FUNCTIONAL MAGNETIC RESONANCE IMAGING AND MAGNETOENCEPHALOGRAPHY FOR LANGUAGE DOMINANCE

brachial plegia. Patients were given the following tasks in the

following order and up to four points were given, depending

on the severity of the language disturbance: 0, no response; 1,

meaningless utterance; 2, incorrect repetition or paraphasia; 3,

self-correction; and 4, unimpaired.
The tasks were as follows:

1) Spontaneous counting. Patients were instructed to count,
starting immediately before the amobarbital administration
and continuously until the next task was given. If the patient
could continue to count even after brachial plegia appeared,
obvious speech arrest and no impairment indicate 0 and 4
points, respectively.

2) Letter reading. Patients were instructed to read aloud seven
words consisting of three or four Kana letters. The maxi-
mum score was 28 points (seven items X four points).

3) Naming. Patients were asked to name aloud the five objects
presented pictorially. The maximum score was 20 points
(five items X four points).

4) Auditory comprehension. Patients were asked to carry out
three simple tasks such as blinking eyes, opening the mouth,
and raising the unparalyzed arm. The maximum score was
12 points (three items X four points).

5) Pointing objects. Patients were shown a picture with a set of
four objects and were instructed to point to one chosen by
the investigator (e.g., “Point to the cat.”). The maximum
score was 16 points (four items X four points).
Performance in Tasks 1 and 3 were considered to reflect the

expressive language capabilities (maximum score, 24 points);

performance in Tasks 2, 4, and 5 reflected receptive language
functions (maximum score, 56 points).

RESULTS

Handedness and the Wada Test

Ninety-one patients (80 right-, eight left-, and three bilateral-
handers) successfully underwent the Wada test. Language
dominance was left, right, and bilateral hemispheres in 81, six,
_and four patients, respectively. The language dominance of the
right-handed patients was left in 75 patients (93.8%), right in
two patients (2.5%), and bilateral in three patients (including
one patient with dissociated expression and receptive func-
tions [3.8%]), respectively. For left-handed patients, four
patients showed left and four showed right dominance. For
both-handed patients, two showed left dominance and one
bilateral (dissociated). These results were similar to those of
previous reports on language dominance (3, 4).

For further analysis, we subdivided the subjects into groups
with chronic epilepsy and with non-epilepsy. In the epilepsy
group (n = 29), left, right, and bilateral dominance was 24
(82.8%), three (10.3%), and two (6.9%), respectively. In the non-
epilepsy group (n = 62), left, right, and bilateral dominance
was 57 (91.6%), four (6.4%), and one (1.6%), respectively.

fMR! with the Verb Generation Task

The verb generation task was designed to locate the expres-
sive language area by fMRI. Among 117 patients who under-
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went the verb generation task, 100 patients (84.6%) completed
the task and provided useful fMRI data. The results showed
that the dominant hemisphere for the expressive language
function was left, right, and bilateral in 90, eight, and two
patients, respectively. In the epilepsy group (n = 34), left, right,
and bilateral dominance was 29 (85.2%), three (8.8%), and two
(8.5%), respectively. In the non-epilepsy group (n = 66), left,
right, and bilateral dominance was 61 (92.4%), five (7.6%), and
zero (0%), respectively. The activated regions on fMRI mainly
involved the IFG and MFG, the lateral precG, AG, and the sup-
plementary motor area (SMA) (Figs. 1 and 2).

In some patients, activations were observed in bilateral hemi-
spheres. Except for two patients who showed bilateral domi-
nance, the activations in the non-dominant hemisphere were
restricted to MFG and precG and smaller in size, so the pixels
did not reach a cluster significance (maximum values of Z-
score, <2.2 or <10 pixels).

Compared with successful results of the Wada test, the success-
ful rate of MR with the verb generation task was 90.1%. Seven
patients with aphasia or dementia failed to complete the task.
Three glioma patients with marked surrounding, four patients

- with brain ischemia and three patients with large arteriovenous

malformations failed to exhibit significant activations in the
frontal lobe (Fig. 3). These incomplete results are accounted for by
the reported disadvantage of fMRI that data may be affected by
the pathological changes of cerebral circulation (7, 10, 15).

fMRI with the A/C Categorization Task

The A/C categorization task was designed to locate the recep-
tive language area by fMRI. Among 106 patients who performed
the A/C categorization task, 71 (67.0%) completed the task and
provided useful fMRI data. Compared with the verb generation
task, the A/C categorization task more often activated wider areas
in bilateral hemispheres (Fig. 2). Activations generally involved
the bilateral frontal lobes, including the IFG, MFG, and precG,
with laterality. The superior temporal regions, such as the STG
and SmG, demonstrated activation spots in only 45% (n = 32) of
the investigated patients, and the side predominance was not
apparent in most cases. The IMRI data of the A/C categorization
task were considered unsuitable to determine the receptive lan-

‘guage areas and were not used for the final analyses.

Language MEG Profiles and Dipole Locations

The Kann reading task was designed to locate the receptive
language area by MEG. The language MEG was performed in
117 patients, of whom 99 (85.4%) completed the task and pro-
vided useful data (Figs. 1 and 2). Results showed that the dom-
inant hemisphere for the receptive language function was left,
right, and bilateral in 85, 11, and three patients, respectively. In
the epilepsy group (n = 31), left, right, and bilateral dominance
was 26 (83.9%), three (9.7%), and two (6.5%), respectively. In the
non-epilepsy group (n = 68), left, right, and bilateral dominance
was 59 (86.8%), eight (11.8%), and one (1.5%), respectively.

Dipole clusters of late deflections localized mainly in the
superior temporal region (STG, MTG, and SmG), and 60% of
investigated patients also showed dipoles in the inferior tempo-
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FIGURE 1. A 24-year-old, right-handed wan with cpilepsy. A, fMRI with the
verl generation task showing activations predominantly in the left IFG, MFG,
PrecG, and parieto-occipital regions. B, square root mean field profiles of lin-
guage MEG responses in the bilateral FT and TO regions. The left FT
responses, peaking at 450 milliseconds, were markedly greater in amplitwde
than the right FT. C, source localization of the late deflections showing predom-
inant dipole clusters (arrowheads) in the left superior temporal yegion. The left
and right hemisplieres contained 97 and 37 dipoles, respectively.

ral region (FuG and inferior temporal gyrus). In 96 patients
who showed unilateral language dominance, the total number
of dipoles in the dominant versus non-dominant hemispheres
was 124.1 % 62.1 and 58 * 30.9 (mean * standard deviation),
respectively. The ratio of the dipole number in the dominant
hemisphere to the non-dominant hemisphere in each individ-
ual was 2.4 + 1.7 (range, 1.43-14.4).

A typical result with all channels of MEG with the Kana-
reading task is illustrated in Figure 1. Later deflections peaking
at approximately 400 milliseconds were predominantly

observed in the left FT. Bilateral TO regions demonstrated early.
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deflections at approximately 200 milliseconds with short dura-
tions and little laterality. Estimated dipoles of the FT regions
were densely accumulated in the left STG, MTG, and SmG (102
dipoles), whereas the right hemisphere showed fewer dipoles
(54 dipoles) in the superior temporal region. This patient was
thus determined to have receptive language dominance in the
left temporal lobe.

The successful rate of language-MEG was 82.4%. Nine out of
39 epilepsy patients (23.1%) could not provide useful MEG data
owing to artifacts from constant eye movements; the Kana-
reading task was more difficult to complete than the verb gener-
ation task for patients with mental dysfunction. On the other
hand, only one out of 18 AVM patients, owing to severe dyslexia,
failed to provide useful MEG data, indicating that, in contrast to
fMRI, MEG was not frequently affected by cerebral blood flow
abnornmalities (Fig. 3).

Combination of iMRI and MEG with Wada Test
Verification

The verb generation task fMRI data depict expressive lan-
guage areas well, but may be affected by cerebral blood flow
abnormalities. The MEG results indicate receptive language
areas well, but the task is rather complicated and may not be
suited for patients with mental disorders. We sought to estab-
lish a non-invasive and reliable method to determine the later-
ality of language dominance by combining the advantages of
these approaches. Furthermore, in terms of language func-
tions, the results from fMRI and MEG can be integrated to
locate expressive and receptive language areas and to provide
reliable evidence whether or not there is dissociation. To ver-
ify the reliability of our method, 97 patients also underwent
the Wada test.

Useful data from the method co-utilizing IMRI and MEG could

" be obtained from 87 out of 91 patients (95.6%). Remarkably,

regarding language dominance, the results from the combma-
tion method matched the results of the Wada test in all 87
patients. Worth noting is that two patients (one with left tempo-
ral lobe epilepsy and the other with right insular astrocytoma)
showed dissociated language areas using the combined method.
The expressive language area was depicted in the left frontal lobe
by fMR], but the receptive language area was demonstrated in
the right temporal lobe by MEG (Fig. 4). The Wada test results
confirmed that both patients have language functions dissoci-
ated in the bilateral hemispheres. Among the 91 patients who
underwent the Wada test, these were the only two patients in
whom the Wada test detected dissociation of Janguage functions.

In 12 epilepsy patients, the expressive and /or receptive lan-
guage areas were electraphysiologically investigated via a sub-
dural electrode implantation and the results were compared
with those determined via the combined fMRI plus MEG
method (Fig. 5). Out of eight patients who underwent cortical
mapping for the expressive language area, all showed a speech
arrest by electrical stimulation to the IFG and four to the MFG.
All of the physiologically determined locations were confined
within the areas depicted by the combined method. Oul of six
patients who received electrical stimuli to the temporal lobe,
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four showed responses interpretable as impaired speech com-
prehension. In all such cases, the electrophysiologically deter-
mined location matched the area depicted by the combined
method, although MEG-depicted receptive language areas cov-
ered relatively broad areas of the temporal lobe. The regions
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determined by the combined method were always broader, but
had the border within the adjacent gyri of those determined by
electrophysiological mapping.

ILLUSTRATIVE CASES

Patient 1

A 16-year-old, right-handed female patient had experienced tran-
sient numbness in her left upper extremity with a 2-month history. T1-
weighted MRI scans demonstrated an extra-axial cystic lesion in the Jeft
frontal region. Although the lesion markedly compressed the frontal
lobe, she had no impairment of language and motor functions. MRI
with the verb generation task demonstrated obvious activation in the
Jeft IFG; and MFG shifted inferiorly by the lesion (Fig. 24). The A/C cat-
egorization task activated a small area of the left IFG, but mainly the
bilateral occipital lobes. Concerning MEG with the Kana reading task,
RMS of the left FT swas much higher than that of the right, and numbers
of semantic dipoles were 117 and 30 in left and right hemispheres,
respectively. The main dipole clusters were located in the left IFG and
STG. The tumor was totally removed and histopathological diagnosis
was meningioma.

Patient 2

A 24-year-old, right-handed male patient had a large AVM in the left
frontal lobe. fMRI detected little activation in the IFG or MFG, atthough
a part of the left angular gyrus was activated by’ the verb generation
task (Fig. 34). MEG, however, disclosed numerous dipole accumula-
tions in the left superior temporal region. In the MEG examination, the
left and right hemispheres contained 130 and 45 dipoles, respectively,
suggesting left language dominance (Fig. 3B). Auditory comprehen-
sion and letter-reading were suppressed by administration of amobar-
bital into the Jeft carotid artery, although motor language function was
preserved. These findings suggested that the steal effect caused by the
AVM partly interfered with functional brain mapping of IMRI and the
Wada test. In this case, MEG was helpful to decide language domi-
nance (Fig. 3).

Patient 3

A 32-year-old, right-handed man experienced amnesia for several
minutes. T1-weighted MRI scans and brain computed tomographic
scans disclosed a hypointense and hy podense mass in the right insular
cortex involving the surrounding white matter. Computed tomo-
graphic scans performed 6 years easlier, however, revealed no abnor-
mality. These findings suggested that a low-grade astrocytoma might

FIGURE 2. A 16-year-old, vight-handed female patient with a large menin-
gioma in the left frontal region. The patient had no impairment of language or
molor functions. A, fMRI with the verb gencration task showed activations
narinly in the left 1FG and MFG that shifted inferiorly by the tinnor. B, fMRI
with the abstractfoncrete categorization task demonstrated activations in the
bilateral oceipital regions in addition to small active spots in the left IFG. C,
square ool mean field profiles of langnage-MEG responses demonstrated that
the left FT responscs, peaking at 400 milliseconds, were markedly larger in
amplitude than the right FT. D, source localization of the late deflections
showed predominant dipole clusters in the left posterior temporal region. The
left and right hemispheres contained 117 and 30 dipoles, respectively. The
combined fMRI plus MEG miethod indicated left language dominance, whicl
was confirmed by Wada test.
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FIGURE 3. A 24-year-old, right-landed man witl a large AVM in the left frontal lobe. A, fMRI] with the verb genera-
tion task showed little activation in the lefl frontal lobe where the AVM was located. B, source localization of the late FT
and TO deflections on MEG showed predominant dipole clusters in the Ieft posterior STG. The Ioft and right hemispheres
contained 123 and 51 dipoles, respectively.

have slowly developed during the past 6 years. In the results of the
verb generation task, the left hemisphere had obvious activations in the
IFG, MFG, precG, and the angular gyrus, indicating that this patient
had left dominance of motor-language functions (Fig. 44). In contrast,
estimated dipoles of the FT responses were concentrated in the poste-
rior part of the right STG and MTG (138 dipoles) and another dipole
cluster (64 dipoles) of the TO region was localized in the right FuG. The
total dipole number of the left hemisphere (48 dipoles) did not reach
even a quarter of that of the right hemisphere, suggesting right-sided
dominance of temporal language functions (Fig. 4).

During the Wada test, he stopped counting (0 out of 4 points; 0%)
and failed to name objects (6 out of 20 points; 30%) after left intrac-
arotid injection, whereas letter-reading (21 out of 28 points; 75%), audi-
tory comprehension (12 out of 12 points, 100%), and pointing abjects
tasks (16 out of 16 points; 100%) were well preserved. In contrast, after
right intracarotid injection, letter reading (13 out of 28 points; 4 %),
auditory comprehension (3 out of 12 point; 25%), and pointing objects
{4 out of 16 poinls; 25%) tasks were markedly suppressed, although he
continued to count correctly without speech blockade (4 out of 4 points;
100%) and could perform naming {17 out of 20 points; 85%). These
findings suggested that language functions were distributed separately
over the bilateral hemispheres, and the expressive and receptive lan-
guage functions were dissociated in the left frontal and right temporal
lobes, respectively. A striking fact was that the combination of fMRI
and MEG predicted the special profiles of language functions non-
invasively.
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DISCUSSION

We demonstrated that our
method using both fMRI with
the verb generation task and
MEG with the Kana reading
task is highly reliable in deter-
mining the language domi-
nance in patients with brain
lesions. The accuracy of the
dominance laterality was con-
firmed by a 100% match with
the results from the Wada test.
fMRI and MEG compensated
each other’s disadvantages.
The tasks of fMRI were rather
simple and could be accom-
plished even by patients with
mental dysfunctions, whereas
MEG results were seldom
affected by cerebral blood flow
abnormalities. Reliable data on
language functions were also
obtained by combining the
advantageous features of fMRI
and MEG. fMRI with the verb
generation task well depicted
the expressive language area as
activations in the frontal lobe,
most commonly in the IFG.
MEG, on the other hand,
showed dipole clusters pre-
dominantly in the superior temporal regions representing the
receptive language area. In the epilepsy group, left and bilateral
dominance were approximately 85% and more than 6%, respec-
tively, whereas, in the non-epilepsy group, left and bilateral
dominance were more than 90% and less than 2%, respectively.
The combined method, including the Wada test, fMRI, and
MEG, clearly demonstrated bilateral dominance is more often
observed in the epilepsy group than in the non-epilepsy group.

In our study, two out of 87 patients analyzed (2.3%) were
found to have dissociation of the expressive and receptive lan-
guage functions by co-utilization of fMRI and MEG, verified by
the Wada test, which best described the usefulness of our
method in identifying the areas of the two language functions
separale]y. In both cases, neither modality alone demonstrated
the dissociation. Although several cases have been reported
that dissociated language functions were found by fMRI, none
of those was proven by the Wada test (2, 8, 21, 23). Our results
show that neither fMRI nor MEG alone is sufficient to accu-
rately locate the expressive and receptive language areas, and
the combined use is the key to obtaining high reliability.

The results from electrophysiological investigation via a sub-
dural electrode implantation in 12 patients further confirmed
the accuracy of the present method. Pouratian et al. (22)
reported that the sensitivity and specificity of language-MRI
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FIGURE 4. A 32-year-old, right-handed man with astrocytoma in the right insular cortex and the surrounding white
matter. A, fMRI with the verb generation task showed main activations in the IFG, MFG, precG, and AG, indicating
left dominance of the expressive language function. B, in contrast to the fMRI results, source localization of the late FT
deflections on MEG showed predominant dipole clusters in the right temporal lobe. The left and right hemispheres con-
tained 48 and 202 dipoles, respectively. The combined fMRI plus MEG niethod this indicated dissociated frontal motor
and temporal receptive language functions, This result was confirmed by the Wada test. The paticut shoted impaired
cotnting and object naming after antobarbitol injection into the left carotid artery. In contrast, letter reading, muditory
compreliension and object pointing tasks werc markedly suppressed, without counting impairment and speech blockade,

after anwbarbitol injection iute the right carotid artery.

were dependent on the task, lobe, and matching criterion. The
sensitivity and specificity of IMRI activations during expressive
linguistic tasks in the frontal lobe were found to be up to 100
and 66.7%, respectively, in the frontal lobe. FitzGerald et al. (6)
reported that sensitivity and specificity for all multiple lan-
guage tasks ranged from 81 to 53% (6). On the other hand, sev-
eral groups have reported that the language map obtained from
fMRI poorly matched the intraoperative electrical stimulation
mapping (6, 25). In our study of language-fMRI, every electri-
cal stimuli to the IFG, where the fMRlI-activation was observed,
caused speech arrest. However, the stimulation to MFG caused
language-related symptoms in only half of patients. Although
the sensitivity of fIMRI might be high, there are still several issues
of individual variability of fMRI activation and semantic tasks.
The discrepancy can be partly accounted for by the fundamen-
tal differences in methodology such that the electrical stimula-
tion directly blocks the specific language functions, whereas
fMRI picks up all activated areas involved in.the language
tasks. Therefore, fMRI-based mapping largely depends on the
design of the performing task. We tested two different tasks for
fMRI and found the verb generation task better suited for lan-
guage mapping than the A/C categorization task. The signifi-
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cance of activations depicted
on fMRI is still under debate.
Language-fMRI activations
may be related to various
semantic components of the
task, including the will to
retrieve verbal materials and
the memory related to articula-
tions. Despite that the A/C cat-
egorization task was designed
to detect the receptive lan-
guage area, activations in the
temporoparieh\] region was
less frequently observed than
in the frontal region. Neural
activities in the temporopari-
etal area are considered rela-
tively scarce (25), and the dis-
crepant activities of the frontal
and temporoparietal regions
may be owing to physiological
variations of brain regions.
Alternatively, the frontal and
temporal lobes may have dif-
ferent oscillations (brain
thythms) of brain activity in
response to verbal tasks,
which are reflected in changes
in neuronal currents and cere-
bral blood flow.

Qur study demonstrated
that dominance of the recep-
tive language function could
be accurately determined by
MEG. For that purpose, we originally designed the task of
three-letter word reading and silent categorization and used
the dipoles calculated from late deflections to process the MEG
results. It has been reported that cortical evoked potentials
recorded by subdural electrodes showed responses at approx-
imately 200 (early) and 400 (late) milliseconds in the left tempo-
ral lobe cortex after letter presentation (1, 17). The late poten-
tinls have been noted especially in tasks involving decisions
based on visually presented words (13, 14). In this study, the
sources of late responses (250-600 ms) were located mostly in
the posterior temporal region, and the laterality of dipole clus-
ters accurately reflected the receptive language dominance. It
has been reported that dipoles in the superior temporal region
showed an excellent agreement with an intraoperative electri-
cal mapping (27). We also included dipoles in the FuG for lan-
guage dominance determination based on our experience with
a case in which an injury of FuG resulted in pure dyslexia (12).
These contrivances in our method may have led to improve-
ment in accuracy on language dominance determination over
previous reports (20). Basic technical issues of the MEG inves-
tigation still remain. Eye movement artifacts were strong
enough to distort the baseline of the MEG data. In our study,
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we asked patients to keep gazing at the center of the screen
during the semantic decision without blinking. As a result, arti-
facts were observed at later than 600 milliseconds after letter
presentation and usually did not affect the early and late
sermantic responses. It is, however, important to prevent arti-
facts by monitoring eye movements and using rejection thresh-
olds.

In conclusion, by co-utilizing fMRI and MEG, we established
a method to determine language dominance with a high relia-
bility. The fMRI activations with the verb generation task iden-
tified the expressive language area, whereas the language MEG
dipoles located the receptive language areas. Our institution is
now routinely using the combined technique to identify the
language dominance. If it does not produce data on cerebral
dominance, we additionally perform the Wada test before sur-
gery. This non-invasive and repeatable method may be an effec-
tive alternative to the Wada test and may be useful in the man-
agement of patients with brain lesions.
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COMMENTS

his is an interesting article evaluating the complementary features

of functional magnetic resonance imaging (IMRI) and magnetoen-
cephalography (MEG) to assess language lateralization in 87 patients.
Whereas any test of language lateralization is suspect if 100% correla-
tion is found, the authors have carefully described their techniques
and the analysis of results. It is quite appmé'.nt that fMRI with verb gen-
eration tasks is best at activating anterior language areas, whereas
abstract versus concrete naming tasks can be less robust. This is a good
article and a large experience worthy of publication.

G. Rees Cosgrove
Burlington, Massachusetts

he authors have applied fMRI and MEG techniques to localize

speech function in a large number of patients with different brain
Jesions. They were able to supplement the two noninvasive tests with
the Wada test in 80% of the patients. They were able to obtain useful
data with the co-utilization of IMRI and MEG in 95.6% of the patients
and found a somewhat surprisingly good match with the results of the
Wada test in 100% of those. In the results section, the authors discuss a
few differences to the localization of language areas by electrophysio-
logical means. They point out the fact that atypical langnage domi-
nance or bilateral language representation is more frequent in patients
with chronic epilepsy than in those without epilepsy. This is an impor-
tant fact not known to many neurosurgeons who are not ordinarily
involved with epilepsy cases. The results of this study make it more
likely that, in the future, the invasive Wada test procedure might be
abolished in those institutions at which MEG is available. This consti-
tutes a notable limitation of this noninvasive technique. If fMRIis used
alone, the success rate for obtaining useful data is 84.6% for word gen-
eration tasks and only 67% for the abstract/concrete categorization
task. This is quite an interesting study and the results are very promis-
ing; however, the limitations are not economical. A number of patients
cannot complete all the tasks necessary for fMRI study, and MEG stud-
ies can be disturbed by eye movement artifacts. We look forward to
other reports confirming these promising results.

Johannes Schramm
Bonn, Germany

he authors present some very interesting data in the realm of func-

tional imaging to determine cerebral dominance for language.
Currently, the standard modality for determining cerebral dominance
is the venerable Wada test. In this study, the authors use both MEG and
fMRI to determine language dominance based on activation in the infe-
rior frontal gyrus and middle frontal gyrus using fMRI and dipole
moments reflecting or indicating receptive language fields in the tem-
poral lobe. As expected, they had some difficulty with the fMRI data
owing to the underlying deficit in the patient, which suggests that
fMRI is not always as good as one might expect in terms of determin-
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ing cerebral dominance using a verb generation silent language task.
We know that fMRI is not a good choice for defining receptive lan-
guage fields that correspond to intraoperative stimulation mapping.
However, when MMRI was used together with MEG, the authors were
able to demonstrate 100% concordance with data from the Wada test.
Thus, this is a very important study indicating that, in the near future,
it may be possible to bypass the Wada test with these two powerful
‘functional imaging modalities. That being said, not every institution is

going to be able to obtain both of these functional tests. Therefore, it is
unlikely that this strategy is going to replace Wada tests completely.
Yet, this is a very important line of investigation and a novel observa-
tion that points out the frailties of functional imaging for cerebral dom-
inance localization and the potential power when the different func-
tional tests are combined. :

Mitchel S. Berger

San Francisco, Californin

Portrait of James Figg (1695-1734), by William Hogarth, {1697-1764). Acknewledged in Bt
sport with teaching and exhibitions and, follow

“Father of Boxing, poepularized i

over all the other British contenders, declared himself “heavy

3086 | VOLUME 60 | NUMBER 2 | FEBRUARY 2007

champion of England” in 1719,
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LB, AN b EPEREOZANRE -
EENTE), SHREUMBEOLERELN
FTalIch, & ) EFMAREBRIER SN
BPEAOBENFREND. RETHE, HTHE
BRELEREN I NI CILEORTWAIYF Y
ALK, WO LA BOFEBEICD ER
5. '

L. RS RE DR
B RIEE X LR, MREEED

BLBZABEEFLTVD. 7, PRMER

ACHE R 7 MBI (blood-brain barrier : BBB)
MBHEEL, BBBEEBLI) AERPRLNTW
BEbH 5. BEREOSLETIE BBB KR
LTBY, EXOEEN~DOEEZERRDONL Y,

WO & B BB TEOE R~ DORBHT

i BBB T BRI LTV B EEZ LN, KB
BEANOEMEEEIFIRINDLI L ERE.
D1IBELT, €250 Y EICHLTHEDER
CHOP ##:13, BBB ZBHENEVERIPMER S
hTBh, EXMEMER) ~ /& (PCNSL)

3t LR AETFHBOERZRESI LA LEDL
NhwZ Mo h s ) 2 R, FICEHD
m‘éﬂ’f;,ﬁﬂi“@aiﬂi%mmﬂm-m‘a@ﬁi@—% (het-
erogeneity) VEETH Y, FHII3 ¥ 2EXHE
DEL BMBIEET HUEEHIH 5. 2010,

—BEMICHESRD LN T, BRI
RTIEEMREIC X AFBRSE LTV, BREE

EURESIRNEEA OB CEEEERT S

T, WEANOEBEBINTEALBOL LV
#MEEL, BIHEIGEEOERLELONT
L Ef EORD, £FRECIBCEREDER
L0b, T BEHRGEFEESRTEL LY
SERHH S, 77, PAEMERATIIHIRIEE
DEFFEN D N, BIETEE THRIEFERT A L
VI REER R EEESHELLTE LY, KR
KEETH. B, WEEABEFPLTHE
720, MIRBED L) CORRICEEBEEDL
HITEEIRAIE AR THLZEPD,
AR L & b IS BRI IR S A TREN
TR\, -

M. #EBEICHT 2R EEDERRBRER

1. BT EHRE (anaplastic astrocytoma :
AA) - B3JE (glioblastoma : GBM) D{LFHEE

R

1) ZbaYOLTRESR
EHREENRETH L ELH2MIIE (AA)

BLURBRFE (GBM) i1, R {2 (WHO)

ik AREESEOFNEF N grade B LUV

pEsh, 190ERIVKES )T VZTK

247522 (UCSF) H.LELL
Brain Tumor Study Group (BTSG) I & % BRR
BROSBEE SN, HEBECHTALERELL
Ti&, BCNU, CCNU, methyl-CCNU (MeCCNU),
ACNU (&38THE%), MCNU % £ ® BBB &8
MHBMEIFE Sha= b0V L7 (chloroeth-
yinitrosourea : CENU) RHuEHIAE & L THEAS
n, ZoHBEIIOVWTRIFEINTE .

Walker 5 1, 222 # ® anaplastic glioma (GBM
90%, AA9%) LT, WHEBELT 4T
v ¥ LAb L 72 BER R ER (randomized clinical trial:
RCT) (BTSG 69-01) % 1978 & IZ#E L 72 ™.
ZOWETIE, BERBIVTROIERERICL
LEEEFHEOEESRD b 7zh, BCNU
OWEHBEEAD LREFPRITTR SN2 o 1.
1980 4E |Z Walker 5 7 & $R & & 172 BTSG 72-01
RCT TiX, 358 BINEMMEBIE (GBM 84%,
AA 11%) 123t LilipsEEE: 7 v ¥ LLL R,
BEHE RS % 7o B THBEICEFHROERD
FHoN, = bV LTHOFRTIIEFH
MOLE#EHh, AEEIREAL Lo,
Radiation Therapy Oncology Group (RTOG) & Eastern
Cooperative Oncology Group (ECOQG) iX, 535H10 &
iR BB AT OIEB] (GBM 68%, AA 14%)
izxt LT o 3t B EEER X BR (RTOG 7401/ECOG
1374) * 647 L, BSHEBENOBCNUDFEE
T EFEARHEA 40 ~ 60 MO EMBETOATIRD
HLDDRENT™. Green H A5 1983 F IIHE
L7: BTSG 75-01 RCT Tid, 527 flOEHMHER
J& (GBM 87%, AA11%) 23 L T60Gy D&
EWEHREEICIMA T, OBCNU B, QKE
methylpredonisolone (MP) HJ#, QPCZ H R,
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Fig. 1 - Kaplan-Meier curve for survival of patients with -
malignant glioma. Significant mcrease of.survival period |
with a hazard ratio of 0.85 in the: combmed radlotherapy_
“and chemotherapy group (reprmlte from the Laﬁcet ‘
“Stewart LA: Chemotherapfl fin adult hlgh grade ghoma @
systematic review'and} im -’gnalyas of individui
data from 12 randomised trials. 359:, 1011: 1018'2002

iidijal- pattent'_- N

Radiotherapy + Chemotherapy
(HR 0.85)

0.2
0.1  Radiotherapy alone == -=--siiiooo
.- oA
{ T ! i | 1
P50 12 24 36 48 60

Months

W

wnth perm:ssnon from Elsevier).

@ BCNU + K& MP, D482 HBIRETLA. #
DR, OBLOBIZELIZ, OBILLFEL
EFEHEOEREMEDO LN, Thb o 1980
FRPE T TICHITENZRCTORRE, EM
MARBIE AT 5 CENU REH| % PCZ 254 FR
DELIZEG L TWAEILERLIEDDEVZE
(level I evidence).

1990 £ LIRE, #EH D RCT DR * LLBURET
4 % meta-analysis = & 5 AT SR S 7=, Fine
51X 1993 12, FNRLRTICER SN 16 DEHE
MHEBRE I3 T A ILFERED RCT IS D THEE
L7220, B 2,362 Bl & £ N B 8TT,
FEH, BETHRBEEEMET43.1%, {LFEREH
REBETS32%, 2HEEFFRIENEN164% L
250% &Y, {LEBREGABETREICEREY
Nt sz EdRENT (level 1 evidence). <&
NHLEDORCTNDH B, 14 DRCT TIL CENU # &

T LEBEIRIT E N TV S, X 5220024124, ..

3% [ 0 Medical Research Council (MRC) 7¢# i
3 % Glioma Meta-analysis Trialists (GMT) Group
2 & % meta-analysis 2SR & S N7z P, 1976 £
2001 F  TITHEAT SN ABBMERBE Y

LSRR E R L LR AR A R L

- RA%EE

1 4

ZE4DERT—5 EFNEL, BAWNTHILET
JOVEEOBVEBN T2, AL TXTOR
ER T CENU 2MEH SN Twa, xstRITHEEL 3,004
FlOEHMZEE (GBM 63%, AA23%) T,
b2 PR fF B B C UL SRR BB | H TR
DfREEH 15%#D (95% C10.78 ~ 0.92) L,
1 SEAETE R U R B B T 40% 1238 LU
EHHEBE TR 46%, 2FEFREFZINRETN15%
&£ 20%, MST Tid b EEHABET2 IO
¥ bt (Fig. 1), EBRELEFME (pro-
gression free survival: PES) T b kI (LR
FBETRBREN 7% L, 2 4 PFS 2% 5%18
L, #EPFS b 15V FORERIEOLN, W
THROERIEEEHRICL 2 £FHBHOER
HMEHIRENT (level Ievidence). = DFERIT
EMENOBEITTOREMET, AA, GBMWTAT
SILEBEDOFENBOLN TS,
INHDERD S, high grade DFFEBIE KT
+ % CENU REHIZ L 2{bEFEEE, EH TR
HHLONEEEFPHEERESELIVTY
ADHDHIEEEE LTHEISNS.

2) LHIGRLEREE

RCTDH 26 12 DRBREHEL, ERRICBI LEFEOHREBO L L ¥ B, CENU
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FOBHIEE LIS HIGEE T & BILEHED B
HENTWVA, Levin bR EHMEEEICHT 5
iz 69 Gy #4115 B84t + hydroxyurea (HU) #Fi
16 47 #% @ PCV ¥ & & BCNU # # O It B 3 B
(NCOG 6G61) % 47 v», GBM Bl 4t 0 anaplastic
glioma (23F L Cid PCV #E LB A* BCNU B2~
AECAFHBEEBRABOERFEOLNL
EHE L2, L L, RTOGIFEHDRCT(RTOG
70-18, 83-02, 90-06, 94-04) (2 B I} 5 database

EAWT, AAH T B PCVEE (17541). &

BCNU i (257 41) D#R % retrospective 1=
L, MEEERCEFRMOREZ RO ON

e EHE L. F 77, MRC @ Brain Tumor

Working Party i%, 67461 O B M #E B E (AA
17%, GBM 67%) (Zxt L, MGIHRiGBmEMEE (45
~ 60Gy) & PCV #EiEHHBEL LT 5 RCT ©
W4T L7-7%, MBERMCAEEERO O o
(level I evidence). I 7= AA, GBM BI DK T b
BEEEZZD TRV, Levin 5% RTOG data-
base D R & T, grade I # #E B fE D H IZ ana-
plastic oligodendroglioma (AO) *° anaplastic oligo-
astrocytoma (AOA) &\ o 7o {LERERZHER
FHOBFLZEELES TN T 57, Brandes 5
iE, 20004 O WHO 3 D AA & L THEF IS
W 2B DRk atE (109 B1) & L 72 retrospec-
tive ZfRIT 4T\, #F AA DI HEBETHRIEER
DWIALEREE L LTPCV FEiE (49851) & TMZ
ik (60 %l) DB E2To74". ZORKR,
MEICEFYR BRI COHRMEDIIFER
ZUBDLNRP ol LB, BROANPS
BHREBDREPIEEVEY - PIEEELIERN
PCV EEHTE L, TMZERIIHALH 5 LD

AR (A

EDRESLS, AA % GBM (23T 5 EHIH
B SEEEOEFEE~DERIZVWEZHLNE
HWAT, 4% 5% 5 BRI L 2RETH
EThb. ' '

3) Temozolomide (TMZ)
006FETATHCEARBTHRT SN

temozolomide (TMZ) %, ABRT L5 2 D

TV FE MEEIT, Ee I BE S, b RIS MR,

g7 ¥ DEBEPHT TBRICHIRS B S,

BB BE % 2 ) T dacarbazine (DTIC) & [k IZ

methyl-triazen 55 K T & % 5-[(1Z) -3-methyltri-

- az-1-en-1-yl] -1H-imidazole-4-carboxamide (MTIC)

CEBERE D, TOMIICH S T=DEEL
TOf%, SN LAFNIELTAHILT
DNABE%FI 222 L, HIRAHOFELLT R
=Y A% FELEMBSR 2 RET S, TMZ
{3 BBB %:&:8L, MFEFDH 40%1EViRED M
HCMEERNIET A e RESRTVS.
Beot#zr L EE Lizv:7:%, dacarbazine & i3
B ) EFABTORNRIZENLEVWEEILN
3. BWERORBERE, BELMBOFERZEAN
WU T—RICERET, PSR LLZVLDBRE
PEAELD) BFIAYNDHB.

S0k hEABE,L, TMZIZERGERE
JEloi T 2% R0 &, BORE A OICERRE
RV AT S N7z, Yung & A EIBEREEMEE
JE 162 % (AA 97 %I, AOA 14 %1, GBM 19 1 )
23 LT TMZ IS & A{LEFED phase [ ER =
17v>, 6 1 B O PFS 2546% (95% CI 38 ~ 54%),
PR PES 254 7 B, MSTH13.6 7 B, EHE
(CR+PR) 3 35%, SD #10% % & &t 61%DIES]
T disease stabilization 738 572, QOL D¥ED
vy, EHOKKHBET, ORFHEIREED

10%EIICEELNDS LD BIF R REEREL,

F4EICKETIIFDAIIZ L Y AA X L TERR &
727 Yung b i, ﬁbl?ﬂ@ﬁ’%GBM I ORD
A TMZ ik (11261) & pCcZ & (11361) %
HB 3 B phase [ 3ER % f4T L7 ™. =/ PFS,
JEESIHENTRS TMZE#EM LEY, TMZOFH
AR X L7z, Brada 513, #IEIFEZ GBMIE
Bl (138 61) KT+ B TMZEED % Hiek 3t

* phase ILEKER % HEAT L7- . EHZIL 8%, EHEH

M1 51.3%, HEPFSE2.1 # B, MST 354
WA THot, BHIREL, EFEI—API%
TH/MRBAS L BREERLAOATHY, B
BEETOIRSIKRENTETH- 2. T 72,

Brandes & (X #IEAI5HC PCV L% JE1T L /-2 D
0 8 B % GBM 42 $1 12 #t L, second line & L T
TMZ k% % 57 5 phase 1 Bk % 17\, PCV
FEEDEFNIC LTS TMZ F—EDBENR
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Fig. 2 Kaplan-Meier curves for survival of patients with glioblastoma [Stupp R, Mason WR, van den Bent MJ, Weller M, Fish-
er B, Taphoormn MJ, Belanger K, Brandes AA, Marosi C, Bogdahn U, Curschmann J, Janzer RC, Ludwin SK, Gorlia T, Allgeier A,
Lacombe D, Cairncross JG, Eisenhauer E, Mirimanoff RO: Radiotherapy plus concomitant and adjuvant temozolomide for glio-
blastoma. N Engl J Med 352: 987-996, 2005 (itéms covered by grant of permission with *The New Englend Journal of Medi-
cine)). A: Overall survival (OS). B: Progression-free survival.(PFS). Statistically significant elongation of survival (OS: hazard
ratio 0.63, PFS: hazard ratio’ 0.54) in patients treated with radiotherapy and temozolomide compared with those with radlother

apy alone.

*ETAIEEFRLI.
BREEEBEICLTOMENED S 7117*; Z &
5, #FE GBM I 5 HRATHREE+ TMZ Rk
7 phase I HERD AT H N 9, 64 F11ZxF L MST 16
AR, grade3 ~ 4 DMBEFHEDOHIRIZ6BLLT &
WO RIFLREEVBONL. ZOKREE T,
European Organisation for Research and Treatment of
Cancer (EORTC) & National Cancer Institute of Can-
ada (2 & 1) 2 #iak R phase I RCT A°HiAT S 17z
), 573 B O GBM \Zx LAFRAIMAEEE L
T 60 Gy D ST #RIEHE 2 75 mg/m¥ B O TMZ %
RSHIMPERE 6 ARIRS L, BT 4808
%5 150 ~200mg/m¥y B % 5 B, 28 BEH
TEH6 I — A DM TMZ B 1T ) S REER
(287 B1) & HUSHRIGEEINEE (286 1) % HmL.
7:. MST i3 TMZ #f B B¥ T 14.6 & A28 L ist
WMEBHBETI121 98 (2540 8), 2EEFRT
I TMZAE I C26.5%, IRATIRBIREE T10.4% (2.6
), HRIPFSIIRIZET6O N, HRETS0H
R G1L978) twnihd IMZOEERTEER
SERDTR & 1172 (Fig. 2A, B). FET- DEIRE (HR)

No Shinkei Geka - 35 2 5 % - 2007 & 5 B

THIBUBDEELBI TH o 72 (level I evi-
dence). Grade3 ~ 4 OMBEFEHDOHIREIZ 7% D
HAEEERHIIBVTOENZ profile TH Y, &

DRBRDERET S o T, FRATIE TMZ % GBM
AT AR MEAGEE LT A A MICH B, L
L, CORBRTIIEHREGE T BETREFEERE L
THELTWA /Y, LikdD meta-analysis TLE
TV AWREN/ZBCNU 13 L & § 5 CENU
#%ﬂkﬁﬁéﬁﬁﬁuﬂ%énfw&w;tk
%5, BB, RTOG TIEME AA (3T T B HTHEIK
ﬁﬁﬁ&+mmuﬁmﬁtnuﬁmﬁt@
phase I RCT %17 TH H (RTOG 9813),

DIERDFIZNS.

F7, CORERTRENA TMZ ® GBM IZ5¢
THEREHRIE, WELAMSTT250 A D L%
S RIABEY, TMZ DA TRFEOEENT
BTHBEEVIRIRIZEZEo TRV L HEL
PTH5H., Lo T, EHLLFOHREELEDS
& BT, B4 e fbE & OB I (CPT-11,
Tarceva, FUVEGFHER 72 &) SFAA LN T 5
I 72 M R O MR O PR IT 100 mg/m’® &
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B 3'5@ S L 18 MKE S 5 dose intensified -

regimen % F V27> phase I RCT b MEMMmE T
V3, o o
AFICBWTD, FEHENGENT2003£ LY
TMZ DEREBRYBBEN. BREAHEE
& 6 237 L T phase 1 ERAYTHON, BHTO
7— 5 L EHOEMENE - REMUIMRE S NizD
IR A E (BAS. $240 B ARMEEF SR,
MEBEREUREBEL R E L TEHEHEALM
phase I IEERMiT b N7z, 2328 (AA 2261,
GBM 28, ACA 68l, ZDh2fl) IXxfL, =
% %312 % (CR3.1 % +PR28.1 %) T, SD
594% % Nz 5 & HARHPHZFRIL 90.6% I Z L 7.
FEEZE LTHERIS0%, BLh25%LR
RHEENBE P22 bDDITE A LD grade 2 LT
T, grade3L L EomEEMITY > /\"5}?35&?
25%, FFRERIRA 6%, M/MEIRD 9% DA TH Y,
ERICBEETEREE Cho /- (AGH. $24 0
HARBEEZSWE). ZOERTZITT, &R

TH 2006 F 7 AICTMZ VHEBRE L XIRICE .

ML Y (A

bROhDORRTH, FRNHEEZEKTORR
DF, 2003 FEroBREUHERBE TS
TMZ B4 BAgs L, 2006 £ 9 B IRIETE 56
FUCHEIT L TV 5. TMZ X LECIGERICHEEL, 5
BREARORBEBEEDAKEEZ1IO-X L L,

150 mg/m¥ B #* & BIsE L, &K 200 mg/m¥ B i

TS L7z, B AA 2040), B3 GBM (27 %)
T, PEKRSI-AHIEE6 (1~22) BLU4
(1~12), BFRFIZ25%B LU 11%, HEIEEH
%8 (CR+PR+SD) 13 95% B & U7 57.7%, /@ TTP
HS17ABLU 227, MSTIHAATI14%
A, GBM T 106 # A T#% o 7:. Primary GBM T
HolRIEFTOMNEEL,L OEEFHEIR

1857 B Tdhot:. Grade 3L LDHEHER DR

EFEGERIN BARERSOVTRY
10% KT, grade 41X 1 BB RO TV, Z
. OFIZE 3d line IETOFEREF DS CEI R
TEY, BREO(LEREL LTORLY -
AR S 172 (unpublished data).

TMZ DRI ARIE T 20 .8 ) OMiERIE
KT 2FROBHTHY, KREDERL, K

ERA Ny bEDDEEZOLOND. SHILED
B50:0, EFHCARGROLEN 2V LD
5, HHERTHTOHEICRETSE HRAN
Hrrbwzsd, Lol, RBTHVAEYHRE
BEREOHEER L, BEOCEREIINTTHEF
HEROLIEBNEZET AL, BOMBHL VR

CLREDORELEB L EFHERLTILE

BHY, —EDEEEHOT COEMICERE T
ETHr9.

4) KEIZH 1T D HERELER

LIAT, RIFIBWTI, BRKTHITENT
ELE)taEBLBELTYA b D
RCTIHIATI TSI EAETDR TRV D
@, CENU REH| & L THEXRTHE SN/ ACNU

“(nimustine hydrdehloride) % 1 4 168 BRIE 0D 158

MY LTLSHERAESNTETYS, Z0BRKRE L
T, grade I / VOO 2 HRFE (253 LR BUSR (B
AT B4t 50 ~ 60 Gy) B (4041) & ACNU
(IQO mg/m?) DFF B # k(40 1) % LB L 7= Takakura
5D 1986 £ DIMEHH B O, B IIMEGTRE
JREET13.5% 3 L, ACNUBFHET475% &
BEICHEMLD, gade T & VD 3 ELEFFIT
ACNUBFHEDIII BV ODEEEZRFD
Shy, FMBESHORER LY@,k &
DHREBROER X, LD CENU O EFZIM % KREE
L 72 MRC @ meta-analysis T35R& % 256 il &
nTBh, ZOBBIEEFDT— 5 PEAT

W« Tholltilhb. Tibb, SLIZHOFY
EBRRBROERIVLELRZ EHRBREIND.

B# & 134 B AT BUHR B BT R ST+ ACNU A
B4 LR, 24ER O ACNU #ERHBE DA &
TOHRBRAREYITo 2. ACNURK S &1,
Takakura b DFRERDER % ¥ £ 2 80 mg/m? 123,
B3N 77 BIOEMMEREICB VT, ACNU
MFEERCHB TIP256.1 A AP H 92 7 AN
BFEIEELE. ChoD@ERNL, RIETIRE
PEHAEIRIE AT L Tl iR MBI E & LT, ACNU
RS & F 2B & 5 { ACNU MR
%A% community standard & L THEIT S N AR
S, |

Lo L, T34 & ORERER CIIFERI B % 2
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Lot MERHEER LOBEE ACNU M

EEOMST KAEEZIBONT, HEKHZY

i ACNU B - BB ICE VL E T Y 228
HB LRIV S S, 2T, Shibui &
{2 Japan Clinical Oncolog); Group (JCOG) MIEE
JIW— 7% L,2004 £ X V) % 7% 3£ 5 phase
I/ I RCT : JCOGO305 * 1T L 7. #E L4k
JE WHO grade I/ V (BB3EHE) % 3F&12, #ifkh
SH4RIGTE 60 Gy & DHFRLEHFE L BEHE DM
L35k L LT, ACNU 80 mg/m* D MRS B & .
PCZ & ACNU O 4 R # 5 8 (PCZ 100 mg/m® %
108 FE A #%5, ACNU 80 mg/m?% 8 H B2 #:5.)
D2EF LB L. 2006 4 9 B £ TIC phase II
RERD 111 SEFIFBFEN, BEEHFAETTH
D, 2007 X EDOBITERI B2 5F
ETHE. R

Aoki & 13, % GBM 44 % ACNU % &r -

L EI1GF B BT AL 9 D % M5k 3£ ] phase [ 5%
BReqTo72 " 97810 GBM IZHF L, #itkista
B (63Gy, 7THAM) AT F I, ACNU (60 mg/
m?),CBDCA (110 mg/m?) (day 1), VCR (0.6 mg/
m?) (day 1, 7, 15), interferon- 8 (300 FH{r) (&
30) #RE5THOHEER, MBEELLT

ACNU, CBDCA, VCR, IFN- B %2 BT &7

w5 L7, BETIPIZ 105 B,MST 16 7 A,
grade 3 DIFFEREA, M/MMEEL L 10%Ri#% T
HY, #EHNOBCNU G RMEHEREE L BE kv
BREBEL TS,

Lt 6, GBM 23t B fbEEE L L T,

TMZ DM EREHRRE & OB X O EE
WIVF VAL LTHBINDL EE

TOWREPE
Z6NA. L2L, AATHRSAREFA SN
T & 7 CENU T 5 ACNU DA %% 13, phase
MRCTDLARVTIEIRENTELY, T/ TMZ
& DEBEICDOVT S RIFRLINITICDH b, 47%,

EaR L7 RTOG 9813 (#1538 AA I e BHTMZ &

BCNUD BE) @ X J i, KHTHTMZ &
ACNUD BB = ITT N &2, HDHvid

TMZ 2 2k b A L, FOMOTREEL
DFHER% %7+~ &% (ACNU % 4% GBM D]
HIEBEL AR ERVEVIHEO b £ T),
TRUREHPLETHS .

2. REMZEICEBIE (anaplastic oligodendro-
glioma : AQ) - iBF: S SAZ E#RME (anaplastic
oligoastrocytoma : AOA) D{tFEEELBEIE
1) PCV &%

Cairncross & 4% 1988 £ 12 PCV #?(H’E BT
BZREBE (AQ) XX LEMTH A & 2
£ L TSR, PCVEEIZ T se42 2 MIFLIE (AOA)
X B8 orade I ZXECIEIE (OD) IZd%IEHI D
A5t £LT, t0OBREHEESHEOER
B BIEFRE, Tabbieik1 FER (1p) -
& 19FRME (19q) D&% (loss of heterozygosity,
LOH) OFE LT A LATREN DD, HiF
BREGEIIBWTKERSA V87 b 2527,

EORTC & RTOG &, PCV EEDHHICL 5F
BUEBLTFHELT, TRAETRNEAOB LU
AOKIZ 3t L THHB AT IS RER (RT) B L
PCVEEN A (RT/PCV) B D 2 B/ T phase I
RCT % 847 L 7z. EORTC D X EX (EORTC 26951,
368 SEFI) DREREETIIHETRIEHE (594Gy) #
V2 6 2 — ADIREER PCV I (CCNU 110 mg/m?,
Day 1,PCZ 60mg/m’, Day 8 ~ 21 ; VCR 1.4 mg/m?,
max 2.0 mg, Day 8, 29) % #E47 L ™, RTOG ®
HER (RTOG 9402, 289 fEBI) TIIMHEBETHIRIE
# (59.4 Gy) HEITHIIZE® K 4 I — R @ intensified
PCV # 1% (CCNU 130 mg/m?, Day 1,PCZ 75 mg/m?,
Day 8 ~ 21 ; VCR 1.4mg/m?, LEFR7% L, Day 8,
29) %4707 ™M WFHhORBRIZBWTYH, FE
R L TEEFLE T PCV 6 DREREE & ik
SHRGERBEMBICHEEZSEOLRT, MST i}
EORTC fAER CIXI RT/PCVE T 403 B, RTH#
T30.6 7 A (p=0.23) (Fig. 3A), RTOG HER Tt
FNEFNA494E, 474 (HR 090, P=0.26) T»
o7, —%, PFS i3V d RT/PCV BETEE
{ZHE R U, EORTC A ER CTRT/PCV E 23 /1 B,
RT# 132 % B (p=0.0018), RTOG B T b #
NEN264F, 174 (HR 0.69, p=0.004) T o
7= (level I evidence) (Fig.3B). L #* L PCV &
ETiE&EM b0 {, EORTCEHE Tid46%,
RTOG HER T3 56% T grade 3/4 O I i 3 14 A58
HHNTVED, BERIZIERTETH 80%DEH

TPCV & E & L7ALEREDIEIT ENIHS, RT/
PCVEETIR4~5HBET, PCVOERS I
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10%BBETHo7. Tz, WThORKRIIBY

T, FBAF1p/19q REDE S IZHFET HIEH
TENUNDEN EARFEICEFHROERD
BOOLNIH, 1p19q FR%KHY, % LOWEL
bICBBATO PCY fEAIC & 2 EFMMIERZ)R

Fig. 3 Kaplan-Meier curves for survival of patients with ana-
plastic oligodendroglioma (AO) or anaplastic oligoastrocytoma
(AOA) treated with either radiotherapy (RT) alone or RT fol-
lowed by PCV chemotherapy [modified from van den Bent
MJ, Carpentier AF, Brandes AA, Sanson M, Taphcom MJ,

| Bernsen HJ, Frenay M, Tijssen CC, Grisold W, Sipos L,

Haaxma-Reiche H, Kros JM, van Kouwenhoven MC, Vecht
CJ, Aligeier A, Lacombe D, Gorlia T:Adjuvant procarbazine,
lomustine, and vincristine improves progression-free survival
but not overall survival in newly diagnosed anaplastic oligo-
dendrogliomas and oligoastrocytomas: a randomized Europe-
an Organisation for Research and Treatment of Cancer phase
Il trial.J Clin Oncol 24:2715-2722, 2006 (reprinted with per-
mission from the American Society of Clinical Oncology)). A:
No statistically significant difference in overall survival be-
tween the two treatment arms. B: Statistically significant
elongation of progression-free survival by the combined treat-
ment with RT and PC\{ over RT alone (p=0.002). C. Patients
with AO/AQA having Ehromosome 1p/19q.co-deletions sur-
vive significantly longer than those with either single deletion
or'no deletion, regardiess of the treatment method. [Abbrevi--
ation) LOH: loss of heterozygosity. LOH(+): 1p/19q co-de-
letions. LOH(-): either single 1p or 19q deletion, or no dele-
tion.

W bz d o7 (Fig. 3C).
ThoD#ERE, PCVEEIIBRETITOHRE
YIEETAIHREND DD, MBEBFIZIPCVEEL
HRALTY, NRBIBSHREROAE LTEE
BRI LERERITIBE L, RERNZEFIMIC
BEFFEODOLNEVWI EERLTWA, PCVE
ERMEERENEER*BHEETEI D, B
ZHREI RO D DFERICIIEETHLLEHD
A, —HT, B 1p/19q DIREDFIEZ
BEEIC» D5 T AO/ACA TIHEF 2 FH# K
FTHAZILENBELNPER 2T, TORKEIHF
EL, 20X REFEYFHEELE) BT
W F ZRE SR TWER WA, 1p/19q REIZTF
BEFLEEROTHRY—I—L LTEELZZ
bd., ZND2DODRCT DHERTIE, 1p/19q 3
KD I SN2 WEFD MST 25 PCV D& EIZH
PboT2~3FFETHY, 1p/19qLOH ZEE
LR WAADETFHB L BN L TWAZ L2 b,

CRIBHSEICIERE L D5 AO/ACA/AA &+ —FE L

TEERARRBREL LTI LD, FORTFHD
HWE BT 1p/19q REDH B & H£RED
RWEOIEICESELAIEI N, L DBEREC
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BLTNEEDEXSTTETY 5 RE,
RTOG T I D & 9 M2 D b &2 RCT AHEST
§CH5 (CATNON trial). ~

2) TMZ &% _ _
ZERBERESIC LT, PCVEEOMIZ
TMZ DEEIZOVTHIHRES N TS, PCV
BEROBESR AO/ACA (T L, TMZHEK LD
438% TR IV EDH LN (CR167 %, PR
27.1%), SD b 39.6% & BA#) % IEHIHIFHR AR
Laniw, BEHENEK OD/OA KM LTS, .
HLEC, (b2 LCId#E S 5 Vi second
line & LT TMZ S % 47 9 phase 11 SUER D 4 %
45 EORTC 7 b $i& & 1172 772, First line DFE 13
52.6% ™, second line T 25% D RR P FEH LN
N WFRORERICE VT D EMBERTORE

LR, TMZBRS L2 EEEREHIoB.

ETHH, TMZORER L FEHEIRENT.
Brandes 5 13 % AO/AQA 255 % TMZ LT
DFHBEF LI L, 1p/19q K%K (47.8% DI
BITHRYE) OBFERAEZIGERCE, BEEEHY
B, £FEEE OHBEIRD LN, MGMT &z
F7aE—§ —EEHOAFMLOBETIIEEE
WWRELZh oo LRE LA (p=0.09)'". 2006
L1395 AO 123 LT D TMZ BIE DR AR
HExh, 20 EFICBVTEREKBHED 60%, ob-
jective response (OR) #% 75% 24 b, - TTP
22U HABEINTTOPCVEETOREIISL
HBWREIRENS D, INOOBERTIT Z,
BUE RTOG TIL#)% AO/AOA (Z4f L THi#k TMZ

O F % M2 D v Tphase I RCT (RTOG

0131) *HfTHTH Y, 4% TMZ P ZReBiE
'ﬁKHLféummwﬁﬁtLrﬁménéc
LB ENTHICTFERINS.

3. E#ifaE (diffuse astrocytoma : DA)

WHO grade 1 T % EMALIE (DA) I3 L T
EBEEONREERTIET VA, ThETO
EXhrhvikvoTIWw Y, KEMEHEEE
(low-grade glioma : LGG) X9 & i bt #itia
BOEFHIZBIT 5 phase 1 RCT £ EORTC (2 & 1)
Wi s h, WO RIER (54Gy) FERE

TOMBRERTAb00, BREICHEGILE
HiTo G A L AFHBIIIEN LWV T LATRE
niz?, ZORBROMAFHMEL L TLGG DFi&
EAFmrsfTbh, Q40 E, @EAFE,
O OAREROFE, OEFRAED 6cm
Pk, ®ORFA~DERD STEHEPEELTFHER
BRFLLTHEENZ®, hbn) b 3IEE
Pt %FT 554 % highrisk, 2EHEUTDHE
low-risk ¢ HET B EFR L OFE LB RO
& #17:. High-risk B T MST 4532 ~ 37§ &
L, L0 AAIEVWRETHL EEALR, &
DEILEHLEE RS OBER I LT, 4
BUFEEOBEIBRIFSINDEIRETH S,

4. EHHEEEMIE (pilocytic astrocytoma:
PA)‘ ¢ %

WHO grade 1 T& 5 EffHifat: 2HAzlE (PA)
AR ONRB & URAEE - R T EE BT
ZL, BEEIEL, ETIHRERT, BRICERE
LD LN, FHIC L Y ARMICEREE S hn
THBEEL  RPOAFIHFEENS. Ll
B -BERTHEBICRET LD EEF
WSS HERESHED ) A7 2B
S EDL, WHBREOTHEEMRF SR TEL.
Packer & i3, 56 FIDOBINIEE 2 & & 78 BlD/INE
W EAHEITH LGG 123+ L T carboplatin (CBDCA)
+VCR DOt AEEFBITL, S6%DEPI THER
RISASH b, 24EPFS75%, EHEDOREM
B RECIAEHEOEVITIRD LN 2P0
ol L ERELD, PA 2 EU/NEHBEEREME
SFEERSUTHEIENRB I T
Gnekow 5 i, /NB LGG \2x§ A EERAER (HIT-
LGG 1996) 23\ T 123 SE4I T CBDCA+VCR #
EEmATL, EHEEmE (CR+PR+SD) #F
85.4% TH LN, FHHEKIL358% DES TFH
N5HBBICEDLNE, FOFREEHREL
TW3 9, KIFTH Kato 5 i3 4 FIOBMAE -
FR T #REEHO PA (Z#F L cisplatin (CDDP) +VCR
DEERBEER BT L, 3B CESHENSA LR,
| FICHREOEFR RO ErRELLT. &
DERIOD PA IIPNRICE L, BEETHTH ST
rah, B L ARMMEE L LTER
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P RIREE - SEME - MAWEEDY A %
BB, LEBEOBIEE HENICRET
BHEAHHLELOND. F I LEEEORIGH

FTCRRBAZVI E b SV, BRAEICH

HWETHALNETHA).

5. L&HEE (ependymoma)

" % JE 13 WHO 2000 53-8 T i3 anaplasia DK
BOFMEZ LY grade T & I (anaplastic ependy-
moma : AE) IS SN Y, IHE TOMBR
HERTIE, COEMERITFRELTLOMBELE
VI EABV. 20720, Ho b I3ALSEE (MIB-]

CRm), MBEE, MERENRE, FRO 4R

HBiZEBL, chbn 2 HBUEFALNIEE
% high-grade, 1 BHLL T DA 13 low-grade & L
THET L L, FHREDHMPRIFEHHILE
B, SHOBRRRTE IO L) BHFEE
BiETBLELLRD D,

— R PRI R R L, {LF
BEOARBICOWVTIEWE PRI LHRER %
¢, B, WREERITIC 54 Gy ED S EIHET
BB Th NS 9, Bouffet b DFHEIL B &,
PHEMNEKE I L TR DFEEDOH LN D RAG

cisplatin G, H#|T?D RR #$33%, CREX18%

T o7. Phase IREBOEREF T LB L, B
Fi2 k 2 ILFEEEORIL, OR 11%, CR5%L
Zibha LHL, ZFZHEBLTHOR
26%, CR 12% 2k &% o729, Gomet b DHEAT
b R 3T B AL HRIE D retrospective 2 AT
T3, cisplatin % &t LY XA Y TIRRR67%TH
BDIit L, CENUZHDEBTIERR 25%Th
D, ZOMOEXITIE, 11%FIRFHALNLIC
1@ & 72 \» ™, Children’s Cancer Group (cca) i
& % prospective 7z 4l % 1t 2 & O AT T,

CCNU, VCR, predonisolone = & 2 {b& & ki3 FFfE
RAELOEEENADL LN, FAYUT
13 ifosfamide (IFOS), VP16, methotrexate (MTX),

24

_cisplatin, AraC % 2 0 — AT B2 F RS

%47 HITSS/89 SRERE , #ik VCR FHEMEH
BEHREY #4212, MTX, cisplatin, VCR {2 & 4 MR
%8 00— AWITT A B % Lk LA HIT 91 SUER A
Thh, WERHLFEREICLBHRIIHLPT

7z 7 o 72 ™. Philadelphia @ Children’s Hospital %
b D Tid, WHEBSHRIGHRIT CBDCA,
VCR, IFOS, VP16 DEfR#EEY 4 7 — AETL
7= 19 #E6IT 5 4D PFS #574% &\ 5 RiF 24
BATR SN, BEHREHFE LT2Gy T
SHEBEHFHATENTE Y, (LEERERBORD
BLYIMETELRVD, BELELREICTLTKE
(b EEORE ERET LR HRE S,
75 v ADRE, CCGDHKERL b ICHEICE
BIUVEREHENOHREEBDON o
34 ¥ 7- Finlay 512 & 2 KEILFEFEE RV
Head Start SREX T, HHIZ & 5 mortality 15 14%
b LARE, BEEOEHEY L5 EEDRIT
HbRTVEW Y,

3 BT OB ENBEFIC BV TREHRIEHRE
BIES¢5 BN TFERELETTHI QLI
LiZfFbhTwa, F72, BREECIILERED
AT SN B EE I X 55, Kieran b1, LKE
B bEREEOER L L TABHMROEE
R, EPLBRFEROERICEAHTHS
WEet (5% EORIEH) ZHEBLTNAD
(ISPNO 2006 8% & 1) ). SIOP D ERR#HER T
VCR, cyclophosphamide (CPM) , VP16 = 8fFi ¥ 5 L
T X v %, %7z HIT2000 O 3ER T i3 cisplatin+# VCR
B LU CBDCA+VPI6 MR SN THB Y, £DH
BIEF AR A. A TIL AE IZ ICE (IFOS,
cisplatin, VP16) FEMHAT S5 2 & b F A5,
FOMBIIEL P TLV. BREERICIKERE

.. (dormancy therapy) & L TEEERE D VP16 HIE

(50 mg/m%/day X 21 B /fcycle) A LN TEY,
Chamberlain i3 12 SIS LK I2x L PR2 6, SD
4B D JEEETEINEISI R AL R DESI TRO b,
FOMBRTHBEFERLIEHBEL TS,

IV. ERFEEE

1. THEDEE

BHIMEORER, EXMEBEOBETRY
JBLAMOARE 5T, PR F 1 pH KR
 EOEELRVREXOEFTORB, P
JEEADIEE L EDBEL IV THELL EE
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SEBIMGMT

TiEEEMGMT

7’»*MtDNA

N
</ fNH
NH N/)\NH.

0'-Alkylguanine

.
R-NH—O-I\IJ-CHzCHzCI
NO

Chioroethyl-nitrosourea

C—> nm

Mismatch

Fig. 4 OP-methylguanine-DNA methyltransferase (MGMT) confers resistance to chloroethylnitrosoureas (CENUSs) and temo-
zolomide (TMZ). CENUSs exert antitumor effects by alkylating guanine fesidues at their ©° position. MGMT stoichiometrically -
removes the alkyl adducts from alkylated guanines, thereby directly repairs O°-alkylguanine to normal DNA (quoted from Na-

gane M, et al: Mebio, 1993, pp107-113) (Ref *).

AHND. SOTH, I ERREEC SV
WTHAR B,

O Wl ERIEIC D

1) FEF O DOPEHTTE

MR~ O SEHIHER R X, 1980 E 2L D
ABCFF VAR—%— - 773V —-ZFEHDHEE

(2 & ) fRBEASEA, P-glycoprotein (P-gp) % mul-
tidrug resistance proteins (MRPs) 7 E28E k& %
S5TWa, ITNHLDEBIIR ATPEAH L HHED
AL B BEMAL 2 FORER T, 412 VCR, VP16
BT v a4 Fi ERREYFOHRER %
HEiltT 5 ATPIKFEHOR Y THRET RIEL, £
#$ 14 (multidrug resistance : MDR) D FH & %
LENTVE D, Pgp DRBIMEMMLEDON
Bl b b, BBB OE - AHRETF
ZLTwW5 '
P-gp A EHMERBIELSOHNKYERES
TORBEFRBENTWA D, Lo L, BElmE
BIE O ERRGIC BT, P-gp DRI L FHITH
DS FRERT 2 REDH ), TOERKIID
WTIRAHEOKRTPLETHS . MRPEHI
35t 9 D O isoform BEET 5 9. LRI
M5 AR S Tv A MRPL I, BUHMHERIE

No Shinkei Geka - 35 % 5% - 2007 45 A

THBERFHLPESIATVE Y. FRT7=F
VOISV AK—H —TH%MRP2I VCR R
cisplatin ®, ¥ 72 MRP3 id VP16 % methotrexate
(MTX) DHHIZOEESELTwEEEXLNTY
5.

2) DNA BIE#SEBDITE

FEMBLIC BT 5 DNABBE L, DNABE
BB LPERNCK T AEE R RET HER
LBEFTHDH. DNA BEHBEICIIMGMT 2L %
b ®, DNA 3 A~ v 51518 (DNA mismatch re-
pair, MMR) #%#, X 7 L 4 F FIREBEE (nucle-
otide excision repair, NER) 1% % &0 dH 5 27,
EAMRERIEIC L T#E &5 CENU ®° TMZ

DS HIC RIS ATV 0 1d MGMT & MMR

Th5.
. O°-methylguanine-DNA methyltransferase
(MGMT/AGT) CENU ® PCZ, TMZ 2 £'id,

" F & LTHMA DNA @ guanine 52D 0° 3R % 17

282

91z, CENU X7 V¥ V%, PCZR TMZ I3 A
FVERAIIL, O-alkylguanine (AG) & A\ id
Of-methylguanine (MG) % BT 5. 0-AGH <
& - AB# B 72 DNA §4 0 cytosine & 7RI T 3K
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B-actin o

Fig. 5 Correlation between promoter methylation
status and protein expression of the MGMT gene
in human glioma cell lines. Methylation-specific
PCR (MSP) analysis showing a positive unmethyl-
ated MGMT promoter PCR band in T98 and
SF188 cells which express MGMT protein.
B -actin blot is shown as an internal control of
protein expression. [Abbreviation) U: unmethyl-
ated, M: methylated.

(HR 0.45, p<0.001)

Probability of Overall Survival (%)
[4,]
o
!

. Methylated MGMT promoier

~
I

A

Fig. 6 Kaplan-Meier curve for survival of pa-
tients with glioblastoma stratified by the
MGMT promoter status (modified from Hegi
ME, Diserens AC, Gorlia T, Hamou MF, de Tri-
bolet N, Weller M, Kros JM, Hainfellner JA,
Mason W, Mariani L, Bromberg JE, Hau P,
Mirimanoff RO, Cairncross JG, Janzer RC,
Stupp R: MGMT gene silencing and benefit

20— Unmethylated from temozolomide in glioblastoma. N Engl J
10 MGMT promoter ™Sew Med 352: 997-1003, 2005 (items covered by
0 l —— r r r : grant of permission with The New Englend
0 6 12 18 24 30 36 42 Journal of Medicine)). Significant increase of
Months survival period with a hazard ratio of 0.45 in

the methylated MGMT promoter group.

JEH) % DNASA I 4 2 M ¥ 5. O°-MG i
DNA # 5.0 BR 12 thymine & 3 A< v F %&£ L,
DNA DZER AN HFE XN A, MGMT i3 BT 0
A OT NV FNELKEEL, DNA ZEREICET
LRI MGMT BB EAREL S NS5 BERERT
HY, b DNASEMB L IR DHEHERL
Tw5 (Fig. 4)54'45). ' '

DL ERDP S, MOMT EEME T ILE
. CENU ® TMZ DML LD EEZ HON 5.
MEBIE L R0, &R HEEMRED MGMT
EHHVIIEEEN ACNUHE L & CAHE
TBHIEPREINTVE Y, F-MEBEFR
EATIE 70% L. E 12 MGMT DRI ST

BhH o MGMT % HHIB L T\ 5 iR BIEE S

T, BECRHOESEREVROONL I LA
RENT Y. Esteller 53, MGMT Bz F 70 € —
& —SEIOD A F VALHT BCNU ~O St & A3
L, BT L2FHEAFELRAIEEHRE LN
oz, —RICEEFIOE-S -HEOR
BEXF VALY ZF DOBIZFORBR T IHT 5 epi-
genetic 7% BEFREHNBETHLI DD,
MGMT EB DERBICHET H TEEHEIZZ O
nTwa (Fig.5). A FNALDORBICITEE
methylation specific PCR (MSP) &4 ER &1 T
BYH, TMZ O#5F GBM 125+ % phase I #HER ©
TORFRIZGE LT, MGMT B F70E—4 —
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