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Abstract One of the most important prognostic factors in
brain tumours is the extent of tumour resection. Its
gvaluation has been difficult on computed tomography
(CT); however, magnetic resonance imaging (MRI) can
clearly determine the extent of tumour resection. Using
MRI, we analyzed 77 patients with astrocytic tumours
that were surgically treated at our department from 1994
to 2001. The tumours were classified into the following
types: (a) well-circumscribed: single lesions that can be
distinguished from normal brain; (b) localised: single
lesions that are localised in one gyrus; and (c) diffuse:
other tumours. Our treatment of glioma resection is to use
sulcus opening and gyrectomy, a technique based on
identification and dissection of the sulcus adjacent to the
turnour followed by en bloc tumour resection. Almost
total tumour resection {(>95% resection) was achieved in
76.8% in the well-circumscribed type, 100% in the
localised type, and only 10.5% in the diffuse type. Nearly
total resection was achieved in 61%, which is consider-
ably more than in the literature of the CT era (10.4-
23.5%). The sulcus opening and gyrectomy technique
based on MRI achieved radical glioma removal in cases
which could be identified by MRI, resulting in a better
turnour removal rate than that based on CT.

Keywords Extent of tumour resection - Glioma -
Gyrectomy - Magnetic resonance imaging

Introduction

The extent of tumour removal at surgery is one of the
most important prognostic factors in the treatment of
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brain tumours. Planning for the maximum extent of
removal can be based on magnetic resonance imaging
(MRI), which provides more detailed anatomical infor-
mation than computed tomography (CT), is very useful
for selecting the optimum operative approach, and allows
accurate estimation of the possible extent of tumour
removal, This extent can also be assessed more correctly
using pre- and postoperative MRI. However, safe and
reliable methods of radical tumour removal should also
prevent postoperative aggravation of neurological symp-
toms. Here we desciibe our experience with surgical
removal of the brain tumour bulk using our sulcus
opening and gyrectomy technique [2, 4] based on
preoperative MRI findings.

Materials and methods
Subjects

Seventy-seven patients, 51 females and 26 males aged 1 to 80 years
(mean 49.9) with astrocytic tumours, underwent surgery including
biopsy in the neurosurgical department of Yamagata University
School of Medicine from May 1994 to April 2001. Histological
diagnosis was pilocytic astrocytoma in three cases, fibrillary
astrocytoma in 22, protoplasmic astrocytoma in one, gemistocytic
astrocytoma in - two, pleomorphic xanthoastrocytoma in one,
anaplastic astrocytoma in 18, glioblastoma multiforme in 28, and
“other” in two.

Classification of brain tumours by magnetic resonance imaging

The brain tumour bulk was considered to be the area om Tl-
weighted MR images enhanced with gadolinivm (Gd) or the area of
abnormal intensity, if no enhancement was piesent. The tumours
were classified into three types according to the appearance on MRI
of the bulk portion as follows.

a. Well-circumscribed: the lesion boundaries were clear, even in
cases showing abnormal intensity without Gd enhancement. The
lesion did not extend outside the sulcus, and the boundary with
the subcortex was also identifiable. The position and depth of the
suleus provided good indicators of tumour extent, and total
tamour removal was achieved easily (Fig. 1).
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Fig. 1 The well-circumscribed type of astrocytic tumour, Preoper-
ative (upper) and postoperative (Jower) Gd-enhanced T1- and T2-
weighted axial MRI scans. The margin of the tumour bulk can be
distinguished from surrounding normal brain, Extent of tumour
removal is over 95%

Fig. 2 The localised type of tumour. Preoperative (upper) and
postoperative (fower) Gd-enhanced T1- and T2-weighted axial
MRI scans. Tumour bulk is located in only one gyrus. Extent of
tumour removal is over 95%
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Fig. 3 The diffuse type of tumour. Preoperative (upper) and
postoperative (lower) Gd-enhanced T1- and T2-weighted axial
MRI scans. The margin of the tumour bulk is not clear, therefore
only a biopsy was performed

b. Localised: the tumour was demarcated by the sulons and
localised in one gyrus. The boundary with the subcortex was
also identifiable. Total tumour removal could be achieved by
sulcotomy and en bloc removal of the gyrus including the lesion
(Fig. 2).

¢. Diffuse: the boundary of the enhanced tumour was unclear, or
the area of abnormal intensity was extensive. Total tumour
removal was rarely achieved (Fig. 3).

Assessment of brain tumour bulk remaoval

The maximum dimensions of the brain tumour bulk were measured
in anteroposterior, lateral, and superioinferior directions on pre- and
postoperative MR images, and the percenmtage of removal was
calculated from them (Fig. 4). The extent of removal was divided
into four categories: total, indicating =95% removal (including
100%); subtotal, indicating 65-94% removal; partial, indicating
=64% removal; and biopsy [1]. Differentiation between 95% and
100% removal was impossible due to the presence of surrounding
oedema or haematoma caused by the tumour or surgery.

Results

Classification of brain tumours

The well-circumscribed type was the most common,
occurring in 56 patients (72.7%), followed by the diffuse -
type in 19 (24.7%) and the localised type in two (2.6%).
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Fig. 4 Evaluation method of
the extent of tumour resection
in MRI scans. Tumour volume
is calculated using horizontal
(A), anteroposterior (B), and
vertical (C) maximum femour
diameters. (ABC/2). (1-postop-
erative tumor volume/preopera-
tive tumor volume)x100% is
the formula for calculating the
extent of tumonr resection

Table 1 Tumour type and ex-

Well circumscribed

. Diffuse Localised All
tent of tumour removal } ;
Total rempval 43 2 2 47 (61%)
Subtotal removal 3 2 0 5 {6.5%)
Partial removal 2 2 0 4 (52%)
Biopsy g 13 0 21 (27.3%)
Total 56 (72.7%) 19 (24.7%) 2 (2.6%) 7
Table 2 Summary of reported g yhor Year Total cases Total removal cases Ratio of total removal
series. BTRJ Brain Tumour
Registry of Japan Laws 1984 461 57 12.4
: Soffietti 1989 81 19 235
Shaw 1988 126 23 183
North 1990 77 104 -
MeCormack 1992 53 10 18.9
Philippen 1993 118 16 13.6
Suzuki 198% 503 106 z21.1
BTRJ 1978-1987 3,092 441 14.3
Present study 19942001 77 47 61.0

Removal of the brain tumour bulk

Total removal was achieved in al} of the localised and 43/
56 of the well-circumseribed types, but in only two of 19
cases of the diffuse type. Partial and subtotal removal was
performed in nine patients. Biopsy was performed in 21
patients, of which 13 were of the diffuse type. Eight of 56
cases of the well-circumscribed type underwent biopsy,
since the brain tumour bulk was located in eloguent areas
or the deep brain (Table 1).

Discussion

The study found that the well-circumscribed type, with an
identifiable boundary between the brain tumour bulk and
surrounding normal tissue on MRI, was easily removed at
the high percentage of =95% in 43 of 56 cases. The
overall rate of =95% removal in the present series
assessed by MRI was 47 of 77 cases (61%), suggesting an
improvement in total removal over series evaluated by
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CT, with rates of around 20% and a maximum of 23.5%
[3, 5, 6, 7, 8, 9] (Table 2).

Conclusions

Our sulcus opening and gyrectomy technique can remove
the gyrus and lesion safely and reliably only when the
brain tumour bulk and adjacent sulcus can be identified
by preoperative MRI [2, 4]. This method represents an
improvement in the rate of brain tumour removal,
achieving radical glioma removal and a higher tumour
removal rate than that based on CT.
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Abstract

In order to maximize tumor resection of gliomas at precentral gyrus while preserv-
ing motor function, these tumors should be classified according to the anatomical
characteristics. They can be classified into 4 groups at the cortical level as follows:
Group 1, The tumor is located medial to the inverted omega-shape (IOS) on the axial
images of the central sulcus. The tumor also involves the central sulcus side of pre-
central gyrus; Group 2, The tumor is located medial to the IOS. The tumor does not
involve the central sulcus side of precentral gyrus; Group 3, The tumor is located lat-
eral to the IOS; Group 4, The tumor infiltrates diffusely at the precentral gyrus. In
addition, these tumors can be classified into 3 groups at the subcortical level as fol-
lows: Group A, All the descending motor tracts originating from the hand-digit to the
leg motor cortices are damaged; Group B, Some parts of them are damaged; Group C,
All of them are preserved. Well circumscribed gliomas at the precentral gyrus classi-
fied as group 2C and 3C could be resected without permanent motor deficits.

Key words: central sulcus, descending motor pathway, glioma, precentral gyrus, prima-
1y motor cortex, .
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Fig. 1
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Axial magnetic resonance image of a formalin fixed brain specimen. White arrows, black arrows,
and arrowheads indicate the central sulcus, precentral sulcus, and the inverted omega-shaped sul-
cus. Red shaded area indicate the hand-digit, arm, and leg motor cortices. Yellow, blue, and green cir-
cle inclicate the location of the tumor classified into the group 1, 2, and 3, respectively.

and arrowheads tndicate the central sulcus, precentral sulcus, and the posteriorly directed middle
genu corresponded to the inverted omega-shaped sulcus on the axial magnetic resonance image.
Red shaded area indicate the hand-digit, arm, and leg motor cortices. Yellow, blise, and green circle
indicate the location of the tumor classified into the group 1, 2, and 3, respectively.
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leg

arm

finger
(thumb)

tongue

Fig.3 Schematic drawings of the descending motor tract in the coronal plane. Yellow, blue, and green
shaded circle indicate the location of the tumor classified into the group A, B, and C, respectively.

Group 1A

Fig.4 Group 1A: Axial (left) and coronal (center) gadolinium enhanced T1-weighted and coronal diffu-
sion-weighted (right) magnetic resonance images. Arrow and arrowheads indicate the central sul-
cus and the inverted omega-shaped sulcus, respectively.
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Group 1B

Fig. 5 Group 1B: Axial (lgft) and coronal (center) gadolinium enhanced T1-weighted magnetic resonance
images and fiber mapping image (right). Fiber mapping images showing nerve fibers running in
the superior-inferior, left-right, or anterior-posterior directions in red, green, or blue, respectively.
Arrow and arrowhends indicate the central sulcus and the inverted omega-shaped sulcus, respec-

tively.

Group 2C

Group B | FiEH 5 TH £ COHEEO—
iEET 550, Group C @ FRANALTRE
TOHABCEBELZVWDD, O3 DIIHHE
TasLELON (Fig. 3).

Group 1 TIELHTRTD O REERA D b,
AR e B REAEEEERBETE Ao
(Fig. 4, 5). 72731 Group 1B I # SN A fiE
FIC, FREHFEFIFEEL, THEEH
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Fig.6 Group 2C: Axial T2-weighted and fiber mapping image. Arrows and arrowheads indicate the cen-
tral sulcus and the inverted omega-shaped sulcus, respectively (Modified from reference 4).

FELUEI b DOHERIBFTERET
BOEERSEIIEIF S, THEEENTFICERH
FEEL, EFREHEEB I UEID0 OHFE
BRETENE, EREFHEOEHBELER
GTAZENTHETH -7 (Fig. 5). Group 2
HRAFORELERF»OEELTCTRYT 54
REIRTE (Fig. 6), Group 3 X THEY 5 8K
BRI (Fig. 7 ~9), MARETHNIE, Kkt
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Group 3A

Fig.7 Group 3A: Axial {(left) and coronal (center) T2-weighted and coronal diffusion-weighted (right)
magnetic resonance images.

post

Fig.-8 Pre-{upper row) and postoperative {lower row} images of Group 3B: Axial (lgft) and coronal {cen-
ter) gadolinium enhanced Tl-weighted and coronal diffusion-weighted (lower right) magnetic
resondnce images.
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Group 3C

Fig. 9 Group 3C: Axial gadolinium enhanced T1-weighted (left} and coronal FLAIR (center) magnetic
resonance images and fiber mapping image (right). Arrow and arrowheads indicate the central sul-
cus and the inverted omega-shaped sulcus, respectively (Modified from reference 3).

Group 4A

Group 4A

arm finger

{thumb}

Fig. 10 Group 4A: Schematic drawings of the descending motor tract in the coronal plane (left column)
and axial FLAIR magnetic resonance images (right colurmn). The tumor is indicated by the shad-
ed area. Arrow and arrowhends indicate the central sulcus and the inverted omega-shaped suleus,
respectively.
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1. ABSTRACT

This article reviews studies on the correlation
between genetic abnormalities in malignant astrocytic
tumors and patient survival. [t is almost certain that
alterations of PTEN on chromosome 10 represent a
significant unfavorable prognostic factor in glioblastoma
patients. The association of alterations in p33, MDM2, pi6
or EGFR with the survival of patients with anaplastic
astrocytoma or glioblastoma remains controversial. It is
possible that the p/6 alteration and EGFR amplification are
associated with poor survival in certain groups of patients
and that there might be a relationship with age. Malignant
transformation of astrocytic cells are driven by the
sequential acquisition of genetic alteration. Therefore, it is
reasonable to subgroup gliomas by their patterns of genetic
alterations.  However the studies that correlated the
multiple genetic alterations with survival are still limitted.

Further studies on {arge coharts are necessary to
elucidate the genctic tactors that affect the prognosis and

response to therapy of patients with malignant-gliomas and

to cevelop effective management strategies.
2, INTRODUCTION

Matignant gliomas are the most common primary
malignant neoplasms of the central nervous system. Most
of these are anaplastic astrocytomas or glioblastomas. As
these tumors are highly resistant to current treatment
modalities ~ including  surgery, radiotherapy  and
chemotherapy, their prounosis is dismal.  Even after
multidisciplinary treatment, the median survival of patients
with anaplastic astrocyioma is only around 4-5 years; for

patients with glioblastoma it is less than 2 years. In each

histoJogical group. there is a considerable difference in
response to therapy and wide range in survival, and the
tumars are thought to be highly heterogeneous. In an
attempt to establish individualized teeatments and 1o
improve the clinical management of these tumors. ellorts
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have been made to subgroup them genetically {1)- One of
the approaches fo the goal is to identify genetic alteration(s)
that are relevant to tumeor sensitivity to the treatment. This
article reviews studies that investigated the correlation
between the survival of patients with anaplastic
astrocytoma and glioblastoma and the presence of single or
multiple afterations of major genes thought to be
importantly involved in tumorigenesis and/or tumor

" progression.

3. P53 MUTATION

Analyses of the p33 tumor suppressor status in
brain tumors have demonstrated frequent alterations of the
p53 gene as well as stabilization of mutant and intact p53
proteins in tumor cefls. P53 mutations are predominantly
found in astrocytic tumeors; approximately 30-60 % of
anaplastic astrocytomas (2,3) and 25-30% of glioblastomas
{4,5) manifested these mutations. Tumor cells carrying p53
mutations are resistant to apoptosis induced by DNA
damage; overexpression of wild-type p33 enhances the
radiosensitivity of glioma cells. Hoivever, the effect of p53
mutations oa the radio- and chemosensitivity of gliomas,
especially glioblastomas. remains controversial. There are
reports that p33 gene mutations were associaied with peor
outcomes in pediatric brain tumors (6) and adult
gemistocytic astrocytomas (7)., Other studies using single-
strand conformation polymorphism (SSCP) analysis or
yeast functional assay found that the presence of pii
mutations was a positive predictor for a response to
radiation therapy {8) and for a good prognosis in patients
with glichlastomas (2). On the other hand, in patients with
astrocytic tumors, p33 mutations were reportedly not
associared with survival (10.11). We employed yeast
functional assay and DNA sequencing to study the p53
gene status in gliobiastoma  patients and found no
significant difference in the average age of patients with
and without the p53 mutation.  Multivariate analysis
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acjusted lor prognostic factars including the age, gender.
and the Karpofsky performance status (KPS} of
glioblastoma patierus reveabed that the mutation dicl nat
aflect their progression-free or averall survival (12). These
conflicting data may be auributable to diflferences in the
patient populations studied, variations in the accuracy of
histological diagnoses or tumor sampling. and the
rediability of methodelogies used for study.

In gliomas, not only mutant but also wild-type
pS3 proteins (13} are ofien stabilized by mechanisms that
are currently not entirely understood. The turnaver is
sustained by proteolytic degradation which takes place in
the cytoplasin and involves targeting of pS3 at proteosomal
degradation by the murine double minute 2 (MDM2). The
increased stability of wild-type proteins is partly due to an
alterantively spliced MDM2 which cannot degrade the
target pS3 protein (14,15). On the other hand, MDM?2
overexpression with or without gene amplification(s) is
observed mainly in glioblastomas without p33 gene

mutations (9,16). This is suggestive of p33 dysfunctional .

mechanisms other than mutation, P14 is an inhibitor of p33

proleolysis by MDM2 encoded on the [NK4a locus that is
frequently deleted in human tumors. P53 mutations and
pl14*% deletions have-been shown as mutually exclusive in
human glioblastoma (173, {chimura et al. {2) reported that
76% of glioblastomas, 72% of anaplastic astrocytomas, and
67% of low-grade diffuse astrocytomas manifested
deregulation of the p33 pathway either by p33 gene mutalion,
MD#2 amplification, or homozygous deletion/mutation of
pl4*%€. This leads to the speculation that the pS3 tumor
suppression pathway is inactivated not only by p33 mutation in
the early stages of astrocytic tumorigenesis, and that most
glioblastonas have acquired impairment of tumor suppression

functions, Qur preliminary data showed that anaplastic

astrocytomas and glioblastomas differed in the distribution of
the p53 mutation locus, suggesting the existence of ditferent
mechanisms for the p33 mutation in these two types of high-
gracle astrocytic wimors (9).

4. MDM2 AMPLIFICATION/ OVEREXPRESSION

MDM2 oncoprotein promotes cell survival and cell-
cycle progression by inhibiting the p33 tumor sugpressar
protein (18). The MDM?2 gene which locates on {2q13-14 was
found to be amplified in about 10-15% of high-grade gliomas,
thus it represents the second moest frequently amplified gene
after the EGFR gene in these mor types (19.20). Previous
attempts (o correlate MOM2 gene amplification with survival
produced contradictory resulis.  There is a report that
tmmunohistochemical positivity for MDM2  proein was
associsted with longer survival in patients with malignant
astrocytic tumors(21); in other studies, immunochistochemical
positivity for MDM2 protein or MDM2 gene amplification was
nssociated with shorter survival time (9.22). Others (23-23)
found MDM2 gene amplification to have no sigmificant
relevance to overall patient survival,

5. P16 ALTERATION

The pl6 gene, which maps to chromosome 9p21,
is a tumor suppressor gene that has been investigated in
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many human cancers inchuding gliomas (26.27).  In high-
arade astrocytic umors, its inactivation is the most
common alteration in the pl6é-cdkd-cyclinD1-Rb puthway
and oceurs mainly theough homozygous deletion (28-30),
Homozygous deletion of the p16 gene has been repotted in
approximately 10-50 % of anaplastic astrocytomas and 30-
70 % of glioblastomus. These divergent resulls may at
least partly be alributable to the different methads
employed lor the detection of homozygous deletions in

* clinical wmor samples (2.29.31-38).  As the p!0 protein

regulates cell-cycle control at the GI-S transition, its
inactivation leads to loss of cell-cycle control and
consequently,  incceased  proliferation. High-grade
astrocylic tumors with pf6 homozygous deletion had
higher Ki-67 indices than those without the deletion (34),
At the same chromosome 9p21 (INK+a locus), the pl4M°
gene is known Lo be located and shares exon 2 and 3 with
116 gene, but encodes a distinct protein which participated
in pld-MDM2-p53 pathway (39,40). Recently, it has been
elucidated that in astrocytic tumors, homozygous deletion
of the p16 gene is associated with co-deletion of the p /4"
gena (2,17,36). Although no studies have addressed the
correlation betwaen p /4% alteration alone and survival in
patients with high-grade astrocytic tumors, p[6 alteration
has been investigated in relation to survival. While the
corrslation between p/6 inactivation and survival in
patients with high-grade astrocytic tumors has beenr
investigated, the prognostic value of pld abrogation
remains contraversial. Studies using multiplex polymerase
chain reaction (PCR} assay (37.41), Western analysis (42},
or immunohistochemical methods (43) deected no
significant correlation between homozygous deletions of
the p/6 gene or lass of p 6 protein expression, and sucvival
in patients with high-grade astrocytic tumors (37.41-43).
On the other hand, Newcomb et al, (}1) found that in
glioblastoma  patients  older than 61 years, pl6
immunonegativity tended to signal a poor prognosis. In
high-grade astrocytic tumors, pi6 immunonegativity was
an independent indicator of a poor prognosis according to
univariate and multivariate analyses adjusted for age, tumor
histology, extent of surgery, and the Ki-67 labeling index
(LI) (44). Using quantitative real-time PCR assay of 103
primary gliomas, Labuhn et al. (43) recently demonstrated
that deletion of the INK4a ltocus, where pl6- and pi4*%F
gene are located at the 9p21 locus, affected both genes.
They separaied glioblastoma patients into those with
homozygous deletion at the /NK4a locus and those with
retention of both copies of the locus and compared their
survival, The only significant ditference in surviva! was
recorced for patients older than 50 years. We studied
patients with supratentorial glichlastoma who had been
treated  with  surgery and postoperative tadio- and
chematherapy and examined homozygous deletion of the
116 geae (exon 2) using multiplex PCR (38). We chose
this assay because in agliomna tissue samples, the results of
multiplex PCR were highly concordant with dala abtlained
hy Huorescence in situ  hybridization (FISH) and
comparative genomic hybridization (CGH) (46). When we
stibjected primary tumor tssue to multiplex PCR, we
pecformed tiation experiments to confirm the validity of
the results {38). We delected p/6 homozywous deletion in
30.4% of all patients; this was true in 30.8% male aad
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}3.0% femate paients. Cox proportional hazard regression
analysis, adjusted for age at surgery, the KPS score, the
extent of surgical rescetion, and the MIB-1 LI revealed that
homozygous deletion of the 2/6 gene was associated with
neither overall- nor progression-free  survival in our
glioblastoma patients.  However, in male patients. this
deletion was significantly cocrelated with poor prognosis.
The results of both Labuhn et al. (45) and our study suggest
that homozygous deletion of the [NK4a locus is an
unfavorable prognostic factor in certain subgroups of
glioblastoma patients (38.45).  The gender difference
revealed by our study concerning the effect of homozygous
deletion of the p/6 gens on survival requires further
investigation.

The mechanisms of pf6é inactivation other than
homozygous deletion include mutation of the gene and
transcriptional repression due to hypermethylation of the
5'Cp@G island in the promoter region (47-50).. However,
these abrogations are rare in astrocytic tumors (5[-53) and
to our knowledge, no studies have addressed the correlation
between these abrogations and the survival of patients with
high-grade astrocytic tumors, Most glioblastomas manitest
molecular genstic alteration of at feast one component in
each of the Rb and p33 pathways (2,17,29,30.33). In
addition, alterations of individua! components appear
inversely correlated in  each of these pathways
(17.29,30,33,35). To understand their possible effects on
the survival of patients with high-geacde astrocytic tumors,
systematic investigation of these pathways is necessary
(54). Presumably, homozygous deletion of the INK4a
locus in high-grade astrocytic tumors is the most effective
means of abrogating both the Rb and p53 pathways.

6. PTEN ALTERATION

The most common chromosomal abaormality in
high-grade gliomas is (he loss of all or part of chromosome
10. This is true in approximately 30-70% of anaplastic
astrocytomas and 60-95% of glioblastomas (55-58).
Candidate tumor suppressor genes on chromosome 10 that
may be involved in tumorigenesis and/or tumor progression
have been identified, They include PTEN at 1023.3 {59),
FGFR2 at 10q25.3-26 (60). DMBT! at 10q25.3-26.1 {61),
LGI] at 10q24 (62). and “h-new”™ at 10g25.1 (63). The most
impartant twmnor suppressor among thern is the PTEN {(also
known as MMACT (64) / TEPI (65)) gene. PTEN
negatively regulates the phosphatidylinositol 3-kinase
(PIAK)-Akt pathway, and thereby affects contiol of the
cell-cycle and cell survival (66.67). Additionally, PTEN
inhibits focal adhesion, spreading,
dephosphorylating focal adhesion kinase, and niso regulates
tumor-induced angiogenesis (68,69).

The correlation between Yoss of heterozygosity {(LOH)
for chromosome 10 and the survival of glioma patients has
been examined. Using microsatellite anatysis. Lin et al.
€70} studied two locl ncluding MMAC/PTEN and DMBTI
for LOH in patients with various histological types of
glioma. They found that LOH atound MMAC/PTEN was a
significant unfavorable prognostic factor in patients with
anaplastic astrocytoma and glioblastoma; their survival was
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not significantly affected by (he presence or absence of

“LOH in the DMBT! region. [n their reverse ranseription

PCR (RT-PCR) study. Sano et al. (71) examined Lhe
expression of MMAC/PTEN in high-grade glioma patients
and found that those whaose tumars expressed high levels of
MMAC/PTEN had a significantly better prognosis. We used
microsatellite analysis to investigate ihe correlation
between survival and LOH for several toci on chromosome
{0 where candidate tumor suppressar genes lor the
oncogenesis of high-grade astrocytomas are thought to
resicle (72). We found that in patients with glioblfastoma,
the only statistically significant predictor of overall
survival, identified by both univariate and multivariate
analyses, was LOH for PTEN/MMACI., The LOH
frequency at each locus manifested a ditferent pattern in
anaplastic astrocytomas and glioblastomas. Ir anaplastic
astrocytoinas, telomeric regions deleted more frequently
than PTEN/MMAC!. This finding coincides with the
speculation (70,73) that LOH at these loci may represent an
early genetic event in the progression of astrocytic tumors.
In our study, the trequency of LOH was significantly
higher in older than younger patients with anaplastic
astrocytomas. This result too was consistent with that of
Linet al. (70} who demansteated that the frequency of LOH
for MMAC/PTEN significantly increased with age in
patients with anaplastic astrocytoma as well as those with
glioblastoma, '

PTEN is altered by mechanisms other than LOH,
including  mutations, homozygous  deletion, and
methylation defects.  In all informative cases, PTEN
mutations occured in tumors with LOH on chromosome
10q. suggesting the inactivation of this gene by a 2-hit
mechanism. The mutations were reported in approximately
20-40% of glioblastomas (§5,56,74). Among studies
investigating whether the PTEN mutation is assoclated with
survival in patients with high-grade astrocytic tumors, a-
small cohort of pediatric patients suggested the correlation
of PTEN mutation and survival {75). Using denaturing
gradient gel electrophoresis (DGGE) followed by DNA
sequencing, Zhou et al. (76} found no- significant
correlation between the PTEN mutation and sucvival in
glioblastoma patients. Other stucdies showed the same
results (41,76). ’

7. EGFR AMPLIFICATION / OVEREXPRESSION

The mwost frequent oncogenic alteration in
glioblastomas is EGFR gene amplification resulting in the
overexpression of EGFR. a transmembrane tyrosine kinase
receptor (78-81). EGFR amplification is thought to be
present in 30-30% of all glicblastomas and to’ occur more
frequenty in primary (de novo) glioblastomas (24,78,8(-
89). It confers to cells advantages of growth and
invasiveness, and radio- and chemo-resistance (90-93).
Furthermare, glioblastomas with EGFR amplification
frequently exhibit a variety of EGFR - alterations and
muttions, especially £GFRv + (also known as del2-7EGFR
and +EGFR). whose extracellular ligand-binding domain is
truncated; EGFRy « is constitutively activated and enhances
morigenicity in vivo (90,93-98). While there is evidence
that EGFR amplification may signal a less favorable
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prognosis in glioblastoma patients, he results of clinical
stuclies were not conclusive.

In a study using differential PCR  assay,
multivariate analysts assigned no statistical vafue o EGFR
amplification with respect to Lhe survival of patients with
astrocytic gliomas (85). Simmons et al. (99), who ussessed
EGFR overexpression in  glioblastoma  patients by
immunohistochemical-  and  p33  owtation by
immunopositivity studies as well as by SSCP found no
association of these alterations with survival. However,
when they separated patients according to age (younger vs.
older than median age), univariate anafysis revealed that
EGFR overexpression was associated with better prognosis
in the older group: thers was no such association in the
younger patient group.  Their multivariute analysis
demonstrited  that ECFR  overexpression  was  an
independent unfavorable prognostic factor in younger
patients whose p33 statuses was normal. Barker et al. (100)
found positive BGFR  immunoreactivity to be an
inclependent significant predictor of a poor radiation
response in  glioblastoma patients; their multivariate
analysis detected no significant correlation butween the
fmuemunoreactivity or mutation stasus of p33 and twumor
radiation sensitivity. Feldkamp et al. (101), who assessed
EGFR and EGFRv. expression by RT-PCR, Westem
blotting, and immunohistochemistry in a small cohort of
glioma patients, reported that those with EGFRv«-positive
tumors survived for shorter periods than did patients with
EGFRv» -negative tumors, although the difference was not
statistically significant by the Log-rank test.

8. COMBINED GENETIC ALTERATIONS

There is general, consensus that malignant
transformation of astrocytic cells is a multisiep process
driven by the sequential acquisition of genetic alterations.
Therefore, it is reasonable to sub-categarize gliomas by
their patterns of genetic alterations. The observed different
combinations of p53 mutations, LOH on chromosomes [7p
or 10, and EGFR amplification, have led to the hypothesis
that there exist subsets of glioblastomas with distinct
genetic alterations; i.e. primary (de novoj and secondary
glioblastomas (87.89).  The former are seen more
frequently in elderly patients and are characterized by
EGFR amplification and LOH on chromosome 10 without
53 mutation; the latter oceur more frequently in younger
patients and are characterized by p53 mutation and LOH of
chromosome §7p.  While there was general agresment
regarding the proposed sub-classification of gliomas, there
are only a few reports that studied survival significance
refated to the two subsets.

An extensive study on 80 glicblastoma patients showed
no significant association of altered expression of pld, piz.
EGFR. MDM?2 or Bel-2 with survival (11). Leenstra et al.
(102) studied EGFR alteration by dual-probe FISH and
differential PCR, PTEN abnormality by FISH and PCR-
based analysis. and p33 by PCR-based analysis, They
classified their 75 patients with high-grade astrocytema
into 4 groups according lo genetic changes in the tumoss:

P33 gene alterations  without  complete LOH of

—388—

clromosome 10 (Group 1): complete LOH of chromosome -
[0 anly (Group 2); p33 gene alterations plus complete LOH
of chromosome (0 {(Group 3): complere LOH for
cheomosome 10 plus EGFR gene amplilication (Group 4).
Multivariate analysis adjusted for age and gender revealed
that complete LOH for chromosome 10 plus EGFR gene
amplification (Group 4) was a significantly more
unfavorable prognostic factor than p353 gene alteration
alone.  Simmons et al. (99). who investigated EGFR
overexpression in gliobfastoma patients by
immunohistochemical methods, p53 immunopositivity. and
p53 mutation by SSCP analysis, found a statistically
significant association of EGFR overexpression with worse
survival in younger patienls with wild-type p33 but not
those with p53 alterations.

Investigations to correlate gene alterations in
matignant  gliomas  with survival have produced
contradictory resuits.  Although the reasons for these
divergent findings remain unclear, they retflect different
methodologies and  differences among  the © patient
populations studied. Systematic large-scale studies are
needed to obtain important information regarding the
vartous genetic factors that aftect the prognasis and
response to therapy of patients with maligaant gliomas:
Such studies will also facilitate the development of better
management strategies.
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