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«4Fig, 5 Focal somatic copy number alterations are largely confined
to TERT wild-type SHH medulloblastomas. GISTIC2 analysis indi-
cating focal amplifications/deletions in 108 wild-type (a, ¢) and 64
mutant (b, d) SHH tumors, respectively. Star regions enriched for
reported DNA copy number variations

and Group 4 medulloblastomas with distinct prognostic
outcomes, while a prognostic impact of this mutation was
not observed in glioblastomas [23]. Molecular mecha-
nisms converging on TERT up-regulation were recently
reported to be associated with dismal prognosis in pediat-
ric brain cancers [4]. Our findings in Group 4 tumors with
TERT mutations follow this pattern, while SHH tumors
with TERT mutations comprise a prognostically favorable
subgroup. Notably, survival curves of SHH tumors increas-
ingly approximate with extended follow-up. We hypoth-
esize that this pattern might be due to secondary malignan-
cies and late relapses in older SHH tumors [36-38]. Since
virtually all of the TERT promoter mutations encompass
the mutational hotspots C228T and C250T, patient strati-
fication can be carried out using a single PCR followed
up with Sanger sequencing or with a single experiment
using our newly designed Taqman-based genotyping assay.
The latter assay is particularly suitable for routine clini-
cal applications as it is highly sensitive and specific (5 ng
DNA input is sufficient). Furthermore, our Tagman-based
genotyping assay can be used on DNA derived from fresh-
frozen and formalin-fixed paraffin-embedded tissue, since
it only amplifies a short DNA fragment.

Both hotspot mutations C228T and C250T create an
E-twenty-six (ETS) binding motif [10, 11] resulting in
up-regulation of TERT expression at the mRNA level [2],
which was not observed at the protein level in glioblas-
tomas [43]. We now demonstrate that SHH tumors with
TERT mutations are mostly mutually exclusive with those
harboring 10q loss (p = 0.017) Notably, the relatively
favorable prognosis of TERT-mutated SHH medulloblas-
tomas may be explained by the relative lack of high-risk
biomarkers [17, 18, 24, 44].

In summary, we describe the demographic, clinico-
pathological, and biological implications of TERT pro-
moter mutations in a subgroup-specific fashion. This study
underlines the dependence of adult WNT and SHH tumors
to reacquire telomerase activity and suggests a potential
prognostic utility of TERT mutational analysis in an era of
individualized therapy.
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Pathogenesis and Treatment of Radiation Necrosis in the Brain :
Application of Investigational Medical Care System approved by
Ministry of Health, Welfare and Labor

Shin-Ichi Miyatake, M.D., Ph.D." and Motomasa Furuse, M.D., Ph.D."

1) Department of Neurosurgery, Osaka Medical College

Symptomatic radiation necrosis is a serious problem after high—dose irradiation for brain tumors. We studied
the pathogenesis of radiation necrosis in 18 surgically excised specimens obtained at Osaka Medical College by
Hematoxylin and Eosin (H&E) staining and immunohistochemistry. H&E staining showed marked angiogenesis,
telangiectasia at the boundary between the necrotic core and normal brain tissue, the so-called peri—necrotic
area. Reactive astrocytosis at the peri-necrotic area produced Vascular Endothelial Growth Factor (VEGF)
abundantly. These findings are irrespective of original tumor types and radiation modalities. Therefore, we demon-
strated the crucial role of VEGF in the pathogenesis of radiation necrosis.

Thereafter, we reported the potent effects of bevacizumab, an anti-VEGF antibody, for the treatment of
symptomatic radiation necrosis. In a single—institute clinical trial, we applied intravenous administration of bevaci-
zumab to 12 consecutive cases of symptomatic radiation necrosis in the brain. All cases responded well to this
treatment, with marked shrinkage of peri-lesional edema. These treatments were effective irrespective of the
original tumor types and radiation modalities.

Based on these observations, we applied for an Investigational Medical Care System Grant from the Minis-
try of Health, Labor, and Welfare (MHLW) to study “Intravenous administration of bevacizumab for the treatment
of symptomatic radiation necrosis in the brain with the diagnosis based on amino acid PET”. MHLW approved
the grant on April 1, 2011, and the clinical trial is ongoing. Five institutes are now included in the study, and
other several institutes will join it this year for a nationwide multi-institutional clinical trial. The final goal of this
clinical trial is to determine the on-label use of bevacizumab for the treatment of symptomatic radiation necrosis
in the brain.

(Received October 31, 2011 ; accepted November 16, 2011)

Key words : angiogenesis, bevacizumab, positron emission tomography (PET), radiation necrosis, vascular
endothelial growth factor (VEGF)
Jpn J Neurosurg (Tokyo) 21 : 472-480, 2012
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Fig.1 Typical H&E staining of the surgical specimens from cases 1, 2, 3,
and 4

A : Case 1, Radiation necrosis (RN) derived from glioblastoma (GB) caused by X~
ray treatment (XRT) and boron neutron capture therapy (BNCT).

B : Case 2, RN derived from GB caused by proton beam and XRT. Proliferation of
arterioles is observed as well as telangiectasia.

C i Case 3, RN derived from metastatic brain tumor caused by stereotactic
radiosurgery (SRS).

D : Case 4, RN derived from adenocarcinoma in temporal bone, caused by XRT and
repetitive BNCT.

In A, B, C, and D: Black arrows show telangiectasia. White arrows show
bleeding in the interstitial space. Black arrowheads show the proliferation of
arterioles.

Ne ! necrotic center, Pe : peri—necrotic area, Int : intact brain.

In A, B, C, and D: The original objective magnification is X20, X20, x40,
and X 40, respectively.

flﬂ(ﬁH IR & Wi L (Fzg 6), ~vL X2 7 5me kg

y N 2 Mz 1 6 MRS %#{THo 7. T F-BPA-PET &
%! i) i A 234
AR AN HRIRSE D/ i BNCT H{LAY boronophenylalanine % 7 v 3o [dl fif

3 PR EL T (o e
(RIRERASF R —NER T DIRFRARR) T3k (UF) ORGUL A F-BPA % b L—4 & LTIl

BL o {RE & Gonzalez e@”;'c“rﬁkﬁ’ [2Heo %, i VEGF PET TH 5. #4 3 HH X b, TEA RO R LS
Pk TdH 5 vy e 7T L 2 U RREE o il & ok L7z, bitbhofREL 12 #lciz ““lwm UEDHEIE
WEREK MM ER IR L, B—Eikc & 2 AP Wh=b oo, L CHIREBMIHORMSEEIdEL, *
TRBA LY. BB, AL X2 TE, bRETIERANE DIHE I D & ¥,

g, M@ O—EIC L SRS 2, SRRtk 3
HEEER T o7, REEWE Pig. 5 ISR T, Z OREMIZ
s & DEEBAEMIEE S HEER TH b, ERAERGA
988 1 SRR ICRE R IO A & I L 7 RER T H B

BRI T RICH G TH b, P-BPA-PET I2& D

NIV XY T OEIRAIZSIC LD

3

474 akik 21% 6% 201246 A

707



Fig. 2 Immunohistochemistry for VEGF of the peri-necrotic area from
cases 1, 2, 3, and 4

A, B, C, and D are the same specimens depicted in Fig. 1.
Strong immunoreactivity to VEGF and angiogenesis was observed in the peri-
necrotic area in A to D. In A to D, the original objective magnification is X 40.

o

Fig.3 Immunohistochemistry (IH
radiation necrosis (Case 1)

We applied IHC for HIF-1q, for the detectoin of hypoxia at the
peri—necrotic area.

A : Negative control of IHC in peri-necrotic area. Normal mouse

serum was used instead of primary mouse monoclonal antibody
for human HIF-1ca.

B : THC of HIF -1« in intact brain tissue.
C : THC of HIF-1« in peri—necrotic area.
In A to C, the original objective magnification is X 40.

Abundant expression of HIF-1a is observed not in normal brain
tissue, but in peri—necrotic area.
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Hypothesis of radiation necrosis and its treatments

[ Vascular damage in early phase of RN ]

P € Anti-coagulants, Vit E
Hypoxia

Uncreasing of interstitial fluid pressure }

[ VEGF production in reactive astrocytes ]

I G - = — . - Bevacisumab
A v Surgery

1 Angiogenesis ' ’ Disruption of BBB [ g
Fig. 4 Hypothesis of the patho-physiol-

- ogy and proposed treatments in
Hemorrhage - . . P .. .
g ke fo oo Corticosteroid radiation necrosis in the brain
Rectangulars and ovals include some

patho-physiology and treatments,
respectively. Bold lines show inhibition.

[ Gd-enhancement [Peri-lesional edema ]

Fig.5 One of the RN cases treated
with bevacizumab
The original tumor was lung cancer

and treated by SRS,

A, A Pre-treatment, FLAIR MR images.

B : Pre-treatment, T1-weighted gadolin-
ium-enhanced MRI.

C, C': Post-treatment, FLAIR MR
images.,

D : Post-treatment, Tl-weighted
gadolinium-enhanced MRI.
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The red oval shows the region of interest for
radiation necrosis.

The black oval shows the region of interest
for contralateral normal brain.

The mean value of the tracer accumulation
(standerized uptake value mean, SUV mean) in
the red oval and the black oval were 4,745 and
2,775, respectively. Thereore, L/N ratio was
calculated as 1.7 in this case.
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Objective: We reviewed the relationship between extent of resection and survival of patients
with high-grade gliomas with special consideration of an oligodendroglial component.
Methods: A retrospective review was performed on 160 adult patients with histological
diagnosis of high-grade gliomas since 2000. All histological slides were categorized as high-
grade astrocytomas or oligodendroglial tumors. Extent of resection was assessed by early
post-operative magnetic resonance imaging and classified as complete resection, incomplete
resection and biopsy. Measured outcomes were overall survival and progression-free survival.
The independent association of extent of resection and survival was analyzed by the muiti-
variate proportional hazard model adjusting for prognostic factors.

Results: The lesions were classified as high-grade astrocytomas in 93 patients and high-
grade oligodendroglial tumors in 67 patients. In high-grade astrocytomas, the median survival
after complete resection (n= 36), incomplete resection (n= 36) and biopsy (n=21) was
23.4, 15.3 and 12.6 months, respectively. Complete resection was independently associated
with increased overall survival (P < 0.001) and progression-free survival (P = 0.002) com-
pared with incomplete resection, while incomplete resection was not associated with survival
benefit compared with biopsy by multivariate analysis. On the other hand, in high-grade
oligodendroglial tumors, the majority of patients were still alive and there is no significant
difference in the survival between complete resection (n = 24) and incomplete resection
(n=33), while even incomplete resection had a significantly longer overall survival
(P < 0.001) and progression-free survival (P = 0.006) compared with biopsy (n= 10).
Conclusions: Maximal cytoreduction improves the survival of high-grade gliomas, although
our data indicated that the impact of extent of resection in high-grade astrocytomas is
different from that in high-grade oligodendroglial tumors.

Key words: astrocytoma — malignant glioma — multivariate analyses ~ oligodendroglioma —
survival

INTRODUCTION

In recent years, surgery has drawn the most attention as a
treatment of high-grade gliomas because surgical adjunctive
methods including fluorescence visualization of the
tumor by S-aminolevulinic acid (1,2), navigation-guided
fence-post-procedure (3), intraoperative neurophysiological

monitoring (4) and intraoperative magnetic resonance (MR)
imaging (5,6) have enabled extensive resection of high-grade
gliomas. Extensive resection is associated with prolonged
survival in high-grade astrocytomas, especially glioblastoma
multiforme (GBM) (2,7—15). Stummer et al. (1,2) clearly
demonstrated in retrospective analysis of randomized

© The Author 2012. Published by Oxford University Press. All rights reserved.
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prospective trials that complete resection of the enhancing
tumor evaluated by early post-operative MR imaging is an
independent and overwhelming prognostic factor in patients
with newly diagnosed GBMs. Several retrospective volumet-
ric analyses of the extent of resection (EOR) also indicated
that the EOR improves survival in patients with GBMs
(7,9,12) and anaplastic astrocytomas (AAs) (16). By evalu-
ation of early post-operative MR imaging, the role of
the EOR has gradually become evident in high-grade
astrocytomas.

On the other hand, studies focused on the association
between the EOR and prognosis of high-grade oligodendro-
glial tumors [anaplastic oligodendrogliomas (AOs) and ana-
plastic oligoastrocytomas (AOAs)] are limited to a few series
(17-20), and the optimal role of surgery for oligodendroglial
tumors remains a major controversy. Basically, in both
World Health Organization (WHO) Grade II and III gliomas,
several studies demonstrated that the presence of an oligo-
dendroglial component (OC) constitute a favorable prognos-
tic factor (21-29). It is apparent that the prognosis of
high-grade oligodendroglial tumors is highly influenced by
adjuvant therapies, because oligodendroglial tumors are gen-
erally chemosensitive and radiosensitive (30~33). In add-
ition, in WHO Grade IV gliomas, some studies found that
GBM with an OC tends to have better prognosis than ordin-
ary GBM (12,34-37). Several studies have suggested that
the incidence of chromosome 1p and 19¢ deletions, which
have recently been demonstrated to be genetic markers pre-
dictive of good chemosensitivity and a better outcome in
oligodendroglial tumors (32,33,38), is clearly higher in
GBMs with OC than ordinary GBMs (34,36). We assume
that GBM with OC belongs to the subgroup of oligodendro-
glial tumors by these biological characteristics.

In this study, we retrospectively reviewed the relationship
between the EOR and survival of adult patients with high-
grade glioma treated in our institutions with special consider-
ation of the presence of the OC. The EOR was carefully
assessed by early post-operative MR imaging. The aim of
our study was to evaluate the hypothesis that the role of
surgery for high-grade gliomas with OC is different from
that for high-grade astrocytomas.

PATIENTS AND METHODS
ELIGIBILITY AND TREATMENT

A retrospective review was performed at the Hokkaido
University Hospital and our affiliated hospitals on patients
aged over 20 years with a histological diagnosis of a high-
grade glioma (WHO Grade III and IV) between January
2000 and February 2011. Eligible cases for this analysis
included all patients who underwent initial biopsy or resec-
tion at our hospitals of a histologically confirmed GBM, AA,
AOA and AO. In addition, all histological slides were
re-evaluated by two neuropathologists (H.K. and H.N.)
blinded to clinical background and outcome of patients and

classified according to the 2007 WHO classification. GBMs
with OC are defined based on histological specimens that
identify tumor parts with features of oligodendroglial differ-
entiation within typical histological findings of GBM.
Pathological diagnosis did not refer to genetic information.

In this study, eligible cases included all patients who were
treated with conventional external limited field irradiation
(2 Gy/day, five days/week, total dose 5460 Gy) in
Hokkaido University Hospital within 6 weeks after surgery.
Patients who had received previous radiotherapy for a low-
grade glioma were excluded in this study. Patients lost to
follow-up, defined as followed less than 6 months after diag-
nosis, with no progression or death during that interval, were
also excluded. Patients with brain stem glioma and gliomato-
sis cerebri (defined as a diffuse glioma involving more than
three cerebral lobes and without obvious tumor mass) were
not included. Most patients received adjuvant chemotherapy.
The standard chemotherapy regimen changed in 2006; the
predominant regimen was nitrosourea (ACNU)-based or plat-
inum [cisplatin (CDDP)]-based before 2006, and temozolo-
mide (TMZ) chemotherapy thereafter,

EOR anp OUTCOME ASSESSMENT

In tumor-debulking surgery, all patients underwent
maximum possible resection of the tumor without develop-
ing new neurological deficits. The post-operative MR studies
were obtained shortly after surgery in all patients (almost all
cases were obtained within 24 h post-operatively). Pre- and
post-operative T1-weighted MR imaging with contrast en-
hancement was used to determine the extent of tumor resec-
tion. Our patients were usually conducted conventional MR
imaging with 5 mm slice thickness of the whole neuraxis,
and the extent of tumor resection was estimated by these
sequences. ‘Complete resection’ was defined as no evidence
of residual pre-operative contrast enhancement as seen from
axial, coronal and sagittal images (Fig. 1A), and ‘incomplete
resection’ was defined as rim or nodule enhancement of the
resection cavity (Fig. 1B and C). ‘Biopsy’ was defined as
resection of a small part of the lesion for diagnostic purposes
only (including stereotactic needle biopsy). For a small
number of non-enhancing tumors, the range of tumor was
defined as the area of increased signal intensity on FLAIR
images (similar to the assessment of low-grade gliomas).

The following covariates were considered: age at diagno-
sis, pre-operative Karnofsky Performance Scale (KPS) score,
preoperative maximum tumor diameter, tumor location
(including whether the lesion had infiltrated eloquent brain
areas), histological malignancy according to the WHO
criteria and adjuvant post-operative TMZ therapy. The
presumed eloquent brain areas consisted of motor strip (pre-
central gyrus), dominant hemisphere perisylvian language
area, basal ganglia/internal capsule, thalamus and calcaline
visual cortex (39).

The endpoints of this study were progression-free survival
(PFS) and overall survival (OS), which were measured from
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Figure 1. Pre- (left) and post-operative (right) axial T1-weighted magnetic
resonance imaging with contrast enhancement in patients who underwent
resection of high-grade gliomas, (A) ‘Complete resection’ without any
residual pre-operative contrast enhancement lesion. (B and C) ‘Incomplete
resection’ with residual small enhancement lesion around the resection
cavity (B) or residual nodular contrast enhancement (C).

the time of initial surgical intervention that confirmed the
diagnosis of high-grade glioma. All patients were followed
in our institutions until death or last visit. Progression was
defined as the development of radiographically evident
progressive disease.

STATISTICAL ANALYSIS

Parametric data were expressed as mean + standard devia-
tions. In this study, two separate groups were established,
‘high-grade astrocytomas’, which included ordinary GBMs
and AAs, and ‘high-grade oligodendroglial tumors’, which
included GBM with OC, AOA and AO. A comparison of
patient characteristics between high-grade astrocytomas and

716

Jpn J Clin Oncol 2012 Page 3 of 8

high-grade oligodendroglial tumors was performed by the
Student 7-test for continuous and ordered variables, and the
x> test for nominal variables. Age and maximum tumor
diameter were analyzed as continuous variables, and pre-
operative KPS score was analyzed as an ordinary variable,
Time to death or progression parameters were analyzed
with the Kaplan—Meyer method, and comparing them by
log-rank tests. The Cox proportional hazards model was used
to identify the univariate and multivariate predictors of sur-
vival and progression. Two separate Cox’s analyses were
performed with OS and PFS for the histological subgroups
(high-grade astrocytomas and high-grade oligodendroglial
tumors). Variables associated with OS in univariate analysis
were included in the multivariate Cox model if P < 0.20.
For all analyses, a P value <<0.05 was accepted as signifi-
cant. The statistical calculations were performed in StatView
software version 5.0 (SAS Institute, Cary, NC, USA).

RESULTS
PATIENT CHARACTERISTICS

The clinical characteristics of the 160 patients who met our
inclusion criteria are summarized in Table 1. There were 87
males and 73 females with a mean age + standard deviation
of 55 + 14 years (median: 57 years, range: 22--79). The
histological diagnoses, which were re-evaluated by neuro-
pathologists, were GBM in 73 patients (46%), AA in 20
patients (13%), GBM with OC in 14 patients (9%), AOA in
32 patients (20%) and AO in 21 patients (14%). Fourteen
tumors (9%) had no contrast enhancement on MR imaging.
Of these 14 cases, three patients were AA, seven were AOA,
three were AO and one was GBM with OC. Complete resec-
tion, incomplete resection and biopsy were achieved in 60
cases (38%), 69 cases (43%) and 31 cases (19%), respective-
ly. Seventy-two patients (45%) were given post-operative
TMZ chemotherapy according to the Stupp regimen (40).
Sixty-five patients (41%) received ACNU-based chemother-
apy (ACNU by intravenous injection alone or combined with
procarbazine and vincristine), and seven patients (four AO
and three GBM patients) (4%) received CDDP-based chemo-
therapy (combined with ifosfamide and VP-16). The remain-
ing 16 patients (10%) were not given any adjuvant
chemotherapy.

As shown in Table 1, the patients with high-grade oligo-
dendroglial tumors were statistically younger at diagnosis
(P < 0.001) and had a better preoperative KPS score (P =
0.03) compared with patients with high-grade astrocytomas.
In regards to the WHO criteria, high-grade astrocytomas
were more advanced than high-grade oligodendroglial
tumors (P < 0.001) because of the relatively small number
of GBM with OC. No differences in gender, laterality of the
tumor location, tumor maximum diameter, tumor involving
cloquent area and post-operative adjuvant TMZ therapy were
observed between high-grade astrocytomas and oligodendro-
glial tumors. Importantly, there were no statistically
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Table 1. Descriptive statistics of study sample by histological subtypes

All Astrocytomas Oligodendroglial P
(n=160) (n=293) tumors (n = 67) value®

Age (mean+ SD, 55+14 59+ 12 49 + 14 <0.001
years)
Sex
Male 87 46 41 0.10
Female 73 47 26
Side of tumor
Right 91 51 40 0.33
Left 69 42 27
Pre-operative KPS 79 +16 77 +17 83+ 15 0.03
(mean + SD, %)
Tumor diameter 46+16 44+1.5 47+ 1.7 0.54
(mean + SD, cm)
Eloquent area®
Yes 72 47 25 0.07
No 88 46 42
WHO grading
Grade I11 73 20 53 <0.001
Grade [V 87 73 14
Post-operative TMZ
Yes 72 41 31 0.67
No 88 52 36
Extent of resection
Biopsy 31 21 10 0.32
Incomplete 69 36 33
Complete 60 36 24
No. of deaths (%) 88 (55) 69 (74) 19 (28)
No. of 115(72)  81(87) 34 (51)
recurrences (%)
Median follow-up  21.1 16.0 38.7
(months)

SD, standard deviation; KPS, Karnofsky performance scale; TMZ,
temozolomide.

*Comparison between high-grade astrocytomas and high-grade
oligodendroglial tumors.

*Tumor involved eloguent brain area (precentral gyrus, dominant
hemisphere perisylvian language area, basal ganglia/internal capsule,
thalamus and calcaline visual cortex).

significant differences in the EOR (complete resection,
incomplete resection and biopsy alone) between these two
groups (P = 0.32).

The median follow-up was 21.1 months. Eighty-eight
(55%) patients died during the nearly 11-year follow-up
period, with a median follow-up period for the remaining
patients of 29.6 months. The cause of death in all cases was
attributed to glioma. Progressions were identified in 115
(72%) cases. A total of 29 of the 115 cases with progression
underwent repeat surgery.

Table 2. Univariate analysis of clinical and tumor parameters with overall
survival (OS) and progression-free survival (PFS) in 93 patients with
high-grade astrocytomas

Overall survival Progression-free survival

Hazard  95% CI P Hazard 95% CI P
ratio value ratio value
Age® 1.009 0.99-1.03 043 1.013 0.99-1.03 0.18
Pre-operative KPS
<80 1.177 0.72—193 052 1.260 0.80—-1.99 0.32
>80 1.0 1.0
Tumor diameter
>4 cm 0.936 0.58-1.52 0.79 0.820 0.52—-1.28 0.39
<4 cm 1.0 1.0
Eloquent area
No 0.585 0.36-095 0.03 0.761 0.49-1.20 0.23
Yes 1.0 1.0
WHO grading
Grade Il 0.674 037122 019 0.657 0.38-1.31 0.13
Grade IV 1.0 1.0
Post-operative TMZ
No 1.211 0.74--199 045 1278 0.81-2.01 0.29

Yes 1.0 1.0

Cl, confidence interval.
“Increasing variable,

ANALYSIS OF HIGH-GRADE ASTROCYTOMAS
PREDICTORS

Ninety-three patients underwent resection or biopsy of
high-grade astrocytomas (73 GBMs and 20 AAs). Univariate
analysis using the Cox proportional hazards model of high-
grade astrocytomas is presented in Table 2. ‘Tumor involv-
ing eloquent area’ was the only significant predictor of
shorter survival time in the univariate analysis (P = 0.03).
Age at diagnosis and preoperative KPS score did not correl-
ate to survival and progression in the patients with high-
grade astrocytomas; therefore, these factors were not
included in the multivariate analysis of the EOR. In addition,
there was no significant difference in either time to death or
progression for AAs versus GBMs (P = 0.19).

EOR AND PROGNOSIS

Unadjusted OS and PFS curves for patients with high-grade
astrocytomas by EOR are illustrated in Fig. 2. The Kaplan—
Meier plots of OS revealed that the median survival after
complete resection, incomplete resection and biopsy was
23.4, 15.3 and 12.6 months, respectively. The median time
to tumor progression after complete resection, incomplete re-
section and biopsy was 12.9, 7.4 and 6.5 months,
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Figure 2. Overall (left) and progression-free (right) survival analysis for patients with high-grade astrocytomas demonstrated as the Kaplan—Meier plots by
the extent of surgical resection (complete resection, incomplete resection and biopsy alone).

Table 3. Multivariate analysis of extent of resection (EOR) affecting OS
and PFS in 93 patients with high grade astrocytomas®

Overall survival Progression-free survival

Hazard  95% CI P value Hazard 95% CI P
ratio ratio value
Complete 0356 0.19-0.66 <0.001 0405 0.23-0.71 0.002
resection
Incomplete 1.0 1.0
resection
Biopsy 1.085 0.53-224  0.82 1.158 0.63-2.14 0.64

*Adjusting for the effect of tumor location (involving eloquent area) and
histological WHO grading.

respectively. Differences in both OS and PFS times based on
the EOR were significant according to the log-rank test
(P <0.01).

The multivariate analysis using the Cox proportional
hazard models of the EOR for OS and PFS is listed in
Table 3. After adjusting for the effect of tumor location
(involving eloquent area) and histological malignancy
(WHO grading), complete resection was independently asso-
ciated with increased OS and PFS compared with incomplete
resection (P < 0.001 and 0.002, respectively). Incomplete
tumor resection was not associated with a survival benefit
compared with biopsy (P = 0.82).

ANALYSIS OF HIGH-GRADE OLIGODENDROGLIAL TUMORS
PREDICTORS

Sixty-seven patients were diagnosed as high-grade glioma
with OC by a primary surgical specimen. The histological
malignancy according to WHO grading was Grade III in 53
patients (32 AOAs and 21 AOs) and Grade IV (GBM with
OC) in 14 patients.

As shown in Table 4, the significant predictors of shorter
survival time in the univariate analysis included advanced
age at onset (P = 0.001) and WHO Grade IV malignancy
(P = 0.02). Older age and WHO Grade IIT malignancy were
also associated with a worse rate of PFS (P = 0.005 and
0.04, respectively). There were a trend toward longer OS
with larger tumor (£ = 0.08) and lower preoperative KPS
score (P = 0.08). Histological malignancy according to
WHO grading was significantly correlated with survival in
contrast to high-grade astrocytomas. Conversely, there was
no significant difference in both OS and PFS for tumors that
infiltrated the eloquent brain in high-grade oligodendroglial
tumors.

LOR AND PROGNOSIS

The Kaplan—Meier plots of OS by the EOR are demon-
strated in Fig. 3. The median survival had not been reached
at the time of analysis in patients who underwent tumor-
debulking surgery (complete resection or incomplete resec-
tion) because the majority of these patients were still alive,
whereas the median survival was 19.3 months for patients
who underwent biopsy alone. The median time to tumor pro-
gression after complete resection, incomplete resection and
biopsy was 81.4, 61.3 and 6.5 months, respectively.
Differences in both OS and PFS times were significant
according to the log-rank test (P < 0.01).

Based on the multivariate analysis adjusted for the effect
of patient age, pre-operative KPS score, tumor size and
WHO grade, complete resection was not associated with
survival benefit compared with incomplete resection (P =
0.85). There was a trend toward longer PFS with complete
resection (hazard ratio: 0.517, compared with incomplete
resection), but the difference between complete resection
and incomplete resection did not reach statistical significance
(P = 0.16). Both OS (P < 0.001) and PFS (P = 0.006) were
significantly shorter in patients who underwent biopsy alone
than in patients who underwent incomplete resection
(Table 5).
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