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DISCUSSION

In this study, we categorized high-grade gliomas into two
groups, high-grade astrocytomas and high-grade oligo-
dendroglial tumors, based on the presence of OC. Previous
studies demonstrated that the survival of patients with AOA
or AO is significantly longer than that of patients with AA
(21,25,26,28,41), and some studies found that GBM with
OC tends to have a better prognosis than ordinary GBM
(12,34-37). In our series, 14 of 87 GBMs contained OC

Table 4. Univariate analysis of clinical and tumor parameters with OS and
PFS in 67 patients with high-grade oligodendroglial tumors

Overall survival Progression-free survival

Hazard 95% CI P value Hazard 95% Cl P value

ratio ratio
Age® 1.072 1.03—1.12 0.001  1.039 1.01-1.07 0.005
Pre-operative KPS
<80 2.373 0.89-6.35 0.09 1.829  0.84-3.97 0.13
>80 1.0 1.0

Tumor diameter

>4 cm 2640  0.88-7.97 0.08 1.985  0.95-4.12 0.07

<4cm 1.0 1.0

Eloquent area
No 0.781 0.31-1.99 0.60 0.669 0.34-1.33 025
Yes 1.0 1.0

WHO grading
Grade III  0.321 0.12-0.83 0.02 0.453 0.21-0.96 0.04
Grade IV 1.0 1.0

Post-operative TMZ
No 0.640 0.22—1.84 041 0.811 0.38—1.75 0.59
Yes 1.0 1.0
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(16%). This result is similar to previous reports (34,35).
Kraus et al. (36) mentioned that the physician ordering the
patient’s adjuvant treatment becomes altered to the better
prognosis because of the high likelihood for a favorable re-
sponse to chemotherapy in the presence of OC in a GBM.
He et al. (34) found that the molecular profile associated
with GBM with OC was different from that of ordinary
GBM with frequent loss of heterozygosity on Ip and 19q.
They suggested that GBM with OC represents a subgroup of
tumors of oligodendroglial origin that is distinct from ordin-
ary GBM in terms of the tumorigenesis pathway (34). By
subanalysis of a clinical randomized trial of RTOG 83-02,
Donahue et al. (25) suggested that high-grade gliomas with
OC should be considered in the design and stratification of
malignant glioma trials, because patients who have high-
grade gliomas with OC have the potential for prolonged
survival.

The primary aim of this retrospective analysis was to
evaluate the impact of the extent of tumor resection in high-
grade astrocytomas and high-grade oligodendroglial tumors.
Previous studies demonstrated that complete resection of
pre-operative contrast enhancing lesions improves survival in

Table 5. Multivariate analysis of EOR affecting OS and PFS in 67 patients
with high-grade oligodendroglial tumors®

Overall survival Progression-free survival

Hazard 95% CI P value Hazard 95% CI P value
ratio ratio

Complete  0.878 0.24-3.25 0.85 0.517 0.21-1.30 0.16
resection

Incomplete 1.0 1.0
resection

Biopsy 9.35 2.52-348 <0.001 3.718 1.45-9.54 0.006

*Adjusting for the effect of patient age, pre-operative Karnofsky
performance scale, tumor size (maximum diameter) and histological WHO
grading.
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Figure 3. Overall (left) and progression-free (right) survival analysis for patients with high-grade oligodendroglial tumor demonstrated as the Kaplan—Meier
plots by the extent of surgical resection (complete resection, incomplete resection and biopsy alone).
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GBMs and AAs (1,7-9,11,13—16). With volumetric analysis
on AAs, Keles et al. (16) reported that post-operative re-
sidual contrast enhancement has a statistically significant un-
favorable effect on survival. McGirt et al. (11) reported that
gross total resection of contrast enhancement was independ-
ently associated with increased survival over subtotal resec-
tion in AA. Lacroix et al. (9) found that greater than 98%
tumor resection was significantly associated with improved
survival in newly diagnosed GBMs. In the present study,
radiographically complete resection of enhancing lesions
with early post-operative MR imaging was an independently
good prognostic factor of both OS and PFS in high-grade
astrocytomas in accordance with previous studies. Patients
with residual enhancement on post-operative MR imaging
did not have a survival benefit compared with patients who
underwent biopsy alone. Our data confirmed that extensive
surgery plays an important role in predicting the risk of pro-
gression and death in high-grade astrocytomas.

In this series of the patients with high-grade astrocytoma,
the prognosis is not significantly different between AAs
(WHO Grade I tumors) and GBMs (WHO Grade IV
tumors). This result is intriguing. In reassessment of histo-
pathology according to the WHO 2007 criteria, our neuro-
pathologists classified high-grade oligodendroglial tumors
regardless of the definite numeric value for the oligodendro-
glial tumor component portion. Patients who have AA with
OC have the potential for prolonged (25); therefore, it is
conceivable that the prognostic outcome of our patients with
pure AA was relatively poor compared with previous reports.
We suppose that the further investigation to increase the
number of cascs for AA which was rather less than that of
GBM might be required. In addition, age and pre-operative
KPS were also unrelated to the prognosis in the patients with
high-grade astrocytomas. In this series, eligible patients were
only able to undergo post-operative radiotherapy, so pessim-
istic patients with poor prognosis who could not undergo
radiotherapy, i.e. very elderly or very poor preoperative KPS
score, were excluded. Thus, prognosis might be less affected
by age and pre-operative KPS,

There are a relatively small number of studies evaluating
the relationship between the EOR and prognosis on high-
grade gliomas with OC (17,18,20,42). In our patients with
high-grade oligodendroglial tumors, including GBMs with
OC, complete resection versus incomplete resection was not
associated with survival in multivariate analysis. There was
a trend toward longer PFS with complete resection, although
the difference between complete resection and incomplete
resection did not reach statistical significance (P = 0.16).
Patients who underwent tumor resection (including both
complete and incomplete resection) had significantly
improved OS and PFS compared with patients who under-
went biopsy alone (OS: P < 0.001 and PFS: P = 0.006,
biopsy versus incomplete resection in multivariate analysis).
In the subanalysis of Phase III trials for AOs and AOAs,
tumor-debulking surgery was independently associated with
longer OS time (18,42). The degree of resection was not

720

Jpn J Clin Oncol 2012 Page 7 of 8

distinct in these trials; therefore, our result is expected to be
similar. Oligodendroglial tumors are well known to be gener-
ally chemosensitive tumor (30-33), leading to be better
prognosis regardless of the extent of tumor resection com-
pared with astrocytic tumor. In fact, in the present series, an
objective response was obtained 24 cases (63%) among 38
high-grade oligodendroglial tumor patients with post-
operative residual tumor (incomplete resection or biopsy),
while an objective response was obtained 12 cases (24%)
among 51 patients with high-grade astrocytoma patients with
post-operative residual tumor [response to chemotherapy is
assessed on the basis of criteria proposed by Macdonald
ct al. (43), and objective response defined as complete re-
sponse or partial response]. Although the role of extensive
surgery remains uncertain in high-grade oligodendroglial
tumors, maximum safe resection should contribute to
prolong survival even if the lesion involves eloquent areas.

CONCLUSION

Our data suggest that maximal cytoreduction should be
attempted in high-grade gliomas regardless of histological
subtype or tumor location. However, the impact of the EOR
in high-grade astrocytomas might be different from that in
high-grade oligodendroglial tumors. Certainly, this study has
some limitations. This study is inherently limited by its
retrospective design and the limited number of patients. In
addition, there were relatively few deaths in patients with
high-grade oligodendroglial tumors, which limited extensive
multivariate analysis. However, when novel examinations
enable us to confirm histological diagnosis pre-operatively,
we anticipate that our present data may be important for the
surgical strategy of high-grade gliomas.
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rade Ill and IV espeaa!ly refemng to the prognostic
. our results might offer an alternative aspect for the

Introduction

High grade gliomas/malignant gliomas arc composed of

astrocytic and/or oligodendroglial tumors which are categorized
into WHO grade III and IV. The clinical outcome of the patients
with these discases remains extremely poor, although the
oligodendroglial tumors are reported to exhibit relatively favorable
prognosis compared to the astrocytic tumors [1,2,3]. In additon to
variable prognostic factors such as the age of the patients, the
cxtent of rescction or postoperative radiation therapy, tumor grade
and Karnofsky performance status (KPS) score, the presence of the
oligodendroglial tumor component, prominent microvascular
proliferation and/or necrosis in high-grade glioma are focused
upon in the recent edition of WHO Classification (4", 2007) [4].
“Glioblastoma with oligodendroglioma component” was placed
into Grade IV, and anaplastic oligoastrocytoma (AOA) with
microscopical necrosis, formerly categorized in Grade 111, is also

regarded as Grade IV. In recent reports, the survival analysis of

Glioblastoma (GBM) vs. Glioblastoma with oligodendroglioma
component (GBMO) was performed and showed no significance
between them [3,6], although some other reports have indicated
a better prognosis for GBMO [7,8,9,10]. In addition, a detailed
survival analysis limited in Grade III gliomas, between oligoden-
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droglial tumor (AO, AOA) and pure astrocytic tumor (Anaplastic
astrocytoma, AA), has not been reported, especially after the
recent edition of WHO Classification; thercfore, the clinicopath-
ological significance of the oligodendroglial tumor component is
still controversial.

Here we reviewed and analyzed 111 cases of high grade gliomas
based on the latest WHO classification, and found the critical
implication between the prognosis and histological evaluation,
especially the presence of the oligodendroglial tumor component.

Materials and Methods

Patients

This study was performed with the approval of the Internal
Review Board on ethical issues of Hokkaido University Hospital
and Graduate School of Medicine, Sapporo, Japan. The samples
and the patients’ information were obtained under a blanket
written informed consent. Among the patients who were treated at
the department of neurosurgery of Hokkaido University Hospital
or its affiliated hospitals between 2000 and 2009, we had 133 cascs
of malignant gliomas (AA, AO, AOA, GBM and GBMO). We
performed immunohistochemistry with anti-Olig2 and Glial
fibrillary acidic protein (GFAP) antibodies during the initial
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Table 1. Characteristics of 111 Patients.

Prognostic Value of Oligodendroglial Component

Table 2. Summary of the cases of altered diagnosis.

Characteristics Number of patients (%)

Median age (range)
Gender
e

Female

Extent of surgery -

Subtotal resection

©_Gross.total resection

No data

Preoperative KPS score
80<

35 (31.5)

 Nodata

ACNU: Nimustine hydrochloride, TMZ: Temozolomide, CDDP: Cisplatin, CBDCA:
Carboplatin, KPS: Karnofsky performance status.
doi:10.1371/journal.pone.0041669.t001

diagnosis process for confirmation of glial tumor, and we observed
all of the 111 case were positive for at least one of these two
antibodies. The clinical outcomes of these patients were collected
retrospectively. Among these patients, 22. cases were excluded
because of following reasons; 13 patients had clinical or
histopathological evidence of preceding low grade glioma, 7
patients’ pathological diagnosis couldn’t reach the final consensus
and 2 patients’ survival time wasn’t available. The seven patients
whose diagnoses couldn’t be determined includes 4 cases with
insufficient tissue volume, 1 case suspected as oligoastrocytoma,
WHO Grade 1, and 2 cases suspected as Primitive neuroecto-
dermal tumor (PNET). There was no case which needs to be
differentiated from metastatic carcinoma or other intracranial
tumor. Finally, 111 cases were applied for the overall survival
analysis. Among these 111 cases, the data of progression-free
survival was available in 78 patients.

Histopathological Studies

Here we performed this analysis as a retrospective study.
Pathological review of all surgical or biopsy specimens were
performed by four pathologists (.1, H.N, M.1" and H.K) who
were blind to the clinical information. Routinely formalin-fixed,
Paraffin-cmbedded tissue scctions of tumor were stained with
Hematoxylin and eosin (H&E) and used for pathological review.
Histological features including cellularity, cellular atypia, mitotic

@ PLoS ONE | www.plosone.org
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Initial diagnosis Altered diagnosis

Number of patients

ACA

AOA (20)

GBM (68) AOCA

AA: anaplastic astrocytoma, AO: anaplastic oligodendroglioma, AOA: anaplastic
oligoastrocytoma, GBM: glioblastoma, GBMO: glioblastoma- with
oligodendroglioma component.

doi:10.1371/journal.pone.0041669.t002

activity, necrosis, and microvascular proliferation were reevaluated
and diagnosis was made according to the 2007 WHO classifica-
tion. The oligodendroglial tumor component, such as the
oligodendroglioma component in GBM, was defined as the
presence of at least 5 tumor cells with obvious perinuclear halo
in cluster or even in diffuse, scattered pattern in high power field of
H&E scction, and we did not refer to any immunohistochemical
staining such as Olig-2 or GFAP. The cells which had round
nuclei or a microcystic pattern without a perinuclear halo were not
regarded as an oligodendroglial tumor component.
FISH (Fluorescence in situ Hybridization) Analysis
Among the paticnts who underwent surgery between 2006 and
2009, eighteen samples were available for FISH analysis to detect
the chromosome 1 (1p) deletion. The analysis was conducted using
paraffin embedded  tissuc - as - previously described [11]. The
flnorochrome-labeled probes mapping to 1p36 was used for the
detection of lp loss. Approximately 100 nonoverlapping nuclei
were enumerated per hybridization. The deletion for lp was
defined as more than 30% of tumor nuclei containing 1 signal for
1p36.

Statistical Analysis

Time to progression and survival, measured from the date of
first surgical resection or biopsy to discase progression and death,
respectively, or the date of last follow-up visit was analyzed by the

Table 3. Final diagnosis of the 111 cases.

Histological subtype Number of patients (%)

A onae
AOA 18 (16)
Goo v

13012

Total

AA: anaplastic astrocytoma, AO: anaplastic oligodendroglioma,
AOA: anaplastic oligoastrocytoma, GBM: glioblastoma,

GBMO: glioblastoma with oligodendroglioma component.
doi:10.1371/journal.pone.0041669.t003
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Case 1
AA—>AOA

Case 2
GBM->GBMO

Case 3
AOA->GBMO

Prognostic Value of Oligodendroglial Component

S

Figure 1. The histological appearance of the cases in which the diagnosis was altered. Case 1: The initial diagnosis was AA because of the
prominent atypical astrocytic cells (a). After the histological review, an obvious oligodendroglial tumor component with perinuclear halo was
identified (b), and the histological diagnosis was altered to AOA. Case 2: Dense infiltrate of atypical large tumor cells with necrosis indicate GBM (c).
However, we found the oligodendroglioma component within the section (d), thereby changing the final diagnosis to GBMO according to the 2007
WHQO classification. Case 3: The tumor consists of middle-sized atypical astrocytic cells with eosinophilic cytoplasm and also atypical oligodendroglial
cells with perinuclear halo, giving the initial diagnosis as AOA (e). The cellularity and nuclear atypia of this case is moderate; however, the presence of
micronecrosis {f) in this lesion enforced us to alter the diagnosis to GBMO. (The scale bars represent 50 um (3, b, d, and e) and 100 pm {(c, f).).

doi:10.137 /journal.pone.0041669.g001

Kaplan-Meier method. Log-rank test was employed for comparing
the curves.

Results

Characteristics of Patients

"The summary of included patients is shown in I'able 1. Median
age of the paticnts was 57 ycars (ranging from 11 to 83). Sixty-four
patients were men and 47 were wormen. The weauments included
surgical resection, adjuvant radiation and adjuvant chematherapy.
Twenty-two paticnts (19.9%) underwent biopsy, 26 paticnts
(23.4%) underwent partial resection, 21 patients (18.9%) un-

@ PLoS ONE | www.plosone.org

724

derwent subtotal resection and 40 patients (36.0%) underwent
gross total rescetion, while the details of 2 patients (1.8%) were
unknown. Among the 111 paticnts, 101 paticnts {(91.0%) reccived
radiation therapy: basically the patients with Grade LI glioma
received 54 Gy/27 fr, and patients with Grade IV glioma reccived
60 Gy/30 fr. Chemotherapy was applied to 50 paticnts (15.0%)
with nimustine hydrochloride (ACNU), and 40 paticnts (36.0%)
with temozolomide {ITMZ), 2 patients (1.8%) with cisplatin
(CDDP), and 1 patient (0.9%) with carboplatin ((GBDCA), while
17 patients (15.3%) didn’t receive any chemotherapy. The
preoperative KPS score of 72 patients (64.9%) was more than
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Figure 2. Overall survival (OS) analysis based on the histological subclassifications. a: Conventional Grade Il gliomas (AA, AO and AOA)
show significantly better prognosis than Grade IV gliomas (GBM, GBMO). b: GBMO presented longer survival compared to GBM, although it is
statistically not significant (p =0.068). ¢: Oligodendroglial tumor (“oligo”; AO, AOA, GBMO) shows significantly better prognosis compared to pure
astrocytic tumor (“pure astro”; AA, GBM). d: The survival curve of AA patients is almost identical to that of GBM patients.

doi:10.1371/journal.pone.0041669.9002

80 and that of 35 patients (31.5%) was lower than 80. After the
treatments, the patients were followed in the outpatient clinic until
cither their death or their last visit. The mean duration of the
follow-up was 24.3 months (range, 0.7-105.0). The detailed
information of 13 cases of AAs was as follows. Mcdian age of
the paticnts was 48.2 years (ranging from 15 to 68). Seven patients
were men and 6 were women. Seven patients (53.8%) underwent
biopsy, 3 patients (23.1%) underwent partial resection, 1 patient
(7.7%) underwent subtotal resection and 2 patients (15.4%)
underwent gross total resection. Among the 13 paticnts, 12
patients (92.3%) reccived radiation therapy. Chemotherapy was
applied to all patients; 9 (69.2%) with nimustine hydrochloride
(ACNU), and 4 patients (30.8%) with temozolomide (TMZ). The
mean duration of the follow-up was 19.5 months (range, 6.9-72.7).

Histological Evaluation

Because the 111 studied cases of grade III and IV malignant
gliomas included the cases diagnosed before 2007, we first
performed a histological review of all 111 cases based on the
recent edition of WHO Classification (4th, 2007) [4] to obtain
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the unified pathological diagnosis. As summarized in Table 2, the
initial diagnosis of 30 cases of malignant glioma was altered: 17
cases of newly established GBMO were included, and 3 cases of
AA were re-categorized into AO or AOA because of the presence
of an obvious oligodendroglial lesion, resulting in the additional 17
cascs of oligodendroglial tumors (AO, AOA and GBMO). We
identified micronecrosis in the 4 cases of AOA; thus their diagnosis
was altered to GBMO. The final pathological diagnosis after the
review is summarized in Table 3. The histological appearance of
the cases in which the pathological diagnosis was altered is
cxhibited in Fig. 1, while the typical histological appearances of
high-grade gliomas (AA, AO, AOA and GBM) are shown in
Fig. S1.

Survival Analysis Based on the Reviewed Pathological
Diagnosis

The overall survival (OS) based on the conventional grading
entities of gliomas, i.e. Grade III (AO, AOA and AA) versus Grade
1V (GBM and GBMO) by the Kaplan-Meier method is shown in
Fig. 2a, and is approximately similar to that described in previous
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Figure 3. Progression-free survival (PFS) analysis based on the histological subclassifications. a: Conventional Grade Il gliomas (AA, AO,
AOA) show significantly longer PFS than Grade IV gliomas (GBM, GBMO). b: A significantly longer PFS in GBMO patients was observed compared to
GBM (p=0.0456), while the OS was not significant (Fig. 2b). ¢: Oligodendroglial tumor (“oligo”; AO, AOA, GBMO) shows significantly longer PFS
compared to pure astrocytic tumor (“pure astro”; AA, GBM). d: The PFS curve of AA patients is almost identical to that of GBM patients.

doi:10.1371/journal.pone.0041669.g003

reports [12,13]. Between GBM and GBMO, the statistical
significance of OS was not obtained, although the progression-
free survival (PFS) of GBMO was statistically better than that of
GBM (p = 0.0456) (Fig. 2b and 3b). To clarify the prognostic value
of the presence of oligodendroglial tumor component, we divided
all cases into two groups regardless of WHO grading, ic.,
oligodendroglial tumor (AO, AOA, GBMO) and pure astrocytic
tumor (AA, GBM), and obtained the interesting result that the
both OS and PFS of oligodendroglial tumor were significantly
better than these of pure astvocytic tumor (Fig. 2¢ and 3c).
Furthermore, we found the striking data between AA and GBM;
their survival curves of the OS and the PFS were almost identical
(Iig. 2d, 3d and S3). In our facility, the patients with pathological
Grade I1II glioma (AA, AO and AOA) were treated with a smaller
amount of radiation (34 Gy) compared to the patients with Grade
IV (GBM and GBMO; 60 Gy), and the sclection of chemotherapy
varied according to the standard protocol of the time of onset. To
exclude the possible effects due to the variation of chemotherapy
and the total amount of irradiation, we analyzed the OS between
AA and GBM with ACNU, TMZ, or 60 Gy of irradiation,
respectively, and confirmed that the OS and PFS were not affected
by the variation of the treatment (Fig. 4).
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FISH Analysis

Among 18 specimens obtained between 2006 and 2009, nine
cascs were not applied beeause of the poor preservation status
and/or the shortage of the specimens. Finally, we could detect the
signal of fluorcscent probe n 9 cases, which include 3 oligoden-
droglial tumors (3 AOAs) and 6 purce astrocytic tumors (1 AA and
5 GBMs) (Table S1). As a rcsult, four cascs showed high
percentages (higher than 30%) of 1p36 loss and 5 showed low
percentages (less than 30%). Among the 3 oligodendroglial tumors,
only 1 case showed positive for 1p36 loss, on the other hand, three
cases out of 6 purc astrocytic tumors showed positive for 1p36.
There was no significant difference between 1p loss-positive group
and 1p loss—negative group with respect to PFS or OS (Figure 52).
In order to compare the prognostic significance between 1p loss
status and oligodendroglial component, we next divided these 9
patients into oligodendroglial tumors and pure astrocytic tumors
and examine the PFS and OS. There was no significant difference
between oligodendroglial tumors and pure astrocytic tumors in
PFS and OS, however, the each survival curves of oligodendroglial
tumors showed distinctly better prognosis than purc astrocytic
tumors.
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Discussion

Because the favorable prognosis of oligodendroglial tumor
including AO and AOA has been clinically recognized [1,2,3], the
proper pathological diagnosis for these tumors is required. In fact,
the recent clinical Phase III trial of anaplastic gliomas revealed
that AO and AOA shared the similar prognosis, which was better
than that for AA [14]. Regarding GBMO, although its prognostic
evaluation still remains controversial [5,6,7,8,9,10], here we have
shown that the prognosis of GBMO, at least in terms of PFS, but
also in terms of the tendency for OS, was significantly better than
that of GBM. In this study, we have performed the alternative
categorization of high-grade gliomas throughout Grade Il and
IV, i.c., into oligodendroglial tumor (AOQ, AOA and GBMO) and
pure astrocytic tumor (AA and GBM), and obtained the notable
result of the survival analysis (Fig. 2¢ and 3c). The survival curves
of OS and PFS of the two groups were almost similar to, or much
more significant than, that of the conventional categorization into
Grade 11l and IV (Fig. 2a and 3a). Furthermore, the survival
analysis within the group of purc astrocytic tumors, more
specifically pure astrocytic high grade gliomas, exhibited the
unexpected conclusion that the prognosis of AA and GBM was
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almost identical in OS or even PFS (Fig. 2d and 3d). Based on
these results, we concluded that the presence of histological
oligodendroglial tumor component, purely or even pardally, is
a critical prognostic factor for high-grade glioma throughout
Grade II and 1V, although additional studies to increase the
number of the cases for AA (n = 13) which was rather less than that
of GBM (n=>57) might be required for further confirmation.

In our histological review process, we defined the oligodendroglial
tumor component by identification of the groups of the cells with an
obvious perinuclear halo (fried egg appearance) in H&E section;
howeverwedid notsetthe definite numeric value for the proportion of
the oligodendroglial tumor component. Establishing the definite
criteria for the proportion of oligodendroglial tumor component for
diagnosis can be difficult, because the pathological materials obtained
by biopsy or even total rescction usually reflect the partial aspect of the
lesion; in fact, it varied between 10 to 25% in a previous report {1].
The reason that the percentage of GBMO in our series (25%) was
higher than previous report (5-20%) [6,7,9] might be explained by
such difference of diagnostic criteria for the oligodendroglial tumor
component. To distinguish the oligodendroglial tumor from the
astrocytic tumor, the immunohistocherical specific marker has not
been identified, while the detection of loss of chromosome 1 (1p) and
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chromosome 19 (19q) by FISH is established [11,15,16]. However,
beeause the consensus diagnostic criteria of the proportion of cells
with Ip and 19q deletion has not been built yet, previous reports
indicated the variable cut-off values [17,18,19], and furthermore,
FISH technique has not always been one of the routine clinical
examinations in general hospitals, and the aged, long term-fixed
pathological specimens arc sometimes notsuitable for this analysis. In
fact, wefailed the FISH analysis in 9 out of 18 cascs because of the poor
preservation state and/or the shortage of the specimen. Interestingly,
four cases which represented positive for 1p loss included 3 GBMs
without histological oligodendroglial tumor component. Morcover,
the survival analysis for these 9 cases revealed unexpected results that
the histological evaluation for oligodendroglial tumor component
was more sensitive factor rather than the FISH analysis for 1p-loss
(Figure 52), although it was not statistically significant due to small
number of the cases. These results also suggest the diagnostic
significance of histological evaluation for oligodendroglial tumor
component. In addition, the histological oligodendroglial featurcs
including perinuclear halo (classical histology) was noted as a strong
predictor of clinical outcome, rather than 1p/19¢ status |20}, Hence,
the fact that the histological identification of the cells with an obvious
perinuclear halo (fried cgg appearance) in H&E section is enough 1o
discuss the prognosis, as we presented here, is quite important for the
majority of the pathologists (0 make a routine diagnosis and the
neurosurgeons to treat the patients with high-grade glioma.

A critical question has arisen: how docs the presence of
oligodendroglial tumor component, cven partially, yield to the
favorable prognosis? One of the possible hypotheses is that the cell
biology of oligodendroglial tumor would differ from that of
astrocytic tumor. The therapeutic sensitivity of 1p/19q-loss
oligodendroglioma to chemotherapy and radiation was discussed
previously, although it is not clear whether oligedendroglioma
represent a tumor type that is more responsive to cytotoxic
therapies or whether these tumors are more biologically indolent
[15]. The experimental stucdy using obgodendroglial tumor cell
line would be expected to answer this query, although there are
currently no available cell lines derived from human oligoden-
droglial tumor,

In conclusion, we cmphasize the prognostic significance to
identity the oligodendroglial tumor component, even partially, in
routine H & E scctions of the high-grade gliomas, and would
proposc the alternative histological grading system of Grade III
including GBMO as well as AO and AOA.

Supporting Information

Figure 81 The histological appearance of typical AA (a),
AO (b), AOA (c) and GBM (d). a: AA is composed of astrocytic
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cells with moderate atypia. There is no evident necrosis,
prominent vascular proliferation, or oligodendroglial  tumor
component. b: AO is composed of oligodendrocytic cells with
obvious perinuclear halo. ¢ In AOA, astrocytic cclls ave
intermingled with oligodendroeytic cells. There is no cevident
necrosis. < In GBM, diffuse infiltration of pleomorphic tumor cells
is observed and the microvascular proliferation is prominent. The
foci of necrosis are found in other ficlds, (The scale bars represent
50 micrometers.).
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Figure 52 Swurvival analysis based on lp loss status or
histological subclassification. The graph shows comparison
of progression-free  survival (PIS) or overall survival (OS)
according to 1p loss status (a, b) and histological subclassification
(c, d). Although any of them shows no statistical siginificance
between them, oligodendroghial tumor is associated with longer
survival,

(11F)

Figure $3 The overlayed survival curves, The survival
curves of the Grade I and oligodendroglial tumor (AO, AOA,
GBMO; oligo), and Grade IV and pure astrocytic tumor (AA,
GBM; pure astro) were almost identical, respectively.

(111

Table S1 The result of FISH analysis for 1p36 loss. AOA:
anaplastic oligoastrocytoma, AA: anaplastic astrocytoma, GBM:
glioblastoma, GTR: gross total resection, PR: partial resection,
STR: subtotal rescction, TMZ: Temozolomide, ACNU: Nimus-
tine hydrochloride, CR: complete response, SD: stable discase,
NA: not available, D death, PFS: progression free survival, OS:
overall survival.
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ORIGINAL ARTICLE

Increased Adenosine A; Receptor Levels in Hemianopia
Patients After Cerebral Injury

An Application of PET Using ''C-8-Dicyclopropylmethyl-1-Methyl-3-Propylxanthine

Yukihisa Suzuki, MD, PhD,*# Tadashi Nariai, MD, PhD, i Motohiro Kivosawa, MD, PhD,*i
Manabu Mochizuki, MD, PhD,* Yuichi Kimura, PhD.£$ Keiichi Oda, PhD,#
Kenji Ishii, MD, i and Kiich Ishiwata, PhD#

Purpose: The aim of this study was 1o apply positron cmission tomography
(PET) with ''C-8-dicyclopropylmethyl- -methyl-3-propylxanthine (MPDX).
a radioligand for adenosine A} receptor (ATR), to patients with hemianopia
caused by brain injury to study neurorepair mechanisms in the brain,
Patients and Methods: Four patients with homonymous hemianopia and
15 healthy subjects were examined using PET 1o measure cerebral glucose
metabolism, ''C-flumazenil (FMZ) binding to the central benzodiazepine re-
ceptor. and MPDX binding to ATR. Lelt and right regions of interest (ROIs)
were selected, and semiquantitative data on the 3 kinds of PET examinations
were obined. The ROIs were referenced using the data for homologous
regions in the contralateral hemisphere [ipsilmeral/contralateral (1:C) ratio].
Results: The I/C ratios for cerebral glucose metabolism and FMZ binding were
low in the primary visual cortex (PVC) and visual association cortex in all the
patients, whereas MPDX binding increased in the PVC in patients 1 and 2. Patients
{ and 2 experienced improvement in their visual field afler 1 year However. the
other 2 patients showed no changes. We observed an increase in MPDX bind-
ing to AIR in the injured portion of the PVC in the patients who recovered.
Conclusions: Evaluation of AIR by MPDX-PET may be useful for predicting
prognosis and understa iy aid reorganization processes
in hemianopia caused by organic brain damage.

li 2 the comy

Key Words: adenosine A, receptor, homenymous hemianopia, neurorepair
mechanisms, positron emisston tomography, primary visual cortex. visual field

(Clin Nucl Med 2012:37; 1146-1151)

Adcnosine is an endogenous modulator of the brain and secems
to have a net inhibitory effect on neuronal tissucs. Adenosine
receptors play roles in neurological and psychiatric disorders. such
as Alzheimer disease, Parkinson discase. epilepsy. and schizophrenia.
Therefore. adenosine receptors are interesting targets of positron emis-
sion tomography (PET) for understanding the mechanisms underly-
ing the pathogenesis of discases and developing new therapeutics.'*
We developed ''C-8-dicyclopropylmethyl-1-methyi-3-propyixanthine
(MPDX)and ''C+(E)-8(3 4,5-trimethoxystyryl)-1.3.7-trimethylxanthine
for mapping adenosine A, receptor (AIR) and Aaa receptor. respec-
tively’: so far. both have been applied to Alzheimer and Parkinson
discases, respectively.™® MPDX-PET was also applicd preliminarily to
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patients with temporal lobe epilepsy.” [n their experimental studies.
Nariai ct al” demonstrated that the reduction of MPDX binding is
more severe than those of glucose metabolism and ' C-flumazenil
(FMZ) binding to the central benzodiazepine receptor (¢BZR) in an
ischemic cat model. This suggests that MPDX-PET is preferable over
" F-fluorodeoxyglucose (FDG)-PET and FMZ-PET for the prediction
of ischemic insults. Kiyosawa et al*? performed ex vivo autoradiog-
raphy of a monocularly cnucleated rat brain using MPDX and FMZ:
they found that axon degencration resulted in presynaptic AIR loss and
a transient upregulation of postsynaptic ¢cBZR density in the superior
collicurus. However, the changes occurring in adenosine receptors
after brain ischemia or injury in humans remain unclear.

In the present study, we evaluated cerebral glucose metabo-
lism. and FMZ and MPDX binding in 4 patients with hemianopia
caused by cerebral injury. Because patients in whom only the visual
cortex is selectively injured are very rare,'® it was difficult to recruit
many patients to participate in this study. Nonetheless, we found novel
and uscful information regarding MPDX-PET in patients with or-
ganic brain damage.

Regarding the visual cortex, damage produces homonymous
visual field defeets contralateral 1o the side of the Iesion, In most cases,
in clinical practice, visual ficld defeets improve gradually over several
months, Experimental rescarch shows that mature central nervous
systems have a certain capacity to undergo repair and reorganization
after injury.

Diffusion-weighted MRI or FDG-PET has been used to eval-
uate acute ischemic cerebral lesions.!''2 Morcover, Heiss et al'?
evaluated ischemic cortical damages using FMZ-PET in acute stroke
patients. Recently. we reported the role of FMZ-PET in predicting long-
term prognosis of hemianopia caused by organic brain damage.?

PATIENTS AND METHODS

We studied 4 patients (3 men and 1 woman; age, 34-73 years)
with homonymous visual ficld defects caused by ischemic lesions or
wmors of the posterior afferent visual system. We excluded patients
in whom the bilateral visual cortex or other areas in the brain were
injured. All the patients had a corrected visual acuity of 20/20 in both
cyes. and clinical examination of the fundi revealed no defects. Their
cye movements were full and smooth. A total of 15 healthy individ-
uals, including 6 men and 9 women (age, 54.3 £ 4.4 years), volunteered
to be in the control group. All the subjects underwent MRI and PET
with FDG, FMZ. and MPDX.

Informed consent was obtained from all the subjects before
their participation in the PET study. The study protocol was approved
by the institutional cthics committee of Tokyo Metropolitan Institute
of Gerontology. All the procedures conformed 1o the tenets of the
Declaration of Helsinki.

MRI Scanning
The MRI scans were obtained for all the subjects by using a 1.5-T
Signa Horizon scanner (General Electric, Milwaukee, WI). Transaxial
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images were obtained with Tl-weighted contrast [3D-spoiled gradient
echo (3D-SPGR). TR = 9.2 ms, echo time (TE) = 2.0 ms. matrix size =
256 x 256 x 124, and voxel size = 0.94 x 0.94 x 1.3 mm], T2-weighted
contrast (first spin echo. TR = 3000 ms. TE = 100 ms. matrix size =
256 x 256 x 20, and voxel size = 0.7 x 0.7 x 6.5 mm), and fluid-
attenuated inversion recovery {TR = 10,002 ms. TE = 106.3 ms. in-
version time (TT) = 2300 ms, matrix size = 236 x 256 x 19, and voxel
size = 0.86 x 0.86 x 5 mm] imaging techniques.

PET Data Acquisition

The PET scans were obtained using the SET 2400W scanner
(Shimadzu, Kyoto. Japan) at the Positron Medical Center. Tokyo
Metropolitan Institute of Gerontology.

For the FDG-PET scan, a bolus of 2.5-MBq/kg (body weight)
FDG was injected intravenously, Each subject was instructed 10 lic
down with their eyes closed during the accumulation time. A 6-minute
emission scan in the 3-dimensional acquisition mode was initiated
45 minutes after the injection of FDG. and 30 transaxial images with
an interslice interval of 3.125 nun were obtained (matrix size = 128 x
128 x 63 and voxel size = 2.0 x 2.0 x 3.125 mm). The tomographic
images were reconstructed using the filtered back-projection method
using a Butterworth filter (cut-off frequency, 1.25 eycles/em: order, 2),
A standardized uptake value [SUV, (activity/mL tssuc)/(injected
activity/g of body weight)] image was considered to reflect the re-
gional cerebral glucose metabolism.

For the FMZ-PET scan, a bolus of 6.0-MBg/kg (body weight)
FMZ was injected intravenously, and the FMZ binding data were
acquired in the 3-dimensional mode of static scanning (matrix size =
128 128 % 63 and voxel size = 2.0 x 2.0 x 3.125 mm) from 20 10
40 minutes afier FMZ injection as described previously. The spe-
cific activity and amount of injeeted cold material were 58.3
64.6 MBg/mmol and 12.1 £ 8.6 nmol, respectively. A 20-minute emis-
sion scan was initiated 20 minutes afier the FMZ injection; this time
window image exhibited the strongest correlation with the distribu-
tion volume image based on the dynamic date with arterial blood sam-
pling™ and was considered 1o refleet the FMZ-binding capacity.

For the MPDX-PET scan, a bolus of 8.0-MBg/kg (body weight)
MPDX was injected intravenously, and a dynamic PET scan was per-
formed in the 2-dimensional mode (matrix size = 128 x 128 x 31 and
voxel size = 2.0 x 2.0 x 6.25 mm) as described previously.™'¥ The
specific activity and amount of injected cold material were 79.4 =
40.8 MBq/nmol and 10.1 £ 12.8 nmol. respectively. Serial arterial
bload samples were obtained via a catheter inserted into the radial
artery, and plasma radioactivity and mectabolites were measured. A
60-minute dynamic emission scan was initiated upon MPDX injec-
tion. The binding potential of MPDX was evaluated on the basis of the

Logan graphical analysis with arterial input using the cerebellum as a
reference region, 'S¢

In cach PET scan. attenuation was corrected by performing a
ransmission scan using a rotating “*Ga/**Ge source.

Data Processing

The PET images were registered in the 3-dimensional mode
to the individual 3D-SPGR MRIs by using the Automated Medical
Images Registration (AMIR) program.'” Further data analysis was
performed using Dr. View software (AJS, Tokyo. Japan). Regions of
interest (ROIs). that is. circles with an 8-mm diameter. were inter-
actively defined on the 3D-SPGR MRIs by visual observation with
reference to the coregistered PET images. Bilateral ROIs were se-
lected in the primary visual cortex (PVC). visual association cortex
(VAC), cuncus, thalamus, caudate nucleus, putamen. and insula, and
cerebral glucose metabolism: in addition, the FMZ and MPDX bind-
ing in these regions were measured (Fig. 1). These 3 parameters re-
corded for cach ROI were compared with those recorded for the
homologaus regions in the contralateral hemisphere by ealculating the
ipsilateral/contralateral (I/C) ratio.™ By calculating the 1C ratios from
the SUVs for FDG and FMZ and those from the binding potential for
MPDX. the values are the same as the corresponding values of the
quantitative images. In the group analysis, the differences in 1/C ratios
between the patient and control groups were tested using the Mann
Whitney U test with a Bonferroni's correction for multiple compari-
sons (2 < 0.007 = 0.05/7). During the individual analyses, we defined
a significant change in the I/C ratio in each patient as an increase or
decrease over the normal mean + 2 SDs, One year after the onset of
hemianopia, Goldmann perimetry was performed again.

RESULTS

Case Presentations
Patient 1

A 73-year-old right-handed man undenwent a lobectomy be-
cause of left lateral lung cancer. The MRI performed after 10 months
revealed a solitary metastatic wmor in the right occipital cortex,
and the patient received another operation to reseet the brain tu-
mor. Goldmann visual ficlds detected left homonymous hemian-
opia. We ordered FDG-PET. FMZ-PET, and MPDX-PET scanning
I month later.

Patient 2
A 3d-year-old right-handed woman was under observation
for moyamoya discase. She experienced a left visual field defeet but

FIGURE 1. Structures on which regions of interest were placed included the primary visual cortex (PVC), visual association

cortex (VAC), cuneus, thalamus, caudate, putamen, and insula.
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FIGURE 2. T1-weighted magnetic resonance images (MRI; top) and positron emission tomographic (PET)
18E_fluorodeoxyglucose (FDG; second line), ''C-flumazenil (FMZ; third line), and

images with

%&. - Ll _ e

¢ 8-dicyclopropylmethyl-1-methyl-3-propylxanthine (MPDX; bottom) in patient 1. The FDG and FMZ images were
standardized uptake value [SUV, (activity/mL tissue)/(injected activity/g of body weight)] images, and the MPDX image was

a distribution volume (mL/mL) image. The PET images for FDG, FMZ, and MPDX were acquired from 45 to 51, 20 to 40,

and 0 to 60 min after the injection, respectively. There was a tumor in the right lingual gyrus (green arrow). Glucose metabolism
and FMZ binding in the right primary visual cortex (PVC) decreased (gray arrows); however, FMZ binding increased in the

right cuneus, and MPDX binding increased in the right PYC (pink arrow), cuneus, thalamus, and insula.

no symptoms until that time. Magnetic resonance angiography re-
vealed an occlusion of the right posterior cerebral artery. Goldmann
visual fields detected left homonymous hemianopia, We ordered MR
and 3 kinds of PET scans | month later,

Patient 3

A 71-year-old right-handed man without any history of serious
iliness experienced numbness in his lip. Afler 2 days. he visited the
hospital because of right lateral numbness. MRI revealed infarctions
in the left PVC and injury in the left optic radiation. Goldmann vi-
sual ficlds revealed right homonymous hemianopia. We ordered FDG-
PET and FMZ-PET scanning 3 months later and MPDX-PET scanning
5 months later.

Patient 4

A 56-year-old right-handed man had no history of serious ill-
ness, He visited the hospital because of a sudden onset of speech
disturbance. Aphasia, right hemispatial neglect, and right hemiparesis
were observed, CT scanning revealed a hematoma in the left tem-
poral lobe. The hematoma was surgically removed on the same day.
Goldmann visual ficlds revealed right homonymous hemianopia. We
performed MRT and 3 kinds of PET scans 7 months later.

1148 | www.nuclearmed.com

One year after the onset, the visual field defect improved in
patients | and 2 (recovered patients) but not in patients 3 or 4 (unchanged
patients). The typical SUV images of FDG-PET and FMZ-PET and a
binding potential image of MPDX-PET are shown in Figure 2. The /C
ratios for cercbral glucose metabolism and FMZ binding in the PVC
and VAC decreased in the patient group (7 < 0.05: Tables 1 and 2). The
ratio of MPDX binding in the PVC increased in the recovered patients
but decreased in the unchanged patients (Table 3). The 1/C ratio for
FMZ binding in the cuncus increased in the patient group (P < 0.05:
Table 2). whereas that of glucose metabolism decreased in 3 patients
(Table 1). Morcover. the I/C ratios for MPDX binding in the thalamus
and insula increased in 2 and 1 patient, respectively.

DISCUSSION

Adenosine is an endogenous modulator of brain functioning.
and adenosine receptors play roles in neurological and psychiatric
disorders."* Several experimental studies suggest that changes in the
adenosine receptors oceur after brain ischemia or injury and that aden-
osine receptors are associated with neurorcpair mechanisms. such as
visual reorganization.”” However, PET studies on these receptors in
the human brain are limited. In the present study. we evaluated AIR-
MPDX binding. cerebral glucose metabolism, and FMZ binding in
4 patients with hemianopia caused by cerebral injury. Because patients
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TABLE 1. Ipsilateral/Contralateral (I/C) Ratio for Cerebral Glucose Metabolism in the Brain of Hemianopia Patients

Area
Patient Term PNC VAC Cuneus Thal Caud: P Insula
i M 0.832* 0.812* 1.003 0.964* 1.020 0.961 0.992
2 M 0.809* (.770* 0.830* 0.989 0975 0.929* 0.995
3 M 0.550+ 0.706% 0.828* 0.981 0.981 0.998 0.97¢
4 ™ 0.642* (L.846* 0.833* 1.006 0.902* 0.998 0.917

Average of patients
0.708% + 0,135
Average of normal subjects
0.996 + 0.026

0.7841 + 0,060 0.874 + 0.086

LOOR + 0.027 0.996 + 0.036

0.985 +0.017 0.972 + 0.052 0.972 + 0.033 0.971 +0.036

1.004 + 0.020 1.002 + 0.028 1.000 + 0.032 0.980 + 0.052

*Significant decrease in the I'C rmtio (below the normal average 2 8D,

+Significant decrease in the FC ratio (Mann. Whitney U test with multiple comparison, £ < 0.05),

PVC indicates primary visual cortex: VAC, visual association contes.

with a selectively injured visual cortex are very rare.'” there are draw-
backs in a small sample size and subject population. Therefore, the
present study is a hypothesis-gencrating study suggesting that MPDX-
PET is a useful tool for estimating the degree of brain damage and pre-
dicting the prognosis. Meanwhile. FDG- and FMZ-PET have already
been established for the study of various brain disorders.'* ¥ Further
larger studies are needed to confirm the novel and useful findings of
MPDX-PET in patients with organic brain damage.

Regarding subject populations. the sex ratios and ages differed
between the patients and healthy controls. However, we suspect that
age and sex hardly affected the results of the present study because we
presented the results using the I/C ratios normalized to the values of
homologous regions in the contralateral hemisphere in cach patient.
When referring to previous reports on aging and sex effects on AIR,
¢BZR, and glucose metabolism, Meyer et al'® observed no significant
effect of sex on human cercbral A | R binding using PET or ['*F]CPFPX,
another A 1R ligand with the same xanthine structure. In addition,
they did not observe any significant associations between age and the
total distribution volume in any region, but found a significant
negative correlation between age and binding potential in all cercebral
regions except the cingulate gyrus. Morcover, no aging and sex
effects in human cBZR binding were reported.®™?' Meanwhile, there
are several reports on age- or sex-related changes in cerebral glucose
metabolism using FDG-PET. For cxample. Fujimoto et al*? observed
age-related increascs in subjects 20 50 years old and decreases in

subjects 50-80 years old in the parahippocampal and amygdala
regions. as well as age-related decreases in the frontal lobe from 20
to 50 years old. Kawachi et al** observed that men have significantly
higher glucose metabolism in the right insula, middle temporal gyrus,
and medial frontal lobe than women; meanwhile, glucose metabolism
in the hypothalamus is significantly higher in women than in men.

Cerebral Glucose Metabolism and FMZ Binding
in the Hemianopia Patients

A previous PET study'! reports that in the hemianopia paticnts.
cerebral glucose metabolism increases after ischemic lesions and is
accompanicd by recovery of the visuad field, Even if neurons survive
in the arca of injury, glucose hypometabolism is usually observed in
this area because of diaschisis in the carly stage of onset. Because
glucose metabolism in the arcas affected by diaschisis may subse-
quently improve, it is difficult to determine the density of surviving
neurons in the arcas of injury using only the carly FDG-PET findings.

On the other hand. FMZ binding in the injured areas reflects
the number of surviving ncurons, even during the early stage of
onset.'> We found that patients with high FMZ binding in the PVC
can be expected to recover their visual field. The I/C ratio for FMZ
binding in the PVC and recovery of the visual field are thought to be
correlated.'® The I/C ratio for FMZ binding increased in the cuneus in
the patients. Adenosine content increases in ischemic conditions.>
and stimulation of A IR decreases spontancous gamma-amino-butyric

TABLE 2. Ipsilateral/Contralateral (I/C) Ratio for FMZ Binding in the Brain of Hemianopia Patients

Area

Patient Term PVC VAC Cuneus Thal Caud P Insula

1 IM 0.914% 0.765% Lile* 0.996 1.002 0,922 0.988

2 M 0.913% 0.990 1.071* 0.930 0.977 0.963 0.989

3 M 0.807t 0.923% 1.029* 0.998 1.062 1.021 0.999

4 ™ 0.790% 0.786t 1.035* 1015 0.828% 0.901 0.978t
Average of patients

0.8568 + 0.067 0.866% + 0.108 10631 +0.040 0.985 #0.037 0.967 + 0.09Y 0,952 + 0.053 0.989 + 0.009

Average of normal subjects

0.997 £ 0.015 1006 + 0.024

1.000 + 0.003

0.991 £0.052 1.004 + 0.031 1.011 + 0,088 1.004 £ 0.009

*Significant increase in the L.C ratio (over the normal mverage + 2 SD).
+Significant decrease in the 1:C ratio (below the normal average 2 SD).
#Significant increase in the 1 C ratio (Mann - Whitney U west. /2 < 0.05).
§Significant decrease in the FC rmtio (Mann- Whitney U test, £ - 0L05),
PVC indicates primary visual cortex: VAC, visual associition conex.
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TABLE 3, Ipsilateral/Contralateral (I/C) Ratio for MPDX Binding in the Brain of Hemianopia Patients

Aren

Patient Term PVC VAC Cuncus Thalamus Caud P Insula

1 M 1.084* 0.932 0.999 1o 0.962 1039 1.077*

2 iM 1.065* 0985 0997 1.012 0.991 0.945 1.034

3 M 0.840+ 0,971 0.969 0873+ 0.905 0971 0.959

4 ™ {(LI6R 0.946 0.983 L104* 1.074 0.928% 0.914
Average of patiemts

0989+ 0,112 0959 + (.024 0.987 + 0.014 LOIS + 0102 0.983 + 0.070 0.971 + 0.049 0.996 + 0.074

Average of normal subjects

0,987 + 0,038 0,982 + 0.025 1000 + 0.034

0,999 + 0,027 1001 ~ 0.049 1.000 + 0,032 0.988 + 0.043

*Significant ingrease in the 1C mtio (over the normul merage + 2 SD).
+Significant decrease in the 1C rtio (helow the nonmal average 2 8D).
PVC indicates primary visual cortex: VAC, visual association corten.

acid (GABA) release.>™¢ Following the decrease in GABA levels. the
density of cBZR. the postsynaptic GABA 4 receptor. may be increased
as a result of upregulation.'®

MPDX Binding in the Hemianopia Patients

We observed that the I/C ratio for MPDX binding increased
in the PVC and the surrounding and distant arcas (ic. the thalamus in
2 paticnts and the insula in 1 pdticnt) in the recovered patients. Several
reports suggest that the quann?f and/or binding affinity of AIR in-
creases after ischemia, Lai ct al” studicd the mRNA and protein levels
of AIR in the cerebral cortical tissues of rats after ischemia induced by
ligation of the common cavotid arterics. They observed that the mRNA
and protein levels of AIR increased significantly in ischemie tissues
compared with those in healthy controls. Morcover, Siniscalchi ct al*®
studied A IR binding in the rat cerebral cortex after ischemia and found
that the binding capacity and affinity of AIR increased.

AIR in the central nervous system is present presynaptically
and postsynaptically: furthermore. in addition to the poﬁxsynapuc con-
dition, MPDX reflects the presynaptic condition as well.” " The criti-
cal role of the AIR in the attenuation of brain damage after ischemia
is well established. Many studies report that in ischemia. treatment
with A1R agonists attenuates the damage in brain tissues and neurons.
Action mechanisms triggered by AR activation play roles in several
pathways; these mechanisms include the reduction of nu.mbulic dam-
age caused by hypoxia or Elucoec 0‘() gen deprivation, prcsm'dnon
of microtubule-associated protcm PAL chn,a«.c in excitatory amino aud
relcase and/or synaptic transmission,*? and inhibition of Ca®" uptake.”
On the other hand. neuronal cells in the ischemic core induce necrosis.
whereas apoptosis delays infarct and retards the border zone in the
ischemic tissue.™ D’ Alimonte et al*® reported that apoptosis in astro-
cytes was prevented by AR activation in a rat model. AIR activation
produces preconditioning to protect the heart and other tissues from
subscquent ischemic injury.® Elevated AR activity may play a pro-
tective role in damaged tissues.

We observed that the 1/C ratio for MPDX bindin;_, increased in
the PVC in recovered paticnts, whereas it was low in the umhang«.d
patients, Nariai et al’ examined MPDX binding using PET in an oc-
clusion and reperfusion model of the cat middle cercbral artery. They
divided the cats into 3 groups: the first group died on the first day
because of severe conditions, the sccond group survived and had in-
farcted lesions in the cortex and striatum, and the third group survived
and had infarcted lesions only in the striatum. They observed that
MPDX binding was significantly lower in the first group than the
second and third groups, whereas there was no difference between the
sccond group and the healthy controls. We suggest 2 possible reasons

1150 | www.nuclearmed.com

why MPDX binding decreased in the severely ischemic regions. First.
the number of intact neurons decreased in the severely ischemic regions
because low FMZ binding was observed in the unchanged patients.
Sccond. the rate of MPDX binding to AIR might have decreased in the
severe ischemic area. fschemic conditions induce marked elevation of
extracellular adenosine levels.> In this condition. competition between
intrinsic adenosine and an extrinsically injected tracer might decrease
the binding of MPDX to AIR.” Therefore, MPDX binding in the in-
jured arca may reflect the degree of damage.

All of the above-mentioned reports concern the acute stage.
One study reported that the upmgulalion of AIR in lesions increased
until 7 days after cerebral mh«,mm in rats and that A1Rs in lesions
tended 1o decrease at this time.? /\llhough there are no previous
reports on tht, chdn;,u in A IR binding in the chronic phase, the results
of Zhou et al’” suggest that A IR binding is lower in the chronic phase
than in the acute stage.

CONCLUSIONS
We examined MPDX binding to AIR in the brains of patients
with hemianopia caused by organic brain damage in the chronic phase.
The MPDX binding in the injured side in the PVC was elevated in the
recovered patients but remained low in the unchanged patients. Eval-
vating A1R using MPDX-PET may be uscful for estimating the degree
of brain damage und predicting prognosis.
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» SLORETA-qm closely correlated with ECD concerning point source location and quantity.
o SLORETA-qm is a reliable quantifiable method without arbitrariness that can be used for analysis of the
interictal epileptic spike.
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Objective: To determine whether quantitative modification of a standardised low-resolution brain elec-

tromagnetic tomography (sLORETA-qm) could be used as a reliable tool for quantitative analysis of mag-

netoencephalography (MEG) for analysis of the interictal epileptic spike. To verify the performance of

sLORETA-qm, magnetic source location and quantity were compared with the equivalent current dipole

(ECD) method.

Methods: A total of 50 sources from 10 patients with epilepsy were obtained. Analyses were performed

after the MEG data were 3-70 Hz band-pass filtered. Time points for analysis were selected referring to

waveform patterns and the isofield contour map. With the same spherical model, source estimation was

conducted with two methods of analysis: ECD and sLORETA-qm. Distance from the centre of the spherical

model and intensities were compared between the methods.

Results: There were no significant differences between the methods in the distance from the spherical

model (paired t-test, p=0.8761). Source intensities between the methods were strongly correlated

(Spearman’s Rho = 0.9803, p <0.001).

Conclusions: sLORETA-gm was closely correlated with ECD concerning point source location and quantity

in analysis of the interictal epileptic spike.

Significance: sLORETA-gm is a reliable quantifiable method without arbitrariness for analysis of the inter-

ictal epileptic spike.

© 2011 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights
reserved.

1. Introduction itis preferable to record the ictal epileptiform discharge in electroen-

cephalography (EEG) or magnetoencephalography (MEG) in order to

An epileptogenic zone is defined as the zone of actual seizure onset detect the epileptogenic zone. Chances to record a seizure from a pa-

that needs to be removed in order to achieve seizure freedom tient are rather low because of limited recording time; so it is impor-

(Penfield and Jasper, 1954). In preoperative evaluation of epilepsy, tant to detect the irritative zone that demonstrates the interictal focal
epileptiform discharge due to paroxysmal neuronal activity.

”::-Cwo.;;c;;;onding author. Address: Department of Neurosurgery, Osaka City Paro?cysmal interictal epxleprfmm discharge genexate§ 2 St{o.n g

University Graduate School of Medicine, 1-4-3 Asahi-machi, Abeno-ku, Osaka magnetic flux Compamd to normal spontaneous magnetic activity

545-8585, Japan. Tel.: +81 6 6645 3846; fax: +81 6 6647 8065. of the brain. For analysis of interictal epileptiform discharge, the

E-mail address: uda@med.osaka-cu.acjp (T. Uda). equivalent current dipole (ECD) estimation method is commonly

1388-2457/$36.00 © 2011 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.clinph.2011.12.008
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used, especially for clinical evaluation. In this method, a single
source at a single time point is estimated from the surface mag-
netic field distribution, and the location, intensity and orientation
of the source are obtained.

Although the ECD estimation method is a simple and useful
model for solving the electromagnetic inverse problem, it has
two problems concerning objective assessment of the electromag-
netic activity: restricted numbers of current sources and arbitrary
sensor selection.

Spatial filtering techniques are alternative approaches to these
problems. Standardised low-resolution brain electro-magnetic
tomography (sLORETA) is a non-adaptive spatial filtering technique
that has been reported previously (Pascual-Marqui, 2002), and has
no localisation bias under ideal conditions (Greenblatt et al., 2005;
Sekihara et al., 2005). This technique can be used to determine the
localisation of magnetic activities, even for multiple sources (Wag-
ner et al., 2004), unless the sources are located in close proximity to
each other. Furthermore, source reconstruction by SLORETA can be
performed without sensor selection, and therefore arbitrariness of
sensor selection can be avoided. Moreover, sSLORETA can also pro-
vide pseudo-statistic values, which can be used as estimates of
the degree of activity. These properties are highly advantageous
for quantitative analysis of MEG in a clinical setting.

To establish sLORETA as a quantifiable method, SLORETA was
modified and named sLORETA-qm (Terakawa et al., 2008). The
use of sLORETA-gm with the somatosensory evoked field (SEF)
has been reported previously (Terakawa et al., 2008). According
to that report, the ECD moment and sSLORETA-gm intensity were
highly correlated with the SEF. Moreover, sSLORETA-qm was ap-
plied to assess spontaneous neuromagnetic slow wave activity
(Sakamoto et al.,, 2010). In that report, neuromagnetic slow wave
activity was demonstrated to be distributed in the area of ischae-
mic brain lesions, and the activity intensity decreased after surgery
performed to improve cerebral blood flow. It has been reported
that sSLORETA-gm may offer a novel, non-invasive method for iden-
tification and quantification of cerebral ischaemia. However, it re-
mains unclear whether this modification of SLORETA can be
applied to the interictal epileptic spike discharge, in other words,
spontaneous paroxysmal magnetic activity without averaging.

The present study was performed to determine whether
SsLORETA-gm spatial filtering could be used as a reliable tool for
quantitative analysis of the MEG interictal epileptic spike dis-
charge. To verify the performance of SLORETA-qm, magnetic source
location and quantity were compared with the conventional ECD
method.

2, Methods
2.1. Patients

All 10 patients (six men and four women, ranging in age from
20 to 55 years) with medically refractory partial epilepsy and dem-
onstrating interictal epileptic spike discharges in EEG and MEG,
who were admitted to Department of Neurosurgery, Osaka City
University Hospital between May 2008 and March 2010 and met
the following inclusion criteria, were retrospectively included in
the study. Patient characteristics are shown in Table 1. They all
had epilepsy surgery at Osaka City University Hospital after MEG,
and were followed up for at least 1 year after surgery. All subjects
gave their informed consent, and the study was approved by the
Ethics Committee of Osaka City University Hospital.

2.2. MEG measurement protocol

MEG was performed in a magnetically shielded room at Osaka
City University Hospital using a 160-sensor helmet-type MEG
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Table 1
Patient characteristics and spike origin.
Case Age (years) Gender Spike origin
1 23 M bil T
2 32 M LeT
3 55 M LtF
4 38 M RtF
5 28 F LtF
6 24 F RtT,RtF
7 20 F RtF,RtT, Lt O
8 30 M bil T
9 47 F bilO,RET
10 34 M RtT

M, male; F, female; bil, bilateral; Rt, right; Lt, left;T, temporal; F, frontal; O, occipital.

system (Yokogawa Electric Corporation, Tokyo, Japan) with a mag-
netic field resolution of 4 fT/Hz1/2 in the white noise region. Sens-
ing and reference coils in this system are both 155 mm in
diameter, with a 50-mm baseline and 23 mm of separation be-
tween each pair of sensing coils. The subjects were positioned in
the supine position with their eyes closed, with use of a horizon-
tal-type dewar. MEG data were recorded through a 1- to 200-Hz
band-pass filter with a sampling rate of 1000 Hz. The MEG acquisi-
tion time was 20 min. In addition, 19 electroencephalography
(EEG) leads were recorded simultaneously, according to the inter-
national 10-20 system.

2.3. Data analysis

To reduce noise caused by the surrounding environment, data
from the reference magnetometers, which were located outside
of the dewar and picked up only environmental noise, were sub-
tracted from the obtained MEG data.

As an epileptic spike discharge is defined as having a duration of
20 to less than 70 ms (IFSECN, 1974), the MEG data were band-pass
filtered to cover this duration between 3 and 70 Hz (Papanicolaou,
2009). Time points for analysis were selected referring to the wave-
form patterns of MEG and EEG, and the isofield contour map of MEG.
The following two methods of analysis, ECD and sLORETA-qm, were
conducted using the same spherical model. Three-dimensional
coordinates, distance from the centre of the spherical model and
intensities were obtained by the two analytical methods and
recorded for analysis.

2.3.1. ECD

Twenty sensors around the centre of the maximum extremum
(the point at which the magnetic flux exits) and the minimum
extremum (where the flux re-enters the head) on the isofield con-
tour map were selected, and a magnetic source was estimated at a
selected time point with the single dipole estimation method (Cuf-
fin, 1985; Scherg and Von Cramon, 1986), Dipoles estimated with
over 90% goodness of fit (GOF) were adopted as successful source
estimations.

2.3.2. SLORETA-gm

MEG data from all sensors (160 sensors) were used for analysis.
The brain area in the spherical model was divided into approxi-
mately 13,000 voxels with a spacing of 5 x 5 x 5 mm®. The actual
voxel count depended on the head size of each subject, and ranged
from 11,668 to 18,796. Voxels in areas with no effect of brain activ-
ities in the cerebral cortex (such as the cerebellum, brain stem, and
in the vicinity of the eyes) were excluded. Voxels within 25% of the
radius of the spherical model were also excluded. These operations
were performed automatically by referring to the spherical model
of each subject. In Fig. 1, adopted voxels are shown in pink. Previ-
ous reports have described how to obtain quantitative multiple
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Fig. 1. Brain area in the spherical model is divided into voxels with a volume of 5 x 5 x 5 mm®. Adopted voxels are shown in pink. Voxels in areas with no effect from brain
activities in the cerebral cortex (such as cerebellum, brain stem, and the vicinity of the eyes) are excluded. Voxels within 25% of the radius of the spherical model are also

excluded.

source estimation using sLORETA-qm (Sakamoto et al, 2010;
Terakawa et al,, 2008). In short, the source reconstruction was
performed by sLORETA at each time point as a first step (Pascual-
Marqui, 2002). Subsequently, a voxel with a spatially maximum
or local maximum intensity at each time point was chosen as a
peak source, Finally, on the voxel chosen as the peak source, the
quantified source intensity was estimated by correcting the lead-
field component. The centre of the voxel was used as the three-
dimensional coordinate. Source estimation with sLORETA-qm
was computed with custom software developed using MATLAB
version 7.7 (MathWorks Inc., Natick, MA, USA).

2.4, Evaluation

If the distances between the sources in the two analytical meth-
ods [(a) in Fig. 2] were less than 5 mm (same as the voxel diame-
ter), these sources were considered concordant. In order to
compare the location of the source between the two methods of
analysis, distances from the centre of the spherical model [(b)
and (c) in Fig. 2] were measured for each spike. A paired sample
t-test was used to identify differences in distance from the spher-
ical centre between the two methods after confirming the data
were normally distributed (assessed by the Shapiro-Wilk test).

£ sLORETA

Spherical center

Fig. 2. Summary of analysed parameters: (a) distances between sources estimated
by the equivalent current dipole (ECD) and by quantitative modification of
standardised low-resolution brain electromagnetic tomography (SLORETA-gm),
(b) distance from the centre of the spherical model to the source estimated by ECD,
and (¢) distance from the centre of the spherical mode! to the source estimated by
SLORETA-gm. Circle indicates the radius of the spherical model.

To study the relationships of the intensities between the two
methods, a non-parametric correlation coefficient (Spearman’s
Rho) was used because the intensities of the two methods were
not normally distributed (Shapiro-Wilk test). Probability values
less than 0.05 were considered significant in all statistical analyses.
The software JMP 9.0 for Windows (SAS Institute Inc., Cary, NC,
USA) was used for statistical evaluation.

3. Results

A total of 50 concordant sources (five interictal epileptic spikes
for each patient) were used for analysis. The distance between the
corresponding two sources [(a) in Fig. 2] and source intensities
from the two methods are summarised in Table 2.

3.1. Distance from the centre of the spherical model to the estimated
sources

The distances from the centre of the spherical model to the esti-
mated sources were 57.95 % 12.96 mm (mean +SD) in ECD and
57.99+12.81 mm (mean+SD) in sLORETA-qm [(b) and (c) in
Fig. 2, respectively]. There were no significant differences between
the two distances (paired sample t-test, p = 0.8761).

3.2. Source intensities

As a result of correlation analysis, a close correlation was found
between the two source intensities (Spearman’s correlation coeffi-
cient, Rho = 0.9619, p < 0.001) (Fig. 3).

3.3. Representative case

3.3.1. Case 1_23-year-old man

The overlaid waveform of all 160 sensors is shown in Fig. 4A.
High-amplitude magnetic flux was recorded around the time point
of 1597 ms. In Fig. 4B, the isofield contour map at the time point of
1597 ms was depicted. The maximum extremum and the mini-
mum extremum were recognised in the left temporal area. In
ECD, 20 sensors around the centre of the maximum extremum
and minimum extremum were selected (blue dots and sensor
numbers in Fig, 4B), Waveforms of the 20 selected sensors are
shown in Fig. 4C. Magnetic sources were estimated with the single
dipole estimation method. The source was estimated with 94.56%
GOF and the intensity of the source was 137.77 nAm. The distance
from the spherical centre was 55.53 mm. In sSLORETA-qm, all 160
sensors were used for source estimation. A total of three sources
could be estimated, and the source intensities were 164.05,
66.19, and 39.80 nAm (Fig. 5). The peak voxel was located in left
temporal lobe [(a) in Fig. 5] and the distance from the spherical
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