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TABLE 3
Review of the literature in patients with GBM who survived longer than 5 years*

No. of Patients w/ (%) 05 {no. of patients)

No. of Mean M/F Mean .

Authors & Year Cases Age (yrs) Ratio KPS Score GTR RT Chemo GCGBMs  <10Yrs >10Yrs
Netsky, et al., 1950 5 24-42% 1:1t NA NA 23 NA NA 4 1
Bouchard & Peirce, 1960 9 NA NA NA NA g 0 NA 4 5
Roth & Elvidge, 1960 12 NA 4:8 NA 7 8 0 NA 9 3
Ley, etal, 1962 3 NA NA NA NA 3 Q NA 3 0
Taveras, et al,, 1962 ) NA NA NA 0 7 0 NA 7 0
Elvidge & Barone, 1965 28 24.5|| L1 NA 2 1 0 1 0 "2
Gullotta & Bettag, 1967 1 45 1:0 NA 1 1 0 NA 0 1
Jelsma & Bucy, 1967 4 39| 3:0¢ NA 4 3t 0 NA 4 0
Takeuchi, 1975 2 38.5 2:0 NA NA 2 2 NA 2 0
Dara, et al., 1980 1 32 NA NA NA 1 i NA 1 0
Johnson, 1981 1 32 0:1 NA 1 0 0 1. PXA? 0 1
Hatanaka, et a1/, 1984 1 50 1:0 100 0 1 0 NA 0 1
Bucy, et al., 1985 i 30 1:0 NA I 1 0 1: ACA? 0 1
Salford, et al., 1988 2 14.54 1:1 NA 1 2 ] 1** 0 2
Akslen, et al., [989 2 41.5( 1:1 NA 2 2 1 2 2 0
Ishikura, et al., 1989 1 8 0:1 NA 1 0 0 1 1 0
Margetts & Kalyan-Raman, 1 41 1.0 NA 1 1 1 1 1 [¢]

1989
Imperato, et al., 1990 "5 42.6) 3:2 NA, 5 5 4 NA 3 2
Shibamoto, et al., 1990 1 51 1:0 NA 1 1 0 NA 1 0
Rutz, et al., 1991 1 21 ‘ 1:0 NA 1 1 0 NA 0 1
Vertosick & Selker, 1992 10 39.9) 6:4 86| NA 10 10 NA 6 4
Chandler, et al., 1993 22 30.2 10:12 80 2 22 18 NA 17 5
Hiesiger, et al,, 1993 4 415] -  Na 92.5It1 . 0 4 4 NA 4 0
Phuphanich, et al., 1993 1 33 1:0 30 NA 1 1 1 1 0
Archibald, et al,, 1994 7 377 2.5 NA 2 7 7 NA 7 0
Wester, et al., 1994 - 1 45 0:1 NA 1 i 1. 0 0 1 0
Morita, et al,, 1996 10 39.20 73 NA 10 .- “iNA NA NA 8 2
New, et al., 1997 1 34 0:1 100 1 -1 1 NA 1 0
Pollak, et al., 1997 2 204 1:1 NA 2 L2 0. 0 ] 2
Cervoni, et al., 1998 1 13 0:1 20 1 1 1 1 0 1
Klein, et al,, 1998 1 11 0:1 NATt 1 1 1 1 4] 1
Puzzilli, et al., 1998 1 50 1:0 90 0 1 0 1 i} 1
Salvati, et al., 1998 11 39 56 80 u 11 11 NA 10 1
Scott, et al,, 1999 7 46.91 4.3 83.6| NA . 7 NA NA 4 3
Yoshida, er al., 2000 2 40() 1:1 NA, 1 2 2 2 0 2
Sabel, et al., 2001 1 69 1:0 NA 1 0 0 1 0 1
present study [ 442 06 85 4 6 6 3 6 ]

* A0A = anaplastic oligoastrocytoma; chemo = chemotherapy; NA = not available due to insufficient data; PXA = pleomorphic xanthoastrecytoma; RT = radi-

ation therapy; 7 = possibly.
- 1 Only the age range was available.
1 Data were only available for some patients.
§ Data on these patients were included in the report by Roth and Elvidge.

|| Specific data not given in original publication, but were calewlated on the basis of data that were provided.

** Patient underwent PR.
11 Postoperative KPS score.

recurrence. The patient suifered a gradual distwrbance in
consciousness that was attributable to radiation-induced,
progressive diffuse brain atrophy (Fig. 1C) and died of res-
piratory complications approximately 6.5 years after estab-
lishment of the diagnosis.

Case 4

This 31-year-old woman experienced a progressively
worsening headache for approximately 1 month. Magnetic
resonance images demonstrated a ringlike enhanced mass
lesion in the left frontal lobe (Fig. 1D). Macroscopically, the
tumor appeared to be better demarcated than is typical of
GBM, and the patient underwent gross-total resection in
May 1995 (Fig. 1E). A histopathological evaluation re-
turned a diagnosis of giant cell GBM (Fig. 2C and D). Dur-
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ing a 1-year period, the woman received radiation thera-
pY in conjunction with five courses of IV-ACNU (total 540
mg). She was able to resume her normal life and had a KPS
score of 100. Seven and one-half years after the initial diag-
nosis, an irregular contrast-enhanced lesion was demon-
strated by MR imaging in the contralateral frontal lobe (Fig.
1F). Although biopsy confirmed tumor recurrence, at the
time of this writing the patient remaing alive but bedridden.

Case 6

This 60-year-old woman was involved in a traffic acci-
dent caused by an epileptic seizure she experienced in May
1998. Computerized tomography scans demonstrated a
ringlike enhanced mass lesion in her left frontal lobe (Fig.
1G). Intraoperatively the tumor appeared well demarcated
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Fig. 1. Contrast-enhanced CT and MR images. A—C: Case 3. Note the irregularly shaped ringlike enhanced mass
lesion with peritumoral edema on this preoperative image (A). Following gross-total resection an area of hyperintensity at
the bottom of the resection cavity is a local postoperative change (B). Six years after gross-total resection there is a marked
brain cortical arophy (C). D-F: Case 4. The left frontal umor (D) was totally resected (E). Enhanced lesions in the right
frontal lobe were visualized 7.5 years later (F) and tumor recurrence was confirmed by biopsy, G-I: Case 6, The left
frontal tumor (G) was totally removed (H), and there was no sign of tumor recurrence 5 years later (T).

and a gross-total resection was performed (Fig. 1H). A his-

topathological diagnasis of giant cell GBM was retumed
(Fig. 2E and F). The patient received radiation therapy in
conjunction with PAV-I; procarbazine (total 90 mg), ACNU
(total 105 mg), vincristine (total 4 mg), and interferon-f
(3 X 10° U three times per week) were administered in a
one 6-week course. At the time of this writing she is able to
pursue her normal life, her KPS score is 100, and there has
been no tumor recurrence (Fig. 11).

Discussion

Glioblastoma multiforme has remained incurable despite
the use of multimodal aggressive treatments; the median
duration of survival among patients with GBM is approx-

imately 1 year!*1824%3% angd only 1 to 5% of patients with
this disease survive for more than 3 to 5 years,1424647.49.505558
The long-term survival rate in patients treated at our institu-
tion and assessed in this study was 5.3%, similar to the re-
ported rate,

Reported positive prognostic factors associated with
long-term survival are a relatively young age, a higher pre-
operative KPS score, aggressive resection, radiotherapy, ad-
juvant chemotherapies, and a prolonged PFS period, 0113

- 2411490335138 To jdentify other potentially favorable prog-

nostic factors in adult patients with supratentorial GBM,
we analyzed the clinical data in six long-term survivors
selected from a wniform population of Japanese patients
enrolled in clinical trials. Al had undergone a variety of
surgical interventions and subsequent combined radiother-
apy and ACNU-based chemotherapy (Table 1). The control

| —252—
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F).

In each case large areas of necrosis and microvascular proliferation (A, C, and E) and marked pleomorphic nuclei (8, 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 (8, 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 XPS score (the mean
score was 85), have undergone an extensive resection, and
have a longer PFS period. Besides these known favorable
factors, we found that all our six long-term survivors were
women and that three of them 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 report-
ed in patients with GBM who survived for the usual dura-
tion of time. There is an acknowledged male predominance
among patients with GBM and in our conirol 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®#4:% and that
hormones or a turnor suppressor gene(s) on the X chromo-
some may be associated with their longer survival »%

It remains controversial whether giant cell GBM jgt?27314
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 tumors, 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
treatment.

Conclusions

Our 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 tumors (anaplastic astrocytoma [AA]

and glicblastorna multiforme [GBM]) are the most fre-

quent malignant tumors of the central nervous system. The

generally accepted treatrment consists of a combination of surgery,

radiotherapy, and chemotherapy. Chemotherapy has been shown

to modestly increase survival times when used 25 an adjuvant fo
surgery and radiation.

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

pyrimidinyl)methyl-3-(2-chloroethyl)-3-nitrosourea {nimustine)

NEURDSURGERY

{ACNU), 1,3-bis(2-chloroethyl)-1-nitrosourea (carmustine)
(BCND), and 1-(2-chloroethyl)-3-cyclohexyl-1-nitroscurea (lo-
{nustine) {CCNU) are commonly used standard chemotherapeu-
tic agents for high-grade astrocytic tumors. They exert their cy-
totoxic effect(s) on tamor 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-
lirks. 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 chloroethylnifvosoureas can synclwonize 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 tumors to cuoroethylnitro-

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 tumeor tissues vary
widely by tumor type and even among tumors of similar
histology and grade (29). In clinical stedies, MGMT expression
in furnor tissue was correlated with the therapeutic response
to chlorcethylating 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 finmly
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-
enon is now thought to be at least as common as ¢lassic 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 I')atients, another nitrosourea, ACNU, is most widely
used in Japan.

We hypothesized that the methylation status of the MGMT
promoter is also asscciated 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.
Qur study was reviewed and approved by the Human Sub-
jects Review Comimittee 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 chemaotherapy 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 7?4 GBM patients were 42 men
ranging 'in age from 18 to 69 years (inedian, 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 Performance 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-
Vlenetriamine penta-acetic acid (Gd-DIPA)-enhanced mag-
netic resonance imaging (MRI) and classified as gross total
resection, subtotal resection, or biopsy (16). o

All patients received. postoperative adjuvant therapy, A
dose of 4} Gy was administered to the high-intensity area plus
a Z-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-am 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 radiothetapy, all patients received chemo-
therapy according to three protocols developed for our prospec-
tive randomized trials, Patients whose tumors 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-8 (3 X 10 TU 5 times/wk for 6 wk, then 3 X 10¢ IU
every 2 wk). Patients whose tumors were diagnosed as GEM
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/mz on Days 8 and 29, every
6 wk) (PAV) versus PAV plus interferon-g (3 X 10° U 3
times/wk for 6 wk, then 3 X 10° TU every 2 wk), ACNU is ant
available chlorcethyinitrosourea in Japan, and PAV chemother-
apy is an altemative to PCV chemotherapy (CCINU combined
with procarbazine and vincristine), in which a low dose of pro-
carbazine is used to potentiate CCNU activity (20, 21).
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After initial postoperative therapy, all patients were reexam-
ined. Their KPS score, tumor recurrence or regrowth, onset of
clinfeal deterioration, and death were recorded. Chemotherapy
was continued for 1 year or until tumor progression. The sur-
vival time was measured as the time from the date of the initial
swgery 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 twmeor 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 submitted for
histopathological examination. Genomic DNA from the frozen
tumors was isolated by proteinase-K digestion and phenol-
chloroform extraction.

Analysis of the Methylation Status of the MGMT
Gene Promoter

The methylation status of the MGMT promuoter in each hunor
was analyzed with the methylation-specific polymerase chain
reaction (PCR) assay (14). This method consists of two steps:
modlification of DNA by sodium bisulfite and PCR amplification.
Bisulfite converts urunethylated but not methylated cytosines to
uracil bases. The MGMT promoter regior is then amplified with
primers specific for unmethylated and methylated DNA. For
bisulfite modification, DNA (1 pg) in a volume: of 50 pl was
denatured by NaOH (final concentration, 0.2 mol/L) for 20 min-
utes at 42°C. Then, 30 ul of 10 mmol/L hydroquinone (Sigma
Chemical Co., St. Louis, MO} and 520 ul of 3.8 mol/L sodiwm
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 DNA purifica-
tion resin (Promega, Madison, W), Modification was completed
by S-minute NaOH treatment (final concentration, 0.3 mol/L} at
room temperature, followed by ethanol precipitation, DINA was
resuspended in 10 wl of Tiis-ethylenediamine tetra-acetic acid
buffer. For PCR amplification, the primer sets were as follows:
S-TTTGTGTTTTGATGTITGTAGGTTTITGT-3' (sense) and 5-
AACTCCACACTCTTCCAAAAACAAAACA-3 (antisense) for
the unmethylated MGMT promoter and 5-TTTCGACGTTC-
GTAGGTTTITCGC3' (sense) and 5-GCACTCTTCCGAAAAC-
GAAACG-3' (antisense) for the methylated MGMT promater (9).
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). Nor-
mal human lymphocyte DNA was used as a negative control and
normal human lymphocyte DNA freated with SssI methylase
{New England Biolabs, Beverly, MA) as a positive contvol. PCR
amplification was performed in a programunable thermal cycler
(MJ Research, Boston, MA) in 25-pl reaction volumes, including
2 pl of bisulfite-modified DNA, 20 mmol/L Tris-HCl, 50
mnol /L KCl, 1.5 munol/L MgCl,, 200 pmol/L deoxynucleoside
triphosphates, 100 ng of each primer, and 2.5 U Tag polymerase.
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* After initial denatwation at 95°C for 5 minutes, amplification

was cartied out for 35 cycles (30 s at 95°C, 30 s at 59°C, and 30 s
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 05 ug/ml

© ethidium bromide under wtraviolet illumination.

Statistical Analysis

Student’s ¢ test was used to compare continuous variables, .
Contingency tables were analyzed by Fisher's exact test. Actuar-
fal swvival 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 humor 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 ovr anal yses.
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
resection (gross total, subtotal, biopsy), and the methylation sta-
tus of the MGMT promoter {(wunethylated versus methylated).
Factors in multivariate analysis were selected by forward analy-
sis on the basis of maximum partial likelihood estimates. The
probability value for entry and removal was (2. A probability
value of <005 was considered statistically significant.

RESULTS

Clinical Characteristics

Preoperative KPS scores ranged from 40 to 100% {median, 90%)
in AA patients and from 40 t6 100% (inedian, 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 (October 31, 2002), 14 AA patients (33.3%) and
59 GBM patients (79.7%) had died; 18 AA patients (42.9%) and 65
GEM patients (87.8%) had experienced tumor progression. Overall
and progression-free survival curves are presented in Figure 1.

Methylation of the MGMT Promofter

Figure 2 shows representative methylation-specific PCR re-
sults. The MGMT promaoter 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 S4) for
women (P = 0.3509, Fisher's exact test), The mean age of patients
with methylated and unmethylated hunors was 48.3 and 48.0
years, raspectively (P = 0.9221, { test). The clindcal 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 high-grade nstrocytic
tumors as a function of histological diagnosis. A, overall survival, Number of
patients at risk, number of deaths, and mediant sturoival times are shown (box).
B, progression-free survival, Nuniber of patients at risk, muonber of patients with
disease progression, and median progression-free survival times are shown (box).
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FIGURE 2. Represeniative results of methylation-specific PCR assays.
The visible PCR product in Lanes U and M indicates the presence of
wnmethylated and methylated genes, respectively. Samples in Lanes 1 and
4 are from patients without methylation and those in Lanes 2 and 3 from
patients with methylation. Normal lymphocyte DNA wns the negative and
normal Wymphocyte DNA treated with Sssl methylnse, the positive control
Jfor 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 ligher 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 fumors experienced significantly
longer overall survival than did those with unmethylated
tumors (P = 0.0133, log-rark 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 ununethylated 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 wunethylated 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 swrvival were higher age and male sex.

DISCUSSION

Qur 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 cells 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 tumer cells,
microscopic examination confinned 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 anaptastic astrocytoma patients as a function of their O%-methylguanine-deoxyribonucleic acid
methyftransferase 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 0.2321
Male 13 57 7 37
Female 10 43 12 63
Preoperative KPS score (%) 0.6729
=70 19 83 17 89
<70 ' 4 17 2 11
Extent of resection : 0.3049
Gross total resection 7 30 3 ) 1%
Subtotal resection and biopsy 16 70 16 84
" KPS, Karnofsky Performance Scale.
TABLE 2. Clinical characteristics of 74 glioblastoma patients as a function of their O%-methylguanine-deoxyribonucleic acid
-methyltiransferase promoter methylation status®
Unmethylated (n = 41) Methylated (n = 33) :
Factor P value
No. Yo Mo, , %
Age lyr) 0.6194
=55 29 71 21 64
>55 12 29 12 36
Sex 0.8150
Male 24 59 18 55
female 17 41 15 45
* Preoperative KP3 score (%) 0.5802
=70 31 , 76 27 82
<70 10 24 6 18
Extent of resection 0.4595
Gross total resection ] 15 37 9 27 '
Subtotal resection and biopsy 26 63 24 73
2 KPS, Karnofsly Performance Scale.

chloroethylnitrosourea-based chemotherapy commonly used
in the tieatment of high-grade gliomas. Silber et al. {29) ana-
lyzed 43 high-grade gliomas (19 AAs and 24 GBMSs; by bio-
chemical assay of tumar 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 after PCV chemother-
apy than in tumors that recurred in patients whe had not
received chemotherapy. Their findings suggest that tumor

NEUROSURGERY

cells without MGMT activity were killed selectively in situ by
BCNU- or CCNU-based chemotherapy. However, the level of
MGMT actjvity in tumors after chemotherapy did not affect
progression-free survival. Belanich et al. {2), in a retrospective
stidy of primary brain tumors, examined the correlation be-
tween MGMT protein levels detected by quantitative immu-
noflucrescence 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 overall survival of {A) 42 AA
patients and (B) 74 GBM pntients as a funclion of the MGMT promoter

methylation status. Number of patients at risk, number of deaths, and
median survival Hmes 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 survival of (A) 42
AA patients and (B) 74 GBM patients as a function of the MGMT pro-
moter methylation status, Number of patients at risk, number of patients
with disease progression, and median progression-free survival times ave
shown (boxes).

the median survival of patients with high MGMT leveis 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 MGMT 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

Variable b Hazard 95% confidence b Hazard 95% confidence
P value . . P value . \

ratio interval ratio interval
Age >55 yr 0.0053 6.77 1.76-26.0 - - -
Male - - - 0.1279 0.45 0.163-1.255
Preoperative KPS score =70% 0.1313 0.33 0.079-1.391 - - -
Gross total resection - - - 0.0366 0.43 0.193-0.948
MGMT promoter, unmethylated 0.0020 13.3 12.58-69.0 0.0089 4.19 1.43-12.3

b P values of <0.05 were cansidered significant.

+ — nol retained in the final model; KPS, Karnofsky Performance Scale; MCMT, O-methylguanine-deoxyribonucleic acid methyliransferase gene.
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FIGURE 5. MRI scans in a representative methylated MGMT promofer case.
This 43-year-old man, who hed a generalized tonic svizure, undertent stereo-
tactic biopsy of a left frontal AA on February 4, 1999 (A). After mdiation {60
Gy) and five courses of chemothernpy (ACNUinterferon-B), the tumor, which
was hyperintense on T2-weighted MRI scans but not on Gd-DTPA-enhaiced
MR{ scans, was decreased 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 BCINU alone could not be
deterrrined. AN 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
assoctation between the MGMT promoter methylation status and
prognosis in patients with high-grade astrocytic tumar.

Untike those of Belanich et al. (2), our 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. Cur
patients received ACNU-based chemotherapy, whereas theirs

MGMT METHVLATION IN GLIOMAS

FIGURE 6. MRI scans in a representative unmethylated MGMT pro-
moter case. This 42-year-old woeman with right numbness and weakness
underwent stereotactic biopsy of an AA of the left corona radiata on June
17, 1999 (A). After radiation (60 Gy) and three cowrses of chenotherapy
{(ACNUfinterferon-B), she experienced a partial seizure. MRI revenled
tumor progression (B). The right extra-oxial lesion is an arachnoid cyst,

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 tumnors. We speculate that the resistance of GBM to owr
ACINU-based chemotherapy may be attributable to yet unknown
factors in addition to the MGMT level of the tunors.
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 factors 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

Gross total resection - -

MGMT promoter, unmethylated - -

Variable o Hazard 55% confidence b Hazard 95% confidence
P value N R P value . .
ratio interval ratio interval
Age >55 yr 0.0036 2.33 1.32-4.12 0.1721 1.47 0.846-2.546
Male 0.03%1 1.78 1.03-3.07 - - -
Preoperative KPS score =70% - - - 0.0521 0.56 0.311-1.005

b p values of <0.05 were consiclered significant.

31— not retained in the final model; KPS, Karnofsky Performance Scale; MGMT, Cf-methylguanine-deoxyribenucleic acid methyltransferase gene.

NEURDSURGERY

—262—

VOLUME 54 | NUMBER 2 | FEBRUARY 2004 | 355



KAMIRYO ET AL.

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 1cp01ted 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 high-grade gliomas.

Chloroethylnitrosoureas 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 sfudy 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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There are a nuunber of differences between anaplastic gliomas
and glioblastoma, including prognosis and response to ther-
apy. These establish clearly different prognostic classes of high-

grade gliornas, The authors demonstrate another differerice 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
raise some interesting questions for further study., -

Joseph M, Piepmeier
New Haven, Connecticut

Kamiryo et al. show that aberrant methylation of selected
CpG sites in the MGMT gene correlates with a better
prognosis 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

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
primer set. Direct comparison of these two methylation stug-
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 numbes 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 J, Andion E, Goodman 5N, Hidalgo OF,
Vanaclocha V, Baylin 5B, 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,
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Diagrammintic representation of ligations used to control an arteriovenous anewrysm (from, Hamby WB, Gardner
WJ: Treatmentt of puisating exophthainios with report of ko cases, Arch Surg 27:676-685, 1933). Also see pages 437 and 479,
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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

KyoUsSUKE KKAMADA, M.D., YUTAkA Sawancra, M.D,, Fumiva Takeucnt, Pu.D.,
Kivormo Houkls, M.D., Hipgart KawacucHr, M.D., YosdINost Iwasakt, M.D.,

anp Suwnva Kurmgn, PuD,

Deparmment of Neurosurgery, Reseurclt Institure for Elgcrronic Scignce, Deparmment of Liborutory
Medicine, Hokkaido Universice; and Depurtnient of Newrosurgery, Sapporo Medical College,

Suppore, Japan

/ Leuer-perceplion centers are not held in as high regurd as motor- und language-related conices during pluoning of
neurvsurgical procedures, and there huve been no reports suggesting cortical reorganizalion of reading ability. The
anchurs describe o pacient with u latt mesial temporat glioma in whom (wa letter-perception centers (the anterior por-
tion of the left superior emporal gyrus und dhe left fusitorm gyrus) were successtully localized before surgery by per-
torming mugaetoencephlography (MEG) during reading tasks, Conuol MEG examinations of [3 heulthy volunteers
weie alse perfurined to assist in 2 carefu] interpretution of putient results, Althuugh & radicul resection of the mesiul
temportal sliomst. which involved the [eft Rusiforn gyrus. vaused severe dyslexia. the patient’s impaired reading skifls
improved gradually duving o 1-year postoperative periad. In the oweantime, the spared Jeft soperioy wmporal gyras dis-
played an overshol recovery of MEG responses, During the pustoperative perigd there wis ng obvious recovery in
MEG signals and no compensatory activiey in the contralueral fusitorny gyrus. This cuse demonstraes that lexivose-
niantic centers involved in the reading process can be noninvasively localized using MEG and that the results obtained
are highly reliuble lor surgical plansing. The resulis of the repeated MEG reflected sequentially the patient’s recovery
from dyslexiu. This is the Grst repoet i which MEG studies bave been shown o predict prevperatively the risk of dys-

lexia and demonstrate jts sexial physivlogical recovery.

Key WonrbDs = dyslexiz + glioma

mugnetoencephalography

in the language-domnant hemisphere must spare the

elassic Crontal motor and iempornd receptive language
areas o avoid persistont aphasia. Most reurosurgeons
have stictly followed this basic guideline. even in glioma
surgery.

On the other hand. the cortical areas related to leter per-
ceprion have not been well acknowledged. The semantic
center of letter reading has not been seriously considered
during surgical plunning. Reading impairments such us dys-
lexia can be masked by coexistent myjor vomplications
such us aphasia or dementia. Nevertheless., dyslexia essen-
tially affects putients” intellectual Nife and work and is a sub-
ject thue should be duly considered as a major complication.

Previous stuties ol lesions have demonstrated that the
superior temporal and angular gvei in the dominant hemi-
sphere conuibute mainty o leter-reading processes.™ No-

I T has been generally accepled that resections performed

Abbrevigrions wed i s paper: IMR = fonctionad magnetiv res-
onance: 10 = intellivence quotient; LORETA = [uw-resolution elec-
tromagnetic lomyaraphy: MEG = magneinencephalography; PET =
posilron emission lomography: RMS = rool mean sguare: SLTA =
Standierd Language Test for Aphasia: WATIS-R = Wechsler Adult
Inteliizence Test-Revised.
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mesial temporal lobe ¢ functional recovery  «

bre. et al.." found the site of Jexicosemantic aclvity related
10 the reading provess in the infertor temporal region. in-
cluding the fusiform gyrus, by using subdural electrodes.
Studies in healthy volunteers in which noninvasive fune-
tional imaging lechniques such as PET and MR tmaging
were performed hove demonstrated that the infertor tempo-
rul area is actvated by several reading tasks.t "t The func-
tianad dominance of the tusifonm gyrus, however, remaing
unclear because most stuclies huve demonstrated biluteral
responscs in reading processes,

Magoetoencephalography direcuy detects neuronal ac-
tivity and provides & better dme resolution than athet non-
invasive methods of mupping. Tn this report, an MEG in-
vestgarion in which letter-reuding tasks were performed
preaperitively localized the lexicosenkulic cepters in o pa-

Aient with a left mesial wemporal glivma, After complete

resection of the wmaor, which involved the inferomestal
emporal region in which the semantic-MEG dipoles were
cancenuilted, the patient suffered [rom severe dyslexin. He
aradually recovered within | year. We loltuwed Lhe pa-
tient’s recovely by perfurming serial MEG, which reflected
the severity of the dyslexiz and the clinical usetulness of
lexicosenuntic MEG.
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TABLE |
Results of the SLTA and lexicosemantic MEG imvestigutions®
SLTA Score (%) MEG
. Verbal Mean Reaction
Timing Reading Writing Speech Comprehension Time (msec)} Task Pedbrmanee (%)
preop 100 100 1aa 100 800 = 213 92.3
7 or 10 duysy 2o 75 78 30 NT NT
3 mos 80 83 90 o0 1320 = 379% 63.8
8 mos 90 92 97 98 1212 = 303§ 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 (-tesl,

Case Report

History, This 34-yeur-old. right-hunded man experienced
ransient amnesia tor ¢ few minutes in April 2001, Betore
the incident he had done well in his employment us wn ot-
fice worker. Neorological examination revealed no abnor-
mality on the duy aficr the episade. bw T,-weighted MR
images revealed a lurge hypointense muss in the lelt me-
sial temporal region. The lesion appeared homogeneously
hyperintense on T-weighted MR images and was not en-
hanced following a Gd—diethylenctrinmine pentaacetic ac-
id injecton, The muass involved (he hippocampus, uncus.
amygdals, and parshippocampal and fusiform gyri. but not
the superior or middle temporad gyri, These findings sug-
gested that the mass waus a low-grade astrocytoma ariginit-
ing fram the mesial lemporal Jobe, No neurological deficit
had appeared before eatment and thus our major coneein
was whether the brain area 10 be involved in surgery would
stitl lunction postoperatively.

Examinedon. Preoperative neuropsychological exami-
nations. including the SUTA (Japanese edition). WAIS-R.
Miyake audilory—verbad memory test, and Benton Visuul
Reiention Test detected ne language delicits or memory dis-
wrbanee. The SLTA is the standardized test batlery most
conumonly used (o evaluate Jupancse patients with aphasia.
The aphusia severity ratings (range 0, most severe-10, nor-
mal) are based on the 19 subscores of the SLTA, and these
were used as o primary language measurement for this pa-
tient. The following six subscores of the SLTA were se-
quentiatly analyzed: reading aloud words; reuding compre-
hension {in which the patient points out images of ubjects
indicuted by Written words): dictation of legiers: naming: au-
ditory comprehension (ability w obey verbal commands):
and Sentence repetition. The patient could complete the
tasks of the SLTA without difficulty and obtained full poins
for all the subscores. The verbal and pertormance TQs, de-
termined using the WAIS-R, Were 112 and 118, respective-
Iy, The putient’s hund preterence was predominantly right
sided (4103 on the Edinburgh Handedness Tnventory).”
aid ant intracarotid sedium amobarhital test (Yada wst) re-
vealed a lefi-hemisphere dominance (o language tuncuions
and a eighi-hemisphere dominance for memory. Lexicose-
mantic MEG. performed using a leter-reading task. locat-
ized Lwo lotier-perception centers (the ancnor postion of
the left superior temporal gyrus and the jeft fusiform gyrus).
as deseribed in <letaid laer in this paper. Because tis Lwge
low-grude clioma was thought (o be lile tweatening, but
curable by @ complete resection. we proposed radical re-
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moval of the wmor invalving the inferior temporal region.
informing the patiens of the risks of possible postsurgical
neurologival deficits, The patient accepted the teatment
plan and gave his infarmed consent o partivipate in pre-
and postuperative lexicosemuntic examinations including
MEG and newropsycholugical tests,

Operasion. The middle and inferior emporal gyri were
exposed by a frontotemporal cranivomy. The brain wimor
was found after a corticotomy. which encompussed a 4-cm
anterior portion ol the inferior temporal gytus. Intraopera-
tive observation disclosed umor invasion into the inferior
temporal gyrus, fusiform gyrus, amygdala, uncus. and hip-
pocampus. The involved brain tissue was completely re-
sected. The histoputhologicy) diagnosis was World Health
Organization Grade II diffuse asirocytoma.

Fosioperarive Cowrse. The patient awoke with severe dys-
lexin and a slight receptive aphasia. Auditory comprehen-
sion and repetition and numing capabilities were almost
intact. Neurological and newropsychological examinalions
were serially performed throughaut an S-month postoperu-
tive period. On the 7th postoperative day, the mun stifl dis-
played severe reading and writing impairments (scores of
3 in reading wloud, 4 in rewding comprehension. and 7 in
letter dictmion: Table 1) with a right upper homonymous
quudeantanopia. Speech function and auditory comprehen-
sion were. however. reluively preserved. The man's verbal
Q) (WATS-Rj was 88, whick was lower than prevperifives
Jy despite the [act that he retained a normal performance 1Q
{116,

Three months ufter surgery, the impaimments had im-
proved. but he stili had difficully in reading and exhibit-
ed phonemiv paralexia (scores of 6 in reuding aloud and 8
in reading comprehension). It is noteworthy that he could
point ot objects carrectly with o finger, even though he
could not read aloud the names of written objects (vnder-
standing without phonology} (Table ). Eight months after
surgery, the patient’s reading impairment had remurkubly
improved (scores of 8.5 in reading aloud and 9 in reading
comprehension) und he became able w read newspupers
with some effort. His verbal 1Q (103} was much improved,
but did nat reach his preoperative level,

The Mivake wuditary—verbal memory test and the Benton
Visual Retention Test did not show any deterioration in te
patient’s short-term memary and, clinically, he displiyed
litle memary disturbance following the operation. e re-
wented o his office work. but stll acknowledged lingering
reading difficullies.

J. Newrosurg, F Volume 10007 Jiie, 2004



Reading reorganization on MEG

Summary of Tests and Findings

Lexicosementic MEG Strdies

The MEG stgnals were recorded using @ 20M-chanuael
biomugnetometer (VectorView; Neuromag. Helsinki, Fin-
land) in & magnetically shielded room. Serial MEG studics
were performed belore the operation and 10 days. 3 months.
and § muonths after surgery. Despite the fuct thut the patient’s
reading comprehension skills generally improved through-
out the pustoperative period. the postoperiative MEG {ind-
ings were compared with the preoperutive MEG findings.
We aequired twe duta sets for cach task to confirm stable
and consistent MEG responses. In particulae, we performed
the precperative MEG investigations on two different duys
(7 and 3 days belore surgery) and also performed cantrol
examinations in 13 strongly right-handed voluateers wha
had experienced no adverse cercbral events or neurologicul
deficits.

One huadred filty words were visually presented wilh a
A00-msec exposure time and interstimulus intervals ranging
between 2800 and 3200 msee during the MEG recovdings.
Each word was a noun that consisted of three kana letters
tJupunese phonetic symbuols that were presented. centered
at a4 visuad angle). The padent and volumeers were asked
to calegurize the presented word as absurael ur conerete by
pushing buttons with the index or middle finger, respec-
tively (kana reading). To identily (he lexicosemantic re-
sponse specilic W e kuna-reading sk, we presented 150
puirs of Arabic letters and usked the patient und volunteers

. to decide whether cach pair had the same [etiers ar ditferent
ones (Ngure discriminalion). Afl volunteers and the patient
received instructions und were allowed brief practice ses-
sions belore the measurement

Euch epoch consisted of a 300-msec prestimulus baseline
and & 1300-msec analysis period following stimulus de-
livery. One hundred tify epochs of magnetic signals were
averaged and digitally fitered between 0.5 and 40 Hz Sig-
nificant detlections of neuromagnetic fields were visuully
tdentitied on the basis of RMS Tields containing more than
[0 sensors in the frontotemporal or wmporooccipital re-
gions, Locutions and dipole moments of equivalent cur-
rent dipoles were culeulated every 2 msee lor each selected
time period by using the single equivalent dipole model.
Only dipoles with a comrelation value greater than 0.9 be-
tween measwred and caleulued Geld diswributions were ae-
cepted. To confirm the caleulated results, the sume MEG
time periods were unutyzed using vne of the follgwing: cur-
rent-density maps or LORETA (Curry: Neuroscan Labs.
Sterling, VA).

The estimitted dipoles were converted into theee-dimen-
sionul MR images by identifying external anatomical fidu-
ciary markers (nasion anel Jeft and right preawricular poinis).

Serial Chumges in the Lexicoserantic MEG Siudivs

Preoperative MEG Findings. The patient and healthy vol-
unteers could easily complete both tasks after o briet prac-
tice petiod. The mewn veaction time and the pereentuge of
successlaf wsk performiance of the putient were approx-
imately 800 msec and 92.3%. respectively. which were
within normal rapge (Table 13 Figure 1 depicts the RMS
ficids of the preaperative MEG study (ehick black line) with

Ao Nenrasury. F Yolue 1007 Tuene, 2004

the kana-reading tusk in the biluteral frontotemporal und
temporgoecipital regions, Late deflections peaking at ap-
proximatcly 350 msee were observed in both of the felt
frontotemporal and emporooccipitd regions. Ta the contru-
fueeral bemisphere (right fontotermporal amd wmporooceip-
il regions). however, early amnd shor-duration RMS peuks
were recorded approximately 230 msec after the stimula-
tion, T all 135 healthy volunteers, the late delleetions were
predominantly observed in e left fronolemporal region
rather thun in the right hemisphere. On the other hund. in the
temporoveeipital region there wis no late response in five
volunteers (33.3% J. lelt-side dominance in seven (46.7%).
ane right-side dominance in three (20%).

The figure discrimination task evoked only eary detlec-
tions (within 300 msect in both hemispheres with no later
activition in the patient ar any volunteer: theretore, We con-
sidered that the Laer responses in the lefl hemisphere might
be strongly related to the lexicosemuntic processes in leter
perception on the basis of our preliminary resulis and-pre-
vipus reports, ™

Figure 2 demonstrates the representative MEG sources
in two healthy volunteers. The left hemispheric responses
were muinty localized in the superior. middte temporal, and
supramarginal gyri tmean number of dipoles [22.43. Tn con-
tast. in the right hemisphere there were Tar [ewer numbers
of estimated dipoles (mean number of dipoles 32.43. Con-
cerning the location of the tempurooceipital dipules, it was
not common for the lell inlerior wmporal region to have
predominantly more dipoles than the right side. There wis
no consistent dominance of emporocceipitul dipales be-
tween the hemispheres (Fig, 2). ,

Tn the patient, the astimated dipoles of the left frontotem- -

" poral response were mainly concentated in the anterior

portion of the lefi superior and middle temporal gyri (38 di-
poles) (Fig. 3A and B). Additionally. 102 dipoles of the left
temporoocciptial responses were densely concemriated ad-
jacent to the posterior border of the tumor in the [usiform
ovrus (Fig. 3C and D). which was relutively strong com-
pured with the control data. The right frontotemporat and
temporoocipital responses ol the putient were observed in
the right supramarginal gyrus and in the fusiiorm gyrus. re-
spectively, The 24 right-hemisphere dipoles did not reach
even one Wird of that of the lelUhemisphere, indicating lefl-
side dominance for the reading process in this patient. R
wus notable tha all 102 dipoles in the left hemisphere were
mainly located in the fusilorm gyrus where the umor in-
vaded. The LORETA unalvsis demonstated two clusters of
stronger sources in the anterior portion of the left superior
wmpetal gyvius and the leit fusiform. as did the single
eyuivalent dipole motel. We reexamined the patient 4 days
atter the first examination 1o confinn that the lexicosenun-
tic MEG should reveal the consistent results {or preopera-
tive Functional mapping. The second MEG examination
demonsirated that the lett fusiform gyrus wus exoremely
active with the letter-rcuding tisk, just as the first examini-
tion had.

Posioperaiive MEG Findings., On the 10th day after sur-
gery. the paticat could not complete the reading sk due o
severe dyslexiu. He was. therefore, usked i look passively
at the presented lerters. The most significant change on the
MEG study was that no significant responses were detected
01 the lelt hensisphere (Fig. 1)
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FiG. 1. Four RMS profiles of lexicosemantic MEG responses during the lenier-reading sk from the letr 1A wd right
(B1 {rontoterporad ceptons and From the lefl (CY and right (D7 temporooceipital regions. The [efl fromotenparal respan-
ses. which peaked a $00 msec. are markedly decreased in ampliude and the lefi tempaoraoceipital responses became silem

aiter the resection. Nate that the RMS protile from the left front
er in amplitude $ months sfier surgery, despile no changes in th

Theee months after surgery. the patient's reading skills
had improved and ke could slowly read kana cliracter by
character. His mean reaction time and rate of success were
approximutely 1320 msec und 63.8%%. respectively. which
remained worse than his performance preoperatively. Al-
though small RMS de(lections appeared in the left (ronto-
tempural region, peaking st approximately 420 msec (later
than (he preoperative response), these responses were 100,
small in amplitude to loculize, There was no obvious de-
flection in the lefl temporovceipitd region, In contrast
the left hemisphere, the RMS profiles detected in the right
frontatemporal region were almost identical to the preoper-
ative MEG sudies. )

Eight months after surgery, the patient had recovered not-
ably from the dyslexia and could perform the reading ask
with some etfort. His rrean reuction tme and rate of success
were further improved. 1 is anteworthy that the amplitudes
ol the lefl Trontotempaoral responses were more than 1.3
times higher than those of the prevperative responses. Es-
tmated dipoles of the lefl Tromotemporal response were
mainly concentrated in the antevior portion of the superior
and middle empordd gyri (78 dipoles) (Fig. 4) and showed
36.4 nAm of (he meun dipole moment. which was 1.3 times
stronger than that of the pregperative response (36.2 nAm).
The peak lateney periods of the lefl frontatemporul respon-
ses. however, were siifl later than those meusured preoperi-
tively tat ~ 420 msec). The activities of the left teroporaoe-
cipital region remained quicseent. The right [rontotemporal
region revealed a sharp RMS dellection with slightly high
amplitudes. peaking at 250 msev after die stimuli. The right
teruporonceipital responses had been consistently peaking
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oternporal region baeomes upprosimagely 1.5 dmes high-
e bilweral lemporoocceipital regions.

at approximately 250 msec with similar RMS amplitudes
throughout the serial MEG investigations. The right hemi-
sphere had 37 dipofes in the frontotemporal and lemporooe-
cipitul regions,

Discussion

The radical resection, of the mesiad weamporal glioma in-
jured the left fusitorm gyrus, where the lexicosemuntic
MEG dipoles were concentrated, und. as a result, citlsed se-
vere dyslexia. The patient’s impaired reading skills, howev-
er, were generully improved a vear luter. In the meantime
the spared lelt frontotemporal region. which used o be one
of the semante centers. produced an overshot secovery ol
MEG responses. This finding indicutes that MEG provides
2 noninvasive method of identifying and visualizing the
lexicasemantic centers used in the reading process. Tois a
matter of course that the preuperative identiticarion of elo-
quent cortices related o higher brain funclions is beneficial
for neurosurgicyd planning. Furthermore, it is scientitically
impaortant that the sequential recovery of MEG sigauls un
repeated studics be ahserved along with the patient’s clini-
cat recovery from dyslexia,

Although itis well knowit that vigin-landed pativnts with
lett inferior tempuoral fesions suffer trom impaired reading
skills, we empirically know that dysfexia may nol appear in
100% of these patients and that if it does. it sometimes is
improved luter. Researchers who huve pertormed PET stod-
fes in bealthy volunteers have reported that visuadly present-
ed letters uctivate the bilateral superior emporal and poste-
rior inferior teporal regions as well as the Brocu arey.™™
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Reuding reorganizatton on MEG

left ant. Right hemispher?post,

Fi3. 2. Lexivosemantic MEG dipuole diswibutions in twao healthy volunteers (Volueers A and B). Eslimuted dipoles of
Yate deflections in the frontotemporal regions are predominantly concentuted in the feit hemisphere (107 dipoles in Vol-
unteer A and 90 in Volunteer B) compared with the right side (42 and 22 dipoles. respestively). The emporouceipital re-
2ions exhibil no lue response (Volunteer A} and i right-side~dominant dipole distribution 143 dipotes: in the right und four

dipules in the left hemispheres of Valunteer B).

Meusurements of evoked putentiuls m putients with epilep-
gy have demounstrated responses af approximarely 200 msee

{N200) on the cortices of the bilateral temporal base, in-.

cluding the fusiform gyras. ufter fetter presentation. """ The
sole Rnetion of the Risiform gyrus can barely be investi-
eated using cortical stimulation. IMR imaging or PET scan-
ning, because of ies unatomical charucteristes (small size
and deep locition} and the surroumding vascudar siructures
(lhe vein of Labhé and the busal veins of Rusenhaly, The
functional vole and dominance of the tusitorm gyrus. there-
(ore. remuin obscure.

Aunthors of revent MEG studies performed i heaithy vol-
unteers have found lexicosemuntic activity in the fusitorm
avrus and the feft superior temporal gyrus b approximate-
ly 200 rearly) and 400 (lale) msee following lelier presen-
tation, respectively.™ Authors of these studies have em-
phusized that the fusitform gyrus as well ws the lett superior
(empoial gyrus may principally contribute to reading pro-
cesses. Although the temporgoccipind regions of normad
contruls exhibited various dipole distributions, such as left-
side dominance (46.7%.). right-side dominance (204 j. and
no response 133,39 in our preliminary swudy, strorg activi-
tion was especially demonstrated in the leit fusiform gyrus
in our paticnl. On the basis of Utese results. the Tusiform
evrus of the duminant hemisphere plays an imporiunt role
for reuding processes. but the functional dominance of this
suructure should be carelully fnvestigated for each padicnl.

[t is notewortly that the patient’s dyslexia remarkably
improved until § months fullowving resection of the fusi-
form gyrus in his dominant hemisphere. Previous PET and
MRT imaging stedies lave indicated 4 possibility of cori-
cal rearganization in patients who display deamatic recov-
erics of motor funclions.?* These studics have demonsiral-
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ed activations not only in the contralateral cortex, but also
in the ipsilateral sensorimotor cortex and in other costical’
regions, indicating the involvement of a widespread net-
work in the recovery process.? In our case, the fell tempo-
rooceipital region became silent on MEG following resec-

Fig. 2. Lexicosemuntic MEG dipule lucatiuns in the Iel tronw-
wporad (A nd BY and felt tentporooceipital regions (C and Dj be-
fore surgery. Thie dipoles wre concentrited T the anterior portion of
the supserior and micldle temporal gyt (1efifee triangies) and in the
Tusitorm &vrus (efiire syarest which contains the wior.
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Fis. 4. Lexicosemantic MEG dipote focativas in tie lefi fron-
wienmporal (A and B) and weporaoceipitad regions (C and DY 8
munihs afler surgery, The left frontaiemporal dipuoles are locaed in
the anterior pution of the superior and middle temporal gyri: how-
ever, there are no dipules in the lett wmpurosceipinal region, includ-
ing the fusiforny gyrus.

tion. whereas the responses of the contralureral homolugous
(right) temporooceipital region constantly nintained the
sume RMS proliles. The left frontotemporal region showed
4 marked recovery in MEG amplitude, but the peak latency
period did not completely rewum o its preoperative state.
Although we pbserved ne compensatory activity or reorgi-
nization in the Ipsituteral temporovceipital region, the re-
sponses ol the left fromotemporal region at & months ufter

swgery becume 13 times higher in ampliwde than those

betore sargery. The patient expericnced difticulty in reading
leters alter surzery and s required more concentralion
1 pertorm the reading task. One should consider. at least in
part, that the spared left fromotemporal region might have
contributed w the patient’s recovery [rom dyskesia

Our single equivident dipole medel provided a similarre-
sult to thase of previous repors™ and is helpiul {for un-
derstunding the provess af language perception. Neverthe-
less. it is critival to consider the respansibility of multiple
dipnies existing in the bilwerat fusiform gyrus or in’other
regions, which may pravide additiona supplementary func-
tions in the reading process. The LORETA is one of the cur-
rently available density maps tha can potentially be used 1o
analyze muldiple sources in the electro- wnd magnetophysi-
ological telds." It can separatcly Incalize 1wo or three aclive
sgurces with dilferent Gme courses, which the single dipole
model fuils o localize. Because LORETA und the single di-
pole approach yield the same results. the source joculization
ol this study beeame more reliable, Furthermore, the resee-
tinn of the Tusiform gyrus that prodoced the active searces
resulted in severe dystexia,

Although preliminary. this case study demonstraees that
MEG performed using the kana reading task can readily
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idenrity the semuntic mugnetic responses and provide a
noninvasive means lor analvzing funclional brain siructures
relating w lever pereeption. To our knowledge., this is the
first report in which a method hus been introduced that can
be used to predict a risk lor postoperative dyslexiaand mon-
itor functional recavery [rom the symptom. This technigue
cun be upplied to analyze other semantic processes and will
be i uselul wol in the elucidaion ol the pathophysiology of
aphasia, dysphuasio and dysfexia, '
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