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Jn each case large areas of necrosis and microvascular proliferation (A, C, and E) and marked pleomorphic nuclei (B, D,
and F) were identified. In Case 4 there were many areas of pseudopalisading necrosis (C). Numerous giant cells with ex-
tremely unusual mono- or multinuclei were found in each case (B, D, and F). H & E, original magnifications X 50 (A, C,

and E) and X 200 (B, D, and F).

group was composed of 107 similarly treated patients with
GBM who survived for fewer than 5 years (Table 2). As in
other studies, we found tendencies among our long-term
survivors compared with controls to be younger (their mean
age was 44.2 years), have a higher KPS score (the mean
score was 85), have undergone an extensive resection, and
have a longer PES period. Besides these known favorable
factors, we found that all our six long-term survivors were
women and that three of thern had histopathologically con-
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firmed giant cell GBM (Table 1). Interestingly, none of the
107 control] patients had giant cell GBM (Table 2).

To test our results, we analyzed available data in 150
long-term survivors treated at our institution and at others
(Table 3). We found that 61 (50%) of 122 long-term sur-
vivors of GBM were female, a rate higher than that repori-
ed in patients with GBM who survived for the usval dura-
tion of time. There is an acknowledged male predominance
among patients with GBM and in our control group the
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male/female ratio was 1.5:1 (Table 2). Some studies have
already indicated that female patients with GBM have a
better prognosis than their male counterparts®/®*># and that
hormones or a tumor suppressor gene(s) on the X chromo-
some may be associated with their longer survival®!

It remains controversial whether giant cell GBM ist7#*314
or is not!® associated with better survival among patients
with GBM. Although the sample is small, our survey of
available data showed that 18 (69.2%) of 26 long-term sur-
vivors had a tumor diagnosed as giant cell GBM or one with
numerous giant cells, Although giant cell GBM reportedly
accounts for approximately 5% of all GBMs,” the 69.2%
incidence of patients with giant cell GBM or with manifes-
tations of numerous giant cells in our survey of long-term
GBM survivors far exceeds the 5% reported rate. In our
group of six long-term survivors, all three whose disease
was diagnosed as giant cell GBM were treated by gross-to-
tal resection. Of the 14 previously reported long-term survi-
vors of giant cell GBM in whom information regarding the
surgical procedures was available, 11 (78.6%) underwent
gross-total or radical resection. Because giant cell GBMs
are macroscopically well-circumscribed tamors, more ag-
gressive resection is possible, resulting in a higher degree
of cytoreduction. Therefore, subsequent adjuvant therapy
may effectively prolong the postoperative survival in pa-
tients with giant cell GBM who undergo radical surgical
treatrnent.

Conclusions

Qur investigation shows that, in addition to the known
factors associated with long-term survival in adult patients
with supratentorial GBM who undergo uniform adjuvant
therapy, female sex and histopathological characteristics
consistent with giant cell GBM represent favorable prog-
nostic factors.
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igh-grade astrocytic fumors (anapiastic astrocytoma [AA]

and glioblastorna multiforme {GBM)) are the most fre-

quent malignant tumors of the central nervous system. The

generally accepted treatment consists of a combination of surgery,

radiotherapy, and chemotherapy. Chemotherapy has been shown

to modestly increase survival times when used as an acjuvant to
swrgery and radiation.

Chloroethylnitrosoureas such as 1-(4-amino-2-methyl-5-

pyrizrddinyl)meﬂay]-}(2—chloroethyi)—3-niﬁosou.rea (nirnustine)

NEURDOSURGERY

(ACNU), 1,3-bis(2-chloroethyl)-1-nitrosourea {carmustine)
(BCNU), and 1-(2-chloroethyl)-3-cyclohexyl-1-nitrosourea {lo-
mustine) (CCNU) are commonly used standard chemotherapeu-
tic agents for high-grade astrocytic tumors. They exert their cy-
totoxic effect(s) on tumor cells by alkylating the O° position of
guanine, a critical site of alkylation in deoxyribonucleic acid
(DNA), resulting in the formation of DNA interstrand cross-
links. These covalent bindings result in the inhibition of DNA
replication and the induction of tumor cell death (1, 19). In
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addition, because chloroethylnitrosoureas can synchronize the
cells in the G;-M phase of the cell cycle, they work as radiosen-
sitizers when combined with radiation therapy. Therefore, the
sensitivity of high-grade astrocytic tunors to chloroethylnitro-

soureas is of particular interest with respect to treatment choices

and outcomes.

One of the best-studied mechanisms of resistance to
chloroethylnitrosoureas is the DNA repair protein O°-
methylguanine-DNA — methyltransferase  (MGMT) (3, 8).
MGMT is a ubiquitous DNA repair protein that transfers alkyl
adducts from the O° position of guanine to an internal cysteine
residue before cross-link formation (24), thereby restoring na-
tive guanine, Because removal of the adduct results in MGMT
inactivation and lesion repair occurs in a stoichiometric fash-
ion, cellular resistance to alkylating agents that produce O°-
guanine adducts is proportional to the number of MGMT
molecules present. MGMT protein levels in tumor tissues vary
widely by tumor type and even among tumors of similar
histology and grade (29). In clinical studies, MGMT expression
in tumor tissue was correlated with the therapeutic response
to chioroethylating agents, and reduced MGMT expression
was associated with prolonged survival (2, 15).

The presence of epigenetic mechanisms of gene silencing in
the genesis and progression of human cancers is now firmly
established. In cancer cells, genomic methylation patterns are
severely disregulated and characterized by overall hypom-
ethylation (especially of repetitive or parasitic elements), This
results in genomic instability and paradoxical CpG island
hypermethylation associated with concomitant transcriptional
gene silencing. Indeed, in human cancers, the latter phenom-
enen is now thought to be at least as common as classic tumor
suppressor gene mutation. In a wide spectrum of human
tumors, loss of MGMT activity in tumor cells is not a result of
gene deletion or mutation (6, 12, 25) but rather is associated
with transcriptional silencing by hypermethylation of the 5'
CpG island of MGMT (5, 10, 27, 30). Gliomas are tumors with
the highest frequency of MGMT promoter hypermethylation
(10). Esteller et al. (9) demonstrated that in patients with
high-grade gliomas manifesting MGMT promoter methyl-
ation, chemotherapy, including treatment with BCNU, re-
sulted in significantly prolonged survival and progression-
free survival. Although BCNU was the drug administered to
their patients, another nitrosourea, ACNU, is most widely
used in Japan.

We hypothesized that the methylation status of the MGMT
promoter is also associated with prognosis,in high-grade as-
trocytic tumors treated with ACNU-based chemotherapy and
retrospectively studied patients treated uniformly with sur-
gery, radiotherapy, and ACNU-based chemotherapy. Unlike
Esteller et al. (9), we found that hypermethylation of the
MGMT promoter did not confer a survival advantage on GBM
patients receiving ACNU-based chemotherapeutic agents.
Our study was reviewed and approved by the Human Sub-
jects Review Committee of the University of Kumamoto.
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PATIENTS AND METHODS

Patient Population

Our study population consisted of 116 adult patients with
primary supratentorial high-grade gliomas involving the
hemisphere(s). All were treated with surgery, radiotherapy,
and ACNU-based chemotherapy at Kumamoto University
Hospital and its affiliated hospitals between November 1989
and December 2001, We excluded patients older than 70 years
because in these individuals chemotherapy is contraindicated.
The 42 AA patients were 20 men ranging in age from 26 to 68
years (median, 47 yr) and 22 women ranging from 19 to 68
years (median, 43 yr). The 74 GBM patients were 42 men
ranging in age from 18 to 69 years (median, 53 yr) and 32
wornen ranging from 17 to 69 years (median, 52 yr). Written
informed consent was obtained from all patients and/or fam-
ily members before the patients were entered into the study.

Clinical details, including the Karnofsky Pérformance Scale
(KPS) score at the time of diagnosis, were recorded. All pa-
tients underwent surgical removal or biopsy sampling of their
tumor; the histological diagnosis was confirmed according to
World Health Organization criteria (17). The extent of resec-
tion was evaluated by early postoperative gadolinium dieth-
ylenetriamine penta-acetic acid (Gd-DTPA)-enhanced mag-
netic resonance imaging (MRI) and classified as gross total
resection, subtotal resection, or biopsy (16). '

All patients received postoperative adjuvant therapy. A
dose of 40 Gy was administered to the high-intensity area plus
a 2-cm margin demonstrated on T2-weighted MRI; a boost to
a total of 60 Gy was administered to the Gd-DTPA-enhanced
area plus a 2-cm margin. In patients without tumor enhance-
ment, a boost of 60 Gy was administered to the high-intensity
area plus a 1-cm margin demonstrated on T2-weighted MRL

Concomitant with radiotherapy, all patients received ¢hemo-
therapy according to three protocols developed for our prospec-
tive randornized trials. Patients whose turnors were diagnosed as
AAs received chemotherapy according to Protocol 8702 (used
from 1987 to the present), which compared the effectiveness of
ACNU (80 mg/m* on Day 1, every 6 wk) versus ACNU plus
interferon-f (3 X 10° IU 5 times/wk for 6 wk, then 3 X 10¢ TU
every 2 wk). Patients whose tumors were diagnosed as GBM
received chemotherapy according to Protocol 8701 (used from
1987 to 1995), which compared the effectiveness of intra-arterial
ACNU (80 mg/m? on Day 1, every 6 wk) versus intravenous
ACNU (18), or according to Protocol 9501 (used from 1995 to the
present), which compared the effectiveness of ACNU (70 mg/m?
on Day 1, every 6 wk), procarbazine (60 mg/m?® on Days 8-21,
every 6 wk), and vincristine (1.4 mg/m? on Days 8 and 29, every
6 wk) (PAV) versus PAV plus interferon-8 (3 x 10° TU 3
times/wk for 6 wk, then 3 X 10° IU every 2 wk). ACNU is an
available chloroethylnitrosourea in Japan, and PAV chemother-
apy is an alterrative to PCV chemotherapy (CCNU combined
with procarbazine and vincristine), in which a low dose of pro-
carbazine is used to potentiate CCNU activity (20, 21).

www.neurosurgery-online.com
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After initial postoperative therapy, al] patients were reexam-
ined. Their KPS score, tuumor recurrence or regrowth, onset of
clinical deterioration, and death were recorded. Chemotherapy
was continued for 1 year or until tumer progression. The sur-
vival time was measured as the time from the date of the initial
swrgery to the date of death. Progression-free survival time was
measured from the date of initial surgery to the onset of clinical
deterioration or radiologically confirmed tumor recurrence.

Tumor Samples

Tumor tissues were frozen immediately after removal and
stored at —80°C until the isolation of genomic DNA. Other
tumor tissues were placed in 10% formalin and subimitted for
histopathological examination. Genomic DNA from the frozen
tumors was. isolated by proteinase-K digestion and phenol-
chloroferm extraction. ‘

Analysis of the Methylation Status of the MGMT
Cene Promoter

The methylation status of the MGMT promoter in each tumor
was analyzed with the methylation-specific polymerase chain
reaction (PCR) assay (14). This method consists of two steps:
modification of DNA by sodium bisulfite and PCR amplification.
Bisulfite converts unmethylated but not methylated cytosines to
uraci) bases. The MGMT promoter region is then amplified with
primers specific for unmethylated and methylated DNA. For
bisulfite modification, DNA (1 pg) in a volume: of 50 ul was
denatured by NaOH {final concentration, 0.2 mol/L) for 20 min-
utes at 42°C. Then, 30 l of 10 mmol/L hydroquinone {Sigma
Chemical Co., St. Louis, MO) and 520 pl of 3.8 mol/L sodium
bisulfite (Sigma Chemical Co.) at pH 5 were added, and the
samples were incubated under mineral oil at 55°C for 16 to 20
hours. Modified DNA was purified with Wizard DINA purifica-
tion resin (Promega, Madison, W1). Modification was completed
by S-minute NaOH treatment (final concentration, 0.3 mol/L) at
room temperature, followed by ethanol precipitation. DNA was
resuspended in 10 ul of Tris-ethylenediamine tetra-acetic acid
busfer. For PCR amplification, the primer sets were as follows:
5 TTTGTGTTITGATGITIGTAGGTITTTGT-3 (sense) and 5'-
AACTCCACACTC’ITCCAAAAACAAAACA-S‘ {antisense) for
the unmethylated MGMT promoter and 5-TTTCGACGTIC-
GTAGGTTITCGC-3 (sense) and 5-GCACTCTT CCGAAAAC-
GAAACG-3' (antisense) for the methylated MGMT promoter ).
With these primer sets, the amplified region of the MGMT pro-
moter spans the area of greatest CpG density immediately 5 to
the transcription start site, in an area previously found to be
hypermethylated in cells that lacked MGMT activity (10). Not-
mal human lymphocyte DNA was used as a negative control and
normal human lymphocyte DNA treated with SssI methylase
(New England Biolabs, Beverly, MA) as a positive control. PCR
amplification was performed in a programmable thermal cycler
(M] Research, Boston, MA) in 25-ul reaction volumes, inclucling
2 pl of bisulfite-modified DNA, 20 mmol /L Tris-HCl, 50
mmol /L XCl, 1.5 mmol/L MgCl,, 200 umol/L deoxynucleosicle
triphosphates, 100 ng of each primer, and 2.5 U Tag polymerase.

NEUROSURGERY
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After mitial denaturation at 95°C for 5 minutes, amplification
was carried out for 35 cycles (30 5 at 95°C, 30 s at 59°C, and 305
at 72°C) followed by a final 4-minute extension at 72°C. After
PCR, 10 ul of the reaction product was separated by electro-
phoresis on 3% agarose gels and stained with 0.5 pg/ml
ethidium bromide under wltraviolet illumination.

Statistical Analysis

Student's # test was used to compare confinuous variables. .
Contingency tables were analyzed by Fisher’s exact test. Actuar-
ial srvival curves were generated by the Kaplan-Meier method;
the log-rank test was used to estimate differences between sur-
vival curves. We considered patient age, preoperative KPS score,
and extent of tumor resection as clinical factors with a possible
effect on the prognosis of patients with high-grade glioma. Be-
cause we previously reported sex to be a potential prognostic
factor in GBM patients (16), we also included sex in our analyses.
The role of these factors in addition to the methylation status of
the MGMT promoter on overall and progression-free survival
was analyzed according to Cox proportional hazards regression.
For multivariate analysis, these factors were categorized as fol-
lows: age (=55 yr versus >55 yr), sex (male versus female),
preoperative KPS score (=70%. versus <70%), extent of tumor
resechon {gross total, subtotal, biop_'sy), and the methylation sta-
tus of the MGMT promoter (wunethylated versus methylated).
Factors in multivariate analysis were selected by forward analy-
cis on the basis of maximum partial likelihood estimates. The
probability value for entry and removal was 0.2. A probability
valie of <0.05 was considered statistically significant.

RESULTS

Clinical Characteristics :

Preoperative KPS scores ranged from 40 to 100% (median, 90%)
in AA patients and from 40 to 100% (median, 80%) in GBM patients.
Of the 42 AA patients, 10 underwent gross total resection, 21 sub-
total resection, and 11 biopsy. Of the 74 GBM patients, 24 under-
went gross total resection, 41 subtotal resection, and 9 biopsy. At the
time of this analysis (Qctober 31, 2002), 14 AA patients (33.3%) and
59 GBM patients (79.7%) had died; 18 AA patients (42.9%) and 65
GBM patients (87.8%) had experienced tumor progression. Overall
and progression-free survival curves are presented in Figure 1.

Methylation of the MGMT Promoter

Figure 2 shows representative methylation-specific PCR re-
sults. The MGMT promoter was methylated in 52 {44.8%) of the
116 high-grade glioma patients, in 19 (45.2%) of 42 AA patients,
and in 33 (44.6%) of 74 GBM patients. The methylation incidence
by sex was 40.3% {25 of 62) for men and 50.0% (27 of 54) for
women (P = 0.3509, Fisher's exact test). The mean age of patients
with methylated and unmethylated twnors was 483 and 48.0
years, respectively (P = 0.9221, ¢ test). The clinical characteristics
of AA and GBM patients as a function of the methylation status
of the MGMT promoter is shown in Tables 1 and 2. The methyl-
ation status of the MGMT promoter was not significantly corre-
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FIGURE 1. Kaplan-Meier curves of 116 patients with kigh-gde astrocytic
tumiors as a function of histological disgnosis. A, overall survival, Number of
patignts al risk, munber of deaths, and median swrvioal times are shown (box),
B, progression-free survival, Number of patients at risk, mnzber of patients with
disease progression, and median progression-free survival times are shown (box),
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FIGURE 2. Representative results of methylation-specific PCR assnys.
The visible PCR product in Lanes U and M indicates the presence of
urunethylated and methylated genes, respectively. Samples i Lanes 1 and
4 are from prtients without methylation and those in Lones 2 and 3 from
patients with methylation. Normal lymphocyte DNA wns the negative and
normal lymiphocyte DNA breated with SssI methylnse, the positive control
for methylation. Water was the negative control for PCR.

lated with any of the selected clinical factors in either the AA or
GBM patients. However, in both AA and GBM, the incidence of
unmethylated tumors tended to be higher in men.

By univariate analysis, methylation of the MGMT promoter
was associated with longer overall survival time in all 116
patients (P = 0.0123, log-rank test, data not shown). In subset
analyses, Kaplan-Meier survival curves showed that AA pa-
tients with methylated tumnors experienced significantly
longer overall survival than did those with unmethylated
tumors (P = 0.0133, log-rank test) (Fig. 34). In GBM patients,
conversely, the methylation status had no significant effect on
overall survival (Fig. 3B). Similar results were obtained in the
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analysis of progression-free survival (Fig. 4, A and B). With
respect to overall survival, in AA patients, the only significant
factor other than the methylation status of the MGMT pro-
moter was the preoperative KPS score; patients with a preop-
erative score of 70% or more survived longer (P = 0.0296,
log-rank test). In GBM patients, the only significant factor was
age; patients older than 55 years had shorter overall survival
(P = 0.0095, log-rank test). Although in our study population,
sex was not confirmed as a prognostic factor for overall and
progression-free survival, we included sex in multivariate
analyses to assess the association of survival time with mul-
tiple clinical characteristics.

As shown in Table 3, the unmethylated MGMT promoter
status was an independent unfavorable prognostic factor with
a strong effect on overall and progression-free survival in AA
patients. The risk of death and the risk of disease progression
in patients with uninethylated MGMT promoter were 13.3 and
4.19, respectively. The unmethylated MGMT promoter status
had a stronger effect on overall survival than did higher age;
it also had a stronger effect on progression-free survival than
did the extent of resection. Representative cases of methylated
and unmethylated MGMT promoter are shown in Figures 5
and 6, respectively.

Conversely, in GBM patients, the methylation status of the
MGMT promoter was not a predictive variable with respect to
either overall or progression-free survival (Table 4). Multivar-
iate analysis showed that the only significant prognostic fac-
tors for overall survival were higher age and male sex.

DISCUSSION

Our study population consisted of adult patients with fro-
zen tumor samples sufficiently large for the analysis of meth-
ylation of the MGMT promoter who had been enrolled in one
of our three prospective randomized trials. Hypermethylation
of the MGMT gene promoter was detected by methylation-
specific PCR assay, the most widely used technique for study-
ing hypermethylation of CpG islands (14). Hypermethylation
of the promoter of the MGMT gene is the epigenetic mecha-
nism that represses transcriptional activity in cancer ceils and
is not found in normal cells (10). This tumor specificity is
important: clinical tissue samples of gliomas contain nontu-
mor cells or normal cells because gliomas invade the sur-
rounding brain parenchyma diffusely. Because methylation-
specific PCR sensitively detects the methylation status of small
clinical specimens such as needle biopsy samples, we chose
this method. Although microdissection-assisted DNA extrac-
tion may be required because the PCR assay we used may not
detect hypermethylation in a small fraction of twmor cells,
microscopic examination confirmed the presence of viable
tumor cells in all our samples. The frequency of MGMT pro-
moter methylation in our study (AA, 45.2%; GBM, 44.6%)
approximated that reported by Esteller et al. (9) (AA, 39%;
GBM, 41%). :

It remains controversial whether the MGMT protein level in
primary tumors is predictive of a response to the
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TABLE 1. Clinical characteristics of 42 anaplastic astrocytoma patients 2s a function of their O°-methylguanine-deoxyribonucleic acid
methyltransferase promoter methylation status” ‘
Unmethylated (n = 23) methylated (n = 19)
Factor P value
No. % . No. %
Age {yr) 0.7483
=55 ' 16 70 12 63
>55 7 30 7 37
Sex 0.231
Male . 13 57 7 37
Female 10 43 12 - s 63
Preoperative KPS score (%) 0.6729
=70 . 19 83 17 89
<70 ' 4 17 2 N
Extent of resection 0.3049
Gross total resection 7 30 3 16
Subtotal resection and biopsy 16 70 16. B4
2 KPS, Karnofsky Performance Scale.
TABLE 2. Clinical characteristics of 74 glioblastoma patients as a function of theit OS-methylguanine-deoxyribonucleic acid
‘methyltransferase promoter methylation status®
Unmethylated (n = 41) Methylated (n = 33) :
Factor P value
No. Y% No. ) %
Age (yr) 0.6194
=55 29 71 21 64
>55 - 12 29 12 35
Sex 0.8150
Male . 24 59 18 55
Female 17 4 15 45
Preoperative KPS score (%) 0.5802
=70 31 . 76 27 82
<70 10 24 6 18
Extent of resection 0.4595
Cross total resection .15 37 . 9 27
Subtotal resection and biopsy 26 63 24 73
2 KPS, Karnofsky Performance Scale. '

chloroethylnitrosourea-based chemotherapy commonly used
in the treatment of high-grade gliomas. Silber et al. (29) ana-
lyzed 43 high-grade gliomas (13 AAs and 24 GBMs) by bio-
chemical assay of tumor tissue extracts and compared survival
between patients with and without MGMT activity. In their
study, MGMT activity was higher in tumors that recurred
after chemotherapy including BCNU or aftex PCV chemother-
apy than in tumors that recurred in patients who had not
received chemotherapy. Their findings suggest that tumor

NEURDSURGERY

cells without MGMT activity were killed selectively in situ by
BCNU- or CCNU-based chemotherapy. However, the level of
MGMT activity in tumors after chemotherapy did not affect
progression-free survival. Belanich et al. {2), in a retrospective
study of primary brain tumors, examined the correlation be-
tween MGMT protein levels detected by quantitative immu-
nofluorescence assay and survival in 99 GBM patients treated
with surgery, radiotherapy, and BCNU-based chemotherapy.
Unlike Silber et al. {29), they found that a low level of MGMT
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FIGURE 3. Kaplan-Meier curves for overnll survival of (A) 42 AA
patients and (B} 74 GBM patients as a function of the MGMT promoter

methylation status. Number of patients at risk, number of deaths, and
median survival times are shown (boxes).

was significantly associated with "longer overall and
progression-free survival. Similarly, Jaeckle et al. (15) ob-

served a correlation between MGMT levels and survival in 64 .

patients with high-grade gliomas (24 AAs and 40 GBMs)
treated with surgery, radiotherapy, and BCNU; patients
whose tumors manifested low MGMT levels had significantly
longer overall and progression-free survival. Their subset
analysis by astrocytoma grade showed that in 24 AA patients,
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FIGURE 4. Kaplan-Meier curves for progression-free swvival of (A) 42
AA patients and (B) 74 GBM patients rs a function of the MGMT pro-
moter methylation status, Number of patients at risk, number of patienis
with disense progression, and median progression-free survival times are
shown (boxes).

the median survival of patients with high MGMT levels was

14 months, compared with 62 months for those with low
MGMT levels. The median survival in their group of 40 GBM
patients was 7 months for patients with tumors manifesting
high MGMT levels compared with 12 months for those with
low MCMT levels. However, they did not subject their results
to statistical analysis.

TABLE 3. Multivariate analysis in 42 anaplastic astrocytoma patients®
Overall survival ’

Progression-free survival

95% confidence

Variable ‘ b Hazard 5 Hazard 95% confidence
£ value . . P value . .
ratio interval ratio interval

Age =55 yr 0.0033 6.77 1.76=-26.0 - - ) -

Male - - - 0.1_279 0.45 0.163-1.255
Preoperative KPS scare 270% 01313 0.33 0.079-1.391 - - -

Gross total resection - - - 0.0366 0.43 0.193-0.948
MGMT promoter, unmethylated 0.0020 i3.3 2.58-69.0 0.0089 4.19 1.43-12.3

¥ values of <0.05 were considered significant.

7 =, nol retained in the final model; KPS, Kamofsky Performance Scale; MGMT, Ob-methylguanine-deoxyribonucteic acid methyliransferase gene.
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FIGURE 5. MR/ scanis in a represenfative methylaked MGMT promoter case.
This 43-year-old man, who kod o generalized tonic seizure, wnderwent stereo-
tactic biopsy of a left frontal AA on February 4, 1999 (A). After radiation (60
Gy) and five courses of chemotherapy (ACNU/interferon-B), the tumor, which
was hyperintense on T2-weighted MRI scans but not on Gd-DTPA-enhanced
MRI scans, was decrensed in size (B),

In their analysis of 47 high-grade gliomas (18 AAs and 29
GBMs), Esteller et al. (9) found that MGMT promoter methyl-
ation was associated with responsiveness to chemotherapy, in-
cuding BCNU. They suggested that the methylation status
might be useful for predicting the chemosensitivity of gliomas.
However, because their chemotherapeutic regimen included cis-
platin as well as BCNU, the effect of BCNU alone could not be
determined. All patients in the present study were grouped
according to histological diagnosis (AA or GBM), and all were
treated with ACNU-based chemotherapy. We analyzed survival
for the two groups separately and found a previously unreported
association between the MGMT promoter methylation status and
prognesis in patients with high-grade astrocytic tumor.

Unlike those of Belanich et al. (2), ow findings suggest that
MGMT promoter methylation is not a prognostic factor in GBM
patients. However, because the two studies differed in several
respects, direct comparison of the results is not possible. Owr
patients received ACNU-based chemotherapy, whereas theirs

MGMT METHYLATION IN GLIOMAS

FIGURE 6. MRI scans in a representative unmethylated MGMT pro-
moter case. This 42-year-old woman with right numbness and weakness
underwent stereotactic biopsy of an AA of the left corona radiata on June
17, 1999 (A). After radiation (60 Gyl and three courses of chemotheropy
{ACNUfinterferon-p), she experienced a partial seizire. MRI revenled
tumar progression (B). The right extre-axial lesion is an arachnoid cysk,

were treated with BCNU-based chemotherapy. In addition, the
target of detection was different; we studied hypermethylation of
_ the gene promoter, whereas they focused on the MGMT protein
level in tumors. We speculate that the resistance of GBM to our
ACNU-based chemotherapy may be attributable to yet unknown
factors in addition to the MGMT level of the tumors.
According to multivariate analysis, MGMT promoter meth-
ylation was a statistically significant prognostic factor in AA
patients. It was a significant covariate that surpassed other
clinically important prognostic factars such as age, the preop-
erative KPS score, and the extent of tumor resection. We posit
that this may reflect a wide spectrum of chemosensitivity and
diverse clinical outcomes in AAs, considered intermediate-
grade astrocytic tumors that vary with respect to overall and

TABLE 4. Multivariate analysis in 74 glioblastoma patients®

Overall survival

Progression-free survival

Preoperative KPS score 270% - -
Gross total resection - -

MGMT promoter, unmethylated - -

Variable b Hazard 95% confidence b Hazard 95% confidence
P value® . . P value . .
ratio interval ratio interval
Age >55 yr 0.0036 2.33 1.32-4.12 0721 1.47 0.846-2.546
Male 0.0397 1.78 1.03-3.07 - - -
- 0.0521 0.56 0.311-1.005

b P values of <0.05 were consiclered significant,

* =, not retained in the final model; KPS, Karnofsly Performance Scale: MGMT, OF-methylguanine-cleoxyribonucleic acid methyltransferase gene.
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progression-free survival from several months (similar to
GBMs) to several years (similar to low-grade astrocytomas).

In our GBM patients, male sex was an independent indica-
tor of a poor prognosis. Some studies have reported that
among glioma patients, women had a better prognosis (22, 23).
Female hormones seemed to be associated with longer sur-
vival in a rat model of GBM (26) and with a lower incidence of
glioma in women in a population-based case-control study
(28). According to a retrospective study of AA patients treated
. with radiotherapy and nitrosourea-based chemotherapy,
women manifested longer survival than men (7). We suggest
that sex should be considered in assessing the survival of
patients with lugh—grade gliomas.

Chioroethylnitrosoureas are the most widely used chemo-
therapeutic agents for high-grade gliomas because of their
high permeation through the blood-brain barrier. However,
these agents have failed to improve survival dramatically, and
conventional treatment with surgery, radiotherapy, and
chloroethylnitrosourea-based chemotherapy fails to cure all
patients with GBM and most patients with AA (4, 11, 13). In
the absence of more effective treatment strategies, the type of
information yielded by our study may help the clinician to
identify patients who should receive aggressive chemotherapy
and those who should be treated by alternative therapies.
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COMMENTS

here are a number of differences between anaplastic gliomas

and glicblastoma, including prognosis and response to ther-
apy. These establish clearly different prognostic classes of high-
grade gliomas. The authors demonstrate another difference in
their report showing that hypermethylation of the MGMT gene
carries a better prognosis for anaplastic astrocytomas that does
not oceur in glioblastomas. This is a nice report, and the data
rajse some interesting questions for further study. '

Joseph M. Piepmeier
New Haven, Connecticut

Karhiryo et al. show that aberrant methylation of selected
CpG sites in the MGMT gene correlates with a beiter

prognaosis in patients with anaplastic astrocytoma, but it is not -

a significant prognostic factor in patients with glioblastoma
multiforme. Previously, Esteller et al. (1) provided the first
demonstration that MGMT methylation is a useful predictor of
overall and progression-free survival in malignant gliomas
(both anaplastic astrocytoma and glioblastoma multiforme

associated  with |

MGCMT METHYLATION IN GLIOMAS

groups combined). In addition, other studies that tested for
correlations between MGMT protein activity in malignant
gliomas and overall survival have shown conflicting results.
The study by Kamiryo et al. is important in addressing the
controversy and in providing an independent assessment of
the conclusions from the study by Esteller et al.

Any comparison of these studies is necessarily limited by
the differences in treatments and patient populations. The 116
patients in the study by Kamiryo et al. received surgery, local
radiation, and nimustine-based chemotherapy. The 47 patients
in the study by Esteller et al. were treated with surgery,
whole-brain irradiation, and both cisplatin- and carmustine-
based chemotherapy. In contrast, the analysis of MGMT meth-
ylation was performed in an apparently identical fashion be-
tween these two studies, and the overall incidence of
methylation was quite similar. In both studies, the analysis is
well controlled, and samples are defined as methylated by the
presence of a polymerase chain reaction product from the M
pnmer set. Direct comparison of these two methylatlon stud-
ies with those that measure MGMT activity is more problem-
atic. The presence of some level of aberrant methylation is not
necessarily a direct reflection of the MGMT protein level,
because there are a number of steps in between, and.there are
also considerations of the differences in quantitative aspects of
the measurement of MGMT methylation and MGMT protein
activity. Kamiryo et al. present a balanced view of these stud-
ies and avoid undue comparisons.

Joe Costello
Mitchel S. Berger
San Francisco, California

1. Esteller M, Garcia-Foncillas ], Andion E, Goodman SN, Hidalgo OF,
Vanaciocha V, Baylin SB, Herman JG: Inactivation of the DNA-repair gene
MGMT and the clinical response of gliomas to alkylating agents. N Engl
] Med 343:1350-1354, 2000.

- ﬂlTER!RL CCLL.\TER RI..S

Diagrammatic representation of ligations used to control an arteriovenous aneurysim (from, Hamby WB, Gardner
WJ: Treatment of pulsating exophthalnios with report of two cases. Arch Surg 27:676-685, 1933). Also see pages 437 fid 473,
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Gradual recovery from dyslexia and related serial
magnetoencephalographic changes in the lexicosemantic
centers after resection of a mesial temporal astrocytoma

Case report

Kyousuke KaMana, M.D., YUTAKA Sawantrs, M.D., Femiva Takeuc, Pu.D,,
KiyoHiko Hourix, M.D., HIDEAKI KawaGUCHL, M.D., YOsHINOBU [WasARI, M.D.,

AND Stiinva Korigs, PuD

Deparnnent of Newrosurgery, Research Institure for Elecironic Science, Department of Leborarery
Medicine, Hokkaide Universine: and Department of Newrosurgery, Sapporo Medical College,

Sappure, Jupan

/ Leuer-peresption conters wre not held in as high regurd us motor- and lupguage-related conices during plamning of
neurvsurgical procedures, and there huve been nu reports suggesting corlicul reorganization of reading ability. The
sthors deseribe u patient with « left mesial remporal glioma in whom oo leter-perception centers {the unterior por-
tion of the lefe superior wmporal gyvus and the beft fusitorm gyrus) were successtully loculizad before surgery by per-
forming mugneroencephalography (MEG) during teading tasks. Congol MEG exwminations of 15 bealthy volunteers
were ulso performed 10 assist in 2 cirelful interpretation of putient results. Although o radicil resection of the mesial
tempural alioma. which involved the left fusiform gyrus. caused severe dysleXia, the patient’s impaired reading skills
improved gradually during a 1-vewr postoperative period. v the meantime. the spared lell superior temporal 2yvus dis-
pliyed an overshol recovery of MEG respunses. During the pusioperative period there was no obvious recovery in
MEG signals and no compensatory activity in the contralieral fusiform gyrus. This case demonsirates that lexivose-
wantic centers involved it (he reading process can be noninvasively localized using MEG and that the results obtined
are highly retiable For surgical planning. The resules of the repeated MEG reflected sequentiufly the pulient’s recovery
Irom dyslexia, This is the Tirst report in which MEG studies have been shown w predict prevperatively the risk ol dvs-

lexiu and demonsrawe its serial physivlogical recovery.

Key Wokps  + dyslexia » glioma

magnetoencephulography

in the lnguage-dominant hemisphere must spare Uic

classic frontal motor and temporal receplive language
wareas 1o avoid persistent aphasia. Most neurosurgeons
fave strictly followed this basic guideline. even in glioma
surgery. : )

On the wther hand. the corricul areas related w leteer per-
ception have not been well acknowledged. The semantic
center of letter reuding hus not been serivusly considered
during surgical planning. Reuding impairments such as dys-
lexia cun be musked by coexisent mujor complications
such as aphasia or dementia. Nevertheless, dvslexia essen-
tially uffects patients” intellectual life and work and is 4 sub-
jectthat should be duly considered us & mijor complication.

Previous studics of lesions have demonstrated that the
superior temporad und angular gyvri in the dominant hemi-
sphere conuibute mainly to lewer-reading processes.** No-

I T has been generally accepred that resections performed

AbDreviations used in tix paper: IMR = Tanctionad mugnetic res-
onanee: 1Q = intelligence quatient; LORETA = fow-resolution elec-
tromagnatic megraphy: MEG = magnetoencephalography; PET =
posilron gmission Inmegraphy: RMS = rool mean square: SLTA =
Standard Language Test (o Aphusin: WATS-R = Waeehsler Sdub
[atelligence Test- Revised,

J. Newrosurg, P Volwoe 1000 June, 2004

mesial temporal lobe  + functional recovery  *

bre. et al.." found the site of Jexicosemantic acdvity related
w the reading provess in the inferior wmporal region. in-
cluding the fusiform gyrus. by using subdural efectrodes.
Studies in healthy volunteers in which noninvasive func-
tonal inzaging echnigues such as PET and IMR imaging
were performed have demonstrated that the inderior tempo-
ral area is uctivaled by several reading tasks. '+ The [une-
tional dominance of the tusitorm gyrus. however, remating
uncleur because must stadies have demonstruted biluteral
responses in reuding processes.

Magnetoencephalogruphy direcdy detects necronal ac-
tivity and provides 4 betler time resolution than other non-
invasive methods of mapping. Tn this report, an MEG -
vestigation in which letter-reading tasks were performed
preaperatively localized (he lexicosemantic centers in i pa-

et with a left mesial wmporal glioma, Aller complete

tesection of the wmor, which involved the inferormesial
temporal region in which the semantic-MEG dipoles were
concenitued. the paticnt sulfered from severe dyskexia. He
oraduadly secovered within | oyear. We followed the pa-
Uent's recavery by pertuniming serial MEG. which reflected
the severity of the tyslexia and the clinical usetulness of
lexicosemantic MEG.
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TABLE ]
Results of the SLTA and lexicosemantic MEG imeestig ations™
SLTA Seore (%) MEG
‘ Yerbul Mean Reaction
Timing Reading Writing Speech Comprehension Time (msec)t Task Performance (%)
preop 100 160 100 100- 80 = 213° 02.3
7 or |0 daysi - 75 73 30 NT NT
3 mos 80 83 90 20 1320 % 379§ 63.8
8 mos 90 92 97 v8 1212 = 305§ 83.0

* NT = not tested.
+ Mean = standard deviation.

+ Neuropsychological tests and the MEG study were performed 7 and 10 days postoperatively, respectively.

§ p < 0.5, Student t-lest.

Case Report

Histury. This 34-yeur-old. right-handed man experienced
ransient anmesia for a few minutes in April 2001, Before
the incident he hud done well in his employment us an of-
lice worker. Neurological examination revealed no dbnor-
mality on the duy ulfier the episode. but T-weighted MR
images reveuled a lurge hypointense mass inn the left me-
sial wemporal region. The lesion appeared homogeneously
hyperiniense on T-weighted MR 1mages and was not en-
hanced following a Gd—diethylencuianiine pentascctic ac-
id injection. The mass involved the hippocampus, UNCUs.
amygdata. and parahippocampal and fusiform gyri. but not
the superior or middle temporal gyri. These findings sug-
aested that the mass was a low-grade astrocytoma original-
ing from the mesial wemporal lobe, No neurological deficit
had appeared before teaunent and thus our major concern
was whether the brain area to be involved in surgery would
still lunction pustoperatively.

Examinazion. Preoperative neuropsychological exami-
nations. including the SLTA (Japanese ediuon). WAIS-R,
Miyake auditory—verbal memory test. and Benion Visual
Relention Test detecied no language delicits or memory dis-
wrbunce. The SLTA is the stundardized test battery most
commonly used (o evaluate Japunese paticnts with aphasia,
The aphusia scverity ratings (range 0, mosl severe—110), nor-
mal) are bused on the 19 subscores ol the SLTA, and these
were used us o primary lnguage measurement for this pa-
tent. The tollowing six subscores of the SLTA were se-
quentiully unalyzed: reading aloud words; reading compre-
hension (in which the patient puints out images of objects
indicated by written words): dictation of letiers: NAMing: au-
ditory comprehension (ability o vbey verbal commands);
and senterice repetition, The patient could complete the
tsks of the SLTA without difficulty and obtained full points
for all the subscores. The verbal and performimee 1Qs. de-
termined using the WAIS-R, were 1#2and 118, respective-
ty. The patient’s hand prelerence was predominantly right
gided (+ (05 on the Edinburgh Handedness Tnventory).”
and an intravarotid sodium amobarbital test (Wiada test) re-
vealed o Telt-hemisphere dominance {or language functions
and a right-hemisphere dominance for memory. Lexicuse-
mantic MEG. performed using a keter-reading sk, focal-
ized two leter-perception centers (the anierior portion of
the left superior temporal gyrus wnd the left fusiform oVrus).
as deseribed in detail Luer in this paper. Because this Large
low-grude wlioma was thought 1o be lile threatening, but
curable by w complete reseetion, we proposcd racicul re-
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moval of the wmor involving the inferior temporal region.
informing the patient of the risks of possible postsurgical
neurological deficits. The patient accepted the treatment
plan and gave his informed consent to purticipite in pre-
and pustuperative lexicosemantic exuminations ircluding
MEG and neurapsychological tests,

Operation, The middle and inferior temporal gyri were
expused by a [rontotemporal craniolomy. The brain lwmnor
was found after a corticutomy. which encompassed a +-crm
anterior portion of the inferior temporal gyrus. Inuraoperi-
tive observation disclosed tumor invasion into the inferior
emporal gyrus. fusilonu gyrus, amygdala, uncus. and hip-
pucampus. The involved brain tissue was completwly re-
sected. The histopathologicul diagnosis was World Health
Oreanization Grade IT diffuse astrocytoma.

Pustoperative Conrse. The patient awoke with severe dys-
lexia and a slight receptive aphasia. Auditory comprehen-
sion and repetition and naming capubilities were almost
intact. Neurological and newropsychotogical examinations
were serfally performed throughout an S-monthy pusiopera-
live period. On the 7th posioperative day, the mun stilk dis-
played severe reading and writing impairments {scores of
3 in reading aloud, 4 in reading comprehension. and 7 in
letier dictation: Table 11 with a right upper homaoyinows
quadrantancpia. Specch function and auditory compiehen-
sion were. however. relatively preserved. The man's verbal
TQ (WATS-R) was 83, which was lower thun prevperative-
Iy despite the fact thut he retsined a normal performance Q
(L18). :

Three months affer surgery. the impairments had im-
proved. but he still bad difficubly in reading and exhibit-
ed phonemiv paralexia {scores of 6 in reading aluud and ¥
in reading comprehension. It is noteworthy shat he could
point vut objects correctly with @ linger. even though he
could not read aloud the names of writien objects (under-
standing without phonology) (Table 1), Eight monihs after
surgery. the patient’s reading impuirment had remarkubly
improved (scores of 8.5 in reading aloud and 9 in reading
comprehension) and he became able w read newspapers
with some effort. His verbal 1Q (103} was much improved.
but did nut reach his preoperutive fevel.

The Miyauke anditory-verbal memury test and the Beaton
Visual Relention Test did not show any deterioration in the
patient’s short-term memory and, clinically, he displeyed
liltle memory disturbunce [oliowing the operation. Ile re-
trned o his office work. but still acknowledged lingering
reading difliculties.

A Newrosurg. { Volwe 1007 June, 2004



Reading reorgunization on MEG

Sutnmary of Tests and Findings

Lexicosementic MEG Studizs

The MEG signals were recorded ustng .u 20H-channel
biomugnetometer (VectorView: Neuromag. Helsinki. Fin-
land in & magneticaily shiefded room. Serial MEG studies
were performed before the operation and £0 days. 3 months.
and § muonths after surgery. Despite the fact thut the patient’s
reuding comprehension skills generally improved throwgh-
out the pustoperative period. te pestoperative MEG find-
ings were compared with the preoperative MEG Tindings.
We sequired 1wo data sets Tor cach tsk 1o continm stable
and consistent MEG responses. In purticulae, we performed
the prevperative MEG investigations on two different days
(7 and 3 days before surgery) und also pertormed control
exarminations in 13 strongly right-handed volunteers who
had experienced no adverse cercbral events or neurologicul
delicits. ‘

One hundred {ilty words were visually presénted with a
300-msee exposure time and interstimulus intervals ranging
between 2800 and 3200 msec during the MEG recordings,
Euch word wus a noun tiet consisted of three kana lewers
Japunese phonetic svmbuols that were presented. centered
at a4 visual angle). The patient and volunteers were usked
to cateporize the presented word as absiract or concrete by
pushing buttons with the index or middle finger. respec-
tively fkana reading). To identity. ihe lexicosemuntic re-
spunse specific W the kana-reading sk, we presented 15
pairs of Arabic letters and asked the patient and volunieers
to decide whether cuch pair had the same leners or differant
ones {{igure diserimination). All volunteers and the patient
received instructions and were allowed brief practice ses-
sions belore the measurcment.

Each epoch consisted of a S00-msec.prestimulus baseline
and a F300-msec analysis period following stimutus de-
livery. One hundred fitfty epachs of mugnetic signils were
averaged and digitally filiered between 0.5 and 3¢ Hz. Sig-
niticunt detlections of neuromagnetic tields were visuully
identitied on the busis of RMS fields contuining more than
10 gensurs in the [rontotemporal or temporeoccipital re-
gions. Locations and dipole moments of equivalent cur-
rent dipules were caleubuted every 2 msec for euch selected
lime period by using the stngle eguivalent dipole model.
Only dipoles with a correlagion vulue greater than 0.9 be-
tween measurad and caleulated field distribuiions were ue-
cepted. To canlirm the calewluted resufts, the same MEG
time perinds were unalvzed using one of the Talluwing: cur-
rent=ensity maps or LORETA (Curry: Neurosean Labs.
Sterling. VA

The estimated dipules were converted into three-dimen-
stonad MR images by tdentifying externul anutomical fidu-
ciary markers {nasion and left and right preauricular points).

Sericd Chunges in the Lexivosemantic MEG Stuudies

Preaperarive MEG Findings. The patieat and healthy vol-
witeers could eusily complete both tasks ufter o brief prac-
tice period. The metn reaction ume and the percentage of
successiul sk performanee of (he pient were uppros-
imately SO0 msee and 92.3% . respectively. which were
within aormal range (Table 1) Figure 1 depicls the RMS
lields ol the preoperutive MEG study (thick black line) with

I Newrosury, / Voline JO0 7 June, 204

the kana-reading tusk in the biluterud frontotemporat und
emporooccipit regions. Late defllections peaking at up-
proximatcly 330 msee were abserved in both of the left
frontotemporal und emporooecipitad regions, Tn the contru-
lateral hemisphere (right fromwtermporal and wmporooceip-
ital regions). however, carly and short-duration RMS peaks
were revorded approsimately 230 msec after the stimufu-
tion. To all 13 healthy volunteers, the late deflections were
predominandy observed in the left [rontotempora) region
rather thun in the right hemisphere. On the other hand. in the
remporpoccipital region there was no fate respunse in five
volunteers (33.3% ). leli-side dominance in seven (4674,
anel vight-sicle dominance in three (207,

The figure discrimination sk evoked only curly dellec-
tions {within 300 msec in both hemispheres with no later
activittion in the patient or any volunteer; theretore. we von-
sidered that the Luer responses in the lefl henusphere might
be strongly related to the texicosentuntic provesses in lerter
perception un the basis of our preliminary results und pre-
vipus reports.”™

Figure 2 demonstrates the representative MEG sources
in two healthy velunteers. The lefl hemispheric respotses
were mainly loculized in the superior. middle temporal. and
supramarginal gvri (meuan number of dipoles [22.45. Tn con-
wast, in the right hemisphere there were [ar fewer numbers
ol estimated dipoles (meun number of dipoles 32.4). Con-
cerning the location of the emporooceipitul dipoles, it was
pot common for the left inferior wmporal tegion o bave
predominantly more dipoles than the right side. There was
no consistent dominance of emporocceipital dipales be-
tween the hemispheres (Fig, 2.

Tn the putient, the estimuted dipoles of the left frontetem-
pural response were mainly concentrated in the witerior
portion of the left superior and middle temporal gyri (38 di-
pules) (Fig. 3A and B). Additionally. 102 dipoles of the fert
emporouceipitul responses were densely concentrated ad-
jucent w the posierior border of We wmor in the tusiform
evrus (Fig, 3C and D). which wus relatively strong com-
pared with the control data. The right frontotemporal and
temporoocipituf responses of' the patient were observed in
the right supramarginal gyvras wnd i the fusiform gyrus. re-
spectively. The 24 right-hemisphere dipoles did not reach
even one third of that of the left hemisphere, indicating lefi-
side dominance for the reuding process in this putient. It
wius nutable that all 102 dipoles in the left hemisphere were
mainly located in the Tusitorm gyrus where the wmer in-
vaded. The LORETA analvsis demonstrited two clusters of
stronger solvees in the anzertor purtion of the left superior
tempordd gvrus and the felt (usiform. as did the single
eguivalent dipote model., We reexamined the patient 4 days
arter the Tirst examination e contirm that the lexicosemaun-
e MEG should reveal the consistent results Tor preopera-
tve lunctional mapping. The second MEG examinution
demonsirited thar the lett fasitorm gyrus was extremely
active with the eter-reading task, just s the first examing-
tign had.

Postoperative MEG Findings. On the With duy after sur-
acry. the patient could not complete the reading task due to
severe dyslexin He wus. therefore, usked to lonle pissively
at the presented lerers. The most signiftcant chunge on the
MEG study wus that no signilicant responses were detected
in the lelt homisphere (Fg. 1),
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¢ MEG responses during the letrer-rewding tusk from the lefl (A} wad right
and right tD) weniporooceipital regions. The left fromotemporal respon-

and the left emporovccipitil responses becume sifent

er in amplilude $ months atter surgery, despile na changes in he biluteral emporoocyipital regions.

Three months after surgery. the patient’s reading skills
had improved wid he could slowly read kana characler by
character. His mean reaction ime and rate ol success were
approximately 1320 msec and 63.8%, respectively. which
remained worse than his performance preoperatively. Al-
though smail RMS detlections appeared in the left [runto-
temporul region, peaking ut approximusely 420 msec (later
than the preoperative response). hese responses were oo
small in amplitude t Tocalize. There was no obvious de-
flection in the left emporooccipital reglon. In contrast ©
the left hemisphere. the RMS profiles detected in the right
frontotemnpural region were ulmost identical w the preoper-
ative MEG swdies.

Eight mnnghs after surgery, the patient hud recoverad mat-
ably Trom the dyslexia and could perform the reading tusk
with some effart. His mean reaction time and vate of stecess
were [urther improved. [Uis noweworthy that the amplitudes
of the leit frontolemporal responses were more than 1.5
limes higher thun those of the preoperative respunses. Es-
muted dipoles of the left frontotemporal responsc were
miainly concentated in the anterior portion of the superivr
and middle empural gyri (78 dipules) (Fig. 4) und showed
36,4 nAm of the meun dipole moment. which was 1.5 tmes
swonger than thit of the preoperitive respunse (36.2 nAm).
The peuk luteney periods of che Teft frontotempural respos-
sos. however, were ssill later dum those meusured preoperi-
lively tur ~ 420 msec). The activities of the feft termpuroog-
cipital region remuined quicscent, The right tromotcmpurd
rezion reveuled w shurp RMS detlection with slightly high
amplitudes. peaking ut 250 msec after the stimuli. The right
emporoaceipital respanses had been consistiently peaking
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at upproximately 250 msec with similar RMS amplitudes
throughout the serial MEG investigatons. The right hemi-
sphere had 37 dipoles in the {roatolemporal and lemporaoc-
cipital regions.

Discussion

The radical resection of the mesial wemporal glioma -
jured the left fusitorm gyrus, where the lexicosemuntic

MEG dipoles were concentrated. and. as a resalt, caused se-

vere dyslexia, The patiem’s impaired reading skills, owey-
er, were generally improved a vear luter. In the megntime
the spared lefi (rontotemporal region. which used 1 be one
of the semantic centers. praduced an overshot recovery ol
MEG responses. This finding indicates that MEG provides
a4 norinvasive method of identilying and visuadizing the
lexicosemantc venters used in the reading process. Tois a
matter of course thas the prevperative identitication of elu-
guent cortices related Lo lugher brain functions is beneficial
fur neurosurgicud plunning. Furthermore, itis scientitically
important that the sequentiul recovery of MEG siznals on
repeated studies e vbserved along with the putient’s clini-
cal recovery from dyslexia.

Although it is well known that right-handed paticnts with
left inferior temporal lesions sufter from impaired reading
skills, we empirically know that dyslexin may nol appear in
(005 of these patients and that 1F 1t does. it sometimes is
improved later, Rescurchers who have performed PET sind-
ies in healthy volunteers have reported tha visuatty present-
ed letiers uctivate the biluteral superior tempuorat and poste-
rior inferior wmporad regions as well as the Brovu arca.™!”

1 Newrasueg. ! Volime 2007 Tune, 2004



Reading reorganization on MEG

Fis. 2. Lesivosemante MEG dipole distibutions in two heatthy voluiieers {Volunteers A und B} Estimuted dipuoles ol
lute deflections in the frontotempaoral regions are predominuntly conventrated in the dest hemisphere ([07 dipufes in Vol-
unteer A and 90 in Volunear B compared with the right side (42 and 22 dipoles. respectively), The rempuarooeeipil re-
gions exhibit no lae response (Volunteer Ajand a i shi-side—dominan dipele distibution (43 dipoles in the right und Tour

dipules in the 1efthemispheres of Volunteer Bl

Meusurements of evoked parengials W patients with epilep-
sy have demonstraced responses at approximarely 200 msee
(N2007 onn Lhe cortices of the bilateral wmporal base, in-
cluding the fusiform gyrus, after letter presentation. " The
sole function of the Tusiform gyrns can barely be invest-
aated using cortical stimulation, IMR imaging or PET scan-
ning, because of its wiktomical charucteristics (small size
and deep Iocationi and the surrounding vascular structures
(the vein of Labbé and the basal veins of Rosenthal). The
functional role and dominance of the fusiform gyrus. there-
fore, remain ebseure,

Authors of recent MEG siudies performied in healthy vol-
unteers have Jound lexicosemaniic activity o the fusitomm
gyrus and the left superior temporal gyrus at upproXimate-
fy 200 (early) and 400 (laei msce lotlowing leuer presen-
ation, respectively.™ Authors ol these studies have cm-
phusized thar the fusitorm gyveus us well ws the left superior
tempoial gyrus may principally contribute W reading pro-
cesses. Although the wmpurooccipital regions of normal
conituls exhibited various dipole distributions, such as lett-
side dominance (46,7% 1. right-side dominanee (20% ). and
no Tesponse (33,34 1 in our preliminary sady. strong uctiva-
tion was especially demonstrated in the leit fusiforny gyrus
in our patient, On the busis of these resulls, the Tusitorm
gyrus of the dominunt hemisphere plays an important rote
for reading processes, but the unctional dominance of this
structure should he carefully investizated Tor cuch patient.

It is noteworthy (hat the patient’s dyslexia remarkably
improved untl 8 months following resection of the fusi-
form syrus in his domiant hemizsphere. Previous PET and
IMRT imaging studics have indicated a possibility of corti-
cub revrgamization in patients who display dramatic recov-
cries of motor functions.?® These studies have demonstrat-

A Newrasury. [ Volwme 1007 Jue, 2004

ed uctivations not only in the contlateral corteX, but alsy
in the ipsifateral sensorimotor cortex and in ather cortical
regions. indicating the involvement of a widespread net-
work in the recovery process.? In our case. the lell tempo-
roaccipitul region becane silent on MEG following resec-

16, 2. Lexivasemantic MEG dipole lovations in the lelt fronto-
waipural (A and B and lelt emparooceipital regions (C aod D) be-
fore surgery, The dipoles are concenuated I the untevior portion of
the separior and migdle wmparad gy (wliire iriaigdes and in the
tusiiorm gynus (whire sysares ).which contains the wmor.
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FiG. 4. Lexicosermantic MEG dipole locutions in the Teft fion-
wicmparal (A and B and eporeoccipital regions (C and D) §
mundis wier surgery. The lefl frontutemporad dipoles are foculed in
the anterivr portion of the supstior and middle temporal gyvis how-
ever. there are ao dipoles in the lefl emporgoccipital region, includ-
ing the fusiform gyrus.

tion. wherens the responses of the contralateral homuologous
(right) temporooceipital region constantly maintained the
same RMS profiles. The left frontotemporal region showed
a marked recovery in MEG amplitude, but the peak Tatency
period did not comptetely return 1o its preoperative stite.
Although we ubserved no compensatory aclivity or reorga-
nization in the ipsilateral temporooccipital region, the re-
sponses ol the lett frentotemporal region at § months after
surgery became 13 times higher in amplitude than those
betore surzery. The patient experienced dittieulry in reading
lewers alter sureery and thus required more concentralion
w perform the reading task. One should consider. at least in
purt. that the spared lelt iromotemporal region might have
contributed w the patient’s recovery [rom dyslexia.

Our single equivalent dipole model provided a similar re-
sult 1o those of previous reports™>1 and is helpiul for un-
derstanding the process of language perception. Neverthe-
fess. it is eritical to consider the responsibility of multiple
dipoles cxisting in the bilaweral lusiform gyrus or in other
vegions, whivh may provide udditional supplementary fune-
fions in the reading process. The LORETA is one of the cur-
rently avaitable density maps that can potentially be used w
anulyze multiple sources in the electra- und mugnetophysi-
ological lields.” v can separuely localize two or three aetive
sources with dilferent time courses. which the single dipole
model fails w locudize. Because LORETA und the single di-
pole approach vield the same results. the source localizition
ol this study became more reliable. Furthermuore, the resee-
tion ot the Tusitorin gyrus that produced the active sorces
resuhied in severe dyslexia
" Although preliminary. this cuse study demonsurates thi
MEG performed using the kuna reuding sk can readily
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identity the sermuntic magnetic responses and provide 2
noninvasive means for analvzing functional brain structures
relating o letler perception. To vur knowledge, this is the
first report in which a methad has been intraduced that cun
be used to predict a visk for postoperative dyslexia and mon-
itor functional recovery from the symptom. This wehnigue
can be applied w anulyze other semantic processes and will
be o uselul ool in the elucidation of the pathophysiolagy of
aphasia, dysphusia, und dyslexia,

.
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Abstract ; Purpose Although adriamycin (ADR) exhibits potent anti-tumor effects against malignant
glioma cells in vitro, in vivo problems arise because drug delivery to tumor tissues is insufficient, due to
the presence of the blood-brain barrier (BBB). However, disruption of the BBB following hyperthermia
is well known. We report two cases of malignant glioma treated with intra-arterial chemotherapy during
hyperthermia, with concentration of ADR expected to increase following hyperthermia.

Materials and Methods Case | involved a 27-year-old female and Case 2 involved a 38-year-old male,
both with recurrent right frontal glioma. A cyst in Case 1 and a surgical resection cavity in Case 2 were
located adjacent to the tumor, so reservoirs were placed in the cyst and tesection cavity. One needle-type
electrode was positioned in the tumor utilizing stereotactic procedures in each case.

ADR at 0.5 mg/kg was administrated into the right common carotid artery, and ADR concentration
was measured sequentially for baseline values. One week later, the same dose of ADR was injected
during hyperthermia, and ADR concentration in the cyst or cavity was sequentially measured by
aspiration through the reservoir, ‘ _

Results ADR concentration gradually increased 15-90 min after intra-arterial administration.
Concentration was 4.5-fold higher in Case 1 and 3.6-fold higher in Case 2 following hyperthermia,
compared to baseline. Neither case displayed major complications.

Conelusions Maximum concentration of ADR in solution during hyperthermia was higher than during
chemotherapy alone. Disruption of the BBB by hyperthermia can be expected to act synergistically with

chemotherapy.

Key Words : intra-arterial chemotherapy, interstitial hyperthermia, malignant glioma

Introduction
Malignant glioma tends to infiltrate surrounding brain tissue, and surgical resection alone represents
inadequate treatment. Standard treatment for this disease combines surgical resection and

radio-chemotherapy, but prognosis remains dismal.
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