J.Neurol.Sci.[Turk]

Journal of Neurological Sciences [Turkish] 31:(2)# 40; 366-376, 2014
http://www.jns.dergisi.org/text.php3?id=778
Case Report

Primary Spinal Glioblastoma Multiforme: A Case Report and Review of The Literature
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Summary

Introduction: Primary spinal glioblastoma multiforme is a very rare disease with high
morbidity and mortality rates. No definite treatment algorhythm can be constituted, but
multimodal treatment regimens have been administered. Aim of the treatment is to excise the
mass nearly completely, and then application of radiotherapy and chemotherapy in a short
period.

Methods: Publications were identified by browsing search engines such as PubMed and
MEDLINE for English-language articles since 1989 using a list of keywords; as well as
identifying references from review articles. The following keywords were used for searching
databases: primary, spinal, glioblastoma multiforme.

Results: Intramedullary mass was detected at the levels of C2-T8 in the spinal magnetic
resonance imaging (MRI) examination performed in our 4-year old male patient, who applied
to us with complaints of weakness in lower extremities and gaita-urine incontinence. Sepsis
was developed in postoperative period of the patient, whose mass was gross-totally resected
by using microsurgery method. After the patient was started to have radiotherapy, he was
extubated with improvements in the clinical state and neurological picture. He has been
followed up at the hospital in the three-month monitorization after the treatment. Literature
data suggested that all three therapy modalities can be used for sGBM, sequentially or
concurrently, it has a poor survival, most of the patients die due to disease and the duration of
symptoms are very short.

Conclusion: Because the disease is very rare, prospective studies cannot be performed in this
patient population.
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Primer Spinal Glioblastoma Multiforme: Bir Vaka Sunumu ve Literatiir Derlemesi
Ozet
Giris: Primer spinal glioblastoma multiforme yiliksek morbidite ve mortalite hizina sahip ¢ok
nadir goriilen bir hastaliktir. Kesin bir tedavi algoritmasi yoktur ancak multimodal tedavi
rejimleri uygulanmaktadir. Tedavinin amaci kitlenin tama yakin c¢ikarilmasi, sonrasinda
radyoterapi ve kemoterapinin kisa slirede uygulanmasidir.

Metod: 1989'dan itibaren Ingilizce yazilmis makaleler, anahtar kelimelerin kullanilmasi ve
derleme makalelerinden referanslarin ayristirilmasi yoluyla PubMed ve MEDLINE gibi arama
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motorlar1 taranarak ayristirilmistir.
glioblastoma multiformedir.

Kullanilan anahtar kelimeler primer,

spinal ve

Sonuclar: Alt ekstremitede gli¢siizlilk ve gayta-iiriner inkontinans ile basvuran 4 yasindaki
bir erkek hastada spinal manyetik rezonans goriintilemede (MRI)C2-T8 seviyesinde
intramediiller kitle saptandi. Mikrocerrahi metodla kitlesi tama yakin c¢ikarilan hastada
postoperatif donemde sepsis gelisti. Radyoterapi baglanmasindan kisa bir siire sonra klinik
durumunda ve norolojik tablosunda diizelme olan hasta ekstiibe edildi. Tedavi sonrasi
hastanede 3 ay daha izlenmistir. Literatiir bulgular1 sGBM tedavisinde sekansiyel veya es
zamanli olarak her ii¢ modalitenin de kullanilabilecegini, kotii prognoza sahip oldugunu,
hastalarin ¢cogunlugunun hastaliga bagl olarak 6ldiiglinii ve semptomlarin siiresinin ¢ok kisa

oldugunu gostermektedir.

Tartisma: Hastalik nadir goriildiigii icin, bu grup hasta popiilasyonunda prospektif ¢alismalar

yapilamamaktadir.

Anahtar Kelimeler: Primer, spinal, glioblastoma multiforme

INTRODUCTION

In adults, spinal glioblastoma multiforme
(sGBM) constitutes only 4-8% of primary
intramedullary tumors. However, sGBM
forms 1% of all intramedullary tumors
encountered during childhood®®. These
tumors are generally developed from
transformation of low grade
neuroepithelial tumors. Winograd et al.
reported a case, which was with low grade
at the baseline, and then transformed into
the high grade glioblastoma™”.
Intramedullary glioblastoma is quite an
aggressively progressive disease, which
should be operated as soon as it is
diagnosed, and after that emergent
initiation of radiotherapy and
chemotherapy are required. Median
survival rates are around only 14
months"'7*”. Because pediatric sGBM is
very rarely encountered, a few number of
cases have been reported for treatment
options  (surgery, radiotherapy, and
chemotherapy), and no  treatment
algorhythm can be constituted. Patient age
at the diagnosis, tumor localization, and
neurological deficit state are very
important for the survival®>?.

CASE PRESENTATION

A 4-year old male patient applied to our
institution because of sudden onset
weakness in his lower extremities and
gaita-urine incontinence. In his physical
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examination; progressive weakness and
paraparesis were detected in his both lower
extremities. Hemogram, peripheral blood
smear, biochemical tests and chest
radiography were within normal limits.
There were cafe au lait spots on his skin.
No pathologic signs were detected in his
ophthalmological and neurological
examinations, which were performed to
differentially diagnose neurofibromatosis
disease. In his family history, his parents
had a consanguineous marriage. In
preoperative contrasted cranial and spinal
MRI examinations performed in November
2012, a lesion was observed in
heterogeneous  inner  structure  with
isointense signaling in T1A and high in
T2A, especially marked in the sagittal
cross-sections, from C8 to thoracal 8 (Th8)
levels in the axial and sagittal planes. After
I.V. contrast substance injection, a lesion
which was prominent at C7-Th8 levels,
with intense surrounding but irregular
borders, with 14 mm of thickness and 130
mm long in the craniocaudal alignment,
and with irregular contrast enhancement,
was observed. The lesion was filling the
medullary canal completely. Spinal cord
borders could not be definitely identified at
that region. The preliminary diagnosis was
intramedullary mass. There was a
syringohydromyelitis cavity in the central
portion of distal thoracal cord (Figure 1, 2).
No pathological sign was detected in



J.Neurol.Sci.[Turk]

cerebral MRI and abdominal CT of the
patient.

OPERATION

Patient was lied down in the prone
position, and skin incision was performed
between T1 and TI10. After bilateral
paravertebral muscle dissection,
laminectomy was performed between T1
and T10. Durameter was opened, the
intramedullary located lesion which was
expanding the spinal cord, very vascular
and with heterogeneous characteristics,
was excised gross-totally by the
microsurgery method. Then duraplasty was
performed.

POSTOPERATIVE SIGNS

In the postoperative thoracal MRI, thinning
in the spinal cord at T3-T8 level,
irregularities, and signaling hemorrhage
foci were observed (early postoperative
changes). When it was examined by
contrasted thoracal MRI, previous total
laminectomy was observed at T3-T8 level.
There were postoperative changes in the
posterior  paravertebral soft tissues.
Thoracal vertebral corpus height, cortex
and medulla spinalis characteristics, other

intervertebral discs, facet joints, and flaval
ligaments appeared normal (Figure 3).

PATHOLOGY

In the cross-sections, vascular endothelial
proliferation, and GFAP (+) atypical glial
cells including palisading necrosis were
observed. While KI 67 proliferation index
was above 70%, P53 result was diffuse
nuclear 3 positive. Histomorphological and
immunohistochemical signs were reported
as primarily consistent with WHO grade
IV glioblastoma.

Postoperative radiotherapy

Patient was planned for the adjuvant
radiotherapy. In Phase I, external RT was
performed all over the medulla spinalis
with 3420cGy from 19x180cGy by using
PA 6MV- X ray, and all over the head (in
two areas like R lateral/L lateral) with
3420cGy from 19x180cGy by using PA
6MV- X ray; in Phase II the route of
therapy was arranged so that it would pass
below the base of skull and T9 vertebra
with 1980cGy from 11x180cGy by using
PA 6MV- X ray. The total dose was
5400cGy.

Figure 1: Intramedullary mass in the axial cross-section of MRI.
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Figure 3: Postoperative MRI.
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DISCUSSION

sGBM s

High grade a very rarely
(34)

encountered tumor In its treatment,
adjuvant radiotherapy should be performed
postoperatively in the leptomeningeal
space. Despite gross total resection, overall
survival is only around 30 months.
Ononiwu et al. reported disease free
survival rate in patients, who were aged
between 10 months and 1 year, with gross-
total resection and laminectomy, and
received adjuvant RT as 16 months®".
Because tolerance dose of the spinal cord
was 50 Gy, different RT doses were
applied (38-66 Gy)™*?. In recent studies, it
has been reported that RT dose at and over
35 Gy was more beneficial for the survival
than lower doses of RT or no RT at all®”.
High grade spinal tumors, especially
sGBM is quite important  for
leptomeningeal spread. Despite aggressive
therapy, leptomeningeal spread has been
reported as 58% in some series, whereas
47% in others®”*"  This rate has been

shown in only 5-10% of cases with brain

diagnosis in the neuroaxis
dissemination'*'®, Craniospinal
radiotherapy should be performed in
patients with leptomeningeal
dissemination. ~However, prophylactic
craniospinal RT should also be performed
in  cases  without leptomeningeal
dissemination.

There is no evidence indicating that

chemotherapy has elongated the survival
rate in patients diagnosed with high grade
spinal astrocytomas®”. There is one
related study, which was performed by the
Children's Cancer Study Group. When a
group, which received chemoradiotherapy
(lomustine, vincristine and prednisone
containing), was compared with the group,
which received only RT 5-year event-free
survival was defined as 46% vs. 18%,
respectively®. On Day 1 of the
chemotherapy, 8 drugs were given to
children with anaplastic astrocytoma and
glioblastoma, who were below 2 years of
age. Progression free survival rates were
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detected as 44% in astrocytoma and 0% in
glioblastoma patients"?. In another study,
which was conducted just after it, it was
shown that there was no difference in high
grade astrocytoma patients between giving
8 drugs on the first day of chemotherapy
and giving 2 cycles of lomustine,
prednisone, and vincristine postoperatively
before RT(13). In the recent years, it has
been reported that beneficial impacts are
observed in concomitant radiotherapy with
temozolomide after the gross or nearly
gross excision of high grade astrocytoma
in adults. However, studies performed on
children did definitely not support
beneficial impacts of concomitant
radiotherapy ~with temozolomide®. In
another study, it was shown that high dose
chemotherapeutic agents (thiotepa and
etoposide) decreased the survival in 16
high grade astrocytoma patients by
hematological toxicity they caused"".

In this case report, we have reviewed all
pediatric and adult spinal glioblastoma
cases, which were reported in the literature
and the ones we could reach in full-text
(Table). As it is seen in the table,
symptoms appear in a short time period in
spinal GBM cases; localization may be
changeable; immunohistochemical
examinations and MIB1-KI67 supports the
diagnosis; patients are treated generally by
total or subtotal or near total or gross-total
surgery methods; and adjuvant
radiotherapy and chemotherapy are not
featured among the treatment options.
Among the chemotherapy options,
temozolomide has been leading as it has
been in glioblastoma cases in the recent
years; and bevacizumab, irinotecan based
treatments are being administered in
recurrences. Death occurs generally due to
the disease itself or treatment toxicity.
Unfortunately, survival is short, and is
generally around 12-18 months. However,
because the disease is very rare,
prospective studies cannot be performed in
this patient population.
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Table 1. Clinopathologic features of patients with spinal glioblastoma multiforme. (DOD: dead of disease; DOT: dead of toxicity; NA: not applicable; w: week; m: month;
DOS: duration of symptoms; IHC: immunohistochemistry; CT: chemotherapy; RT: radiotherapy; CSI: craniospinal irradiation; WBI: whole brain irradiation; PD: progressive
disease; SD: stabil disease)

No Year Ref Age  Sex DOS Localization IHC MIB1-Ki67 Surgery CT RT Follow-up Outcome
1 2013 28 19 M 4w T6-T11 GFAP, S100 high Subtotal tem 45 Gy 2l m DOD
2 2012 33 15 F 4m C6-T7 22% Subtotal yes yes 6m
3 2012 33 35 M Im T11-L1 GFAP,p53 25% Near total yes yes 15m
4 2012 12 27 F Torakolomber PDGFRa
5 2011 15 17 F 2m T11-L1 GFAP,p53 20%

6 2011 15 36 M 6 m C2-T2 GFAP, EGFR 18%
7 2011 15 50 M Im T4-T6 GFAP,p53 12%
8 2011 15 65 M I m TI1-T3 GFAP,p53, EGFR 20%
9 2011 15 21 M 40d C2-C7 GFAP,p53 15%

10 2011 15 20 F 2w conus cauda GFAP,p53 15%

11 2011 44 34 M 6m conus medullaris GFAP 2-20% Subtotal tem yes 18 m
12 2010 22 14 F 6 m C6-T5 GFAP, P53 30% Total tem 50 Gy 14m DOD
13 2010 22 8 F 3w C3-T4 20% Subtotal tem yes 14 m DOD
14 2011 4 22 M cervical Biopsy tem, bev 54 Gy Sm DOD
15 2011 4 25 M cervicothoracic Subtotal tem, bev 54 Gy 8 m DOD
16 2011 4 28 F thoracic Subtotal tem, bev 54 Gy 13m DOD
17 2011 4 38 M thoracic Subtotal tem, bev 54 Gy 10 m DOD
18 2011 4 45 M thoracic Biopsy tem, bev 54 Gy 11m DOD
19 2011 4 53 M thoracolumbar Biopsy tem, bev 54 Gy Sm DOD

20 2010 43 18 F C7-T7 Gross total NA 55 Gy 10 m NA

21 2010 43 14 M C7-12 Subtotal NA CSI38.5 Gy 4m NA

22 2010 43 10 F C3-T7 Biopsy NA 48 Gy 14 m NA

23 2010 43 17 M C1-C5 Subtotal NA 54 Gy 4m NA

24 2010 43 13 F C1-Tl Biopsy NA 54 Gy Im NA

25 2010 43 15 F T10-T11 Subtotal NA CSI 39.6, focal 51.3 1m NA

26 2010 43 9 F T2-T7 Subtotal NA CSI 36, focal 54 10 m SD

27 2009 37 21 M 6w C1-C7 Subtotal spinal and WBI 3m DOD

28 2009 6 46 M 2m T12-L2 >10% Subtotal tem yes 6m PD

29 2006 46 17 F thoracic 19% Yes
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30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

2005
2005
1999
1999
1999
2000
1995
1985
1998
1998
1998
1989
1989
1996
2001
1997
1997
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2005
1946
1976

39
20
18
14

31
22
20

13
15
16
14
<3
12
0.7
179

18

14
19
29
23
27
59
46
25
34
88
75
73
14
16
12

EMEmEZEEmmEmEE

ML EEEEMETMEEEEELEEmmEET

2w

10 m

9m

12m

24 m

conus medullaris
T12-L1
C7-T7
C7-T2
C3-T7
T10-T11
cervical
T5-T8
holocord
cervical
cervical
T12-L1
T12-L1
NA
C1-C7
C5-L1
T9-L1
NA
C7-T7
T7
C2-C7
C4-Co
T12
conus medullaris
T12-L2
T3-T5
C5-T5
L1
C6-T3
TS
T12-L2
C3-Cé6
T12-L1
conus medullaris

conus medullaris

GFAP

pS3

high

25%

Yes
Subtotal
Gross total
Subtotal
Biopsy
Subtotal

Subtotal
Subtotal
Total
Subtotal
Subtotal
Subtotal
Subtotal
Subtotal
Total
Subtotal
NA
Total
Biopsy
Subtotal
Subtotal
Biopsy
Subtotal
Total
Subtotal
Biopsy
Subtotal
Subtotal
Subtotal
Subtotal
Subtotal
Total

yes

no

yes
yes
NA

NA
yes
yes
yes
NA
NA
yes
NA
NA
NA
NA
NA
yes
yes
NA
NA
NA
no
no
no
yes
yes
NA
NA
NA
NA

NA

46 Gy
yes
55 Gy
CSI 38 Gy
48 Gy
NA

NA
no
54 Gy
no
yes
yes
yes
NA
40 Gy
no
NA
yes
yes
yes
yes
NA
NA
yes
yes
no
yes
yes
NA
NA
NA
NA
yes
NA

11m
14m
13m
24 m
13m

11w

37m
15m
8m
6m
4m
23 m
NA
144 m
3m
9m
21 m
13m

12m
10 m
8 m
16 m
S5m
Sm
36 m
9m
S5m
2m
1m
9m
16 m

11m

DOD
DOD
DOD
DOD
DOD
DOD
DOD
DOT
DOD
DOT
DOD
DOD
Alive
Alive
Alive (12 years)
DOD
DOD
DOD
DOD
DOD
DOD
DOD
DOD
DOD
DOD
DOD
DOD
DOD
DOD
DOD
DOD
NA
DOD
DOD
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65 1978 2 45 M T12 yes NA yes 13m DOD
66 1993 18 50 M T11-L2 yes NA 40 Gy NA NA
67 2011 19 16 F T12-L1 Biopsy bev, cp,nim, iri CSI 30.6, boost 14.4 12m DOD
68 2011 19 48 M T11-L2 Biopsy tem, cp, nim 45 Gy+30 Gy 16 m DOD
69 2013 32 59 M Sy T1 p53 high Gross total no 27 Gy 8 m DOD
70 2013 32 22 F C5-T2 Subtotal tem 36 Gy 14 m DOD
71 2013 32 54 F 2m C3-C4 Gross total no no 10 w DOD
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CONCLUSION
The spinal site is a rare site of GBM with
poor survival despite multimodality

therapy. The future novel agents, like
integrin inhibitors, dendritic cell based
vaccines, valproic acid, telomerase
inhibitors, gamma secretion inhibitors and
antiangiogenic agents may be new hopes
for treatment of high grade glioma cases.
Childhood sGBM cases, which are very
rarely encountered, require a
multidisciplinary approach. Concomitant
chemoradiotherapy has been recommended
after total or near total aggressive
microsurgical excision. The identification
of specific genetic alterations of spinal
GBMs could help in therapy, and it is
important for the prognosis. Improvements
in targeted studies to define genotypical
abnormalities in pediatric embryonal
tumors and high risk embryos provide
hopes for the future.

Correspondence to:
Cigdem Usul Afsar
E-mail: cigdemusul@yahoo.com

Received by: 17 September 2013
Revised by: 07 May 2014
Accepted: 09 May 2014

The Online Journal of Neurological
Sciences (Turkish) 1984-2014

This e-journal is run by Ege University
Faculty of Medicine,

Dept. of Neurological Surgery, Bornova,
[zmir-35100TR

as part of the Ege Neurological Surgery
World Wide Web service.

Comments and feedback:

E-mail: editor@jns.dergisi.org

URL: http://www.jns.dergisi.org

Journal of Neurological Sciences (Turkish)
Abbr: J. Neurol. Sci.[Turk]

ISSNe 1302-1664

374

REFERENCES

10.

11.

12.

13.

Allen JC, Aviner S, Yates AJ, Boyett JM, Cherlow
JM, Turski PA, Epstein F, Finlay JL. Treatment of
high-grade spinal cord astrocytoma of childhood
with "8-in-1" chemotherapy and radiotherapy: a
pilot study of CCG-945. Children's Cancer Group. J
Neurosurg 1998; 88(2): 215-20.

Andrews AA, Enriques L, Renaudin J, Tomiyasu U.
Spinal intramedullary glioblastoma with
intracranial seeding. Report of a case. Arch Neurol
1978; 35(4): 244-5.

Asano N, Kitamura K, Seo Y, et al. Spinal cord
glioblastoma  multiforme  with  intracranial
dissemination-case report. Neurol Med Chir 1990;
30: 489-94.

Chamberlain MC, Johnston SK. Recurrent spinal
cord glioblastoma: salvage therapy with
bevacizumab. J Neurooncol 2011; 102(3): 427-32.
Chida K, Konno H, Sahara M, Takase S. Meningeal
seeding of spinal cord glioblastoma multiforme
without any signs of myelopathy. Rinsho
Shinkeigaku 1995; 35(11): 1235-40.

Choi WC, Lee JH, Lee SH. Spinal cord glioblastoma
multiforme of conus medullaris masquerading as
high lumbar disk herniation. Surg Neurol 2009;
71(2): 234-7.

Ciappetta P, Salvati M, Capoccia G, et al. Spinal
glioblastomas: Report of seven cases and review of
the literature. Neurosurgery 1991; 28: 302-6.
Cohen AR, Wisoff JH, Allen JC, et al. Malignant
astrocytomas of the spinal cord. J Neurosurg 1989;
70: 50-4.

Cohen KJ, Pollack IF, Zhou T, Buxton A, Holmes
EJ, Burger PC, Brat DJ, Rosenblum MK, Hamilton
RL, Lavey RS, Heideman RL. Temozolomide in the
treatment of high-grade gliomas in children: a
report from the Children's Oncology Group. Neuro
Oncol 2011; 13: 317-23.

Constantini S, Houten J, Miller DC, Freed D, Ozek
MM, Rorke LB, Allen JC, Epstein FJ.
Intramedullary spinal cord tumors in children under
the age of 3 years. J Neurosurg 1996; 85(6): 1036-
43.

Dunkel 1J, Garvin JH Jr, Goldman S, Ettinger LJ,
Kaplan AM, Cairo M, Li H, Boyett JM, Finlay JL.
High dose chemotherapy with autologous bone
marrow rescue for children with diffuse pontine
brain stem tumors. Children's Cancer Group. J
Neurooncol 1998; 37(1): 67-73.

Ellis JA, Canoll P, McCormick PC 2nd, Feldstein
NA, Anderson RC, Angevine PD, Kaiser MG,
McCormick PC, Bruce JN, Ogden AT. Platelet-
derived growth factor receptor (PDGFR) expression
in primary spinal cord gliomas. J Neurooncol 2012;
106(2): 235-42.

Finlay JL, Boyett JM, Yates AJ,Wisoff JH, Milstein
JM, Geyer JR, Bertolone SJ, McGuire P, Cherlow
JM, Tefft M, Turski PA, Wara WM, Edwards M,
Sutton LN, Berger MS, Epstein F, Ayers G, Allen JC,
Packer RJ. Randomized phase Il trial in childhood
high-grade astrocytoma comparing vincristine,
lomustine, and prednisone with the eight- drugs-in-
1-day regimen. Childrens Cancer Group. J Clin
Oncol 1995; 13(1): 112-23.



J.Neurol.Sci.[Turk]

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Geyer JR, Finlay JL, Boyett JM,Wisoff JH, Yates A,
Mao L, Packer RJ. Survival of infants with
malignant astrocytomas. A report from the
Children's Cancer Group. Cancer 1995; 75(4):
1045-50.

Govindan A, Chakraborti S, Mahadevan A,
Chickabasavaiah YT, Santosh V, Shankar SK.
Histopathologic and immunohistochemical profile of
spinal glioblastoma: a study of six cases. Brain
Tumor Pathol 2011; 28(4): 297-303.

Heideman RL, Kuttesch J Jr., Gajjar AJ, et al.
Supratentorial malignant gliomas in childhood: A
single institution perspective. Cancer 1997; 80:
497-504.

lwata K, Nakagawa H, Hashizume Y. Significance of
MIB- 1, PCNA indices, and p53 protein over-
expression in intramedullary tumors of the spinal
cord. Noshuyo Byori 1996; 13: 73-8.

Kawanishi M, Kuroiwa T, Nagasawa S, Ohta T,
Oketa M, Onomura T. A case of spinal glioblastoma
with intracranial dissemination. No Shinkei Geka
1993; 21(12): 1109-12.

Kim WH, Yoon SH, Kim CY, Kim KJ, Lee MM, Choe
G, Kim IA, Kim JH, Kim YJ, Kim HJ. Temozolomide
for malignant primary spinal cord glioma: an
experience of six cases and a literature review. J
Neurooncol 2011; 101(2): 247-54.

Klepstad P, Borchgrevink P, Hval B, Flaat S, Kaasa
S. Long-term treatment with ketamine in a 12-year-
old girl with severe neuropathic pain caused by a
cervical spinal tumor. J Pediatr Hematol Oncol
2001; 23(9): 616-9.

Kopelson G, Lingood RM. Intramedullary spinal
cord astrocytoma versus glioblastoma: The
prognostic importance of histologic grade. Cancer
1982; 50: 732-5.

Lober R, Sharma S, Bell B, Free A, Figueroa R,
Sheils CW, Lee M, Cowell J. Pediatric primary
intramedullary spinal cord glioblastoma. Rare
Tumors 2010; 2(3): e48.

McGirt MJ, Chaichana KL, Atiba A, Attenello F,
Yao KC, Jallo GI. Resection of intramedullary
spinal cord tumors in children: assessment of long-
term motor and sensory deficits. J Neurosurg
Pediatr 2008; 1: 63-7.

Medhkour A, Chan M. Extremely rare glioblastoma
multiforme of the conus medullaris with holocord
and brain stem metastases, leading to cranial nerve
deficit and respiratory failure: a case report and
review of the literature. Surg Neurol 2005; 63(6):
576-82.

Mendonga R, Lima LG, Fernandes LN, Ferreira NP,
De Napoli G. Primary connus medullaris
glioblastoma: case report. Arq Neuropsiquiatr
2005; 63(2B): 539-42.

Merchant TE, Nguyen D, Thompson SJ, Reardon
DA, Kun LE, Sanford RA. High-grade pediatric
spinal cord tumors. Pediatr Neurosurg 1999; 30: 1-
5.

Minehan KJ, Brown PD, Scheithauer BW, Krauss
WE, Wright MP. Prognosis and treatment of spinal
cord astrocytoma. Int J Radiat Oncol Biol Phys
2009; 73: 727-33.

Morais N, Mascarenhas L, Soares-Fernandes JP,
Silva A, Magalhdes Z, Costa JA. Primary spinal
glioblastoma: A case report and review of the
literature. Oncol Lett 2013; 5(3): 992-6.

375

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

O'Connell JEA. The arachnoidal dissemination of
spinal tumors. J Neurol Neurosurg Psychiat 1946;
9: 55-62.

Ononiwu C, Mehta V, Bettegowda C, Jallo GlI.
Pediatric spinal glioblastoma multiforme: current
treatment strategies and possible predictors of
survival. Childs Nerv Syst 2012; 28: 715-20.
O'Sullivan C, Jenkin RD, Doherty MA, Hoffman HJ,
Greenberg ML. Spinal cord tumors in children:
long-term results of combined surgical and
radiation treatment. J Neurosurg 1994; 81: 507-12.
Ozgiray E, Akay A, Ertan Y, Cagli S, Oktar N,
Ozdamar N. Primary glioblastoma of the medulla
spinalis: a report of three cases and review of the
literature. Turk Neurosurg 2013;23(6):828-34.
Prasad GL, Borkar SA, Subbarao KC, Suri V,
Mahapatra AK. Primary spinal cord glioblastoma
multiforme: a report of two cases. Neurol India
2012; 60(3): 333-5.

Przybylski GJ, Albright AL, Martinez AJ. Spinal
cord astrocytomas: long-term results comparing
treatments in children. Childs Nerv Syst 1997; 13:
375-82.

Reddy AT, Wellons JC 3rd. Pediatric high-grade
gliomas. Cancer J 2003;9:107-12.

Santi M, Mena H, Wong K, Koeller K, Olsen C,
Rushing EJ. Spinal cord malignant astrocytomas.
Clinicopathologic features in 36 cases. Cancer
2003; 98(3): 554-61.

Singh PK, Singh VK, Tomar J, Azam A, Gupta S,
Kumar S. Spinal glioblastoma multiforme: unusual
cause of post-traumatic tetraparesis. J Spinal Cord
Med 2009; 32(5): 583-6.

Sposto R, Ertel 1J, Jenkin RD, Boescel CP, Venes
JL, Ortega JA, Evans AE, Wara W, Hammond D.
The effectiveness of chemotherapy for treatment of
high grade astrocytoma in children: results of a
randomized trial. A report from the Children's
Cancer Study Group. J Neurooncol 1989; 7: 165-
77.

Stecco A, Quirico C, Giampietro A, Sessa G,
Boldorini R, Carriero A. Glioblastoma multiforme of
the conus medullaris in a child: description of a
case and literature review. AJINR Am J Neuroradiol
2005; 26(8): 2157-60.

Strik HM, Effenberger O, Schéafer O, Risch U,
Wickboldt J, Meyermann R. A case of spinal
glioblastoma  multiforme:  immunohistochemical
study and review of the literature. J Neurooncol
2000; 50(3): 239-43.

Takara E, lde M, Yamamoto M, Imanaga H, Jimbo
M, Imai M. Case of intracranial and spinal
dissemination of primary spinal glioma. No Shinkei
Geka 1985; 13(3): 301-5.

Tashiro K, Tachibana S, Tsura M.
Clinicopathological studies of spinal cord neoplasm
with disseminating intracranial metastasis possibly
producing akinetics mutism. No To Shinkei 1976;
28(12): 1311-8.

Tendulkar RD, Pai Panadiker AS, Wu S, Kun LE,
Broniscer A, Sanford RA, Merchent TE. Irradiation
of pediatric high-grade spinal cord tumors. Int J
Radiat Oncol Biol Phys 2010; 78(5): 1451-6.
Williams SR, Parker JR, Martin A, Vitaz T, Parker
JC Jr. Plasma cell neoplasm in conjunction with
glioblastoma of the conus medullaris. Ann Clin Lab
Sci 2011; 41(1): 61-5.



J.Neurol.Sci.[Turk]

45. Winograd E, Pencovich N, Yalon M, Soffer D, Beni-
Adani L, Constantini S. Malignant transformation in
pediatric spinal intramedullary tumors: case-based
update. Childs Nerv Syst 2012; 28(10): 1679-86.

46. Won KS, Kim JS, Ra YS, Sohn CH, Zeon SK. FDG
PET of primary spinal glioblastoma initially
mimicking a transverse myelitis on MRI. Clin Nucl
Med 2006; 31(9): 556-7.

376



