An earlier study, published in 1963 by Green-
wood,"? also attests to the possibility of complete
removal of the tumor with careful technique. Of
nine ependymoma patients who underwent total
resection, seven survived three to 21 years after
surgery without any recurrence. Six of eight sur-
viving patients were rated to have had a neuro-
logical status of more than 85% (80% to 100%
reflected normal gait). The authors recom-
mended that total excision should not be at-
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tempted in infiltrating tumors and in those with
unclear planes of cleavage. Greenwood'? ob-
served late worsening of neurological status in
30% of his patients two to seven years after
surgery, which he attributed to late glial changes.

Garrido and Stein®® have described the dorsal
myelotomy microsurgical technique in the total
removal of intramedullary tumors. Three of the
11 patients had ependymoma. Many of the pa-
tients had had previous decompressive laminec-
tomy and RT. The three patients with ependy-
moma, all of whom had total removal, had short
follow-ups of eight, 11, and 12 months, respec-
tively. Two of the three ependymoma patients
had stabilization and one had improvement in
neurological function.

Barone and Elvidge® have also reported on
total resection. From 1928 to 1964, 16 of 27
patients with ependymoma of spinal cord under-
went total resection at. Montreal Neurological
Institute. Three of the 16 underwent postopera-
tive RT. Nine of the 16 patients were alive three
to 21 years after surgery (mean 15.2 years). Of
the seven patients who died, two died of second-
ary malignancy, one in the postoperative period
and one of chronic renal failure, and two were
lost to follow-up at one year with no evidence of
disease. The survival times between RT and no-
RT groups were not different, although the num-
ber of patients is small and mean survival was
used to compare results. In a smaller series of 13
patients who underwent gross total resection,
only one had recurrence.?? However, the mean
follow-up was two years.

Table 2 summarizes results reported with total
surgical resection. From these results, the follow-
ing conclusions can be drawn: With total surgical
resection alone, survival is satisfactory, although
the parameters reported in the literature are not
uniform. One notable exception is the study by
Mgrk and Lgken'® in which the 10-year survival
for the spinal cord group was 55%. Stabilization
or improvement of neurological status can be
expected in the majority. Incomplete resection
alone is inadequate treatment.?? Although Shaw
et al'® did not find any difference between the
groups that had total resection and subtotal re-
section or biopsy only (P = .74), it should be
noted that all patients received postoperative RT.

One should recognize that the definition of
“total” macroscopic resection is arbitrary.® The
criteria for “total” removal are outlined well by
Fischer and Tommasi® in their chapter on spinal
ependymomas.® For instance, in a patient with
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minimal neurological deficit, extreme caution
should be taken to avoid spinal cord damage,
whereas more freedom can be taken in resection
if complete flaccid paralysis is present. The extent
of surgical resection must be highly individual-
ized depending on the invasiveness of the tumor,
presence of cleavage planes, experience of the
surgeon, and intraoperative histology. Fischer
and Tommasi stated, “However, the concept of
‘removal at any cost,” which necessarily implies
some spinal cord damage, remains just as repre-
hensible as it was and is rejected by all authors.”

Role of radiotherapy

Although some neurosurgeons question the
usefulness of RT in ependymoma of spinal cord
and cauda,>'"*® others attest to its benefits.>?*
There is sufficient evidence in the literature of
the ability of RT to achieve local control and
prolong survival in patients in whom gross or
microscopic residue has been left behind after
surgery.2-+68-1012141517 A fier total resection, ad-
ditional RT is not required. However, extension
of this observation to those patients in whom a
biopsy or a less-than-total resection can be
achieved is not justified. The risk of radiation
myelopathy with external RT is very low and
should not deter the neurosurgeon from recom-
mending local external RT when it is indicated.

Table 3 details results of RT reported in the
literature. The number of patients in each series
is small, ranging from three to 23. There is no
uniformity in reporting the survival statistics.
However, a majority of patients have been fol-
lowed for at least five years. The following con-
clusions can be drawn from Table 3: Administra-
tion of RT can lead to long-term survival in about
75% of these patients. Both long-term survival
and local control are better for the cauda group
than the spinal cord group. With appropriate
doses and fractionation, risk of radiation-induced
myelopathy is minimal with external RT. The
risk is significant with the use of intrathecal ra-
dioactive gold administration, and this treatment
is not recommended. Stabilization or improve-
ment in neurological status can be expected in
the majority of patients.

The curability of ependymoma with RT is well
illustrated by three cases of infiltrating papillary
ependlymoma of cauda equina reported by
Scott.™ One patient had 50% removal and the
other two had biopsy only. All three patients were
alive 17-20 years later with “relatively minimal
complaints and dysfunction.” Scott recommends
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Table 3. Radiotherapy (RT) results in ependymoma of spinal cord and cauda (RT administered after total/
subtotal resection or biopsy)

Reference

No. Pts

Dose administered (Gy)

Range

Mean

Follow-up

Survival

Comment

Garcia®

Peschel et al®

Marks and Adler®

Kopelson et al*®

Wood et al'?

Scott™*

Schwade et al'®

DeSousa et al'?

Shaw et al'?

18

15

23

12

22

30-55

43.2-52.2

1000-1600
RET

26.88-55.0

2,000-5,000

28.54~-50.4

36-57

48.04

47.85

50
(median)

92%, minimum

5yr

73%, minimum
10 yr

8 mo-8 yr

3-23 yr

3/21-15-6/12 yr

0.1-19.1yr
16/23 >6 yr

17-23 yr

2.5-17 yr
(mean: 6.6 yr)

11/12 followed
>3 yr

5/12 followed
>5 yr

Mean: 6 yr

10 yr survival cauda
group = 75%

Spinal cord group =
60%

100% in 8 mo-8 yr

5-yr cauda group = 83%
5-yr spinal cord group =

57%

5 yr = 100%
10 yr=73%

12/16 followed >6 yr
were alive

All alive

12/12 alive

5/6 who received RT
alive

5-yr FFR = 81%
Overall = 95% 10 yr
5-yr FFR =71%
Overall = 95%

Results in group of 37 pts with var-
ious primary tumors of spinal cord
and cauda

Recurrent tumor was cause of death
in 82% of those who died

Radiation myelopathy was noted in 1
pt who received 30 Gy external RT
+ 5 mCi (185 MBq) Au-198*

Retroperitoneal sarcoma developed in

I pt

No local recurrences noted

No radiation myelopathy seen

In 3/9 pts, neurological status stabi-
lized by RT

In 6/9 pts, neurological status im-
proved by RT

80% of recurrences within 17 mo

Local control spinal cord = 43%

Local control cauda = 88%

Radiation myelopathy with external
RT = 4%

Radiation myelopathy with external
RT+ intrathecal Au-198 = 33%*

Local failure:
1/1 subtotal resection only
1/2 total resection only
1/1 RT only
1/8 subtotal resection + RT
34/45 neurological deficits became
normal, 8/45 improved after RT

Pts received 800-3,000 R (19/23,
1,100-2,100 R) per series, 1-9 se-
ries per patient, over 0.3-15 yr; 5/
23 received 1 series; 5/23, 6-9 se-
ries; 13/23, 2-5 series

Minimal sequelae noted in all 3 pts

All 3 pts treated with conservative
surgery + RT

11/12 received 44-50.4 Gy
Excluding 1 pt who received 28.54
Gy, mean dose was 49.62 Gy

2/7 had total removal
5/7 had subtotal removal
6/7 received RT

7/22 failures (32%)

6/7 (86%) local

1 CNS failure

1 widespread metastasis

3/8 received RT after total resection

FFR = freedom from recurrence.

* Note a high incidence associated with intrathecal radioactive gold administration. External RT alone has excellent tolerance.

T Dose in ¢cGy converted to nominal standard dose.

5,12,15
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against radical surgical removal of infiltrating
tumors in view of the effectiveness of RT. At
least two other neurosurgical papers mirror this
opinion,2’22 although no details of RT are men-
tioned. In Barone and Elvidge’s2 data from Mon-
treal Neurological Institute, the mean survival in
the group with incomplete resection was 2.5 years
without RT and 9.5 years with RT. In a report
from the Radcliffe Infirmary, Oxford, England,
11 of 16 patients who had incomplete resection
plus RT had no recurrence, with a mean follow-
up of 57 months.?

Dose recommendations

Doses prescribed by radiation oncologists often
reflect a compromise between the tumor control
dose and normal tissue tolerance dose for a given
tumor and its anatomical location.?® The choice
of dose is not easy, since both curability with RT
and normal tissue tolerance dose curves are sig-
moid. The chances of both a cure and complica-
tions can increase 5-95% within a range of a few
Grays. The optimal dose for the ependymoma of
the spinal cord and cauda is further complicated
by two factors: the wide range of doses reported
in the literature and the possible complication of
radiation myelopathy.

Fortunately, there are at least two recent re-
ports in which relatively uniform doses were used
with excellent results and without significant
morbidity.*>'>!'® At Yale University School of
Medicine, Peschel et al® administered 43.2-52.2
Gy (mean 48.04 Gy) in nine patients. Seven of
the nine had only subtotal resection. All nine
were alive eight months to eight years after RT.
Neurological status improved significantly in
three of nine patients. No radiation myelopathy
was noted. The authors recommended 45-50 Gy
with 1.8-2 Gy per fraction. Schwade et al'® rec-
ommend similar doses. Eleven of their 12 patients
received 44.0-50.4 Gy; one patient received
28.54 Gy. All 12 patients were alive with follow-
ups of 2.5-17 years. Four of 12 patients had
biopsy only, seven had subtotal resection, and
one had total resection.

In a more recent report from the Mayo
Clinic," the dose ranged from 36 Gy to 57 Gy
(median 50 Gy). The median dose per fraction
was 2.0 Gy. When <50 Gy was administered,
treatment failed in 35% (six of 17 patients),
whereas treatment failed in 20% (one of five
patients) with a dose of >50 Gy. Treatment failed
in all three patients who received a split course.
The authors recommended slightly higher doses:
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50 Gy to the tumor plus a margin of two vertebral
bodies followed by a 5-Gy boost to the gross
tumor. Nineteen of 22 (86%) patients were still
alive (follow-up 2.5-19.5 years). Neurological
status remained stable or improved in all except
one patient in whom the worsening was due to
local recurrence.

At least 40 Gy is required to achieve satisfac-
tory results. For instance, in Garcia’s series with
18 patients,® with <40 Gy, 77% died of recurrent
tumor, whereas, after >40 Gy, 83% were alive
for 4.1-28.9 years. Kopelson et al'® observed a
similar dose response, and they recommend 40—
45 Gy with 1.8-2.0 Gy/fraction."’

The tolerance of the spinal cord with tumor
appears to be no different from normal spinal
cord.’® Although Maras et al*® noted “vascular
lesions” in three of 15 patients with gliomas of
spinal cord, the doses used are slightly higher
than those generally recommended (mean dose
5492 + 494 cGy). In the analysis by Kopelson,*®
none of the 19 patients with glioma developed
evidence of radiation myelopathy after receiving
curative doses of RT. Kopelson recommends a
dose of 40-45 Gy.

In summary, the tumor should be totally re-
moved, if possible. If this is achieved, no further
treatment appears to be necessary. Table 1 shows
that only 50% of tumors can be totally resected.
However, in two recent series,”'' this was
achieved in 90-100% of a small series of patients
(total of 30 patients from both series).

If total removal is not possible, postoperative
RT should be administered. In view of the low
incidence of CSF spread, local field irradiation of
the tumor with a margin of one to two vertebral
bodies above and below should suffice.*'*'? A
dose of 45 Gy to above-said volume is recom-
mended, preferably at 1.8 Gy/fraction. Using the
shrinking-field technique, an additional 5 Gy can
be administered to a smaller volume if gross
tumor has been left behind during surgery. Cra-
niospinal axis irradiation can be considered with
poorly differentiated tumors®'® and when CSF
cytologic findings are positive.>'°

Srinivasan Vijayakumar, M.D.
Department of Radiation Therapy
The Cleveland Clinic Foundation
9500 Euclid Avenue

Cleveland, Ohio 44106
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