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Abstract

Background/Aims: Ta identify the pyramidal tract by neuro-
navigation based on intraoperative diffusion-weighted im-
aging {iDWI) combined with subcortical stimulation, Meth-
ods: Seven patients with brain tumors near the deep white
matter underwent resection surgery using neuronavigation
based on iDWI! to visualize white matter bundles. Subcortical
electrical stimulation was performed and electromyography
was measured at the extremities when surgical manipula-
tion came near the position corresponding to the depicted
bundle, We validated the bundle depicted on iDWI by con-
sidering the responses to subcortical stimulation and the
distance between the stimulation site and the depicted bun-
dle. Results: Positive motor-evoked potentials were detect-
ed in 5 of 7 patients (8 stimulations) and the distance from
the stimulation site to the depicted bundle was 0-4.7 mm
{mean * 5D, 14 * 2.1 mm). Negative (no) responses were
obtained in all patients when the distance was more than
5 mm, The neuronavigation system had an average error of

0,76 + 0.25 mm and a maximum error of 2,0 mm (n = 16),
Conclusion: Neuronavigation based on IDWI combined with
subcortical stimulation allowed surgeons to identify the py-
ramidal tract and avoid inadvertent injury. Our findings
demonstrate that the white matter bundles depicted by
iDWI can contain the pyramidal tract.

Copyright © 2008 5, Karger AG, Basel

introduction

For resection surgery of brain tumors adjacent to deep
white matter, both maximal resection of the lesions and
the protection of functional tissues are crucially impor-
tant [1, 2]. Subcortical mapping, stimulating white matter
directly and monitoring neural response, is the most reli-
able method to localize functionally important white
matter bundles such as the pyramidal tract. However,
subcortical mapping cannot demonstrate the distance
and direction to the tract, although it can indicate if the
tract is near the stimulated position {3, 4]. For visualiza-
tion of the tract, diffusion-weighted imaging (DWT) and
diffusion-tensor imaging (DTI) techniques for fiber-
tracking have been investigated [5-7). These images have
been applied to studies incorporating the identification
of functionally important tracts with neuronavigation to
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ensure protection of the tracts [8-1 1]. Fiber-tracking can
differentiate and visualize major fiber tracts [12] and has
demonstrated clinical usefulness with good accuracy [10,
11, 13, 14], Howevet, it cannot always estimate correctly
the size of the tract because it cannot depict the tract cor-
rectly unless ROIs are set properly [13]. A case has been
veported in which the size of the pyramidal tract was un-
derestimated and surgical manipulation guided by neu-
ronavigation caused inadvertent complications {15} In
contrast, DWI visualizes not separate tracts but depicts
whole bundles running in a given plane, lowering the
possibility of underestimation of the tract’s size [5]. DWI
is obtained with a motion-probing gradient only to one
direction and visualizes the bundles as they do not re-
quire postprocessing.

The most direct method for validation of the depicted
bundle is to estimate the position of the tract with neuro-
navigation based on these images and to identify it with
subcortical stimulation [11, 14]. However, during neuro-
surgical procedures, brain displacement and deforma-
tion caused by the surgical manipulation, known as brain
shift, has significant effects on the accuracy of neuro-
navigation [16-18]. Therefore, validation by subcortical
mapping with updating of the navigation image by intra-
operative imaging should overcome these problems;
however, this has not been reported by other groups to
our knowledge {19, 30].

We have developed a neuronavigation system based on
intraoperative DW1 (iDW1) to preserve the important
tracts during neurosurgical procedures (20, 21]. T he sys-
tem minimizes the displacement between the tractimage
and the real position due to the surgical procedure by in-
corporating intraoperative DWI using intraoperative
MRI, resulting in more precise navigation. It is also ex-
pected that the combination of iDWI with subcortical
stimulation will allow accurate identification of the tract,
resulting in the protection of the patient’s motor function
while maximizing tumor resection.

The purpose of this stady was to identify the white
matter bundle containing the pyramidal tract by neuro-
navigation based on iDWI combined with subcortical
stimulation.

For resection surgery of brain tumors in the area of
deep white matter, neuronavigation based on iDWIcom-
bined with subcortical mapping was performed. Intraop-
erative imaging corrected the effect of brain shift and
DWI was used to avoid underestimation of the tract size.
The accuracy of the iDWT navigation system was vali-
dated with subcortical mapping,

Tdentification of the Pyramidal Tract

Materials and Methods

Patient Population

Seven patients with brain tamors near the deep white matter
(2 males, 5 females; 18 to 68, 44 * 17.5 years) gave writfen in-
formed consent after a full explanation of surgery incorporating
intraoperative MR, Histopathological examination showed the
tumors to be grade ITI, 1 = 2 (anaplastic astrocytoma and anaplas-
tic oligodendroglioma) and grade IV, n =5 (glioblastoma) on the
World Health Organization (WHO) system, Institutional author-
ities gave ethical approval for the intraoperative MRIL

Fatraaperative MR Imaging

We performed intraoperative imaging using a 0.3-T vertical
field MR scanner (AIRIS 11®, Hitachi Medical Co., Japan), in-
stalled in an operating theater, before and after tumor resection
after craniotomy for neuronavigation {17]. A head-holder inte-
grated with a radiofrequency receiver coil was used [20, 21}, Sur-
gical procedures were performed 1.5 m away from the MR scan-
ner and the surgical table with the patient was moved to the scan-
ner for MR imaging.

Intraoperative imaging included positioning, T,-weighted
imaging, T)-weighted imaging, shivvmning, DWI. TR/TE values
were 27/10 ms for Ty-weighted imaging and 1,000/140 ms for Ty
weighted imaging. DWI was obtained with a peripheral gated
multi-shot spin-echo DW echo-planar imaging sequence, TE,
1111 ms; matrix size, 100 X 92; field of view, 230 mum; slice thick-
ness, 8 mmy; slice number, 18; b value, 700 s/mm?, Delay was setat
300 ms to avoid artifacts due to pulsation {22]. Coronal sections
were acquired with a motion probing gradient applied in the an-
terior-to-posterior direction. Interleaved scanning was performed
three times to avoid interference between slices. The intraopera-
tive imaging time was about 25 min, including 10 min for DWL

Tract Navigation

MR images were DICOM-transferred to a navigation system
(PRS navi, Toshiba Co., Tokyo, Japan) and displayed [23]. To pro-
vide registration between the navigation coordinates and the spa-
tial coordinates, the surgeons fixed four markers (ALCARE Co.,,
Ltd,, Tokyo, Japan) on the skull around surgical field using a
pointer device with optical reflection spheres and located them
with a positioning system, For visualization of the pyramidal
tract, coronal DWI was displayed on the navigation screen in ad-
dition to T/ Ty-weighted images with three sections through the
tip of the pointer device [19]. Surgeons were aware of the spatial
relationship between the manipulated site and the tumor and per-
formed resection surgery using a microscope. In the vicinity of
the pyramidal tract, surgeons referred to IDWT to watch the spa-
tial relationship between the manipulated site and the tract. When
motor-evoked potentials (MEPs) wete detected by subcortical
stimulation around the bundle depicted on DWI, the distance
from stimulated position to the depicted bundle was measured by
{DWI navigation.

Neurophysiological Monitoring

For neurophysiological monitoring, M EPs and sensory-
evoked potentials (SEDs) were obtained during surgery. MEPs
were monitored transcranially using a MultiPulse Cortical Stim-
ulator D185 (Digitimer Ltd., Hertfordshire, UK) and transcorti-
cally for cortical mapping,. Electrode locations on the scalp were

Stereotact Funct Neurosurg 2009:87:18-24 19
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Fig. 1. Intraoperative MR axial images of a 37-year-old female
with an anaplastic astrocytama. Ty~ and Ti-weighted images (a,
b) before and (¢, d) after tumor resection, The separate regions in
the medial cavity with a high.signalin thé T-weighted image and
alowsignalin the T;-weighted image (arrowsywere part of dough-
nut-shaped marker put on the stimnlation position for MEPs of
the left lower extremity. The smali circle with a high signal (ar-
rowheads) in the T-weighted images and an iso-signal (arrow-
heads) in the Ty-weighted images was a fiducial marker,

3-C4 specified by the international 10-20 system. Electromyo-
grams were measured at the thenar muscle, the quadriceps femo-
ris muscle; the anterior tibial muscle and the gastroenemins mus-
cle on both sides. Stimulation conditions for transcranial MEP
were 600 V, 50 ps, 11 = 5. Subcortical direct electrical stimulation
was performed in deep white matter using a Model OGS-1 Oje-
mann Cortical Stimulator (Radionics, Burlington, Mass., USA)
with stimulation currents in the range 4-20 mA. While transcra-
nial or transcortical MEP monitoring was done intermittently
during surgery, subcortical MEP was done frequently near the
pyramidal tract,

Results

The white matter bundle containing the pyramidal
tract was clearly visualized in all 7 patients by iDWL In-
traoperative DWI allowed correction for the effect of
brain shift, including the shift of the bundle position
caused by the surgical procedure. Navigation based on

20 Stereotact Funct Neurosurg 2009;87:18-24

Flg. 2. Intraoperative MR coronal images of a 37-year-old female
with an anaplastic astrocytoma, Tz-weighted and DW images (a,
b) before and (¢, d) after tumor resection. DW images demon-
strated that the white matter bundles containing the pyramidal
tract(arrows) weredisplaced in the medial direction by the tumor
before resection but moved towards the normal position by up to
6.6 mum after resection. The stimulation position for MEPs of the
left lower extremity shown in figure 1b and d corresponds to the
position displayed by the central arrow in d.

iDWT allowed surgeons to visualize the spatial relation-
ship between the manipulated site and the bundle. Five
patients (eight stimulations) had positive responses of
MEPs on subcortical stimulation. The distance of the
stimulation site to the depicted bundle was 0~4.7 mm
(mean % SD, 1.4 £ 2.1 mmn) on neuronavigation. All pa-
tients had negative (no) responses when the distance was
more than 5 mm. The neuronavigation system had an
average error of 0.79 £ (.25 mm and a maximum error
of 2.0 mm (n = 16).

Patient 1

Patient 1 was a 37-year-old female with an anaplastic
astrocytoma, close to the corona radiata, from the right
frontal and parietal lobe to the insular cortex, The tumor
was displayed with high intensity in T,-weighted images
and with low intensity in T-weighted images after crani-
otomy. The intraoperative imaging showed it was mostly
resected (fig. 1), Although the white matter bundle in-
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Fig. 3. Navigation images based on intraoperative MR imaging of
a 37-yeat-old female with an anaplastic astrocytoma when MEPs
of the left lower extremity were obtained witha 7-mA stimulation

current, Tp-weighted hmages with (a) axial section, (b) vertical

section in the cranio-caudal direction and (c) horizontal section
and (d) coronal DW images. The stimulation site directed by a
crosshair cursor is displayed on the lateral boundary of the area
(arrows) containing the pyramidal tract with a high signal on the
DW imapges.

cluding the pyramidal tract was shown on iDWI to be
pressed strongly inward by the tumor mass before resec-
tion, it moved 6.6 mm towards the normal position after
resection (fig. 2). T-weighed images could not demon-
strate the position of the tract. Surgeons performed tu-
mor resection using neuronavigation based on the T;-
weighted images and were made aware of the distance
from the manipulated site to the tract by iDWI navigation
near the deep white matter. Subcortical stimulations
close to the pyramidal tract depicted on iDWTI resulted in
positive responses from the corner of the mouth and the
left lower extremity (fig. 3) witha7-mA stimulation cur-
rent, Both stimulated positions were displayed on the
outer boundary of the tract depicted with high intensity
on iDWI navigation. The area with a high intensity inthe
medial cavity on the Ty-weighted images and low inten-
sity on Tp-weighted images was a doughnut-shaped
marker put on the stimulated position where a positive

Identification of the Pyramidal Tract

Fig. 4. Navigation images based on intraoperative imaging of 2
61-year-old female with a glioblastoma when MEPs of the left low-
er extremity was obtained with a 6-mA stimulation current.aTs-
weighted axial images, and (b) DW coronal images after tumor
resection. The stimulation site directed by a crosshair cursor is
displayed in the lateral boundary of the tract (arrows) on the DW
image. ¢ Ty-weighted axial image, and d DW coronal image after
additional resection when MEDs of the left upper and Jower ex-
tremities were obtained with a 5-mA stimulation current. The
stimulation site directed by a crosshair cursor is displayed in the
medial boundary of the tract (arrows) on the DW image.

response was obtained (fig. 1). Resection was completed
with the functional tissue preserved.

Patient 2

Patient 2 was a 61-year-old female with a glioblastoma
from the right temporal lobe to the occipital lobe. After
tumor resection of the right temporal lobe, the intraop-
erative MR images demonstrated the complete resection
of the tumor and positive motor responses from the left
lower extremity were detected after subcortical stimula-
tion with a 6-mA curtent at the lateral boundary of the
pyramidal tract on navigation (fig. 4a, b). After tumor
resection from the occipital lobe to the basal ganglia, nav-
igation based on updating images described residual tu-
mor around the basal ganglia, leading to the continuation
of resection. Intraoperative DWI navigation showed that
the manipulated site was near the pyramidal tract and
surgeons performed the resection carefully with subcor-

Steveatact Funct Neurosurg 2009;87:18-24 21
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Fig. 5. Navigation images based on intraoperative MR imaging
of & 68-year-old female with a glioblastoina when a negative re-
sponse was obtained after subcortical stimulation, a Contrast-en-
hanced T;-weighted axial images. b DW coronalimage. The stim-
ulation site directed by a crosshair cursor was located 18.7 mm
away from the tract (arrows) on the DW image.

tical mapping. Positive responses from the left upper and
lower extremities were detected with a 5-mA stimulation
current at the medial boundary of the pyramidal tract,
leading to completion of resection (fig. 4c, d).

Patient 3

Patient 3 was a 68-year-old female with a glioblastoma
in the right temporal lobe. After tumor resection, navi-
gation based on intraoperative contrast-enhanced T;-
weighted images demonstrated residual tumor and the
surgeon continued resection monitoring transcranial
MEPs. No response was detected after subcortical stimu-
lation 18.7 mm away from the pyramidal tract near the
thalamus on iDWT navigation.

Discussion

For tumor resection surgery around deep white mat-
ter, localization and identification of the pyramidal tract
is needed to protect the motor function of the patient. In
our study, neuronavigation based on iDWI depicting
white matter bundles containing the pyramidal tract al-
lowed surgeons to understand intuitively the spatial rela-
tionship between the manipulated site and the position
and orientation of the tract. The combination of neuro-
navigation with subcortical mapping allowed for the
identification of the tract, and resulted in the avoidance
of inadvertent injury of the tract. Positive motor respons-
es were detected by subcortical stimulation at both the
lateral and medial boundary of the tract in patient 2. Al-

22 Stereotact Funct Neurosurg 2009;87:18-24

though surgeons incorrectly assumed that the manipu-
lated site was well separated from the pyramidal tract in
this patient, neuronavigation based on iDWI allowed
surgeons to ascertain that the surgery site was close to the
medial boundary of the tract, leading to positive respons-
es from left upper and lower extremities after subcortical
stimulation. Without the use of iDWI navigation, it is
likely that the tract would have been injured in this pa-
tient.

Validation of depicted white matter bundles using a
combination of neuronavigation with subcortical stimu-
lation should be straightforward. However, displacement
between the image and the real position is caused by
brain shift during surgery. In this study, intraoperative
imaging corrected the effects of brain shift and the com-
bination allowed for image validation. For positive MEPs,
the distance from the stimulated site to the tract on the
DW image was 0-4.7 mm (1.4 * 2.1 mm), while negative
(no) responses were obtained when the distance was more
than 5 mm, The displacement in a right-to-left direction
between the DW image and the T;-weighted image was
1.2 mm in the cortical surface (to the midline) [21] and
the accuracy of the navigation system was 0.79 mm, giv-
ing a navigation accuracy of about 2 mm with intraop-
erative DW imaging, The navigation accuracy with intra-
operative DW imaging was estimated like this instead of
actual measurement [24] because the DW imaging did
not have enough contrast of fiducial marker due to large
slice thickness of 8 mm, Electrical stimulation operates
over a distance around 5 mm; therefore, although our
study had a limited number of cases, we have shown that
the tracts depicted by DW imaging can contain the pyra-
midal tract.

The tract depicted on iDWI was not the pyramidal
tract itself, but major white matter bundles in the deep
area. With application of the MPG pulse along the an-
teropostetior direction, the contrasting of the pyramidal
tract, which is running craniocaudally, was enhanced
due to suppression of the signal of the other white matter
tracts, such as superior longitudinal fasciculus, which are
running anteroposteriorly. The DWI in our study cannot
differentiate each tract. As shown in figure 2b, the tract
may not be differentiated in DW images from lesions or
edema close to the tract. Multiple DW images with mo-
tion probe gradients can differentiate the tract from le-
sions or edema [5]. For visualization of each tract, fiber-
tracking [11-13] and a directional color map [25] based
on DT imaging would be useful.

Kamada et al. [11] validated tract depiction using a
combination of 1.5T fiber-tracking with subcortical stim-
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ulation. Okada et al. [14] combined 3T fiber-tracking
with subcortical stimulation. However, it is difficult to
determine accurately the tract position using navigation
based on preoperative fiber-tracking because the naviga-
tion is affected by brain shift in both the deep white mat-
ter and the cortex [18]. Evaluation based on intraopera-
tive imaging requires discussion. Kinoshita et al. [15]
found displacement between the position of the pyrami-
dal tract determined by fiber-tracking in 1.5-T MR and
the position determined by subcortical stimulations giv-
ing positive responses and concluded that fiber-tracking
cannot estimate accurately the size of the tract. Visualiza-
tion of the tract using fiber-tracking depends on user-de-
fined processes such as setting of seed ROIs and target
ROIs. The combination of iDWI-based navigation with
subcortical stimulation is a direct validation because of
the correcting of brain shift effects and requiring no
postprocessing. There have been trials using 3-T MR for
intraoperative imaging, allowing the collection of images
with high SNR in short acquisition times [26]. However,
EPI for DWI or DTI can cause image distortion due to
susceptibility artifacts, leading to positional errors on
navigation.

A combination of iDWI with subcortical stimulation
can be used to predict the position of the pyramidal tract
and identify it for protection of motor function during
tumor resection surgery in deep white matter. Intraop-
erative DWI navigation can display visually the position-
al relationship between the manipulated site and the tract
and call the neurosurgeon’s attention to potential prob~
lems. Displaying the tract and lesions separated with col-
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Abstract

The present study evaluated the shift of the pyramidal tract during resection of 17 proximal intraaxial

brain tumors, In each case intraoperative
motion-probing gradient applied in the

diffusion-weighted (iDW) magnetic resonance imaging with a
anteroposterior direction was performed using a scanner with a

0.8 T vertical magnetic field. The position of the white matter bundles containing the pyramidal tract

was estimated on the coronal images before and after resection of the neoplasm,
and directional evaluation of its displacement was done.

and both quantitative
In all cases iDW imaging provided visualiza-

tion of the structure of interest. The magnitude of the pyramidal tract displacement due to removal of

the neoplasm varied from 0.5 to 8.7 mm {mean 4.

4 + 2.5 mm) on the lesion side and from 0 to 3.6 mm

(mean 1.3 + 1.1 mm) on the normal side (p < 0.001), Tumor location in regards to the pyramidal tract

was significantly associated with the

direction of the pyramidal tract displacement (p < 0.05). Qutward
shift occurred in 10 out of 13 cases of the lateral neoplasms,

whereas in all 4 superomedial tumors in-

ward shift was marked. In conclusion, the direction of the pyramidal tract displacement during resec-

tion of the proximal intraaxial brain tumors is mainly determined by position of the neoplasm,

but can

be unpredictable in some cases, which necessitates use of subcortical brain mapping and intraoperative
imaging, particularly iDW imaging with updated neuronavigation,

Key words: brain shift, pyramidal tract, functional mapping,
diffusion-weighted magnetic resonance imaging, {ntraoperative magnetic resonance imaging,

neuronavigation

Introduction

Identification of the pyramidal tract is extremely im-
portant to protect motor function during resection
of brain tumor in the proximal structures. Function-
al mapping using electrical stimulation can identify
the nerve fiber locally, but cannot visualize the posi-
tion and course of the fiber tract.??% Diffusion-
weighted (DW)? and diffusion tensor (DT) magnetic
resonance (MR) imaging?? can depict the course of
the major fiber tracts and are widely used for surgi-
cal planning and neurosurgical navigation.

Received March 11, 2008;  Accepted October 15,
2008
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However, brain displacement and deformation,
known as “brain shift,” may cause discrepancies
between the image and the true brain position,®11*3

Color-coded fractional anisotropy (FA) is a tech-
nique to visualize fiber tracts running in the
mediolateral, craniocaudal, and anteroposterior
directions as different colors, commonly red, blue,
and green. However, the color of each tract can be
abnormal in intraoperative color-coded FA, and
may appear disorientating because the patient’s
head is usually fixed facing to the right or left, de-
pending on the position of the lesion. In addition,
the visibility of fiber tracking depends on the size
and the position of the user-defined seed point,” and
may not estimate correctly the size of the tract®

~ 847 ~
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Coronal DW imaging with a motion-probing
gradient applied to the anteroposterior direction can
display white matter bundles containing the pyrami-
dal tract.*” Such DW imaging does not need post-
processing and the visibility of the tract does not
depend on user choices.

[n the present study intraoperative DW (iDW) MR
imaging was used for quantitative and directional
evaluation of the displacement of the pyramidal
tract during resection of the proximal intraaxial
brain tumors.

Materials and Methods

Study was done in 7 male and 10 female patients
aged from 18 to 68 years (mean 42.8 + 15.1 years),
who underwent surgery for intraaxial brain tumor
located in the vicinity to the pyramidal tract. There
were 2 oligodendrogliomas (World Health Organiza-
tion [WHO] grade 1), 5 anaplastic astrocytomas and
2 anaplastic oligodendrogliomas (WHO grade I11), 6
glioblastomas (WHO grade 1V), metastatic carcino-
ma and cavernous malformation (one case each). Ac-
cording to the relation of the tumor to the pyramidal
tract as was estimated on preoperative imaging all
neoplasms were divided into two groups: lateral, lo-
cated in the temporal lobe, lateral part of the frontal
and parietal lobes, insula and putamen (13 cases);
and superomedial, located in the posteromedial part
of the frontal lobe and medial part of the parietal
lobe (4 cases). Use of iDW imaging during surgery
for intracranial neoplasms was approved by respon-
sible authprities of the Department of Neurosurgery
of the Tokyo Women’s Medical University. Before
operative procedure all patients were fully informed

about nuances of their treatment with the use of in~

traoperative MR (iMR) imaging and provided a
signed consent,

The main principles of the surgical management
of parenchymal brain tumors in the Intelligent
Operating Theater of the Tokyo Women’s Medical
University had been provided in details elsewhere. 1
iMR imaging was performed with the use of 0.3 T
vertical magnetic field scanner (AIRIS 1I®; Hitachi
Medical Corp., Tokyo), which provides a maximum
gradient field of 15mT/m and through rate of
17.6 T/m/sec.® An original radiofrequency receiver
coil integrated with a modified Sugita head
holder (Head-holder coil; Mizuho Ltd., Tokyo) was
used.'”!" During routine procedure iMR imaging
was usually performed at least twice: after
craniotomy and completeness of the approach to the
tumor and after resection of the neoplasm. If addi-
tional removal of the lesion is required iMR imaging
investigation was repeated.,

In the present study intraoperative imaging pro-
tocol included T,weighted imaging, T,-weighted
imaging with contrast medium, additional shim-
ming and DW imaging. The latter was done in
coronal plane using peripheral-gated multi-shot DW
spin-echo echo-planar imaging sequence with echo
time 111.1 msec, matrix size 100 X 92, field of view
250 mm, slice thickness 8 mm, slice interval 3 mm,
slice number 18, and b-value 700 sec/mm?. The delay
time was set at 300 msec to prevent pulsatile ar-
tifacts.”? A motion-probing gradient was applied in
the anteroposterior direction, iDW imaging was per-
formed as three interleaved scans to prevent slice in-
terference. The total scan time was about 25 minutes
including 10 minutes for DW imaging.

The quantitative and directional evaluation of the
displacement of the white matter bundle containing
the pyramidal tract was done by comparison of its
position on coronal iDW imaging before and after
rosection of the neoplasm both on the lesion and
normal sides. The maximum displacement between
the medial position of the tract contour segmented
manually in the direction vertical to the
craniocaudal axis from the vertex to the middle of
midbrain was measured. To mark the shift of the
tract positive and negative values were given if its
displacement was directed outward and inward,
respectively.

A two-tailed t-test and chi-square test with
continuity correction were used for statistical analy-
sis, The level of significance was determined at
p < 0.05.

Results

In all cases of the present series iDW imaging
demonstrated the white matter bundle containing
the pyramidal tract both before and after tumor
resection (Fig. 1), While image artifacts in the echo-
planar sequence caused by brain fixation pins and
susceptibility artifacts on the tissue-air interface
were not uncommon, those were localized on the
brain surface and did not interfere with visualiza-
tion of the deep white matter structures.

The magnitude of the pyramidal tract displace-
ment due to tumor resection varied from 0.5 to 8.7
mm (mean 4.4 * 2.5 mm) on the leslon side and
from 0 to 3.6 mm (mean 1.3 + 1.1 mm) on the nor-
mal side (p < 0.001). On the lesion side the outward
and inward displacements of the tract were noted in
10 and 7 cases, respectively. On the normal side the
outward and inward displacements of the tract were
noted in 9 and 6 cases, respectively, whereas in 2
cases tract displacement was not identified. The
range of the shift varied from —8.0 to +8.7 mm on
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Fig. 1 Serial coronal intraoperative diffusion-

weighted magnetic resonance images (from
1 to 6) at 3-mm slice intervals before resec-
tion of the left frontotemporal glioblastoma.
The white matter bundle containing the py-
ramidal tract is strongly compressed by the
tumor and shifted inwards. The spatial in-
terrelationship between the neoplasm and
the tract is clearly demonstrated.

Fig. 2 Coronal intraoperative diffusion-weighted

(left column) and postcontrast T,-weighted
magnetic resonance images (right column)
before (upper row) and after resection of the
left frontotemporal glioblastoma (lower
row). Removal of the neoplasm was accom-
panied by outward displacement (maximum
4.8 mm) of the white matter bundle contain-
ing the pyramidal tract, Note that T,-weight-
ed images clearly demonstrate the position
and size of the tumor, but not the pyramidal
tract.

Neurol Med Chir (Tokyo) 49, February, 2009

Fig. 3 Coronal intraoperative diffusion-weighted
(left column) and Tweighted magnetic
resonance images (right column) before (up-
per row) and after resection of the frontal
lobe glioblastoma (lower row). The white
matter bundle containing the pyramidal
tract was shifted laterally by the su-
peromedial tumor, whereas removal of the
neoplasm was accompanied by its inward
displacement (maximum 2.7 mm). The max-
imum displacement was measured batween
the medial position of the tract contour {ar-
rows) segmented manually on the diffusion-
weighted images before and after resection,
in the direction vertical to the craniocaudal
axis from the vertex to the center of the mid-
brain. Note that T,-weighted images demon-
strate only hypointense tumor and resection
cavity, but not the pyramidal tract,

the lesion side and from —3.0 to +3.6 mm on the
normal side.

In the group of lateral neoplasms the magnitude of
the pyramidal tract displacement due to tumor
tesection varied from 1.5 to 8.7 mm (mean 4.8 £ 2,2
mm). Outward tract displacement was marked in 10
out of 13 cases (Fig. 2). The inward shift was ob-
served in 3 cases and was caused either by fenesira-
tion of the lateral ventricle, or by anterolateral or
posterolateral tumor position in relation to the py-
ramidal tract. The range of the shift varied from
—4.5 to +8.7 mm,

In the group of superomedial neoplasms the mag-
nitude of the pyramidal tract displacement due to
tumoy resection varied from 0.5 to 8.0 mm (mean 3.3
+ 3.3 mm). In all 4 cases inward shift of the tract
was observed (Fig. 3). The range of the shift varied
from —8.0to —0.5 mm. Comparison of two defined
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groups of neoplasms did not reveal statistically sig-
nificant difference of the magnitude of the pyrami-
dal tract displacement dus to tumor resection, but its
direction was significantly different (p < 0.05).

Discussion

The present study showed that iDW imaging with a
low field scanner could clearly visualize the white
matter bundle containing the pyramidal tract and al-
low measurement of the displacement during resec-
tion surgery. Although visualization of the white
matter bundle using iDW imaging was not always
enough clear in cases which had edema around the
lesions, identification of the bundle and evaluation
of the shift was able to be performed. Bello et al.
reported that many low grade gliomas can include
the tracts inside, which are different from that of
high grade gliomas.” iDW imaging did not have
enough image contrast and resaolution to demon-
strate if the bundle runs through the lesions. iDW
imaging did not depend on the orientation of the
patient's head or user-defined processes, in contrast
to color-coded FA and fiber tracking with DT imag-
ing.

Our study using DW imaging estimated the shift of
the white matter bundles containing the pyramidal
tract and not the shift of the tract. Color-coded FA
based on DT imaging was previously used to evalu-
ate the white matter bundles.!*'s These methods are
less likely to underestimate the (ract size. Fiber
tracking would be useful for evaluation of the shift
of the tract and the course of the tract,? but may
underestimate the size of the tract. In either case,
validation of the tract depicted on the images is re-
quired. Simultaneous confirmation of the tract posi-
tion using subcortical stimulation and neurenaviga-
tion would provide such validation.2'® Intraopera-
tive imaging would facilitate correct validation
without the effect of brain shift.’9

White matter bundle shift was previously meas-
ured as —8 to + 15 mm (+2.7 + 6.0 mm]) in 37 cases
of glioma surgery and the direction was unpredicta-
ble.’® In our study, outward shift occurred in 10 of
13 cases of lateral lesions and inward shift occurred
in all 4 cases of superomedial lesions. Decreased
compression caused by the lesion apparently result-
ed in shift of the tract. Unexpected inward shift for
lateral lesions occurred in a case with cerebrospinal
fluid leakage from the cerebral ventricle and in two
cases in which the lesion compressed the tract from
the anterolateral or posterolateral side. Therefore,
the direction of tract shift was unpredictable, but
mainly depended on the location of the lesion.
Localization of the tract based only on preoperative

images or surgeon’s experience may result in false
recognition of the tract. Therefore, identification of
the tract using intraoperative imaging and subcorti-
cal mapping is essential.

The present study measured a mean displacement
of 4.4 mm for the tract shift, which is not negligible
during neurosurgery near eloquent regions. Such a
shilt may affect the accuracy of neuronavigation
with fiber tracking scquired preoperatively. The py-
ramidal tract depicted by preoperative fiber tracking
showed a considerable discrepancy with the find-
ings of infraoperative subcortical white matter
stimulation, suggesting that the size of the tidct was
not estimated correctly under pathological condi-
tions.¥ The discrepancy between the apparent and
actual positions depends on the resolution and dis-
tortion of the DT image,*” and the procedures of
fiber tracking such as setting seed regions of in-
terest.” In addition, brain shift increases the posi-

tional error during neurosurgery as shown in our

study. The direction of tract shift was unexpected in
some cases. Therefore, image updating is needed
during surgical procedures, The risk of positional er-
ror could be reduced by sefting safety margins
around the depicted tract, which could be displayed
in color on the DW imdges to guide the surgeon, %20
Neuronavigation integrated with auditory feedback
would be effective to prevent surgical manipulation
within the safety margin 202

[n conclusion, comparison of iDW imaging before

-and after tumer resection demonstrated considera-

ble shift of the white matter bundles containing the
pyramidal tract during neurosurgery in the eloguent
area. The direction of tract shift mainly depended on
the position of the lesion, but was unpredictable in
some cases. These findings can be obtained only by
iMR imaging and will benefit all nsurosurgeons, in-
cluding those not using such a system. Neuronaviga-
tion with intraoperative updating of DW imaging
not requiring post-processing has the potential to
protect functional areas during surgery to resect
deep white matter lesions.

Acknowledgments

The authors are grateful to Dr., Mikhail Chernov
(Tokyo Women's Medical University) for his invalu-
able advice and help with preparation of the
manuseript.

This work was supported by the Program for
Promoting the Establishment of Strategic Research
Centers, Special Coordination Funds for Promoting
Science and Technology, Ministry of Education,
Culture; Sports, Science and Technology {Japan).
Additional support was provided by the Industrial

Neurol Med Chir (Tokyo) 49, February, 2009

~ 850 ~




Intraoperative Shift of the Pyramidal Tract 55

Technology Research Grant Program in 2000-2005
(A45003a) from the New Energy and Industrial
Technology Development Organization of Japan to
Dr. Yoshihiro Muragaki.

2)

4)

5)

6)

7)

10)

References

Bello L, Gambini A, Castellano A, Carrabba G, Acerbi
F, Fava E, Giussani G, Cadioli M, Blasi V, Casavotti
A, Papagno C, Gupta AK, Gaini S, Scotti G, Falini A:
Motor and langnage DTI Fiber Tracking combined
with intraoperative subcortical mapping for surgical
removal of gliomas. Neuroimage 39: 369-382, 2008
Berman ]I, Berger MS, Mukherjse P, Henry RG:
Diffusion-tensor imaging-guided tracking of fibers of
the pyramidal tract combined with intraoperative
cortical stimulation mapping in patients with glio-
mas, ] Neurosurg 101: 66-72, 2004

Clark CA, Barrick TR, Murphy MM, Bell BA: White
matter fiber tracking in patients with space-occupy-
ing lesions of the brain: a new technique for neu-
rosurgical planning? Neuroimage 20: 1601-1608,
2003

Coenen VA, Krings T, Axer H, Weidemann |, Kréin-
zlein H, Hans FJ, Thron A, Gilsbach ]M, Rohde V: In.
traoperative three-dimensional visualization of the
pyramidal tract in a neuronavigation system (PTV)
religbly predicts true position of principal motor
pathways. Surg Neurol 60: 381-380, 2003

Dorward NL, Alberti O, Velani B, Garritsen FA,
Harkness WF, Kitchen ND, Thomas DG: Postimaging
brain distortion: magnitude, correlates, and impact
on neuronavigation. ] Neurosurg 88: 656-662, 1698
Iseki H, Muragaki Y, Nakamure R, Ozawa N,
Taniguchi H, Hori T, Takakura K: Intelligent operat-
ing theater using intraoperative open-MRIL. Magn Re-
son Med Sci 4: 129-136, 2005

jiang H, Golay X, van Zijl PC, Mori S: Origin and
minimization of vesidual motion-related artifacts in
navigater-corvected segmented diffusion-weighted
EPl of the human brain, Magn Reson Med 47
818-822, 2002

Kinoshita M, Yamada K, Hashimoto N, Kato A,
Izumoto §, Baba T, Maruno M, Nishimura T, Yoshi-
mine T: Fiher-tracking does not accurately estimate
size of fiber bundle in pathological condition: initial
neurosurgical experience using neuronavigation and
subcortical white matter stimulation. Neuroimage 25:
424-429, 2005

Krings T, Reinges MH, Thiex R, Gilshach JM, Thron
A: Functional and diffusion-weighted magnetic
resonance images of space-occupying lesions affect-
ing the motor system: imaging the motor cortex and
pyramidal tracts. ] Neurosurg 95: 818-824, 2001
Muragaki Y, Iseki H, Maruyama T, Kawamata T, Ya-
mane F, Nakamura R, Kubo O, Takakura K, Hori T:
Usefulness of intraoperative magnetic resonance im-
aging for glioma surgery. Acta Neurochir Suppl 98:
67-75, 2006

I\}eurol Med Chir (Tokyo) 49, February, 2009

11}

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

23)

~ 851~

Nabavi A, Black PM, Gering DT, Westin CF, Mehta
V, Pergolizzi RS Jr, Ferrant M, Warfiald SK, Hata N,
Schwartz RE, Wells WM 3rd, Kikinis R, Jolesz FA:
Serial intraoperative magnetic resonance imaging of
brain shift. Neurosurgery 48: 787-797, 2001

Nimsky C, Ganslandt O, Cerny 8, Hastreiter P, Grein-
er G, Fahlbusch R: Quantification of, visualization of,
and compensation for brain shift using intracpera-
tive magnetic resonance imaging. Neurosurgery 47:
1070-1079, 2000

Nimsky C, Ganslandt O, Enders F, Boosz A, Fah-
Ibusch R, Buchfelder M: Safsty margins in fiber tract
navigation. Presented at Deutschen Gesellschaft fiir
Neurochirurgie; May 11-14, 2006; Essen, Germany
Nimsky C, Ganslandt O, Hastreiter P, Wang R, Ben-
ner T, Sorensen AG, Fahlbusch R: Preoperative and
intraoperative diffusion tensor imaging-based fibar
tracking in glioma surgery, Neurosurgery G56:
130-137, 2005

Nimsky G, Ganslandt O, Hastreiter P, Wang R, Ben-
ner T, Sorensen AG, Fahlbusch R: Intraoperative
diffusion-tensor MR imaging: shifting of white mat-
ter tracts during neurosurgical procedures — initial
experience. Radiology 234: 218-225, 2005

Okada T, Mikuni N, Miki Y, Kikuta K, Urayama 5,
Hanakawa T, Fushimi Y, Yamamoto A, Kanageki M,
Fukuyama H, Hashimoto N, Togashi K: Corticospi-
nal tract localization: integration of diffusion-tensor
tractography at 3-T MR imaging with intraoperative
white matter stimulation mapping —preliminary
vesults., Radiclogy 240: 849-857, 2006

Ozawa N, Muragaki Y, Nakamura R, Iseki H: In-
traoperative diffusion-weighted imaging for visuali-
zation of the pyramidal tracts. Part It pre-clinical vali-
dation of the scanning protocol. Minim Invasive Neu-
rosurg 51; 63~66, 2008

Ozawa N, Muragaki Y, Nakamura R, Iseki H: In-
traoperative diffusion-weighted imaging for visuali-
zation of the pyramidal tracts. Part 1L clinical study
of usefulnsess and efficacy. Minim Invasive Neurosurg
51: 67-71, 2008

Ozawa N, Muragaki Y, Shirakawa H, Suzukawa H,
Nakamura R, Iseki H: Pyramidal tract navigation
based on diffusion weighted imaging updated by in-
traoperative open MRI, in: Proceedings of the 13th
Annual Meeting of ISMRM; May 7-13, 2005; Miami,
Fla, USA. Abstract 2155

Ozawa N, Muragaki Y, Suzukawa H, Nakemura R,
Iseki H: Pyramida} tract navigation based on in-
traoperative diffusion-weighted imaging; sound navi-
gation using the fiber tract margin, in: International
Journal of Computer Assisted Radiology and Surgery 1
{(Suppl 1): 488, 20086

Pajevic S, Pierpaoli C: Color schemes to represent the
arientation of anisotropic tissues from diffusion ten-
sor data: application to white matter fiber tract map-
ping in the human brain. Magn Reson Med 42:
526-540, 1999

Rohde GK, Barnett AS, Basser PJ, Marenco S, Pier-



56 N. Ozawa et al.

paoli C: Comprehensive approach for correction of
motion and distortion in diffusion-weighted MRIL
Magn Reson Med 51: 103-114, 2004

23) Willems PW, Noordmans HJ, van Overbeske J], Vier-
gever MA, Tulleken CA, van der Sprenkel JW: The
impact of auditory feedback on neuronavigation.
Acta Neurochir (Wien) 147; 167-173, 2005

24) Waoolsey CN, Erickson TC, Gilson WE: Locelization
in somatic sensory and motor areas of human
cersbral cortex as determined by direct recording of
evoked potentials and selectrical stimulation, ] Neu-
rosurg 51; 476-506, 1979

25} Yamada K, Kizu O, Mori 8, Ito H, Nakamura H, Yuen
S, Kubota T, Tanaka O, Akada W, Sasajima H,
Mineura K, Nishimura T: Brain fiber tracking with
clinically feasible diffusion-tensor MR imaging: ini-
tial experience. Radiology 227: 285-301, 2003

26) Yingling CD, Ojemann S, Dodson B, Harrington M]J,
Berger MS: ldentification of motar pathways during
tumor surgery facilitated by multichannel elec-
tromyographic recording, ] Neurosurg 91: 922-827,
1690

Address reprint requests to: Yoshihiro Muragaki, M.D,,
Faculty of Advanced Techno-Surgery, Institute of
Advanced Biomedical Engineering and Science,
Graduate School of Medicine, Tokyo Women's Medi-
cal University, 8-1 Kawada-cho, Shinjuku-ku,
Tokyo 162-8668, Japan.

e-mail; ymuragaki@abmss.twmu.ac.jp

Commentary

The authors address a matter that is very important
and up to date. Intraoperative imaging, in brain
tumor surgery, has recently attracted the attention
and oriented the work of several surgeons, with the
double aim of more radically resecting neoplasms,
and of avoiding additional damage to cortical elo-
quent areas and subcortical functional tracts. Dr. Oza-
wa and coworkers demonstrate, in this paper, that the
pyramidal and other motor tracts shift significantly
after resection of the tumors; thersfore, as other

authors suggest as well, the new more superficial posi-
tion may expose the tracts to inadvertent surgical
damage. One of the most interesting resulis is that the
displacement of the tracts may be unpredictable in
some cases, even though in most instances the posi-
tion of the neoplasm determines the direction of the
shift. To resolve this problem, the authors suggest to
update the navigation with intraoperative imaging,
and this is certainly effective. The other possibility is
to couple unatomical mapping with functional neu-
rophysiological monitoring, as it is done in some neu-
rosurgical centers {see for instance Bello et al., Neu-
roimage 2008, as quoted by the authors). In my opin-
ion, only neurophysiological monitoring is not
sufficient to solve the question, but coupled with ana-
tomical MRI mapping may achieve the best resulis.
Alessandro DucaTi, M.D.
Ordinario di Neurochirurgia
Universita’ di Torino
Torino, Italy

Ozawa and collaborators present magnetic resonance
findings in patients with tumors near the pyramidal
tract before and after surgical removal of the tumor.
They depict the morphological pathway of the pyram-
idal tract with intraoperative diffusion-weighted im-
aging techniques using a vertical 0.3 tesla mugnetic
field scanner. With great diligence the authors ana-
lyzed the space occupying effect of the tumor and the
subsequent effect of its removal, The images present-
ed are convincing, as they clearly show the change of
the displacement before and after surgery. Although
we are not told the clinical outcome, this paper un-
doubtedly is a significant further step in avoiding le-
sions to functionally highly important structures dur-
ing tumor surgery. The authors are to be congratulat-
ed on their work, Further progress is to be expected
from further advancement of imaging prior to and
during our surgical procedures.
Raimund FIsscHING, M.D,, L.R.C.P., M.R.C.S.
Klinik fiir Neurochirurgie
Otto-van-Guericke-Universitit
Magdeburg, Germany
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Assessment of Effect and T oxicity of Temozolomide Combined with Radiation

Therapy for Newly-Diagnosed Glioblastoma in Japan
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Objective: Temozolomide has been used since 1
used in Japan for 3 years, resulting in a lack of sufficient ¢

600 in North America and Europe. {lowever, it has been
fficacy and toxicity data for Japanese. We summarized

the result of temozolomide treatment in our institute, focusing on toxicity. Methods: The 26 newly-diagnosed
gliohlastoma patients with concomitant and adjuvant radiation and temozolormide were included. Adverse

events, overall survival and prograssiondfree survival were assessed, Results: The median age was §7 years old

and 66% were men. The overall and the progression

#ree survival were 188 months and 10.3 months, respec-

tively. Adverse events of grade 3 and higher were observed in 23% of the patients, if hematologic toxicity was

evaluated by leukopenia, Lymphopenia was seen in 35%.

resulting in all adverse events seen being 46%. T hree

had severe gastrointestinal toxicity and four showed mental toxicity, Almost all patients suffered mild constipa-
tion (grade 2), There was no incidence of Prewmocystis pneurnonia. Conclusion: Qur incidence of adverse events
of grade 3 and higher seemed comparable to other reports, Severe gastrointestinal toxicity or mental toxicity
was not reported before. Considering racial/ethnie difference of reaction to the deugs, caflecting 2nd sharing data

from Japanese patients will be necessary.

Key words: brain tumor, toxicities, Japanese, G1 bleeding, depression

Introduction

Malignant gliomas in general are considered to
have poor prognoses. In particular, the most malig-
nant type, glioblastoma, shows only 12 mouaths of
median survival time even with surgical resection,
radiation therapy and chemotherapy.

Since the 1970s, a number of chemptherapeutic
agents have been introduced to treat malignant
gliomas, such as nitrosoureas (lomustine: CCNU, ni-
mustine: ACNU, carmustine wafers: BCNU), car-
boplatin, cisplatin, etoposide, procarbazine, vincris-
tine and so on. However, therapeutic effects of
those agents had been insignificant. After the intro-
duction of those agents. no agent for gliomas was

clinically approved for 20 years and finally, an oral
alkylating agent. temozolomide {TMZ), was ap-
proved in North America and Europe. Then in 2005,
it was first proven effective to malignant gliomas in
the multi-centered phase I studies by the Euro-
pean Organization for Research and Treatment of
Cancer (EORTC) and the National Cancer Institute
of Canada (NCIC)".

Suhsequently, TMZ was approved for clinical ap-
plication in Japan in September 2006 for malignant
gliomas after clinical trial for vecurrent grade III
gliomas in Japan and also hased on the results of
clinical evidences in North America and Europe, At
that time, the clinical trials were performed for re-
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current patients based on the adjuvant therapeutic
protocol by Stupp et al (6 days TMZ on, 23 days off),
and patients suffered little toxicity. However,
Stupp's concomitant therapeutic protocol for newly
diagnosed cases assigned a different dosage; 42
days consecutive administration of TMZ along with
concornitant vadiation therapy, followed by an adju-
vant protocol of 6 courses of 5 days with TMZ on,
23 days without. The whole initial therapy seemed
to show stronger toxicity,

We have treated 26 newly-diagnosed Japanese
glioblastoma patients with TMZ based on Stupp's
protocol and observed adverse events of grade 3
and higher for 23% of the patients. A not insignifi-
cant number of patients suffered from severe gas-
trointestinal (GI) toxicity and/or mood alteration
that featured a depressive state, There has been no
report on racial/ethnic variation of the toxicity of
TMZ and we felt it important to report on toxicities
that might to be distinctive to Japanese patients,

Patients and Methods

1. Patients

All the patients, who were newly diagnosed with
glioblastoma ([ World Health Organization (WHO)
grade IV astrocytoma) by their surgical specimens
or clinical/radiological manifestations in the Tokyo
Women's Medical University from September 2008
through March 2008, and who were treated with
the standard radiotherapy plus concomitant daily
TMZ followed by the adjuvant regimen according
to the EORTC/NCIC protocol, were included in this
study.

2. Treatment

The patients received temozolomide according to
the EORTC/NCIC protocol of concomitant and ad-
juvant temozolomide: the concomitant chemother-
apy consisted of temozolomide at a dose of 75 mg
per square meter per day, given 7 days per week
from the first day of radiotherapy until the last day
of radiotherapy, but for no longer than 49 days. Af.
ter a 4 weeks break, the patients were then to re-
celve adjuvant temozolomide according to the stan-
dard 5 days schedule every 28 days. The dose was
150 mg per square meter for the first cycle and was
increased to 200 mg per square meter beginning
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with the second cycle, so long as there were no se-
vere toxic effects.

Radiotherapy consisted of fractionated focal irra-
diation at a dose of 2 Gy per fraction given once
daily 5 days per week (Monday through Friday)
over a period of 6 weeks, for a total dose of 60 Gy.

Antiemetic prophylaxis with g Shydroxytryptamines
antagonist was administered 1 hour before taking
TMZ. The patients presented lymphopenia (800/ul
and fewer, or 1000/l or fewer if corticosteroids
were given) was administered prophylaxis against
Preumocystis pneumonia with oral trimethoprim-
sulfamethoxazole (160 mg trimethoprim per day
every other day).

3. Evaluation of toxicity and efficacy

Adverse events during concomitant and adju-
vant therapy were retrospectively investigated and
evaluated according to the CTCAE Ver.3% The
overall survival (OS) and the progression-free sur-
vival (PFS) times were calculated by using the
Kaplan-Meier methods.

Results

1. Patient Characteristics

There were 26 patients entered in this study.
The median age was 57 years old (range 22-71) and
66% were men. Of these 26 patients, 25 were surgi-
cally operated on (5 received surgery in other insti-
tutes) and one was diagnosed according to clinical
and radiological manifestations. Of those who re-
ceived surgical resection, 16 patients (61%) had to-
tal (more than 98% contrast-enhanced area by MRI)
resection and 9 (35%) had partial resection (Ta-
ble 1),

2. Treaiment

Of all 26 patients, 25 patients (96%) completed the
concomitant therapy without discontinuaton, One
had to discontinue the therapy because of fever of
unknown origin. The median number of the adju-
vant courses was b (range 0-18). Eight patients
(31%) had to discontinue the adjuvant therapy. Of
these, 6 showed progression of the disease, one had
Gl toxieity because of the therapy and one patient
voluntarily discontinued {Table 2).

3. Survival and Progression

The median observation time was 11 months.
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Table 1 Patient characteristics (=26}

Ape (median, range=57 years, 2271

< 5 g 34%

> 50 17 66%
Sex

Men 17 6%

Woimnen 9 34%
Katnofsky performence status

>80 21 81%

< 80 H 19%
Extent of surgery®

Total 16 61%

Partial 9 3%

{one patient had no surgery, diagnosed by MR
Use of corticosteroids

Yes 3 12%
No 23 88%

*Total resection; > 98% contrast-enhanced ares by MRIL

Table 2 Adjuvant therapy (n=26)*

Radiation therapy Median dose glven {Gy)=60 (50-60)
Temozolomide (TMZ)**
Concomitani TMZ (75 mg/m?, given daily)
Median days given=42 (27-48)
Discontinuation=1 patient
‘Adjuvant TMZ (150-200 mg/m? X5 days/ 28 days in 1 course)
NMedian courses given=5 (0-18)
Discontinuation=8 patieals***

*Numbers in parentheses after median numbers represent
Tanges.

€*15 patients GR%) received prophytaxis lor Pieumocystis
carinfi pnewmonia,

% +¢ patients due to progression of the disease, 1 due to tox-
fcity, 1 voluntarlly,

The OS was 198 months and the PES was 103
months,

4. Safety and Tolerability (Table 3)

Adverse events of grade 3 and higher were ob-
served in 6 (patients (23%), if hematologic toxicity
was evaluated by leukopenia,

The number of lymphocytes decreased in all the
patients at various levels and grade 3 and higher
toxicity was detected in 9 patients (35%). The aver-
age decrease of individual patient from the pre-
treatment level to the nadir was 49%. We adminis-
tered sulfamethozazole/trimethoprim to 15 patients
(58%) in order to prevent Preumocystis pueumonia,

Severe GI adverse events of grade 3 and higher
were detected in 2 patients, including one with ab-
dominal pain and hemorrhagic diarrhea and the
other with severe non-hemorrhagic diarrhea. For

Table 3 Adverse events (n=26)

Number of patients (percent)

All grade >3

‘Total (by leunkopenia)* 26 (100) 6 (23
Total (by lymphopenia)* ¥ 26 {100} 12 (46)
Hematologic

Leukopenia 9 (35) 0

Neutropenia 28 4]

Lymphopenia 18 (69) 9 (35

Anemia 3012 1 {4)

Thrombopenia i@ 0
Gastrointestinal

Abdominal pain { ) (RG]

Constipation PARES)] 0

Diarrhea 2 (8 28

Nausea/vomiting*** 3412 0
Mental

Moad changes 4 (15) 0
General

Anorexia 9 {35 0

Fatigue 112 )

Fever 1 0
Musculogkeletal

Myalgia (e 0
Hepatic

AST/ALT 6 {23 1 (4)

6P 6 {23) 4 {(15)

Hypazlbumin 1) 4
Respirvatory

Coughing 32 i

*Hematologic toxicity was evaluated by total leukocyle loss
**]ymphopenta was counted as independent ematologic
toxicity.

#2% Al patientts were on antiemetic prophvlaxiy with 5-HT
f&ntagonist.

those with diarrhea, stool culture was performed
and all negative for clostridium difficile, norovirus
and rotavivus. Continuous nausea and loss of appe-
tite was seen in 9 patients (23%). Almost all patients
suffered mild constipation (grade 2) and elevated
hepatic transaminase (grade 2).

We detected mood changes in 4 patients. All
these presented a depressive state. They were di-
agnosed by psychiatrists and given medication.
There was no incidence of Preusmocystis pneumonia,

5. A Notable Case

There was one patient who presented severe GI
toxicity. The patient was a 37 years old woman who
presented no history of GI diseases. She started to
present coughing and abdominal pain several days
before completion of concomitant therapy {60 Gy ra-
diation and 42 days TMZ). Two days after comple-
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tion, she presented severe abdominal pain and re-
petitive hemorrhagic diarrhea for more than 20
times. She was treated by fasting and hydration for
a month and it took 48 days for her to he dis-
charged. At discharge. she was stll having soft
stool and was on a soft-meal diet and it took 4
months for her 1o be completely recovered.
Discussion

The comparison of our study vs. Stupp’s study
(insert reference) is as follows: median age 57 (range
22-71) vs. 56 (19-70); proportion of older patients
{> 50 years} 66 vs. 69%; sex (proportion of men) 66
vs. 64%: proportion of patients with good PS 81
(KPS > 80) vs. 86% (PS > 1); proportion with total
resection 61 vs. 39%: administration of corticoster-
vids 12 vs. 6§7%. The backgrounds were similar ex-
cept for the extent of surgery and use of corti-
costeroids”,

In this study, the OS was 198 months and the
PFS was 10.3 months. Before TMZ was introduced.
we performed ACNU-based chemotherapy and the
08 was 16 months and the PI'S was 85 months®,
There was no significant difference compared to
TMZ-treated cases.

Both were longer than the results of the clinical
study by Stupp et al, which reported an OS of 146
months and a PES of 6.9 months”. The final report
by the EORTC/NCIC in 2009 showed OS of 14.6
months, which was not that longer than the ad in-
terim report”. Compared to their report, out result
showed much longer O8. The EORTC/NCIC report
concluded that the higher the resection rate was,
the longer the OS was and our result shows the
similar tendency (total resection, which was defined
to be the resection of 98% or higher of the Gd-
contrast area, was 01% of patients in our institule
and 39% for the report of the EORTC/NCIC). One
of the reasons that dedicated to the higher resac-
tion rate might have been use of 5-ALA in our insti-
tute®,

The incidence of adverse events was 23% in our
study, if hematologic toxicity was evaluated by
leukopenia, lower than the previous report {28% of
the concomitant phase and 37% of the adjuvant
phase) (data of the Food and Drug Administration

(FDAY".

However, if lympliopenia (seen in 35%), was inde-
pendently evaluated, 46% of the patients showed
adverse events of grade 3 and higher. The FDA
summarized the ECOTC/NCIC study and reported
that 37% of the patients experieaced adverse
events of grade 3 and higher, though this result did
not include lymphopenia®.

There is a report {Stupp, Journal of Clinical Oncol-
ogy, 2002) in which grade 3 and higher lymphopenia
was observed in 79 and 64% of the glioblastoma pa-
tients during the concomitant and adjuvant phase,
respectively. Of those, 3 patients suffered from in-
fectious disease and two developed Pnewmocystis
pneumonia. Both of these patients were receiving
corticosteroids and presented simultaneous grade 3
or 4 neutropenia and lymphopenia at the time of in-
fection”. We did not experience any infectious conx
plication, Besides having fewer patients presenting
lymphopenia (35%). we administered prophylaxis as
soon as we detected lymphocytopenia. It should be
fairly critical to monitor changes of lymphocytes, as
well as to take efforts to prevent loss of lympho-
cytes,

One measurement that could be recommended to
prevent luss of lymphocytes is to avoid use of corti-
cogteroids as much as possible. At the beginning of
this discussion, we mentioned that we used corti-
costeroids on fewer patients compared to Stupp's
report (12 vs, 67%). Another thing that was out-
standing in that comparison was that we achieved
total resection for more patients than in Stupp’s re-
port (61 vs. 39%). We assume that the extensive
surgical resection we usually perform contributed
to bulk reduction of intracranial volume, then re-
sulted in little necessity of administering corti-
costeroids. Extensive surgical resection may be one
approach to suppress complications of TMZ.

As for Gl toxicities, nausea/vomiting was ob-
served in 3 patients (12%), which is a much lower
incidence than in Stupp's report (nausea 36-49%,
vomiting 20—29%)". We administered antiemetic
prophylaxis with a S-hydroxytryptamine3 antago-
nist to all the patients and instructed them to take
TMZ before bedtime to reduce nausea during day-
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time. Constipation was observed in 21 (81%) pa-
tients, which seemed to be a higher incidence com-
pared to previous reports (around 22%]), hut we
could manage all of these with mild laxative agents.

We reported a case of a patient who suffered
from GI toxicity who presented GI hemorrhage and
severe diarrhea and was hospitalized for 48 days.
We also experienced another case in which the pa-
tient had to receive intravenous fluid infusion be-
cause of severe diarrhea. The post-marketing sur-
veillance study of TMZ in Japan (April 2007, data
not published) showed a case from Japan in which
the patient died of severe hemorrhagic GI toxicity.
Stupp reported 2 patients (1%) who had diarrhea of
grade 3 and higher during adjuvant therapy #,
There was no report of any case from other coun-
tries that required hospitalization,

We observed mood changes for 4 patients (15%).
All of these presented a depressive state. Stupp et
al. have reported no such complications. There has
been no such complication resulting from ACNU
applied to glioblastomas reported in this country.
Psychological complications such as depressive
state or anxious state (2 patients out of 143 patients
or 1.4%) were detected in the post-amarketing sur-
veillance study of TMZ in Japan (April 2007, data
not published). It might be speculated that no such
complications were detected in the previous reports
and our results may be the first to suggest that
TMZ has the potential to cause a depressive state.

On the other hand, it has been reported that the
incidence of depression in patients during cancer
therapy is 13%, and that 15% of high-grade glioma
patients will show depressive mental status in the
post-operative period”®. These incidences resemble
our reports on TMZ treatment and therefore, the
depressive state shown in the middie of TMZ treat-
ment might be merely the result of cancer-bearing
patients’ general psychelogical reaction.

However, we may have to pay attention to the
patients’ psychological status to clucidate a cause-
and-effect relationship of TMZ and depressive
status, Also. we should carefully observe the pa-
tients being treated with TMZ for the possibility
that this treatment may initiate depression.

Conclusion

Adverse events of grade 3 and higher were ob-
served in 23% of the patients. Lymphopenia was al-
most inevitable, but prevention of Preumocystis
pueumonia can be achieved by prophylactic use of
antibiotics (or anti-microorganisms) and avoidance
of corticosteroids. We experienced more patients
with GI toxicity and mental toxicity compared to
the reports from North America and Europe. Accu-
mulating toxicity data from Japanese patients and
sharing those with other investigators, especially
discussing racial/ ethnic variation of toxicities, will
be necessary.
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FUEBRFEIBIT 2 temozolomide & F 2 AWHIBAHRLZMEO BT EE, B SR 0B P 3V C iy
o FLTIMEORRMBEPEECERVER 2SR ELBR U2 I 0RMET S, (HHE) 2006409
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AEFL Kaplan-Meier 2 HCCESEEMMZ A U GHE) W8 E 2o 20260, Flbai sy
R, BRI AN 198 » . WNEEFIN 103 # 3 TH o/ WURARRT 2G5, TZM 2 0K
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(9726 ), %72 grade 3 (CTCAE Ver3) BLEOEX AHEHEEE UL O 23% 6/268) CHONA, &
FeRERBIE LT 48 BN AREIRZ 3 U 22108t i & 48 5 WALSBIE (graded), W4 B S+ 5 FH
(grade2) TNEN 1WA H 70, FFHET HHl - HRATIRI% (9726 M), (IR0 H 6N 0H, IR MEM
DERRCTNORIE (grade?) THY, 7 Prewnocystis MEDHII b oo, SRS ECIL Lot
HHEE L O IR 15% (4/26 B1) D U7z, GR5if) R4 oI it TMZ 12 X B grade DLk 8
W, SN CIRES N TE LU LOFEECRAE L Cu s bibho 2 000542 TMZ 121 5 B
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